INDIAN STATISTICAL INITITUTE
Statistician's Diploma Exanination - MAleOGB

'.Ln‘per 1 ¢ Official Statietics and Descriptive Statistics (‘l'heor\'ﬂcnl)

Time t 4 houre . Full marks t 100

(a) Figures in the margin indicate full marks.

GROUP A
(Answer any threc questions from this group)

1. 1) Enumerate the different sources providing data on the production
of foodgrains in India, and mention the Agenciu responsible for
their pudlication,

i1

~

How would you compute per anH.A availability of foodgrains
in India? Indicate clearly the information needed for this purpose,

$41) Is it posaible to check your estimate tn (ii} against survey data
on per capita consunption of foodgraine? - (84743)=18

2. Select one important publication relating to the work of any two
. of the following fnstitutions t

1) Economic Cocmaission for Asia and the Far East (ECAFE)
1) The Labour Burean, Governoent of India
ii1) The State Statistical Bureau of any State

t.v) The National Council of Applied Economic Research (\CAER)

Briefly descride the main contents of the publications selected
and {ndicate the usefulness of the data presented. (8+48)=18
o

3. The Capﬂnl-Output. Rauo nay be defined as the rutio of total
capital employed to the value added. “hat data would you use for
estimating capital-output ratios for

i) jndividual manufacturing ind_uurlu,md
i1) bajor scctora of the Indien Economy? ° .
Comoent on the reliability of tho data available for the purpose.
: (5+4548)=16"
4. Anawor any four of the following questions ¢

i) YWirite down the values of national incooe at factor cost ard greess
domestic product at market prices for the year 1065-68, givia the
following data for the same year 3

Net domestic product at factor coat Bs, 21228 crcru
Net factor incomes from abroad R 164
Indirect taxes lcas subsidies . 2010 "
Allowance for deprociation ) Bs, 1100 *

11) Vention some recent sample surveys of all~India tovorage and
name the agencies undertaking these surveys,

iii) What are the functions of the National Income Divieion of the
Central Statistical Organisation ?

£v) Ia it correct to say that the principal price index pumbers in.
India are mainly urban in charncler? Give reasons in aupport .
of your anawer, .

v) What source would you nse for making an international conparhon
of the nucbor of primary students per thousand of population?
Is the coverage of the information satisfactory? -

vi) "hat are the main activities of the Directorate General of Heslth
Services in the iinistry of Realth? (4+44444) =18

Please turn over

FT1) UEDEATEVETY



sb(u68)-1(2)

-2 -

8. Froo the official publications furnished for your use,

answer
any four of the following questions 1t

[ Mention the year of pudblication, page and table nuabore of the
publications used in cvery case without fail. Name the year or

ycare for which figures_are supplicd and also the base year in
case of index nunber..]

i) Obtain the percentages for productions of rice, whcat and coarse

cereolz (i.e., all other cercals) to the total production of al}l
cereals in India for any recent year,

“) For any recent ycar, nane the Statcs which acccunt for tha largest
population of (a) buffalocs and (b) sheep and the largest
production of (c) milk and (d) wool. :

i{1) %rite down the nusbor of passengers (originating) and tonnes of
freight (cArricd) by the Indian Railways in any recent yvar,
Furnish also (approxicately, if necessary) the average nuober
of kilooetcers travelled by a passenger in the sane year,

iv) Uention three most important sources of revenue and three most
ioportant iteos of expenditure of the Governoent of India for
a recent year.

v) Prevent the general index nuober of wholcsale prices and the
oll-India cost of living index nuober for any two selected
yeara 80 08 to indicate the change in the price level in the
country during the post-independcence period,

vi) furnish index punbers for any two sclected years in recent tioes
showing the growth of :

(a) industrial production of finishcd steel

and (b) nineral production of bauxite in lndia. (4+44444)016
Neatness . (2)
GROUP B

(Answer any four questions from this group)

- ‘a) Briefly outline the different stages of a statistical investigation.

* Explain clearly the concepts of "saopling errors” and "non-sanpling
rrors® in rcspect of a survey and the methods of cinimising then,

. ‘e the vorious manual and mechanical tuols used nyvw-a-Cuys

~- ta processing (4¢141)12

7.(s) A binowm 1 distribution is given stating that it will have cxpected
volue 10 units and standard deviation 3 units, Exanine whether
this is possible,

(b) Define a negative binonial distribution. Mcntion a randon experipent

and an outcome thereof, for which such a distribution provides o
suitable thcoretical model,

(c) Show that under certain (limiting) comtitions 3n the parsmeters
(the conditions to be precisely stated by you) a negative binomial
distribution can be upproximated by a Poisson distribution.

(3+12348) =12

Plennc turn over
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Corrigenca Note

Existing question No,8 of SD Paper I Group A on Official Statistics,

is advised to be deleted and replaced by the following rcvised question,
a9 otherwise 4t will require handling of Offfcial publications at the
exazinatioa hsll, :

Revined Grestion No.8

"Write a brief essay on the role of statietics in
pational planning.®
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s,(a) You are given that a certn(n.dhtribuuon has cyoulants of all

(®

9.(s)

(v)

10, (a)

(v)

11,

orders and all the cuoulonts of order greater than ome aro

equal to unity. Identify (with reasons) tbe distribution
concerned o

X ond Y are standard Normal ranion variables whose joint
distribution is bivariate Normal, the correlation coefficient
betwoen thea being p (Rho). ¥hat is the correlation coefficient

between the randon yariables Axeo sz and cx20 de(n, b, o and 4,
being real puchers) ? (547)u12

Explain the concept and purposes of an incex punber. Discuss the
significance of the tioe-reversal and factor-reversal tests. Ie
there any index nunber you know of, satisfying both these tests?

What are the different oethods known to you for determining the
0:as0nal movenents in a tice-series? (006)-12

Write down (without proof) the equations of the regression lines
of Y on X and of X on Y, based on a random saople of aize n on a
bivariate distribution. That is the ratio of the slopes of the
two lines?

You are given four points whose rectangular cartesian coordinates
are : (1,7), (4,0), (2,4) and (0,3), and also told that the line
joining two of them is the regression line of Y on X and the lime
Joining the other two is the regression line of X on Y., Identify
the two regression lines if you can, giving reasons for your
conclusions,

Whet ars the values of the sanple means of the X-values and of
the Y-values? (3+14642) =12

Suppose you are concerned with a randon saople taken on threec
random variablea xl' x2 and Xa, having some joint distribution
with finite sccond order monents. ’

(a) %hat do you understond by the terna t Partial correlation
coefficient and pultiple correlation coefficient in such
a context ?

(b) Derive on expression for a partial correlation coefficient
in terns of the (total) correlation coefficients,

(c) Show that if r; (1,5 = 1,2,3, i £ §) is the correlation
coefficient of x‘ and XJ, then

2 2 2
T3¢ty vy $142rry Ty, (2424543)=12

Neatness R (2)

() .



INDIAN STATISTICAL INSTITUTE .
Statistician's Diplona Exaninotion - May 1068
Paper IT 1 Probability Theory and Statistical Methods (Theoretical)

Tioe ¢ 4 hours . Full parks : 100
Figures in the margin inlicate full narks
N
. " GROUP A
(,\mver any four questions froa this g.-oup) .
1.(a) For any twa events A and B show that !

| P(AU B) = P() + P(B) - MA[} B)

(b) write down the extension of the above result to three events A,
B and C, (Please note that no proof {s requirecd)

(c) 1t P(a) = 0.40, P(B) = 0,53, P(C) = 0,50;
P(BO €) = 0.25, P(C (] A) =0.20, P(AN) B) = 0,13;
and P(AQ} B[} C) =0.05

. ﬂnd the probability that of the three events A, B, [

i) exactly r occur(s)

-11) at least r occur(s) . : .

111) at post r occur(s)

for each of the following values re=l, re2 andre),
' (343+3) =9

2.(s) Defino probadbility deneity function.

. ) eve - x n-!. x >9
() For £(x; «, n)e
DR ) k . . , x R0
where X , 2 > 0,

n
deternine the constante ¢ and k so that 2(x; «, n) i- a probadbility
density function, - ) ’

" For what values of « and p does the above correspond to the
x (chi-aquare) distribution with o degrees of freedon?

{e) Let X, 8ad X, be independent rondom variables with probability
density functions f(x; « , n ) and £(x; « ,n ) respectizely.
Find the distribution of Y = xx"‘z Deduce the ®reproductive

property® of the 'x (chi-square) distridutions.
. (h:m..l‘g)-nz

. Plcase turn over
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3. For the probability density function
1, 2 2y -x
£(xys xp) = glxy = xp)e™1

0< Xy < 00; -Xy <Xy < x5
£ind 2
1) the cumulative distribution function F(xl. xz);
ii) the marginal cumulative distribution functions Fl(x1)
and F,(x,);
iii) the marginal probability density functions ’1("1)

and £ ("2)' . .
iv) the conditional probabil_lt.y density functions
£(x, | x,) ond £(x, | =) (3+34343)a12
4. x1 and )(2 are indepcndent and identically distributed random

variables, and \'1 = Xx + X._,_. Y2 - xl - )(2
i) Assuming that the variance of x1 is finite, show that
'Yl and Y2 are uncorrelated
ii1) 12 X, and X, are unifornly distributed on (0, 1) can
Y1 and Yy be considered as independent?
Give reasons for your answer. ’ (4+8)a12
5.(a) Write a brief note on the _shortconings of the classical definition

of probability.

(v) Carefully state (without proo!) the strong law of large numbers
(any version), and cocment upon the use -of the term "atrong”,

(¢) sState and prove Chebycheff's inequality. (24243+144) =12
.Neatnesa , clarity etc. (2)
GROUP B .

(Answer any three questions fron this group)

6.(!.\) Explain with suitable illuatrations the criteria of unbiasedneas,
. consiétency, efficiency and sufficiency,as used in the theory of
catimation,

(b) Let Y1 and Yz be two stochastically independent unbiased estimators
for a parameter ©. Assuming that the variance of Y, is twico the
variance of Yz, find the constantsa and b such that RYx + bYa is

an unbiased estimator for ©,with the sonllest possible variance
for such a lincar combination. (1046)=18

Pleane turn over

(us)



7.(a)
< (v

8. (a)

(v)

9. (a)
(v)

10, (a)

(v)

11, (a)

(®)

SD(u68)-11(3)

.

Descridbe the paximum likelihood method of estimation, What are

the properties of euch an estimator?’

Obtain the likelibood-ratio test based on independent randon

observations s Xy eney X, for tho hypothesis IF#O agafnst
, A

the hypothesis 4 ¥ Bgs vhere f(x‘) -

exp. [—(xt -p )2;3]

(848)=18
Give an outline of the Neyman-Pearson theory of tenilng of
hypotheses, explaining clearly the concepts of the errors of
type I and type II, power and unbiasedness,

Suppose m and n observations, independent of one another, are
available respectively on two mormal populations with lmown
peons but unknown variances, Write down the etatistic which
you will uso for testing the hypothesis that the ratio of

the unknown varionces has o specified value (agoinst the
alternative that this ratio does mot huve that specified
value), i

K

What can be said about the unpling distribution of this
statistic? Ohtain the confidence limits to the above ratio
with confidence coefficient (1- %), (8+8) =18

State the inportonz ugses of the 'chi-squure' distribution {n

sanpling theory and applications.

State in sooe deu\n, the test for indcpendence in a 2 x 2 (.able.

What is Yate's correction for continuity and how is {t applied?
(848)=18

Supposing that ri(i = 1,2, ..., K) are the values of the sample
coefficients of correlation for K independent randea samples of
sizes x, (1 » 1,2, ...,K) fron a bivariate ncrmal population
with unknown correlation-p p(mw), indicate how you would
conbine the K sample values to get an cstimte of P (Rho)

State clearly the diffcrence between a parametric and a non=
paranetric problen, Yhat is meunt by the 'robustness' of a
statistical procedure? (848)=18

Exploin the terms "linear nodel™ and "linear hypothesis®,
Write down the (fixed-effects) model for two-way classified
data with one observation por cell, stating the assunptions

made, and the hypothcses that will be of interest.

Obtaio the lenst-squares estinutes of the paraneters in the
abovo model, Write down the 4ppropriate analysis of variance
toble in this case and the statistics that will be used for
testing the bypotheses mentioned by you in your »uswer

to 11 (a). (8+8)e18
Neatness , : (2)



INDLAN STATISTICAL INSTITUTE
Statistician's Diplooa Exaninution = May 1968
Poper 111 : Snople Surveys and Desipgn & Analysis of Experirents (Theoretienl

Tioe : 4 hours - Full marks ¢ 100
Figures in the norgin indicate full marks

GROLP A

(:\nner any three questions fron thie group)
t

1. Cornent briefly on the following @

(a) If funds and enucerators are available one eloull make a cooplete
enuncration = if not, one should toke a sacple,

(b) Por a survey of public opinion in a city on the medun of
instruction in schools, a telephone dircectory s a suitable
sanpling fraoe.

(¢) For a study of fuod hadite in o town, a cheap ond convenient
sanpling nethod is to selcct the hooes of atudents fn any one
class of any popular achool in the town.

(d) It in a slople randoo sample of shops sclected to estimate the
total annual sales in an arca, a saople shop is found to refuse
information at the time of survey, the shop mext to {t should
be surveyed fnstead. . (4444444)=18

2.(a) Explain how you would locate a rorndon point on o pap showing the
faros in a village.

(v) If o randoo points are located on a village map nod the farms
within which these points lic are selected in the sanople
(a farn being repeated as many tincs as the nunber nl randon
..points on it) how will you estimate -

i) the nunber ol cultivated farns in O.hn village
11) the total nrca under cultivation '

.(c) Give the oxpressions for the estinators of the standard, error
of esticates (i) and (i4). (24848)=16

3.(a) Explain the method of systematic .ur_-pling and discuss its
*  advantages and disadvantages,

(b) Show how pystematic lnnpllng is a pnrticulur case of cluster
... sanpling and find the condition under which it is more efficlent
than a siople randon saople of the scne size, for numung the
population total,

(c) Bow would you estimate the sacpling variance of the estimate of -
the population total? (54845)=18

4.(1) What ie a pulti-astage dosign? Under what circunstances would you

: use this design?

{b) A sicple randon sanple of n factories is selected and within cach
sanpled factory,a minple random sacple of m enployece is selected
~ scleétion deing with replacenent at both stagos. Show that the
variance of the eatinate of the nean takes the fom

2
2 o
1 2
Ve o %+
where di nmlq: stand for *between factory' and ‘within factory®

varionces, respectively.
(c) If the cast function is of the form C = G+Cy 0 +C, ma

find the optioun values of n and o that would nininise V for a
fixed cost C. (B4845)e18

)

glqnu turn over
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1)
111)
iv)
v)

8. (a)
©
7.(a)
®
(e)
8. (a)

(v}

(c)

-2

write brief notes on any threc of the following 1
optioun allacation in stratified saopling

ratio method of estioation

r‘curenion estioator

sources of non-sanpling errors

interpenetrating sub-sanples ) (16)
Neutness . (2)
S
GROLP B

.(Answer any three questions {roo this group)

Describe briefly the desirable properties of an experioent and
explofn how the basic principles of experincntation help you
in achieving these, -

In a randoaoised block experinent two treatnents turn out to be
i{dentical, Obtuin expressions for variances of estimated
differcnces between any two treatmente. Also write down the
analyeis of variance table giving expressions for the suns

of squares, . (Be523)a1C

Explain what is neant by a balanced incomplete block (B.I.B.)
design ond state without proof,the relations between the
paranetera of a B.I.B. design. \then is a B,I,B, design said

to be syonetric?

v trpm.m:n.a are cocpared in an experiment using a B.I,B. design,
Obtain the variance of the estioated difference between the effect
of treatuent 1 and the average effect of the reusining (V-1)
treatoente. .

¥rite. down the analysis of variance for a siople lattice design,
giving expressiona for the varicus suns of squarcs. Also obtain
the expressione for variances of estinates of differences

between paira of trecatnents. (242+41444302) 10

Explain what is mcant by the terns :
(1) partial confounding

(i1) balanced partial confounding.

Give a balanced echeoe of partial confounding, for studying five
factors each at two levels,using five replications in blocks of
eight plota each. It is dcsired that no main cffeect or two-factor
interaction should be confounded in any replication.

[leo conple'..o lay-out for one repucnf.‘ion and the key-block
for the reuaining ones,

Fow would you onalyse a design using partial confounding in the

. presence of a concopitant variable? Obtain an expression for

variance of the usual estioate for a partially confounded effect.

[" you 8o chopse, you con use your design in (b) above for

ulultrnuouJ (24248 4142) 018

Plense turn over

(u8)



9. (s)
(v)

()

10,
1)
i1)
i11)
iv)

sp(x88)-111(3)
ad -
How would you analyse a latia Squore design, with one row
niesing?
Io a Latio Square design, 'l'l - ‘l‘2 turns out to be the maximun
of T‘ <= T, for all pairs (i, §) of trcatoents, whose 'l‘1 denotes

the total yield for the i-th treatsent. Can we use the standard
t-test for conparing treatocnots 1 and 2? If not, expluin why
it cannot be used and also give an appropriate procedure for
cooparing the two treatnents.

Given the results of un experiment using a Latin Square design.
how would you cuopute the efficiency of this design relative to
a randoniscd block design, using rows as blocks? (Go-_l_‘;of.)-lﬁ
Write short-notes on any two of the folluwing :

optioun size anl shape of plots for experioentation)

fractional replicationa

orthogonal latin Squares

nlesing plot technique. (18)

Neatness (2)

(u9)



INDI'N STATISTICAL INS[ITUTT
Statistician's Diplova Exazination - May 1068

Pamer IV : Applicd Statiatics !Theoretlcnl)

Tioo ¢ 4 bours Full marks @ 100

(a) Candidates will be requirel to answer questions
from those two groups of subjects only for which
they have registered their option.

(b) Scparate answer tooa are to be used for each of
the two groups atteopted.

(¢) Figures in the margin indicate full parks.
(d) Use of calculating cachinm is ot peioitted.

GROUP A ¢ ECONCUIC STATISTICS

(Anawer any three auestiors from this group)

»a

. (l) Explain the factor-reversal test of indcx nunber foroulae.
¥hich of the stanlard foroulac mects this test?

(b) laspeyre's fomulae for the price index is said to have an .
upward bias. Can you say why? (848)=16

é. Discuss the difficulties in tho lino series approach to the
estination of statistical decand functions. How does pooling
of crosa-section and time scries ¢atu help in the situation? (1204)-16

3. Suppose you are fitting a 'Cotb-Douglas pruducuon function to
cross-section data for firms,vithia a givea {pdustry. How would
you neasure the different variatlee included in the production
function formulation?

How are the expoacnis uf lahcur ard cepital in this production
function related to (i) the retwms to rcale and (H; the relative

shares of labour and capital in productien? 50506)-16
4, What {s Pareto's law of i:cooe dh‘,ribut!on? How faor is it
univereal?
* Derive the equations of tke lorenz curv. and the lorenz ratio
when the income distribution £1 Ipretcar. (343410) =16

S. Explain the concept of national income, distinguisting it froa the
total of the incores of all the citizene of a country, .

State briefly how national incooe ie c-ﬁnnted in our country.

[CHTH ST
6, Write short-notes on any three ol the following :
(o) choice of trend-type in tiobe zerieas analysis
(b) The ratio chart and ils uccse .
(c) Distinction between predection function anglysis ond |
input—output analysis R
(d) uajor objectives of the fivo Yenr Plans of India
(e) Inferior joods, necssscries nod luwrice. (16)
Neatness ’ (2)

Plcase turn over
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Lm2a
GROU? B r STATISTICAL QUALITY CONTROL

(Anewer any three qucstions from this group)

1.(a) Explain the nconing of statistical control,

3.

4,

{b) A stable process producing 'i' unita per unit of time, has ”O as

its initial setting. Its average level drifting lincarly at the
rate of ® per unit tine, has one sided (upper) spccification linit
at ”0 + 00 where m is a constant and O is the standard deviation

of the procces. -

Aseuning that ¢ recoios unchanged and the characteristie follows
normal distribution,show that the optioun production run "a® which
pininises the cxpected .'.otnl loss, is given by the cquation s

c_ o
oF (n) +f (0) = -7::——-0:\17 (Tn) +f (T“)
where cr = resetting cost
U = loss incurred per defective ften

‘n I ’ (2¢14)att

Obtain graphical iten by item Sequential Sanpling Plan using
inspection by attributee. Derive expressions for all the terms
used {n descridbing the sacple plan,fron the following given
poroneters:

NL - Py Producer's risk w o
LTeD = p, Consuzer's risk - B
Derive also an expression for the OC function of the plan and
hence obtain any five points on the OC curve, . (848)=tE

In a life test, it io assumed that the life x of the equipnent is
dlstributed as £(x,0) = %up. (-x/6) x 20 (8> 0). A randon

sanple of size n is dravm froo such a population and put on test.
The failed iteos are not replaced and tho test is terminated, when
the firet r iteos have failed, where r {s o preassigoed number.

(o) Derive the distribution of the unbiascd cstimte of the average

life 0.
(b) Obtain ‘an expression for the expected waiting tine, to get the
© first r failures. (1244) =18

A workshop desiring to dcvelop a new product,ie jnterested in
conducting nn experinent,to deternine which pethod of production
would require the ninionun processing tinme,

Four =achince and f:ur operatora are availale for the
ox;erinentatine T.cro are also feur ulicrnative notnns
of preluctisn,

Suzmest o suitable desfgn for the experiment,

Using the usual notations give the estimatos of the conmponente )
of variance, (10
Neatnens (2)

Please turn over
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GRUUP € : STATISTICLL METHODS IN GENCTICS

(‘\nsn-r any thrce questions froo this graup) .

What arc the types of crossecs which can provide information on

. linkage between two factors?

2.

3.

4.

8.
1)
11)

u‘x) .
iv)

1.

2,

Explain Hardy-'tinberg luv of equilibriua under randon mating.

Ascuning that gene—ratios are disturbed for both factors, estimate
the values of rccombination fraction (p) betwcen the gencs and the
anount of viability (v), froa the backcross dato,at both coupling
and repulsion phases. Estinate also the standard error of 9. (10)

Define the coefficient of heritability under ranlon mating and obtain
these coefficients under inbreeding ,for 'betwecn inbred lines' and
fwithin inbred lines',

Estipate heritability froo intra-sirc regression of Jdaughter on dan,
stating clearly all the assuoptions involved. Mcntion any other
nethod for estinating heritability, (16)

» .
Starting froo an initial panaictic population (3°, 2pq, qz),in

case of theé copplete positive assortive mating where dooinants only
wmate with dominants and recessives with recessives only, show

that the amount of heterozygosity in the nth gencration is given by

Y,

Y,
o 3
nel = “Teog ’ where Y ., = the Leterozygosity in the nth

gencration amd Yy = the #+rc in the initial generation, (18)
Deecribe a method of iavestigating inharitance of MeN blood

types from data of parents ond children, N

Show how the data oo M-N blood-groups in a population, help in
exanining the extent of inbreedirg in u population. (16)
Write short-notes on any three of the following :

Concept of ‘Repeatability’ ia mass-gelection

Principle of estimting gene-frequencics from 0-1-B blood group
systen "

Role of lolectio.n and cutation in population driit

Inbrecding and its measurcments . . (18)

Neatneas (2)

GMOUP D : VITAL STATISTICS AND DIMOGIAPHY
(Answer anv threc questions froo this group)

Give an account of the items on which information should be collected
in a population census, Exanine the utility of n post—enumeration

survey. (106)

What are the different oeasurcs cf reproduction? “rite a note on
the different factors which fufluence fertility, (18)

3, (a) Describe King's method of canztructing an cbridged life-table.

(b) Discuss the mcthods of estioating *ho infant nortality (i.e. the

probability of dcath LN

Plears turn over
{212)
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S

1.

2,(a)

3.

4.

(®)

(a)
(v)

(a)

(v)

- -

GROUP D : VITAL STATISTICS AND DEMOGRWHY (Contd.)

Write a note on population projections based on (i) the component
pethod and (ii) Jdeteruinistic models. Discuss their neritss

Write shurt notee on any three of the following

"(a) Stable population;

(b) Working population;
(c) Health surveys;
() Migration statistics.

Neatncss

GROU? E : EDUCATIONAL AND PSYCHOLOGICALL STATISTICS
(Answer any three questions froo this group) .

¥rite short notes on any four of the following :

(a) Normalized Score .

(b) Spearman's Two-Factor Theory

(¢) Tetrachoric Correlation Coefficient

(d) Iten Validity

{e) Speed and Power Tests -

(f) Rotation of Factors (e
Discuss the effecte of grou;) heterogeneity on validity and
reliability of a test.

What do you understand by '‘correction for gueuinci? Briefly
discuss the forouloe used for correcting the total score in
a tost, . (8

What is "iteo analysis”? Diascusa the two indices ~ (i) Qifficulty
and (ii) diacripination, that could te ubtained for each itea,

Write a short note on the effect of teat length on the reliability
and validity. (8«

What do you understand Ly ‘standard score'? Why is it neccssary
to convert raw acores to standard ecorea? Qutline the steps that
you would follow to calculate percentile scorce.

Describe the standard error of peasurcnent of a test? Under what
conlitions, will the atandurd crror of measurcoent of a test be
equal to zero? (

Describe the Centroid method of estimating the factor loadings of
the testa included in a battery, stating the underlying sssuoptiw
“hat ore factor scorecw? How would you estioate theo?

Neotnces

(w3)



INDLWN STATISTICAL INSTITUTE
Statistician's Diplooa Exacination - May 1063

Paper V : Methods of Nuncrical Computation; Descriptive Statistics;
and Official Statistics (Iractical)

Tine ¢ 8§ hours . Full marks : 100

(1) Figurea in the nargin indicate full marks
(i1) Use of calculating eachines fs pernitted.

GROUP A

(Answer any two questions froo this group)

1,(a) The following daia relate to the domestic demand for motor
fuel, in U.S.A. Estinate the pissing figures for 1925

and 1027,
Domestic deoand for
Year ootor fuel
(in thousand barrels)
{1) (2)
1022 10,630 .- -
- 1923 13,062
1024 15,417
1926 21,818
1928 . 21,374
(v) The popularion of a district in Bihar in five consecutive

groups of ago laat birthday, is given below, Obtain the
population at age 42, last birthday.

Age Populatior
(1a6t hirthday) (wita)
1) (2)
0 -3¢ 148, 632
35 - 39 132, 311
40 - 44 119, 870
45 - 49 101, 532
50 - 54 08, 368

(847)=13

2,(a) AB is the base of a semi-circle centre 0 and radius ucity,
The pointe P and Q bisect OA and OB respectively, The arca
between the base FQ, the scni~circle and the ordinates at

P and Q is —%— + E:. +Use this result to find
the npproximate value of y to 3 places of decinals by using

a quadrature foroula.

(v) Colculate the real root of the equation LI 3 =0 by
ioverse interpolation, correct to 3 places of decimals, (7+8)=13

- Please turn over

(n14)
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3.(a) Given,
Age
x 1
50 73, 499
s1 73, 120
52 11, 7153
53 70, 509 *°
51 69, 15
dl d2 l‘
estinate 3 and = at x = 30
x ax” .

Find the faversc of the following outrix @

®

1.234 0.003678 ~235.8
A= | 67,82 -2341.0 1.234
0.9876 87.65 ~50,78 (7+8) 13
GROUP B

(Answer all_the questions from this group)

4. The following table shows the birth and deoth rates per 1000
people in U,S.A. for the years 1013-33. Give grophical repre-
scntation for the sooe

Year 1913 1020 1925 1030 1033 1940 1045 1930 1058
Birth rate 25,0 23,7 21.3 18,9 17.9 19.% 23.8 24.8 23,0
Death rate 13,2 13,0, 11.7 11.3 10.8 10.6 9.6 9,3 0.0

(8)

8. A ekilled typist, on routine work, kep'.'n record of mistakes

nade per day during 300 working days. o .
Mistake per day T 1 2 3 4 s ]
Nunber of days 143 0J 42 12 0 3 1
Compute the frequencies of the Poisason series which has the same
total frequency and ncon as the above distribution. (10)
6. EITIER

Certain nase-produced articles of which 0.5 percent are defective,
oare packed in cartons each’ containing 100 articles,

that proportion of cartons is free froo defcctive articles, nnd
what proportion containa 2 or more defectives? ’ 1

on .

The following table gives the frequencics. of scores betwcen
certain limits :

Scores . Frequency
Less than 40 0
40 or pore but less than 5V 33
30 or more a7

Assuning the dietributions to he normnl calculate the nunmber of
candidates paswing in the 1st, 2nd and 3rd diviefons.

Minipua acores for the differcnt divisions are as followa g
Division of pass 1 2 3

82 13 36
Plense turn over

Hinimuo ecore
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1. EITHER

In an experinent on wheat, fertilizers were applicd ot various
levels with resulting yields as follows :

Pertilizer Level(x) O [ 19 18 2) 28 30 40 60
Yield(y) 26,2 31.1 3.0 35.3 36,3 37.1 7.8 28,8 38,0

Fit the equation y e 39,0 = cxpla +bx), to the given data,

Plot the observed data and draw the fitted curve on the sane

graph paper., (20)
OR

The nunbers of letters posted in a certain city on each day in
a period of five consecutive wecks are given below :

Serial No. Nuober of letters (in hundreds) posted on different

of week days of the week
¢ Sunday len'ay Tuesday iiednesday Thursdey Friday Saturday
(1) I T €Y €7) () (OO 1)
1 18 161 170 134 143 161 18
2 18 163 179 157 168 193 83
3 21 182 169 153 139 188 82
4 29 1m 181 170 162 179 '}
-] 21 172 196 189 179 202 120

i) Fit a straight line trend y = a+ bt to the weekly totala (y)
oand use the same to abtain the trend value for each day,

11) Find the ratios of the daily figures to the corresponding trend
values. Using the pedian as the representative figure, calculate
indices of variation from day to day within a week,

GROLT €
(Attenpt both tle questions fron this group)

8.(a) Discuss the evolution of official statistics on the production of
manufacturing industries in India, stating the naocs of afficial
publications, authorities publishing them, pethod of collection
of data and their reliability,

(b) Cocment on the growth of industrial production in India by
collecting suitable data for the latest ten availoble years. (646)=12
9. Collect, from the official publications furnished,the following data
for the latest five available ycars.

(a) The ncreage and production of rice for the States, Andhra, Bihar,
Bonbay, Orissa and West Bengal,

(b) Nuober of passengera killed in railway sccidents and nusber of
railvay servants killed in railway accidents, in Indian Railways.
(846)=12

(y16)
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1.(a)
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2.(a)

(v)

INDLAN STATISTICAL INSTITUTT
Statistician's Diplooa Examination - May 1068

Poper VI : Statistical Methods; Desi & Annlysins of
Experinenta ond Sauple Surveys (Practical)
5 hours Full parks : 100
(o) Figures in the nargin indicate full marks,

(b) Use of calculating oachines is peroitted.

GROLP A
(Answer any two questions froo this group)
For 7 ncwly born babies the weights at birth as well as st the

end of a nonth, are given below 3

Serial Weipht Weight after Serial Weight Weight after
no, at birth a ponth no, at birth a oonth
(Kilogroos) (Kiloprana) (Kilogrona) (Kitograms)

1) (2} () {0 ) __D)

1 4.23 5,68 5 3.87 5.00

2 J.04 3.29 6 4.09 5.0)

3 4.9 5.07 T 4.80 5,73

4 3.62 8.6

Test whether the weights of babies at birth and after a ponth
are equally variclle.

From the results of a crop cutting experioent carried out in a
certain district divided into 6 blocks, the follewing correlation
coefficients between weights of ears of wheat as harvested and
weights of grains of wheat as available after threshing and
cleaning, werec obtained :

Blocks
1 2 3 4 5 6
Sauple 214 . 179 233 B4 258 %)
size
Correlation gy g710 9210  .0363 .98 L0780
coefficient

1) Test whether the corrclations differ froo bléck to block.

1) Assuning the correlations do not differ, obtain also a conmbined
estinote of the correlation coefficient for the entire district,

A student obtained the following fijgures as a randoo saople of
size 15, from a normal populution with mean 4 and 8.D, 2. Use
Kolpagorov-Snirnov goodness of fit statistic, to test the
randoaness of the suople.

2,32, 6.74, 3.64, 1,10, 9.64
8.24, 2,32, 4.68, 5.28, 4,22
3.90, 2,28, 4,02, 3.94, 3,18

The following table ehows 42 children classified nccording to
the nature of their teeth and type of feeding t

Noronl teeth Malforned teeth Totals
Breast fed 4 16 2
Bottle fed 1 21 22
Total 3 kY 42

Apply Pisher's exact probability test, to judge whether there is
any association between breast feeding and normal teeth,

Pleaae _turn over

20)

(20)



3.(a)

(v)

An experinent was perforoed to coopare the effects of three
treatuents on the yield of a plant which ia grown in pots. § pots
were choscan randooly from a larre lot of pots and in each 6 seeds
were planted, 2 of which were subjected to treatoent A, the ather
2 to treatoent B, and the reaaining 2 to trcatoent C. The yields
froo the plonts grown are given below. .Analyse the data for

the purpose in view.

Pot - Trentncrl;t =
Nusher Tt T Plant 11 Plant T Plant 1T Plant 1_Flant' T}
) (©) [©) [ 6) [O) (@)
1 15 16 2 22 25 21
2 23 . 25 » 29 @ a3
3 16 M 18 16 23 18
3 18 5 0 22 22 26
M 21 22 2) 10 » 28

A pew sealing device for electric bulbs is to be recormended

if 102 or less defectives result from it and {t is to be declared

as unworkable if 30% or nore defectives result from it. An experiment
is to be carried out Sequentially to judge the device, It is desired
that the risk of declaring the device as unworkable when it is
actunlly recomaendable, should not be more’than ,02 and the risk

of recommending an unworkable device should not be more than .03,
Draw a chart for applying the Sequentfal probability test under

this situation. . . .

Data below repreaent the results of oﬁs_ervntionn on 22 bulbs sealed
by the new device. Plot the results oo your chart, and see whether

1) the expericent has been over continued, or
ii) it still requires to be continued, or
ii1) it is tioe to stop right now,

In cose the experinent need not be continued further, give your
decision,

Serial  Result of observation Serial Result of observation

nuber (T = True and - - nuober (T = True and
of bulb D = Defective) of bulb D w Defective) -
() [©) (1) (2

| S * 13 T

2 T 14 D

3 D 13 T

4 T 10 T

s " T 17 D’

6 T 18 T

7 T 19 T

8 . T. 0., T

] . D. . 21, T

10 . T 22", D

1 D

12 D,

Pleose turn over
Plcase turn over
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Gnroupr B .
(answer any two questions from this group)
The data given below relate to yield in ounces for éach plot of

& randonised block experinent, involving 7 stroins of 'oung'
= a variety of pulee.

Strain —» 1 2 3 4 H) [ 7

Block I 18 27 22 20 21 25 1§
Ir 20 1S 21 11 22 21 15
II1 15 21 14 19 06 22 16
IV 32 20 23 19 25 39 19
vV 20 235 20 21 20 32 14

The experinenter reports that the plot allotted to strain 8 {n
DBlock III had been badly damaged by birds ete., thus depressing
the yield of this plot considerably.

Analyse the data trcating thie plot as nissing and obtain the
standard crrors of the various type of strain differcnces,
(1043) 15

The following table gives the results of a double lattice
experinent, Carry out the intra-block analysis of the data
and obtainm,

i) the standard errors of the two different types of trentnonmt
cooparisons, and

11) the average voriance of all the treatoent conparisons,

Replication T = (figures in brockets indicate treatnent numbers)

N N R
- T T T,
T T
Sl N

Replication II - (figures in brackets indicate treatnent nucbers)

R T
T R T
. G T
a0 @ W

You are furnished with the total sua of uncorrected squares
as being equal to 384,72, ’ (04343) =15

Pleasc turn over
(n19)
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The following table gives the lay-out plan and yields of a 24
field experioent on Reass,conducted by Rothanstod Experimeatal
Station in 1936, The factors were :

Dung (D) none; 10 tons per acre

Nitrochalk (X): none; 0.4 cwt, N per acro .

Superphosphate (P) : none; 0,0 cwt. 1’205 per acre

Muriate of potash (K): nome; 1,0 cwt. K0 per acre

Replieation 1 Replication 2
Block nunber Block nunber
1a 1h - 2a 2b
treat= . treat treat- . treat-
oent yield nent yield nent feid oent yield
0) (2) (3  (4) [N O} (D) (8)
P 43 dn 50 apk 43 nk 43
k 5 nk 41 4 42 dp 82
d 83 ax 43 p 30 (1) 87
opk 36 pk -1 dnk 34 np 39
dnk 41 dnpk 44 n 47 pk 38
dnp 48 (1) 58 dap 52 dak 82
dpk 83 én 4t k 50 dpak H
n 42 np 0 Jdpk 41 dn 12

1). Il-enuty the confounded effecl or effects and analyse the data,
1i) Test if the oain effuct of nitrocholk (N), and the interaction of
Dung and Superphosphate (DP) are siznificant, (2494242)01t
GROU? C
(Answer ony one qiestion from thie group)

Using.the data given below, coopire the precisions attained in
the case of siople randon sanpling with replaceoent,

" 1) unstratified

" 11) stratified with proportional allacation

iii) stratified with optioun allocation,

when the averaze production of the Saw pills is estipated froma
sanple of 1000 millss

annwval aunber
“tomber | roduction of Saw ST Gevistion
{1) () [6)) 1) [©)
t 8000 and over 540 T 11030 0000
2 1000 - 4009 1800 1780 1200
3 Under 1000 30950 . 204 300

If the cost of collecting each schedule -ia

(8) Re.t/= for mills 5000 nn! over M bd ft,

(b) ‘2s.4/= for milla producing 1900—109¢ M bd ft. ond
(<) 'h.ﬁ/- for nills under 105C ¥ bd ft.,

what ia the total expenditure Yor the optimum allocation
in (i11) above?

Using the sane total exparditurc, what allocation would give r-u the
sanllest error, taking account of costa? (.\"

Shat will be the total sample mize,with this allocation? ’

Please turn over
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Tte following table shows the number of fnhaditants (in thousands)
in cach of a mimple randon sample of 49 citiea,drawn without

replacenent  froa the population of 100 large cities, as obtained
in 1020 and 1030, '

Tho true 1920 total X {a 22,019(000). Corpute the rerressinn estinate
of 1830 Y total number of inhabitants,in the 196 large cities.

Find the approxioate standard error of this estimate anil compare
its precision with that of the ratio estimate,

Sizes of 46 sooplecitiea in the ycara 1020 and 1030

(Figures in thousands)

1920 1830 1920 1930 1920 1030 1920 19030

(x) (y;) () () () ) () ()

(1) () (1) @ _M (2) (1) (2)
6 80 8 106 64 1 256 288
138 143 86 B0 56 142 43 (133
67 67 60 57 40 60 28 57
29 0 40 65 10 61 % 85
381 464 2 50 28 52 43 50
23 48 507 031 136 130 208 N1
a7 63 170 260 1186 130 36 16
120 115 121 113 468 53 161 232
61 [1] 30 64 243 201 . 14 03
817 459 41 58 87 105 45 83
03 104 77 80 30 1t 38 54
172 183 81 63 7 70 %0 38
48 3
(30)

(1)



I.HDIAH STATISTICAL INSTITUTE
Statistician’s Diploma Exanination - May 1968
Paper VIT: Applied Statistics (Practical)

126 hours | ’ . Full parke:100

(a) -Candidates will be required to anawer guestions
fron those two grcups of subjects only, for which
they have reglatered their options.

(bv) Scparate answer books arc to be used for each of -
theso Swo groups attempteds

(¢) Figures in the margin indicate full nmarks.
(d) Use of calculating machines 1s rermitted.
GROUP A: ECONOMIC STATISTICS
(Angwer all guestions from this group)

EITHER

The following table shows the average per capita consumption
of ccreals and prices of cercals in rural India, observed
during four different periods Py, Py, Py and P,

(Period 1 = July 1954 to March 1955; Period 2 = May 1955 to

November 1955; Period 3 - September 1957 to lMay 1958; ,qq
Period 4 = July 1959 to June 1960) :

Conpunptiog er 30 days prices (paisa per secer)
aecr
R P, By 2y By P Py B,
T Be69 7Te94 7658 8422 37 39 527 52
1,51 2473 2,43 2,78 37 32 41 44
arse ) N
ereals 7466 Ba19 7475 7471 22 20 31 36

Calculate a price index number of cereals for July 1959-
Juno 1960, taking July 1954=Xarch 1955 es basc; adopting tho
chain base systen and using the Laspoyre's formula at each
steps

OR - .
Plot the following scrics of American wholesale price index

of all commoditics (1926 = 100) and detcrmine the trend by .
using an .appropriatc moving average formulag

Yeer --fricn Index Year price Index Yeer Price Indix

1890 5642 1900 5641 1910 704
1891 5548 1901 5543 1911 64,9
1892 5242 1902 58,9 1912 69.1
1893 53.4 . 1903 59.6 1913 69,8
1694 4749 1904 59.7 1914 6841
1895 4848 1905 60,1 1915 . 6945
1896 4645 1906 61.8 1916 85.5
1897 4646 1907 - 69.2 1917 117.5
1898 4845 1908 62,9 1918 131.3
1899 5245 1909 67.6 1919 138.6

Egtinate the Engcl elasticity of consumpticn of ediblo oild
from the following data based on an enquiry in rural India.

Plecaso Turn Over

f1s]
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n’

1. class ranges

of per person

northly consu-

mer expenditure

on ell itens .
(Rss) 0= 8 8=11 11~15 15-21 21-23 £8-43 43=55 5=.

2. pereent of
populaticn 1565 1748 2243 19.6 127 8.5 2.0 1.

3e por rereon N
' monthly consu=-

oer expenditure

(Rs.) on_all ’

items (x): 642 946 1248 17,5 2440 33.1 49.0 85,

4, per person ”
ocnthly consumer .
expenditure (Rs. :
on odiblo 01l (¥):0.12 0422 0633 0.40 0657 0.83-1e34 3.

You pay agssume the constant 'e.lasticity form y = ax® of the
Engel curvee

ZITHER

The following table gives the ago-dlstribution of fathers of
bcys born elive in lorway, during 1871-1900:

age (years) no. ol boys age (years) no. of boys
.= &0 2217 &5 + 50 38916
20 - 25 36147 &0 - 55 17218
25 = 30 - 94272 8§ = 60 ' 6492
30 - 35 112870 60 = 65 2571
35 - 40 95965 65 -.70 . * 962
40 = 45 69714 70 - 399

The necan of the distribution is 35.699 and the standard devie-
tion 8,410. . N

Estimate the paramcters of the lognormal distribution which Tz,
be fitted to the given data, by any suitadle method, and calc:’
late the expected frequencies for the classes 0-20, 35«40 and

70 or mores

_OR

Given below is the transorctions matrix of e certain econogy,

in arbitrary value units. Calculate the supply recquircnents

for the four sectors if the final demand vectorewere (50,120,
60, 280 ) inctead of (60, 105, 40, 320) .

Producing T Using Scafors rinal Total
Sectorg S A B F Domand  Supnly
Services (S) 20- 25 15 80 60 200
Agricul ture (A) - 25 120 . 105 250
Basic Industry iB; - 25 45 40 40 150

F - e0 320 4Co

Finished Goods

GROUP B: ST)\"IISTIC“.L QIALITY CCX:&'ROL
+ (Answer any two-question;frem this Froup)

Froo an electronic factory producing « resietive component, &
sanples of size 4 were taken and the res_aténco of cach cempe
nent was recorded .in Ornse Tho specification was glven as
'285 Ohns maximun' (upper limit only). The ssmpled were take
gery qu?rto;-l orc:? hon;z a,ﬁllit. 13 knowm that if tho process:
ven a {res 8¢ n Ve TOoducc comnr g
TAth o meanks 250 Ohg;. P o.rponcnt:u. initially,
Pleanc Tarn Over
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.e{centd.)
Analyse the data and recocmend a suitable control chart deviece |

u'

v)

to tho factory managements

Sanple Resiatance or sanpled conpencnts (Ohms) Average
No. . 5 S, 3 4 .
1 252 262 261 247 25545
250 256 257 255 2545
3 257 245 262 265 . 254,8
4 254 250 255 250 253.0
5 252 257 252 232 248.3
6 227 264 238 253 24545
? 260 261 241 261 255.8
8 261 252 255 257 256,43
9 256 262 260 255 25843
10 257 272 245 255 25743
11 260 265 265 263 26363
12 260 258 257 260 £58.8
13 245, 262 240 270 25443
14 205 270 270 244 247.3
15 246 270 227 271 26640
16 260 267 275 275 26943
17 270 £71 261 263 271.3
18 252 265 270 cés 26348
19 260 277 273 270 27040
20 272 275 270 233 2750
21 275 275 257 257 27045
22 267 265 , 283 277 273.0
23 277 273 275 273 27440
24 277 277 302 271 2el1.8
.25 T 274 240 280 ° 289 . 270.8

A conpan{ vhich 1g developing a new product makes 25 items on

a trial basis, 4 of these were found to be defective. Some

glterations in the dcsign were then nade and n_ 1tems produ=-

ced of which none were found to bo defectivee. How large
should bo n 8o that the new design could be considered an
improvement at 1 per cent level of significence?

Fron the Dodge~Romig Bampling Inspection Tables, sclect plane

to satisfy;

1) 1ot sfzo: 2500, proccss average: 05 per cont; AOQL:
2450 per centy type of sampling: double .

41) lot sizo: 26003 LTPD: 4.0 per cent; proccas average:0.?
per conty type of saaplingisingle.

Por ¢ach of the plens in (b) above, obtain the approximate
probabilitics of acceptance (OC) at the following values of
ingoming quality Oe6 per ccnt, 3 por cent and 8 per cent.

(25]

{9+46+10])=[25]

Tho following table gives tho results of an experiment con-
ducted by a factory to study the cffoct of three factors
(method of processing, temperaturec and raw pmaterial) on the
yield of a procecsss The process wes carriod out by each of
the two methods M, and jut each of  tho thrce temperatures
‘1‘1,'!2 and Ts;mdtaurbatchca of raw matcrial 31,32,53 and 3,
viere used. Two trials wore carricd out with each s>te The
oxporincntal data aro given belowve |

Plcase Turn Over
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3.(contd.) Analyse the data.given below, wisat specific auggestions can you
oake to increase the yield? .

1.

2e

3e

Teopem Bnl.ch‘ Bal.:h2 ﬁl’ﬂ:s . ““""4
ratures j,x_l ;‘2 !"l ){2 "X}. :,;2 ;,;1 :.[2

Py 7641 B0¢5  68i6 73.2 6741 B0e2  Tde§ 7745 ¢
1 7440 7943 G694 7640 Tled 7269 7846 753
7. 7460 8049 7060 7404 7746 TGeB 7042 7546
2 766l 8062 7340 7943 75ex 8042 7405 80.3

7., - 7460 7842 7448 B8ls0 7346 B0s9 78,2 85,8
3 . B2e9 B3¢8 T4¢9 79,0 728 77,8 7746

7946

GROUP C€: STATISTIC.L METHODS IN GENETICS

(Anower gny two questiona froa this group)

(2

In 2 feplicntod progeny rcw triel on a fidre crop, with a com-
pact fanily block layout, there are threec-families, cach con-

siating of thrce progenies.
main plots and the progenics to sub-plotse
percentages after bali

Erogong

Fomily”
A

After using Bartlett's teet of hombﬁenoity of three ‘within

IOk cIdob oM

The families were allodated to
Data on fibre
ch plot:

P on Fl b nt e O O®
I. 1 11 . v
31 29 28 29 30
3 29 29 31 28
29 28 30 27 29
35 3 33 33 X
33 36 35 36 35
32 30 3 35 33
28 27 31 29 27
30 28 27 29 29

23 29 30 28 30

fanily error~variancad’, complote the poolcd ANOV.\ table.

Test the differences in two grogeny reans 'within the same
farily' and also 'belonging
calculating the appropriate standard crrors of differences.

o different families!, after

Rank the proganies according to their fibre percentages .
behavioure

In a two factor sepgregation, factor A= é nhdwing complete
dominance of A over a and factor B

aro nown to te 1inkcd.
(ﬁ% X £§) showed the following segregationt

Phenotypic classos:

=b showing no dominance,
The Progony~trom a ¢ross

Freqpenc; A&%%l Aiggi Aléhi eigﬂi a(Bb) a(vdb)

Test whether tho Mondelion law of segregation is followed.

Estimate tho’ linkags by a suitable methoda

Assuming no sox-ditfcrcntial in respect of rccombination,

obtain an efflcient estimate of the recombinaticn fraction

and 1ts standard errore

The amount of Dutch clover in a fcrage stand was estirated
by a nochanical counter (x;) and by eye (x5)e

Lzz)

[

The two treat-
ments to bd discrinminated were randomized in 15 blocks of two
plots each, so that 14 degrees of frcedem could bo taken out
for block difforences, giving an annlysis of variance eet
up as appears i{n next page : |

Zleane turn nver

¥+8)
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, . a5= S8, w Sun of squares
e e —.-3:P_=_Suq of products

Sources - aJTe S.S-.—(_;'IT 8.8.(x,) |5.P.0x1x2)
Betwocn population [ . 1 13447 8443 1C.65
Between blocks ;14| 93,11 54469 60495
Within population 14 20444 6441 4489
Total 29 1 127,02 ' 69.53 76,49

Obtain the -bost discrininant function (y) and the ecorrcae

_ponding ANOVA,

If ingtcad, a discriminant boced on the cum of tho varia-
bles (1e0s Z2 = X;+Xy) 18 set up, find out the rolative

officlency of glclections Also work out the correlation
coofficlent between theao two discriminants (viz. y and z).

23)

Neatnces’ {2}

GROUP D‘i VITZL STATISTICS AND DEMOGR.APHY
(Angwer any two questions from this ¢roup)

Pron the data given in the following-table find peroentage
roduction below patential due to (1§ contraception, and
(11) oontraception and subfecundability combired. Inter-
pret tho rcoultse

Estimated roductiosn’of actual below po'tentia.l births per
couple,duc to ‘contraceptions’ and to ‘subfecundability and
contraception combined’by .duration of marriesc(i.e.years oarried),

Type of data N - Years married
: under ~9 10-14 cr more
Number of couplea [ 649 869 686 . 509
Average nunmber of birtha:l .
Potentisl . 1.43 3499 6,32 9,16
Observed, focund couples| 1400 2,34 2,98 3452
Observed, ell couples L 0.91 2,03, 2,54 2,91

Calculate tho general furi:ility rate and the groéa ropro-
duction rate from the fcllowing data,.assuming that for
every 100 girls 106 boys ere borns - .o

Ago of vomen Number of vomen, Ago-apocitictfertilny
S 3 Inte .

15 =19 . | 212,000 | 9.0
20 = 24 : 198,732 ! 169.€ -
25 = 29 . 1623800 | 15805 .
30 = 34 _ 145,362 13937
35 - 39 128,109 98.6 -
20 = 44 | 106,211 42,8 -
45 = 49 i 86,753 ! 1649

- ’ (25).

Plcagso Turn Over
(326)
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Froma tho following values of tho usual lifc-table functions
caloulntc the cxpectation of 1ife at 30.

" Age group !
(X to Xen) ! Pa
25 = 30 | .e0284 1,5 = 67,870
30 = 35 0352 . | T,g = 1,686,581
35 = 40 40501 :
40 = 45 +0606
45 = 50 I .0872

Statc the approximaticns you have to usecs

Confining attention to pcrscns telow 25 only £ind out the
eto,ndardiscd nortelity ratio fer the two places A and B
from the following datas

ALY [ Standard . hortality retes ver 10GJ
pepulatisn | A 1 B
Under 1 year | 20,883 264884 £3,182
1= 4 86,376 1.027 2,136
5 - 14 161,376 . 04400 04786
15 = 24 i+ 146,641 | 0.801 | 1.907

(29)

The following table gives the distribution of married
couples clessified by cge at return narriage, for the
period from 1961 to 1966 in a recent gurveye 7rFind the
lines of regreseions and corrolation cocfficient bo~
tween the ages of husbond and wifee Interprot the
resultse

Age of Are of wilc at réturn nmarrinze Total
husband 13- 15- 17= 19= 21~ 23~ 25= 27- .
at return| 14 16 18 20 22 24 26 28
narriege . .
15 -16 | 3 - - - el - - - 3
17 - 18 - 2 5 1 - - - - - 8
19 - 20 4 7 10 2 -~ - - - 23
21 - 22 11 7 20 10 1 - - - - 39
23 =24 |°= 6 12 14 9 3 - - 44
25 = 26 S - 3 13 8 S 3 2 - 34
27 « 28 |- 1 7 5 6 1 - - .20
29 =30 |~ - 4 2 5 1 1 - 13
31 - 32 - - 1 1 7 1l 2 1 13
33 = 34 - - - 2 1 1 - - 4
35 = 36 - - - - 2 1 2 1 S
Tota) |10 20 68 44 35 11 .7 2 206
: (25)
Ble-u-n ﬁ!rn Over

(27)
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GROUP E: EDUCATIONAL AMD PSYCHOLOGICAL STATISTICS
(Ainomer a1l questions from this group)

A test contains 25 itens and its menn, standard deviation
and reliatility are 17.3, 3.8, and .86 respectively.
Estimate the variance end reliability 1f 75 itcns are
added to ite

The following information cn a test i1s availabdlc. Find
the test reliability by using (a) difficulty valucs of
the itens and standard deviations of the total acore,
(b) mcen and standard deviations of the total scorcss

Ttem - Difticulty Iten Difficulty Item Difficulty
alue

Noa Value KNoe Valua No.

1 «70 8 «86 15 32
2 «60 9 74 16 «30
3 «65 10 36 17 024
4 75 11 46 18 o2
5 «48 12 o44 19 25
[ 042 13 52 20 «20
7 35 14 48

The standard deviation of the total score on the test is
445,

Using the intercorrelation matrix given below, ccopute
the factor loadings of the first two factors using the

[12]

[13)

Centroid methods {Guess the cormunalities by using the maxim

maxirum velue in the corresponding column and rrocecds)

Variables 1 2 3 4 5 6
1 = W63 . 400  e00 .27 400
2 63 = &322 436 421 400
3 .00 .32 - 072 .27 024
4 00 436 W72 -~ W00 400
5 W27 W21 «27 W00 - 12
6 00 W00 24 00 W72 -

(s08)

(25]



INDIAYN STATISTICAL INSTITUTZ
Statistician's Diploma Examination - May 1968
Paper VIII : Subjects of Specialisation -(I)
Time 4 hourrs Pl marks 1O
(2) Candidates will be required to answer
questions from that group for which
they have registered their eptions.
(b) Figures in the margin indicate full marks.

Group A: Economic Statistics (Econometries).

(Answér any five questions from this group}

1. (a) If %he utility function is
1 2 2
u-=-2 (allx1+2512x1x2+a22x2), ehow?hat the
. demsnds are given in terms of prices (pl, p2) and income (M) by
81 %) * B ¥ Py
819°% * 8y ¥y = 2
and Py M Py Xy = M
(b) Deduce that the demands are linear in M but not in Y

and Por -

(c) Show that for stability, a,, n2-2 815 Py Py + &y Pp2 < O
for any py and p,. Deduce that &), < 0, 8,, < 0 and 5122 < a8,
Check that the demand curves are then downward eloping.
R (8+4+8)=20.
2. (a) For a single commodity, let increasing &« represent an
upward-shift in demend: D (P,a) with % > 0. Show that the

variations in equilibrium price and purchases aret
[

%_P= 2D 1

a X3 .
LA
ax _. 3p

ed T < Ba dF

X —L £
T fp(s-D .
Deduce that the upward shift in demand, if equilbrium is

stable, raises prices, and it raises purchases only if S 18

upward sloping.

mMes ( 20 )
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2. (b) There are thrse markets for comzmodities (apart fron 3

raire) and there is .an urward shift in the supply of the ﬂr.‘l

—‘;Td (Yl - xl) > 0, show that

Py dap
3 4
1 Ta '“123—+°13—=-3—a(y1-x1)
dp.
8 —L 4+a,, P dpy
aa 22 ga *o%373 =90
dpy a
P dp
831 + a 2 +a 3
da 32 T2 33 3s = (o]
where Yr - xr represent excess of supply over demand of
. - £}
coumodity r, and- &, = FT (Yr - xr).

Solve for the three price variations.
.

(10+41¢

3. Let induced investment (I) be given by I = v(x’t a-
where Yt i8 the income at period t and v, a constant. Furthe:

let consumption (C) be given by Ch=c; Yy  +cp Yivo
(°1' L2 constants). And further, let investment and savinga:

equal ex post.
' Deternine the equilibrius = path of Y ., What will t
shepe of the path that Y, will follnw after an initiel disty
bance?
Critically discuss the various alternatives. ¥1ill the
alternatives del;end on, the magnit\.xde of the <.listu.rbance?

>4. (a) Explain the problem of multicollinearity, and develcf
technique of dealing with it. Is it always possible to get ¢
this difficulty‘by suitable estimation procedures?
(b) Suppoece that tvo explanatory variables are exactly r¢
according to zzt = 3.0 + 0.5 th, and that '
Yy ==~ 1.8 +2.02,-0.7 Zoy + Vo
- Find an equation for "t that is equivalent to the f:
going and that has an arbitrary value a« for. the coefficier
of ZZt'
¥hat are the numerical coefficieonts if a 18 set (1) ¢

(11) at 1.57
(10+10!
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. 5.! Describe mathematically the mechanism of market equili-
drium under the conditions of perfect competition. (20)
. 2
6. Consider the value cf transaction matrix V = L'rs] in a
closed transaction economy, where fixed technical coefficients
a_ = *rs : )
rs g— are defined in Qmtity terms.
a :

Show that V=3 [1 -4A) %X v:her,e matrix A = [a"] and
P and X)are the diagonal matrices from the price vector P and
the quantity vector X respectively. Deduce the conditions
[t-A]x=0end P [T-4]=0. .

' Let A® be the matrix of order .(n-l)x(n-l) derived r'ra:n A
by enitting i%3 n-th row and nth column, and let X* and P* be
(R=1) (-) vectors derived from vectors X and P after omjttisg
their n-th terms. How will you interpret theé vectors (I' » A®)X*
and P* (I - A®) , 4f the n-th activity, vhich 18 cmitted, ip

interpreted as households?
(20)

7. Deseribe an Input-Output table, explaining how the ineomes
accruing to various sectors of th_e ec‘nomy (househnld, govem:xent
and enterprises) are shown in it. Can expenditure 1ncux;red by
different sectors be also obtained frem the table? How transac-

tions with the 'Rest of the World' are depiected in 1t?
(20)

8. Exanine the identifiability of the B end y‘ paraxeters in
the following models: ’ )
(8) yyp * Bio ¥ou * Y11 Tt = V1t

Py Y14 * Vor ¥ Y22 Top = Yot
where variance-covariance matrix of éisturbance is

(®) yy¢ + Brp Yop = Uy

By Yig *¥or * 21 Mg T Vg
vhere variance-covariance matrix of disturbance, is

68 ( a1) ' contd.
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(6) ¥y * Puo Yoy = Yy
'521 Yig * Vot o1 Mg = Uoge but where variance.
covariance matrix of disturbance,is

Group B: Techne-cormercial Statistics - (Statistical Quality
Control).

(Answer any four questions from this group)

1. (a) Distinguish between chance and assignable varigtions i-
' ‘thHe quality nf a manufactured product.

(b) Yhen is a manufacturing process said to be 1n a’'state ¢
statistical control?

(c) How do you construct & control chart for fraction defe:
tive, vhen the numbers nf units inspected in different samples
are not the same? -

(6+5+14) =

2. In what respects, a cumulative sun control chart.for
sanple means, diffgrs from (1) an ordinary x-chart and
(11) a chart for moving averages?

How is a cumulative sum control chart for sample means
related to sequential tests for the mean of a nomal populatic

Outline the eteps in using such a chart.
(e+12+5) =

3. (a) Compare (X, R) charts with analysis of variance as tco!
for detecting shifts in the process mean.

(b) Examine the uses of range end mid-range in qua]:j.ty cort
vwork.
(15+10)= ¢

4., (a) Vhat considerations should 1nf1uence the selection of ¢
acceptance sampling plan?

(b) =xplain the term 4A.0.Q.L.'. Derive its expresasion for’
single sanmpling inspection plan for acceptance-rectification

purposes.,
(1C+15)= ¢

5. (a) When do you prefer A.0.Q.L, sampling plans to L.7.P.D.
sampling plans?

(b) Indicate advantages of sequential sampling plans over
single sanpling plans for acceptance inspection.

(¢) Describe briefly a sanpling inspection plan for
continunus production: state its demerits, i1if . "
(5+8+12) = 27
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6. Write notes on any four nf the follewing:
(1) Uses of work measurement data

(11) Advanteges of factorial experiments over one-factor
experiments

(1i1) Measurement of Process Capability
t

(iv) Control chart for the weighted totel of defects in a
complex assenbly

(v) Specification limits, tolerance Tirits and contral limits

(vi) Control chart for extreme values, (2%)
. 23

Group C: BIOMETRIC METHODS ()
'o candidate available

Group D: Desirn & fnalysis of Experiments (I)
(Answer any five questions from this group)
1. (a) State clearly the assumptions underlying the technique.gf
analysis of covariance, .

(b) How vould you decide whether nbservations on concoitant
variables have increaaed'tﬁe efficliency of an experiment?

(c) Sketch the statsstical enalysis of a Latin square design
when one observation on each of two concomitant variables is

avajlable on every plet.
N n . } (5+5+10) =

2. Let v treatments be arranged in b blecks such that (1) eny
treatment eccurs at most once in any bleck, (11) the i-th treat-
ment is replicated r; times (1 21, veay v), (111) the size of
the j-th'bleck 1s kj' (3 =1, seay b),

Let N = (nij) be the incidence matrix of the design.

N

(a) Obtain the analysis of variance of thxs'dggign'under the
ysual assumptions

(b) Define the C-matrix .

(¢) Yhen 1e this design called (1) conngcted, (11) balanced?

(d) Obtain necessary and sufficient conditions for the design

to be connected and balanced.
(8+2H446) =
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3. (&) “hat do you understand by the recovery of interblock
informaticn?

(v) Is 4t always possible fo obtain separately the intra.
and inter-block estizates of a treatment contrast,in a balane:
inconplete block design?

. (¢) How i3 the ‘contined inter- and intra-block estimate’
obtained?
(d) Is it always better than the intra-block estimate alony
(e) What happena if the design is not e BIBD ?
(4!5) L34
4, (a) What are cress-over designs?

(b) Explain the circumstances in vhich such designs are mos
appropriate. !

(c) Assuming the absence of residual effects, give the str:
ture of ‘the analysie of varfance for studying the effect of v
treatments.

(d) How do you teat for the absente of residual effecta?
(4+4+C+4) = 20
5. A Baldnced Incomplete Bleck Design (v bry ky N\ ) 18
modified to include a new treatment by 1ncreaain'g the block si:
to (k +1) plotsyso that the new treatment occurs once in eact
of the b blocks.

(a) Show how to analyse this experiment.
‘o (b) Prove that the fnfra-block varience of the difference
letwegn effects of any tvo of the eriginal aet of v treatment!
: 2 (k +1) o°
o VA +r

2

. ) . o
‘where 0° 18 the intra-block variance for blecks ef (k+l) plot:

(c) Find the overall efficiemcy of this design.
! : * (L0+5+5) =°

6. The actual design, before randomization, ef a half
replicate of a 25-factor1n1 experiment involving six factors
A, B, C, D, B and P,each at two levels and arranged in ‘4 bla
of 8 plets each, is aa given belaw;

Blnek 1. Bloek IX Block III Block IV

(1) ac a

ab bae bg ::
acde de ce cd
bede abda abce abed
acdse ar ef cdef
bed? abdf abef abedef
ef acef adet af
abef beef bdef bt



11988 (VIIT-7)
R -7 - -
Q.6 (contd.) .

(a) Determine vhich of the interactions have been confounded.

(b) Yrite dovn the main effects and interactions which are
g}gs_e_zhs,whil‘.: being estimated from this design.

(c) Assuming that three factor and higher order interactions
to be negligible, vrite down the partition of the degrees of
freedon in the table of analysis of variance sgainst each ascri-

. bable séurco of variation.
(5+5+10) = 20
7. (8) vhat are 'weighing designs*?
(b) Discuss the fundamental assumptions in a weighing design
and its analysis. ’
(c) Let By, Bpr oevs ap be the true weights of p ebjects. Let
there be N weighings, and define a matrix X = (x4 o) such that
= + 1, 1f the ivth ebject is included in the a- th v.eighing
in the riht pan,
- 1, if the i-th object is included in the a-th weighing
in the left pan,’
0, if the i-th object is not included in the a-th
weighing. ’

x1a

h

Show that all the objects would be weighted with maximum

precision vhen XX' = N Ip where Ip 1s the identity matrix of

order p.
(d) Define a Hadamard matrix of order 2k and show that it con
always be constructed. How are those matrices useful in Welghing

Designs?
&n (5+6+5+4) =

8. (A) Explain the use of orthogc'mal_ polynomials in obtaining
the detailed analysis of an asymmetrical factorial design.
2

(b) Obtain a balanced group of sets for 4° factorial design

in blocks of 4'units7where the two-factor interaction is
cenfounded. :
(¢c) Give the breakdown of various degrees of freedom in the

enalysis of varisnce of above design.
(4+8+8) =

' .9 Virite short notes on any three of the following:
(1) Fundamental Principles of.Design of Experiments.
(1) Elimination of heterogencity in seversl directions

(111) Designs confounding the Main Effects

(4v) Respense Surface Analysis and Rotatable designs
(v) "'Miseing values'and 'mixed-up yields'techniques

(v1) Balancing in symmetrical factorisl designs.
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Group : Sample Surveys (Thdoretical Aspects) -I.
{Answer ary four questions from this group)

1. (i) Explain briefly the circumstances under vhich you weulq
prefer a complete enumeration to a sample survey.

(41) Discuss clearly the relative merits of (a) p!‘Ob‘Bbillty‘
sempling, (b) haphazard sazpling and (c) purpesive or Judgemnery
sampling.

(10415) &,

2. (1) In the case of saspling n units from e finite populatic.
of N units with equal probability and without replacement, "
suggeat an unbiased estimator of the population mean. Derive 1
sanpling variance and obtain an unbiased variance estimator, -

(11) Suggest an operational. pracedure for selecting with the
help of a table of random nuabers, 10 units with equal probabi):.
and withou:® replacement froz a population of 498 units. )

Ti11) Suppose there 1s an unknown number .(say M) of similar
objects in & box serially numbered from, to N. For estimating
the value of N, a saople of n objects 18 picked up at -random
after therough shuffling. Derive en unbiased estimator of N,
using the serial numbers on the selected nbjects and nbtain itz
variance and an unbiased variance estimator. -

. (10+5410) =3

3. (1) Suppese n units are selected from a population of N
units with probability propnrtional to a given measure of sizey
end with replacement. Suggest an unbiased estimator of the
population total and derive its sampling variance.

(11) Compare the efficiency of the estimator in (i) with that
in the case of sampling n unita with simple random sampling and
with replacement, %n) vhen the cost is proportional to the nurt::
of units in the sample, (b) when the cost is proportional to tk:
expected total size (xs,or the sanple units.

(111) Describe briefly two operational procedures available f::
selecting units with probability proportional to size.

(8+10+7) = 25

4. (1) Ynat is meant by multi-stege sampling and under what cir-
cumstances would you use this procedure in preference to direct
sampling of units (i.e. uni-stage sampling).

(11) For estimating the total number of persons (Y), a saxfle
—of-n- villages is selected from the N villages in the region with
probability proportional to the current nuaber of households (L’,
and with replacement. From each selected village again m house-
holds are sampled circular systematically. The number of persor®
in each of the nn sanple households is ascertained by enquiry.

Suggest an unbiased cstimator of Y and obtain an unbiased
variance estimator for it. .
(10+15)="
5. (1) Explain clearly the regression mathod af estimation poiz-
ting out how it differs frem the ratio method of estimation.

M6 ( a8 ) contd
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Q.5. (contc.) .

(11) Suggest the regression estimator for the population mean
(f) in the case of sampiing n units with equal probability end
without replacement, when information en en auxiliary variable
x is available for all the K uiits in the populetion. Obtain its
exact bias and an approximantion tn its mear tquare error,

(411) To catimate the total yield ¢f guava in a district, a
two-phase sampling design vas adspted. First a sanmple of n.
villages was selected with rrabatdlity proportional to ureﬁ
under archards (as ~btained for the previous year) and vith
replacement. For each of thesc n, 7illages, the current total
nunber of orchards (a) and the current number of guava treas,
(b) were ebtained. A sub-serple of n, villages is selected at
randon from the initiel sazple of ny~ villages and from each
of these villeges,m orchards were “selected vith equal proba-
bility and without replacement for obsgivirg tre yleld of guava
crop. Let ytJ denote the yicld of the j-th sample orchard.in the
i-th sample™ village (J =1, 2, oo, m: 4 =1, 2, .us, 0,).
Suggest a suitable regression estimator for the total yiefd of
guava crop in that district.

(7+41048)= 25
6. Write brief notes on 2ny four 2f the follawirg:

(1) valanced systematic sazplinz:
(11) cluster sexpling:
(111) quota sacpling:

(iv) self-weighting design:

(v) non-gempling errors; end

(vi) controlled selection. (25

Group P: Technigues of Computavien
Answer any five questions from this group.

1. The value of the palynomial
[ ]

2

Poax®“+bx ¢+c

for a given x 18 calculated by the following pProcedure

- (1) A= a.x
(11) Bu A+d
(141) De B.x
(1v) P= Dic o »

It x, a, b and ¢ are giver correct to's'eignificant digits ani
the intermediate results A, B and D are rounded off to 's '

significant digits, estinmate the =2rror in P.
(70}

el

nes ( a1 ) contd.
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2. The function £(x) is tabulated for x = Xg1 Xg+h, X +2h,
.X°+3h, X.Hh and x°+5h.

(1) Obtain a quadrature formula for evaluating
<
x_+5h
L]
S f(x) 4 x
Xy ) .
A8 agcurately as possidble,

2

(41) Cive an estimate of the remainder. Co
(10+20)= ;:

LA The r-th Legendre polynomial, denoted by Pr (x), 18 give
by: .
r 2
P (x) = x} a [(x —1)“]
2r  axtf

Show that

(1) P.(1) =1

(11) P(x) 1 fer x| £ 1

1
(111) z P.(x) Py(x) dx = 0 if r £ s

() P00 = Lo B

T+ = r_:l_'Pr-l ().

(3+3+6+8)= 20

4. (1) Dy applying the Newton-Raphson procedure to f(x) = 1-3]:-
odtain the recurrence formula

By = (2-13)

for the iterative dotermination ef the reciprocal of N without
effecting division.

(14) Shew that, if (‘x denotes the error in 3,, then
2 N 1
ékd:‘v’ Mgy vhen 3 = g

(111) Obtain a third order iterative acheme for the determirs’
tion ef the reciprocal witheut effecting division.

(6+8+6) = <€

Hes ( as ) contad.
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Se The saquence 0f column vectors x(k)generetcd by the recu-

rrence formula,
x(8) (I -aaAd) 1) 4 gp s
where A = ((a“)) i8 nxn symmetric matrix
I i3 the identity matrix
b is a column vector
a 18 a positive real number

converges to the solution of A x = b, if

a < 2
n | |
rax £ |a
13 =1 4 (20)
6. The nxn matrix A = ((n“)) is such that
a“ =0 for §>i+¥l and 1 =1,2,.44y n=1
. and for J < i-1 and 1 = 2,3,..4o 1
= non-z2ro for other 1 and }J
and °1,1+1 .51‘1.1 >0 for 1 =2, 3, ¢«s.y n-1.
Show that all the eigen.values of A ara real. (208
. 20}
T. i 11’ ‘pe. Pys ecey Py are all positive, show that the
' roots ay, 1i=1, 2, v.sy n, of the equation
n n-1 °
p,,& +p18 +...+pn=0
satiafy the inequality .
a < I oy | < B vhere a ard P ere the maximum end
minimum of tho numbers
‘ LA B -
, .
Po" P Pna (20)
8. Show that the error in the following iterative scheme

Yna = Ipa t* A ¥y
for the numerical solution of the differential equation
y'= fx, iy, =2 (x,, y,)
grows exponentially. rith n.

(20)
Mes ( 39 )
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GRUUP '3 STATISTICAL LLTZUXNCT (Gemeral Theory) —

(Anewer any five queations from this ‘group)
1, (a) Xy» Xor wvey X, 15 a random sarple gt size n from a
normal population N(O, o ). Write ¢ }_ z xk Eb:amine

rigourously whether each of the statistics,, . !: xk and

L, -02 1s
1 (1) sufficient for o,
and (1i) a complete sufficient statistic for o

(v) It T, represents the total number/gﬁccesaes in n
independent Bernoulli trials with uninovn probability p of
success, then
EITHER

£ind an unbiansed estimator p2, of the fom

2
aT n* b Tn +C,
OR
prove that there exists no unbiassed estimator for %

(7+5+48) =

é.'(a) Prove that under certain regularity conditions (to be
stated), the maxipum likelihood estimator is asymptotically
normal and is consistent.

(b) Let Xi, ,1=1, 2t =1, 2, «vsy:n denote the jJ-th
observation from the i1-th population. The two populations
follow normal distributions with unknown means -/“1’ /‘«2 and
unknown but common variance o%,

(1) Find the meximun likelihood estimatof of o2

(11) Exapine whether it is unbiassed and/or consistent.
(8+4+8) =

3.(a) Let H be the simple hypothesis that a random variable X
has probability density function f£(x) and A be the simple
alternative that X has probability density function g(x). Let
a, B be the sizes of the errors of type I and typé II. Procee-
ding as in the proof of the Neymen-Pearson Lerma, prove that
the test-procedure (based on n observations) vhich rejects H
i g(x) ... 5(’%:) >2 r(xl) cee r(xn) and accepts H otherwise,
is the one which minimizes the value of % a + % B«

(b) Pind this minlmum value 1f P(X =1) = o, P(X = 0) = 1-F
Hla=-£: Ale=z and n = 7.
(15+5) =&
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(a) Show that uniformly most powerful tests are unbiased.

(b) Prove that no uniformly most powerful test existé for
testing 6 = O against & £ Oyin a normal population (6, 1).

(¢) Let xl, ceey Xn be a random sample fron the uniform
distribution on (0, 6). To test H: 8 = 1 against A: 6 £ 1, thne
follawing test procedure is suggested: Reject H if max (x1
veey Xp) 2 or 1f. max (X ooy X)) RY/T:  a is preassigned,
0<ac<l N

Exanine the limit, as n -~ &, of the power function of
this test procedure.

(4+B¢é) =

5. (a) Show that if a confidence interval for a'parameter is
obtained by 'inverting' a family of uniformly most powerful
unbiased teats,eaéh test being of level a, then the interval
is }he shortest unbiased interval of confidence coefficient
(L - a).

(bv) x 1 is the minimum of a random sample of size
a population with frequency function £(x) = E(X'e),
Pind the confidence coefficient of the interval

n from
x 2 6.
x(l) + % log a , x(l) for the parameter 8, where «
is a fixed number such that 0°'C a < 1.
(11+49) =
6. (a) Define the terms: (i) admissible decision functions,
(11) minimsl complete class of decision functions,

(b) Prove that a necessary and sufficient condition for the
existence of a minimal complete class of decision functions,
is that the class of admissible decision functions be complete.

(¢) Suppose P(X =1) =0, P(X=0) =1 -6 and 6 may

have the value .3 or 3 Let the decision space D consist of
tvio elements 8y 85 Let the loss function be:
! 8
o= 1 4
_ 1
8 = 3 3 2

Find the decision which 1s the minimax solution.
(4+8+8) = 20
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Statistician's Diploma Examination - May 1968

. Paper IX: Subjects of Specialisation - II (Theoretical)

Time: 4 hours »

_Pull marks: 100
(a) Candidates are required to answer questions

from that groug onl* for vhich they have

registere eir options.
(b) Figures in the margin indicate full marks.

Group A: Economic Statistics - (Indian Economics an& Econonics
of Planning)
* (Answer any three questions from each section)

Section-I - Indian Economics.

l. Examine the present state of food statistics in India and
indicate its pertinence for the formulation of the country's
food policy. -

. (16)
2. Give your understanding of the problem of increasing
India‘s agricultural production. Do you think that thia problem

can be remedied through suitable technological changes without
"further lend reforms? (26)
* 1

3.  Analyse the changes in the sectoral distribution of India's
national output in the course of the three five year plans,

(16)

4. Exemine how far does the present tax structure in India
£it in with the requirements of rapid economic development.

(16)
Se Discuss the reasons for the fallure of the devaluation of

the rupee to bring about, so far, any significant improvement
in India]s balance of payments position.

' ) - (16)
6. To you think that the proposals for social control of
private commercial banks in India provide a sound alternative
to their natipnaliaation? Give reasons in support of your view,

(16)

Section II — Economics of Planning

7. What are the main features of .Harrod's model? Analyse, in
the light of this model, the phenomenon that if an economy
-inereases its production too rapidly, it will have produced

too little, whereas if production is not increased rapidly
enough, the economy will have produced too much.

(16)
8. Discuss in reference to the Mahalanobis model,how the
higher priority to investment in capital-goods sector in
India‘'s Second Five Year Plan was based on rational conside-
rations of long-run economic growth. .

(16)

9. Analyse how the static input-output system can fit
into a linear programming model and indicnte the problems of
plannipg to vhich such a model is relevant. (16)
Mes (42 )

oactd
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.10, _ Review your understanding of any two of the following:

a) a low level cquildibrium trap
b) shadow prices
Hawkins-Simon conditions of viable production
disguished unexployment
(8+8) = (15,

11. Critically exanine tho cmployment policies follaved in
India's Second end Third Five Year Plans. (
1

12. Give an appraisnl of India's’ industrial growth during
the Second and Third Five Year Plans.

(1

Neatness (Scctions I end II) a
Group B: TECHNO-CO'"'ERCIAL STATISTICS - (II)

Time: 4 hours. Full markss 100° Pass narks: 50°/.of t:y

Section- I (Altcrnative): ELZMENTS OF BOOR KSEPING & ACCOUNT::
—_— Total - 70 mes
Section- I 1 OPERATIONS _RESEARCH - Total - 70 marks

Section-II :  STATISTICAL METHOIDS- IN BUSINESS - Total - 30 :51

Section-I: (Alternative) - Elements of Book-keeping & Account:i
L

N.But fa Use separate answer book for this section,
b) Answer question No.6 ond erny other three questiors
from this group,

1.(a) * Discuss the principles of Double Entry accounting vith
illustrations. Clessify Accounts.

(b) Define and illustrate posting, casting and bnlancing
processes in accounting.
(6+3) +(2x3) = (35
2. Pass necessary ad justment entries es on 31.12.67 in ki
. following casesy .
(a) Outstanding salery Rs.l,OOO

(b) Insuraonce premiuﬁ Rs.1,800 paid on 1.9.67 for one
year

*(c) R9.300 rent received on 1.12.67 for November and
December, 1967 and for January, .1958.

(d) Intercat on 6°/. Investments Rs. 10, 000, is receivs
ble on 3l. 3 68. It was purchased on 1 4.67

D:eferred advertiaenent expenditure Rs.4,000 has
been carried forward from last year. The caount
is to be written off over four years.

(e

~

) (ax5) = (I
3.(a) Distinguish between Journol and Ledger

(b) Nome the sub-divisions of Journal with reasons. for
such sub-division

(c) 1Is Cash Book a Journol or a Ledger? )
(6+5+4)= (1
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4, Sri Jadav started a business with Rs.15,000 in oash,
Rs.2,000 worth furniture and Rs.3,000 worth of stock, as on
1.4.67. He withdrew Rs.6,000 on 30.9.67, but on 1.12.67 he
deposited Rs.1l1l,000. The first account is closed on 31.12.67.

Interest at the rate 6'/.‘ per annun is considered.

_Profit for the period before considering interest on
capital, amounted to Rs.8,000.

Nake out Capital Account, showing calculations in
details, Calculate interest in terms of nearest rupee.

(15)

5.(a) What are the different types of errors that one usually
finds when checking the accounts of a business concern. Give
1llustrations.

{(b) Vhat are the errors vhich are reflected by disagreement
of Trial Balance? ‘

(¢) Name thestypes of errors with illustrationa vhich are rot
disclosed by Trial Balance.

(d) ¥hy 1s 1t that Closing Stock is not usually shown in Trial
Balance? Pass Journal entry for bringing the Closing Stock of
Rs.50,000 in the Balance Sheet.

(6+2+2+3+2) = (15)

6. From the follewing Trial Balance and notes make out
Treding end Profit and Loss Account for the year ended 3lst
March, 1968 and a Balance Sheet as on that date. . |

» - gr. gr.

. . *  Rs. 3.
Drawings and Capital . 5,000 50,000
Stock and Finished Goods (1.4.67). 12,500
Stock and Materials (1.4.67) 5,000

. Purchases and Sales 30,000 91,000
Wanufacturing Vages 10,800
Salaries 4,400
Returns - Inwards and Outwards . 2,500 1,800
Discount Allowed and Received 800 500
Manufacturing Expenses - 3,500
Buildings . 30,000
Plant and Machinery 20,000
Debtors and Creditors 40,000 20,000
Bad Dabt & Reserve for Bad Debt 1,000 2,500
Rent and Rates 3,600
Cash and Bank Overdraft 500 8,730
Bank Interest and Charges . 830
Insurasnce 900
Postage & Telephone 1,180
Furniture & Pixtures 2,000

:ljzlsan I':lisaa
Notes: .
(1) Stock on 31.3.68: Pinished Goods Rs.15,000: Raw lMaterials

Rs.7,000. S e .

(2) Ra.gbo-salnries paid relate to 1966-67 wherecas Rs.400
galaries for 1967-68 are still outstanding. - °

(3) The Insurance Policy is for one year and it’expires on
30.6.68.

(4) Provide depreciation at the rate 5°/. on Bulldings and
10°/. on Plant & Machinery and Furniture & Fittings. Two-.
third of Furniture & Fittings are for Office purposes.

(5) Provieion for Bad Debt is to be maintained at 5°/. of
Sundry Debtors. (25)

wep ( “A contd.
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Group B: TECHNO-COMMYERCTAL STATISTICS -(II) contd,

Section I: OperationsResesrch (70)

Section II: Statistical Methods in Business (20)

SZCTION I (OPERATIONS RESTARCE)

(1) Use a separate answer book for this section

(41) Attenpt any four questions from this section
(411) All questiorns carry equal marks

1.(a) Use the Simplei method to maximize
z =10 X3 +3x, 4 6 Xy + 5 %,
subject to the constrainta
X+ X+, L6
3y

x2+4x3-514$a .

A
w

Xy 20, X 20, X4 20, X4 2 0.

“(b) A bicycle manufacturer makes two models~ & sports eycle
and a racer. In order to make a sports nodel,

6 wan-hours are
needed, vhile a racing model requires 10 men<hours. The menufec

turer can employ no more than 15 men andtheae men work 8 hours
per day for 5 days.each week. The cost of meterials anoste

to Rs.50 per cycle and the manufacturer's weekly quota of suoh
materials may not exceed Rs.4000. The firm has a contract to
supply at least 30 'sports models'

and 20 ‘racers' per week. Hor
many cycles of each type should be made in order to obtain thre

oaxinun possible profit, if the profit on edch sports cycle is
Rs.10/- and on each racing modzl is Rs.30%-

2.(a)  Solve the transportation probles for vhich the costs,
origin aveilabilities (a,), ond destinations requirements (b))
are given in the followiﬁg ¢

¥
able, by using the North-Viest I
corner rule, to obtnin an initial feasible solutiont

D D, Dy Dy Dy (ay)
0, 4 3 4 5 5 100
0p 4. 4 4 3 1 100
0, 5 5 4 3 4 120
(by) 40- 40 80 8 80 32

(v) One car is avallable at ecch of the stations 1,2,3,4,5!
and ene car is required at each of the stationa 1.8.9,10,11,1ﬂ

The distances between the various stations are given in the
matrix belew. (seae page 5).
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Table: Maf}ix of distgncés b

To Stations 1

7 8 9 10 1 12
4 72 39 52 ° 25 51
22 2 49 65 6l 50
27 39 60 s1 32 32
45 50 48 52° a7 43
29 40 39 26 30 33
82 .40 40 60 51 20

=R I S ay

How should the cars be despatéﬁed 8o a8 to minimize the
total nmileage covered?

N

3.{a) The cost of maintenance of a machine 1§’given as a8 .
function increasing with time end its-screp value is constant.
Show that tho averego annual cost will be minimized by replasing
the machine when the averege cost to date becomes.equal to the
current maintenance cosv.

(b) The cost of a machine i1® Rs.6,100 and its scrap value is
only Rs.100. The maintenance costs are found from experience to
be as follows: .

Year 1 2 3. 4 5. 6 1 8

Y¥aintenance . .
cost n Rs,) 100" 250 400 600 900 .1250 1600 2000

“men should the machine be replaced?

4,(a) At time zero, all items in a certain system are mew. ,
Each item has a prabability p of failing immediately before’
thé end of the first month of life and a probability'q = 1l=p ef
failing immediately before the end of the second month :(i.e.
all items fail by the end of thé second month).! If all items
are replaced ss they fail, show that the expected number of -
failing £ x' at the end ef a month x, is given by

L]
N X+l )
£(x) = Iq 1 - (-q) R L
" when N is the number of items in the system.

(b) If the cost per item of individual replacement is Cy
and the cost per item of group replacement is.C,; find the
conditions under which a group replacement pbligy at the end
of each month,is most profitnble,

5.(a) ., .Discuss the various costs involved in inventory problers.

(b) Discuss the economic lot size inventory model.

(¢) Let the cost of owning a wegon be one unit per day and let
the cost of hiring the wagon beKunits per day [k > 1). The
probability is p, (n =1,2,...),that n will bg required in a day.

’ . N N
Show how you would £ind the optimum number of wagons to

be ovmed 80 that the expected cost of owning and hiring wagons
is minimum. R

M 68 ( 4_0' ) _cont};L
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6.(a). Statesozmo of the important distributiorp of arrival
intervals and service tinmes.

(b) Obtain the steady state probabilities for an unlimiteq
queue se¢rved in order of arrival and a single service channel.
the probabilities of arrival and of conpletion off’service being

. constant. Find also: "

(1) avarage number of persons in the queue,

(11) probability distributionsfor the vaiting tine of
a ynit,

(111) averege waiting timefor aunit,
(iv) probability of a waiting time greater than t.

7.(a) State the principle of optimality in dynamic programmir;
and give ghe dynamic prograrming formulation of one inventor
‘* and one gplacement problem, .

(b) In the case of 2 channels, Poisson arrivels and -exponen-
tial service, show that the expected number 1in the system, in
the usual notation, is Ap

4 L

4/‘. -p
SECTION II: STATISTICAL XETHODS IN BUSINESS -(30 Marks).

(1) Use a separate answer book for this section.
. (11) Answer any two questions from this section.
(111) A1l quesf¥ons carry equal nmarks.

1.(a) A nuaber n »f firms are in the market selling tooth
postes.All of then advertise their products. Due to its own
advertisement, the sales of a firm increase at a rate propor-
tional to its sales at that time, but due to the advertisement
.by each of its rivals, its sales decrease at a rate proportion:
to their sales at that time. Set up a mathematical model and
discuss its solutior for n = 2,

*.» (b)  If a firm does not advertise its ggods, it8sales falle:
a rate proportighal to the sales at any tize, It advertises at
regular intervals and every tfae it advertises its rates go wp
by an amount 'a! At what interval should it advertise so that
the s0led in every time-interval are the same? At vhat.time
intervals should 1t advertise 82 that-the szlis tund.to 3 of its
original velue?

2.(a)  How would you procecd to estimate the demend for a
cooking gas in a given town ? - .

(b)  Yhat do you undt:rsiana'by' time series and 'its trend?
How will time series analysis help you to forecast demand for
g8 cartain’conmedity? )

3.(a) Explain the use of statistical methods in (1) job eva-
luation and personnel selection, (11) effocts of bonus and
incentive eche?cs, (111) accountancy and auditing. .

(b) A firm starts menufacturing a new product. It wants t°
go en adjusting the enount of production overy month in the
light of the sales information received in tho carlier months
8o as to maximize its profits over the yenr. Develop & suitudl
mathenatical model for this purpose.
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Group C: BICMETRIC METHODS— (II) L
Statistical Methods in Genetics & Bio-asseys
(Yo candidate availadle) |

Group D: DESIGN AXD ANALYSIS OF EXPTRINENTS~(II)
(COMBINATORIAL ASPICTS).

a) hnswer any rive questiona from this group.
fw Figures in the margin indicate full marks.

1. Define a group.

Demonstrate the falsity or correctness of the statement
that the following are groups under rultiplication:-

(1) the set I of all integers
(11; the set C of all camplex numbers :
(111) the set S nf all real numbers of the form x+y /2
= therd. X,: ¥, .2re retional not both zeros .,
(1v) the set U of the third mots of unity.
(4+4+4+4+4) = 20

}2{. Give the Addition anci Multiplication tables for GF(4).
ence:

(1) f£ind 3 mutually orthogoral latin squares of order 4
(11) construct the balanced incomplete block designi
v=b=?2, r=k=3, a=1l,
(9+6+6) = 20

3. Denoting by N(v) the maximum number of mutuslly orthogo-
nal latin squares of order v, establish

(1) N (2a) >3

(11) N (18) } 2
- (10410) = 20
4. State the two ‘'module' theorems of Dose, for the cons-

truction of balanced incomplete block designs (BIBD). Illus-
trate the uses of these theorema by constructing.

(1) the BIBD t b=35, v=15, k=3, r=7, A=l

(1) the BIBD: b = (3t+l) (4t+1), v =.12t+4, r = 4t+1, k = 4,
A = 1 vhere 4t+1’1s a power of a prime.
(446+10) = 20

5. EBxplain, with illustrations, how PG (N, s) and EG(N, s)
may be empleyed for the corstruction of partially balanced
incomplete blsck designs. . .. "

Let N, ba the incidence matrix of the BIBD: (v,, b,,
r&, ki’ A }, i =1, 2. Show that the decign whose 1?1c1d..nca
mitriz is lhe Kronecker product X N, 1s a PBIBD with at
most three associate classes and btaig its parameters.

(10+10) = 20
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6. Exelnin any method knovm to you for constructing a
§sn, s9-%) design such that no ncin effect, first, second, .., -
d-1)th order interaction, is confounded. )

Establish that in s design vwhero s ia a power of a prism.
and the block size is 8F, the naxinun nunber of factors which
can be accommodated so that no,raip effect or two factor intep.
actions are confounded, is (s -l)Qa-l).

(10410} = 20

1. (a) ETlucidate the statement:- 'Latin Squares and Gracco-
Latin Squares may be considered as fractional replications of
factorial experinents’.

(b) Bring out the relationship betwovn confounding and
fractional rerlicatioen.

(c) Construct a 45 design in 1 replicate, with confour-
ding to reduce the block size to 16 glota in vhich only 3
degrees of freedom from oneé first order interaction are
confounded.

(5+45+410) = 20
8. Give a eritical review of.all the methods ¥mown to you
for the study of response surfaces.

20

Group B: SAMPLE SURVEYS (IT) - ORGANISATIONAL ASPECTS

(Answer any five questions from this group).

1. ¥hat do you understard by 'seapling freme'? What are the
defects to which a sampling frame is likely to be subject &nd
the possible reasons for such defeets? What are the possible
steps that you can think of to rcctify the defects?

(4+8+8) =2

2. In analysing the data from a large scalo sample survey,
vwhat are the differcnt methods of checking systems that you
can think of at different steges of date processing, to ensure
accuracy? Discuss their relative merits and demerits.

(12 + 8) = 20

3. Suppose you are asked to carry out a sample survey to
study the different characteristics of ‘operational ogricul~-
tural holdings® in your State. What are the various problems
which you should consider vhile plenning the survey? If such
a survey was conducted in the past, how will you make use of
the results of that survey, in improving the sampling design?
. (12+8) = 2
4, Explein the meaning, indicate the inmportance, and siate
the inter-connection (if nny) of? i
(1) pilot surveys,
(i41) variance function,
(i11) cost function, ¢
and (iv) optimun allocation,

. as understood, in the context of large scnle scmple surveys.
(1 y &Y = o0
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5¢ Indicate the methods of checking the accuracy of final
tables to be presented in a report. Fhat, Un your opinion,
ghould be the nature of infermation to be presented in a -
report of a sample survey? Give an outline 4f the headings of
pections which you would include in the report.

(5+410+45) = 20

6. ¥hat considerations should weigh with the officer-in-
charge of a sample survey in deciding the type of investigators
neaded for each of the following types of surveys to ba carried
out in India: ) :

(1) a survey' for studies orn farmily planning pro’leas '
(attitude survey) .

(11) a survéy- far asseesing the High Yielding :(crep)
progranme ) : .

.{i.ii) a survey for studying the faod consumption pattern
in rural areas. . :

What‘pro‘cedures do you think should he adopt for recruiting and
training scheme? T

' . (54545+5) = 20

7. . Write brief, but clear notes sn any three of the ignaw'ug:-

Group F: TECHNIQUES OF COMPUTATION (II) )

Schedules and questionnaires
Inter-penetrating net work of sub-somples

g Non-response in sample surveys ' .
Data processing by punch-card equipments

a0 o

- . . .o

Timo 1 ? Hours . .}:'ull marks : 100 -+ Peas carka g 50

b) Figures {n the margin indicate full narka.

[
a) Answer a;x'nve questions’ from this group.
gc Use of Calculating Machines is permitted.

1. Tabulate ‘the function £(x) for x = 1.00 (0.02) 1.20
making use of values of the function given below.

= £
0.9 0. 78333
1.1 0.89121
1.3 0.96356
. (20)
2. C;)mpute the value of
: * dx
01+ x2

using 3-point Legendre-Gauss formula and also estimate the error
in the computed ¥alue. The weights and abscissas/ for (-1, 1)
is given belew.

Abscissas Veiphts
0 8/9
+ 0.774597 5/9
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3. Evalue 0ll the roots (refxl_and complex) of the equation

" o1x3 - 6x2 4 35x =10 = ‘0
’ o : (20)
4.. 'mé-syx:netrlc matrix A and its inverse are given be_iow:
A = 15.129 23,860 - 1.793 0.998 '
S I ;54,756 T . 3.633 3.511 ;.
i 18.225 21.122 .
e 60.516 |

Al =To.2131872  -0.0922374  Z0.0077836  0.0045688
’ 0.0586077. -0.00Q7232  ~0.0016267

0.0933391  -0.0324080

. 0.0278550.
The matrix B is obtuined by replacir.g the sécond row of
A by ‘the row vector,

[723.760 54,856  3.533  3.411_7
1 .

M Cocpute the inverse of ' without actually inverting B.
[Hint: B = A+ and B % A"Y (+EA 1)L vhere B

has
one non-null row and others are null_/
(20)
Se Conpute the fnverse of Cy T
c= [a : x7 )
EEUHIER
vhere A is the matrix given in Q.4
[ 1.0 10 1.0 110 _7.
and a = 1.0, T
RN v (20)

- For the matrix A given in Q.4 co.mpute the latent root

with minmun absolute value and the latent vector correspondx{m
to it.

(20)
7. Solve n\.\:nerica.l.ly' the differentiz) equation
dy /ax = 5y / (ex);
x=0 , y=13
for x = .1(.1) 1.0 and compare with the exact values of the
t;m-ction. .

(15+5) = 20



Group Gt STATISTICAL INFERENCE (IT)
(Special Topics)

(Answer any five questions from this group)

1. (a) That 1s a sequential test? *hat is a sequential pro-
babjlity ratio test (SPRT)?

(b) Obtain the SFRT of (approximate) required strength
(ay, B), for a simple hypothecsis 0 = eo egainst a simple
alternative 0O = °1‘ State clearly the underlying assumptions.
How would you find the OC end ASN functiorns of this test?

(c) Show that the SPRT terminates with probability onu,
under soma conditions (tm be clearly stated).
(4+10+6) = 20
2. (a) Xy, Xpy eesy X, i8 & random sample from & continuous
diatributiok P gnd Yo You esen ¥, is an independert random
sample from a continehus distribulion G. Define the Wilcoxsn
and Nann-Yhitney statistics for testing the hypothesis H .t F= G

and show that these two tests ere equivelent and distribltion-
free.

(b) Obtasa the mean and variance of the Mann-Vhitney
statistic in the null-case. Yhat is its asymptotic distribution?

* (1C+10) = 20
3. (a) Dofine a U-statistic.

(b) State and prove its optimality as eon estimator, sta-
ting clearly the underlying conditions and any side-results
that you night usa.

(¢) Discuss briefly the use of Kendall's rank-correlation
statistic as a mensure of association, b.etwoan two variabdles.

(2+10+8) = 20
4, (a) I a column-vector X is distridbuted normally with meen
/1yand dispersion matrix £, obtain the distribution of (X Q)
(X =) and, hence, point out how you would test the hypo-
. thesis H1 /' = Jio T T 18 kmown,

(b) Show that the nkenhoodzmtio test of Hyy AT .is
unimown, is based on Hotclling's T -statistic. .

{c) Derive the null-distribution of 12,
(6+6+8) = 20

Se (a) Obtain the likelihood-ratio test for thehypothesis
of equality of meens of k p-variate normal populations with &
common dispersion matrix, and derive the moments of the test
eriterion in the null ense.

(b) Give explicit tcst procedures fot the cases

(1) p=1, 2 with any k,

and (44) k= 2, 3 with any p.

Nea ( s2 ) contd
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Q.5 (contd.)

. .

(c) Write dovmn the analysis of dispersion and indicate
briefly how you would carry out ths test in the general case,

f12+4+4) = 20
6.(a) ¥hat are principal components?

(b). Give a suitable computational procedure to determine
_.them in practice.

.. (c) Discuss briefly their use in Factor Analysis.

(8+6+6) = 20

M68 ( 83



LabLAi SN ISYICAL INSPLUIE
Statistician's Diploca Exasination - May 1968
Paper X - Subjocts of Spocialisation - III (Practical)

Tieos 5 hours - e Pull merker 10C

(1) Candidatos aro required to MS'C" quostions from that group
only for which they have rcg_iatcrad their options.

_(11) Figuros in the pargin indicata’full parks.

(114) Uso of calculating machine is permitted,

GROUP A s+ ECONCMIC STATISTICS

Paper 11T - Practical
(Mo candidato availablo)

GROUP B 3 TECHNO-COMMERCIAL STATISTICS (Paper III)

Soction I 1 Statistical _leléy Control - 50 marks
Soction II 3 Oporations ﬁcsenrch - 30 marks

: in_ths alternatiye

. Elements of Book-kocping and
Accountancy . = 30 marks

"

Soction IIIs Statistical Y¥othoda in Dusincss - 20 marks

(Scparate enswer books are t2 bo usad for coch of the Sections of B)

‘Soction T 1 Statiatical Quality Control

- (Anewer guestion No,1 and any other two fron this Section)

1. {a) ™o cnthodo warm-up timo in seconds was deteroined for threo
difforont tubo typos using eight obscrvationa on cach typo of tube.
Tho order of oxperimentation waa couplotoly randomized, The .
roeults woro 1

warn-up tigo in scconds

ubo Type (8 casos for oach typo)
A ' 19,.20, 23, 20, 26, 14, 18, 35
20, 40, 20, 24, 32, 22, 27, 18
c 16, 19, 15, 17, 10, 19, 26, 18

.

Obtain tho analysis of variance of thoso data and tast tho
hypothosis that all tho threo tubo typos roquire thn 8amo averago
warg-up timo.

(d) For tho abovo caao,a‘ct up oth 1 coctrasts bot tho
tubo typos and tost your contrasta for significanco.

(12+6) -1

. Plenne tarmy ovps
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2,

Je

4.

In a rescarchCentto ot a Univcraity, fivo clectrodo shapes A, D, '
€, D and E wero studicd. For this oxperioent fivo holes woro. cut in Ly

wark-piecosy The cutting wis accoapliched Ly-on olectriq disoharec
between the clectrodo and the satcrial being. outwBosidce, the ondor -

clectroucs wus oriunged 80 thawv oniy ono cloctrode shapo was uscd '.n
tho samo position,on cach of fivo work-pioces. '

o results so obtaincd with rcgard to tho variablo "RC-hardncea®
appear below ¢ '

) Po;ithv; of ‘hole' on tho workeplcco (etrip)
strips 1 2 3 4" [
1 A(6e)  p(61) c(62) n(62) E(62)
11 B(62) c(62) D(63) E(62)  A(63)
I c(61)  p(62) E(63)  A(63)  B(63)
v D(63)  E(64)  A(63)  B(63)  ¢(63)
v E(62)  A(61) "~ B(63)" c(63) D(62)

Analyso theso data and test for an olectrodo offect, poaition
coffoct and etrips effcct on RC-hardnooa. (16)

“he following aro tho x and R valuos, for 20 sub-groups of fivo
roadings. Tho spccification for this product characteristic 4s
0.4037 ¢ 0.0010. Tho valuce givon aro the last two figurce of
tho discusaion. roading.( 1.0, 31.6 ocans tho numbor 0.40316)

Sub-Group - : Sub=Croup H

Ho. x R to. R
1 34.0 4 11 35.8 4
2 31.6 4 12 35.8 4
3 30.8 2 13 34.0 14
4 33.0 3 14 35.0 4
5 35.0 S 15 33.8 T
6 32.2 2 16 31.6 5
-7 33.0 5 17 33.0 5
[:] 32.6 13 10 33.2 3
9 33.6 19 19 3.8 9
10 35.8 6 20 35.6 6

(a) Draw suitablo co‘nt;-ol charts to dotormine if tho procoss is
in control.

(b) Under suitablo agsueptions (to be statcd) cotimato tho
proportion of itcms that will fail to mect the opecification.

(16)

Tho following Double Sampling plan ia used

A produot in lots is submittod for inspoction
ny = 50, ° -0, n, = 60, 02-}.

Asouning thot tho lot {s very largo comparcd to tho sample sizos, .

dotermine tho probability L(p) of acerptance if the subamiticd qualitr
1a pA defoctivo. . . - :

Computo L(p) for 5 suitablo valucs of p, and draw tho OC cunc.(16)

Use nccossary approximatione

132y __Plon.'m turn avor
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3s

milcago of tyro
covered at failuro of failure

<D(u60)-x(3)

CROUP B s TEHNO-CONMIRCIAL STATISTICS (Contd.)

feetien IXt0nerntions Pesenrch

(Voc sepireto ansmor-book for this Sectizn)
(.\nswcr nry tws questions fronm this Scctlon)

A baking cocpany sclls cako by tho pound. It makes a profit of

{ rupee on cvery pound pold on tho day it 1s bakcd. It dtoposes of
all cakosnot sold on tho dato it i3 baked,at a loss of 10 paisc porday
pound. If tho dcmand is known to be rectangular botween 200 and

300 pounds,dcteraine tho optimal daily a=mount to bo Laked, (15)

Truck tyres which fail in service can causo oxpensive accidents.

It 19 estipatod that a failuro in servico rcsults in an averago cost
of Bs, 1,000/-, oxclugivo of the cost of replacing tho blom tyre.
New tyros coot RsS0C/~ cach, and aro subjoct to mortality as shom
in tho following table. If tho moasuro of offoctivences for a
replacemont policy fa tho averago cost per eile, and if tyrce aro
to bo replaced aftor a certain fixed mileago or on fajlure (which-
cver occurs osylior, determino tho optimum replacozent policy.

Teble 1 ¢ Truck=tyr mertality

cilcago of tyre proport ion
covered at failuro of failuro

proporticn

210,000 .+ O L 17,001 - 16,000 .. 0.060

10,001 - 11,000 o 0,010 19,001 = 19,000 e 0.090
11,00t - 12,000 .s 0.010 19,001 - 20,000 w0 0,130
12,001 - 13,000 “ .. 0.015 20,001 - 21,000 s 0,180
13,001 - 14,000 s 0.020 21,001 - 22,000 e 0.165
14,001 - 15,000 .o 0,027 22,001 - 23,000 oo 04125
15,001 = 16,000 o 0.036 23,001 - 24,000 . 0.0080
16,001 - 17,000 «s 0.040 24,001 - 25,000 s 0,012

(Total of - proportions addsup-to.1.000) (5)

A super-carket has two pales girls at tho counters. If the

service timo for cach customer 18 cxpanontial with mean 4 minutes,
and if peoplo can bo ascuted to arrivo in a Poisson fashion at tho

counten at tho rate of 10 an hour -
(a) ¥hat is tho probability of having to wait for eervico ?

(b) What $a tho expected percentage of 1dlo timo for oach gird ?

Croup B Section JI (Altermntive) - Elements of Dook-keeping
and Accountancy.

(Alternative to Operationg Rescarch)

(u56)

Plongo turn cver

(15)
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GROUP B 1 TECHVO-CRSERCIAL STATISTICS (Contd.)

Sgetion IT {Alternntive)

Elccents of Bosk-keeping and Accountancy (Practical)

(a) Use a sopirato answor book for this section

(b) ‘Answer any two questions from this soction

1. (a) Writo short notes on the following i-

(1). sales Day Book
(11) Journal Propoer
(411) Fixcd Assot
(1iv) Cross Profit

(b) Pass tho ncceasary journal entries to record tho i‘olloving
transactions -

Cash roalised from Debtora fs. 1,000
thdru;m from Bank . . '1-2'» 1,200
Dought goods from S. Lahiri .on 400
" Purchased Offico Equipment 500
Paid to Creditors c " 300
COOGA'rotux'ncd to P. Sanyal - ". 100
Rent due to Landlord .o" 200
2, .. (a) Mat 1o 8 D111 of Exodange and how docs it diffor from a

Promissory Noto ?
. (v) ¥hat do you understand by tho ter:ns “Capital Expondxtu:os"
and "Rovmuo Recoipts”?

(c¢) Givo the rulings of a.Potty Cash Dook kept under Imprest oyste
and etate tho advantsges of auch a gystcm to a trador, 1

3. Tho Pto“t and Loss Account for tho year ended 3tst December, 1966
of Shri G. Das, had shown a profit of Rs. 12,000/- prior to tho
carrying out of the t‘olloring adjustrents 1=

(1) depreciation on Kachinery @ 107% per annum on Rs, 4,000/-

wag not charged.

(ﬂ) Provision for Bad and Doubtful debts uaounM.ng to Bs, 250/
ia to be oa’e.

(£11) Stock-in-trado on 31.12.66 adjusted in the account was
understated to tho cxtent of Rs. 500/-.

(1v) Ront recoivoablo on 31.12.66 amounting to Rs. 150/- was
not_rocorded. .

You aro recquired to pass necessary journal ontricé to rocord the
abovo adjustments, end prepsro an adjua!.ed Profit and loss Account

and closo the account. G

Pleanc turn over

(us7) .




GROUP B 1 TICRIO-CONERCIAL STATISTICS (Contd.)

Section TII - Statisticn) fotheds in Buaingss (Proctieal)

(1) Uso a scparate angwor ‘bock for thia scction

(2) ‘ncwer any tws auestions from this scction
b o =

1. Tho onager of tho cafoteria of o largo manufacturing company claice
that at loast 75% of tho cmployacs who cat in tho cafetoria would
profer to have small portions on the FL‘».S/- "spceial plate” and a
corresponding ~eduction in prico to Rs. 3.50. What con tho canagement
of tho compary concludc,at a leovel of eignificance of 0.05, if in a
random samplo of 300 omployces who eat at tho cafoteria, 238 aro in
favour of tho chlngo" . (10)

2. For tho yoors 1992 to 1962 (both inclueivo), tho total annual consuzp-
tion of cotton in tho United Statcs (in millions of bales) was 9.2,
9.3, 8.5, 9.1,79.0, 8.4, 8.1, 9.0, 8.7, 8.5, and 8.7.

(a) Find tho lcast squarcs lino, which would beat deacribo tho
domnward trond of cottsn consumption over this poriocd.

(b) Rewrite tho trend oquation after changing tho origin to Juno
1955, x units to 1 month and y to avorago zonthly consucption
(in millions of bales). (10)

3 An Opinion rescarch organization wants to doetermino whether thero is
any rolationship bot#ocn tho quality of interviewery work and their
scores on an'introvert - oxtroven'.,_tcét of porsonality. Each inter- |
viewor is rated by his supervisor as being 'abovo average'!, 'averago'
and 'bolow average' on the basis of factors such as peraistcnce, necd
for supcrvision, complaints from alleged rospondents, noatnoss in
comploting schedules and so on. Tho rating rcsults aro as shown in the
following tablo 1

Personnlity ranking

abovo below
Test average  SVerese - average
(), 2 (3)
. Introvert 18 28 Y]
Averego 3T 63 ., 30
‘Extrovert 19, 29 16

Find tho cx.pc'otod fr;gucncios under tho null hypathesis of 'no rela-
tionship’, Colculato (chi-squaro) and test tho null hypothcais at
a level of significanco of 0.05.

What can ono concludo sbout tho offcctiveness of this personality test,
in prodicting whother a person applying for a position with tho Cpinion
roscarch orgﬂniaagipn. will turn out to bo a good intorvicwor? (10)

4. A company has four torritorics open and. four salosmon available for
: assignment. Tho torritorics aro not oqually rich in their eales
potontial. It is catimated that a typical salosman opcrating in
oach territory, would bring tho -fo}lowing annual cales @
Bt
Torritory I +ee Bs,60,000 Territory III ... Rs40,000
Territory II « s P3.50,000 Territory IV ... Rs30,000

.Tho four saleszen oro algo considered to differ in ability, It is
catimated that workiug undor similar conditions, thoir ymrly salcs
would bo proportionntely as follows

Salesman A wes 6 Salosman C wss 5
Salesmon B ITIA) Salesman D wee 4

" If tho eritcrion is maximum oxpected total cales, tho intuitive
answer 13 to assign tho best salesman to tho richest torritory, and
tho noxt best salesman to tho socond richest torritory, and so on.
Vorify this anawer by tho ‘manim!' rathad,
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Group C : Biom tric Methods
Papor III = Practioal
o candidate availoble

Croup D s+ DESIGHN & ANALYSIS OF EXPERIMNTS
-
Paper IIT - Practical

(Answer any_threo questions from this group)

L)

1. An experioent fn 4th replicato of a 0 factortul ~experinent, with
factors A, B, ¢, D, E, F, G, and K - ocach at two levels, and
arranged in 4 Yocks of 8 plods oach, was carricd out to study the
effoct of thcoo factors on tho yiold of paddy crop. In the tablo
bolow aro givon tho lay-cut .plun-and yicld of paddy (in lbs. por
plot), tho troatments within a block being sssigned at randew to
tho 8 plots in tho block 1

Lay-out plan and yicld of paddy

Block I " Dlock. II Block I1I Block IV
Treat- Yield Troat- Yicld Troat- Yiold Troat- - Yiold
ment ¢ (per plet) ment  {per plot) ment (per plot) ment  (per nl-_-_i

: s : :
adg 26,99 acg 31.34 . bdefic 26.22 beefh  36.98
cdof 32.81  abedf  20.85 ©  acfk 29.90 sbgk  27.77
aceh 33.26  o6fgh  32.29,  adcfg 30.32  abodo  32.24
Wh 333 of 3002 - ccegh  32.95  adth 349
abf - 31,30 aden  30.45 373 wfg 3L
sbodofgh 35.43 © beh - 38.13° . abcdgh 20.01  acofg  33.59

UK . 301507 Weg 3045 abe  28.46  cdogh  31.60
beeg 35.57 ° abefgh 33.64 . befg 28.91 1 35.82

(a) Hentify tho defining contrasts and the confounded interactionss :t

(b) Analyso tho data and intorpret tho roaults of your analysis.
(8+24) = 32

2. Sixtoen paddy varictios, numbered 1, 2, ....., 16, wero troatod for
yicld in a Doublo Lattico Dosign. The tablo bolow gives tho layout
plan (without rendomization) and tho yiold figures in grams por plot
corrosponding to tholvaristy pdchors showw in paracthosca.

Y1014 of prddy (1a grersor ser plst)

REPLICATION I

DBLOCKS L
1. 650(1)  670(2)  720(3)  680(4)
2. 685(5)  655(6)  670(7)  905(8)
3. 685(9)  630(10) ceosng 560§12)
4. 725(13)  690(14)  735(15)  665(16)

REPLIGATION ]_[I
5. 735(1) 7 " 690(5)  840(9) 005213)
6. 650(2) 60556) ©oo20(10)  735(14)
7. 670(3)  675(7)  685(11)  745(15)
o 910(4)  790(8) - 025(12) - 855(16)

. Plcase turn over
(159) R



: GROUP D 1 DESIGH & ANALYSIS OF EXPERECHMTS (Centd.)
2.(contd.) ; i )

(a) Analyso tho data with and without rocavery of intor-block inforzation; a:
(b) Totoraim tho efficiency of tho design, with tho eamas oxperimental
material. . . (2646) = 32

3. A varietal trial was conducfed at s Rescarch Station for threo consocutive
years = thoactual sito of experincntation was however varied from yosr to
yeor. Tho design adopted for the samo was fivo randomizcd blocks of 6 plots
cach, thero being independont randomization cvory year. The yields in lbs.
por plot (of 1/20th of an acro) obtained ‘from theeo cxporizents aro as undor

" VARIZTIES
. ) . : v v .
Yers  DlOCKS  1_ ‘2 v}_ Y 5 ¢
SRS L S T “31
mooo3 N 35 26 . 2
P 9505y 3N 031 0 a5 03
v . 30, -4 0 ° 28 " 23
Ly 34 -10 . 28 23 15 20
- 1 33 23 a2 13 8
o TIX 29 29 27 24 23 23
1951-52  1II 28 - 21 38 24 16 18
v 37 34 38 33 28 30
v 48 46 45 45 50 25
1 30 23 38 5. 0 13
11 39 22 28 25 20 32
1952-53 - III 56 43 43 n 49 17
v 38 45 3% 35 32 20
V. a4 -5 23 58 20 30

‘Analyso tho data for cach year scparately. Also cocbine the rosults for
Qifferent ycars and state your conclusions. (32)

4. . Eight objocts (a, b, c, 4, 0y £, & and h) are woighed 16 tises in'h chemical
balanco, $uix dexo by putting some objocts on the loft pan and somo on the
right pan, and balancing ¥m EYIXy Xamd against standard woights (grazmcs
placed on tho gkkeR psne. Tho rcsults aro presented in tho following table i-

Results cf 16 Weighinzs of 8 obiocts

objecte placed on standard weighta (grammes)
to balance

serial no. of right pan loft pan ri'ght_ pon  left pan
" woighing ' . T

1 -abedefgh | cen C L e 4.296

2 abed cfgh 0.269 . - ee

3 acog * , . wfn . 0,050 © e

4 abef . : cdgh 0.005 ' aee

5 acfk . .Mog . 0.090 wes

6 abgh T 'L edaf 0.312

7 adch befg - 0.235

8 adfg . beoh - s, © 0.166

9 © i .. obolofgh - 4.521 e

10 " cfgh : abed ves 0.383%

1] : wfh - .acog -t ... 0.127

2 ) cdgh abef - T0.n23 P

3. Wog Befh L .. 0.198

14 clef - adgh . EYTEE 0.209

15 befg . adch 0.104 e
16 booh adfg 0.238 - -
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GROUP D : DESIGN & ANALYSIS CF EXTERDMENTS (Contd.)

4o(contd.)

1,

2.(s)

(®)

3

various

4.

(a) Estimate the true weights of the objects;
(b) Find the standard errora of the estinatea and estimte the error

variance of a single weighing; and

(c) Exaoine whether the balance i's binsed. (18+1242)g
Neatneass . (b

GROUP E : S.MPIE SUTIVEYS
Poper III: Practical

(Answer any three questions fron this group)

Table bclow shows the nuaber of inhabitants of 84 cities in A country
in a particular census ycar, The citiea are arranged into two strataa
the first ccntaining the population of the 18 larpgest cities and the
second the population of the remaining 48 cities.

Nunber of inhabitants{2X0) Nunber of inhabitants (N00)

Stratun I Stratun 11 Stratun | Stratun II
199 318 111 122 455 233 136 114
172 2090 171 122 44) 20 19 112
1% 298 183 117 413 218 138 110
138 26) 185 120 4 210 138 139
39 254 163 119 385 2)3 138 178
573 244 130 118 I 195 133 133
N7 20 155 118 328 181 10 19
83 238 145 115 318 18 125 192

Suppose the nucber of inhabitants in all the 64 cities is to be estivate}
fron o saople of 84 clties, Find the relative standord error of the

estinated total for (t) an unstratified siople randon on::plq, (H) a .Q,"q
ficd siople randon sanple with proportionate sllocation,(i1i) a stratifit
siople randon saople with 12 units drawn fron dach stratun,-the selectiob
being without replacement in all the ‘cases. Incicate, on the boais of thh
results obtained, which of the three nethods you woull pmhr.(h%ha).}z

Fron tho table above (Q.No.1) draw o sample of size 24 with probadility
proportional to size and with replmenent.;‘\ full description of the
Dethod of sclection is required to be added). *

Pron the sacple obtained as above catibate the total urban population’of
the country, ond furnish an estinate of error for the eeticated total, |
Have you any conncnte to offer on the cetimate? . (ze.n)_-‘»i(

It is felt that progress in State regarding establishing Peed Faros
for multiplication and distribution of high yiellding varieties bas not
been quite satisfactory, becouse of various difficulties like = (i) want §t
adequate supply of fertilisers and pesticidcs, (if) want of frrigation
facilities, 1i1) want of storage space for grains, ctce In order to spo
the Aﬂ“cuuin,u is intended to survey a sample of District .\gﬂcultu(_dl
Farns and Block Faros. ..

Draw a scheduld or questionnaire, covering all the important aspects of
‘the prodlen, and write a short note on tho concepts and dofinitions uscd
in the schedule or questionnaire, (2148) e3¢

¥ith regard to above esquiry (Q.No.3) it is required to subait a scheoe
to Governoent with an indication of the total budget and a noto on the
sanpliog pracedure. . .

Draw up a scheoe toking into account particularly the following features}

1) The enquiry is proposed for three Aduinistrative Divisions, into whicd

tho ontire State ims divided; ii) Tioe token for canvaseing a schedule maf
bo..taken as 4 nan-daysj Lu; A sooplo of 1)) blocks is to be survoyed
in allj ‘iv) Journey-time is to be token into account; v) Provision shousd
bo. made for on adequate nunber of supervisory staff,

he fow crzpenents cf cost sentioncd ia ¢he nbave liet aro terely
sugrestive byt not exhaustive, (32)

Neatness (6]
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GROUP F : TECINIQULS OF CMPUTATION
Paper I1I : Practical

(No candidate availadle)

Povemcmeeenna
.

GROUP G : STATISTIC.A), INFERENCE

Poper IIT : Practical
(Answer any four questions froa thiu group)

Let X be noroally distributed with oran @ ond voriance onc,
You are to-test Ky (& = 0) against B (8 = 1), The loss

is siople, i.0., for a correct decicion it is 2¢7o and for
an iocorrect decision it is ong. Asswiing that the least
favourable distrihution aesizns equal probadilities (1-g0)/2
to & = ¢ 1,and probadility g to 9 =0, where g, is to be

properly chosen, find the minioux deciaioa function for
this problen,

- Let X have thc Couchy densfly

T XL,
txfoy « L. ey mmes

"Find the'most powerful test based on a single observation and

of aize .05 for Ho (® = 0) azainst I (i\ = 2), Plot its powr

. lunction.

The following data repreunt the puchber of red dlood cells
(in oillions per cubic mll(net-e) for nire ven and eight |
wopen,

Men 5,02, 4.58, 5.57, 4.52, 4.81, B5.30, 4.27, 4.3,
Women  4.15, 4,38, 3.80, 4.4), $.38, 4.2), 4.31, 4,713

Applying in turn each of the following tests : the Sir test,
Wilcoxon's U-test and Studvot's t-test,iz.c. whcther there is
any differcnce between the two scxes with rcepect td red blood
cells. State the assuoptiona behind cach test.

‘The nunber of autonobile accidents pnr‘veck 'ere for a period

of ten weeks,
. 12,78, 2, 2, 14, 10, 15,-8 9, 4
Are these frequencies in occord.crco with tho belief that the
accident conditions were the sane throujhcul the teo-weck
period? .
Test to see whether the two variables of classification in the
following 2 x 3 contingency table are indenendent,
c
1 2 Total
MNP %) 13 9
Y2 11 - [}
Total: |33 3D | D IR

(The entries in this table are frequenclea in the different cluuu;
(124648) 24

In the abovo problea !ind the Bﬂyea solution whes gy = 1/3. (1648)=24

(29)

8.13
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CROUP G @ STATISTICAL INFIRENCE (Contd.)

Mcasureacnts were tade oa fifty spccinens of flowers froa each
of two species of irie. Two oeneurenents wero taken on esch
flower, nacely, petal length ('1) and petal width (’2)’ The ceans

were (in"co)

.7 Variate Species 1 h Species 2
N %, . 4.26) 1,42
Xy 1,326 © 04246
The pooled suns of squares and products about neans were
*y ]
X, 12,2978 3.8794
x, 28I 2,464

Assuning (x,, ’2) to have a multivariate noral distritution with

aane dispersion matrix in the two populations, test whether the
two types differ with reapect to Xy Xpe -

Assuning X X, to be indcpendent, test the sace hypothesis.
Test whether x,, 3, are uncorrelated in the set-up of (o).

Assuning tbe sample dispersion matrix as equal to the true,comon .
dispersion matrix test the bypothosis forculated in (8), (8+84844)e2%

A soople of size 100 was drawn at rondon fron a normal population

with pcan e variance = . The sanple oean and variance were 9 and

10 respectively. Find the maxioun likelihood cstimato of 9 and

estimato its varisnce, ()

X0 Xy veo Bre G sequence of independent and identically distri-
buted randon variobles with density #(x| 8)e 0 ¢~ % kg , X3 0,
You are to test no(o - 1) :anhut- 31(9 =2) with & =8 <701
Pind the boundaries for § x;, if you use on SPRT for this

1
purpose, Calculate the ASN of.your test under 50(9 = 1) and

under & = 1,5, Compre with the best:non-sequential test which
guaraatces & -P » 1. (Excess over boundaries cay be

neglected,) (19+414) i
Neatness (4)

(u63)



INDIAN STATISTICAL INSTITUTE
Statistician's Diploma lLxaninution = November 1968

Paper’ 1_: Official Statietica ond Deacriptive Statisties (Theoretical)

Time : 4 hours Full parks : 100

Figures in the margin indicate full marks,

GROUP A
(Anawer nn!h three questions from this group)

1, You are required to compure the rates of growth of industrial
and agricultural production in India, for the pest-independence
period by certain wnjor categories of output. Describe the type
of data you would use for the purpose, mentioning the publications
you would consult. Do the publications mentioned dy you provide
data aeparately for the Stutcs also? (18)

2. dention the nuin nources of staueucs for Inlia in any tws of the
following fields:
i) Foreign trade - . _ §ii) National income
ii) Education- . iv) Population und i{ts rate of growth

Sketch the btroud contents of the m-levant publications and
indicate the uses of the inforuation, Comment on the nmajor

linitations of the available data. . (6+10) =18
3. Describe any one of the Indiad Sanple Surveys of currert interest,

indicating the purposc of tne survey, nature of the data collected,
the general sanple desizn and eunple size, soce uses of tbe data
- and reliadbility of the inforuation collected. (18)

4.(a)  Describe briefly the ain functions, in the field of statistics,
' rof any onc of the following agencies :~
'l) Central Statistical Organisution:
H)' Reserve Bank of India ’
1ii) Indion Statistical Institute

110, FAO, UNZSCO, WHO, UNICLF, GATT, ECAFE, and OFCD ?
Indicate briefly tbe functions ‘of any one of the above ngencxoa.
SH )-16

5. (a) Mention the agencies or offices you will approach for obtaining
infornmation on any three of the following :

() ¥hat do the following abbreviations stand for :

i) index nunber of nmcrnl producuon

1i)° h_y-dro-elecv.rxcuy L(cneruted m publie mhue.
iii) value of inpor;. liccnses issucd

iv) . npumber of radio rect;ivers in uge

v) induetry-wis¢ despatches of coal

Please turn over

(x1)
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5.(b)

6. (o)
()

()

7.(a)
®

{e) .-

B.(n)

9. (a)

“(v)

-2

Describe briefly the statistical reporting aystea on which the

“ privary data used for obtmnnq, uny two of the following
, estioutes. ore based :

i) production of wheat in Uttar Pradesh
§1) production of finished steel in India

" i{i) amount of incoor-tax collected during a year

iv) contribution to nutional incone by distribution tradecs
(8410)»1g

Neatness ) (,,)

GROUP B . - B .

.. (Answer any three questions froo this group)

ﬁillingu‘iah between pricary data and- secondary data. Ghat
precautions are neceanary before oaking uee of the sccandnry data?

It {8 proposcd to inveetigate the extent of pnruupuuon in
religious and soecial activitics of a gomunity residing in a
certain locality in a large city., Explain how you will define
the population and the sampling unit, State clearly the type
of sanpling frace you would use to deslgn a o.mple for the

‘purpose.

Doscribe , in brief, the various atages involved in processing
statistical data.und the steps you would take to control the
errors in processing work, . (545+6) =16
Show that the point of intersection of the ogives of 'less than!
and fgreater tha-' type corresponds to the nedian value,

. . A :

Explain the circunstances in which the various ncasures of central
tendency ore used giving onc illustration for cach mcnaure.

For a distribution of 230 heights, ocan = 51" and standard
deviation = 3", On checking, it was discovered that two heights
which should correctly rcad as 627 and 82",  had been wrongly
recorded os 64" and 80" reepectively. Calculute the correct

values of the menn ond a!._nndurd_ deviation, - . (308’5)-16

Derive a hypergeometric distribution and find iull:mm and
variance.

For a binomial distribution, (qop) ,.where q = 1~p, show that
" d'k
.

r
krol »Pq ap ,’ .r> '15

where k denotes the rth tﬂnu.l;m.t. B (8+8) =16

If u = ax sby, v = hx-ay and u and v are uncorreluted, prove that

€, % -(n“*h)a Oy ,/l-f“2

'hero P ia the correlation cucf“cunt between x and y.

For the varinblea x and y, the equationa .o_!_ the 2 regreasion lines
are .
4x=3y+11=0 and 20x-0y-107=0

Ydentify the regression line of y on x and that of x on y,

" What is the calimate of y when x = 10?7

1f this cstimite iw denoted by y., find the estinate of x
when y = Yo Is this catiuate cqual to 10? Justify your

statenent, ' (0414244)=18

(x2) Pleane _turn over
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10.(s)  Prove that
KZ s
1(23) ? f 12

If all the corrclatfon coefficicnts of zero order in a set
of k variables ore equal to 'F , show that every partial

(v
(1+9) @18

(2)

correlatisn of n“' order is
lolf

Neatnees

(x3)



INDIAN STATISTICAL INSTITUTE
'S!.Mht.icim.\'n Diplooa Ixanination = November 1068

Paper IT : Probability Theory nnd Statiatical flcthod.'(Thcoreticnl)

Tioe : 4 hours Full parks : 100
1 .

Figures in the oargin indicate full marka.

i GROUP A
(Anreer any four questions froa this group)

1. (a) Show that for any n cvents Ayr veny 'i.
P(A U U A) ¢ PAY) s P(s)

(b)  Suppose P(A) = 0.2, P{B) = 0.3 and HC) = 0.4
Assuaing A, B ond C to be independent, tind P(A UB U C).

() A balanced die is thrown twice, Let X and Y denote the nunber
of points observed on the first and the secund throw r«npec'.xvely.
Given that X + Y is cven, ¥lad tho probability that X 'is groater
than Y. r(Avta)-ta

2.(&) Define probabilitv generatirg function.

(b) . Let ) O be a conatant and p(x,m) = Cw'/(xl), x =0, 1, 2, eer «

Determine the value of the constant C which will moke the above
tunction p (x; o) o probability distribution.

(c) Let X X be independent rondon variables having the distribution
p (x, m) given in (b). Fird the distribution of (x, « X,).
(w.&)-xz
3. For the joint pro%wabilit, density-
. O rmy it 0 x¢ y<n,
tly) = © 1
0 atherw.se,
find . H Y .
i) the narginal cumulative distribution functions P(x) and G(y);
1i) the anrginal prebability densities {(x)_ ond g(y):
1ii) the conditional prababilily densitics f(x | y) and g(y | x).
(44444) 012
4, Let X, Y be randon variables having finite positive variances.
(s)  Define the corrclation cuafficient P betwcen X and Y
(v) Vith £ as in (o), prove that =1 € P £1
(c) Show that [ = 0 {f X and Y are independent.
() Give an exanple where P = 0 but X and Y are not indcpendent,
(24443+2) =12

Plcuse turn over

(34)
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5.(a)

S

8.

8.(a)

(v)

9 (o)
®
10.(a)

®

-2 -

Stnte curelully any version of the central limit theoren.

Uung the normal npproximhon t.u the hlnnmul, eatimate the
nunber of timea that a coin should be tosscd to nnke it at
lenst 035 sure Lhat the odbserved proportion of heads is within
.01 of the true (but unknown) probability p of heads.

/[ You ooy use the following facts : (i) p(1-p) 1/4; (45) the
probability is 0,95 that a standard norwal random variable
lies between -1,96 and +1,06_/ (1+8)at2

Ncatness (2)

GROUP B
(Answer any fout questions froo this group)

Let Xy Xys eeay Xy be independent observotions on n randon

varigble X which asswaes the valucs O and 1 with probabilitics
(1 - %) and T© respectively.

" Show that' . o

‘rwl x
1 | S

is a sufficient statistic for the parameter W .

Dcnve the paxioun ‘likelihood estimator of T, (848) =12

What is nemt by the stotenent: “the estimator 8{x) of the
paraneter © {4 udoiesible with respect to the squarcd error lose™?

Show that a x ie inadnissible for E(X), with {af > 1 and with

nqmred-error lons. (646) 12

State and prove ths.- Neymun-Pearson lewsa,
Let Xyy Xps sy X be a random sauple of size n drawn froo o
population with den.-uty function

- eexp (-063x) x>0, 08>0
Derive the nost powerful test for testing lh(e - 0) ogoinat
Hl(e - > 9) and show that the test is actually uniforoly
nost po!er(ul ngainst one-sided alternatives. (64442)m12
¥hat' is the difference between o regreasion problem nml an
analysis of variance probleu ?
flow would you test the hypolhcnu that two regression linea
buve the same alope? (448) =12
Discuss '.h(; upproxi:ﬁtinnu that ooy be uscd in the case of
large sanples,

Vihat is ccant by standard -error of a statistic? Account for ite
ioportanco in large-sauple estimation and large-sauple tests
of eignificance, (4..1.4).12

Pleare_tum over

" (¥9)
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(a) Llet a populution be clussificd according to two attributes =
A and B, into K ond 1 classes reapectively, let Yl” be the
proportion of peubers of the population belonging siultaneocusly
to the ith class of A and the jth class of B, low would you test
whether A and B ore independent, when Ku‘n are unknown?

(v) One evening, three persons suspected to be driving under the
influeace of liquor were stoppcd and blood sanples taken from
cach were sent to the laboratory, Five deteruinations of the
percentage of alcohol in the blood were wade on each sacple,
State how you will apply the technique of anulysis of variance
to test whether all three drivers were equally intoxigeted.
(646)=12

Neatners (2)



INDLAN STATISTI CAL INSTITUTE
suu.uuu'. Diplooa Exanination = Noveuber 1968

Poper ITI : Sanple Surveyn and Design & Annlysis of Expericents (Theoretieal)

Time : 4 hours o . N ) . Full parks : 100

1.

o

2.(a)
(v)

(c)

3, (s)

()

4, (a)
(v)

Figurcs in the pargin indicate full marks

GROUP A
(Answer any three questions froo this group)

Diacuea bricfly the following statcoents 3

Even when cooplete inspection is possible, sanpling may have
econonic advantages.

Shen only a very suall eopple can bo afforded, a judgenent manple
is often preferable to a randon saople.

It is o reoarkable fact that the ocasure of precision of the
catioate can itself be estinated fron the randon sanple,
without having to know the true value of the estinmato.

Por populations with sinilar standard deviations, the larger
the populations size N, the sualler will be the sanpling

fraction :, requued to M.tnin the sane precision in the

‘estinate. . . (4010404)-10

What is'stratified sanpling? Which are the eituations under
which etratified saopling is advantageoua?

Find the optimun Allocm.ion to k strata using a cost function:
of the. type .

o ‘C-C-oZne,.“'

Sa

" when uuple randon un.phng without replacepent is adopted

withio each stratun,

¥hat are the practical C“H:uluen in using the optioun
nllocntion‘l .

When siople randon -nnphng with nphceuﬂnt is uascd within
strata, coopare the efficiencics of proportional and optioun
allocationa for a fixed sauple sizes

How would you use the information on an nuxnia‘ry variable x,

- correlated to the study variable y, to ioprove the siople

unbiased estimate of the total of y in siople randon
sanpling without replaceucnt?

Derive the approximate cxpresaions for the bias and mean

square error of a ratio estimator, astating clearly the
" assuoptions involved, o (4412) =18

What are the sources of non-saupling errora? How do these
errors behave with increase in sapple eize?

Describe briefly the techniques available for asseasing
non-saupling errors.

What steps would you recounend to control non-au:pling errou?
* (B4848) =18

Please turn over

(1)
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8.

6.(a)

(v)
1.

9. (a)
(v)

10.

-2

Give, for each of the following, an exonple of an actual
problen and the circunstances where you would nost ccrt.uhily .
not recormend the use of the saupling technique indicated
below, State clearly your rcasons.

o) systematic saopling
b) cluster saopling
¢) saopling the sute units on succeasive occosiona

d) cumulative pethod for nnnphng with unequal probnbnuiu

(d+4+144)e18
Neatneas o (2)
.. GROUP.B )
. (\n--er any_three*questions froo this group)

Discuss briefly the role of randonization, replication and
local control, in designing statistical experioents,

Describe clearly a randonized block design, * ' (1046)=16

what is u.-nnt hy'muing-plo'. technique' 9 °

+ Suppose the yield of the i-th treatoent in the j-th row .

and k-th colum in an n X n Latin square is nissing. Describe
clearly how you would gnalyse the dnu. (44846) =18

Explain what is peant by ‘a siople lnnne design. State

(without proof) the relations betwcen its parancters. What '

is the cesential difference between this design and the

balanced incowplete block design? Obtain cxpressions for

the eatinates of treatnent cffects and alao of the sun of

squares due to treatnents. Derive the efficiency of the

design. (202011»30005)-16

Vhat ‘are the’situations where qu‘l{stnent for conconitant
variation is called for?

Derive a suitable cowputational techiique and indicate what

tests should be carried out in the problen of testing for
differences in growth crused by different fceding treatnents,

when the average initial weights of groups of individuals

chooen’ for diﬂeren'. treataents are possibly different, (4412)=16

It is deeired to euunnte by using on inconplete block deeign

elenentary treatuent contrast with equal accuracy, while

elininating block cffcets and positional effects inside

blocks, Indicate which design you will use for this purpose.

Grite down the nnalynu of variance table for this design,

Aleo obtain expressions.for the estimates of treatuent effects.
(145+7) =18

Neatneass " 4{2)

(n8)
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IFDIAY STATISTICAL INSTITUTR

ctatistician's Diploea Examination - Movecber 1968
Sapor T? 1 ApoliM Statistics (Thesretical)

Full zarks 3 100

(a) Condidates will Lo required to answer questicne
from those two groups of subjccts only,for which
thoy have registerecd their option.

(b) Seoarate answer baoka aro to be used for cach of
tho two groups attemptwl.

(¢) Pigurcs in tho margin in¢icato full marks..
(d) Uso of colculating machinos is _not pormitted,

GROUP A ¢ ECONOLIC STATISTICS

(Answer any three questiona from this group)

Givo an outline of the moving aversgo mothod of determining
constant acasonal indicca from a tinmo serics, with computational
layouts and explanations.. ®hy is tho method preforred to the
"mothnd of ratio -to-trend ?
: (1244) = 16

Starting from firat principles, derive the equation of the
concentration curve of tho lognermal distribution, and bring out
tho synmetry property of thie concentration curve.

(12+4) = 16
Ieseribo the open input-output tadle for an econory and state the-
basic assurptions underlying its major applications. In what way
is input-output analysis different from tho usual production
function analysis ?

(6+5+5) = 16

(a) "hat 19 a domand function ? Dxplain fully how family budget
data cnablo us to study the individusl consumer's demand 83 8
function of his incomo =all othor factors affeccting demand remining
approximately constant.

.(b) Fxplain clctu-.ly tho concept of clasticity of demand with respect
to various factors. Indicate tho rango of values assumcd by cach
clasticity for various classes of cocmoditios.. (34748) = 16

.(a) Explain clearly tho distinction Lotween nationsl income at factor
cost and national incoro at market prices.

(b) Vrito a critical noto on tho woaknceses of the officisl national
incomo oatimates currontly avajilablo for Indla, (6+10) = 16’
write short notes on’any threo of -the following s

1) Tho timo roversal test of {ndex number formulao
" 44) Varjous typea of errors in b;du. number calculations
111) Deoand profcctions based on ngol curves

iv) Tho problem of technologicnl chango in tho estimation of
production functions from timo scries data

v) Crowth of Indin's national incomo during the Five-Yoar Plans
targota versus . dchievenents. ( )
— 16

Xeatnees , (2)

(x0) Plerso turn over
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€002 D 3 STATISTICAL QUALITY CONTROL
(Answer ooy threo questions from this- zroup)

1. (a) Dricfly describo the rola of the Poisson Law in quality control

(v)

2.

42 (a)

‘(v)

and list down four industrial cxamplee whero it holds good.

xplain how a control chart holps in controlling a mcasurable
characteristic during a preduction procces. Describve how to
construct, control charts for, .

4) number defectives
11) defects per unit-

when sample sizo varies. (6+10) = 16

Obtain an unk gigma ept .sampling plan by variables for
tho cnso of onc-gsided spoecification (upper) limit U, such that
under' the plan,lots with 100p, and 100p, per cent defcctivos (p,> p,)
would bo accepted with probnbhiﬂea (1 -a) and B rcspocuvclyg 1
TUrito out tho cxpression for the 0.C. function of tho plan,

(1244) = 16

Distinguish bct-ccn the nuuml tolcmnco linits and the control

. limits.

In the following two cascs, decrive the nccessary expressions to
construct toleranco,limits such that it con be asscrted with 100 §
per cont conf idenco sthat zhcy will includo at least 100 @per cont

of tho papulauon H
1) a normal pareat popula.um with Jmowmn momn

" {1) a pdrent population with unkmown form,

whero @ and f aro preassigned numbers betwoen O and 1.
(24747) = 16

Yrito dom tho salicnt features of fi1-Std 105D acceptanco sanpling
plan by attributes and indicate its distinction froam ¥{l-Std 105B.

Cortain itoms wore submitted in batches for inspection wnder
M11-Std 105D, In tho carly part of tho period of inspection,
reduced dnspection remained in vogue and during the latter part
normal inspecticn waa invoked,according to tho rulo of tho Kil-Std
195D, During.tho period of inspecticn no batch was rcjected and
tho process remained stcody.

~iIf tho plago used above wore ae folluss »

samplo acceptanco rojection

typo of :
nspectton © 1O ML o0 nugher | _mmber
Reduced I P ny < Y
Normal II p n, y Ty

obtain expeted inspection cost por batch during the above periods
assuning cost of inspection per itez as fs. C.
(1046) = 16

(2)

(x10)
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GROUP C ¢+ STATISTICAL IZTHODS IN GRUETICS

(#newer any threq questisns froa this group)

1. For dectecting linkago Letween tao Mct..o_rn segregating into
(a) 111 an2 111 gdou\:lo backeross) ratio ,
und (b) 311 and 341 (F,) ratilo,
obtain tho suitablo forms oixz teat and ostimato tho linkago velues (f)

.in_ cach caso by tho caximuo lixalihood zoteed, Also find out tho
: valucs of the standard crror of theso cstinetes.’ (15)

2. Undor agsusption of absenco of differential fcrtilization or viability
or linkage, obtain the follewlns czti=ates for the (net) gencration
when F1' plants ayo selfed for 'n' succeasivo generations s

(a) varianco of F, 4 Progenics,
(v) varianco of means of F ° hay Progenics,
(c) Yean variance of P .y Progenics, and

(d) Covarmnco of F ,q Progeny meuns and P, parents,
. (16)
3 Prove that under zacg sclection in a mndon mating populatisn, tho
* gain expoctod per generation ia equal to the product of tho degree of
heritability and the nclectlan di.ffcrcntial.

Describo a method for cons!rucung sclection indexes for a\:luplo
objectives.

(16)

4. By using tho oaximum likelihood mcthod, obtain cstimates of the
Vlood-group gene-frequencios of mothers ond children froam 'mother-childt
conbinations of "ABO' blood-groups; also obtain tho variancea of thecse
cstimates.

That aro the limitations 27 this mcthod ?

(16)

5e Wirite short notes on any thres of the following s

1) Coefficient of heritability under random mating and inbreeding;
11) Proband method of ascertainment in human genotics;
111) Principles of Discriminant Functions in plant selectionss

iv) Methods of artificial scloction in rondom mating population and
offects on gene-frequencies.

(16)
icatness (2)

(y11)
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1.(a)
(v)

2.(a)
(v)

3.(a)

Se

" CROUP D & VITAL STATISTICS AKD DEMOGRAPNY

(Answor any threo questiona from this group)

Givo a critical account of tho 1961 Ccnous quostions.

that improvements would you suggest to be incorpomtcd in the
quasuonnairo for tho 1971 Ccnsus ?
. . . (16)

Discusa the du‘(‘o_ren\ mothodu of projccuon of the populu.ton of a
coomunity. .-

Civo a suitable formula for n.nding tho populaticn of India in 1969,
: (16)

Discuss tho importance of !‘inding tho infant mortality nte. and its
sub-divisions by duration of lifo of bLaby. State the limitations
of this rato.

Tirito a note on the standardizéd doath rato.

(16)

1) vhat are the nasumpuov.\s nade while applyinz a life-table (dcrived
frou a given population) for practical purposes ?

H) Deacribe the structuro of a complcco lifo table.

111) Explain how a conplcto 1ifo tabla may be constructod from vital
statistics and census roturns.

(3+548) = 16

Firito notes on sny_three of tho following 1

(a) Vital registration in India

(v) Logistic curve

(<) Emauro; of morbidity

(a) 'Ago o.t femalo at mugo,au. a factor affccting fertility

(o) Working population
(16)

MNeatness (2)

(N12)
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GROUP B 1 ZDUCATIONAL AND PSYCHOLOGICAL STATISTICS

(Answer quoztion 1 and any w2 guegtians from this group)

1. What do you mean by tho rcliability of & test 2 Yhat are the methods
of catimating recliability ? Can a test bo such that it has high
validity Lut low rcliability ? If oo what {3 tho naturo of such a
test ?

(4484244) = 18

2. Descrive different types of validity of 2 test. Dorive tho formula
which shows tho rclation among the reliabilitics of tho teot and the
critorion, the original validity cocfficicnt and the maximum vnlidity
the tcst can attain, when both the criterion and tho test are
perfectly reliable,

(0+8) = 16

3.(s) Doscribo how you could obtain tho confidenco interval (at & % levol)
of tho truo scoro corresponding to a given obsorved score.

(b) FThat do you nean by the point-biscrial correlation coeffirimt of
an item ? Derive the formula used for cstimating this cooffiricut.

(6+10) = 16
4.(0). Illustrate geooetrically the following :

i) inter-corrclutiom arong the tests
{i) cormon factor loadinzs
1i1) the concept of “communality",

(Consider the case when there are threce testa and two orthogonal
coiron factors)

(b)  vhat do you mean by (i) Specific Factor and (i1) Group Factor ?
(1244) =16
Se “Irito short notes on any four of the following s

(a) Scoring foraulan

(b) Parallol Tcsts

(¢) Spearman-Brom Formula

(d) Standard Error of llcasurcment

(o) Lank Order Corrclation

(8+44444) = 16

(N13)
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Statistician's Diplona Exanination - Naveuber 1668

Paper V @ Mcthods of Numerical Copputation; De-:ripuve Statistics
and Official Stotistics (Practical)

Tige : 8 hours Pull parks : 100

(i) Figures in the margin indicate full marks.
(ii) Use of calculating oachines is peruitted,

" GROUP A .
(,im-er any two queu.'.ionl froo this group)
14(0)*  Given
£(0) = 1.058
£(1) « £(2) = 10,672
£(3) + £(4)  £(3) = 65.686
tind the value of £(6).

()  The population of India, as recorded during the decennial
censuses, is given below :

* Census Popula;.ion
year {10 lakhe)
1601 ' 2,384
111 2,522
1021 R TS

1931 2,701 .

Pind, by -ub—dxvxnon of ;m.ervnh, the popuhuon correspondip, -
to each of the years between 1801 and 1911, (648 f-xz.

2;.' (a) For what value cf x is the following tabulated function a

ninioun ? .
x s
0.2 0.0182
0.3 " 0.8075
0.4, " 0.8873°
0.5 " 0.8862.
0.6 0.8035 -

0.1 0.9086

(v) Find, to four decibal places, the real root of the equation
X ex-1m0 by any pethod you know, (648) =12
3:. (a) The corressonding values of the function U! uplghen for the
following valucs of x, Use Lagrange's foroula to obtain the value

of U,
19 . v,
1 14,648
17 83,526
21 194,486
23 210,816
a 923,528

N1 Please turn over
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3.(v)

-2

Given the following toble of values of U iy estiznte the value

of U
\’ 15 20 23
X

23:17 &

20 5017 4.418  3.547

25 8.046 4,530

20 6.144 (648) =12
GRUP B .

(Anawer all four questi’onl from this group)

In the following frequency table, x denotes the deviation of
oid-point of a class-interval, frow on arbitrary origin

expressed in terms of the constant ‘width ' of clase-interval

. as unit, and f the frequency of the cluu-_in'.ervul volues,

BERL V. .
x =3 -2 . -1 0 1 -2 3 4
t 3 1s 15 57 %0 ‘36 25 [

Find 'h' and the boundaries of all the class-intervals, if the
nean and standard devialion of the distribution are respectively
40.6U4 and 7.02, (10)

The oean of a normally distributed variable x is 2,08, and

" 9.68% of the values of x ure negative, Find the probubxunes
. that a value of X toKed at randon will be -

" (a) gredter than 5.6,
(b) lesa than 1.8,

and (c) greater than 1.8 but less than 5.8, (10)

An experinent has been conducted to verify the law of falling
bodies under gravity exprca‘scd by the cquhtion 8 = égtz,

where 8 ia the distance fallen at time t and g is the
gravitational constant.

The following results have been obtained .:

t (scconda) 1 ‘QA 3 .4 5

s (feet) 15 70 -+ 140 250 380

Using the data quoted above, estinate the’ value of the
constant ‘g‘. (10)

Plcase turn over
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7. EITIER

(a) The table below gives the annual crop cutting data of a | -
certain place during the period 1919-20 to 1915-46.

year yi:‘l: :'P"r condition year yx:::eper condition
(1%e.) factor . (1bs,) factor
Q) (2) () (1) (=) [6)
1010-20 100.3 114.0 1933-34 ©71.0 65,3
20-21 80.0 45.0 34-33 58.8 53.5
21-22 109.2 105.0 38-36 60.6 ° 61,8
20-22 . 9A - 82.8 36-37 86.1 18,0
23-24 80,9 82.8 . 37-38 49,0 © 89,0
24-25 7.3 82.8 38-39 60,9 - 67,0
25-26 1.4 67.8 * 3910 86.3 83,8
26-27 18,7 - © 67.8 40-41 99.7 97,5
27-28". * 103.0 00.0 4142 111.8 - 101,2
28-29 " 111.2 93.8 4243 88,2 63.7
20-30 101.3 . 87.0 4344 890.3 76.7
3031 101.1 87.0 . - 4448 - 6.4 60.7
31-32 39.8 41.2 45-46 67.9 65,6
32-33 L 60,0

Calculate ‘trend values by using a five year moving average.

By arranging to place the moving averages in such a panner as would
muke the last average correspond to the 1945346 figure, show that the
condition factor serics serves as a very relinble guide for eatimating
the yicld-per-ocre values.

Esticate alsd the yield values for the last two yoars. (18)
OR

(o Fron the results of a.crrp—cutting experiment the following values
were obtainad for 18 ciuchona plants .

. yieid - height girth - nunber
plant no. of bark of plant of plant of stens
ounces inch inch in the plant

P ) 2) 3 1 B

1 105 - - 133 8 1

2 3t 23 4 1

2 22 . 62 2 1

4 56 118 4 ) U

3 00 . 109 ) 1

[ T 80 .. 74 3 1

? 183 - 167 5 .2

3] 22 28 3 1

] T4 78 4 2

10 . 56 107 3 3

111 8 47 1 1

12 53 120 4 1

13 43 118 4 1

14 19 02 3 1

15 39 120 ] 1

How far do tho last three factors considered, influeace
the yield of cinchona bark in the given experiment ? (18)

Please turn over
(N16)
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‘“latest ycars,, side by side with the wholesale price imdex for

)
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®

(©

(@ =
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GRILP C
(Answer both the questions from this group)

*Fron the official publications placed at your disposal,

attecpt any two or the following questions @

* Write down ‘the contribution to natfonal incowe by ngnculture,

aninal husbondry and ancillury activities at 1048-19 prices
for 1930-51 and 1960-01. Write down also the index number of
ogricultural production for the two years anl coupare the two
ratés of growth,

Write down the general index of industrial production for five

wvanufactured articles,. Which have increased wore = the production

"lor prices ?

Expmu- the nuober of school students at nursury, primary and
ueondnry ata‘,en in 106001 as percentages of 1061 population.
(747D 13

Froo the ofﬂ'cial publications furnished, tabulate ncany the
inforuation rcquired for any three of the following cases :

The All-Inlin Census Gale and fecale population of 1961, split up
under the varioua econouic classifications available 2 figures under
classification details to Le quoted in millions only correct to

ome pluce of decipal

Nunber of “scholars (cen and wouen sepurately) studying under the
varioua types of colleges for professional and special education,
for ony 2 reccnt availecble years.

Nunber of wagons loaded commoli Q.y-'he with Revenue traffice only,

on the Droad Gauge of Indian Governuent Railways, during any two
recent evailable ponths,

Index of consuner prices for any two recent available months
.for i) Industrial workers in Aedabad, Bonbay, Kanpur and Calcutfs

and !or i1) Agricultural lobour in Andhra Pradesh, Jihar, Maharashtra
. and Uttar Pradesh.

i) Quunt;uy' of elcctricity generated and sold (the quantity sold
ia Lo de reported unéer the various heads availabdle).

1i) Quontity of Cotton piece goods (cloth) produced, by the
‘categories available

for any 2 rccent 1onths in both cascs.

[Plenac note thnt the appropriate units and base years are to be
shown whenever necessary, Also indicate without fail the page

references of the publications consulted, / (9
Neatness (('iruup A ¢ Group D + Group C) (‘I)

(N17)



INDLAN STATISTICAL INSTITUIE
Statisticion's Diploua Exonination - Noveuber 1968

Pnper VI : Stotistical Methodn: Desigm & Roalvsin of
Experinenta and Swiple Survevs {Practical)

Tioe : S boure Full oarks : 100

(a) Figurce in the warrin indicate full marks,
'(b) Use of calculuting oachinca is nemitted.

GROMP A
(Answor any _two questions froo this group)

Con'.rol.led studies performed on the reeponse of Sharks to human
perspiration, gave the follovinyg data :

1.(a)

reaponia
BLrong
repulecisn

wild total

type of shark A neutral
repuliion

(1)

7

13) (1)

[E))

Black tip
Othérs

1

3
8

20 )
20 18

48
13

Total

2

»
2

<6 .21

o1

i)

Test for no associatiun betwecn the nature of response ond
the type of sharl,

Teat the hypothesia that § 25% of black tip sharks are

®

2.‘(0)

®)

Y= @4+ fx by the ncthod ~C lenst squures,

strongly rcpelled by human perspiration against the
alternative that morc than 25% are so repelled,

iii) Find a 90% confidence interval for the true proportion of

black tip sharks which reuain neatral to hunan perspiration,

0f 101 carthquukea that cceurred fn a country over twenty years

27 occurred in spring, 27 in sumcr, 18 in autumn and 29 in winter.
Test whether occirrence of carthquakes in-the country oay be
considered to vary frca season to afnedcn, (84441 46) = 20

. Given the following observotiona on a variate y at different

levels of an QUX.ialdry Vafiwsic %y Fab el Figicusler line
4.5 5.0 3.% 8.c 6.3 7.0 8.0
y: 14,0 13,4 13,2 151 149 15.8 150

Test whether the populativn ff ¢2n bo taken to be 0.8. Also set
up a suitable interval which wauld inclurle any obscrvation on .O.ho
variate y correapondiog tu n « 9.5, with 003 confidence, .-

9.0
16.7

8.5
16.0

The following corrclation matrix was oh.tained from a study of four
factora xl' xz, xa, x,‘ affecting the volume Y of bread on the

basis of a sauple of size 22.

Xy Xa Xy - Xy Y
LIS § «3990 =.4523 +5085 +5389
. 1 -.2013 « 9380 #3317
1 =+4250 784
1 6134

. . . 1
Test whether in predicting Y from the factors with the help of

oultiple lincar regreasion, it is wholly unnccessary to include the
predictor X, over and aluve X,, X, X, (4414148)=20

(x15) Plcase turm over
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3.(n) ° The following two-way classificd dnta were obtained froo a study
of the effects of well-defined levels of exercise, on the blood
cholesterol contecat of 15 individunls in two age (roups. Hake
a conplete nnnlynl of the data.

>
level of exercise

oge group low pediun high
(1) ) — 3 (4
20 =20 ° 190 . B i) 133
. 210 163 150
’ 170 100 138
+30 - 29 200 170 . 1S
' 210 190 - - 183

T =

(v) T™0 research workers A and B were nsked to inveatigate whether
a physical neasurenent for adult ceabera of a certain tribe
was on an sverage grecater for wuscen than for men. Investigator
A procecded by toking independent randoo sanplea of 30 pen
and 30 wonen, whereas B selccted randunly 30 fanilies and for
each funily took pessurcoents both on the husbond and the wife,
The results are siosorised below (x stonds for observation on a
pan ond y for that oa a wupan) ¢ .

Investigator A

Tx = 25,31 Iy = 25,96
2 : 2 ; ’
+Ix" = 22,21 Iy = 22,84
' . Investigator B
Ix = 25,44 Ly « 26,18
L ¥ 2212 . x,z = 23,00

I xy = 22,40

With the help of appropriate tests, sce what conelusiona follow

froo the sets of data obtained by the two investigators, Combine

the evidences of the .two tests and comuent on the postulated

hypothesis, - . (1043+5)e20

. GROUP B

(wnexer any two fuestions Irou this gruup)

4, - T)|e follo-ing design wua usecd to O.ent 9 rauonn Ted to rats.
- The gaine in weight of the rats after the fecding experiment

were as follows : (The ration nunbers are in brackets)

Replicntion 1 Replication 3
Block 1 (1) 20 1) 13 7)1 Block 7, 1) 13 9) 19 5) 14
" 2 (3)o08 8) 18 0) £3 -8 3) 14 - (4) 34 3) 02
"3 2_ 18 3) 18 gy oz - ¢ 9 () »l'l 2) 20 7)1
Replicntion 2 . Replicatfon 4
Block 4 (7) 08 (8) 12 (9) 16 - Block 10 (5) 10 (7 23 (3) o6
= 6 (1) 20 2) 02 3) 02 LACES § | 6 8) 02
= 8 (1).20 3) 068 a4) 02 »o12 9 27 1) 20
Analyse the data aad coopute the efficiency of this duign
relative to randonised block design, . i (1243) =13

V' Please tum over
(N19)
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The table below gives the plan and yields of turnips in cwt,

per acre, of two replications of o A.’la experiucent, to test |
. nitrate, phosphate and potash dressings in 6 blocka of
@ plots each, The levels of the factora were os follows :

Bys My My ore 0, 30 and 60 lbs. of N per acre;
Py Py» Py arE 0, 10 ond 80 lba. of P205 per ocre;
kO’ \(1, k, are 0, 50 and 100 1bs, of K

respec-uve)y.

20 per scre

Ident{fy the confounded effect or effects and carry out a
cooplete statistical analysis. The treatuent coubination
"ipjkn is denoted by ijn were {, J, n = 0, 1, 2, For exanple
112 denotes the treatwent.conbination of nitrate, phosphate
and potash at the levels 1, 1 and 2 reapectively,

Aeplieation I

Block I Block 1T Bloek II1

Treatient  Yield Treatoent  Yield Trentuent  Yield
V) (2) (3) 4) [O) (6.

110 11 - 200 + 42 210 416

121 11 120 20 001 48

ro212 13 021 24 012 58

T 12 010 a8 221 53

220 11 112 39 100 123

102 30 222 61" 122 37

.ol 41 002 40 020 41

201 21 101 48 202 25

022 21 211 44 14 32

Replication IT

Block I . Ulock II Block T1I
Treatcent  Yield Treatnent Yield Treatnent Yield
(1) (2) {3) (a) (5) ()
00L” 39 200 a2 212 26
. 202 34 002 37 +220 16
122 3 202 a7 . . o011 06
100 3 T 010 - a - 110 13
012 . 40 021 .21 201 12
020 ° A . 101 .21 022 12
111 .20 211 7 12 121 ‘16
221 35 120 ° 30 102 19
210 a8 . 112 ez ' 000 14
. (3+12) =28

Plcose turn over
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6. A’ latin squure experiment was carried out to test for possible
differences between brcn.k}nu strengths of glasas (in lbs. per
square cn,) oade fron six furnaces using six different moulda.
Six runs of cach furnace were needed to conplete the 308 poasible
coubinations of furnaces und poulds. One particular observation
was s2oilt through the cooling apparatua going out of order and
bas bc.cn shown as "‘blank! in the .table of breaking streogths bolow

"(The“letters refer to the six ooulds)

FPUIN\CTES ‘
.1, 2 . 3 4 3 ¢
. x. - B E - D c - A F
103 11 105 ~° 118 101 130
w D "B ‘E A P c
= 113 104 115 . 108 107 129
a.. A ) ‘B - F c E
125 108 102 104 103 119
R F o' . C D E. . B .
. 109 123 100 - .103° -
E T ¢ P B »p A
1006 107 103 114 B LR $§ 4
é c F TA E - B ‘D
f102 110 108 104 115 121
Analyse the data, giving means and standard errors. {10 +243) =15
o -
. GROUP C R
o . .
- - . (Anawer any onc qucstion from this group)
Te The following table relates to data from a cooplete census of
~,2010 farops carried out in a County in .rerica. The farms -
were ‘arranged in eeven size-groups. . T
S - . standard
stratun farno size ouaber total area deviation
no. (acres) of under corn ¢r faro
. - faros (acres) p(
acres)
(1) (2) ()] [6)) - (5)
1 0~ 40 a4 . 2127 . 8.3
2 ' 41 - 80 401 - 71402 13.3
3 81 - 120 301 ¢ . D515 ‘15,1
4 121 - 160 334 11524 19.8
5 161 -~ 200 | 109 7110 21.3
-0 201 - 210 | 113 5051 20.0
7 - - 241 and above - 148 9138 33,2

It is required to plan for a stratified selection schene, in order
to catinute the nean acreage per faro under corn in a certain ycare

:Find out the best poseible distribution of sunmple farps in
various strata when the total cost of the survey 1s fixed
at 2,700 dollare, and when the cost of investigation and

the

Please turn over
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' laboratory analysis per farn varies fron atratun to strotun
(contd.) as followas @

stratun . cost per faro
nunber !dol 1ars)
1 23.%
2 27.6
3 28,0 .
4 20.3
.8 29.8
[ 0.5
1 31.8

Calculate also the variance of the final-esticate.

Suppose a new systen of strata is furwed coobining the old
atrata as followe 3 .

old stratun’ new stratun
nanber nunher
1 and 2 1
3 ond 4 2
5 and 6 3
7 4

Colculate the variance and cost under the optioun allocation
for the new echeme of wtrata, when a total suuple of 100 farms
is token. . . (1341243) =20

8. (o) The population values of a variable are shown below, in such &
way as to facilitate the drawing of a systematic eanple
with N = 40, K = 10 and n = 4,

svatenatic sacple punbers
2 3 4 5 8 1 8 9 10 -
il; 13; 13; 145 ‘SF 16; ‘7; lﬁ; '0; ilosills

1 0 1t 2 5 4 7 7 8 6
2 6 8 90 10 13 12 13 16 18 17
3 18 19 20 20 24 23 25 28 20 27
4 26 30 31 31 33 32 335 37 38 38 ‘.

strata

3

Calculate the variance of the systenntic sanple oean and
coppare it with the variance in the cases of unstrotified

(1) siople random saspling
and  (ii) stratificd rondon sanpling,

If the order of observationa in the Jrd and the 4th strata
are reversed what ore the changes in the above resulta.

Plense turn over
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8.(d)

-6 =

A enmple survey was conducted in 1818 in a district for estioation
of the total number of cattle-hcads. The following data give the
nunbers of cattle-heads enuoerated, together with those given in
the 1045 Livestock Census, in 13 villages selected with equal
probability and without replacenment.

Tae total nuober of villoges in the diatrict is 133 and the
total cattla population according to the 1915 census is 14320,

pucber of cattle puober of cattle
heads (1946) heads (1945)

v ) 4

(1) [©)

634 623
696 600

330 534

313 203

078 069

610 842

692 475

202 3N

210 . . 161

533 208

2110 2043

592 1009

707 700

315 230

212 . 218

Coopare the ratio wethod of estimation -itﬁ the conventional
unbiased estication for estionting the total nunber of cattle
heads in 1046, ' :

You are furnished with the following inforcation on uncorrected
suns of squurcs and products ;=

15 2 15 2
z xx = 8106596, z - 8112178
i=1 13 i=
and I ¥ - 8060397 : (20410) =30

i=1



INDiAN STATISTICAL INSTITUTE
Statistician’s Diplona Ixanination - Noveuber 1068
Paper VII: Applied Statistics {Practical)

(Two groups only are to be attempted)
Tice 3 hours b Full oarks: 100
. . (covering two groups of 3) mnrka cach)
(a) Candidates nll be requirad to answer quealions froo those
*two groupe of subjecte only, for which they have registered
their optiena.

(b) Separate answer booka are '.o be used for euch of these
two groups atteopted.-

(c) Figures in the nargm indicate full warks.
(d) Use of calculnung nachines ir pernitted.

GROUP A : ECONO:EIC STATISTICS

(Answer all three questions froc this group)

1. The following data relate to six main crops of ‘a certain country.
By calculating price and quantity indices for the year 1039, taking
1029 ns base, show whether Pnasche type index nunbers ocet the
lnclor rcverul teat.

average fara prices {S; annual production

. erop " unit . __(oildion units)
1929 1939 . 1029 1939
Teorn  -bu, ©0.774 "0.485 2518 2581
* ‘cotton - 1bs. 0,104 .0,001 74135 5010
.., hay . ton (sh.) 12.19 7.61 .. 16.02 76.38
. wheat . bu. 1.033 0,777 824.2 741.2
oata - bu, . 0.420 0,334 1112 053
potatae_u . " bu. © 1,288 - 0.700 333.4 312.4
. , ' - (1)
2. * The following shows the genernl.i:ndex of industrial production in

- India {1056=100). Fit an exponential trend to the series.
Yeor . :i055 1957 1058 1859  1960° 1981 1962 1663  19G4
Index 100.0 134,2 107,7 116.9 130.1 "138.3 150,83 162,5 174.7

' : . (18)
3. EITINR .
(a) Use the following data based on the 14th round of the National Saaple
- - Survey (NSS),to caticate the paraocters of the scui-log forn of
Engel curve for. cereals by weighted least squarca nethod. fence
obtunin the Engel elaaticity of cercals at the mean level of total
‘consuner expondn.ure per capita.. '

Tnhle : Estioates for Rurnl India : NSS 14th Round

wonthly per capita pcreentage  average monthly per capita
total consuner e of expenditure (itv.)
expendi ture (M) populahon ] cercals all iteps
O-8 L . 9.03 3.63 6.18
8-11: B Py &) i 5.57 T 9,49
1M=13 - e 0 11.33 . 6.80 12.01
EREERE b L 9.57 : 7.63 Y 13,08
. 1818 e - 13,05 . 8.51 18,44
18-21 . D48 0.21 19,33
S 124y, e 8.0 [ 10,11 - 22,46
) 24-28 6.00 L 10.37 25.66
28434 6.17 11,49 30.34
3113 5.34 12.82 8,26
43-58 2.78 14.32 48,23
‘B5- 2,80 16,49 89,48

(1) p.t.0.
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3.(b) 1)

1.

il

(o)

~

.

OR
»st graphically whether the size distribution of per capita total -
consuger expenditure presented in Q3 (Either) is approxicately

lognoral or not,

Ltilize the sace data to conpute the concentration coefficient of per
capita total conswer cxpenditure,without paking ony assunption
regarding the forn of the underlying distribution. (1)012)-22

‘GROVP B : STATISTICAL QUALITY CONTROL

(Answer any two queastions fron this group)

The following table gives the pean values and ranges, in 30 sanples
(of size 4 each), of percentage corbon content in cocxercial octal
sheets, as obtained fron test records,

The data were collected for a continuous period of 30 days assuning
that the percentage carbon content within a day is unlikely to shaw |
high variation froo sheet to sheet.

Sarple Average Range Sanple Average . Range
1 11.10 0.6 16 11.45 1.3
2 11,70 1.2 17 ©o11,33 1.6
3 11,35 1.0 T 18 9.08 0.4
4 11.2% 1.0 19 10.78 1.2
5 11.40 2.0 20 11.23 0.7
[ 11.v0 u.6 21 10.93 1.7
-1 11,20 1.0 22 11.50 2.7
8 11.3% 1.2 23 10,78 0.7
-9 11.50 2.0 24 10.93 1.1
10 10,88 1.1 25 11.48 2.9
11 .85 1. 26 10.80 0.4
12 11,53 , 1.2 27 12,20 2.0
13 11,13 0.8 .28 .. 11,88 1.8
14 11.28 1.0 20 11.23 0.8
15 110 u,.8 k) 11,30 0.6

Test by peans of control chart whether the process is under atuinticnl.;
control, ’

(b) A ninioun of 8% carbon in any sheet is the market epecification.

Fxceas of 0.2 per cent on an average over the market specificativn
results in a loss of s, 9,0.0 pcr annun to the factory., Estioote
how ouch saving can be effected by maintaining atatistical control
at a proper level satisfying narket specification,

. (15410} 825

Under an acceptance-rejection inspection scheoe iteos were selected
one by:one at rondon fronm a subnitted lot ond were classified as
defectives or non-defectives. .

Ubtajn the equations for the acceptance and rejection lines for un
iten-by-itea sequential soupling inspection plan in the above case,
such that under the plan a lot containing S per cent defectives would
be accepted in 00, per cent of cascs whereas a lot containing 15 per
cent defectives would Le accepted only in 20 per cent of cascs.

Frepare a table of acceptance and rejection nunbers for sanple sizes
froo, 5 to 50 at iotervals of 5. Sketch an approxinate 0.C. curve
of the above plan, (100600)-”5

pet.o.
(N25) *
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A laboratory carried out an expericent to deterwine the most suitable
. ¢beateal aolution for giviog moximun strength to a yarn of particular
"quality under identical weoving conditions. .

Four solutiuns S, Sz,'S . and S, were available for the experinen—

- tation and four 100:1' A, B, Cad D were selected at randou for the
study. Four sauples of yarn (four Leans) cach treated with one of
the solutfons were obtained and werc allocatcd at randonm to the
four sclected loons. The breaknoge rate on each looo was obscrved.

* The above operation was ropeated over four periods and the resulting

. data were arranged-in the foru of a Latin Square as shown below,

i . Solutions
period - Sy 52 . S:l 54 .
1 A C ) 8 -
. 5.3 2.9 9.6 0.8
2 c D B A
6.2 8.5 8.2 9.2
3 D B A [
8.9 2.9 5.8 6.6 .
4 B LA C D
. 8.1 5.1 - 2.8 9.8
Anulyse the above duta and recomuend the moat suitable solution

(29)

) GROU'P_ C ¢ STATISTICAL ETHODS IN GENETICS
(Anawer ony two questions froo thim group)

" Jeokins (1927) obtains three .typee of fanilies, which give information
about the recontination between the genes Y,y ‘and Wx, wx in maize

as shown bolow : Phenotypea
Y-¥x Y-wx y=vx y=vx total
Backcross 397 207 289 12 1398
(coupling) . .
Backeross 8 136 120 80 114
(repulsion) .
Singlebackeross 461 161 515 130 1267
(np.ul-.io?) [-ifx:'x = 3:1 and Yiy = l:lJ

~4) Test whether the two single factor ratios are in keeping with
the Mendelian expectation. -t

fi) Obtain the best eatioate of recoobination fraction.

iii) Teat whether the data are hozogenous for the reconbination
fraction thus estiuated.

fv) Obtain the standard error of the '!':e’u estinate of the
recoobination value. Tt oA

(21)

Estivate heritability by doubling the intra-sire regression of
daughter (y) on daw (x), fruo the following data (in unite of 10 1us.)
of lactation records of cows (x) and of their duughters (y) :-

. Sires

A ) i c D E
X Y X Y X Y X Y X Y
376 305 481 444 420 432 283 403 427 108
412 411 613 58t 388 333 204 43 310 200
306 497 201 664 371 300 624 439 388 242
317 180 101 681 492 138 358 278 227 242
450 435 350 206 481 432 511 304 185 380
285 350 417 202 409 377 358 268
- = 410 428 351 322 444 273

83 3u6 423 415 202

18 f
377 988 Eat Q0§
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Vhat is the rtgn:nion of y on x within each of the sire’ prugénlen
separately? What is the pooled intra-sire regression of y on x in
the whole set of data? Do the.individual regreasions differ
. significontly nuong the five progenies? (._,.1)
3.(a) 427 blood specicens were collected froo 216 children and 211 adulta
: belanging to a particular cowunity, and’ they were tested by standard
pethods for blood group antigens. The observed nunbers for different
phenotypes in two aystens of teats (A B 0 and I-X) arc as given below:

» A B O Dlood proups --!I-N Blood groupa
Ihenotypes  Obacrved ' Ihenotypes Gbscrved
nuober nuuber
0 122 M 211
A 07 HN 102
B 163 NN 3
AD 43
Total 427 Total 427

Deteraine the gene, frequencies of A B 0 and i-N blood groups, by
pooixun likelihood solution and gene counting cethods reapectively,
Also calculate the standard errora of these estioates,

Give your cosents on the blood group behuviour of the cormunity.
{b) Given the genotypic values for A\, Aa, on as 1, U, = 2 respectively,
coupute the corrclation between the genotypic values of full

brother-siaters, starting with a population (p~ A\ + 2pqin + qz:m) in
vhich tnere is randon muting.

GROUP D : VITAL STATISTICS AND DEMOGRAPIY

(,\nsver any two ﬁueationn fron this group)
- . 7

l.(n) }‘r(;u the following values of soue life-table functiona obtain

1) fhe ouuber of years lived by the Cohart within each of the
stated age-groups and

i) also the cxpectation of life ot ages U, 1, 3, 15, 25 and 33 :

Age-gronp nq
x to x4 . x
0- 1 0,14273
1-5 : 0,13852 1= 100,000
5 <15 U.03373 °
15 - 23 U.u3448 T.o = 2,057,009
25 - 35 0.04126 B

(b) Write a note on the expectation of life at differcnt ages an
obtained in (a).

(25)

Pleane turn over
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“i- . ;
The following tablg gives tbgAéiﬂaLrib\'ﬁionu of tb'e nuuber of
children born-to-eouples.within 5, 6,:7,78 and 9 ycars' duration
2o ?,l:"_t_[f tévg mrrivogve.‘f_ron' the return-marriage tine, Find the
she AVETY, ,Euubsr"“‘ E[n“dren-per-coup)snpor:-ytor--(or,ecunh- duration.
( ;:ou:cnt on your f1Aldlngal’
RN

() huober of * distribution of tbe puober of children born
children bom - to couples, within effective parrhage’ pbriod durntion of

“inribi . L., S years Gyears T ycars B ycars D yoars
0 3 el cige T a0n Al
STl a0 022 L T ) 05 82
2 105 00 ws e 19
3 57 6 #1 81
3 23. 3 13 6
RA) 1|wluﬂ_:u|huvl a0 ;12 in --,9 o
3 Pty a0y ple e g ey R
7
] —m--1hn———~——-———-~~—r—-—— ------ _
Y — R N

N RN ' (25)
:i.(n) The number of births occurridg.in-a country in a_pnrticular year is
! shown here classified accordiog to age_of mother, together with the

feoale populntion\in each age ngoup_ol-thc reproductive period.

BN e, . Dt
Aze-group - '-Female - Number of births to mothera
<.+ populatijon in the sge-group
N ST
2 - 24

L 25 - 29
. W -34 - - 15,024 10,220
“eoe 33-30 . 15,100 . 5,267 ¢ -
T - 71,02 C1,422

The total population of the country during the ycnr was 2,285,800,

¥ith the above data, delermine
_i)‘“'.he crude birth rate):': "I . .
ii) the general fertility .rate, . _. . ) o ‘

. ,'
iii) the age-specific fertility rate and - -- --'— -

iv) Lhe total fertility rate. ...,

Assuning that the sex-ratio at bi;th was 104,68 wnle births to 100
feoale births, deternine aldo the gross reproduction rate. -

(V) Coment on tho valucs of the-different ratcs obtained in (a),

(25)

(N28)
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GROUP B : EDUCATIONAL ,\ND PSYCHOLOGICAL STATISTICS

- -(Aaswer question i and any other two
questions freo the rest of this group)

A test was given to JUU fndividuale with the result that the
reliability coefficient was 0.83 and the standard deviation of
the obtained scores was 11,50, In a selected sample of ©)
individunls from the same group, the standard deviation was
0.0U, What is the probable coefficient of reliability for the
latter group ?

[Auune the standard error of measurcment to be the sape in the
two groups
(12)

In cach of the upper and lower 27 per cent groups on the basis of the
distribution of the total score of four {tews, there are 100 cascs,
The frequencics of persona answering the individual items correctly
in these two groups arc given in the table below :

ltenn

1 2 K] 4
CUpper 18 ° 80 95 02
21 ¢
lp-er- L ko] 25 3
214

Find the l,'pper-l.o-er lndu (L'u’ for iteos 1,. 2, 3 and 4 and also
the corresponding standa¥d errors,

. (12)

Test X has a volidity coefficient of of .65 and reliability .75

* whereas the validity of test Yis V.67 and ite rehabllity is 0,95,

Yach of these teats is a S)-~iteo test.

Which one of then would show greater validity when the test length
ie incrcased 4 times ?
(12)

The following is a Centroid Factor Loading Matrix (A)

Tests Ao : Bo co
1 .4903 .228 - 718
2 G20 1302 -.328
) .658 .188 512
4 V543 482 528
s .C81 -.648 -112
6 .an1 ~.043 113

Obtnin the rotated factor watrix, after suitablo orthogonal rotations



finc: 4 hcurs

1.

3

4e

INDINT 3TATISTICAL INSTITUTE

Statisticien's Diploma Sxanination -~ loveober 1968

Pancy VITI: Subjecctr of Specierlisation = T (Thecrctiea))

Pull nayks:100
(a) Candidates vill te required to ansser questiona

fren that greup orly Zor which they have registercd.
(b) Figuros in the margin indicate full nerks.

Group At Ecen-nmic Statinticn (Economctrico) |
Snccial Paper = I
(Answer v five questicns from this group)
Define tho conecept cf Dngel elaastizitys Per ealeulating
an copirical ostinate, what type of data y~u wAll eosllect?
Give details of thc catimatisn procesa.

Does BEngel elpaticity charge with changing price
structure? ’ .

(0]

Cenalder a norkot of twd perscna-eftd twe comoditicss
The initial allocaticn ip given by the madrix :

1 -0 |
0 1
and the utility runcticns of the two perasno are

s %) = /% B/

W wln, m) = g

What arc the indicea of utiliiica ¢f the initial allocs-
tion for both peraons?

=2

Determing the equilibdriun price of comodity 2 in terns
of comodity le . ’

That w111 bo the fingal allocaticn after exchange of the
two conmoditics? .

That are the indices of utilfty after, cichange? (20]

Discuss the assumpticns behind the derivaticn of indivi-
dual's'denand curve' ,'' Narket denand curves are obtained
by adding togetler the domand curves of all the indivi-
duals in the markct, Such curvcs give the dcnand-price
relationship for thosc cormoditics only, whogse omers
befare the price change do nct beleng to the market.

Discuss the above statenment pcinting out the assunp-
timm that will be violated if the ownera of the ecomcdity
belong to the darket before the price chonges That will
happen to the merket dcmand in such a case? . 20]

Explain the eoncept of ‘'isoquant' (cqual prcduct curve),
Dorive it frcm a procucticn function.

The following table gives the output per acre cf paddy
with varicus amountmof per cere’ ladbour eupleyed.

Output (Kg) 800 909 1,000
Labour {non-dayo) %0 54 70
(x20)

Pleasc_Turn Cver
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4e (contd,)
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1.a)

b)
c)

a)

. Asguning constont returns to.scele and cnly two fac-
tors of production viz., land and labour; give thc coordi-
nates of thrce points on the isoquant of paddy with output
level of 1,000 kga , Oorrcaponcing to the three output-lae
bour combinations given aboves .

Yhich of the three facter combinatizns the fermer
wvill adopt, if the rcnt per acre,is aore than tho wages cf
90 pan-days? . 20)

Explain thc problen of oulticollincarity, and develop a
teehnique ef dealing vith 41t. Is 1t always poosible to
get over thia difriculty by suitable catimation proccdures?

Supposc that two cxplenatory variables arc oxactly rclated
according to, .

Zipy =340 + 0524 » ond that
Yy = =18 +'2,0%y - 0u72py + vy .

Find an equatim for Y, that is equivalent to the

forcéoing and that has an a rbitrary value a« for the
cocfficicnt of Zpys [20]

Doacribe an Input-Gutrut tablce How will you obtain
natienal inccme generated by various scetirs,from 1t?

How vA1l you adjust the table for priee changes?
State 1f the proporticn of national dncoac gencrated in
differcnt scctors vill reuain invariant te price changes. [20)

Discugs critically lahalanobis nadel for Indian Plnnning.'
Docs it cngurc censistcney or balanced growth? If not,
how vill ycu supplenment 1t? (20]

In the study cn income d stritution, it ia asoumcd that

the change in tho inccme of an irndividunl is a randon

p ropertion cf the inceme cf the individusl in the last
poriod. Derive the distributicn law of incone and state

ito propertics. How is this law reclated to the concentra-
tion curve? [20]

Groun B: Teckno-Cormercin! Staticticq
(Statistical Quality Contrcl) - Speeial Paper - I

(Mswer any four questicna frén this group)

What':is a control chart? Statc cvidences of lack of cen-
trqi in a nanufacturing proccss ao provided by a eontrcl
chart,

D!sfingui'nh botween 3o linits and probability lindts ao
ugod on a contrcl charte

Deacribe the adv:mtaﬁes of naintaining a grcup' centrol
chart.

Indicate eituati~ns to usc the fcnow:lng:-_
(1) X - R charts, (11) chart for the number of defcetives,
(111) mcdificd control chart and (iv) chart fer noving

averases, [2444445410)=85
. (n31) RPloase Purn Qyer -



(a)
(v)

(e)

(a)
(v)

(a)
(v)

(a)

(v)

Expln how wculd you develep atandard values for (X-R)
chm freo the analysis of historicol data.

Expln what 15 meant by prccess copability and ‘discuss
how: can bo cstinated. .

If { nominal otandard (nornm) for scme quality characte-
rist (x) of a product te 1BO and the specificaticna be
+2 1 cent and =8 per cent of the noninal, obtain the
pl:r(ta,ge of itepa within ppceificaticno with R = 176

and’ a 2 = 4« It ip given that

ds & i
1,9 1 - 2,6 1 -
S o Ax = #47128 and é —=— 0 © dx=.4f
0 ~/Zr. VJK_
[12+845)=2

Expln the naturo-of quality protecetion afforded to the
cugicr by the various typcs of lot = by - lot-sampling °
ingrtion plans, by attribut‘.s.

Expn the pethod of constmcting a sin['lo ganpling AOQL
plaras uscd in Dodrc-‘ionig tableasl.Statc neccosary
assvtionse [1041045) 2!

whafeaturcs of a sa.':{;ling inspection plaJ'L arc braught
out' its operating characteristie curve?

Finwt the expeeted total cost of operating a double
samng acceptanec=rejectisn plan ,taking into account the
cosif saapling, cost of inspcetion and the cost of accep-
ting defective 1tems Deduce nceessary cxprossiona.
{10415]= ¢

Degibe briecfly a sequential sanpling’ Mupcction plan by
attiutes, given AOL and LTPD; producer's risk and con-
suncs rigks Show how i1t can be earried cut graphically.

Dists the salicnt featureas of Bowker-Goade sannling
insption plana for variables. f15420)= ¢

¥ri'notes on any feour ef the following:

‘nornal, reduced and tightencd inspection,

1:uge of rotatable desisns in industrial expcrinen-
tation,

11:drawbacks of atop-\-mtch time study as a ncthod f{dr
viork nmeasurcncnt, X

1 di1fficultics in sampling fron bulk uatcriul,
-selection of rational uub-groupa fcr purposes of
paintaining a control over current producticn,

v oxpregaions for ¢sy By and B;.as used in control
charta. L

.(lio candidatc z\vauablc

* Group C: Bismetrie Hethods (1) —|

Please Turn Ovor
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Group D: Deoiem and Analysis of Experimentg(I)
(lo candidate. availablo)

Group T: Sanrle Surveys (Theorotical Aspects)
'+ = Special Paper -1

(fnswer gany four questicna from this group)

1.(a) Ccznsider simple randonm saopling (srs) vdth-ut replacenent
+ of n. units from a populaticn of N unitge rove that
the prcbnbilit¥ of aclocting unit 1 at rt draw and
nnit J at sYB draw equals 1/(N(11-1)} where
143 =14eeey I a1d rfaoelyeeey No
(b) Using (a) cor otherwise prove that the correlation. coeffi-
cicnt between y! and yp is =1/(li=1) whero ys deno-.
tes the value of the unit drawn at ro) draw.

(c) Using (b) or othcrvriac ,d.crivo the variance -6f the sample
nean y = nl g ¥ie [7+8410)= 21:

24(a) Fer siople randon s:\mglina (sr3) ¢f n units with recpla-
ccoent from a populatinn of U unita, denctc ay=1 if
1th unit is at lcast once in the sample and zoro otherwisc,
Let n denote the number of distinct units in the sample,
Exprcas n  in terms of the y ml f£ind the expected

valuc of n, E (n)s Prove that E(m) < n.

(b) Suppose n = 3 .in (a).. Derive the probabilities thet
the sample containg 1, 2 an2 3 distinct units. lioting
that for a fixed o we have (sra without replacenment,
preve that the variance ¢f the unweighted mean of the
valucsg of the digtinct units in the sample is equal to

o2l=l) (iT=) s2

o » Gil .
wherc (N=1)S8“ = No” and o 18 the population variance.

(c) Consider sre withcut replaccaent of n units and assume
that the finite populatisn is a randon sanmple frem an
infinite saper-pcpulatisn vhich is normally distributed.
Prcve that: .-

ARG -_§>_
=)

is cxnctly distriduted as Student’s t with: (n-l) degrees
c¢f freedon, where § and Y are the sanple and pcpula-
tion means respectively and

32 =(n = 1)-1 z (yi - ;)2‘

(Hgnt: Y 13 a lincar ccombinaticn of ¥ _and the nean
of the renaining (X = n) unitse ] {7+1048)= 28
3.(a) Lot X, donto the pizo of 1™ untt (L=1,e..,0) in the

populations Deserite Lahiri's nmethad of sclecting one
unit vith probability propcrtional to size (ppa).

(xa3) Elence Tura Over



SD(N68) ~VITI(5)

5=

3.(d) Prove that the probabllity ¢f sclectisn cf 1“‘ unit for
’ Lahiri's nothod,cquals X; /X where X = population
total of the xi’ ‘

{e) Por unequal’ prebability sampling of n units without
replacement, (n > 1), dorive the variance of the lovitz-
Thompson ostimtgr A . - .

) Yyp = B3y /rgs-
where ny = prebabllity of inclusi~n of the 1“‘ unit in
the sanples ’

(8) Suppcso the firot unit is sclected with pps of the X,

and then (n=1) units-with sors withsut replacemcnt,fron
tho renaining (1=1), units,” derivo =y ond show that

the probability of oclecticn of a sanmple ¢f n units 1s

propertisnal to the total of the sizes of the units in

the enmple, 13474748]= 25
4.(a) "Ccnetder the difference ostimater id sy + b, (X- %)

for srs withcoyt replacement, where § ond X are
sanplo oears, X 1s populaticn zmean and bo i3 n pre-

agsigned constente Dorive tho vilue of 'bo aich nini-
miges the variance of ¥ae You nay assune, tho.formulae

.fox;' the vardonces of § and ¥ and covariance of § and
.

(b) Prove that 1f {V(F,) = V'{(54)] /V'(Fy) 18 to be lces
than a, then :

: : b 1/2 ven
. ' | "39' -1 I <[ al1-9?)8%1"" - :
where ¢ and B are the population corrclation and rc--

gression cocfficicents respectively and V'(id) is the
variance with by =8. . :

(e) Derivo an oxact upper bound to the bias of the classical
ratio ostinator reclative to its atandard errors

(d) Derivo the Hartley-Ross unbiased ratio ostimator for

srs without replacenent, : [3484747)=25

5¢{a) Suppose tho population consists of N primarics with I
sccondarics in cach prinmary. Cbtain an unbiasod cotina-
tor of tho population mcan and derive ita variance,
assuring that n primaries andl n  sccondarics within
oach selected prinary,are sampled with srg  without
roplacerente . . .

(b) Supposo thero arc two strotns From stratun 1 a x;_rr_)
sample of n units 1s sclected without replacctcnt
from tho N} unitas in that strotuns In stratua 2 there
are iy primarico with Uy scconil'uricu in cach primary.
A .sro sample of 1, primarics ond n, | sccondarics

from oach sclectod primary is dravm without replacement. ’
Suppoae the coat function is C = nlcl + NpCo+ NaDaCa

where ¢ = cost ﬁcr unit in stratun 1, e, = coot per
prinary and ¢y = cost por sceondary in stratun 2, -

Derivees.
(x31) Rloasa Turn Qver
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54 (D) contd. o .
* Derive an unbiascd estimator of the population mean and
then derive the optimunm value of 0, , vhich minimises

the variance of the estimator, for fixed C.

{¢) Consider a four stage design in which (' n> 1) primerics
are drawmn with gsrs with replacement.s Each time a pri-
mary is selected, a sample of gecondaries is solected
indcpendently vith uncqual probabilitics without replacc-
nent. Within each sclected sccondary, a sample of third
stage units is sclected with gra without replaccnent
and from cach scloeted third-stage unit,a systomatic
sanple of fourth stago units is gelectod circular systema-

tically. Denote by "
. ~ A
_ ) . C Yy Yoseesy ¥
the unbiased estimators of the n prinmary totals. Obtain
an unbiased.estimator of the population total and derive
an estinator of its varianco 12 terng of .
" A . y .
Y5 Yoreesy Ypo - {9+10+6)=25

G.(a) Questionnaires were nailed to a srs ~sample of n  per-
sons and n of therd respondeds Fron the ng= n-n,
nonvrcspondents a sub-sample of .rp = ny/k persons is
seleeted with gsrs  again and”“the valucs arc ‘obtained by

direcet interview, k ° boing fixcd. Derive an unbiased
estinator of the population mean. Derive its variance.

(b) If the cost function is' C = con ‘1 eyny+ CoTp u,fhcr_e__

c, = cost pcr‘mailing questionnaire, . ey = cost of proces-

o .
sing per questionnaire and . Cp = coat per direct interview,

dniive the optirum values of “n and k which nininise -
the expccted cost (EC), subjoct to a fixed variance’ Vge

(¢) Describe bricfly the merits of interpenctrating - °
gubsanples. . (20+20%5])=25

Group F: Tcchniquesa of Computation
(Numerical Analysis):-~ Special Paper - I
(Answer five questions from part A and one
quéstion from part B) *
’ PART A

l.(a) The function f£(x) = logygx *ia’ tabulatcd correct to 6
decimal places for X = «5 t0o X = +6 ~at an interval of
«00l. What is the orror in -log,,x obtained by lincar
interpolation for 5 < x £ «6 given correct to six
placesof dccimal . h

(v) If lincar interpolation in (a) is to givo 105.101: correct

to six placcs of deeimal © for any given x in (o5, 6)
without error,what should be the interval of tabulation?

(c) Suggest a method of co'ndcnuing the tablo in (b), [6+5+5)=16
M .

Please Turn Over
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v integrating the appropriate central difference approxi-
gtion formula for IR,x). obtain the gquadraturc forrmula

% .
1
kL toaxeHegagy) - T2 (ud £;- wat,)
°
+ v,vl_u_-glg (;,_4631‘1- ,,.)3t°) - %%—5(‘165:1 -uast°)+ ces
whero o
f’. o f(xi) 1|= 9,1
oFf .10 the r™ contrad ditforcncé.md
T+l 1,.r . .
') =i (a f +9 f ) [16]
R j+% 3- %

Suppose ..ot the cquation X° + &,X + 8y = 0 poascsscs

real roots a« and %. Show that the iteration

By = - (2 + 05)]z, 13 stadle ncar x = a 4f

lal > |15 the 1teration Z 5 = = o,|(z, + 8)) is stable
near x =a if |a] < |plp and the 1teration

Ty = - (7 ¢ a5)la, 19 stobdle near x = a 1f

2|a1 <la +gl. (54545016

Using Ohebychev polynomials, obtain an approximation for
cos x of the fora ’ . b

Ay s b s axt
with an orror smaller than 5 X 1072 over (-1, 1), . (16]

Show that the eigon values 1Ayy 1 =1,2ye.., n, of areal
RXn natrix A= ((t\“)) satiafy:

I'4 n n
1) ] & min g nax T nax Z |s }
| 4l £ 1 T ko I‘-\iklr 3 iﬂ‘qikl

L. w1
40 Iyl € Uoex B lager g D 4lanx Slagemag D2 z /2.
1 k=l b

(6+20]=26
4y, ¢ n 18 a non-gingular natrix which is partitioned as
under: . ]
My} ke
= Gsseapeccsens
xn Ay Ay
and —
L1 rly
-1
A =
o 0
.A.l A2..

such that Ay4(p ¥p)is non-singular and Pr in nloo of

dinenaion (p X ple
{vat) Pleast Turn Over
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6 (contds) ]
" .
22 - g
1) Show that A3 x Q) io.non singular (where q=n-p).

11) Obtain tho inverso of A in-termg . of the partitionod
natrices, ouitablo for computncion. (848)a16

T PART

7.{a) If y = f(x) “and  £'(x) / 0 for x° < x ( xl, phow that

the orror of the lincor inverse interpolation baancd on .
corresponding valuca (x,» 7o) and (x4 y;) 1o given by

£y’
=(y-y ) {y=- ) TS
Y=Yol\¥y=n [f'([)]
whore x, <[ < x if £*()|( £9(x))® oxists ond 1s
contlnuoua in that interval,

(b) Show also that thc nagnitudo o!‘ the- error is linitod by
!‘or . X, S x <%

where &y |f'(x)| _(_
[£%Xx)| £ 1ty
and Ix- x, | = he . . . [1446)=00
8, f(x,y), 18 continuous in the reglon R dofine
Ix=%,] <A and ly-y,] €3 and |f(x4 ¥,) (
In addltion £{x,y) safiufics the Lipschitz condition
* [ fxayy) - f(x.yzﬁ <1y, =¥pl. Show that the procedure

ot successive gubgtitution givcr)\‘ by .
X, +

Ypaa = Yo + 4 f(x, y,)ax
%o
converges to tho golution at x = x +h of
¥' = £(x, ¥y) with initial condi tion,

y-y° when X=X,

for a proper choice of h. Ay B, i and L arc positive
conntonte.. ] [20]

3] ~n ™
() « Plenge Turn Qver
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Groun G: Statistical Inference (Statistical Theory)
" - Specia) Paper - I

(Angwer any five qucstions from this g-roup)

1. (n) Stato and prove the Rao-Blackwell thcoren in the theory
of ostimation.
(})) Let X),%yeesy X, -be a randon sanple of size n from a
Poisson population with paramcter A, Iefine

8X) =0 £ X =0 and g(x) =1 if X3 1.
1) Show that e(X.l) is on undlased catimator ef 1- o

11) Starting with g(xl) obtain a botter entimator of -
l-0 - by using the Raoc=Blackwell thcorem,

iii) Statc, with rcasons, whother the estimate you arriva
at in (i1) above will te same whatever the unbiascd
ostimator g you start with, [2. 2.4443474£]=20

]."24<.:\) Explain the terms (1) error of the first kind (1ii) rando-
© 1 nised tost and (1ii) pomr-ﬁmction.

b) X:."‘z-"-' xn are n indcpcndcnt obacrv-«tions on a ran-

don variable X, with density function —é—- 8y und

R 1 'X/Q
Yly---. ¥, on Y, with density function 2.

‘X - obgervations and Y - obscrvntions a.ro thcnsel-

) ves 1ndcpendcnt. foer
Dorivc tho likclihood ratio test for Hg: 91 = 03
and show that the tcnt statin"ic is a mnction of x /Y

where x=% ]}-:xk-, -‘="2Yk‘ w

That 1s the aistribution of X /¥ (1) under and
(11) when "6j =265 ? ) [zﬁ.+°+6+9+3+sj

3.(a) Dofino (1) similar teots L\nd (44) teats hzw:lng Meyman
. structurce

(v) Exmino if the usual t-tegt for tcotigg 0 = 0 oagainst
‘ @ £0 in e normal. por.ulntion (e, has Neyman
structure, ’

~

:(c ‘Lot Xy Xpseesy X, be arandon sample of size n  from
the uniforn distribution on (91, 65)s Explain in detail,
how you would construct n Uniformly Mogt Powerful (L)
unbiascd test for testing HO: 61 £ 0 against H]_: 01) 0.

[24246410]=20

(x38) Please Turn Over
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4.(3)

(v)

50(&)

(r)

Ge(a)

(b)

Irdependent saznleo, cach of size rn, are tnken froa
pcpulatisns with froqucney funstiona

3 0™/® any 5 0™ €%,

Shew that (X, ¥), wlerec X=» Ex3 Y w &y, 43 puffie
cient for @, Show further thnt (x, Y), in not comylete,
ty conaidcring tha fuanctien XY = 1,

Use the Joint dlntritution of two crder sotatiaties ta
obtain confidence intervele for any quartile of a eonti-
raous diatritutior. .. [2+443]=20
Exrlain how the rrotlen of finding the deat invarinnt
eatinator ¢f a senle parcacter 8 can be reduced to a
ginilar protlea on a locttion paranmcter,

Let (Xps Xpreses X)) be a randos na::-_;lc'tren the uni-

fora diogtribution over (0, €)s Find tho best invariant
catizator of © 1f thre loss functinn {a

1) 16, a) = (g-=2)" .

. a .

1
4 1r = < Le
1) L, )= L - ¢ =%
. 11 otherwino
. [uo'lo{’s]sﬂo

Ir ) 13 the ::-ud.:m:\ 11kelikood cotimator of 6, prove
that (3) will be tho maxirmun likelihood catimater of

T (9). -

Consider a power ncrics di.,tributian P(X=k) = &, -r-(-l:)

k = 0,1,2,60¢ -fron which is a.'anablc a not XI,X.,....,)L‘
of n d{ndcpendent obacrvatizns. ‘fritc, X --(x.l‘.... Xy)e

Show that the naximum 1ikelikosd catinmater of & 4s a
root of the cquation

- p [] G Y
. = g{.—r&e- . . [
If X 4o tinomially diatritutcd as 3(1,p), estinmate p
ty aolving the abeve equation exrlicitly. [746+7)=20

Group 1f: Probability Theory  (I) (

({0 canlidato evallnblo)

(N39)



INDIAT 3TATISTICAL IHSTIT Ll

Statistician's liplema ¥xgnination = lovenmber 1963
Paper IX: Subjocts cf Suceialisatisn = II {Thearetical)

Tipet 4 hours Full _ar):s:';'so

(2) Candidotas arc quuircd to anawer questiona
fron that £raun oniy for which they )a4c
regiaicrdd thoir opticnaa

(b) Pigwres 1n the mrerin indicate full Darkd.

- (Irdfm Ec"no‘.!'cn
iy ")-ﬁpucu Paper 11

Iacuorles
_(Anpwer tny thoci” . vudona frem thiz scetisn)

Yy

Sartian oD

1, Discuse the patisra of astiiuticnal reforms-that you
congsider neceaacxy. to.lring absut Zasting agriculiural
progreas in Indiae ° 124]

2 Cozment cn the trend of Indiats naticngl facene growth N
and its dintrltution ov in:-mtriz\l origin-sins e 1901, [161

2 Give a critic-\l (-ppr.\:.” od “tha rcln of the uubl.c sector

in the indugtrielizadion of Irdia ~f: ..cc indencndcnces - W]

4 Analysc the tearinga M‘ th2 prc«cnt nt:n:\. of Inliea ngri-

! culture on the country's ricent eednom e ericly of receu~
sion anidsat inlation. {252
5§ Bxamine tre veasons fci %lo cuvonle “erdenzy of Indis's
* exports to to leec than hier iapoxrtse Susrest rencdies Lo |
this prebdblen. JdC
'Si Disnuau how nampolis*ic dc:clcpxcr".) in the atructuzc of
organiscd private tusincgsa I Indin, wlfer *‘ tie %asi of

ccononic plannirs vithin 4y framewdrk of « nixed csonanmy, [15)

TN
Srcti sn It = Beonrpica - 2f Florning

(Ans\:cr any th_g: questisns from “hia cection)
7d lain the proccdurce of coratrunticn of Inter-induatry
ables and denorsizate tuc cpvivelence of the different
conceptu of nnti.,n income,vith the help of intcr-mdm,r
ncco\mtu. Ts?

Y Explain how docq td> Hahrlanobin two-scctar model demonge
! trate the prierity 3¢ inveptacnt grods induvstrise,for
ackieving long-ran ecoronte grywshe 18]

Ze Exanine how far ‘dntcerned \'ou.nt:\ry u-‘\'hgc oroved %o te
! adequate for fuifilling the Luvestmont tar-ctn cf the
sgcond ond third Five Toar Plann in Inila. Acacsn the
rble and conaequencen cf defizlt rinaneing and foreign
- loang in thia cc“\nc(.ti’)n- HalcH

19.  Give your saggestions fov tho re “ormitation of the troad
' ptrategy .0f ceoncote planning aa India. in the 1lighe of
the exporience cf tie leat two Flve Ycer Flanae 116)

11,  Evaluate tlLe experionco of %ic Indlan eeoncay durine and

' after tho Tldrd . Mve Yonr Plan with refercnee to (a price
movements, (b) igduatrial ).r'\ﬁuctior., () rgricudtural -

producticn ard (r‘) pr*‘flcm of uno':M R3Ge'S AN i

L.!

(Hv_lu) ==L urn Gver
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12,
(a)
(v)
(c)
(d)

Neatnens (

Group B: Teslno-Czmmered

o

ala

Review your understanding cf gny tws of the fallowing:

Vicious circles of ﬁndcrdovclcpncnt
rolc of agricultural surplug in econsmic dovelopment
warrantcd rate cf gro.vﬂx

indircct labour cost of a comodit_,' in the¢ statie
Lecnticf systens

Sceticna I end IT)° : . -

Group B:-Techno-Commercial Statistics (IT
Scc.I. Operaticns Research
(Mo _candidate availablc)

© Soction It

K.B. ig;

{(Mternative) = Blemonts of Birk=keeping o
Accountan Accountaney
. Full oarkd:

Use geparate anawer tock for this scctisn.
Angwer Qe 104l and any three que..ti:ms l‘rcu .
tho rest of this acction,

al Statistica - Speedal PnE'r 11

70

1. Froo the following Trial Balance-

and nntes, make out

(a) Trading and Profit and Loss Acccunt for thc year cnded

3lat March, 1968 and

(b) a Balance Shect as on that date: .
N Dr. Cre
. 1A
NMaterial consumption ~ - 1 80,000
¥ages - 50 000
Salarics - 45 000
Sales end Returns - 3,000 4,430,000
Closing Stock of lMaterials = 20,000 .
Factory Expenses - 30,000
Opening Stock of Finighed goods = 15,000
Cepital and Drawingo:
A - 8,000 50,000
B - . 5,000 40,000
Rent - .- 6,000 . .
Plant and Machinery - 1,60,000
Debtors and Creditors =7 40,000 30,000
Bad Debts - T 3,000
Provision for Bad Dcbta = . 8,500
Furniture = . 4,000
Ingurance = 3,0CC
Postage - 500
Rateas and Taxoo = 300
Oash - . 1,000
Bank - . 4,0C0
Discount Allowed - 700

Noteat

Provisicn for 3ad Debtsto
on Sundry Debtorce.
Outatanding Salary Rg.1,000.

UNTIR

553,500 5L5A.500

Opening Stock of Naterials Rse25,000,
Closing Stock and Finighed Goods Ru."o 000,
Provide fer 10 per cent dcprceiuti')n n all Fixed ansscts.

be naintadned at 5 per cent

Plense Turp Cver

(8+8)=(14)

4l

r(a)
{v),

(e



sn(§us).xx(a)

1. (contds)
o licteas :

rovide 6 per cent intercst cn ct\pitala.

7) Profit is shared equally, by A‘and B . [10+7+8]- 25)

2.(a) Define 'transacticn® with 3 111ustraticn

'(b) Writc a shert nstc cn the *Rules of Joumnlising s 85 npp]_i-
cable to difforcnt types of Accounts,

(e) ¥hat is 'Jcurnal Proper'? Y%hat arc its uses?[4+5+(3 x‘.)]=(15]

S.f - Make out a Josh Book with imaginary figures for:

Opening Canh and Dank talancese.
2 withdrawvals fron Bank,
2 deposits - of cash frem cach balanecc.
Payacnta « cne eash end one cheque at least, - .
Receipts = cne cash and cne chcque at leasts . {1s)

o0 op

Pass cntries to rcctify the rollovrir.g érrcrs:
. {a) Repairs to furniturc Rs.500, debited to
. Furniturec Account,
(b) Rs.538 rcccived from lre A credited to hin as
- Rg§e308, .
(¢) Rs5.500 paid to Mr. X, crcdited to him.
(d) Rs.362 received from Mre B debited to A's
Account, . -
(¢) Rs.231 paid to Mr. C crcdited te-kin as
. Rs5,132, [3x 5)=(15]

5;(5) What 4s cclumnar Petty Cash Bock 2

(b) Discusa in dctails,the ne:\ning ma Operatiop of
Ioprest Syatcn of yctty Cache- *

(c) E ﬁlajn tho differcnce tetween Trial Balancc and
ance Sheet. (4+46+5]1=[15}
6{ . Make out Ledger Accounts fer the: £sllowing transactions: -

{a) Rent paid Roe5,500 and Rent outstanding
Rs.500. Last ycar's outstanding wan Rs.1,0CC.

(b) Balance of Furnituré Acccunt is Roe4,000
K Furniture was purchased for Rs%1000, Provide

o
e

depreciation 10 pcr cent en opening balancc,

(¢) Salary Rs.13,000 paide Salary paid in advance:last
ﬁca.r vas Rs.soo. » Salary outstanding this year is
8.1,0C0. ) [5 X3)={15]

§3ction IT: "Stntinticnl !ethads 4n Busineas =(30 marke)

(1) "Vac a ncpnrate angwer besk for this scetion.
(11 Anower gny tw~ questicns frea thio section,

le (n) How would ycu estinate the demand for tolevisisn sct {n
a tovm ,shere a televiaion ssation is going t5 be'sét up
30on? How would ysu dstinmate it for the whole ccuntry
during. t).c next .ten yeara?

(v) Give sore, \:unincsn ferccasting techniques. . [7+8)=(15]

2:(a) Explain the use of atatistical methofis (1) Job evalua-
v ., tion and pergsnnel selecticon  (11) ‘evaluating the effce-
tivenesa of bonus and incentive schenes.
(b), Explain the unc of conpling nothodq in “ccc’-‘“tm‘-‘¥ and
4

auditing. 44447)2{15]
(N12) Plcn*c _Turn Cver
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Se

A firn can advertisoe its osds through (1) daily ncwa-

apers, (11) weeklies, (1{1) nonthlics, (iv) radis

Yv? pests "It wsnts to go on inmproving ita advertising
policy stcadily in the lignt of the rcsults obtaincd fron
oonple olirveyse Explain how ysu would advisc the firn to
plan 1ts advertiscment campaigns. [1'.-}‘]

Group C: 3ionctric Ilethods
(llo_candidate available

Grouj- D: chir“. :md Annlv«in cf Experincnts -Speeial Paper h
(Cenmbinatorial Aspectn).

(a) Answer gny five gquestions frea this group.

1.(1) Show that the ring M. of intcgera modwlo n is a ficld,

and cnly if o, ic a pribe nunbere

(41) If a ficld P 1is finitc and has n clemehts, show that

n 1is cf the forn p2 vhere p 1s thc princ characteris-
tic of the ficld F and” n” 15 a positive’integer.

. vop o : g .
(111) Show that for GF(3°), x"+1, X°4x42 .and x°+ 2x+ 2 may

>

‘ficients frem GF

cach to taken as a ninimun.function. Dotcrmine, in gene-
ral, the numter of polynopials c¢f degree n . with coef=-
(pg and irrcducible in the sanmc ficld.
[6+6+8]=(2c]]

Let p’;_]‘ p2 oee p:“ bo the cononieal prime powcr decompo-

sition of v and N(v) = maxtmun number cf rutually.
orthcgonal latin squarcs of order v aond -bere

n(v) = lfin (pzl, poz,... p::“) - 1. Show that

(1) n(v) _E n(v) <v-1 *
_(1{.) in general, n(v) £ n(v), [10‘1°]=[2Cp

State nccoaaaﬁ conditions ¥newn to ycu about the cxis-
ténce of pymmetrically balanced incomplete bloeck (BIBD)
deaignsoe chcc cstablinh the 1npossib11£t_/ of the follow=-
ing BIBD: (22, 22, 7, 7, 2), (43, 43, 15,715, 5

(77, 77, 20, 26, 5. ) Brsrsea)=f2c)
Let "1 be the incidenee matrix of the BIBD:

(vgs byy Tyy kyy Ay) where by = 4(rg=xy), 1 = 1,2, and

lct !.11 be obtained frecnm xri by changing the null cle-

" ments into <l. Show that the design M obtained from the

Kronccker product ”1 x N,., by changing the clements )

to 0 15 a BIBDs Obtain thc paranctera cf this new BIBD.
: [1535])=(2¢)

Ict ¥ be the incidence matrix'of a PBIBD and 1let
By = (uijt)' where, agqy = 1 Af the troatnent pair (1,5)

is a t-assocciatc and zero otherwine, 1,J = 1,2,4e0, V3
t=1,2,000y Na, Eatubuah that ¢

(1) mr! =rI + 1: A¢ Dy

(11) the :mltiplioitj of the rootas of I'i' is indcpendent
of Ty M apresssige . ics0)=(o0}

- (%) Plcn:'\c Turn Gver
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e

Let I be the {ncidener matrix of a bincry cqui-replicate
dcolgn of ennntant black olze, k, and X tho nuater of
cormon trecatmonts totwoen twn blacksa of the denlen,

Shaw that x psatinfico the inequaliticso .

o 20k =D)
Uax (0, Zkev, kep) € x< Min{k, kau + —"r-;

where 1, %, ¥ and b have thelr ununl reaninpa and
{5 the largeot characterintie root af INI* amaller than
rke.

Show that 1f b = 2(v-1), n balanced {ncempleto bloek
deairn with pnraneters v, b, ry k and X cnrn never be
reaolvablo 4f k  ‘is odd, [10416])={20)

In a symetricnl factorinl cxperinent with o factors

oach at o levela, if two treatmenta arc eallcd i-apns-
clateo (1 = 1,2,4.., m) when the levels of exnctly ne-i
factors in ono treatnent are the arme an the levels of

the ccrreop~nding factarn in the other treatnent, show

that guch an asotceldaticn aclene satinflen the rcquircnenta
for the annoctiati-n schlicne of a I'BIDD, Obtain n and

p1j for this, asaccla®icn achencs ’ 1 (20]

Leacribe a method of conatructicn of a —IE replicate cf
a o donifmn and explain how in puch cxrl?nncntu cenfrun-

ding can bc reanrted to, for cffcetive clininaticn ef pgafl
heterogencitye
lhw can a act of (a=1) rutunlly orthsgnnal Latin Squarco
of eide o0, be used t~ ecnstruct an ._%. rcplicate of
o=

. e
an n‘”" desirm? Writo a eritical nste cn the nerits
and deocrits of fractional replicates obtoined this vay?

(7534733 )a(20]

Group E: Sample Burveys , = Organigati~nal Aspecta
Special Puper I

{Anower any five questisna fram this group)

Doseribe various methads ¢f data collectizn in a panple
gurveye Dincuss thoir nerits and demerita. MHenticn situn-
tiono ef preferring one particular nethad to othersy

{104548)={20]

that ape the factora that shauld bo taken intn cenoidera-
tion whilo nuggenting the qualificatisn of varioun cate-
gorico of inveatigating and supervigrry staff.in a sasple
gurvey? Dipcunc the advantages and disadvantases cf
onploying whole-tine otalf, part=-time ataff and extioting
adainistrativo otaff fcr ecnducting the field werk of o

1argo ocale sample surveya [10+10)=[20])

“hat arc coot and varimnece functions with rcfercnee to o
paaplo purvey? What type of data do yvu rcquire for build-
ing up theoe functisng and haw dn you obtain then?

Deoeribe, with a suitable example, the method of dcternin-
ing the oample o{ze which in 1likely to give the cgtiante

with paxirun precision for a given cost, [545+10)al20]

Explain clearly the ceneent of neneganpling errors in
survoyse ‘'Mhat aro the varioug:reaccns fer ncnesanpling
orrora?. "hat stcpn will you guggeat to contrsl then?

14+848)=[20)

(xa9) Plearc Turn Qvar
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5.(a)
(_b)

(e)

Ge

7a

1.(a)

(v)

-
5=

Deseribe variocus steges of processing of data collected
in a surveys '

Deseribo methods ¢f controlling nunerical crrors in largo
geale statistical calculaticnse -

Givo some cxanplcs to show that defocts in sanpling frame
nay aor:o:;‘.mea be conpensated by suitably adjusting the
results. : : [8+6+46]=(20]

It 13 proposcd to organisc a post,cnuneratien check survey,
for checking the quality of data planncd to bo collected
in 1971 population ccnsus of India.

(1) What ehould bo the sampling unit and
sanpling frane?

(11) Wnat stratification would you susgcot?
(141) What arc the items on which you will like to collect

data.?
[Mote: 'T):o villagevise data of the last populatisn
. ccnsus arc-availablca.] ; {74746 )=(20]

Yritc short notes nny three of the fcollowing: -
(a) 'Maatcr”e'unplc_
(b) Budget and cost eantrol
(¢) Mechanical tatulation
(d) - Scrutiny of final report. {20]

Croup P: Technigues of Connutr\tl'cn = Special Poper IT
Practicnl

Time: 5 tours Pull narks: 100

A) Mgwer any five quegtions fron this groupse
b} Figurcs in the margin ‘indicatc full narks.
¢) Usc of Calculating Itachines i~ permitted.

Find the nunber of terms rcquired in the expansion.
. 2 1 1 - :
Omlaqr AT gT e B
to compute %' cerrect to 8 pleces of dceimalse

Van der Wasla' equation of statc for a reol gas is:.
éxprosacd ags .

- (b4 A2 ay .o _
v (b+p)y2+ap—v <0

where a, b and R are constantss The cquation beeomes
a cubic in V (volume) for constant valucs of p (prcosurc)
and T (temperaturc). Assume that for a ecertain gas there
cxtets p=p, and T =T, ouch that the cubic equation

in V has all roots roal and oqual. Lot VY, denote.the

valuo of the roote Find the accuracy rcquired in the *
deternination of the esngtants a, b and X so that Vor
pe and Ty,pay bo determined to within 0,05 percen

of their respective truo values,

. Please Turn Oyer
(¥15) -
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Using the following table c¢f velues of the incomplete
normal probability intcgral

F(x) =

J (2n)
x

find bty interpolaticn thc _values of

(£ Lod

exp (=t2/2)at

1(x) = f (2x) 2 oxp (-t2/2)at

for x = 0401, 04675, 1,05

1.1

Rx__

0450000
0446017
042074
0438209
0434458
0.30854
0427425
424196
0.21186
0418406
0415866
0413567

Find by Euler's sumation formula, or otherwise the sum

1 1 1 1
SO IWI WL T

Find the real root, correet te five placco of decimal of

the following equaticn :

3 5 ‘7

AT
x-S+ -5+iE "o

'9

*Tabulate the nuncrical sclution of

dy
. %=

for x = 35° (5°) 60%

Find the largest latent rost and the associated normalised

Sin x + Cos y

= 044431135

X = 300, y= 45°

latent vector of the symcetric nmatrix ¢

04567

A = | 2429C 04,067 04709
06499 Cell3 04311
064417 04070
! 16472
Solve the cquationa: .
15,129x) + 23.860xa + 1,793x5 + O 998‘1:4 = 4,583 (1)

23860, + 544756y + 3.635x5 + 3e511x, = 10,091 (11)

1.793x, + 3.835x, +18.205x5 421,122x, = 29,156  (111)
04998x; + 3a511x, +21.122x5 460,516x, = 60,173 (iv)

Group G 1 Stutiwtical Infcrence (I1)
(No eundidute uvafladle)

Group 11

(No caniidate available)

rotability Thweory (H) |

i

(N18)



ILDIAN STATISTICAL IngTITUTS
Statistician’s Diplona Ekpninaz #n - Novembsr 1958',
Paper ¥ - Subjects of Speciliasation - III (Practical).

Tinet 5'hourq . Full rmarks: 100
i) Candidates are required to answer .questions from trhat
group only for shich they have registered their eptiona.

11) Figurss in the margin indicate full maria.
111) Use of calculating machine is [.er.r.ittc. .
GROUP As ECONOMIC STATISTICS (Special Faper III -Fructical)

. (Answer any three questiéns from this group)

1. The expansion prograr~e for the rroduction of-electric
power in a country envisages an annusol increcse in output ty
7200 :%h. The new.power stations built for this rurpose skould
have a total penk carpacity of 2307 MW with a guarantoed tctel
mininum capacity of 1692 175, The plan fer the corstruction of
pewer staticrns takes into account five types of yewer stations:
(I) thermal power stations, (II) hydroelectric stations vith
reservoirs, (III) hydroeleciric stations en rivers, (IV) power.
otatlions with eluice installations, (V). power stations orerated
by the ebb and tide ef the ocean.

The following table presents the. principal technical data
per unit of guaranteed capacity of thes_e types cf poewer stations.
. 1y .

N . TYPZ OF FOWER STATIONS
- . I II . ITI Iv v
agteed Caracity
Guarasgeed JaFacit[. 1 1 . 1 1
Peak Capacity " 1.15 1.20 * 1,10 3 2.15
T (MLT) P . .
Yearly Output 7 1.30 & 1.20¢ 17.35 5.45
(11.%.h) v :
Building Costs 97 120 . 420 310 313
= investnments :
(nillions of .
National Currency) S
Yearly Operating 136 101 56 140 79
Costs i ‘ R .
(Million of National
Currency)

Derive the optimum solution if the Joint ccnotm;tion and
opexjating costs, disccunted at 8‘/.,have t3> he tiriniged.

- -~ -Conpare. the doniv‘ed results with the requirenments of
the plan. :

(32)

Pleanc turn over
(N47)
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-0 .

2. Agricultural eutput in year t (Q.) of a country A is

related to its lend inpute(A,)
following producticn runctiok

b .
o = ()% (LR o) Tl

relationt

and labolr input (Lt) through i~

vhere a8, b, ¢ are para-

meters .and u, is a randon disturbance, vhich has the followirg

properties:
1) E
. 11)
113) E (uy u,') = 0 for t = t!
Assuaing that A

(uy) = O for all ¢t

Q]

(uzt) = o2 for all t

are non-stéchastic variables, derive

and L
the least lineaf‘ unbiaﬁed estimates of a, b, ¢ from the data

.of. table below:

% At I‘t Qt
(million acres) (million man-years) {million tons)

0 62.1 21.8 5.35
1 & . 6443 22.2 ' 5.56
2 “, 665 22.5 : 5.68
3 71.0 22.8 5.93
4 o 10.% L 232 . 5.98
5 72.5 24.0 6.31°
6" 75.4 24,5 .5.93
7 7641 25.0 6.31
8 77.9 25.5 6.67
9 82.8 26.1 6.43
10 83.3 26,7 5 - . 6.85

—t—

*  Derive u.h unbiased estimate of the variance-covariance

matrix of your estimates of &, b Bnd ¢.

Test the hypnthesis of constant returns to scale.

e

3. ‘You sre givew time serics data (relating to demand for

tertiles
the following variables,

Y= iogarith: of cnnsum;;tion per head
x = logritha of real income per-head- -

X, = logerithm of the deflated price of the gommedity

in a certain cnuntry for the period 1923-1939) on

The follening matrix gives the sums (in the last column), sur.}_
af squares and sum »f products- of these vnriables:

a o . bd
N Yy - P R . Xy 1 ;
Yy  76.658975  72.596420 67.441918 36.0763

xy 68.841788 64.064566  , 34.2078

x, 59.759499 31.8339

1 : 17

CAlcﬁTnta the in‘cone end price. elasticitles of demand and thv
_(N4R) ) ’

standard errors.

Pleane turn over
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i .
4, The following tdble gives the rer cnpita monthly exper-
diture on all items and on su,;ar in.urban areas by Fer cep ita
expenditure clusses.

rational Sample Survey, .12'.)1 Round - ('nrqh}-Au{;us:‘l%?)

ronthly per[estimated menthly per eapita expenditurc
oapita percentage (in rureec)
:ig:ggéture o.f‘ pon\jlation 211 items suzar ealy
(in rupees)

0-8 U laum T 6449 T oae
8-11 18,26 " 9.49 ' 0.22
11-13 .85 7 12,02 k 0.29°
13-15 10.76 14,00 ' T
15-18 12,92 16,50 ' c.02
18-21 T8 10,53 . )72
21-24 i 6.02 22.57 - 0,713
24-28 8.4 . 25.79 Ce L0492
28-34 - 3.69 30.84 - 1.0y
34-43 2.84 . 38.25 . - . ) 1.26
43-55 1.70, 19,29 : 1.49

_55-above '  1.80 . 105.24. N R 1

. Draw the Lorenz curve for total expenciture, corcertra-
tion curve for sugar and relative co'\centration eurve tor sugar.

: Bithér, fit a’'constant elasticity “r.,_,el curve for tla
consumpnon of sugar: .

a{y <Y)

Or, fit a function of the fom Y = 7= 2) for X 27
for the consumption 01‘ sugar. . 0 for X</
[t\asume an arbitrary value for /” (uM)J : )

3
5. Below 13 given. the tr'msactions matrix for Foland for
the year 1956.
o
(0) - . Prepare a smoll note’ cozmenting on the interestirg

features of the inter-industrial and other tracsactions of
the 2olish eccnomy. Illustrate your answer by percentcces, ete.
derived frem the table. .

(b) Cbtain a 5x3 1nter-industry trancactions table by siz ply
oggregating sectors 2 and .2 ¢ 1, 4 ond 7 and 5-and 6. .Work eut
the corresponding input-sutput coefficiert matrix. (32)
Neatness . 1)
Rlease turn over

(N19) ’
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t-output tabl 7 5 B
. . Tnput-odtput table : Polund 1936 (Figures in thousand of mitiions of 2lotyn)
9:.?:...:».:;:;:.».... .

.T Net oulput
. - N L-E
: $ LX) 2 . ]
Inputl [rom ] K - - . p
inaustries || 32§ - 23 3 <8 o8 35°85 o tpat
: ° % * 3 Ed . @ - LT3 outpat |
e he = -v.. M = O - ER) ' o @ mn m L]
- ] W.-l .&.ﬂ d e -8 < 2 wl = o og
l“ E] - - m & - -t o a s e e gu
b - 3 N o - ~ t » u % u ° o st °
8T ¢ i ¢ 89 % Gi| 3 | i 3% 2% iz £3: &4
) : S8 7 -2- -3 &3 £ 83| 8 d S8 88 &8 &5 uwm
) (0 B () G_®_&[E ) « (19) () (13 (1) (1)
1, Industry and - ’ -
londicrafts - *1125,8 9,0 0,1 15,4 4,1 3,2 0,4 158,3 | 25,9 106,0 3,4 1,7 12,7 ‘0,4 326,4
2. Agrtculture 3,1 8,4 - - - - - 11,5 | 9,2 62,3 0,6 0,7 0,8 - 163,8
3. Foréstry 3,0 0,0 0,0 u,1 0,0 - .00 3,1 0,1 0,4 0,0 0,1 0,1 - 3,8
1. Building 2,0 0,1 0,0 L2 0,3 0,1° 0,0 3,7 - - 0,4 40,8 - 1,0 43,
5. Traneport and soe e e T e e . . 5
Comsunicetions 0,0 0,8 72,3 0,0 3,9 0,0 12,8 1,7 - 6,0 0,2 - - -
6. Trade 1,0 0,0 0,4 00 9,0 9,9 5,8 9,1 19,8 1,3 - - -
1+ Tewaining .
materiul output | 1,4 - ~ - - - - 1,4 %) )2 - - - .
Total . 173,5 99,8 1,: 19,4 4,4 7,C ..d.‘ ‘200,68 | 28,3 ._mu.q 11,4 50,3 13,3 -),86 .
8, Imports ° 16,9 1,0 9,9 7 3,2 4,6 g, )| 18,7} o, 59 J,6 53 9,8 0,35
9. Depreciation 11,6 5,2 " 9,0 3T 1,9 3 )2 19,9 - - - - - -
1. Net outjput | 125,» 7),6 .2,6 23,8 1,9 19,8 3,2| 232, - - - - - - :
i1, m:l.- not balanced| -8 -1,8 - -J,2 =J,1 - .- =2,4 c- - - )7 - -
Gross output 326,4 165,8 3,8 43,9 14,7 27,3 3,8|,%85,7 | 28,4 183,7 11,7 62,3 14,1 0,1

Fewarks : i) Figures 9,9 demoté quantitics léss than J,03 thoununds of millions of Zlotys.

i) ne_._F-.. 14 includes J,2 under Industries and Handierafts and the reooinder is accounted for %
"Suaw not balanced”, ’ -

Please tumn over
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GROLP B: TICHIO-CCOIT-ZPCIAL STATISTICS (Spttgll‘cng:r nr

1)

I .  STATISTICAL QUALITY CONTRCL (50)

I . OFZRATICHS FISTARC! OF
BCCK-KSTPING ANQ GCCOUNTANCY (30),

IIT . ° STATISTICAL METHOSS IN BUSINZSS(ZO)

- .

-

Section 1. Statistical Quality Contral (Sreci%l paper III)

(Answer guestior. ne.l’'and any three fre:a tho rest of this section)

1, A large ranufacturer ~f a detergent fecls that the proper
packeging of the dctergent sicht incrense saleo. Therefore the
organisation decides to experiment vith 4 typen of peekugsing.
These represent the one facter of interest in the experiment.
However, other factors that =might be centrolled in crd:r to
rrovide a more efficient experiment, {nclude the lacntion »f the
.ators (A, B, C & D) at vhich the detergent 13 sold and the doy
of the week (Monday, Tuesday, Weanesday & Thursduy only).

As a basis for coaparison of different experizantdl designs,
let us suppose that packeging has ro effect on salee, Mowever,
we shall assume that sales for different days o§ .the weck and in
different stores do vary, and cn en nvereg? they are a3 follews
irrespective of puckaging, *

Expected Sale af Detergent
(Hundreds of Pounds)

s [
. Doy of the Veck Store
. . oA 13 C o .
Yenday 16 17 27 18
Tuesday 19 29 22 17
Wednesday 31 26 28 28
Thursday 23 15 7 17

Consider and ccmpare the following experizental desiyns
in analysing the above data
1) Completely rardomized design
Eg Randonized block design
3) Latin Square design.

. . ' (14)

2. A company sanples 4 stecl rods cvery ®islf-hour and deter-
oines their averaga teneile etrergth. On this basis, it decides
w“hether a process is or is nct eperating saeicfactorily. Fast
experience has indicated that & desired process averyge.is 6CO
rounds per square inch and the process standard deviation is

20 pounds per square inch. The company is willing to run a risk
of 005 of slopping the process vhen it is operating satiufac-
torily. Specify the upper and lower tounds #n the tensile stren~
gth, within vhich the process thould te undisturbed,

(12)
3.(4) A company accepts or eejects lets of 1C,00C machine parts
on the basis ef the followiry decision rule: Select a aimple
random oample of 200.jarts, -If 1°/. er more arc defective,
reject the lot: othervise nccept it. Plot an epgropriate opera-
ting characteriatic curve for this decislon rule.

Maeass turm over
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3.(i1) In contrast, suppose that the compary modified it deci.
sion rule to require a sinple randonm ‘soaple of 1000 parts,
instead of 200 rarts. Indicate approximately the effect of thi,
change in sacple size, upon the 0.C. ourve. °

(8+4) =12

4, (1) The rumber eof accldents in a plant varies from week ta
week. The nunber &f verkers cmployed and the hours worked ren&‘r_
fairly ocnotant from ‘dne week to the next. The firm wants te (% 1}
a control chartato determine when and vhen not to take actien
on its safety Frogramme.

For the first thirteen woeks ihe, aqcident'report guvzs
the fellowirg:-

—

week no. of week no. of week no. of week no. of
ending acci- ending acci- ending ecci- ending acci-
dents ~ - dents - dents dents
g R
Jan 9 13 Feb 6 11 Mar 6 - 17 Apr 3 12
116 12 "o13 16 o115 - o
L —
o83 9 "o20 17 - 2 16
130 1% 2T 1S o271 14 o

PLot the control chart cn thé baals Af this informatior

(11) Let us supposr that the follovdrg dt;ta are cngpiled fcr[
the ensuing 10 weeks. How dres this affect the safety program-e.

week no. of week no. ef wock no, of
ending accidents ending acclderts ending accidents

Apr lay 1 12 Nay 29 1
10 1 8 10 June 5 18
17 10 15 8 12 4
24 27 ) 22 16
(6+6) =R
S, The industriel engineer of a company must design a funch

press operation, to stamp cut inlays from ctheet metal. He
considers two alternatdve methods which differ enly in the v
the metal is eiled. lethod B is more time-consumirg than methud
A. However the engineer is uncertain about the,proportion cf
defectives te oe expected from each method. He thercfore conduc
a comparative experiment to prnvide a basis for decision. The
engineer has 5000 inleys stamped by method A,resulting in 255
defectivea and 4800 inlays stamped hy method B,havirg 216
defectives, .

¥hich method should he chocrsa?

Sinze the method B is slower, ﬁ;e-enginoer' feels that {r
the difference between the two population proportion is zero,
he wishes only at 0.0l rick ef adofpticg method' B.

‘e

. Pleane turn over (1'é)
(Ns2) -
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Section IT: OFZRATIOQNS R':TS'::I;RC!?
(Mo candidate avoiladble)

Section IT (Altcrnntivc): Elements of Mwok-Heepins & Acccuntancy
» (Gpecinl rejer 1i1I)

(Answer any tvo questions fron this group)

1.(a) Vhat is a Bill of Zxchange and vhat are 1ts advantage
to & trader? . X . ’

(b) 1Is agreement of Trial balance a conclusive proof of the
accuracy of books of acccunts?

(7+8) = 15
2.(a) Vvhat is a Bank Reconciliation Stutement? ’
o o "

(b) Fron the following particulars, prepare a tank Recorci-
liation Statement as at 30th June, 1963:

(1) Balance ag, per Fass Book sn 50th June 1968 - Rs.1655/-

(i1) Cheques 'anou;xting *to Rs,1623/~ issued to suppluers
en 29.6.1968, were presented for rayment in July 1968.

(111) The following cheques paid inte the bank cn 29. 6 1968
were collected by the bank in July 15682 =

-R.Bose" Rs. 260/-
AMitra Rs. 150/-
R.Sen Rs. 540/-

(iv) The follewing anounts were recorded in tae Cash Book:

Cormisaion debited by bark Rs. 20/-
Interest credited by bark Bs. 30/~

(¢c) The following figures relate to a business:
Bad and ‘Doubtful Debt Reserve at lst Jan'67 Rs.1400/-
Bad Debt written off during the year Rs.1200/-
laintenance of a Reserve of 5°/. on Sundry
Dedbtors,vhich stood at Rs.18000/- en 3lst
Decenber, 1967. .
Show the Reserve for Dad Debt Acedunt in .the Ledger.
4 (3+6+6) = 15

3.(a) Explain the follewing terms and indicate their treatment.
in the Accounts:-

(1) Fixed Asset, (ii) Vasting Assets
(111) Intengible' Asset, (iv) Secured Loans.

(b) Prepare a Balance Sheot showing at leost five inaginary
itens on each side of such Balunce Sheet.

(8+7) =15

Please tum over
(N82)
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Section III: Statistical Methods in Pusihesr(Special Paper Ip)

(Answer any two questions from this section)

1. Suppose we have a randen samfle of 900 radio sets in
operation in Calcutta during an important broadcast by the
local station; 330 ofs these eperating sets were tuned to the
local station.

Obtain a 95°/. ennfidence intcrval estimata for the
pmportign of operating radio sets,which actually were tuned
to the lecal statien.

(10]

2. Suppose the financial manager of & company vishes te
know the proportion of accounts receivable at each branch
store, which are mere than 30 days past due, There are 2000
ascounts in all receivatle at branch A. The-accountani at
.bratch A randemly selects 225 acccunts and determines that
50 of them are at least 30 days past due.

That would be the symmetrical 90°/. corfidence interval
estimate of the trae propcrtion af accounts receivable at branc
A, vhich are at lecast 30 days ever-due?

(10)

3.(a) A study of «demand (dt) for the past 12 years (t = 1,2,
»sey 12) has indicated the “following:-

4, =100, . t=51, 2 ... 5,
= 2, t=6 )
=100, t=7, 8 ...12

. ° .
Cozmpute @& 5-year moving average and discuss the outcone.

(b) A company desires to foreecest sales far the coming year.
It can use the forecasi as a basis for decisions en the budget
for the year, production schedules, sales quotas, advertising
plans, . procurement policy and labour reeds. Ir the short-run
forecast howsver, it is necessary to krncw the seasonal pattern
of ‘sales during the year, in addition to foreccstirg annual ’
sales. As a firgt §tep, the company extrapolates the past treond
of sales. This gives an éstimate of trend.'It is then necescary
to modify the trend forecast for cyélical 'ond possible rardon
;ﬂ‘ects, and for ressible chonges in post trend forces in the
.future, .

Outline seven ¢r more modifying factors which should be
conoldercd at this atage. (eg. Governr.ent control).

t5+5)=dc

' . Please turn over
,——sane thrm over
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GROUP C: DIOWETRIC LETHUDS |
" =~ Special Paper II

* (No candidate availuble).

GHOUP D ¢ TFSIGN & ANALYSIS O EXPLRIIANTS
. . ~ Special Paper IIIN  ¢p

- --(No candidate.available).. _.. .

An  An - ~- ~e

L3}

GROUP E : SUIPLE SURVEYS (Specisl Paper ITI = Practllal)--

(Answer all questions froa this group)

1. A sunple of ten villages was drawvn froa o tehsil with
probabiiity proportional to size and with replacenent =size
being the 1961 .census population=for estiruting the total
cultivated area in that tehsil, T

D on
Table : 1061 census population {x) und cultivution area (y)
in acres for ten sauple villages

. X Yy N 4
village {units) (acres)y village (units) (nc{en‘,
B () DR € MY ) (D) @) 3
1 5514 - 1824 EE ] 1357 55)68
2 863 024 1 5131 451
3 2535 1648 8 16534 400)
4 3523 N3 0 1146 80
] ) 1165 113

8308 7678 - 1

A - . N
Using the data given in Table above,

i) estioate the total cultivated arca and its relative
standard error (r.s.e.); and

ii) obtain the sample size required to ensurc an res.e.

of 28, i (11415417) =35

Please turn over
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EITHER

-1 -

2.(a) For & Soelo-econozic survey, all the villages in a regier
(including the uninhabited ones) were grouped intn four strae!
on the basis of their altitude above sea-level and popula*ion
density. From each such stratum,five villeges were solectcd wit -
equal prebability and with repiacements The data nan the numpap!
the sample villages are given in tx..

of households in each of

Table below

Tables Runber of

heuseholds for 20 :sample villages.

stratun totgi n».

total number 8f hduaeholds™in sez:lc

—

sr. . villages
no. ,willages 1 Py 3 4 5 w
1 1411 43 . 98 .10 (o} g
2 4705 50 62 84 170 T
3 2558 228 110. 139 . 334 5
T4 14997 - 17 36 25 TolE

25

(1) Estimate
relative

(11) Estimate

the total number »f h

standard errsar.

ouseholds and its

the gain, if. any,-dué to stratificatinn.

- (111) Compare the efficiency Af the present allncetinn D
- that’of proportional allncation,-keeping the total
sample size fixed.. )

OR

(5+10+410+10) = 3§

2.(b) For_estimating the total (¥) of current population in a
region, two sub-sazples,’of six villages each, are selectecd
circular systematically frem each stratum, with independent
random starts. Using the data 'given in Table below, obtain &
ratio estimate of y, taking the previous cersus population (x)
ag the supplementery var

dard error.

.. "Also compare its efficliency with that

unbissed estimate.

~f the usual

iable and'eatmate its relative stan-

Table: Total number of villages (N).and sample totels of x &|3

stratum [ no. of villages sub-sample 1 sub-sazpelc P

number N X y x ey
1 2044 3722 3935 3456 :SAg
2 1304 3625 4033 4171 434
3 . 1265 2769 3050 3746 4048
4 1252 3180 3498 4323 41°E
5 4264 3522 3819 3314 .')SSIS
6 1598 2827 2936 3550 7558
7 810 8603 9596 7285 7955
8 567 8323 9135 2595 100:%
] 500 9019 9772 11073 1ase
10 486 7404 8185 6981 7620

(x56)

Pleare turn over
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3.(a) The table below, givirgi thé percentage distribution of
estimated number'ef persons bty monthly per capita expenditure
clesscs and -8y pepulation zones, -8 a medifiod version of a

table based on the data collected in-ene cf the rounds of the

Natienal Somple Survey.

Table: - Percentoge distributicn ef estinated nuszber of persons
- expenditure céasses and.by-

bymonthly prer capita

L-Fa

pogulatien Zones.

per capita : piyulatien zones®

expgnditure - - all-

class (Rs.) 1 2 .3- 4 5 '3 India
0-8 26.44 17.40 30.18 27.00 30.61 2£2.78 52.03
8-11 27.95 16.10 18.26 -22.32- - 25,20 17.88 20.62
11-13 . 9.18 14.44 10.80  9.92 12.46 7.14 11.3%
13-15 . 6.88 9.35' 7.R3 9.13 . 9.82 8.57 8.57
15-18 7.48 -10.87° 9.23 9.63 6.80 12.03 9.34
15-21 6.03 6.53° 6.66 7.80 .6.34° 1.93 .7
21-24 5.63 5.68° 4.47 4,63 2.37 T30 4,23
24-28 2.35 4,50 3,92 4.56 2.2 4.36  3.66
28-34 3.48 6.77 4.94 2.80 - 1l.12- 4,99 4.4
34-43 2.47 4.19 2,31, . .48 8.6_. 3.43 2.68
43-55 1.18 1.1 0.95 0.73 0.7 1.04 0.99
55-above 1.29 3,0 0,46 - . 1.45 2.59 1.63

all classes 100.00 100,00 100,00 100.00 100.00" 100.00 100.00

0. of sam- . e
ple villages 102 ~ 166 127 = 84 122 120 706
no. of sam-  ong 444 . 316 202 528 292 1869

«ple r.ousehb_lds

(* 1 -~ Morth- India; 2 - Zadt India:
Indin; 5 - Central India: £ - lorth-¥est India). . .

2 - South India: 4 — West

. . Carefully exazine the table far cereistency cof the rigures
and also give yeur obrgzwacions en the results fromethe reint of

v'of regional sinilacities-and ‘differences.

OR

(30)

3.(d) In the 1971 Indinn Populatior Census, it is propesed te
canvass tha follewing itema for all ever-married wonen livang
in a 10°/. somple ef arca units, (villuges/urtan blecks) for

studying fertility patterns

1. nge at marriage

. 2. husband's sge at nmarriage . 7.

3. nusber ¢f children -
residing with her
4. nunber of children -
residing elsevhere © -
5. numbew 9¢f children -
born alive but
oW dead

t
o T 6.
8.
9.
v
10.

total ef (3), (4) and (5)
neaber of children btorn dead
live birth(s) in the last :

cne yenr .
still birth(s) in the last
enc year ~.
date(s) of tirth fer (8)

~

. If the tabdulation of the cenosua fertility data k3 te be
rge:haniaed, give anolden @f the work-lead involved at the
précessing stage, in terms ef the reoyirarcets for ecrutiny,
editirg, coding, punching, verification, tabulution and post-

machine serdi§inysr-—~=

(30)

‘Please turn over
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CROUP P: TECHNWIQUES OF COWPUTATION (Special’ Papor ITI-Practi

. . -
¢ (Answer. a1l questions €rormthis gvroup)'

- 2
v

1. In order to study the’ e'nployment aicuation in the courntl
2 pample survey wng conducted in Urban India, Each S%ate was |‘
first divided inte & number of otrata and from each stratun
few urban blocksewere saapled. Vithin each such seciple bleck, '
.certain number of .households were selected omd datd on emplo_/]:;
particulars were cnllected by interviews,

- The fellowing gives the details collected from me
person in a sample household: ) -

Household Tdéntifiemtion:

State code . vest | 23
Regicrny code ST el - 1
Stratup nuzber . ees | ’ 5
Sample Block number ° ... '3
Sample llousehold number ... 2
General Infarmatior: ' )
Household religirn * ... : 3
Household size see 1l
Total Monthly’ Hou:ehold : .

. Expenditure (averoge)...‘ . ,1531.72
Emplayment Particulars: . )
Person serial nunber oud 12
fo. nf days emplnoyed .

*(last monthf see ® ¢ 23 .
_ Earnings Lesd R 192.47

Occupation code res X 173

For processing these ‘information, two types or cards are rcedo
eut for each household. (1) One household master card contair.
household 1dent1r1canon .particulars and general information

particulars. (ii) Individual cards, ene for each person siviri
the household identification particulars, person serial nunbe
nunber of days employed, earnings and also eccupation code.

The card designs are as follnws: g

- B AR ¥
Hpusehnld master card: LI 3
item card colunns renarks
A . .
CcDI « . o 14 ’ P\mch X XXX
State code . 5-6
.Region code 7 .
. Stragun nunber . . -8 . -
Sample black guymben 9-10
oSample househnld . . -1 . - )
Household religion 12 -
Household cize 13-14 - -
Totel monthly household
- Expenditure 15-20 Rs, P.
N e

Please turn over
(N5Y)



Person Card:

iten ~ . card colunns romirds

¢DI o T T Tunch 1 2 3 4
. State code T T5=6 Lo -

Region code 7

Stratun number . R

Sample block nunmber . 9-10

Sanple houschold -1

Person serial nurmbeg 12-13

Nunber of days employed

(last month) 14-15

: Egrnings.. 16-21 Rs, P.~
Occupation code . 22-24

Punch ene master curd and one person card for vhich the
data are given above.
(15)

2, A deck eof master cards and a deck of 'person' cards
described in Q.1 are supplied

i) Arrenge the master cards in ascending order of house-
hold. 1dent1r1cetion fields (state X region X stratun X sample
bleek no. X sample household)

. i1) Arrange the 'person' cerds in escending order of
household identification X person no.

1i1) Herge the two decks together 80 that the resultant
deck 18 in ascending arder of household identification with
selection of urmatched cardo from both decks. Tithin each
household the 'person! cards shnuld follcw the master card.
]

. iv) Prepare a statenent showing for exch State, total
nuabar of households, householdsize arnd. tqtal nurber ef days
enpleyed (last months.

. ’ o (7+8+20+20) =
El"'ﬂi’gk T .
3.(2) In a manufacturing organisatisn weekly gross pay (F) fer
a worker is calculated according to the formula:
. P =.Zh X r + T Ay X h1

where .h, = hours worked on the i-th job
m;‘= hourly incentive rate for the i-th jeb
© " r = hourly rete of the worker, includirg D.A.
. ' P = tota) pay for the worker
summation extends over the totsl pay period (say ene w?ek).
L}

Yet pay is computed after making the follewing dedustions

i) ‘P.F."contribution 210' <o)
11) E.S.I._ scheme . nf F).

i11) Income Tux /s of ?)
The staff file contuxns ¢ll informatien 2480 roll numier, nox
hourly rate of the vorker. The incentive® rate file contcinu
infornations about job no., hourly ineentive rate.

' . Please turn over
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Assuning that there are about 1000 eoployecs ard 200 types of
jobs, describe a suitable scheme for preparing the pay bill cur
acquittance rell, using punched card equipment.

Give proposals for card designs, in flew charts and tipe
estimutes,naaing the types and makes of machines you propose
' to use. (Control panel wiring charts are not required to be

fumiched]- .

OR

3.(b) You are supplied with a deck of cards which contains
informations collected from primary schools in India. The iteme;
. of information contained in the cerds are as fellows, (ane car
per school):

(20)

Sl.no. Description Card column Remark
1 CcDI 14 SSSS
2 State 5«6
3 Town T1-8
4 School nunmber 9-10
5 ,rn,}lu:—,b,eg cf students:

Tlasd'1 u; : 11-12
ii) Class II b 13-14 . R
111) Class III ¢ 15-16
- 4iv) Class IV 4 17-18
6 School feo e 19-21 Rs, P.

Using a cniculuting punch 602\ or any other make of you.r1
choice , . .

1) Calculate the total number of students (T) for each
schonl (vhere T =8 + b + ¢ + d) and punch the imfor.
mation en column 22-24 of the same card. -

. '3

. 11) Multiply ‘total number of students (T) by school fee
:) t; get earnings (f) and punch en coalumns 25-30
Rs. P).

£11) “sort the cards: State X Town X School

iv) Prepare a statement shawing the total number of
students and total earnings for each :Xate and tevn.

(30)

GROUP G: STATISTICAL INFERENCE (Specisl Faper III - Practical,

N
(Ansver any four questions from this group).
- . .
1.(a) Let'X be o binomiol randonm variable with P{X =1} « 6
and P (X = 0} = 1~ 8, You are to test H. (8 = 0.4) egainat |
(0 2 0.6)y an the basias »f 10 indepenaent sbservations on X;
Tﬁa loss matrix is given below: - . 3

States of * Decision

nature e ~H1 H2
H . 0. 25
H2 N 25 o]

Fimlr the minigax procodure and conpute the leaost
favourable prior. st
Pleanc turn over

. (Nooy



s SD{NGE)-X(135) .

1.(b) Let X = (X3, eeey N ) be 100 independent obcervations
on a random vﬁriahe which nomally diotrituted with. variance

=- 25 and'mean 0, Let Hl be the hypotresis that © ="0 and Hy
the hypothesis that 6 = 2.7 Let p = (p » 1=p,) vhere p, is the
aprior: probability fer Hl. Flot the Plyes risk as a fﬁnction of
Py p, if the loss-matrix is given by

g —_—— .
States 4f Decisisn
nature h 52
.o Hl . 0. ' 25
R 10 0.
thar 2

Hence -obtuin the mininmax procedure appreximately,
C (12412) = 28

2. Let Xl. seuy X be 1ndependcnt and 1d;ntically dintributud
with commen deneity ' 1
. o(") = -— ————. Lot 7, and
1+ (X-O) n

be the semple lower and upper quartiles., Using large sangle
aagroximations,rind the asynptotlcall_( best unbiased linoar
estimator of form {3 Ty '+ L2 on * bo, for 0. Cempare {te

efficiency with tha% of the sanple median ard tha naxinum-like-
lihood estimato>r for C.
2 ' . (29)
’ 32(3) Let X3, .44, X be independent and noml vith variance
1 end me?m 6. Let" B_ be the hypothesis 8 = 0 end K, that
9 = + 1. Find the smalles? u for vhich the Unifemly llos
Powgrful ' (UP) unbiased test of Hy of size a = .01 has error
second kind £ +0l,under Hl'

(b) Xl, esey X, are-as 1n 3(a) abova.
Consider each of the ronowm; .a..rling schemes

Teke a sanple of size 9 3
11 Take a sample of §1Z& 2 or 1€jvith probability -2 each.
i11) Take a sample of size O or 18,vith probability 1 eacli,

Por each of the sampling schemes described aboeve, rind
the most powerful test of M_ (0 = 0) againat H, (8 = 1/2) of
conditional size a corresp nding to tae ieth L:-mla size: for
(1) and (11) take = .oos, for (iii) take = 0,
@, = .0l. Calculate tre poaer at = 1/2,in each cuSe.

(10415) = 23

4.(a) Y is a 4x1 random vector nornslly distributed withmeen
vector ( LT ) and dicpersiovn matrix V = u~ “where
’ £ £ ’

M2 0 1 0
ee | © 5 c -
1 0 1 0
0 -3 o/ 2

On the | basis of 10 observations with sample mean vector
(1.2, 0.5, -2.1, 3.,2),

1) test Hy ( Fp= Y= 0) at level .05
11 ) also teot Hy ( By = IJ2) at level .05

Rlesse tum over
Dleaze



4.(b) Given the data:
vy 121 1.9 10.2- 8.0 T.T 5.3 1.9 7.8,/
n 0 1 2 3 4 9 6’ 7.
x5 7 4 44 6 4 2 1 .1
: L ]

fit the model

YyuBo+t B X +p, x, + € vhere € {5 normal with
zero meen and varience 02 and X X, are non=stochastia. Fin:
a 95'/. confidence interval for o<, N ‘
S (12418) =

(]

5 Let X1y ooy Xn, ¢« be independent and nomal with
variance 02 = 1 and mean @, e .

(a) Construct the sequential probability ratio test
- of H) (8 =1) against By (0 = 2),with a = .01, B = .05
Calculate the ASYN at 0 = O. .

(b) Let 2zy=1 4if X, >0

=0 1f ¥ ¢o

Construct the sequentinl probability ratio test ef
By (6 = 1) versus R, (6 = 2), based on ‘Zi,'Zé, cver Zoy ens
for a = .0l; 3 .05 and calculate the ASH at 0 = o,

(12413) = 2

GROUP H : PROBABILITY THEORY
= Special Paper 111

(No candidate available)

(N62)
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