INDIAN STATISTIC.L INSTITUTE
stuhtidw'n Diplona Exacination - May 1970

pnper I 3 Official Statistics and Deaeriptive Stntiatics {Theoretical)

Full mrks : 12

fime : 4 hours
Pigurce in the margin indicate full marks.

Lotk . ’

s £ oL GROUP A
sy (\ttecpt nny three questions frou this group)
1. Describe the nced for and the functions of a national statistical
systen with particular referconce to Iodia. (16)
2, Deseribe the saopling dosign sdopted by the NS for land utilisation
survcy and crop-cutting experinments in India. (16

3. Write short notes on any twn of tho following :
i) Central Statistical Organisatien,
i1) Indion Statistical Inatituts,
111) FPAO or UNLSCO, o _
iv) Any State Statistical Burcau (16)
4. " Give o brief account of an any two of the following index nuobers

relating .to India, pentioning the agencies re-pnnuibh, item
coverase and the base periods @

1) Index Number of Iadustriasl -Productics,
{1) Index Nunber of Wholesale Prices,
1i1) Index Nunbér of Agricultural Production, .
iv) Index Number of Consumer Prices ~ Working Claes (8+8)=18
8o Descrile the nain sources of statistics on canufacturing industrics
in India and indicate the broad contents of the publications. R
Mention some of the uses of the data and cocment on the unitouon-
of the availadble statistice.
G, Answer any two of the following qucstions :

1) Supposing you are required to undertoke a study of foreign trade
of India, pentinn the official pudlications that you may bave to
consult and the types of data for which you will consult theoa

11) What ‘are the sources of .statistical inforcatinn on labour and
coploysent fn Indla? Give broadly the contents of theso
- publications.

111) Describe the sources of statistics oo cducation in India, Can you
state broadly the contents of these publications?
NEATNESS : ()
GROUP B
(Answor any three questions froo this group)

7. (a) Define nedinn of a set of observations.
(b) If the modian of a sample of b, observations be o ond ‘that of a
second sanple of n, obscrvations be nz, show that tho oedian of
the conbined saople of B, + 0, observations will definitely lie
betwoen LN and Oy
Pleane turn.ov
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(c)
(4)

(2)
(t)

(c)

e 2 -

Show that the sum of abasclute deviations of a set of observations

fron a punber 'C' is the lenst when 'C* {s taken to be the median
of the eet,

Define ataudard deviation and range of a set of observations.
Show that "2 2
P
2n < 4 !
where R ia tho ronge and 8 the standard deviation, n being the

ounbor of observations on which R and s arc Laseds When do the
equality siyns bold ? (243+234345)

Shat is peant by the *‘Granm Charlier series expansion' of the
cumulative distribution function of a etandardised variable ?

Obtain the firet few terms of the Gran~Charlier series expansion
for the cunulative dlstribution function of a stondardised

gamea varioble,involving moments up to that of the third order.

Give neceasary details, (8+8).

Explain mooent and cumulant gonorating functions.

Show that for any eyrmetrical distribution all '.he central moments
and the ¢unulants that exist (cxcepting k )vu she’

Prove that a1} cumulants of a Toisson d.h'.ribuuon are equal,
Prove that for a norual distribution k_ = O for all r)> 2. (4xd).

Define multiple ond partial correlation coefficicnts.

Show that .
v F12,2 " T14.3 T24.3

U — 5
(- ryy D - rpy )

Find out the value of r

variables Xgo Xo0 X

12,34 when all total correlations of the

3 and x, are equal to r. (évh-l)

What is a moving average? Discuss the uses of moving average in
vorious atages of analysis of cconomic time sories.

NEATNESS

(u2)



INDIAN  STATISTICAL I$3TITUTE
Statisticinn's Dlploun l:xnmnnuon = May 1070
Paper II : VProbability Theory nn: ﬁ"\ﬂsﬂml Methode (TI\eMM.ltnl)

Time : 4 hours - Full marks: 100
_Piguree in the margin indicate full mnrks.

GRUUP A
(\ttcopt any four questions from this 1roup.)
1. () Dofine the conditional probnbi’lhy P(\/B) of the event A given that
event B hns occurred.
(b) r balls are distributed at rindom nmong m calls. Find tho probability
1) that at least one cell is empty, .
11) that nll the cells are occupiede

(¢) A mnn selects 2 shoes at random out of 8 pairs of black and 4 pairs
of brown shoes. Find the probability that he gets a pair (vne shoe
for the right foot and one for the left) of the same coloure

(2e 4282)u10

2. X,Y nre two random variables; the oarginal density function of X is
2 -x

% x e, x>0;

aod the conditionnl density function of Y given X e x,ia
2
=, o0gygre
x

Find 1) the parginal distributicn of ¥

11) the conditional distribution of X given Y = y. (G+o)=12

3. (n) For the Poisson distributicn find the menn, variance, and the tkird
moment about the meane

(b) Derive the Poisson limit to the Binaminl distributions (102¢34g )12

4. (o) State nod prove Tchebysheff's lexmn.

(b) Ao undinssed coin is tossed 2500 times, nod m is the relative freguency
of hends. Using the Central Limit Theorem show that

{. 1n -';'l £ 00190 } = 0.95
approxiuntelye (s¥:)-12
8. In samplipg fraa n normnl population’show that :
1) the snmple mcon la distriduted as a normal variable.

ii) the smmplo variance is dlstributed s uxa variable.
141) the distribution of the sample menn and variance are indc.‘knu.n'i-
Qe
NEATNESS I

Please turn wer
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2P B
C\no-er eny three quosuom frem this group.)

8¢ {n) -Explnin the concepts of 'unbinsecnesa' and 'conzistency! for n
point estimatue Cive An exoa=nle ¢f nn estimate which ia unbiased
but not consistent and or. estimnte vhich is ennsf{stent hut biased.
(b) In o sequence of n Lernoulli trials with succewss probability p = 1-q,
T Buccesdes were observecs 0Oytain an unhinsed estizate of pq and
find its varinnces Verify vhather the edtimnte i® consiatent.
R G+10)=1
Explain the methods of mpdw:a likelihood and minimm £ in
estimation aad thrir relative a'lvaatages and disadvantagess |
cery X be p irdepentert random variables with a cammon

7. (a)
) let x), x,,
probability c.c:\s.!y functlion:

f; ) = %} it vEx¢y, 6 >0

. ¢, ) olherwise
Ubtain the maximum likelihood eatimnte of O. !
(c) What is the cstimator of © by the cethod of mements in (b) ?
L (8+5+43)=18
(n) Show that for the rectangular digtribution

CF = -5, 0 » ¢¥
nod the confidence cvefficient (1-u), the confidence limits for &
4, where il ie the snep'e range and llu -is given by

are iU and
a1 {n—(n-l) Su} -0
(b) Shov‘ that for a 2 x r cortintency table Total
a0y e 0y see a2, N
b b b5 b P
.Total "% i i i 7

the value of }('3 for testing ho-nogenen.'y is

2 T 2
x = I (ﬂi-) ’
i=l
a * n
i a (] b
where pl-n"P-;"‘l- E,q-—,‘-l-l’,

(R+8)=11

Pleasec turn over
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10, (a)

®)

) 82{\70)-II (3)
¥hat do you mean by non-pasametrid ‘methods?

That ndvantngzes do they possess over parnmetric tests ?
Explain hov you would nse the run tost for testing the hooogeneity

of two #nmnles.

For 20 pairad observaticns without tice what pumbers of positive
differences werild you consider significant at 5 j6 level ?

If in a sanple ‘of 50, tuere are twenty runs above and below - .
the median; is the saople randon? (8444 4)=16

Given o rapdam sample

Gy yydeeees (x y)
fram o bivarinte noronl population with mecans "1' u,
varinnce of, o: nnd correlaticn :oefficicat /o (a11 unhnown),
describe how yuu would test
| Dy -k
it) af - a:
i) =0

Independent rardom samples of sizes 0ys Dy, eesy B respectively
1]

are available from % univariate normal populations with common
variance 1 nnd unkooxn pears B uz, eeo, L&- Derive the Yikclibood

ratio test for the hypothesis Hosb»oemp, (9+17)=10

0:3)



INCIAN ST.‘.TISTIC“,, INSTITUTE
W
Statistician's Diplooa Ex\un"ina“on - May 197)
Poper IIT : Saople Surveys and Denign & Annlysaia of Experioents (Theoretiend

Time : 4 hours Full oarka 1 1Y

1) Figurcs in the margin indicate full marks.
ii) Use of calculating machines is not permittods

GROUP A

(Attoopt any three queations fron this group) -

1. (a) Doscribe tho advantages of a sanple survey in conpu-lnn with
cooplete enuncration.

(b) Definc clearly the terms Ypanpling unit' and '..mpung frone?,

(c) Explain the use of randon sampling nunbei-. in the selection of a
randoa sanple,
(8+341) = 180
2. (o) Explain the ncthod of systematic saopling and discuss its
advantages and disadvantages.

(b) liow would you cstimate the sampling varisaoce of the estimate of
the population total based on a systeoatic sample?

(¢) Compare the efficiency of systcuatic sampling with that of simple
rondom mpling.
(84548) = 16

3. {a) What is rotio method of estication ? (btain approximate expressions
for the bias ond variance of a ratio estimate. State clearly the
assunptions involved.

(b) Express the exact btias of o ratio estimate of the population mean
of a variable Y (based on a simple randon eample of n units .
lolected nth replacenent) in terms of the cwnriuce ol the ratio

y / x and .l, where x ie the auxiliary variable, ,x and y being
unbiascd estimates of tho population wean of x and y.

(c) Obtain on unbiased ratio type estimator of the population mean,
' (84444) = 16
4, - (n) If a sarple of n units is melccted with probability proportional
EC to a given mcasurc of size x and with replacenent, suggest an

unbiased estimate of the population total of the variable y.
Derive its sompling vnrinnce and obtain also an unbdinsed estimate

of this variance,

(b) What are tho 'non-sampling errors’ {n a sample survey and suggest
steps for reducing then.

(848) = 16

Tleasc turn over
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Write short notews on any three of the following ¢

8.
(1) Trroportional and Opticun allocation.
(ii) Regression pcthod of estioation,
(1it) Cluster sampling.
(iv) Couble saopling
(v) Inter—penetrating scb-snspless
' (10)
Nestonerm (2)
GiUP B .
(Atteopt any three questions from this group)
1. (n) Discuss the nced for designing an cxperiment? What are the basi
principles required to be followed?

{b) Cows of 4 different breeds ore to be differcntioted in respeet ¢
their average yiold of milk. Describe in detail how mn experize
is to be dosigned to meet the requirements of the cases

. ; (14446) =
2. (o) Define a latin square, What is meant by a set of orthogonal
latin squares?

(b) Explain in detail the analysis of a latin square design when an
observation is nissing. '

(c) Coleulste the loss of efficiency due to the 'mffaing' obacrvatia

(2+24844)
3. (a) What is meant by a connected design? Why ia co;xnectednels .
considered to be an esscntinl criterion for incomplete block dei
Coan square lattice design be considered a conmnected design?

(b) Cutline the method for the intra-block analysis of o square latt
design,

(¢) Obtain the variance of the estimates of differcnces between effi
of any two varietice of a aquare lattice design @

(1) when the varieties occur together in some block, and

(N) when the varieties do not occur togntbe_r in any bloek

(2020206»20‘2) b

4, Define & balanced incomplete block design with paraneters v, b, r, k,|

Establish the various wcll—kmnown relationshipa asong these parametere

Derive the fntrn-block analysis of sueh u design and with the help of|

sums of squarce which have to be calculated for this purpose, derive

the i{nter-block analysis of the sane design,
o “(2444041) = 16
8. (b) Wwhat is mcant by a fractional replication of a factorinl desig

How is it related to confounding? oo

(t) Obtain the 4 replicate of a 2° oxperiment retaining the main
cffects in 4 blocks of 8 plots each.

(c) Indicate the form of the analysis of variance table, approprie
for thia design. o

(2+24841) = 16
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INDLAS\\STATISTICM. INSTITUTE
Statistician'a Diplomn Examination — May 1970

Paper IV : Applied Statiatica (Theoretical)
[Any two hnlves of 850 marks each for

: 4 hours groups A to E, nre to be ntu-mpted.] Full marks 3 100
(a) Candidates will bo required to anawer qucstions
froo thoso two groups of subjects only for which
they have registered their optiona. -
(b) Sepnrnte nnswer books are to bo used for cnch of
the two groups attempteds
) Figures in tho margin indigato full markse
(d) Use of cnlculnting machines is not permitted.
GROUP A : BCONOMIC STATISTICS
(Attempt ony three questions from this group)
Give o brief descriptivn of the method you would adopt for the
copstruction of indox numbers of production and employment in
moanufacturing industriess If thesw two sories of inlax numbers are '-iven
for differcut months over the last ten years, how will you n.uuy the
changes in labour—productivity?
Qe)
What do you meda by the trend of: n time series? For what types of
series do you cnlculate trends ty (2) moving averages and by ()
polynominl fitting? If a polynomial trend is given, how do you uu :
it for forecansting?
(10)
Explain the concept of income-elnsticity of demands How do you
estimate it on the basis of cross-ecotion data? Give some illustrotions
of the use of this elasticity figurc. .
. (16)
Give a short description of an input-—output table and indicate how it
con be used for projection purposes. How do you estimnte the chnnge
in employment when production targets for vorious Bectoms are known?
liow far are these estimntes relinble?
(16)
Explain Pareto's law of income distribution. What types of inawme
distribution are described by thia law? How will ‘you cnlculate the
concentration rotio, ofter fitting o Prreto distritution?
(16)
Neatness 3 ©)
GRLUP B ¢ STATISTICAL QUALITY CONTROL
(Attempt any three questions from thia group)
Discues the situntion when ‘modified cantrol limits! mny be used.

Row could you get Bome economic advnatnge in suah situntions?

Qm) Plenso turn over
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Q.1 ‘eontd. !

1. (b)

~ (o)

2.(n)
®)

3+ ()

)

te

. when tool=wenr is preeente

Deacribe briofly n method of fitting A trend line and co:;k-i'ol limite

When can the "Moving Average and Moving Range! charts be used in
preference to the conventivonl X ~ R Charts. Give a few examples of
such cnses Irom apy industry known to youe

61'006) -;

»

Discuse the refuti\'e merits of ntiributes nnd variable inspectione

State the ncceptance criterin for single sampling ncceptance plan for
varinbles inspection for both the single and double specificntion lh:.‘
cndes, in which the standard devintion of the quality charncteristic
being no) known, tho mean rnange bnsed on sub—enmplea has to be usede

(6+1€) = 1

Deacribs the precautions to be token in designmg nnd com.ucung a
plnnt-ocnlo experiments
M

Explain with the help of two exruplen froo any, industry known to you,
the use of nested design in ipdustrinl experimentations How would yo
analyse the results of such an experiment?

(6410) = X

Write short noteai on nny four -of the following :

—t -z

(n) Method of steepeat ascent to determine optimum operating
conditionas

(b) Gooup control chnrtas
(c) TNintional sub—groupingl-
(d) Sinon's I.Q« charts.

(e) "Narrow linit gun;ung. -

(!) Consequencos of cmposxung ultimate snmple units to fom
gross sample of bulk mnterinle

(1x4)=

Nentness "3 ’ * - ' (2)

GROUP C : STATISTICAL METHODS IN GENETICS

(Vo cnndidate avad Inble)

gy,
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_(b)

2:(a)
(®)

3. ()

()

3.

-‘:_! - 8D {470) IV (3)

GROUP D ¢ VITAL STATISTICS AND DEMOGRAPIY

(A\ttempt anmy three questions from this group)

You have boen nsked to estimate by the codpun‘ent. method all~Indin
female population for 1uG0, 1971, 1976 nnd 1981 (vith 1961 as bnse
year), by quinquenminl nge groupse

¥hat considerations would you tnke into nccount for projecting fertility
and nqrtnlity rates?

How will you mnke the actuhl estimates?

[Explain in detoil oll the symbols you would use for your conputdtionas/
(6+10) = 18

Pnumerate briefly the different factors which influenco fertility rates.

Defino gross nud net reproduction ratese Exnmine their limitations
as mensures of the true reproductivity of o populatione
(3410) = 10

.Exph\in brieﬂ); the method adopted by the Census Actunry for the
construction of Indian life tables.
relationship

'l., . q P

Estnblish the
.. s
DX . n x

’
2 ¢ ne o
the sywbok hnving their usunl significance. .

o T ' (1244) = 16

Explain the concepts of stntiondry and stnble populationss Wwhat is o
qunsi-etable populntion? Iifow does it differ fpuwa a stable population?

Bxplain the significance of the equation,

- n‘> - e

defining carefully the meaning of all the symbols involved in the abave
equntione

(6+2+248) = 10
¥Write short notes on any two of the following :
(n) Vitnl registration in Xodia
() ‘*de-facto' nnd 'de~juro' population enumerntion

(o) Standardisation of denth ratess
®eR) = 18

Nentneas 3 @)

_fno) Please turn over
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24

3e

5. (a)
®)

(c)

GRUUP'E &t EDUCATIWNAL AND PSYCHULUGICAL STATISTICS

(\ttompt question number 8 nnd any two fram the others)

Descride the crrors of mensurcment, substitution nnd prediction in
psychological tests, giving approprinte mathematical fomulations and
derive the standnrd devintions, of these errora. Explanin the meaning
of the symbols used in your pathemntical expressionse.

(16)

Describe 4o bricf Spearmnn's two~factor theory and Thurstone's
multiple~factor theory of factor nualysiss How do you obtain factor
londings ia each of the Above two cnacs?

(1)

Briefly describe the computntional procedures nad ppoperties of any
two of tho following methods of atandnrdising raw ecores ':

" (a) Percentile scores, (b) T~eaores nnd (c) Z-scores.

(Boe)‘,g 16

Wbt do you understnnd By 'item validity' and item di.ﬂ'l'culty'? Wh
nre the item validity indices which involve the slope of the rcgress:
of iten ou test? MHow is item difficulty corrected for gucssing?

(16)

[
lrh.eénhon note on the effect of test length on the coefficient of

validity.

Prove the Spearmnn = Brown formuln for the reliadbility of a test

which is'n' times the origingl length.
in the derivation of the formmula.

Carefully state the nssumptia

Obtain a function of test reliebility nnd teet length which is
ipvarinnt with respect to these two variables, for a given vnlue of

reliability of the originnl teste.

.(a«m) - 18



. INDLAN STATISTIC4L INSTITUTE

Statistician's Diploca Exanipatisn « May 1070

Paper V: Mcthods of Nunerical Cocputation; Descriptive Statistiea
and Official Statiatice (Prnc!.icnlj

X : 8 hours Full marke ;: 1M

() Pigures in the pargin indicate full marka.
(¥) Use of calculating bacidoce ia permitted.

GRXUP A (21 marka)
(Atunpt any three questlpus froc this xruup)

(a) The cubes of a nucber of intcgere are given below :

3
= n .
1 313
1 129
1 132t
ap—
13 2107
Calculate the value of (12.'15):l by using a suitable interpolation
foruula, )
(t) Given
(1) e (2)+£(3) = 25,
1), =2,
and T t{5)+1(0) =113 .
eatimate the value of -£(10), (4+1)=0

For a certain country the death rates per 130,X0 from Tuberculosias,
are recorded below for a nmumber of years. The death rate figures
for 1014 and for 1913 however are not available. Estinate these
values, stating clearly the nnderlying assumptions. :

- veor denth rate
1011 159.) *
1012 T 140.8
1013 118.7
1014 -
1015 -
1016~ 143.0
1017 147.2 - (<)

. o ; X
Given the following table of values

x 202 263 264 205
log x  2.4103013  2.4190557 2.4216)30 2,1232459
x 200 207 200

log x  2,42183168  2.4205113 2,4201318
deternine the value of
‘208
f log x dx

262
by usiog a suituble quadrature foroula, (v)

Please tum over
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Be

6. (a)

(v)

7.

-2

Solve the following set of asicmltaneous equations
14:1 + 512 + Oxa + Bx_I - 75

Oxl 419:2 + 413 + 414 - Tq

Sx, + 8:2 02213 + 5’4 =133

1

Ox, alez * 413 010x4 =1

GRAr B
(Attempt queation no.1 and any two from tho others)

In a mewspaper account, on the incidence of influcnza among
tubercular persons living in the sume fanily, the following
paragraph appeared :

®Exactly a fifth of the 1,3),0)) inhahitants showed
signs of tuberculosis aud no fewer than 5,X) agong them,
had an atlack of influenza, but anong thea caly 1,003 lived
in infected houses. In contrast with this, 1/15th of the .
tudbercular persona who did not have influenza were still
cxposed to infection. Altogether 21,3)) were attacked by
influcnza end 41,3 werc cxposed to the risk of infection,
but the nunber having an attack of influenza but not of
teberculosis and living in housea where no other cases of
influenza occurred, was only 2,2)0,%

Prescnt the above inforzation in an n'ppropriate tabular form
and comaent after moking the necessary enlculatione.

In the course of an expericent, 18 moaquited® wore put in each
of 12) jars nnd subjected to a dosc of D.D.T. Afler 4 howrs
the nunher alive in each jar was counted and the following
frequency distribution was obtained @

na, of nosquit-es

alive o 1 2 3 4 5 6 1 8
frequency )
(no. of jars) 2 12 14 22 23 17 13 10 2

Find the corresponding expected fréquom:ie. on .the 'assunption that
each mosquito has a coumon probability of survival and test for the
goodness of fit. ' .

If 15) posquitces wore put in a jar and the dosc of D.D.T. had been
80 adjusted that the common probability of survival aftep four
hours for & mosquito, could be assuncd the saze as in (1), evtinate
the probability that at least a third of the oosyuitses would be
found alive after 4 hours ? (1644) "

Examine the consistency of the following corrclation matrix :

*y *2 *3
4
x, ll i 0.01 2.93
H
x5 I 1 0.01
Xy ’ 1
t

)’ Plense turn over
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(b) The solubility of nitrous oxide in nitrogen dioxide for
teoperature (T) rauging from 263 to 203 degrecw absolute waa
deternined. Tle rcciprocal teumperature is expresascd in terms
of (IDJO/T). A ounber of independent determinations were made
at cach temperature and the enlubility rcaults cxpressed in
terms of reciprocal teoperature,were as follows ¢

Xeciprocnl tcmperature values

3001 3,731 J.062 3.593 34532
Solubility 1.208 1.21° 1.11 0.01 0,83
(percentage 1.33 1.27 1.4 0.82 0,59
by weight) 1,52 3,63

Pit a lincar regression equation of solubility on reciprovei
teoperature. Test whether the true regression deviates from
lineuritys (3413) w2)
Por the follosing data on Sales (thousund rupces) of o firm,

i) fit a lincar trend to the yearly totals
and i) calculate seasonal incices by the ratio-to-trend method.

Qunrter
year T 11 111V
1962 a5 45 i1 30
1061 3% 51 35 49
1962 4 53 50 53
1903 - 30 W 2 0
1064 04 26 » .
)
GRUP C (28 marks)

(Attempt all questionw fron this group)

b. EITHER
With tho help of the official publications supplied, obtain the
nunber and value of nickel coins, minted at the Calcutta mint during
the latest available threc—year periods. Collect also the corresponding
figures for the Dombay mint. Arrange them in a suitablo tabular fom =
and make a brief stntistical report on comparative fluctuations.

on . Q4) -

Prom the official publications supplied, compile neatly, for the five
“latest available yvars, figures on the total sanctioned strength of civil
police force in India and the cost of maintaiciog the sace. Cocoent
briefly on the salicot statistical featurcs of the data.
.1’- Proa the official publicationa supplied, compilc data on any three
of the following : . .
1) Index number of valuc of oxports (by aem, sir, land) from India
for aix latest available montha. .
1) Export of tea froo India and Ceylon during the J latest available yeul:l.
t1i) Distribation of totnl live-birtus for Calcutta by sge of mother, during
the latcet available year,

iv) Nuober of ncwspapers snd periodicals published during the 3 lateat
available ycars in India. : (12)

)



INDLAN STATISTICAL INSTYTUTE
Statistician's Diploma Exanination = May 1972

Poper VI : Statistical Methoda; Derign & Analysis of Fxperimenta

and Samnle Surveys (Practical)

"ﬁne ¢ B hours Full marks : 17}

‘ll. (o)

(e)

(9

2. (a)

(s) Figurea in the margin indicate full marks..
(b) Use of calculating wachines ia permitted.

GROWUP A
(Answer any tws quasticas froo !.liiu group)

A certain stioulus adainistered to each of 12 patients resulted in the
following increaso in blosd preassure :

s, 2, 8, -1, 3,0, =2, 1, 5, 9, 4 and 6.

Can it be concluded that the stiocmlus will on an avernge be
accoopanied by an increasc in blood pressure ?

(s)

The regression of saving {(S) of a fasily over income (Y) may be
expressed 80 S = A ¢+ oY where A and m are constants, In a encple
cf 1C0 fapilies, the varirnce of saving is one quarter of the
variance of incouc anl the coefficient of correlation between S und
Y is found to be Os4e Chinin tke ostioate of ms Given further
that the variance of scving is 4.3,test for tho significance of m,
stating clearly necessary assucptions,

(24242) = 6

The féllo-ing records the opernting lifc in hours of several electric
bulbs ¢ ’ "

980, 002, 1003, 998, 1313, 1123, 1128, 1342
' .
It is knosn that life —ticos are distributed as
I'e (t) - g_g_td‘l e"(ﬁ“)/o
'

Get the maximum likelihood estiwmate of 0 , given « w 2.5 ond give
some idea pbout its standard error.

(s)

What is the snallest ratio (A) of two varionces ( A-l ) that can
be detected with power V.95 by on P-test with two samples of size
17, the size of the test “eing J.05?

o (1)

Five samples of scasoned nine-props were tcsted for maximum lead.
The means and stondard deviations of the maxirum load (in unite of
1770 1ba. wt.) were na followe :

saople No, (i) saople size (n*) 3 {nean) s, (s.D.)
i
1 2 42.) 10.10
2 24 52,) 12.2¢6
3 ko] 63.3 5.43
4 23 51.8 9.5
5 i 13.5 19.20

Plense turn over
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Teet if the variation froo saople to sample in the meon level of
oaxiouo lond ie sigoificant, Is there a significant differcnce
‘betwcen sanple 1 and sanple 57

' (8

(v) Tutherford and Geiger (1017) obtained the following distribution of
the nunber (x) ofa =particles coitted from a disc in 7.5 scc. Fit
a suitable distribution to the obscrved frequencies and test for th

goodneass of fit.

x I 4 X 4
N 57 7 130
1 03 8 45
2 383 0 217
3 523 1 13
4 . 532 11 4
[ 418 12 2
6 273 21 ]
. ‘ )
(c)' Teat if the age~distribution of white fish in Lake Wabacn, Alberta

changed significantly Letwcen 1037 and 1058 fron the catches in
these two years classified below in age-groups :

Ase (Yenrl!

year 31 5 [ 7 8 20
1957 ] 15 n 38 G2 20
1958 10 12 o 22 36 5
(s)
3.(a) Uese the octhod of lenst square to fit the curve
y=ox® o+ b to the following data :
x -
’
x 1 2 3 4 5 ]
y -1,51 J.09 3.88 7.60 13.32  26.)8
A1)

(b) Construct o scquentinl teat for the mcan M of a Inisson
distribution to test P = 1,8 ngainst P = 2,2 tuking @ w 0,74
and f = ),)2, where a, $ have their usual significance, Find
the operating characteristic of the test for U e 2,), If the
following are the valuesof x observed on the first 1) occasions,
whot infercnce, if ony, can you ouke regarding M 2

o (occanion) 1 2 3 475 0 7 8 0 1

X (value of x) 1 3 2 5 1 2 2 1 9 1

)

Please turn over
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GROUP B

(Atteapt ony two questions froo this group)

EITIER

Construct the lay out (vith neceseary randomization) of a 2}
factorial design in 8-plot blocks in two replicates, confounding
the highest order interaction in both the replicates.

OR

= . R .

Construct the symnetric balanced incomplete.block (SBIB) design with
vebel, rmked, A =2,

(3

EITIER

The following are the yields of 23 vorieties of 6oya-Lcons laid out
in a siople lattice design.

. . Replicate 3
(1) 6 (2) 7 (3 s (4) 8 (5) 6
(6) 18 (1) 12 (8) 12 (9) 13 10) 8 .
11) 17 12) 7 13) 7 1) o 15) 14
16) 18 17) 16 18) 13 19 20) 14

13
(21) 14 (22) 15 (23) 11 (24) 15 (25) 14

Replicate 2

(1) 24 (6) 13 (11) 24 (16) -11 (21) 8
2) 21 7) 11 12) 14 17) 11 22) 23
3) 16 . 8). 4 13) 12 - (18) 12 23) 12
4) 17 . (9) 10 14) 20 19) 0 24) 23

(s) 15 (19) 15 (15) 22 (20) 16 (25) 19
[l:‘.uch row reprcecnts a block, the figure within bracketssthe treatoent
oand the other figure the yield .

Analyee the above data,

OoR

An experiment on sugarcane conducted in 3 randomiscd blocks gave the
following values of nunber of plants per plot (x) and weight of cane
in kg. (y). The data on nunber of plants provide a basis for error
control through annlysis of covariance, The threec treatncnts ore
panures - nitrogen (N), plosphorous (F) and potash (K) in appropriate
doscs. :

bloek x N Yy - x r Yy X & 4
4 122 41 81 42 8O
40 120 S50 & 38 82
38 138 486 79 8% 65
41 121 42 15 0 358
30 126 48 83 45 78

Ad N

Analyse tho data. In case of mignificance, judge the individual treabmn
differcnces with a vicw to finding the best treatment.

Is the measurcuent of the concomitant variable worthwhile?

AN Plense turn over
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4.

GROUP C
(Atteopt any two q_lié;:';i-nnu from this group)
The following duta relato to the nunmber of houscholds (X) in each

of 44 villages {n a region. Sclect froo this 1ist 5 villages wityh
replacenent and with probability proportienal to X.

al.no. X sl.no. X sl.no. X el.nos X
1 0 12 3§ 23 49 31 49
.2 21 13 7 41 24 2) 35 42
3. 51 14 83 25 27 36 20
4’ 18 " 15 43 28 103 a7 21
5 73 18 ‘T 27 07 a8 N
] 2 17 33 28 21 39 b4
7 81 18 19 20 29 4) (D]
8 118 10 113 N 32 41 35
9 43 2 128 31 43 42 30
0 165 21 31 32 51 43 pal
11~ 181 22 a7 33 36 41 63

Assuming that the population figures for the 5 villages so aelecu‘
in a particular saople nre ns follows,estimate the total populatir
and the standard error of the estinate :

sample village 4 8 23 27 43
(acrial no.) )
X 18 118 49 207 20
population 101 517 238 913 87

(748) =1

The tablc below presents the sunmary of data nbtained from comple
census of all 2710 farms in a region. The forms are stratified i
7 strata, Thn_nunbcr of farma (Ni)' the population valuc of str:

means (¥,,) and those of strata stondard deviations (éi) tor difif
strata arc given belowl

farm aize number of overage area atandard de
stratunm (in acres) - faros (N‘) under wheat  tion of are
. 4 YNi) under wheat

1 2« B 364 8.4 8.3

2 41 - B 401 18.3 13.3

3 81 - 12) 301 243 15.1

4 121 - 160 3H 345 19.8

5 161 ~ 230 169 42.1 24,5

[} 21 - 21 113 5%.1 209

1 35.2

MNore than 2K 148 82.8

Compute the nampling variance of the estinated arca under wheat
the region for a sanple of 130 fams

(1) it the sample is aimple random without replaceccnt an
without stratification} and

(2) 1f the sanple is stratified random without replaccovs:
within ¢ach stratun,with allncntion proportional to X

Tet)
[lnn-n tum over
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Froo o region containing 1329 villages and of total cultivuable arca
of 9,65,83) bighas, a sinple randon sample of 64 villages were drawn,
The frequency table below, shows the total cultivable area and the
arca under wheat in thesc villages.

Arca under Total cultivable arca (bighas)
wheat (bighas) 2 EoN 1270 17)) 2om *
17 12 » 0
200 8 ....-4a "2 1
00 ... - 4 3 1
700 2 1
Ve 1 2

Obtain the rotio and regression estimntes of the total arca under
wheat in the region and the standard error of the estimates,

(5417) = 13

$419)



INDIAN STATISTICAL INSTITUTE
Statistician's Diploma Examination = May 1963

Paper VII : Applied Stntintice (Practicnl)

er : 3 hours Full moarks : 160

(n) Cnndidates will be r'equired- to noswer queations.
from those two groups of Bubjects only, for which
they have registered their optionas,

(b) Sepnrnto answer bool3 are «o bo usecd for cm:h of

these two groups attempteds
(c) Figures in the margin indiente full marks:

(d) Uso of calculating machines fs permitteds

GROUP A i ECUNGMIC STATISTICS
(Atteopt nll questions from this group)

A series of Index Numbers of production and employment in industries
for the years 19.8-56 are givens Study the changes in producticn,
employnent and lnbour procductivity on the basis of these fizurvs.

Index _numbers

year production ezployment

10:8 10t .0 100.8

1% 9 110.3 10147

1930 . 119.0 10240

1051 110.0 10343

1052 © 118.0 102.8 :

1933 12843 103.8

1%4 1367 104.8 .

1053 V3.7 . 1066

1936 fu.g 107.0 o

(12)

Per cnpita deoand in pounds, for mcnt (Y), retail price iu cents
per pound (X ) and per capitn disposable income in dollars 0. ),

are given below for the years 1028-4le Calculate the elnstiunu
of deonnd with respect to price and incomee

X Y x X

Y X
ear 1 2 ear 1 2
YU (Pounds) {Centa) Pollars) i (Pounds) ¢ va) (9ol lurs)
1028 G0.8  30.3 682 1935 55.1 6.0 317
1920 67.0 29,1 60} 1936 55.8 21,7 551
1930 684 2347 515 1937 58.2 2.3 L8
1921 707 13.6 300 1938 64.7 22,2 538
1032 69.6  13.9 364 1930 13.5 13.3 576
1033 63 18.8 A1l 1940 64,4 247 67
1034 4.4 2.8 49 1921 65.8 25.3 -3¢

(c4)

Please turn over

(20)
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3.

1. (a)

®

~

€)

Q)

(a)

(®)
(c)

2=

For the income dlstribution whown below, draw a Lorenz curve
and cnlculate the coacentration ratios

incomo-grade caruerd total income—grnda: earncrs tot;
(. thousands) (number) facome Q. thousnnds) {mrler) inc
Qe Crores . (ac.
below 3 3,779 0.3 30 =~ 0 15,282 )
3 =85 +,00,100 180.3 40 - 80 7,502 LY
85 < 1.3 3,233,770 203.0 50 - 60 - 2,000 2]
75 = 10 1 .;..,3"0 132.0 60 -~ 170 2,210 L
10 =~ 12.8 02,316 9242 70 = 1O £,E0d 2
12.3 - 13 50,114 77.6 100 - 200 1,¢1e 2
15 = 17.3 35,283 87,2 20 = 30 27 .
178 = 20 23,603 441 30 ~ O, 123
20 ~ 23 20,504 59.0 Y - 500 L7
25 ~30 18,227 41+6 over GUO 112 1
NEATNESS

GIWUP B 3 STATISTICAL QUALITY CINTRCL
(ittehpt any two questions from this group)

It is desired to’control the oean weight of a ciparetis at l.:it gn.
A 10 g jncrense in the weight iy to be dotected with n orobability
of 095+ \n the’other band the probability of wrengly decidicy that
the mean weight hins incrensel shquld not be more thaa U.Cl. Letermir
the vomple size nnd control limits given that staadarl} deviation of
the process is .04 e

Obtain 03 g6 conficence limits for the lot standard deviation, given
that fo a sacple of 10 packeta of margnarine the ltnnd.‘u-d devintion
of percentnge moisture, wns 43

Construct 990 ;6 conﬂd-nc- limita for avernge number of deiccts per
item in lot, given that in a sasple uf 20 fteacs inspected a total
number of 22 dcfects were notede

A proceas is in control at D =10 and 0 = 2. A conirol chart Lased
on o subgroup sizo of n = 4 ie ect up using 30 linits. If a shift

in the oean of 2.5 units eocurs,what {s the probnbuuy of the next
X laluu outside the control limfta. . (pegace5)e.

Thl upper lpeu ficntion lizoit for oo cngineering prolict iv £¢ units

In 1ot by lot fompection of this product for proportion defective,

the AQL and ‘the LTPD aro specified nlpecuuly ad Cevll ind U8

;kﬂs the producer's nnd consumer's risls respectively ns 0.C3 nnd
10«

Design au acceptnnce criterion for single sampling by variatles,

using the sample wman and the sanple standnrd deviations

Devise n single sanpling plan by nttributes for the saac cunditicos

Which of the nbove two plans you would prefer if the cost of
inspection by mensurement per unit, is twice that of ox.ainntica
by attributce. (0ee6)=

Zlem:e turn over

21)
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3. An experiment.wns conducted in.n rubber factory with n view to,
reduce buckling in hose pipese The fnetors inducing buckling:
are Coil length (C), Bheet length (3) and deurce of tension (T)
ench nt thrce levelas Por each cambinntion, 4 coils were obuerved
and the totnl number of bucklea in the four coils is given below.

Tension Coil Sheet length
S

(degrec)  length s, 2 5,
[ 2 A 1
'l‘1 C [} 3 4
C 8 3 2
Cl 2 V] 3
T2 Cz 1 [4]
1 2 ¢
C 3 ] 0
TG [ 5
C 2 (1} 1

Coarent upon the experiment and tho results, making any antlysis
that you deem approprintes R (1)

NEATNISS )

GRULP C : STATISTICAL METHODS IN GENETICS

(No Can¢idate Available)

GRWUP D : VITAL STATISZICS AND DEMOGRARHY
(rttempt any two questions from this group)

1+ (a) A country’had (in ters of thousand) 775 births in 1904, 8UU hirths
in 1963, 820 births in 19606, 947 births in 1967 aand 390 Lirths
in 1968+ In the Census taken on 18t January 1960, 331V thwusond
children nged U4 yecars were enumerateds

Find the percentnge of under enumeration of children aged U— yeare
making use of the following extrnct from Lhe life table, luwing a
radix of 10,000. bx

9,105
8,550
B,305
8,102
8,023

S wonw~o

(b) Given that the complete expectation of life at nges 3J and 31 for
a particular group are 2139 and 20.91 years respectively wnd that
the number living nt nge 30 is 41,176 find the pumber that attaina
the uye 3le

Plenso turn cver
(122)
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1. (c)  Below is given o skeleton life-tadle :
(contd.) .
age Do, of ~ 1life table life table
survivors population = population
x atoge x  in the cgé  above nge x
roup
1x 71 to x+10)
10Lx Ty
.5 681 0,350 -
15 590 5,670 -
28 543 . 8,052 -
a3 401 4,116 13,832
Calculate
1) the complete cxpectation of life at nge 15;
1i) tho probubility that out of -twe perasons aged 15,
at lcast one will dic Vefore reaching the age 35,  (84848)a2y
2. The following table shows the growth of sunflover plants in a
certain locnlity. Fit a logistic curve to the data.
Growth of Sun Flower plants
mean height acan height
days (in cu.s’ duys in cm.
7 17.0 49 235.5
14 36.3 56 228.3
21 067.8 63 . 217.1
28 3.1 kPl 25).8
35 131,0 17 232.8
42 169.5 84 254.5 (21)
3. The following table pives the feonle specifie fertility ratees

and the proportion nf femiles surviving fron dirth to mid-point
of the age group :

age group 8gc specific  proportion surviving

(in ycors) fertility (from birth to mid-
rate . roint of aze zroup)

15 =19 . 0553 T .579) ’

2) =24 $122) .5355

25 - 29 .1140 «5230

3) = 34 +3957 <188

33 - 39 #J731 +43%0

4) =4 D342 «38063

45 = 40 3104 370
On the basie of the abnve data, calculate the truc rate
af naturul increuse (r).in a stable population. &
NEATNESS 4

_Plvase turn aver

(23)
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GROUP E : EDUCATIONAL & PSYCHOLOGICAL STATISTICS

(Mtenpt queatiens L and 2, and nny two from the rcst)

what is the cstimnted ultibate limit of the predictive
effectivences rf a test for an cxternal criterion with

which it now correlates 2.35 nol hes a rellnbxlity

coefficient of 0.83? (1‘))

The frequencies of the responacy to a. uputude test iteo and
later probationary status it Job of 30) peraons, are presented
below ¢

perforuunce during item responses

period of probation correct incorreet
Satiafactory 361 59
Not satisfactory 29 41

Estimate the cocfficient of correlation between the two .
dichotoaously expressed variables. (1))

The following is a'centrcid*factor loading matrix.

Corazon factor cocfficient Coccunality

variable
M (:l c2 h2
1. height . £ 300 .818
2, arm-span . .818 +100 139
3. length of forcam 17 -3 825
* 4. length of lower leg +708 Y 538 .793
5. weight .786 520 HOY
8. bitrochantric diumeter #0672 438 +661
7, chest-girth + 301 ESY +332)
8. chest-width o317 «333 329

Obtain the rotated factor losding maerix, after suitable orthogoual
rotations of the centroid factor loading matrix. 1)

General Science examination m.arls and aptitude acorea of
30 pupils are presented below, Obtaia the rank—order correlation
coefficicut Letween the two scts of sccres.

sl, gcneral aptitude ale gencral aptitude
no. acience tent no, scicnce teat
1 1 ey 16 178 - 35
2 132 24 17 172 30
3 152 28 18 165 28
1 142 23 19 16d 27
3 184 a7 2) 148 25
8 vy 2 21 100 a1
1 150 28 22 149 a3
8 170 23 23 138 a8
1] 181 20 24 167 20
1 101 35 235 102 27
11 175 32 26 113 23
12 135 22 27 lg(; '.'"g
13 147 24 28 1 d
11 102 26 29 172 31
15 136 21 R 15 30

(11)

Plcase_tuyrn over
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8. The scores of 15 boys and 13 girls on an aptitude tost nro given
below, Sex is the dichotomnus varinble x and the aptitude test
{8 the quantitutive variadle y. Coopute o coefficicnt of
correlation betwecen x and y.

Write a brief notc on the coefficient of correlation you mnke

use of and coooent on the datn [urnished. N ‘94
apti tude aptitude
boys test o girla test
1 3 1 Kk
2 42 2 32
3 32 .3 k1
4 4 4 25
3 25 . B ko]
6 (2] L] 47
? 43 7 57
8 £ 8 42
° a3 '] 43
19 - 47 19 . 35
11 62 11 33
12 56 12 4
13 . 52 13 a3
14 48 14 43
15 0 15 45

423)



INDIAN STATISTICAL INSTITUTE
Statisticinn's Diploma Examination ~ May 1970

Paper VIII ¢ Sybjects of Srecinlisation = I

Time : bours ’ Full marks § 100

(a) Candidntes will be required to nnswer questions from
that group only for which they have reglucmd their
optionsa

(b) Figures in the margin indicate full marks.

GRUWP A : LCCRQIC STATISTICS
(Econometrica ~ Speeinl Paper I)

(Answer nny five questions from this group)

1. What are the nssunptions pecessary to set up tests of significance

oand confidence intervnls bnsed on least squares estimntors /S\‘

coefficicnts in a linear regression model:

ok . o
y"-‘:lﬂ N u, - t =1, ¢ecy no

Describe the procedure for setting up. the confidence fatervals
: (5+415)+20

20 (a) Show that the prices for the gools relative to -Agen in o
Leontief Systemscan be obtained through the coefficients for
the labour inputs.

{b) . Derive national iocome fran the input—cutput table for an econoays
' (1248) =20

3. Describe Pareto's cquation for incame dutnbutlon- ‘)ucun
its limitations.

Derive the expression for the Lorenz measure of inmequality for
the dlatributione (10+10) =20
A In the folluwing, the observed valuea of the \nrmblea X and Y are

assumed to contain errors of measurcaent

Xe X ¢u

Yo Y ¢v
where X nnd Y are the truc valuce and'u and v are the crrors
of observations Suppose that the true valucs are connected by the
exact relation : ’ .

Yy =a¢+fxe.
Can we use the least squares method to estimnte the parnmeters
in the linear model derived from above relating X and Y?

Discuass your answer fully stating necessary assumptionss ': (2v)

8, *'A model in which all variables are present in all rulntims
is statistically n hopcless problem!',

Diacues in the light of this statcment why a priori exclusiun.
of varinbles 'is a mecessary condition for idenuhcnuun in a
8im)taneocus equntion systeme (20)

Plense turm over
(u20)



S5 M70)VIIT (2)

1)
i)
;11)

iv)
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(e)

Q)
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Discuas the problem of multicollinearity Letween “two regressors.
Can you suggeat nn npproprinte method for esmtimating.the associnted
regressibn coefficicnts ?

Whnt oré the conditions necessary for such a method to be valid ?

' : o s : Q1001¢
Discuas two different algebraic forms of Epngel curves nud describe
the methods of estimntion of the coefficient for income elnsticity
of demnnd ,by fitting ench curve to farily budget datae

Discuss the difference in thp pruperties of the coefficients
derived from the two curves. (13¢5

For a Cobb-Douglas production function

x'l\nf' ka

where ‘x* is.output, ©'labour input, k"cnpitnl ioput and
'A' 18, constant,

Obtain the elnsticities of output with respect to ladour

. and capital inputs;

Show that the sum of the exponents @ and P indicatea the degree
-of ‘'returns to scale' in production ;

Ubtain relations between avernge and marginal productivities of
labour and capitaly and

Show that the wngo share of the vnlue of_outpu't ie constnnt
when real wange equnals marginal productivity (in a competitive
market)s - Coe . I

’” Tt ey . .
GRLUP B : TECHNO-CAMERCIAL STATISTICS
* Gtntistical Qunlity Control ~ Specinl Paper I)

(Attempt any five queations from this group)

Describe a sjtuntion involving order of produc'.ton‘na a bnsis
for rational sub-groupings Illustrate also with suitable
exanples how the order of production is not alwnys n sufficient
basis for sub-groupinge

Discusa the considerantions that prevnil in the choice of the
frequency nnd size of the sub—groupse

Show how to construct the power curve of the x chart, when it
is assumed that the process standard deviantion does not changee

¥hen would you recomnmend the use of 'modified control limits'
for no T chart? Explain how such limits are constructed and

.ueed in practice. Indicnte some poasible alternative courses

of action nvailabla in such a situntione - (e v *p)e20

Plense turn over
(u27)
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Die tinguish between Bpecification lim{ts and tolerance licits.

Derivo the necessary expressions to construct tolerance licits

such that for the following two cases, it can be asserted with

1003 percent confidence that they will include at lenst 10 «

per cent of the population (where a nnd B nre preassigned

pupbers between O and 1)¢ C .

i) a normnl parent population

i1) n parent popnlation with an unknown form (assume a continucus
probability density function)e (a5 )w20

Distinguish between the"l‘ype A and Type B opernting characteristic
curves of an ncceptance sampling inspection plan, for attrivute

characteristics.

For an inspector, tho orrora of misclassf{fieation have Leen found
to be ns followas ¢ s
‘1) the probability of olassifying a non-~defective item ns Cefective

- Pl . .
1) the probability-of claseifying a defective itow ns non=defective
- . . .
Show that {f ® {s the proportion of defectives in submi‘ted product
the effactive proportion defective- y('“ =P +n (1 - P - P2)'
. .

Ir - O, what would be the effect of the insj).ector'n error on the
operating characi.ristic curve of the sampling plan ?

Explain the basis for the Ioilmving statement

. "u{e long term process average outgoing percent defective, cay

rarely be expected to exceed ome-half the AL value nssccinted
with the inspection plan in use!!, (5+54545) =20

Derive expressions for the probability of acceptance nn.d the
avernge amount of ipspection for a double-aanpling attributes
inspection plan, assuning that.the rejected lots nre subjected
to a 100 per cent ecrcening iospections .
For a double-snmpling nttributes inspection plam, show that the
avernge sample punmber, when inspection is curtailed on the
second smploc‘l‘n given by the following expressiond
ASN = o, ¢ m'El‘l P € defectives in nl) Elzl'(uz ~oor
€y = m*l
1ces delegtivel in nz) * - P(ez =m + 2 o nore

defectives in nzﬂ)] for all values of %,

where © fe the fraction defective in presented lots
o, - sizo of the firet eample
n, ® 8ize of tho second sample
e = acceptance numher for the first saaple
€y ® ncceptonce number for combined samples
and P(..9= prounbility,of the ovent epocifiod in tho bracket.
(3¢5410) =20

Please turn over

‘\l"ﬂ!



82 (V7O)VIILI (4)

8. (1)

()

()

@)

8¢ {n)

()

()

—d-

Discuss the advantages and limitntions of ncceptance sampling
by variables ns compared to attribute inspection.

For the MILSTN-1414 Swpling procecurcs for inspection Ly
varinbles for percent defective, what {8 the acceptability
criterion for the varinbility unknoxn Range mothod for the.
double specification ense, when differcat AL values mre
specified for Upper nnd lower specification limits ?
Summnrise ncatly the atepss

What are the criterin used ‘for installing tizhtened and

reduced inspections? Explain the steps iovolved ani clearly
stato how the approprinte sampling plnnl are to be ubtnined
from the puilished tables.

fuat are the conditions under which mixed variables and

attrib utes anmpling plans nre to be used? - How are the ;lans

to be selocted and whnt nre the criterin of acceptnsility?
(4+54548) w2

It n, points of the cube of type (#1, #1, <o *1) are used

nlong with n, = 2k points ol the star of typn (*a 0, eea ),

©, *a, oo U) ves (0 0, 1e0 ¢ a), to form a central
cmpoaue design, prove that

a uAn/ nc for rotatnbility.

Explnin how to obtain an orthogoonl blocking arrangement for a

* ceptral composite design for k = 2 factoras? Indicate the

experimental combinations to be carried out in each blocke
An upeﬂnﬁ:nter decided to explore the relationship between

the yield of a chemical product and two independent varinbles,
and it was cxpected that the response function might be -

nppruximnted by tho nocond order model i )
2
ERI AR EAT NN 20 pamrst Bpme 1€
ihere the obaerved response -
y = purity of a chemical 1ntfmed$nta
x - tcmpernmra of the reacting mnas
x," rate of nddition of rengents:
The fanctor levels chosen are "=’
o
(temp) : 15%, 3%, 48°%, 060%,.75%
x, (rate) ¢ 1 hr, 2 hrs, O hrs.

Exporimnuﬂ materinl avnilable wns sufficient to run only
10 trinls.

Suggest n suitnble second order design and give the lay-out
of the experimentnl plane

(a+640)=20

Plense turn_over
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Write shart notes on any four of tho following :

a) Mid-ftange chart
b) Cumulative Sum charta.

c) Distribution free tolermncé 1limits

d) i.o'.-dunl“y cstimation

e) dulk sompling - . . .

f) Variation flow analysis. (545¢545)=20

GRRGUP € : BIGMLTIRIC XLTUHIIS
Specinl Paper I)

No candidate avnilable

GRUUP D : DSSIGN AND ANALYSIS CF IXPLRUMINTS
(Gtntistical Aspects = Specinl Paper I)

No candidate avnilable

GNP E : SAMILE SUIVDYS
(Theoretical Aspects = Special Paper I)
{(Attempt four quections from this group)

With o view to 8 udy o rare attribute it is decided to continue
drawing o rapdan snmple of unite without replacenent, until

o pre~fixed number of 'm' unite possessing the rare attrilute
nre founds If the finite population correction cnn be ignored,
show thnt the probability that the total snaple required is

of size 'p' is
T F 0 0> )

whera P is the proportivm of the rare attribute in the populiution.
Also show that the average size of the totnl sample:is %, and

that p = :—::- i» an unbinsed eni;nntor of P

Suggest o euitable sampling desi;n and indicate the estimation

procedure for ¢stimating the survival rate of a dynaumic perulation,
stating clearly the assumptious undor which your methud holds guod.

(a+p+0) =25

Please turn over

(150)
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2+ (a) If a cluster of elements is to constitute n snmpling unit,

-!what arc_the: comidnmnmc invol\ed in_the choice of--such
a sampling unite | L

(b)" A population consists of M eluuzer- of N gmiu eache The

_varlance within elunen (. follows the capirical
2.
ln' L A8 -herc Aand g ard positive ennn.nnu- Ubtnin

the - o.xtlnum eize of the cluster, if for a simple random sacple
or n cluuen the con. function is of the form C = clmN °c2\/—

(c) It the clusters nro of unequnl size, show that the sample menn

becoows n ratio estimate. Compnare ite precision with that of
n simple random snmple of the same expected pumber of units.

(@) "Cnn n cluster sample be more efficient than a simple random

e

L

/snople of the same expected number of units ? Explain the
“situntion’ 'H.h an exn.mple- (s+neced)=2s

3¢ (1) Enumernte the alternative ways of utilising ancillary informntion

on an nuxilinary variable correlated with o character under study
~in lnrgc nonh u\mple lurveyl.

(b) ‘l‘nldng nny of Lhou wnyn ns an exarple, show how the procedure
. . con bo extended to n cnse where informntion is avnilable on two

nuxlunry varinble related to the principal charncter under
stulys

. . ]
(;) :Supposc’ 'm'_independent interpenetrating Aub-eamples of the

enme 8ize 'n' are aelecud according to the same sampling

design and \mbimod elhnmun i‘l& and & x}

fwhere 1 = 1, 2, ess, m) of the population totals Y and X of
two :hnrncuro nre obtaineds The following twa ratio
estimators of I = Y/X,cno be constructeds

o ' m m
~ Y , 1 P
At X & %)
T,
1 8 1 3
od By e Y X rash
1

- Obtnin expreasions 'for cstimating approximately the bins in thems

@) U-ing'fq nnd/r}z' construct nn estimitor which is relatively free

‘)

®)

froo biase o . (545410+5) 523

What are the relative merits of systemntic sampling when
compared with simple random snmpling ? Indica‘e how systeontic
smmpling can be coneidared as n special ecnse of 'cluster!
samplinge

Deduce the wampling varinnce of the mean of a systenntic sample
nnd indicate n procedure for getting no Approximnte cstinate of
the sampling varinnce from n single such snmples

) FPlgnse turn over
(:31)



50 (7O)VIII (1)

e le)

contds) columns- The value Y, , of the element in.the ith row

Be

@)

()

()

@)

()
(v)
@)
@)
(e)
(1)

-7 =

A population consists of N = nk units arrnnged in n rows ond k

i .
(1 = 1,2, 2ia n) and jth coluan () =1, 2, ses, k) is given by
the lincor law g

, Yu- B o+ (ik+j~x)a
where M and A are constants.

A systeoatic snmple of n units is drawn by selecting all the units
in a rondom columne A stratified sample is drown by randomly
selecting one unit from each gow.

Coopare the snmpling varinaces of the means obtained froo the
two samploes (5+1C+10)=25

¥hat is a self-weighting snmpling design ? lu;iicnto its merits
and nlso ite drawbacks, if nnye.

Show how a stratified two-stnge sampling design for cstimating
populntion total can bo mnde self-weighting at fielld stnge,

by using 'probubility proportional to size'! saopling techniquee
Supposc o non-self-weighting design was ndupted for eationting
population totale Ipdicate how you can make the desizn self-
weighting at the tabulation atngee.

Cbtnin nn estimntor of the incrense in the snmpling varinnce
with the modification. (6+7+743)=25

Write critical potes on any four of the following @

Method of double sampling for stratification.

Multi~stnge and multi-phase snmpling deuiéna.

YWeighted regresaion estimntors. ’

Sampling on luccenlhro occnsionse

Use of coet functioos ip planning somple purveys.

.Methods to control pon-sampling errors in sample surveyse .
. 7 (25)

Paper VIIXI : Group F ¢ Techniques of Computation

(Numerical fnnlysis = Special Paper I)
No candidate availabdle

Paper VIII 2 Group G : Statistical Inference
(General Theory - Specinl Paper I)

Ne candidate available =

Paper VIII : Group H : Probability Theory

(8pociel Paper I)
No candidate available

* fa2)



INDIAN STATISTICAL INSTITUTE
Statistician's Diploma Examination = May 1970

Poper IX ; Subjccta of Specialisation — IT (Theoretieal)

Tioe : 4 houre ’ . o . \\ Full marks 1 10C

(a) Candidates are rcquired to answer questions from
that group only for which they have registered
their option.. .

(b) Pigures in the m'u-ain indicate full marks,

Group A ¢ Econonic Stntistics = glndinn Econcoica and
Fcononics of Planning) — Special Poper IT

Section T — Indian Econonics

(Attcopt any three questions from this scctien)

1, Analyse the major factors governing the changes in Indian agricultural
output in the 1060's. Yhat are the main obstacles ogainst a rapid
sprcod of thu "Green Revelution®?

- (16)

2. "The increaso in Indian cxports recorded in 1068-69 was entirely
the reeult of industrial recession conbined with massive government
subsidics for exports and connot be repecated in the fmmediate future”,
Exoftine this statemcnt carefullys

(16)

3 Examine how far industrial workers have benefited from the labour
policy pursucd bv tho government of India, after the abolition of
conpulsory arbitration as a gencral policy.

(16)
4o Discuss how far the nationalisotion of commercial bonks can bo
expected to curb the growth of monapoly in India.
(16
Be Discuss the relative werits of
(1) a progressive income tox,
(11) a progressive land tax, and
(i11) the cnforcement of unfavourablo terms of trade for
agriculture with a cciling on the sizo of holdings,
as altermative mcans of taxing ngriculture in India.
' , (1)

8, Analyse the trend of Indian industrial productien simcc 1951,
distinguishing clearly betwcen capital ¢o9do and consunmer goods
. industrics. T

Discuss in this connection the problem of choice of a suitablo -price
indox for deflating the voney value of industrial production.

(18)

cgen aver



- Section IT — Econonics of' Planning

(Atteopt any three questions rom this section)

7. -.Show, with the help of the Mohalanobias model or any other multiase:
model of planning, how pational income, investment and conesumptiam.
behave over time, if the aim fs to'cffect a permoncnt incremse in
.rate of growth of national income.

; Lo (16)

8¢ ' Show, with thé holp of a th'eoreulqnl mode}, or of'a concrete éngee:
how the existence of surplus labour in an economy might influence
the objectives and the instruments of planning, .

: (19)
9 Discuas the utility and llnuot.id'hs of shadow prices for planning
India‘s foreign trade. .

' < (16)

10, Show how lags in the formulatfon and execution of plans,would affed

the benefits expected fraa a programe of import substitution ia
basiec Industries.

K] . :
11, How ;\mld you modify the proposed outline of the Indian Pourth Fiv
Year Plan so 0a to reduce India's dcpendence on forcign aid and
foreign loana?

(19)
12, Write notes on any two of the following :
(o) the warranted rate of growth;
(b) the optimum rate of saving;
(¢) the strotegy of unbalanced growth;
. () a block-triangular input—output martix.
' (8+9)

Neatncas (Sections I and 11) : ' ()

GROUP B : TECHNO-COMMERCIAL STATISTICS - (II)

Section I : Operations Rescorch : (70 morks)

I : (Altemative) : Eleaents of
Book—kecping and Aocountancy (70 marks)

Section 1I 3 Statiatical liethods in Dusiness (% marks)

Scction T : Opcrationgs Research

(o) Use a gaparatc answer bbok for this scction

(b) Attempt any four questfons froa this scetion
An item hne five months sclling peri'od with the prodability d.h\n{
bution (given overleaf) of selling prices in eoch month.

!Q.! contd, @



(2)

I3

2. (a)
(v)
3. (.)
®
4.(a)
(v)
(o)
(@
S.(a)

(d)

(c)

BUON

-3~ SD(M70) IX(3)

Probabd{1lity distribution of sclling price in cach nanth‘.‘

price nonth

- 1 2 3 4 5
4 10 93 25 05 o3
5 I .18 B .28
[y 2 s 30 .38 0
7 ) .28 o5 .25 .20
8 o3 o .13 13 o8
» .10 a5 e W1 i Y

1 05 i Y 95 K3

Caleulate the expected price for each month.

FPoced with theac probsbility distributions for the price ove- the
denmand eenson, use a nethad of Dynanie pro'-nmm, to detcming
an optim.l ecllingpolicy. —_

[w. would expect such an optiuial palicy would consiat of ru.ce
telling thut if in & given month the actual ‘price excecded
certain predcternined value, we should ecll mrything dur_ng
that month. . L

. (4413} = 17

Discuss 'Dualn.y in Linear Progrmng and fts usce.

Describe the application o! !.Snenr Progranning in production

.acheduling.

- . (1947) = 17

Describe the mthcmucnl s'.ru:'.ure of O.rannportnuon, transhipoent
and assignment problems.

Examine critically the differcnt methods of solving them.
' ' (1047} = 17

Outline thelcomputntionhl problens of ‘a generalized (n) job (o)

. maching scheduling problem,

N ! A
* State the rule and the assunptions underlying the "Johnson's Rule®

for (2) machine and (3) mochine cosps.

Show how the Akers and Precdman's Grophieal Approach to (2) .ob (n)
machine problem works.

Relate the structuro of {b) and (c) sbove to (a).
(444408) = 17

"Indicate the diffcrence between replenishment and reorder syctem

in Inventory Control.

If the denand as well am the lead-time follow an explicit random
pottern, e.g. normal distributfon, show how you would proceced to
obtajn the distribution of demand during the load-times

If several products are to be processed in a single machine, how
would the Economie Manufacturing Quantity wary froam the cascowken the
machinos are unlimited.

(5+547) = 17

Plense turn over

(uas)



sp(u10)1x(4) . -4-
6_._ Suppone then IN two activities with durnuonl

begun li:m)uneoudy aa projech.
probabilities can be calculated :

® @y
(14) p{\m: (1, T < 'v} )
(m) P {)un (1, 12) ¢ '-} |
and (iv). .aleo the expected value oj R

e {_uu (1, 1) -uin (1, 1-2)}

'l'l and 1‘2 to be

Indicato how the following

.. (4440445)
Neatnesa ) s

_ (2)

P.li>er IX : Group B (Altemmptiye) : Elecenta
of Book-kecping & Accountancy

(No candidate available)

Section IT': Statiatical Methods in Dusiness

1) Usc separate answer bLook for thie section.
i1) Attempt any two questions from this section.
1, - A factory bas two nachines both of whieh make 1/5 inch steel wa;
. Thickmcas ot independent samples from cach wachine were =en.unJ
neorest thousanth of an ineh, with the following results,
Machine I3 117, 130, 122,

, a0, L102°
Machine II : .12, 127, 133,

W15, 137, - 22
" Are tho mcan thicimeases ai@i“cnntly.dlﬂerent?

T ()

A purchascr of dolls froo o atore observed that 8 out of 130}
dolls manufacturcd by a company A were defective, while only
out of 130 manufactured dy & company B were defectives

To it
reasonable to suppose that the two pereentoges represent o cwf
level of quality?

2.

{19)

Plcose turu over
e = -

(uae)



-8 sp(w0) 1X(3)

!

3 In on attempt to judge the obility of a certain forccaster to
corrcctly forceast clond coverayn, 24 hours in advance, the following
inforcation was cooplled from a acrice of independent trials.

. catesrry forceant total
category cloudy | ecattered| clear
observed
clondy 2 »28 3 43
scattered 8 33 21 T 81
clear 1 [ 30 45
total [ 1 o1 83 178

(a) Is there a significont degree of anssclation between the forccast
ond observed categories of cloudiness?

(v) What observations wuld you n.kc about tuc forecoater's ahluy‘!

(oq) 1)

GROU? € ¢ m(m:"nxc METHODS = Special Paper II
(Staﬁ pucnl n:e\.hod- ‘.n Gcneucl a mo-nasnys)

(lln :nnd.hlr.tc A\rmhhlc)

* GROUP D : DESIGK » ANALYSIS OP EXPERLENTS.— Special Pnpcr I
{Combjnato~t) Aspectr)

{At..opt. any 7ive questiona froa this group)

1. Define the term 'primitive mark' of a finite field.  Find the
primitive marks of CF (II).

., Conatruct a GP (32) ond pronde the corrc-pou-ling addition cud
multiplication tables.

(2+48) » 1D
2. How would you construct a complote set of mtually orthogonal

.latin Squarcs of eide 's' where ‘s’ is power of a price?

let 6 = P1Py where Py nnd p, are two diatinct prinel. let
r = minisua of pl—l and p, ~1s TIhen show that a pct of r mutually’ :

orthogonal latin Squarces uhh.J
B R

(D) & >

-.Plt\u-nlo turm ;wn-
(a7) -
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4.

Se

Detine’ (i) Balanced incomplete block design (BIBD) °
(ii) Resolvable balanced incomplete block design (RBIBD)

Prove the following inequalities:

(1) r 3K (in the case of DIDD)
(1) r KA (in the case of RBIBD)

If N is the incidence motriz of symmetrical BIDD, show that

. (V'—A E\")/ r- where N'is the transpose of N end g

is the matrix of order v x v with positive unit elcments everysler,
Hence show that in a symmetrical BIBD uy t'o block- have A variti
in common,

(44848) = :
When is an incopplete block deeign said to be partially balanced wij

two—associate classes? Establish the various rclationships betweer
the pareoeters of two-sasociate portully balanced incoaplete bloa

design (PBIBD).

Write the parancters of group divisible deaign.
: (1248) = 2

Show that thc existence of aymmetrical DIDD with the parametera
veb, rak, N\ ioplics the exutence of the following BIB design:
with tho parsaeters v', b', r!, , A' and v, b", ™, k', A where

(1) v* = vk, b' = b, rf e, KikaNaR ]
(11) v' =k, b" m b1, r" = r=l, k" « A, AN'=A-4 1.
Let 9, 1, 2. Jieuy 10 be the elements of GF (II). Show that the

of elements (1, 3, 4, 5, 9) forma a differcnce set, mnence eopstru (a
sycmetrical BIBD with v @ b w11, r « k = 5, Az2 .

(19419) =: (v
Explaln the terms 'confounding' and 'partial confounding' using 2J
symmetricnl factorial design.

Construct a (34, 32) design such that the main effects and first ¢
interactions are not confounded.

Explain how EG (=, s) may be employcd for the construction of
confounded deaigna, Lo

‘ (4.5.8) < a,
Define the term 'aliaa’ in factorial expertmmh with fractional
replication. (0)

Give a method of conatruction of 2kch replicate of 27 ymme tri cal
factorial dosign. (v)

Conastruct half-replicato of 20 design involving 6 foctors A, B, O
& P with confounding, to reduce block eize to 8, such that )
ADC = DEF, ABD = CEF, CD = AILF,are eonfounded with the blockes :

(34048) ©

Plagual burua et
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(»

1,

(a)

®

?o
(o)
(®)

©

for some important aspccte of the schedules

-1~ sD(w70)1x(7)

Let X be o lqunre matrix.of -order n, (n)z). consisting of + 1 as

elcmcnts,_ such that’ xn X' =0l where I is the o't order tdcnuty

"'mlnx.

Show that a necessory condition for the existence of & is th.nt.
nw 2 ood, 4.

Show also that the existence of X of order n m 4t where t is ¢ ve
integer, ioplics the existened o! nymctncul DIBD with the purnncben
vebadted, r=k=2te, Azt

Seven planta choscn for an experinmt hove each three leaves growing
serially along tbe stem, Plan a achene of allocation of seven
treatnents to the leaves such that cach pair of treatment occurs
once on the sooe plnnt nn:.l each treatoent occurs once on each lcaf
position,

(1248) = 2

GROUP E : SAMPLE SURVEYS - Special Puper II
(Organisational Aspects)

(Atteopt any five questions from this group)

Supposé¢ a consumption survey is to Be conducted in a State during
1970=114

Discuss the general lay-out of the schcdulca and draft instructions

Discuss the relative advantages and disadvantages of eamploying

(i) ad-hoc .hole=time statf,
(ii) peroanent whole~time staff, and

(1i1) part-time services of the employces of different Governoent
and non-Government organisations,

for conducting the field-work of the snid survey. A
' ' (9s3424247) = 2
You aro asked to conduct a sample—survey of the non—organiecd sector
of monufacturing establishments in the urban arcas.of a State.

What are the various probleos which you should consider at the
stage of planning the survey? .

What arrangementa would you propose to muke for public relations
and propaganda?

Draw up an organisation chart of Held—stnﬂ you propose to caploy

_tor the purposcs

(126443) = D



SD(M70) 1X(8) -8 =
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0)

4e (a)

o,

8¢ (o)

7.

®

(=)
®

(<)
(4)

Discuss carefully the pointa that are to be taken into considerny;
in writing tbe-report of a largc—scale sample marvey, !
Illustrate your answer with nn exanple,

' (1248) wy

Describe a suitable ne.thod for evaluating differcncee between
investigators in a orop survey conducted by diroct physical °
obsarvation, with detonn of its adninistrative ioplications.

_Deacribe briefly the structdre of the budget of a lArgc-su\lo

nmple-luwey.

Enuncrafe the different stages of conpilotion—work for conuructxm
of tho consuner price—indexs . :

(84747) w2

Describe o suitable mothod for constructing the daily index of
perfornance of a8 punching/verifying operator, low do you propose t
use it for administrative control?

Discuss the relative advantoges and disadvantages of the nlwmtn{
procedures indicated below

() Co~tralised YErsus decentralised field-acrutiny,
(i1) Centraliscd versue deccntrolised troining of ficld-staff,

(1594539) - 2

An un—cnploycent survey was conducted in the urban arens ef a Stak
using census—blocke as first—stoge sanpling units ond houscholds,
as sccond~stage unite, Eatioates are to be prepared for the .
percentoges of crployed and unccployed anongst whles and females of
the working force, -

Prepare a suitable punching design.

Deseridbe a method of interpenetrating lub-unnplon for ucrutiniung
the datae

How will you use dun:vy cards to ensure that-the punched cards bave

- been properly verified?

Descride the various stages of proceasing work,
Draw the flow—chart of processing worke.

v N DK
Writo notes on any four of the following 3

(n) Dorder bias In crop—cutting experiments
(b) Dias due to .nponaoring sgency c
(¢) Cuapletion~rcport on field-surveys.

(d) Quad ..

(e) The teating of schedules

(f) Kethods of checking the final tubles. (429

—

cnoups F (Techniques of Computation), G (Shthncnl Inference), J

& 1 (Probability Theory)
(No candidgtes avallable for these rrougs) )




DNDIAN STATISTICAL INSTITUTS
Statistician's Ciplema Examination = My 1970

Paper X - Subjects of Specialisation - III (Practical)

Time ! B hours Full surks 3 100

1.

2¢

GROUP A : ECONQU1C. ST.IISTICS
(Practical = Spe.icl Zapor 1I1)

(Attempt-any three queations frem this greup)
The following data nre basc¢ on a farily budget enquiry covering
the whole of urban Ipdia during fOstober 1053 = March 1954 :

monthly per capita esticated estimnted avernge expenditure
total consumer percentoge __per capitn per month (.l.u!
.m"d&::‘" ?:opzﬁ:l:::::" foodgrnins all items
unit
0+~ 8 B v 3.78 - 8+24
8 =11 12 4.8 9.36
11 =13 9 523 11.02
13 =13 0 6+00 14.01
15 - 18 11 6433 16.27
18 = 21 10 6.0 . 10-08
21 - 24- a8 T.40 22.59
24-23 8 6471 25.64
28 - 34 ] 827 30.07
34 ~ 43 1} 6.44 ar.1s
43 - 85 -] 7.36 48.70
55 = 1 8.60 0C.33

Estimate the Engel elasticity for fosdgrains consuaption at the
overall average of per enpita total condumer expenditure, nasuming
that the Engel curve is of the formy = a ¢ f log x OXI- s where -
y = per capita foodgrains denand and » = per capita total comsumer
expenditure, and a, f, 77" are constante

[Uu weighted lenst squnres mothad, taking the percentage of
populntion ns weights. . (2 498)=32

1

The following mcasures of labour input (L), capital input (R)
and production (P) in British irdustry,are given :

year loglOL 10810K loglop -1

1671 0.423 0.242 0.032
~1876 | 047 0.300 . 0.863
1861 0,471 0.3:5 0.908
18086 0,503 0.207 0.008
10901  0.533 0.1Q 0.087
1808, 0.564 0,491 1.017 »
1901  0.593 0.568 .  1.045
1006 0.631 0.620 1.003
1911  0.669 0.60 "1.114

Fit a Cobdb=Doublas production fanction and estimate the standard
errors of the estimnted esponents of labour nnd capitale

How are these standord errors altercvd if the snme function ia
fitted, nssuming comstant returns to dcale ? (13+a410)=32

Plcase turn over
(u41) a—



8D 4r0)X (2)

-2-
3e conn.hl-er the following modol of a meat market
Ty ey vy . sy, Geannd)
‘ v, = by, * 0, 4 hXy Guy (supply)

where the endogénoul ‘vorjnbles nre
- meat consuption per person in 1bs
‘yz = ment price imlex,
and the predetermincd varinhlel are
oz - dispoanble incowmo per porson O),
- x, = unit cost of meat processing (index),
nnd xy = cost of ngrlcultu.rnl producl.lon (index) .

The Iollo'dng gives the corroctod swus of -qu:\nl .md products
matrix bnsed on 23 yearly observations 3

1 T2 1 *2 X.
' 1370 3324 3672 —836.5 083.9
%2 1501.5 0358 850.3 12316
x 83434 go12 12208
x, 2535 720,08
X - 2627

Estimnte the meat demnnd function by two-etnge lenst squnrce
and estimnte the standard errors. of .the estimnted coefficients

a0 By . ) (20412)r

A

|

4, A'fim coa produce three different products in different proportiow
© ‘° subject to the avoilabilily of two factor inputs. The requircments
of theme inputs per unit of output arc ns follows. @n suitable units}

foput | product type .
1 2 3 -

ty|e
., ] 4 1
2 1 3 a3 U :

The totnl availabilities of tho two factor inputs are 25 .nd 50
respectively. Pind the optimnl product mix (that is, the
quantity to mnke of ench product, to maximise profn.’ given

that profit per unit of output is Rs.0, Rs.19 nnd Na.7,
respectively for product types 1, 2, and 3. Vhat is the xipum,,
value of proﬂ'.? n?ﬂ‘:w )s

zlet\ae tum over
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-3 = : P .
Exnnlnu.by quick graphical teats, 'bethcr the llzo d.luribuuon
of population by per capita totnl consumer cxpendituro presented
in Q 1.above, is approximately

1) of the loglogistic form or

11) of the three-parnmeter lognormnl form with threahold nt

R‘;,4/-.

The !ol_luﬁng is n condensed inter-industry transactioons table
for a certain cconcmyé .

Using sectors  |Final Total
Producing SectorJ G)_B-W)_D use  output

Services & . 21 24 06 | 82 203
Agriculture () 29 118 | 103 250
Industry (1) 24 183 |33 330

Priary Injut 172 173 163 g2

[Nou 2 A1l fizures are in appr.opriate units -_7

Crpute the mtrix of input=cutput coefficients, nad find the

total outputs of the three sectors if the fionl use vector

changes to (50, 125, 400) Lo H 02*&‘14)-32
NEATNESS (4)

GIWUP B 3 TECHNO-COAEACIAL STATISTICS
(Special Paper III - Practical)

Y. Statiatical Quality Control (s0)
I1. Opcrl\'.ﬂo;ll Research/Elements of '
Book~keeping and Accountnacy * (20)

III. Statistical Methods in Dusfness (20)

Section T. Syatistical Quality Control
(Attempt any two questions from this section)

Certain types of resistive componepts for the electronic incustry
are produced by an automatic process, at the rate of 1200 cumponents
por houra The resistance of these components must not exceed a
specified value of 206 ohmss The components which have a
resistnnce greater than 205 ohme are considered 'defectives' and
bave to be scrappeds The reaistance of the compunents incrense
with the pnpsnge of time,due to deterioration of some of the

parts of the process.

Samples of four componente were taken from the pn'u:ul every
quarter of nn houre When reset, | the procell produces componenta,
initially, »ith n menn value of X = 250 ohmes The. Awerage and
range values of these resistance mensures for 25 samples are
given below :

Please turn over
(u43)
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Average nnd Tunge valucs of measures of resistunce for 25 samplesy
(contd ) Sample  Avernge  Range Snmple  Avernge itan3e -
nos {ohoe ) (chms) nos (ohms ) (ohms )
1 255.5 15 14 247.3 65
2 2548 1 13 266.0 3l
2 254.8 20 10 269,3 13
4 253.0 [
n 25 17 271.3 10
5 v 253 18 263.8 18
[} 24540 LY 19 210.0 17
1 2558 20 20 215.0 13
8 - 25043 ® 21 2705 18
[] 23843 7 22 213.0 18
10 25743 P14 *
i 23 214.0 4
11 263.3 b c 2 201.8 31
12° 25940 3 25 270.0 49
13 254.3 30

&)
®)

24

Je

G)

(v)
()

Test the limenrity of the regression trend lines

Work out a suitable control chart scheme and recommend the
period aftor which the process is to be reset aso that no
defective is produced. (Ave1s)

Under on acceptnoce-rejection inspection scheme, items were
selected one by one nt randcm from a submitted 16t and were
clossified ns defectives cr non-defectivess It {8 desirved to
develop ab item by item Bequential sampling inspection plan
in the abovo cnse, such that,

1) lots contnininz B percent defectives would be ru:cepted
in 00 percont of cases,wherens

i1) lots contniping 15 percent defectives would be nccepied
enly in 20 percent of cnses o

Obtain the equations for the ncceptnnce and rejection lines and
hence prepare n table of occeptnnce and rejecticn numbers for
sample sizes from 56 to 30, at intervals of S.

Sketch an approximte OC curve of the above plane

Under the above plan,suppose that the rejected lots are screened
100 percent nnd nccepteds Plot an approximate AR curve and
obtnin the value of AQL of the plan. (rea4a):

Nine oluminium alloye were tested for their resistance to
corrosion in a ebsmical plant ntmospheres Three sites in the
foctory were chosen nnd on ench of them a plate made from each
alloy vaos exposed for n yeore The plates were then submitted
to four observers, who nasessed their condition visually and
awvarded morks to cach from 0 to 10 nccording to the degrce

of resistance to corrosion, The obaervers worked
independently and the platcs were submitted to them 1n

rondan orders The data 08 furnished cre shown overleaf 3

Please turn over
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3 Data on csrruion resistence for nine aluminium alleys
o Allo
ML) Site —‘Wn\-or ) & 3+ 5 y“ T 3 0
1 A s 5 5 4 6 6 1 6 7
i 4 6 5 4+ 5 3 1 5 7
4 [17 7 7 1 988 i 1 71
D 6 &£ 4 5 7 6 3 0 7
11 A ¢ 7T 1 1 8 4°'5 4 5
D 7* 8 ¢ 7 6 8 3 1 8
c y 0 L 0 8 6 7 0 8
D ' g6 o T 1T 8 85 1 4 3
1r A £ 4 85 2 4 3 0 65 &
)} 5 3 2 5 2 0 4 58
[ s 8 5 6 6 4 3 71 90
D 3 5 7 2 3 3 1 6 0
Anndyse the data am stuce clearly your conclusionse (25)
Sectlon IT. Oneraviona jlesearch’
(Atterpt cme ta quantfous from thia seetion)
1e Consider the following liaear programing pi-oblcn

pinioise = = 3y - 21,. * dx,

3 27
i) Oxl + T, :!x:l d 4
131) 1xy -2z, - 5,410
iv) x1 - 2x£ Ld ha 25
v)ix ¢ 7.\2 sk, 22
v?) 3y Xy X, PYA
(a) Write the dunl problea
() Solve the dual and mence sc'7e tuu prival prodleme (15)
2 There aro threo mnrkating arcas vnd tie yearly profit obtained

in nny arca depende op <he pumber of snlesmcn nllotteds The
results appear below. )

Noe of salesmen | ProdL: cbtained (jn thousand mupees)

allotted dn area ) oy v 2 Arca LI __Arca 11X
.0 Y 40 60 _
n I 4 42 ©64
2 | <9 50 68
3 Ry 8v 10
4 63 G0 . 90
3 I 72 3 102

Suppose we have n totnl sicength of & snlesmens Allot the
salesmen to aroas usiny Cyuanmis poegrmuming, to maximize the,
profite . (15)

Mease turn over
(145)
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3. The following table givea the demnd distributios for a
certain spare part of nn expcosive equipment during its
working life~times  Syppose thnt the coet of the eparao is
C = 18.2000f when purchased with the originnl equifment
and that-tho loss suffered for ench spare that is not
available when noeded 18 u = Ra«l0,000 /e« Further, assume
that the spare, if unoused, hns a salugo value of v = 284100G/x,

Probabilities (pd) of nétually needing 'd' spare parts during

the working 1ife time of the equiyment nre given as
.
A Py
0.023
0.010
0.020
0.0C10
O.ls
O.002

Qad O~

Doternino the optimal nuwmber of mpare parts that should Le
purchnsed.

Section IT (\1toruntive): Elements of,Dook-keeping
and Accountancy (Practical IXI)
(Vo candidate avnilnble)

Section IIT x.Sgnthucnl Mothods in Dusincsa
(Aetempt question No.l and any ntior fron this Section)

1. A concern manufacturing fce—cream divides a working year
(December to next November) into four quarters ns follows :
1at quarter : December, January and Februnry (worst quarter)
2nd quarter i March, April nod M;\yl {trode picking up)
3rd quarter $ June, July nod Mm!t (pcak montha)
Ath quarter § September, Cctober and November (trndo falling off)

Over o period of l‘our. successive years the sales (Ln thousands

of Kg) wore !
Quarter °
Yoar T 1 111 v
1 1 2 3 2
2 1 3 <] 2
3 1 3 ] $
4 2 2 2] 4

. (a) Plot the c¢nta and carry out a time series annlysis for long
. term trend, scnasonnl variation and residunl variations

(b) Predict the salo for tbe four sensons in the year immediately

following tho fourth years Assume that the uncertninty in ‘
‘each cavo is mensured by 50 percent of tremd value.: (GN)"

(u16)
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2e In n painting cowpetition the various catries are ranked by two

judgewe Compute rank correlntion coefficient to test whether
there is sipnificnot ngrevment omong the judges. *

Fatry A D C D E F G H K L
Judge X 5 2 6 8 1 7 4 9 3 10
Judge Y 1 7 6 10 4 5 3 8 2. 0

Je A company had four salesmen A, D, € nnd D each of whoa, was

sent for n weck into threce types of aren i country nren (C)
Outslirts of n city (0) nnd shopping ceatre of a city (3).
The enlea fizures (in Kg per week) were distributed as follows

‘ Splesmen |
Area = W C |
:
c i 30 70 30 30
| 0o 50 0o 70
s 1100 60 80 10

Carry out an munlysis to test the claim tall
are equally goud's :

the salesmen

‘ Group C : Uiometric Methods
Paper III = Practical

| (Vo candiénte avanilable)

Group D : Design and Analysis of Experiments

Paper III - Practical
(No crudidate available)

GRUP B : SANPLE SURVYS
(Specinl Paper 1II = Practical)

“Au.enpt any three questions from this group)

1.
of 10 factorics has been welceted with probabil

An industrial area contnin® 300 factorics from which a smuple

ity propurtionnl

to tho pumbur of workers (x) and with replacements The following
table gives the output (y) of the sample factories in the year

1968-60 in thousand rupcess

oanple numder of factory | sample pumber of factury
foctory workers output factory workers output
x 1ot . x ")
) = () ) L Q) 2) (2
1 AT 163 ] 80 174 .
2 10 | 208 .1 a3 .10l
3 23 63 [ 20 082
4 19 44 0 75 200
5 12 : al 10 23 52

Total pumbor of workers in the Aren = x

(u17)

= 12,000.

Mense turn over
—kenpse turn over

()



D (i70)X (3)

-3 -
1s (a) Estimnte the total factory output unbinsedly and alao obtain
{gontd-) nn estinnte of its rolutive strwdard errors R

(b) Estimate the cfficicucy of ‘Lo abuve sampling ¥cheme compnred
to sinple randea rappling witiout replaccreate. ©2)2412)e3;
2. Ip order to weiimals tiv wreriy aci.u-dd size M (=¥/X) in

ap urban arca, n sanple of 20 blasks was selected in the first
stnge, with vrobability proporticarl to 1001 census population
and with veplaconent. Freaconch such sazple block, a Anmple
of households was then selacted 'inear sydtenmaticallys The
sampling iutervale u.ed for wouctiold selecticn come to be s
specified tiat the design bocnmo velf-wyighting with- the

cons tant multiplier 4 fer ench aaaple honsciiold.

The following table givis Lie cumber of mample hauscholds (x)
and pumber of porsous (y) in theu,fo- cach e¢nmple blocks

[ muzbor of Y number of
saople ! sazplo: pe-aona § sraple Isnnple persons
block household |in awrcple . block jhousehold | in sanple
. hourchold - housvhold
()] (@] () J‘f ) O] 0)
1 7 as ‘ 1 | 3 11
2 1 6 N 2 7 8 <5
3 2 8 t 1k 33
4 10 43 1 2 o
5 8’ [ | RE 9 40
[ 4 13 I 18 S 23
7 s 21 ! 17 1 7
8 8 27 F 11 4 26
9 2 11 H 10 7 kK]
10 1 3 ! 2 o3 1€

{a) Eatimata the avernge hoasehold siza L {=Y/X)

(b) Cationte tie hioa rnd rrd iivr standwr. error of the estinate

in ()s - . (B+1L214)

Je The agricultarnl farms of an intensive cultivation aren were
divided into two strata by their sizes, and o simple randam
samplo of farwe was aclected sithut replncencat fram ench
stratume The table below pives the area under vheat for
ench snmple farm in ncvea.

number of fnims wheat area in
stratun tatai =arple an~ple farms
I 410 4 125, 100, 149, 133
II 130 10 a7, 64, 41, 23, 39,
44, 11, &v, 1, 03

(n) Estionte unhinsedly the overoge wheat aroa per farmm, and also
the relntive mtandard crror of thia ¢sticates )

(b) Estimate the 'efﬂciency of atratified sumpliog campared to
unstratified simple random sompling ,wfthout rep’acenents : ..
(@or4e103¢

Please turn over
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It is proposed ‘to conduct on enyuiry on emall-scalo manufncturing
establishoents owned aid bpornud by bouseholds in the rural nnd
urban arcoas of Indin, with a view to collect information on the
following aspects ¢ .

i) nature of products
11) man-duys worked in 1969-70; man days lost with rensons

xu) detnils ‘of household lubour and hired labour,working
in the estnblishuent, °

iv) capita) asaets,’
v) availability of raw material, powor, labour,
vi) atornge, transport nod marketing facilities,
v‘H) de.u:iln of input and output N
v}“) loap , .
.h) problems of expansion etc. and any other important nspects

Draw a suitable Schedule for this purpose and write a short-note
on the concepts and definitions used in the schedules (24n) =32

A Radio Listeners! Preference Survey, ‘ism to be conducted in the
urban areas of Weat llengnl with a view to collecting information
on the liatcners' likes and dielikes nbout the radio progroemces
and their suggestions about the suoes

Prepare a suitable scheme for the survey giving details or
eanpling design, programme of ficld wark, and requirementa of
field staff. Alsc prepare n budget indicating- the expenditure
on field worke Tho budgct should take into consideration the
following pointe.

{n) journey time

(b) time for prt-',:.nrr\unn of sampling.”rame
(o) proper enquiry time for filling schedules
(8) scrutiny of 50 % scLedules

(e) provision ol‘ ndequate number of iu\euizntor-, xnapectou
and supervisors.

(z) oeumg up of four zonnl officea for cou'.rolung (.he field
ork’

(g) snlarics of tield staff and office staff
(h) printing of echedules, forms etc ’
(i) other items’'of contingent expenditure o (18+416)=32

NTATNESS 4,

GRCUP F 1 TDCHNIGUDS CF COMPUTATIN
(Special Paper II1 - Practical)
No ‘condidate available

Please turn o.cr
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GRUUP G : STATISTICAL INFEUENCE
.(Speetal Paper 1IX = Practical)

{Attempt Question No.1 and ary other three from the rest) °

1. The followinz *able gives the fatersirrelations, means nnd
standnrd deviationa of three testy Xl, X2, Xa administered
to a group of 184 studentsy The criterion C, called the
'quality criterion' was o mensuire of the excellence of the
students! project work.

Menn S(,m_mdm'd - lnte;-correl;tion : =
devintion 1 2 3

C 01.2 0462 - «363 #5206 «5138

H 38.3 720 . - - 243 «260

x'z 63.4 528 - - - .628 -

Xa G8.7 847 - - - -

(a) Compute the multiple correlation coefficient of C on X, X

10 o xar

and test if it is simmificantly different from zeroe
(b) Examine if the inclusion of Xa bns opy significant effect on
tho multiple corrclation coefficients

(c) Muild up a licear formuln for eatimnting C on the basis of
xl, X2 and Xa-

2. A gunner is shooting nt a circular target from a given distnnce.
If the point of hit is (x, y) with reepect to a coordinate system
(x ~ axia horizontal and y ~ axis vevticai) with the origin at
the centre of the target, it is known that x and y are independent
and normally distributed with 'zero' rs mean valucd and the snme

variance a’ « ‘Let R denote the distance of the actual point of
bhit fram the centro of the targets For 10 !ndcpendent shots
fired, the valuee of R are ¢
4.7, 4.3, 3.8, S.1, 4.0, 1.8, 3.9, 4.5, 4.2, 5.0
{a) Test the hypothesis g (g = 3:5) ngninst LA © > 3.5)
() If the bean value of tho distridution of R be denoted by
EQR) = 8, test the hypothesis U, (0 = 4.4) ngainst
o o 0> 1.4)
(c) In (n)sfind that value of the nlternntive where the power of )
the teot ia 0.00. (s
2. () X is a rondom vorinble with probability function P(X = x) = k6* ,
x =0, 1, 2,3, essy, (0 <& <C1)s Find the most powerful test,
1 : Ly for a = 0.
based on X, of Ny : (6 -5) againet Il ¢ ®> 2) for @ = 0.00625
and plot its power functione
I Please turn over
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2. (b) X is a random varinble with density
(cont o) ) - 2
ty Gy oklxl o ¥, o CxCwy ©50).

Pind the unitomly mos t poverful test, bascd on' X, of
:,(8 = 1) ngainst uo (8>1) for a = 0,05 and plot

Lu pmr functione
() xl' PR X are independent and have the same probnbn“y
: mncmnt ) =P %) 20" )T, xs0, 1, (OcCv< 1)
Find the vnluo of n 80 that the most powerful teat of ﬂ B ) -)
against Hy (9 < —) bns approximately the size a = U,V Md the
power = 0-00 at tha alternative @ = %- (26)

3¢ (a)° A mabufncturer of pens waats to reduce variations in the lcnu.hl
. of pens as much ns possibles The lengths (in em.) ‘of 10 pens
produced by o pew process are .
“9w0, T 7.72, 6.68, 8.12, 8.18 .
D-20 7-02. 8.60, 8.07 7.00.
In the past, the standird deviation of the lengths’ ‘of pena has
boen 0.8680 cm.  Test if tlie new process can be comudered as
‘luportor to the olds *° .

(b) A nmoufacturer claim that no more thon 64 of tho items he
. produces are defectives In n sample of 20 items pruluced
thore were 4 defectivess Is the moufocturer's claim justificd?

(o) The averoge dnily number of motor car nccidents in five major

cities of Indin during April 1960;were found to be aa follows @
City 3 1 2 3 4 5
Avernge daily pumber i 1844 14 11.3 12 15

Do you think that the traffie problem is equally acute in all

the five eacics above ?

[Yon nay assume that the number of accidents in a mooth

follows a Poisson dfstribution

(@) The following table shows the number of men and women entrants to
to government service in five Indian States, during six montle

of 1968

State Men Women Total

1 1636 161 1707

II 2133 223 2418

I 2%30 103 2323

v 1620 137 1703

v 2317 230 2517
Does the proportion of men and women differ significantly es)
25

in the various S¢ates ?

P!enne turn_over
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6¢ (a)

)

(c)

@)’

-12 ~
The following is a random sample of size 20 from n pr;pulm.ton :

37.0, 314, 314, 33.3, 340, 31.8, 313, 34.8., 32:0, 31.0
36,2, 31.0, 33.3, 33.7, 33.4, 33.4, 32.1, 33.3, 32.3, 31.5

Test, at a level nearly 0.0), the hypothesis that the
population median is 32. Find a nearly 994 contidence
interval for the mediane

Construct 904 confidence intervals for the mean and variance
for a normnl distribution, given the following 14 observaticns
fram it ¢

4.20, 4.32, 4.32, 4.33, 1.28, 4.31, 4.29,
4431, 4.37 4.038, 4435, 4429, 4428, 4.32.

One puppy isgivailiot 'A'"and another diet 'D', in each of

30 pairs of puppies = each pair being taken from n single litter.
It diet 'A' puppies fare better in 17 of the 30 palirs and fare
worse in 10 pairs, is this sufficient evidence to nssert that
diet A {8 superior ?

The correlation coefficient of two variables based on 3V pnirs
of observatiuvns {8 = 0.218. Test whether there is any
correlation betweon the characters in the population.

Find the 034 confidenco interva) for the true correlation
coefficients 4

(us2)



INDIAN STATISTICAL INSTITUTE

Statistician's Diploma Examination - November 1970

Official Statistics and Descriptive Statistics (Theoretical)

paper I ¢

Time : 4 hours

1.

2,

4.

S.

)

(v)

(v

. in respect of any one of the following sectors :

' Full parks : 100

(a) Figures in the margin indicate full marks -

GROUP A
o

(Attempt any three.questions from this group)

Deacribe the rdle of the Central Statistical Organisation (c.s.0.)
in respect of the Statislical System of India.

uention the important publications of C.S,0.
: . (1244) = 18

Describe briefly the work in the field of Statistics of uny twoe
of the following : :
(i) Aoy one specialised agency of the United Nations.

(11) The Rescrve Bank of India,
(iii) Any important non-governmental agency in India,
(848) = 18
Write a note on the functions of the officc of the Registrar
General of India,

Give a short account of the historical background of population
census in India and the apecial feotures of the proposed 1971 Census.

(6410) = 16

»

iention the mu.in publications relating to :
(1) Agrieulturol Statistics in India.
and (ii) Buployment and Unemploynent Statistics in India.

Indicate the eoverage, cantents and broad linitations of these
publications, R
(1748) = 18

Indicate the type of Statiastics that you will need for studying the
rate of growth of India‘s national income during the 3 plan perinds,
and for comparing the same, with the rate of growth and investment

(a) Agriculture,
(b) tanufacturing industrice,
(¢) Tublic Administration and Defcnce.

Yention the publications you would like to coneult for your purpoge,
(11+3) = 16

Neatnesa (3)

Please turn over
~-f0f¢ turn over



6. (a) ‘
(v)

1.

8,
(a)
(v)

GRIUP 3

(Attempt all the guestions from this gronp)

Prove that the mcan deviation about the mean cunnot excecd the -
standard dovint.lon. ,Where are the two equal? .

Show that for n nbservutinns Xy Xo0 denny x the variance,

E)

. 2
s - £ o(x - x)“ is also equal to

i-

O

”x-”ﬁ“ - x)/en?
(i) By -5Y(E =) ta,

where ;i = (x1 $Xy et xi).

i

(5+11) = 18

I1f the variates xl'. 12,' Xy hove the multivariate normal distributie
with the mean vector ‘zero' and variance—covariance matrix V, abtaig
the conditional distributiona of '

(i) x and x, given x,

(i1) x1 given x, and x5
-

Find these distributions when V m b
. 2
0

| S|

- N
-0

(4x4) = 18
on
Obtain the mouent-generating function of xy, where 'x and y follow

the bivariate nammal law given by

Conste exp;- -1 0 -fz) {Lzz -2 Pxv ’_L",
) L 2 )} ax

oxoy Oy
Hence obtain the value of the r-th cumulant of xy.
(1046) = 18

Vhat does o cost of living index peasure? 'Z‘Xov do you derive the
weights required in constructing such an index? State the importent

‘‘uges of a cost of living index. Briefly deacribe the procedure

followed in working out any important cest of living index.
(16)

OR [N
Give a short description of the vurinus comprnents of a tice serics:
Discuss the various methods of obtaining the trend component of

tine series.
(6+10) = 16

Nentnens 1 )

Plcase turn over
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INDLAN STATISTICAL T¥STITUTE
Stotistician's Diplooa Exanination = Yoveuber 1970

Paper IT : Produbility Theory and Stotiastical Methoda (Theoretical)

Tine ¢ 4 hours Full narks : 105

Figures in tho pargin irdiea‘c f21) narls. 7

ChOUP A

{Answer anv four queatinns fron tais group)

1. (a) Define the condi‘ional probability of an cvent given annther cvent
and show that ¢t watisfiew Kolangernv'n axiocss

(b)  Suppose we distribule rmdo:-ly|r balls in n cclls and we nssuce

that cach urrongenent has prabability n™", then find the probability
that exaetly m cells recain costy.
(5+7) = 12

. 2. (3) Givo one example cach of rardon phennncnon obeying Hypergeometrie
and Negative Binooial distributinne.

() Calculate the varivntcés for Fypergeonctric ond Gaama distributions,
i (148} « 12

3, - Givea £ (x,v) =B xy, UEXx L1, 0 ¢y & x, find the conditianal
exfectation‘cf y given x,

Further, shuw that x aal y arc not statistically independent,
even though f(x,y) io the product -2 a functien of x alone ond &
furction ol y alone in the region : 0 21, 0Ky X

(12)

1. (a) Prave tha wea% law of large nuabers feor a sequence of independent
identically diatributed rancom veriadbles, with finite varianoc,

(b)  Check whether the weok law of large nuubers holds if the coonon
density function is 3
-ax -1y <

(17 (x) aal o o, xgw
m
(i) “f(x) =« _1° 2,—m‘x\(m
Q=) .
(5+143) = 12
5. 1t X .._..,‘xn: Yo eeeey Y are indapendent randno variables, -the

Hr,.umn;l}ovlng aN (/liox) distritution and the rest obeying a
D ’ -
N(/u .0“ distributioa, then show that the mooent generating
Y'Yy oy
function of the liffercnce (rxi/ll) ~ (E J/") (i.e. of the averages
of the tr¢ groups of vu—inhlen)-," ia tl.;nf;. of o narcal distribution’
' - co (A 6 /n).
with nezm/ux /uyu—u! variaace { {‘- \ / )

)

Neatnesn : (2)

(N3) Please tumn over



PAFER II - GROL? D
(Answer any three questions from this group)
6. (n) Explain the concepts of 'efficiency' and 'sufficicncy' in the

theory of estiuation. -

(b) Exacine which of the “ollowing distributions adnit a sufficien
statistic for 0. °

(1) t(x,0 = (1+0) 2%, 6gx
(1) £(x,0) = o/(xee-}% , 1 ¢ x

-1
(111) £(x,0) = 9.(sin x)" eosx , 0L x

1

o«

N OIA

(E]

(7+9) = 18

7. (a) Explain briefly the terns (i) level of significance, (ii) size
of the test and (1ii) power of a test.

(b))  Exanine whethor Unifomly :fost Powerfu) (U.M.P.) tests exist,

for testing H_against H in the following cases, when n
indcpendent ogncnuunn- are dravmn fron the diatributions ;-

@ o6 b, 1gxge

LR L Oop H1= O)On

1) f(x,0) = 975"
Hy: 0= 8 H: 849, .
(848} = 18

8, (a) Deacride a non-parouctric methnd of setting confidence linits
to a quantile of a cantinuous distribution.

(b) Writc a short note on robustness of test procedures.
(848} = 18

9. (;l) Dclcri.be the 'likelihond ratin apuraach’ to the problenm nf
hypothesis testing. Show that this lcads tn the t-test for
testing studeat's hypothesis, .

Obtain the likclihond ratis test for testing the equality of
variances nf k (k > 2 nnrual populations,

(b)  Describe bricfly the sequential probability ratia test.
(1248} = 16

2
10. (a) Given k normal populatinne N(‘u‘. o0} (i=1,2,000k), k> 2
with all paraneters unknown, Qcscribe a method of testing the
honogeneity of ncans.

(b)  Describe an exact methad of tutiné independence in'a 2 x 2
contingency tabdble.
)

o . R
[ h . g . v,
(c) Shaw that for.a r x n,contingency table F:: [Nl!sc(nlr/Nl-az'/hz)j

e * nﬂ
where o r and L\,,T are frequencics in the r—th c¢slunan and Nl' N,
a th ini . -
re e” marginil frequencies of the two rows, (5’5’0) - 168
Neatnenas @ 2}
. - (N5}



INDIAN STATISTICAL INSTITUTE

Statistician's Diploua Exanination — November 1070

Puper 111 : Snmple Surveyn and Desipn & Analysia of Txperiments {Thearetical)

Time 1 4 houra , ~ ; Full carks : 100

Pigures in the margin indicate full moarka

GROLP A

(inswer any three questions from this group)

1. (o) Define the following terms

(i) Saople
(i) Elementary 'unit‘
(iii) Saopling unit
(iv) Sowpling error

(b) In ainple randon sampling with replacement, obtain the probability
of the i-th unit of the population being included in the sample. -

(c) Obtoin the stondard error of the mcan of the sample selected by the
method of sicple randon saopling without replacocent.
. . (64248 = 13

2. (n)‘.&ﬁlnin the purpose of stratification in sanplé surveys.

(b) What are the factora that are token int,ol_cnnaiderution in allocating
the soomple size to cifferent atrata,

(c) Obtain the expressions far gain in precision due to stratification
under proportional allocatien, and Neyman allocation,

o (44148) = 10

3 (a) Lefinc the regression estinate of the population mcon and derive
¢ jits expectation and varisnce, when the regression coefficient is

knoun,

(b) Obtain the approxizate expressions for its expectotion ond variance,
when the regresaion cocfficient is nat known and §s estinated fron

the sample. ,

(c) State under what conditions, you would recoumcnd the use of the
regression cstiuate.
(44841} = 18

9. Give a short account of the scope, design and organisation of the
Indian National Sapple Survey, with special reference to any recently
conducted round,

(1)
5. ¥rite notes on any two of the following :
. (i) Soupling with varying probabdilities.

ti) Systematic sanpling.

( ¥ pling
(1i1) Sub-ganpling.

(iv) Nonw-sanpling errors. (848 = 13

Neatneaa 3 (2

(x=) Slaacatipn aver



1.

n
2.

4. (o)

3.

(2)
(v)

(c)

(a)

()

(o)

(v)

(v)

SD(NT>) =111(2)
-2 -

PAIER III GROUP B

(Answer any three questions froo this group)

Kow do aize and shupe of plots nffect the ruultn ot an cx;:eri:.cnp

.. State how the fundagental princip les of design ore lncorpouud in

a rondouised block experiuent, Coopare a randenised block experioen

‘with a conpletely rundo-.ued experirent,

that is the differcnce between a (complete) t.hrce factor exericent
and o Latin square experu..l.nt?

(04842} = 18

Explain the different nethods of centrolling heterngeneity in
cxperinental designs.

Give the intra-block analysis of a Sinple lattice design and derive
the expreasinn for the avernge sanpling viriance of eati.ated
clenentary treatoent contrasta.

(8+8) = 18

Define the terus 'Dain effecte' and 'interaction effects' for a 2?
expericent.

.Yhy {e confounding used even at the cost of loss of information

on the confounded cffecta?
A 24 experizent is to be carried out in blocka of 4 plots each,
without confounding any ooin effect, Give a suitable decsign in 4
replications partially confounding cvery interaction in seoc repli-
cute or the other. Indicate what cffects are confounded in caci
replicate and give on outline of the analysis of the expericent.

' (84248} = 16

Give in detail the analysis of a cozpletely randoniscd experinment
with nne concoaitant variable.

Discuss the efficiency of "the above expericent relative to the

cazpletely randouised experinent in which the concomitant variable
ie ignored.

(10+8) = 15
Writo notce on any thrce of the following :
* (@) Nisesing-plot t.echn‘ique ’
(b) Fractional replicatinn
(¢) Inter-block and inlrn-bloc'l_kménnlygi.
(d) Youden square

(10)

Neatnean



INDLAN STATISTICAL INSTITUTE
Statisticiun's Diploma Exmaination = November 1970

Puper 1V :',\x-;lied Stotistica (Theoretical)

i : 4 houre . Full marks : 100
Time g (For two groups combined)
(a) Candidates dll be required to answer quoations
froa those two groups of subjects only for which
they have rcgiuerod thcir option.

(b) Separate ansver booke bre to be usod for em:h of
the two gruups uttcupted.

(¢) Figures in the margin indicate full marka.
(d) Uae of calculating oachines is_not pernmitted.

GROUP A t ECONONIC'STATISTICS = 3) marks
(Attcupt any thrce questiona froo this group)

1, . What. type of data would you need for the ealculation of a consumer
price index nuober for the salaried employecs of the Govt. of India
working ot New Delhi and drasing not core than Rs.1000 per month,
as baail pay? - Given the cata, Low will you caleulate the index
nunber and use it for adjustoent of pay, 80 ng to oointain o
fixed renl income?

(16)

2, ¥hat do you mean by sensonal fluctuations in a time series? Give
il)ustrations of at least five types of serics data, vhere this
fluctuation ie important. Given the tiue series, how will you
calculate scasonal indices ond use them for forecasting? If
the setsonal pattem changes over tine, how will you take
account of this? ~

(10)

3. Indicate the nature of data you would nced if you ore required to
obtaiy the dewand feaction for food grains on the basis of time
.series data, What foro of the decand function will you choose?

briefly doscrite the method of estimating tle parameters of the
decond function und the elasticitica of decand with respect to
price and incoce,

P . .(16)

4. What is a production function? For the Cobb-Douglas production
function obtain the conditions for incrcaeing, constant and
dicinishing returne, tbat type of data do you need to estimate
thia function? llow will you cstinate the parancters of the
funetion? How will you cstimate the elusticities nf output with
reepect to the faectors of production? ’ (16)

: : 16

5. %hat fs national income? Briefly dvscribe the methods of caleulation
of national income of a country in & given year. Given a aeries of
notional income of India in differcnt yenrs storting from 1918-:9,
how will you study the changoe in the standard of living over the

period?
(10)
Neatneans 3 (2)

Please turn over
S——=9C_tum over
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PAPER IV — GROUP B : STATISTICAL QUALITY CONTROL ~ — 3) marke

(o)

(¥

2. (n)

3. ()

(v)

1. (o)

(v)

(Atteopt any three questions from this group)
I'Tv‘ - . v )
Explain the terms :

(i) "Tolerance limita",

(11) ~Confidence limits™,
(14i) mspecifiention linits", ond
(iv) ®Control limits®. T

Deacribe s nu'.-thod of nbt{\ining tolerance limits for the case of
normal distribution with known stundard deviation. Derive the
neccasory expressiona,

(6+10) = 1t
The average nunber of visuul defects in a specified size of eloth
Las been found from past records to be 2.8, It is desired to
catablish eontrol at thia level, ao that there is‘l in 100’ chance
of the control linit being reached or cxceeded. Determine thia
control limit etuting clearly your assunptions.

What §s the chance of this limit lLeing reached or excceded when
the overage number of defects incrcascs to 3,0,

Sacples of size n are dram froo each of 3 nachines at regular
intervalas to study a peneurable charncteristic. After k sanples
are drusn, it ia desired to test,whether the variabilities of the
3 pachinea ore the some. Suggest a quick and ready ncthod of
dning it, by muking use of the ‘rangc's,

o (047} =18
Deseribe clearly any aschene of inspection of a continuous
production process to cnsure o prescribed linit on the out—going
fuality.

Describe clearly any one of the published sampling plans thot are

. avai lable for induatrial uge, for inspecticn by measurement.

' o (8+8) = 16

Explain_the diffcrent methods of controlling le¢terogencity of
experimental wpateriol in experiuental design, indicating the
atructure of the dcsigns uscd for this purpose. Indicate algo,
how you will test if the control of hcterogencity has been
cffective in thosc differcnt designs., -

Four treatoents are to be eompared using the experioental
ooterial consisting of sixteen units aymbolically arranged in
two-wny array of four rowe and four columnse. Preparc a lay-nub
for carrying out tle experiment. Describe the randonisation
procedure adopted by you. P

(843) = 10

Nentness (2)

Plense turn over

[



1.

3.

4.

-3

1,

PAPER IV~GROUP € : STATISTICAL :TTHODS m GINETICS - 50 marks

(Atteopt any three questions froo thig group)
J - DI ot

" Gcne pairs A-a and B-b-are suspected to be linked. ' Both gencs
cxhibit dooinance “(of A over u and D-over b). “Data on F, from
double huerwygole m rcpu)s\on plmnc, guvc Lhe Iollonng

' froqucnme- A o .

"Phenotypic clusa.: AB Ab uB ab
Freguency a0 b e L d

Discuss the relative efficiency of the product—ratio cstimate of
the recoubination frm:Uon relatxvcly to t.he caxicun likelihood
estimates

" - (16)

Explain the usefulness nnd hmtnnona o! the concept of Wright's
coefficient: of in-breeding,.

How intenee h the in-breéding of animals inbred between full
brother and sister for threo geucratiopg?

\ihich other concepta of in-brccdiug do” you know of?

(10)

With the lhelp of a suitable model explnin the components of
obeerved variation in a population.

Explain the procedure of estimating the eonponcnta of variation,
with the hielp of half-sid and full-sib dnta,

S S (10)
Discuss the inheritance.of Ry factor in mun.
: e (10)

..Writo short notes on any (-m of the !ollovmg s

(i) Methoda of ascertainnent of xnhent.od abnormalities in man
(u) Equxhbnum under nutation and sclection

(1ii) Assortative mating,

(16)
Nentnesa ¢ " L . (2) '

PAPER IV -GXOUP D ¢ VITAL STATISTICS AND DIMOGRAPHY — 59 marks

(Atteopt any three question? fron this group)

Define the following terms : (i) child-woran ratio, (if) crude
birth rate, (iii) total rerulny rate, (iv) general fertility
ratg, (v) gross reproduction rate, (n) net reproduction rote.

Indicate under what conditions cuch of these can be cnnsidxrod
8 suitable meamure of the fertility of a population,

(16)

Tleaac turn over

(xv)



- -
PAPER IV = GROUP D t VITAL STATISTICS & DIXOGRAPEY (conf.d.)
2, (a) txplain the concept of 'staticnary population‘.
In a populﬂlon known to bo stationnry, the cnaplete expectating

of life at dirth is 0 ycars. Determine the lml of erudo birth
ond death rates io the population,

(b) Deacribe King'e octhod of tonstructing on abridged life—table,

. (6+1C) = 3¢
3. Describe in detaile tho conponent methiod of population projectica,
(10)
4. ¥Write notes on any two of the following :
(o) Boorces of denographle ;i_ata in India.
{b) stable populationt
(¢) ucasures of morlidity.
(8+8) = 10
Neatness t - .o (2)

PAPER IV = GROUP E ¢ EDUCATIONAL AND PSYCHOLOGICAL STATISTICS -~ 51 ed

(Attempt ony thrce questions froa this group)

1. Derive the basic :equuﬂonn in test theory from a definition of
rn_ndon error,
(16)

2. (a) Derive the equations for the effect of tes'. length on reliability.

(b)  Find a function of test relinbihty that h invariant with respest
to changes in test length. -
o (848) = 16

3. Solve the problem of equating teat Z (given to Group B) to test ™
(given to Group A) ,by means of un cquating test X or a set of &
cquating teats "g' B=1; savy ke

(16)
4., Show the relationship of item paraceters to teet variance,
reliability and validity.
(10}
8e Using lypothetical data, show the ;iiflerenec., if any, between
the centroid ond principal component methoda of factor analyeis.
(10)
Neatnens (,,)

(N1D)



INDIAN STATISTICAL INSTITUTE

Stotisticion's Diploma Examination — Naveaber 1070

Paper V 3 Methnds of Numerical C'mputntimi; Descri p(ivo- Statiatics

and Nfficinl Statiatica (Practical)

Tine : 5 hours

Full rarks :°100

(i) Figurcs in the aurgin indjcu'.e I‘nll parks.

(1)  Use of calculating rachines in° p_er.:nue

CRX2 A

(25 nnrku)

(Answer any tvn qucuinnn froa tads group,

Uung the data furnished in the f21lowing table, find

(7458) = 124

1.
Cosh (0.7357) and Cosh (0.7381)
X Cosh X
0.733 1.,28249037
5,736 1.2832074
0,737 1.2841023
0.738 1,2819185% .
.739 1.2857159
0,710 1,2865247
- J.T41 1 1.2872348
0,742 1,2881461
. ) . ‘ (124)
2, (a) Fron the table provided Lelow,
x H 1.2 1,3 1.4 1,5 1,6 1,7
f(x) 81,82 79.75 78.73 74,062 79.35 81,76
Find (i) (1, 45), (if) the value of ¥, in the given range,
for which f(x) is a pinicun and (iii) the minicuo value of
f(x) in this range of x,
(b)  Coupute the approximate value of
d!
(lox) -
by (i) Sicpson's One-tbird ufe ana (i1) Wedale's Rule,
Coupare f.heir occuracies.
3. Find the lnvcr;;e of the following correlation matrix :
1,000 . ’
0.213 1,000
0,266 0.628 - 1.000
0.307  0.553 0,480 1,000

(N11)

Pleare turn over
lef=e UM AT



4.

8.

(a)

(v)

(c)

S§D(N70)-v(2)

-2
PATER V - GRovP B
.

(Answer all questionn froo this group) '

Exapine the three aeriea of ﬂgui‘es given in the following.
table and state whether they may be regarded as cutually
coupatibles Point nut the inconsistencics, if any.

crop ‘nrcn,under crap | totpl yicld yield rate
. (000 acreas) (030 tona) (1bs. per acre)

Rice ©14,424 21,709 728,63
Mabze 0,325 2,004 737,10
Yheut 26,812 - . 8,539 7125.0
Barley J. . 7,000 . 2,760 780,17
Jowar |- 43,450 ' ooz 468,65
Bajra [ 27,3% 3,555 ‘1 401,10

. (1 ton = 2,243 1bs.)

A ) R ()
Anewer uny three fraa (n) - (d) .

If x and y ore independenty and normally distributed with 'zero!
ncans and 'Unit' atandurd deviations

(i} calculate the probability thnt‘;‘zo' y2< 1, and
" 7(1i)  deterpine the radivs of the circle (with its centre
. at the origin) which has the probability 0.95 that
the point (x,y) will fall inside it.

0]

Assuning that during a process of firiug shots at a target, the
horizonal distance (ueaaured froo the centre line of the point
at which on aiced shot hita) is distributed with a standard
deviation of 2 ft., ficd : '

“) howrsoy oud of 203 gho.s fired are likelv to cins

the target if. the target is 10 ft,wido £_aufficiently 53

"(ii) bow pay shots would nced to be fired, if 5 or nsre
-+ of thesc shots are to liewithin 3 ft, of the centre
line,with a probability of 0,05,

N (V)

The results of a’particular exanination are ahnwn below in a
sumary foro 3

result percentoge -of candidates
(i) pnsscd with distinction 13
(ii) passcd without distinction e ._40
(iii) failed : ' 41
T
Total : 100

Civen that a candidate geta plucked if he obtains -+ marks (nut
of 109}, and that he cust secure at least 80 parks in amder to

pars with distinction, deterwine the gean and standarg deviatioe
of the distribution uf vnrka, asAuring this tn be noreal.



-3 SD(N70) =v(3)

5. (d) Assunc that custooers enter o store at the rate of 120 persons
(contd. per hour,
(1) ¥hat ie the probubnity umt during a 2-uinute inteyial
no onc will cater the store?

(“) what tice interval is such that thc probadility is 4 that

" neo one will eM.er the store durh)g that interval?
[Auune lh:\l. the nunber of nrrivnll in any fixed interval of
tine follows a Poisson distribution, .

e @

8. EImER ... .

The pressurc nf a gus (x) #nd 18 voluge (v) ore related by an
equation of the forn pr = b, In o certain expericeat the
following valucs were obtained

.

P - 8 1 .15 2. 25 3
vooo62 1 15 .62 52 .48

Deterzine A and b by applying the cethnd of lcost nun‘OI on the
1ogari thoic equation.
. (12)

OR
In an experinent on wheat, fertilizers were Bppl'ﬁed. at varinus
levels,with resulting ylelds as follove

Fertilizer level (x) ©0 3 10 16 20 23 30

= —
Yield (y)prh'_z wnits2Te1 32,1 380 30,2 372 3. 8.7

Fit the equuu'\n y ® 10.0 - up (u + bx) tn the gwen data,
’ o o (12)

7. - .. The tollmung table gives the yieclde-rate ol rice in ue.t Bcng:l
far a nunber of years. .

Determine the trcnd values by ncans of paving nverngc- of an
Apprnprlnte permd.

yicld nf rica yield nf rice

year l(:mundu per aere) © year .(uunds per acre)
191647 5 0.06 5 105253 10,53
104718 . 9.88 » 195354/ 13,48
104819 | 9.78 0 o1051-85] . 10.40
1040-50 10.26 f 105556 4 1.1t
1950-51 |  10.80 I orese-s7i - 10.81
1051-82 i 0.08" | :

(19)

Pleasc turn over
(x13)
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PAIZR V = GRGUP € (25 nnrks)

(Atteopt both the queationn)

From the Official Publicntions placed at your disposal, furnish
information with regord to questions 8 and 8. Yherever posaible

the data collected should be arranged neatly in suitable tabular
form. : '

Figures for 3 lnteat years for the Corporations of Dombay, Calcuitg
and .wdras, under the following heads :

(a) Total Tax Revenue, “(b) ~'l‘p_t.al ordinary income, (¢) Total wages
and salaries paid to all capldyees;, and (d) Total Revenue Expenditup,

o o (13)

Figures for 2 _latest years, under the following heads :

(o) Estinated iid-ycur population,

(b) Index of Agricultural Production,

(¢) Index of dineral Produ.:ctinn, "

(d) General index of Industrial Pm;luction,

(e) Index nuwber of \ihalesale prices,

(f) Index nucber of value of inports, and

(¢) Index rumber of value of exporta,

[The avai lable yeors should be noted as also the naturc of the
years,. the base ycors and any other specially inpnrtant rennrkl]

Atteopt ‘any four of the following :

Figures of -expectution of life (for both males and females) at
(i) birth, (ii) age 20, (iii) ‘age 60, for the latcst available year,

Index number of Industrial profitas for the latest available year
(scparately for) (i) Public Limited Companics and (ii) PrivateLtd.Cor

Total capital-ut-charge and total staff (all classes conbined)
caployed in All Indion Railwoys for the two lateat available ycors.

All-India Average Consurer price indcx nuobers for Industrial
worlers under general & group heads, {or any two latest nonths.

Production of Scwing and Knitting machines for ony 3 latest onnths'
total figures and figurcs for West Bengal.

Uonthly average production of Crude Steel for the latcat two
available years for the following countries : India, Japon, U.S.A.
ond U.S.S.R.

Recorded foreign cxchange rates (quoted in terms of units of forcign
currency to R4,100/- in Indian money) of the latost two ponths, for
the following countries : India, lMalayasia, Japun, Kest Germany.

[:\_1: Care should be taken always to mention

(1) ycars and nonths, units and any other important reoarks
considercd specially neoccssary.

(i) ot cvery stage the page, the table nunber and the coumplete

nave of the official publication with its year, as consul-
ted by you.

(423) = 12



- INDLAN STATISTICAL INSTI{UTC
Statistician's Diplona Exonipation - Nevember 197)

paper VI 1 Statistical Methnds; Design & Analysis of Fxpericents and Sample

Surveys (Practical).

-,
fine : 8 hours . Full morks : 130

v

(a) Figures in the r..orgin indicate full rmarks.
(b) Use of caleulating cachines ia percitted.

6D A
: .
(Answer nny two questiona fran this greup)
1. (a) In cach of ten pairs of rats, one redeived protein froo raw
peanuts while the other reccived it froo roastcd peannts,
The follawing table gives the gain in weights ¢

feed ’ guin in weights of ten pairs of rats

raw peanuts 161 00 56 83 S0 03 50 56 44 O
roasted peanuts; 55 34 47 39 51 61 57 &b 62 58

Test whether or not rooating the peanuts had any effect on their
protein value., If there is evidence of a significaont effect,
coppute a 003 confidence interval for the mean difference,

(b) . The eonrrelatinn coefficients betwecn wing size and tongue length
. in becs, based on four independent sunplea each of size 40, were
reported as 0.73), 0.334, 0.690 and N. 740, Test the hypnthesis
.that these arc souples fron populatinna having o coonon corrcla-
tion coefficient. ,

(10410) = 20

2, (a) The fnllawing two-way table gives the classificatinn of 1000
schaol bays, nceording to their gencral adility and their
uather:atical obility. Excnine whether there is any nssnciation
between the twn abilities ¢ -

ratheoatical ability

-_.good- foir naor
goodl 41 2 i
general  fair 263 257 178
ability pooﬂl .41 .o - 93

(b)  Conatruct a scquential occeptunce~rejection chart for testing
the binooial prodadility p = 0.5 ngainst the alternative p = 0.7,
given the strengths ' = 0.1, P « 5,2, The following table
gives the rcesults of o sequance trials (only 1) trials are given),
Xy being the total nucber of uu;/:cue- upto and including the

“ p-th trial, '

2. 1 2
B 0y . 1
an 1 0 ¢ 1 1 2 3 3 4 4 q!
«H'4) | Would you, on the buais of above results, adviso manpling to be
continued? If not, what will be your decision?

(10410} = 20

as)
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3.

(a)

(v)

-2 -

One hundred rats were cxposed to a poiesncus gas and the nucbep
of survivors; olLscrved after.certain periods of tioc, are given
below ¢ _ . S

! exposure tine (minutes) : 5 12 15 20 23
nunber of survivora : 72 B3 39 30 205

Assume that the density function of the survival tioe t (nensureg
in ninutes) of rats exposcd to the gns, is given by

2(2,0) = 0 exp (<1/6) for 0 gt ¢ , &7
where Q@ is an unknown lb'-ll'N.H!t(.‘l:.
Esticate & and calculate®the expected frequencies,
Test the goodness of fit.

To coopare four treatoents, field cxporinents were conducted in
five experimental stations. Data fron the diffcrent etations
were analyscd acparately, The exact levels (upper tail
probabilities) corresponding to the couputed valucs of the analysi(
of variance F-statistie, cone out as (i) .24070, (ii) .001463,
(114) .007243, (iv) 1207 and (v) .1206,in the five statirns
respectively, Combine the cvidences of. Lthe experiments carried
out at the different stations.

(1545) = 0

PAPER VI -GRIUDP B

(Atteopt any two questions froa this graup) -

The fnllowing table relates tn data froo an agricultural
experiocnt conducted in 4 rundooised hlocks of 3 plots each. For
each plot in a block the topmost figure (in brackets)represcnt the
‘trontment, the next figure below, eurrent'yield nnd the third
figure at the bottno, the yield on o previous occasion.

pockr | | @ | @) &) )
26 28 2% | 21 14

40 -| o8 3) 39 10

Breck 11 | (2) (9 ) (D (s
8 ° 1 ‘ 7 .9

1 33 18 ! 14 38

. ¢! 5 2 I (3 4

Bloek IIX ) ® () I @ )
21 19 22 4 1

5) © 13 41 _! 22 %2

2 ) @ (s k)

Block 1V (2) (1) (-)I (s) (3)
19 2) 15 | 2 2

20 as | 45 | 8 11

{(a) Analyse the data ignoring the yicld figures for the previous

(v)

accasion ond drow suitoblo canclusinas.

If the figures for the previous oceasion bo considered, would
you change tho conclusinns that you huve drawn in (a)?

(6410) a1
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5. An agricultural experinent wos conducted to study the cffecta of
thrve manures A, B and C carh at thrco levels, on the yield of wheat.
: It was deeided tc cxamine ull cnubiu.unua of the levels of theee
- fuctors and the wholo expericent was repcoted to give aufficicnt
precision.: The lcvel? of each manure corrcapord to equi-spaced donses,

yielda nf whent

A | - Ay ' A, |
% % 9 B 3 L, 5 0§, 5,
T s 16 10 180 135
C | &8s 12 115 148 83 11 13 41T
. [E1 1 19 166 218 2D ™1 216 227
1 1a1 145 164 288 204 112 218230 205
c |14 17 195 XY 108 ™ 12 161
2] 13 14 s | 63 165 070 113

Annlyse the dutn '.o tou'. for the nain cffecte and interactinns.
Also test for the' linenr and the quudru.xc craponents of the
significant main’ effects.

(11&3) = 15

64 The Iollo;-ing data relate. to a latin Square experinent with §
! tren‘u:\_en'.- A, B, C,__ D, E.

A "B c D T
220 93 149 92 282
p - ¢ - D E A
158 228 168 238 14
. c D " E A B
279 L 183 2718 170 X
| . & A B c. -
. 104 205 5 oo 213
- A B . ¢ b
| 242 66 1€3 187 %) '

The ngn' of B in third row is nhs‘.ng..' Anolyse ‘the data to
teat for. treutment differrnces. '

(13)
' T PAPER VI = GRUJP ¢
(Attempt any one question fro'n this uroup) Lo
. —_— Lo
7. . The follo-ma duu relate to area and yield of pMdy for 30 villnges :

village culuvntcd arca | paddy yield | village :cultivated area, paddy yield
(al.no.) [ x{ocrea) v(maunde) | {#l.no.) x{acrea) | v(mounds)

1 B70 8321 ' 16 1220 11013

2 883 8554 17 1260 11617

3 894 8783 18 1210 12105

4 21 8852 19 1293 12428

3 014 728 Q 1318 124717

[} 973 £887 21 1330 12421

7 2995 9360 22 13-4) 12188

8 1031 0508 23 1367 12780

9 1013 131318 21 1398 504

1 1054 80663 23 1413 }3’32‘{

11 10 9582 20 1137 135

12 1121 10312 27 1155 1%;;

13 1152 0874 2] 1169 12666
(14 1180 11561 20 1101 13804

15 1214 N 11631 N 1512 13083




(a)
(v)
(o)

- -

ISelect a’ -mplo of 11 vulngu using the mcthod of uumplmg with

probability proportional to wvize and with replacement, taking area
as a sizo-mcasurce On the basis of thie sample obtain an unbiaged
estimate of the total yield of paddy in all these 30 villages.

Estimate fram the somple the variance of the eatimates
Also, ueing the population recordd, determine the true value of this
sampling variance.

. (84148417) « 3y

There are 2357 soall agricultural farms in a certain country, - A
sample survey of these farma was undertaken to cstimate, the average,
nuaber of cattle per farm. The farms were divided into five strata in
respect of the arca MXIXXXxXxXX of the fam, ond from each stratum a’
apecified number of farms was sampled on o aimple random sampling
basie, without replacements Ia the table below, N‘sundc for the

nunber of farms in the i-th -trntuu_.'- n, stands for the number o;
farns sappled in the {-th stratum, y‘lumds for the mcan and 5
stonds for the variance (divisor ni) of the number of cattle in the
sample frna the i-th stratum (i = 1,2,3,% and 8).

arca of gtrutum | nn. of furma ini mean no, of |variance of

form no, 'stratum | sample | cattle per |no. of cattlq
(acres) 1) (N‘) (ni) sanple fam |per socplefm
(v;) .
(53
less than 13 1 724 61 4,246 27,546
16-3) 2 648 55 11,636 58.738
31-5) . 3 56) 46 | 13.957 71,697
" 5173 4 LET B 29 23.586 - 192,326
76=-17) 5 81 v 9 29,667 334,922

Esum\te the nverage nunber of cattle per farm in the whole country
and calculate the standard error of tho estimate.

Estioote the gain in efhcuney due to strotification over simple
randon sanpling.

An slternative sanpling plan would be to divide the population into
two strata consisting of farms with arca in the ‘less than 5)* range
ond '51-1))' range respectively and to take a simple randem sanple .
of size G1435440.from the first atratum and another of sjze 29+9
fras the sccond. On the basis of the above data, judge whether this
would result in substantial loss in efficiency, compored ta_the. -
above plan,

(17+17+1)) = 30

Plense turn aver

(N18)



INDIAN STATIST{CAL INSTITUTC
Statistician's Diploma Exumination - Noveuber 1070

Paper VII : Applied Statistics (Practical)

Time : 6 hours : ' Full marks : 100

(a) Candidntes will be required to anawer questions
from those two groups of aubjects only, for which -
they hive ‘regiatered their optiona,

(b) Separate answer booka arc to be used for each of
those two groups attcmpted. . .,

(¢) Figurea in the margin indicate full marks.
(d) Uae of calculating oothines is’ permitted. .

GUOUP A f ICUHHIC STATISTICS

0\..H.empt. all qnestiona irem t!-\il group)
L.t . .

1. EITHER

Estipated figures of population (in millions) and production of
cloth (in_thousand metres) are given below for India during the
years 1051 to 1060, Compare the trends of total production of
cloth and per-capita production of cloth, Obtnin the cyclie
component of the series of production figures of cloth and
examine whether warked cyclical fluctuation is noticeds

Aleo moke a forecast -of the production of cloth for 1970 and 1871,

population jprodugtion -, | population | production

year (in milliona) nf cloth I""‘”' i(in millions) of cloth
(000 metrea) (000 metres).

1951 363 . .| 4740 3 1081 43 | 7073
1952 3690 | s518 - i 1962 453 8972
1053 - 316 5871 1963 464 7200
1054 +° 383 | 6082 11968 476 1719
1955 « 39 6218 1963 | 487 - 1643
1936 308 6518 1966 199 7336
1957 108 6673 19607 511 7211
1058 414 8473 - ‘1068 | - soe 7800
1030: 423 6318 . 1969 | . 536 7108
1060 433 6629 :
) . . . (20)

Consumer ¢xpenditure in rupees per household for a period of one
year on food and clothing,are given holow along with the total
expenditure for the agricultural labeur-households in thé Community
Projcct arewd of India, Find the clasticities of expendituree on
food and clothing with respect to total expenditure.

Estizate the eipcndiiuru on these itens for an increase of 7 per eent

in the total expenditures « {20)
annual nunber of apri-| uaverage ! total expendi< expenditure !R\'.lnn
per-capita . |culturasl labour| size of ture of food | clotbing |
expenditure householda. |bousehold houacholds
(rupces) {rupees) '
0 - 50 613 - B.8 .. 943
81 - 100 587 5.3 10,6
104 = 150 | 802 4.8 24.8
151 - 200 527. 4.0 9.3
201 - 250 288 3.3 61,3
51 = 100 148 3.0 2,
401 - 3 93 2.3 gl,a
351 and above 122 3.2 21,7
i)




1.

Incex numbers (base 1020 = 130) of real output, mon-hours of laboy,
eoployed and capital,are given below for the period 10:0-37 4
U.S.A. Fit a Cabu-Douglas production function and interpret the
elasticities nf output with respcct to labour and capital,

Index nunbers of out loyod and eapitnl: USA

t, lahour em

real (mnan hours cupital

year output| of asad
1nbour I1nbnur

104C 110.1 | 93.0 97.2 | 1040 | 161.3 | 195.3 1.3
1041 134.8 | 103.2 100.5 195 | 178.6 | 197.1 125.2
1942 152.6 |- 114,90 | 103,2 1051 | 19141 | 112.9 1313
1943 171.3 | 120,09 103.3 1952 | 199.0 | 114.8 1353
1044 183.1 | 133.0 ,102.1 1953 | 235.7 | 115.t 14,5
1045 181.0 | t24,7 | 100.5 1053 | 22,3 | 11).7 145.5
1046 163.3 | 100,93 102.6 1958 | 216,90 |114.4 149,9
10.7 162.2 | 138.3 108.9 1938 | 221.8 | 116.1 135,1
1048 163.6 | 108.9 113.6 1057 | 224.3 |114.9 18,4

PAPER VIT - GROUP B : STATISTICAL QUAUTY CONTROL

(Attecpt any two questinns frra this greuf)

Carbon content is an ioportant charncteristic for the atcel cu.un;{
required for high pressurc valves. 3 test bars are taken fron cact!
heat for 2) days in a month during September 197). The carban
determinations are given below 3 -

i Heat No. Corbon é in teat bar Heat Nng Carbon & in teat bar
1 3 3 1 2 3 1
1 2.4)7 2.428 2.4.8 11 2.4338 2,401 2,474
2 2.4.8 2,430 2.423 [ 12~ St2.402 2.307 2,307
3 2,108 2.4)6 2,411 13° 2.411 2.4 2,486

4 2,439 2.412 2.4 14 2.479 2.416 2.41%

) 2,408 2,430 " 2.412 15 2.403 2.8 2.8
(] 2.408 2,406 2.405 .18 2.411 24412 2.477
7. 2,403 2.404 2,408 17 2,428 2410 2,408

8. 2,136 2,402, 2.7 18 2.4)7 2400 2,410

] 2.404 2,405 2.403 19 2.411 2,429 2.412

1 2,432 2.4)2 2.425 2) 2.411 2,4Y9 2.412

[}

(a) Carry out u control chart onalysis to odjudge the stability of the
process and establish standards.

(b) If the minimun carbon content be spcciﬁéd at 2,43 and the
maximun at 2.4135, what percentage of castings would fail to meet
these specifications?.

(c) 1t vas found that the linits in (b) were too tight and the

functional requireocnts could bo satis{ied with oinioum carbon of
2,353% ond the coxioun at 2,441%.

flow would yt;u aodify ;our control schexe to take advontage of the
new specification licits?

Comaent on the necessity of such a schese to control the carban
content, . - .

(134443) = 24

Please turm over

LenleE e
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-3 =
Groop B (contd.

c e - ' . .
2, Tho pi!cfmum roquiremcnts.of tensilé etrength of a forged item ia

2 .
82 kg/m". It is desired to instal u suitable sampling echeae wiih
the following propertics.
AQL « 2 percent ond praducer's riek = 1.1
LTPD = 6 percent ond consumer's risk = R

Spcc“y a guitable single sacpling: vnrmbh nlm\ and the corres—
ponding attribute plan. Clearly set do'm the plan of sction in
each case. Under whot conditions would you prefer to use the
variable plan ia preference to the attribdute plan?

. . PR (21)

3, Four triala were conducted in cach of 8 machines in & Rondomiaed
black sct up to examine the effects of two process factors,apecd{8)
and fced (F),on the production of Tining cover, Two levels of §
(s, ond s ) and two levels of F (f, and f ) were tried in all tke

four pouible conbinotions. The average pmducnonn per hour ave
given below,

S

P %o °1
t, | ssa2s | 4n.8
t, i 45,18 52,5

Analysis of variance of the expermenul nsulz gave 12.532 as
the mean square due to error,

‘a) Compute the sume of squares duc to treatmeats and nanalysc it
into three components (i) due to the main effect of § (ii) due
to the moin effect of F und (Hi) duc to the interaction

* between S ond F.

b) Drow up a table uhoving“ihe ntmctdre of ‘the cmpleee annlysis
of variance; the degreés of freedon for the different conponcuts
and the mecan iquare due to as magy of these components am are
posaible to obtain from the data supplied tn you.  Test the
significonce of the menn squares computed in (o), -

1':) Given that the ratio of the benefit of extra productivity per
hour and the coat »f running at prescribed levela of S and P
ia 8 : 1Q,vhat ia your recoonendation about the beat comdina-
tion of the two process factors?

d) lirite a short report: (tor non-atatisticinae)on your findings,

(BeC+345) = 24

Keatneaa t (2)

(Please tum over)

(~21)
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2.

PATER VIT — GROUP € 1 STATISTICAL METIIODS IN GEMNETICS

(Attenpt any tws questiona from this group)

The following table gives the number of plants in ?2 and Pa

generationg, raised fron a croas between two purc straina af Coling
and scgregating for the characteristica governed by gene paira
A=-aadid B=b, (Ais dminant over a and B over b).

tion Thenotvoic Claan
generatio ABD Ab aB ab
Fa 17> « 23 2) 44
Fa 280 24 N 1,

Teat for the segregation ratioa ond 1inkugé.' I1f linkage is present
test for the heoogencity of the recombination fraction as estirated
from the two scts of datal :

Also obtain a coambined eastirate, if valid,
(29}

Three characters, '
’ (i} bnl_l.pcr plant”

(ii} sceds per boll’

(iii) lint per seed .

were uscd as a basis for building up a selectinn index for improving

yicld of cotten (y). The estioates of genotypic and phenatynic
variances“ond covoriances obtained froa on'experinent were as follm

* Estimates of genotypic —[ Ealirales o phenotyple—
variancea nnd esvariances _ variances and covarisnces
L% 81p .83 By 11 o Yy Yy
0.273  0.659 -0.110 0,272 1,023 '€.555 -0.083 1,008
Ry B3 &y | ] T e tas  tay
1,512 -0.101 C.712 2,157 -0.120 0.015
o By a3 tay
2.055 0.025 ", 0.066 0,077
¢
Eyy vy
0,613, . 2,772

cbtain the selection index (linear diseriminant function) and
compare the genetic advance expected by its ume with that froa
straight selection,

(29)

Using mnxinum likelihood wmethod, estirate the gene frequencica froe
the following obrerved distribution of 0-A-B blond group classcs :

Blond group 0 A ] AB
Frequency 70 43 68 13
Test whether the data conform with Rernstein's theory,
(24
Kcatncas 3 :‘)

{v22) Please turn over



Paper X = GROUP F ¢ TECHNIGUES OF CMPUTATION (Paper TIIs Practical)

Mumrricnl computation with the help of Unit Tecord Machine

(Attenpt al) the stoges of the piven ancation)

In the operntions to ke cnrried out, you |;ill be denling with two files

of cards.

of the

respective filea of covda,

The cnrd designa of 7611 and 183 cards arc as follnwe:

Card-desipn 781

They nare identificd by ¥F1 nnd 7€F3 puncked in columna 1-4,

Serial Itewm Card Remarye

No. calunns

1 derign index number 1.4 puncted 78F1
2 block rerinl mimber 5 -1

3 stratun 8-9

4 sub=snaple 10

5 sub-round - 1

6 sample houschold 12 -14

1 party 15

8 ‘couple 'reference 18 - 17

[ month of birth 18-21"

10 nge lart birthday 22 - 23

11 montk of marriage 24 - 28

12 age ot marrioage 29 - 30

13 month of birth of hasband 3} - 34

14 wifo's nge at conrurmation of 35 - 38

narringe
15 ' other socio-cconmmic particulors 37 - 47
16. rocial ond.cconmic choructeriatice 48 = 71
17 reaidential hintory 72 - 80
Se:‘::l Item E:;:'mn! Remarke

1 demign index number 1 -4 punckcd 8F3
2 black serinl number 5-1

3 strotum 89

4 sub=saample 10

5 sub-rmnt 11

[} sample heuschold 12-4

1 party 15

8  ‘coupletreference 16 = 17

9 stotun code 18 - 19

10 sunber of children deaired 20 - 21

11 " ' aona " 22 - 23

12 0 doaughters ! 4 -25

13 nttitude code 26 - 27

14 nunber af sons born 28 - 29

15 " duugters horn 30 - 31

16 othey detnfle of fomily cize 32«55

17 particulara of fomily planning

methoda uaed %6 - TN

Plense turn over
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The various stogea of onernticne rouired to be carrfed mn. are indicotea
bclo-t

STAE )

. (1) Toke GF1 cards and sort them by tﬂ]ll;nn ) '4 [NM.: (8-7) _lln:in-;,
i (5-1) X (12-13) X (16217)" L.t jeola. B to T & any,

and note down the totnl vnlumo of enrda hundh.'d in the
.« answer sheet provided,

(ﬂ) Toke 76F3 coards and rcpnm. the aome opﬂntinnn 8 t\d\'hcd
‘ for .18F1 carda,

(ii1) Note down the nunler of corcs veplaced (if nny) d\nfnr ~orting”

and hind over the dumnzed cnrdn (if any) to the Exnrnn«-r after
thoir replacement, -

(333:34344).= 20
SAG 2 '

(1) Wire a control puncl of o collater nnchhr fnr cnrrymg out
the operations under (if) lelow, ;

(ii) Take the sorted packa of cuarde in rtage 1. \férgo then on o
eollator mackine with sulection of unmtched carca, conafdering
the arrangement of sorting in atm_u 1 and nu.Hng uSFl cnrdo

- Yeading, \

(Hl) Note down the number of tF1 caréa nnd 7672, cun‘n aclt-cted in (In
above, en the anewer slicct.,

1

(iv) Write Gown your name and the masber of carda u\lcctcd, at the
back of the selected 78F1 and 78!‘} cnn‘- mpmntc)y nnd hand
theo over to the Examincr,

: - « s (8080800) = 30

STAGE I .

(1) Take the lN!l'L.O(‘ deck of carde in (h) of stngo 2

and prepare
- -. panel ckart/nn uccnuntmy Yonckine !or printing the fo]]owmr
pnrticul:\rn LI

P

Scr&\] B § t cm Femorks
bumbey . _ " - ’
. desirn fodex mmter *
3 black scrinl number |
3 frub-pnnple
4 somplo houschold
5 couplc r¢fercnco
0 age ast hh't'u'nv . frem 78F1
1 age ot marringe . - do =
8 age nt conmmventicn ¢f marriage - do -
) nusber of rons dreired from 783
10 . number of dougkters dewsired - do -
11 number of aons born - do =
12 number of dnushters born - do =

(i1) 6bt.n£n the Drint.

. .
(144) Yrite todle-heading ctc. on the :aekine print and hand owver the
talulitel sheet, 7.F1 cards and TGP curds to the Sxiciner.

(i\') Put-your signaturcson the Ferforounce sheet. previded aad pr"dm.t
t ot Lie end f cevery staze far countorsifnature. Yund over
finally to the Exaniner ut the conclusion of t.ue exa_ination.

(2 e54124.203) @ 50

For the practical exacination the
Ixawiser will be lcprcum-lcl by the

Dlenac_turn aver’
Superviser,/Sa; pervinors,
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SAFER VIT = G737P D 3 VITAL SIATSIICS £)T LS 0670

(itteopt nay two questions from this group)

EPEFRSINN
1. “ou are given the following datn from en a2ceupatinoncl oortality
. investigation : .

| rn . staadard poculation| nem atios X Accupitian T
l ag: group: pajulation ucata| prpu-ction deulh populalion deain
| "ot risk .-« rate at_ris' rate at_risk rate

15 =24 | 219,000 21| ek w8 | az2om 231
25 =4 | 313,32 Pote e o Jgoe 20,000 ~ .001
a3 =~ 44 330,600 | W3, | 23,003 02 | 23,000 200
1,45 = 54 979,000 e | 73,0% DT 30,933 el
55 ~ 64 250,030  ° .02 | 20, 221 28,07 ’ 24

E‘Jpreu- ‘A"l'c certality of fecnpatinn X ¢t agea 13 = 64 on a sBicy'e
pereentage=ratio of that of nrccupaiicn Y Y- mcans of tho follswin
(a) _otendardiscd onrtality ratie,
(b) comparative msrtality figure.
(c) conparative mortality indev,

(25)

2. . Starting with 115 = 100,00, construsi an abridged life table
for a female populatinon in the ‘chils-bearing age ronge frou the
table given below ¢

[You wmay toke c‘?n = 23,2 yrore _7

. : r:mber of. fercles | nunber of female
age group ; enumerat~3 i- 37 1 | desths registered .
; : (eeara) during the |
, ithng_yu\r period (1000-62);
... o
1 T - M T
[15 ~ 2 o 76, TR 08 i
;® 25 LI ST 4190 C !
j25 = 30 121 . . 4485
iuo - 33 637 . b 502 X
135 =40 v 530 . b set ]
46 - a5 ' sz | .t sss2 !
145, - 5¢ H 567 | 15370 |
] H

Please tarn over

Nza)



SD (N70) :VII (b)
Group D (contd,

J. Delow fe given an extract of a life—table for o female population,
[ Radix of tho life-table 1 = 13,000 7

age group | life toble populu— oge group; life table pum
x to xed tion in the age x to 'xe3 tion in the axe
group x to x5 group x to x5
. BLx - .'Sl'x )
0- 5 48039 45 - 30 : 43181
5 =10 47856 - .- & - 83 [ 41061
10-15 | 47979  °. 55 - 60 [°  239t07
15.-20 |. anun . 60 - 65 | 36748
2 - 23 46852 65 - 10 32475
35 =.30 46442 - 70 - ‘15I 26612
30 - 33 45982 % - 80 19229
35 - 40 45316 80 » s 17200
40 = 45 41562 N

& Denotes life table population eged &0 and above,

Given r = ,00042, compute the atable ape distribution for the
population by quinquennial age groups.

[r is the true rate of natural increase for the stable populatiog -.l

(25)

PAPLR VIT = GROUP E : EDUCATIONAL \ND PSYCHOLGICAL STATISTICS

(Atteopt any three .quc\-st.ion'u froo this group)

1. Find, the reliability of a test from the following data
R - @e)-
N jecare on acore on . BCOre nn } Acare oo
subjects |\ bemt | retost ‘“b"““‘ 1ot teat | vo-test -
A 8.5 . | s K. . 6.3 oS |
3 6.75 8.25 L 715 | 8.5 |
c 8.25 7.18 N 9.0 PP
D 6.3 5.5 XN . 7.8 - g |
£ .19 P 1.28 0 i 1. P15
F 0.2% 9,25 P i 7.15 JToBas
G 5.3 5,78 Q 5.78 i 8.73
' 0.25 .28 R . 8.715 0.8
1- P1.18 6.75 vos i 8.75 |, 8.3
3 b8 I 5,08 Lo : 9.3 £ |

Pleasa tarn ever
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Group E (eonM-)

2. hnd the vnh:hty ‘of a eleriocal proficiency test from the test
. scorcs and criterion ratings of a group of workers given below :

criterion ratinzs teut criterion rotinfe
tent e lakilled ekilled sericedlled skaillcd
scores and workers scorea aad workers
unukilled uncizilled
workers woldors
s1-52 0 1. K- ] 3
10 - %0 1 . 8 31 - 32 4 2
A7 - 48 o 7 23 -3 8 4
45 - 46 3 8 * 271 ~ 28 4 1
43 - 44 2 4 23 - 24 1] 2
41 = 42 2 8 23 - 24 3 -
39 -~ 40 1 0 21 = 22 1 -
37 - 38 (] 1 19 = 20 () -
35 - 36 1 2 * 17 - 18 4 -
15 = 18 1 -
.
(10)
3. ' From the eorrolstion matrix given below, extract three centroid
factors
_Test 1. 2 - I 4 -] [
1 .03 00 .00 $27 00
2 32, W26 a2t 00
3 W72 o2 24
4 60 .00
5 R
6
(16)
4. The raw scores on a test arc glveu Lelow. Compute percentile
scores, etundard scores (X = 50, SD = 10) and norualized scores,

3T 43 27 44 27 2T 26 31 IS 42 D
35 43 36 26 5 47 3¢ 28 32 32 3

6 21 24 40 3 I 3B I8 3 21 17
26 35 22 18 5 3 3B N 16 45 8
3 26 3 23 4t LT 20 41 D 23 a1
22 1 3 49 B4 2% 22 8 N 42 41
41 31 4 3 32 2 22 M 41

(1)

Pleaae turn over
———nliC UMD OoFer

(x23)



Group E (contd.) ..

8. From the following item-score matrix obtained from a teat, find
the mean and standard deviation of teat-ecores, item difficulty
and aversge item discrimination, ‘ -

Also estimate the correlution of total scorn_'ii’t'h ‘eriterion,

Iten—score mutrix

'y I.Qm-un', AR
exenindes o .b c A e f g/t § k 1
1 1 ) 1 ° 9 0 0 0 0 9 .0 D
2 1 1 1 ) 2 1 3 9 92 3D D
3 1 1 &t 1 0 0 0 O O O0 .0 O
14 1 1 0 & 1 0 06 1 0 0 O O
8 1 1 1 1 1 0 0 © 0 0.0 O
i 1 1 -1 3 1 2 1 3 0 9 3 ¢
7 1 1 1 1 1 1 1 2 a9 3 5 9
8 1 17’1 170 1 1-:1 1 1 0.0
[ 1 1 1 171 ¢t 1t 1 1 1 1 0
10 1t 1 1 1t 1 1 t 4.1 1 1 1
(16)
Neatneas 3 (2)



TNDIAN STATISTICAL TNSTITUTE
Statisticinn's Diplamn Examinntion = November 1970
Paper VIII ¢ Subjects of Specinlieation - (T) [Gra. Atouy
Timo 4 hours Full marks 100

(n) Candidntes will be required to answer questions
from thnt group only for which they bave registered
their options,

(b) Figures in the margin indicate full marksi

GROUP A » ECONOKIC STATISTICS — Spocinl Paper I
(No candidato availabla)

Paper VIII-GROUP B ; TECENO-COXERCIAL STATISTICS = Paper I (SQC)
(Anmtclr any fivo gucations from this group)

3.(n) Discuas tho differenca between Inapection nnd Quality C;ontrol. :

(b) Distinguish between ‘nction limita' ard ‘'warning linita® in a control
churt, What arc the advantages in having warning limite?

(¢) Explain the proccdure for installing the cunulative sun (cusum) control

charts.
(4+8+8) = 20

2.(n) Discues the situntions when ‘modificd Yimita® nny be uscd.

Descridbe bricfly n mcthod of fitting a trend-line and of determination
of control limita, when tool-wear is present,

b) ¥hen can the 'Voving Average and Moving Ronge' charts’ bo uscd in
{4
prefercnco to the conventionnl X, R-charts. Giwe a fow exanples of
such cnses, fram any industry you know.

(4+848) = 20

3.(a) ¥hat are the difficultios encountcred in the usc of 'lot by lot'
oacceptanco anmpling plans for continuous production?

b) Explain Dodge's CSP = ) procedure for continuous production.
P P
(c) Establish the follmimlx.x'wu]h for CSP-1 plan (stondnrd notation).

(1) tho average number of picecs inapected in o 100/ screening
requenco following the finding of n defect,

1-q

i
pa

is uw=

(11) The nvernge mumber of piccea panecd under tho rampling
prucc(lure before a (‘cfcct is fourd

iR Ve

B
fp

Mease turn over
(n27)



3s(¢)

4.(0)
(»)

5e(n)
(®)
(c)

8.(n)

()

1. (n)
(®)

8.(a)

(v

(i4i) The avernge fraction of totnl production inspected,

cu s fv
UeYT

is F =

‘\hn'. ie the physicnl interpretntion of Q.\o €C curve of this plnm
) (343+14) = 20

Itmlop a requentinl teat procedure for controlling the mean of a
process with known standard deviation when the ounlity charnctoriatic
is normnlly distributed. » ~

Devise o simple graphiien) proccdure for uac whoen inspection is on a
routinc basie. .
(12 + 8) = 20

Cooyare and contrast the waliont featurea of Dadge-Romip and Pil-Sté-
105D Sampling inspection tables for attrilute inspection.

Vention any procedure you moy ¥new of, by menns of whizh an AL vAlue
con bo sclectcd on n rational bamis, for-.ume in Mil-Std toblen.

t
In ¥il=Std-414 for tle known o cm-c'é A‘nc-sldcd upper epecificatien

limit u , thre following forrmula is uscé Q.o estimate the lrnctlon
defective for n given X.

SE SRR B
Y 2n =y -
Vel g

Liscuss the ticoreticnl basis of this fermula.

2
ot /2 ax

(8+0+0) = 2¢

For a continuous qunlity ckaracteristic, the ordercd statistice for a

enmple of size n'are Xy, Xy, sseee X o Show that the probability that
the tolerance range X3 an includea atleast 100 a/ of the populnuon

is given by the exproulon-

1
B(r-1,

Write a short note on the statfsticnl ‘rri'ncipleu that ycu ¢on use in
problems invelving the ceombinaticn of telerances of mating parts.

(12 + 8) = 2y

1
3 £ a2 (1-%) dx

What arc the vnrloua conta of cnrryina out ‘a conpany's cunlity niuion?
Classify the costs and clearly defind the \nrious cemponnnts in each
category, -

How would you procced to develop systems fer reducing avoicable
quality lossca? >
: (12 + 8) = 2?

Ceacribe tho precautions needed in designing and conducting plant
scale experirente.

Explain with the help of onc er two oxamples frem any industry kpown
to you, the use of nested deaign' in incustrial experimentation. iow
would you annlyse tho results of such an cxperiment? R
’ : (10 + 10)= 20
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Paper VIII- mww C 3 BIGLTRIC ITTICLS = Specinl Paper I
(No candidate available)

Paper VIII- GRCUP D ¢ Deaign and Analynis of Experiments
- (Statistical Aspects) = Special Paper Y
'

(Answer ony five questions frem thin grour)

1. Lot n o Xand 8 bo N X1, NX L and LX) mntrices rempectively,
and rank X be cqual tol ¢ No Let Y be a random vector of order N X1
such that E (Y) «7] = X £ ard disrersion matrix of ¥, D(Y) « V o?
where X and V are known mintrices, with V sesitive definite of order
N XN and symmetric, E ond aro unknown pnrm‘mtcrn. Ch‘.nin,

(1) the beat unbinased lincar cetimater g cf B¢
(11) the dispersicn motrix V (g) of g
C(114) B(Y-xg)(\-xg)
() v(x-xg).
If the model 'z - xg .is inadequate and ‘the true medel is7) = X3 o'()

where Xl is o known matrix of arder N Xt.l and El a L X1 woctor of
unknown pararrters, cempute afresh

E(Y-XBY(Y-x8) whore B in sone 0s dn (1) above.
(4+8+4e444) = 20

2, In a randamized hlock experirent, originnlly planned with v vorictics
and r replications, it iu found ll-ter that thero is not enough rmaterinl
of varicty 1 and cxcess of material of voricty 2, Voriety 2 is therefore
applicd twice in blecka 1, 2, +usve, vy and only onco in the remaining
blocks. Variety 1 ie applicd cnly in %locks (1-l + 1), (r102), cesy T

(i) Write dewn the € = matrix of the design.
(i1) Cbtain the variances of different treatnent cemnariscns,

(i1i) Indicate kow you would carry cut the annlysis ¢f variance
of this design.

(4+848) = 20

3. Let Ny ooy )\.“-l‘! the nen - zero latent roote of the matrix of
cocfficicnte ¢f the reduced normal equaticns for intrn-bleck estimates
of trentment cffecets fn an incomplcto block design in which v treatments
are tested in b blocks of ¥ plote cach,and cach trentment is rerplicated
r timee, Show that the average variance of all clementary treatment
compnrisons iea given by,

2 PN
where 6° is tro variance of the yicld of a plet,

(+29) Plense turn over
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Je
(contd)

4.

Se

8. (a)
()

(<)
(4

-4

ence shew that the demign with maximuon cfficiency witk respeet to
this avernge variance as thoe critericn is n Balanced Incomplete Ploep

design, if such a doesign oxiats,
(1€ ¢ 1C)a 2

A balanced incomplete blccy éemign, with paraumters v,b,r k,\ is
modificd to include n new treatment by increasing the blcck size to
(k1) plota, ro that the ncw treatment oceurs once in ench of the b

blocks. .
(i) Show hew you would mnalyse this oyporinent ?

(ii) Provo that the intra - block variarce cf the difference
between effeets’ cf any two of tho cnginnl sct of v

treatients is
2 _(kel) 02
vAs+r
1s tho intro-bleck variance fer blocka of (kel) plots,
(12 + 8) =20

where 02

The nctual design (before rnndtmianon) of a half rerlicate of a
factorial experinent involving six factors A, 3, C, D, E, F ench at
two levela (zero and non-zexo) arranged in 4 blecks of 8 plcts each,

is given belows

N

Block 1 Blrck 2 Bleck 3 Block 4
(1) ac ad ne

ab be. bd bo
acde de co cd.
bede abde . abeco abed
ncdf af cf cdef
bedf abdf abef abed

ef ocef adef of

abef * beef bdef bf

Identify the confounded interactions and determine the ‘alins’ acta.

Asmming that three factor and higher order interactions are nct
cxistent, write down the partitioning cf tbe deprces of freedem in
the tnblo of analynis of varianco,nganinst ench m-cnbnble sourco of

variation.
(6+648) = 2C

Explain the layost cf a sinple equare lattice design and cerrent on
the scepe of fts utility, ..
Cbtain expressicna for the intra-bleck catimntes of treatment contrasts
and their standnrd errors.

Caleulnte the efficiency fuctor of the design.

Cincuse the connection of this type of design with a Foartially Palanced
Incamplete Blnck Design, ifentifying the primary and accendary para-
metera ap repriontely.

(4484643) = 20

(N>0) Please Turn Oey
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(o) Discuss the advape €8 And Cisndvantages of n erlit-plot deaign.
1.(0 . !

{torlct «ajgn with p whole-plet ticatmenta and g sub-plot
(®) A split-rlqy arranged in rondomized blrckr with r rejlicationa,
treato®Nonpleto nnalyais of varinnce of the derign on a aub-plot

Give,
- bp- .
. uivo the mtandard exrors of the varicus types of treatment empariacns,
(4+848) = 20
8. . ¥rite short notes rn nny two of the following:

. .

(i) Usce of orthogeral latin squnrea in design of cxoeriments.
(1) TDroblem cf balancing in confounded factorinl deaipns,
(1i1) ¥eighing Denigrs.

(iv) Youden equare deaigns.

(to + 10)= 2v

. Paper VIII-GRCUP E ¢ SAPIE SURVEYS (TVECRETICAL ASILCTS) = Sel,Paper @
(Anewer nny five questicna frem thia group)

1. From o tehsil consisting of I villages, n snmple of n villares is to
be érown with probability propertional to tle arca of the village and
with replacement, The nir  {e tr estimate Y, tte tetal aren oncer
paddy in the tehail, .

((\) Give a methed of solection that cnsures the required prebobilitics
nnd show hew cxactly it is enasurné, g :

A .
(b) Give an unbiarcd esticator Y, say, of Y and grove its untiancdners,

A A
(¢) Dorive nn unbinsed esfinnter cf V (r), the variance of Y.
(545+1C) = 20
2. Supposc, o in questicn 1, o mn;‘:ln of sirc o ie drnwn frem n -opulntien
of size N, witk probabilitics proporticnal to tre size-mensures and

with replacement. Let Y, be tho value of the variatle of intercst to
us and p; the probability of acleetion, for the ith unit (1 ¢ ¢ N).

Ict n' bo the number of distirct units in the sam7le,
(n) Find E (n') nnd V (n').
(b) Prove that the e_s(imntcr H

Yy

E— {8 unbinscd for Y.
1-(1- p‘) .

(where the pum Z‘ in over the fistinct unita { that belong to
the sam;le) .

(1) (4+841C) @ 20

Plense turn mer
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3.

4

5e

A Intdon ia 2ivided into two strata, th.
u{r:rt:m adwinistrative comeniences A ;in;fec ::éﬁ :!:nn';d 0 the basj,
replacement, of mize ny  ds to be drown frem thiy T n{rze .ﬂ&

frcm the acccnd strotum vo intend to draw o siople | f vm, while
withrut replacement, of sizo n,. The cest of snnphp\“""‘ﬂf-‘h,
for tho ith stratum (1 = 1,2). -unit s c

N

~
(a) Find the optimm values of ny ond n, that minimiso tko v. e
of the usual estimater of tho pepulatien totnl. ree
(h) Suprone n stratificd sample has been drawn ns indicntc(’: abovo
with nae vanluwoa of n nd ny (no!. necersprily the ortimm valies),
As nn aftertheugkt one ia interdsied jn kncwing whe ther this
stratificd samplo is better than an unstrotified sinmrlo rand~m
snmplo without replncement of nize m.

(1) ¥hat should be the value of n if this wrstrotified methed
is to bo cempurable to the ostratificd metboed, as regards
tho coat? t

(i1) Eetimate, on tho besis of the stratificd amnle drom, the
goin (or loss) that wculd kave ‘reswited,had we adopted tlhis
unstratificd srmplirg methed with tho veluo of m obtained
in (1) above,

(3+1410) = 20

To eatimnto the total rural indebtedncse ia o district 1Y is propomecd
to adopt a 2-stage sampling rmthod with villages as the primory sunge
units (p.s.u’s) and houscholds (h.h's) eca the sceendary stage units
(2e8.u’'s). A aample of m villages mc to be drawn with probabilitics
proporticnal to the nojulation na per the lateat available consus
figurce and with replazement. From coach scleeted village n stvmle of n
Fouechrolde are to be selected by aimple rardem sampling witbout
replacemont. !

(n) ' Give an unbiased cstimator ?, ray, of the total indobtedrass of
the rurnl populatien of the cistrict. '

(b) Cbtain on unhiascd eatimate of tho voriance of 2.

(¢) Give nn'ecstimate of the prosertion of tha h.h.'s in tko districe
whone debt is at lcnst Hn,1CC. Is it on unbinsed eatimater 2
If so prove the same wn if not,give an approximate cxpression
for the bins of this cstinnter. -

(3+048) = 2¢

A porulation conriated of K strata. A stratificd sample is intenced
to be taken by ndopting simzle randem aampling without replacement,
of rize ny fram the ith stratum, 11,2, ..., ¥, Tke object is to

cstimate Y, the total cf the \-nrh\blcz "

(n) Find thr optirmum valuce «f the n, 'e that minimiso the variance

~
of ¥, an unbinacd estimnter of ¥ you intend to uere, for a fixed
voluo n of tie totnl sample size,

(h) It is reeognised that the cptimum values of ng frvelwe o
¥newledge of pome posulation paramcters which nre functiens of
tho ‘ss  Since tharo are unknewn beferebinng it ie intonded
to sutatitule in their place the ccrrerrending vilues of an
cuxiliary varinblo % which aro availoble teforchand.

(N32) Flease turn ever
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5 1f the relationship between 2 'a ad X 'S in the .ith stratum
(con'.d.’) can be cxpresrcd ne & model piven by

E (Y l X = 8 Xy

y 2 2
V¥ I X)) = oy X
. Co (Y"ﬁ Yijl | xi_'ix‘.'l) « 0, fer 1/ i’

where X“ and Y“ are the talucs nf V5 and ;( frr the jth
unit of ith stratus and n, nnd ai oro constnnte (1 ¢ £ C V),
exnnine. the valjdity «r ctherwise of tto subatit:tion mothcd

givcn above.in the light of the wadel nssured,
(8 + 14) = 20

8, Conmenit erfticnlly on thr follewing statements with e ftable
mathematical argurentet
(n) As an cetimater of the porulation ratio % , where X ond Y nro
tho populaticn totals of the & and i varinbles, the ratio of
the saaple means is better than the mean of {ho sample rotics.
(Asmure that the sam;ling is simple randam sampling with
replacenent),

(b)' To catimate the population total Y the ratin catimntor is better
than the regreaefon eatimater if the regreesion of on the
auxiliary variable & has a small intercept on the v-b-nxh.

. (1C+1C) = 2¢

7. Vrite ‘shert notes on amy four of the following! .

(n) Circular eystemntic sampling.
(b) Sclf-weighting desirna,
-(¢) Varying prebability mampling pethods,

(d) Combined ratio catimntors veraus eeparnte ratjo cstimators
in stratified smmpling. .

(¢) Scurers of non-sinpling errcra.

(5454545)m2C

Paper VIII ¢ GUCUP F ¢ TFCHNIGUES CF COMPUTATICN
(Mumerical Analysis = Specinl Paper 1)
(Ne enndidato available)

(N33) Plense turn cver
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Poper VIII-GRCUP G ¢ STATISTICAL INFEREMCE (GENERAL TECRY) = Spl.Paper

1. (a)
(®)

(c)

2,(a)

Q)
(¢)

3e(n)
(®)

O]

5¢(a)

(Anawer any five queoticns frem thir greup)

State and grove the Cramcr - Rno inequnlity.

Explain how tie incqual ity can be used to find minimp-variance
unbinscd cetimntes.
Lot Xpy sssse p X Do dndependent. Cbaervations from the Pcissrn
distribution with mcan €.  Cbfain the ninimmpm-variance unbiascd
cetimato of 6.

(8+448) = 20

Define the terms (i) adzissible Ceeiaicn fanction, (ii) mininax
decision functicn, (fii) complete clavs of decimien functicns,
Shew that 4f a minimax decisien functicn is unigue then it is M'Jnhsih'le.

Surpose that X is a single observaticn frem tre density v

f(x,o)- ﬁ e-y/D xp-l N 0¢x<™,

where p ie o known poﬂtlw number and € is nn unknown- positive

' parmmeter, Supposc we want to cstimnte € with squared crrcr as the

loss function, DBy considering catimntes of the foerm k X, show that
the usual cetimnto X/p is not ndmissible.

(64648) = 2C
Explain the mnximum libeljihoed n-ctbm! of cstimaticn of parmmetcrs.

Independent obscrvations Xps, esess y X, are available from tho donsity
tung) = § OV acace,

where o is o real parnmeter and € {s a real positive parameter.
Cbtain the maximm likeliboed crtimntes of a and O,

Give an exnmplc.of o meximm likelihoed catimate which {s not
consistent,
(5+940) = 2C

Suppose that n incependent chpcrvnu;\nu are availadle frem the nermal
dietribution with mcan £ and varinnce 1.

(a) Cenetruct the usual wc(l.a)y. cenfidence interval fer g .
Juetify the facts that the interval is based on R ond that it
i{s aynmetric nbcut .

(b) Cbtain the minimum - variance unbinscd estimate of L. )

) (12 4 8) = 2C

Define the terms ¢
(1) unbiascd teat, (ii) mimilar teet, (iti) test with Moymon
structuro, :

(*34) Ploneo turn evey
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5.(b) State and prove nny theor:m you ¥now connccting similer teets and
teats with Neyman structuere.

(c) Given n independent observaticna from_o nermal distridbuticn with
urknown mean gz and unknewn vorfoncd 0%, conatruct o Uniformly Yeat
Peworful (U, P.) unbinscd test of level a for testing

M, 4 SH, cqainat Byt p > 'R
. (6+4747) = 2C
6.(n) Let X havo the probability demsity f given by
1 (23}
f(x, 0) = m [x(l-x)] N C<¢x<
where 6 is an unknewn positive parameter,
fhow that, for testing /ut level a)
B ¢ =1  ogoinat’ Bt 6> 1,

o UM, P, teat cxiets. Y¥ind such a test and find its power when 6 « 2,

(b) Supposo {Tn} ie a soquence of cstinates of Q.

Show that 4f E(T )} —> @ an¢ Vor (T, ) —> C,tren T,

is consiatent for O,

(12 + 8) =~ 2¢

snees

FLOUT Il ¢ PROPASILITY TiTCRY
Special Paper 1 - BASIC PRCRABILITY
(No enndidrte available)

sosse



INDIAN STATISTICAL INSTITUTE
Statistician's Diplema Examinotien « Novevomber )97C

Pl\pcl; IX t Subjectn af Saccinliantien - IT (Theerotical)

Time ¢ 4 hours Fei) marka @ 1C0

(a) Candidntes arc required to answer quostions
from thot proup only fer which they bnve
registered their optiora,

(b) Figuroe in the margin indicate full marks,
GRGUP A’: ECONONIC STATISTICS

(Indian Econcmics and Economice c¢f Planning)
=Spreinl Paper 11

Eection I ~ Indian Fconinics

(Anewer nuy three questicns from tLis section)

1. Indicato clearly the methods you wimld ndopt 2er eontrolling tho
groeth of population in India, if such centrol is comsidercd desirntle.

(:¢)

2. Arc smoll forns uniformly more efficient than large farms in India ¢
Discuss the factors influencing the r"lm.h-o productivity cf large
and small fams,
(1¢)

3. Docs the industrial licemsing policy puvrsucd by the Geverrment of
Indin,effectively 1imit the degree.cf wonopoly in Tndian incuetry?
¥ill the rccent modifications in this policy moko it mero of foctivd
for the control of monopely” Give rensons for your npswor.

P (18)

4 In what ways can comxercinl barks leip financo nyricultu.'nl production
and inveetment in mdia ?

. (16)

S Discuss the mnin fcatures or chniyes in renl wages of Jnbour empicyed

in mofern industrics in Imun sinze Independence.

(19)

8, Discuss how you would try to assces the incidence of fndircct tnxation
on the rich and the poor, and on the urbnn ond tde rurel.populutions
in India,

(10)

Scction I7 .. Feenemica of Placning

(Answer any three questions from ttis section)

7. How can the planner planning for a finite time herieen, toke acccunt
of tho fact that lifc will go en after tle lnqt vear ef the plon
period hos clapscd ?

(18)

8, Discusa how the rcquired nmounts of investnent con be caleulated for
the purpose of grafting en to n nrulti-pcrio(‘ input-outnut medel of
planning,. (10)

(qu‘ Plense turn cver
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' Eow can financinl and fAyeical balances be made censistent in a
proctical planning exercise ?
(18)
10. Tiscuns tho relative orrits ¢f import mbntl:tution ard cxport
fromoticn as strategica for incrensing Indin’s fercign cxchange
cornings in the ncor future. Arce thnse strategics nccensarily”
cxclusive ¢f ench ctber ?
(18)
11, Assces tho total impact ¢f PL 420 aid ¢p Indin's ccenomy.
(18)
L]
12. Write notcs on any two ¢f the follewing ¢
() the socinl rate cf ciecournt;
(b) the Raj-Sen model cf rlonning;
(¢) the etrategy of bulanced grouth;
(d) the Lohnlanobis 2-scctor madel,
(8+8) = 18
Neatncrs (Svetiors.T and II) ()
Paper 1Y = QUCUP B ¢ TECTNO0-CC!IERCIAL STATISTICS |
(Spreial Poper - 1)
Sccticn I ¢ CPERATICNS TESEARCK (7€ mnrks)
Scetien X (A]!ornnth-o)l ELIE}MENTS (F ECOKSTEEPING -
AND ACCCUNTANCY | (70 narka)

Scctien ITt STATISTICAL LETECDS IN CUSDESS - (30 marks)

Scctien T g CPEPATICNS TECARCH

(i) Ceo n sepnrate onswer bock for this scction,

(i) Atteopt gueaticn 1 and any cther two cucsticns
fran thia section.

1.(a) Explain the eimplex mettod of eclving a lincor prorramming problem
with tho help of the follewing cxmuple:

Vaximire 2 a 3x 4+ 4y + 5¢
subject to the restrictions
2x +3z 8
Sy + 22

£
Jx+4y+22 S 15
x,y ant z >

(b) Write the dunl problem of the abeve and also ita optimal fcnsidle
solution,

Plonre_turn eyer
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1.(¢) Formulnto mathemntically the follewing prehlem oo n )lmnr'{aroérnu;.lninﬁ

2.(a)

®)

problem (DCN'T SCLVE THE PRCLLLK)s

An agriculturist hae 3 farms ard wants to pgrow 4 crope A, 3, € and D
on thems Tho land to be allotted to diff{cient crops on cach farm ie
to be determined an ns te mixioize the totnl profit of the cutput from
tho forms, The relevant dato are given bolnw:

Table 1
'rm Usadle . l #ater available
nerenge in ncre feot
4€0 ‘ 1,5¢C
2 3CC . 2,cc0
3 3(0 | e¢co
Tanle TT
Cro Max imure ¥ater reqyirementa in Frefit per
P
Crep cercapce acre feet per crop acro crop acro
A 50¢C 5 450
B 1ce . 4 . 3C0
c acc 3 250
D 30C. 1 200

(1448+8) = 30

Deecribe briefly variove methods of molving t'r tranepertion problem
for materinl stored ot m scurccs and required at n destinationa,
assuming the totnl available material is junt sufficient to entisfy
the totnl requircmente.

Study the follewing production-cum-traneperticn problems

' e —=Dopote. oo | Availedle
Plant k! 2 3 3 Regulaz producticn)
1 25 17 25 2} 300
11 15 10 18 24 500
111 1 18 2¢ 8 13 cee
1,4CC
o 0 co co ;
Nequired 300 3¢ 5 5 1,06¢ .

Here the regulor productinon guantitice ar> not sufficient tc meot
tho total rccuirements, It im peasiole, bewever, to increnss
production of cach plant by 50 per ecrt, by payirg overtime., The
conts shown in the nbove tnble am unit costa of procuction-cum-
transportation set-up. “hen en overtime, theeo unit conts aro
increascd by 10, 15 and 20 fer the plants I, IT and IJ} raepeccively,

—C UFn

(r38) Menay turn ower
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The company's objective is not to hnve overtime productisn at any
plant unlcean its regular time production ie fully useds Set up a
suitable fnitial transportation protlem tableau by adding rows and
or columna to the above tableau which will ensure company’s objective
(DON'T SCLVE TME FLCEPLEX FOR CPTDM SOLUTICN).

(12 +8) = 20
3. Develop an economic lot-sizo formula <n tko following e¢ircumntnnceoa:

(n) Orders for replenietment can only bo placed on the first ény
of a cnlendar momth, M

(b) It on order in placed, delivery fs immediate.
¢) Demond ia r per morth ard misce only ep the 15th of encl montl:,
pe g
(d) Carryirg costs arc C, per unit per sonth.
(¢) No etortages aro prrmitfed.
(f) Sct up costa urc Cye
(20)
4.(a) Develop a multi-itsn deterministiz §rventory model for doternining
cconomic orier quantitics when (i) the producticn is nssused to S
instontancoue, (ii) the shortages are not allowed and (ifi) total
value of average inventery of o)) stockad items dovs rot excced a
spccificd value (eny I Fujceca).
(b) For the following data, cetermine eporexinmately the econormic order
quantitics when the total valus ¢ verapr irventary levels of three

sreducte, is < Nie,10,000. (YU YAY USE SINTLE LINCAR INTERPCLATICN
FCR APPROXLLATE CALCULAZIONS).

Proauvet

Costs 1 3 3
Colding cost™( 1. ) 20 20 20
Set-cp coat (Rs) 50 40 60
Coet per unit (ke) 6 7 5

Yearly Lemand rate :)0000 120CC 7500

- .
as per cent rate of yerrisy interest on the valve
of averagze imventory, ’

(8 +0) =17
5.(a) Starting from first principles, obtain the following crpressicne for
a aingle server qucue with Poieacn arrivale, with meon arcival rato

A and exponential scrvica tiix with mear ecavice rote 2 o

) 01. (n) = P_{r eervices in timo T gpiven that servieing
is poing en throupghent T }

- (u'.'x‘)".c""'r/hl

(N39) Plearc turn over
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ii) P = Probability that there aro n units in tho system
n \ ¥

A AP
12 A
) ( n ) (ll' ) » n20
(114) YV(-) = "Probability law for waiting timo w of n new arrival

{ 1-3Nu for wao

(1 = M)A o (i) , w>o0

5.(b) Assuming a Poisson nrrivel with tverage roto ¢f 15 per hour at a
single ticket-booking ecunter, nt what average rate the counter
clexk should work te enrure o probubility of 0,00 that n new custemer
will not have to wait longer than 12 minutea? (Arsure that the length
of service by the clerk hne an cxperentinl distribution), = 7,
(4454645) = 20

ses

IX Group By Section I (Alternntivo)r EUXNTS OF BOCK-KILPING ANT ACCONTANCY

(n) Ume scparnto nnew:r hock fer this mecticn

(L) Attempt qucution 1 nnd ony other three frem thie group.

1, *© The following is the Trinl Dalance of XY2Z cempany on 31.3.70 . .
. Pr, Cr.
Tea, X Rs.

Cash in hand 1,080

Cash at Bank 5,260 .

Purchnse account * 81,350 ,

Sales occcunt 107,560

Teturn Inwanls account 1,36C

Return Outwardsnccount 1,000

Yiagea account 20,006C .

Fuel and Power account 9,460 '

Carringe on Salee nccount . + 6,400

Carringe on Purchaace nccount 4,080

Stocka:l April 1060. . 11,510

Buildings account ' 60,000

Freehold land nccount 20,600

Mnchinery nccoumnt 40,000

Pntents account 15,0€0

Salary nccrunt 3¢, 000

Sundry Expensea nccrunt . 6,C00

Insurance account 1,2¢0

Crawings nccount 10,4980

Capitnl account 1,42,C0C

Sundry debtera 2p,0C0 Lo

Sundry erediters 12,60¢

3,53,10C " 3,53,180

Prepare o Treding and Profit and Loee acécunt and a Ralarce stect’
ns at 31.3,70 after mating the follewing adjrstmentos

(1) Stock in hand os ot 31.3,70 Re. 13,600

(N4 0) Please turn n;'or
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2) Bcpn-c!n“onx)'nchlmry@ 10/, one potent @ 207,
(5) Salary fer the month of Varch' '70, was unpaid by Ls. 3,000

(4) Insuronce includes a premiun of Rs. 540/- on a policy expiring
on September 1970.

(5) W¥oges include Re, 4CC0/-, for creation of a Ched in Duilding,

(6) Provisien for Bnd und Coubtful debtsto bo created to the
cxtent cf 57. on Sundry debtera,

(25).

- .
A recoives three promirsory nctes frem B dated 1st Joanuary 107¢
for 3 months, The first ono is far Re. 1€C0/-, tho eccond i for
Re. 50C/= and tho third for Rs, 25C/-. The firct fs cndnracd te C

tho sccond {e diecounted with a Sanker for Rs. 420/- amd the third'

bi1l ie enshed on maturity. Journnlise the transnctions and also show
tho cotry if all tkeee bills are dishonoured.

. 05y
3.(o) Whot is an accermodatfon Bill? I)lustrate,
) ¥hat is a 'Del Crecere Commission' in censigmment?
(c) How ceneignment differs frem joint ventere ?
' (15)

4o

5s

o,

A trial balaace of ASC cempany wad drawn, ard it wos feund to he

ar{thmetically nccvrnie, The bonk-kocpar during posting came to

mako the following miatnkes,

() A bill for Re.85/= received frem a cuntomer wos credited te
Vachincry nceount.

(b) Discount of Rs.54/= nllowed to custemrrs Lad boen debited to
Peracrve nccount.

(e¢) Repaira to engino for Re. 13C/= and cost of now hoilor for
Rs.850/~ hnd been charged to Yachinery oaccount.

(4) A sum of Rs, 5CC/- for 3 ycars ndvertiserent, had been corried
to Frinting and Advertising,

that_crrora of fact or principlc had the beek-Yeeper committed?
Eow would you rectify them nnd wkat would b their rceults if
unremedicd ? " i

(15)
%hat {s & Petty Cnah bocz. LIrnw a multi-cclunn petty cash bock
along with entrics of five imnginary nccounts therein.. “hat
is mrant by impreat eyrtem of fetty cneh 2

(15)

From tho follewing particulars show the vorious acccunts in the Sales
iedger and Ceneral lodgers of XY SCempany.

Balance Credits TCoab roceived | Dimcount Bille
as on 1.1 60: during January | during Jonunry | ollewed |Reccived
m (2) ~ (3 (%) (5)
A 570 - 1370 555 15 -
B 100 345¢ e3¢ - 320
[+ 1140 80 05C 25 -
D 350 : . 050 - - 1600 |
E 690 430 67¢ 20 - |
A
(1)

(1)
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2,
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®)
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IX Group D = Sechicn IT g STATISTICAL VETICDS 1N PucTiess

(i) Use scparate answer hook for this scction,

(i4) Atteopt any two questiona fram this scction.

The packaging machinery in a dry-food firm is known to pour dry food
in boxes with standard deviatinn of 0,6 ounce., Crnatant checks on
the pet weighte in the boxca are made in crder to maintain the

nd justment of the mnchinery that ccntrolm the net contents. Two
samples taken on two different datea yield the following informationi

1at scmple ! 2nd somple
n = 3¢ n = 35
;1 » 14.7 ouncen ;2, e 17.9 ocunces

Using 5% level of -i_gnil‘icnncc, test the hypothenes that

(o) on the first date, tho machinc wns adjested to £i11 16 ounces.
(b) on the sccond date, the machine was adjusted to £ill 16 nuncce.
(c) . there was no change in the adjustment between the two datca,

(5+448) = 15
A survey was conducted in Cnlcu;.u'\ on the voters! renctions townrd

varicus pclicics of the Gowverment before the gencral election of 1967,
Some of the results arc given.belows

Sntiafird with the Ven Femen
Goveriment's (n= 420) (n = 45C)

Forcign policy 207, 357%

Lnbour policy 329 347
i Defence policy 2%, .. 534 .

(8) Assuming the samples are rondem, do you think thorc.is a
significant difference between the renctions of men and women townrds

ench of the policics menticned above 7
(b) Vhat over-all conclusicns con ycu drow from your cammtations?
(6 + 6) =15

Hew would you proceed to entionte the demand for a conhng gas in a
given town ?

" bhnt do you unicrstand by time serjes and fts trend ? Mew will time
scrice analysis help yru to forcenst demnnd for n certain commodity.
(1.+8) =15

IX Group € + DIGETRIC MLTICDS - Specinl Paper 1T
(Statirtical methods .in Genctics and. mmnun)n)
(No candidate ‘availablc) .

(_\'42) Please turn over
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l.gn)
(®)

2,(a)

(®)-

5u(0)

(®

4a(a)

®)

5.(0)

(v)

()

6. (a)

IX GICUP D 3 DESIGN AND A.\'.\LYS‘IS CF EXJEMININTS = €pecinl Paper IX
(Comdinatorinl Aspectn)

(Answer any five questions from thie proup)

Lefine a rrr-}ccuvv planc and show ita relaticnebip with completo
sets of mutunlly orthogonal latin squarcs.

Cobstruct o pnir ¢f mutunlly orthogonal latin uqudro. of urdor 12,
. (10 + 10)= 20

Definc an t‘{thogoml array (N, k, 8, t) of index A For nn nrthopunnl
array ( A 8%, ¥, 8, 2) of index X\, rhew that

K < [)‘_% , where (x) ia the grvntcot lntcprr contafined
- = in x.

Give n gromrtric mrthed of conatructing'(ho crthogonal array
(.2, s+, 8, 2) of index 1, when o i n prim'c or n prime power,

(4+848) = 2¢C

Define on affine rcsolvable balanced incomplote block design, Show

that a resolvable balnnced incemplete bleck denfgn §s nffine reaolvatle
if bever-1. Find tho parameters of affino resclvahle balanced
incompleto block designs in terma of two unknowns.

Definc a complement of a balanced imcrmplote block design and derive
its parancters., Show that every triplet of treatrments occur together
the eare- number of times,in 2b blecks formed by n balanced incompleto
block design and ite complcmnt.

(24844414245 = 20

Define a poartcally balanced incemplete block design and derive all
parame tric relations, TDetermine the charncteristic roota nlong with
their multiplicitics o2 N N', where N is the iocidence matrix of a
two associnte class partinlly balanced incomplete block deaign.

Write the paramcters of n triangular nsmocintion scheme.
’ { (4s0464d) = 20

Describe the method of ciffercnces for constructing g‘l‘;‘up divisible
designe. ,
Determine the nature and parnmeters of the design obtained nfter
omitting one complete replication of a resolvallo balanced ircimplete
bleck design. .

In a eemi-repulor group diviaible deeign,show that every block hns
the same nunber of treatmente frem coach group of the associntion
schere s :

(8+648) = 20

Describe the concept of confounding in factorial deaipns. ™hen do
wo say o foctorinl design ia crmwpletcly balanced? Show that the
total rolative loss of informaticn in n connccted confounded desipn

in b blocks of r replicaticna i %- 1.

(N'U) Pleasc turn over
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Construct a (54, 352 cxperiment econfounding the degrece of freedem
carricd by the pencils P (1,(,0,0), P (€,1,1,0) mnd P (0,1,C,1).
Detect the other confounded pencile. .

(492484R832) o 2¢
Describe the concept of froctional replication. Conatruct a 1—2

~

replicate of o 20 experinent with the identity relationship
X = ABCD « ANCF = CLEF ond find the 'nlins'scts.

Give the methnd of conatructing a secom' order rotntablo design using
a Rnlanced Incomplcete Block: Dosiyn with r = 3A

(1484448) w 20
¥rite short notes on any three of the follewingt

(a) Projective grooetrics ond their applicatiens in ({c:ai(n of
experiments,

(b) Block structure of balenced incemplete bleack desigrs,
(¢) Generalized interaction,

(d4) Hadamard motrices and their construction Zrem Bolanced
Incomplete Block Lesigms,

A

(¢) Youden Equare conetruction,

2 2
+ 65 +63) =20

Lo~
\.-Tm,

sesee

GROUP E § SAMPIE SURVEYS - Special Paper 11
(Organisntionnl Aspecta)

(Answer ony five questions from this group)

Discuss the importnnce of (i) ficld scrutiny, (ii) pre-punching
scrutiny and (iif) post Mackinc ecrutiny in a sample survey.

¥hy is it necesnnry to inspect periodically the field work urdor-
taken by inwetigatore? [iscuss relotive merite and demerits of
intimated ond aurprise inspectiona. :

(343+3+4447) = 20
A survey of Goodes Traffic in the meckanised and nen-»eckanized sectors,
is rroposcd to be undertuken in o certain State during the period
July 1071 to June 1072. Spcll out the variors stnpes of work thnt
would be invelved, upto tkhe writing out of the report, Indicate
cleorly the items on which informntion ehould be collecteds Drafe
a few paragraphs which you would like to be fncluded ia the instruc-
tions about the " objecctivee' nnd * conccpts and definitions™ of

the aurvey. ,

(5475}_¢i) = 20

(N ! . Flease turn over
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3.(0)

(v)
(4)

5.

6.(n)

Diecuss the circumstancer ander which you would prefer

(1) Mechanical Tabulatien
(i) Yanual Tabulation
(114) Combination of manun) and mechunical Tabulntien,

Tceerite o suitable method for cvaluating daily performonce of n
conputor, engoged in compilation nad computationnl work,

Draft n act of proformnc together with bricf inatructiona for the
Monthly Progrean Roport in rerpect of the follawing cntegorica of
ficld workeras

(i) Imwstigators,

(4i) TInspectora,

and (iii)- Iield Serutinoers.,
(3234243434343) = 20

A survey of Distributive Trade for cstimating ‘trnde margina! by
commodity proups, ia to be conducted. Traft the followings

(1) Sctedule for the Survey,
(i4) Ficld scrutiny Frograme for tlm.‘Propm-cd schedule,
ond (Hi) Voriour compilution and canrutntion rhects, aesuming
thot the tabulntien ia te be undertnken canually.

(9+4548) w 20

A land-holding swrvey is proposcd to be undertalen in a State, which
would throw up the follewing broad resultsy

i) Cperationnl holdinpa by sfze-groups,

p(‘
(i1) Cropping pattern by eizes of operational heldinga,
(it1) Cperationnl holdings by frrigation stnlus.

The sample is to be confired to only 2C00 villages and a schemo of .
interpenctrating aub-eamples, ie to be ndopted. Ertimates would be
required for the various regionnl levels in addition to tre State
ns a wbole.

You are required to draw up  renlistic cetimntes of n Budget for
this purpose,

[anin of calculntion of your catimates ehould be very clearly
indicated at ench stngn].
v (12 + &) = 20
, .
Dipcuss the rclative merite ond demerits of the follewing nlternntive
forme of presenting o sriple sursey repert relating to ceonemie
conditions of a rection of the rocictys "

(i) FReport giving only statisticnl tubles with brief '
deacription of the survey,

(ii) Report giving detailed cconemic anolyaia of the
rceulta,.

(¥45) Pleare turn over
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6.(b) Give the headinga for the various choptera nnd Appendices of the -
proposcd royort relnting to the server inéicnted in pecatinng &
above,

(c) 1f the resourccs nvaflable do not pemit ealeulation of mtandard
Trrors of various cstimnntca, how can the reliability of the eatinmaten
be brought cut in the lleport?

. (5454044) = 20
7. Write short notes on _ony four of the followinga
(i) Pre-pilot ond Pilot sufvey, :

(1i) Role of Refyeahet Training to hcld vcrh'rs.
(i11) tample versus eemplete checking nf compilation nnd
tbnpuln'.innnl work, " .
(v) Werk Audit.
(v) Employment of fic)d investipaters ot monthly verawa
picee rates.

(vi) TFlow charts.

(4 X5) =20

GROUP F 3 TECLNIQULS (F COMPLTATION
Specinl Paper IT (Proctical),
. (No cond{date avaflable)

GROUP G 3 STATISTICAL INFEIENCE - Special Paper II
(Statisticnl Inference - Specinl Topice)

(Anaver any five questicna from this group)

T (n) Defino Scquential Probability Ratio Teet (SPET) and give an exmmplo
of a tost which is scquential but not a EPRT,

(b) Show that under certnin cenditicns ('.o be rtn!cd), a SPRT terminntes
with probability ono, .

'

(¢) Cbtain the forrmln for the 0.C, funeticn of o SPIT for a simple
Hypothcais ngainst a simplo alternative, nfglocﬂng 'tho exceas
over the boundarica'.

2,(a) Defipe the two-sample Mann-¥hitney tent statistic V, shew that this
test con cquivalently be bascd on p = z 'j » the sum of thoe rankas
-
1
in the mccond snmple aud obtain the relation between p and Vo

(5) Frome tbe wingle somnle locatinn preblem and for thia cnse, shre
that § (1), sesae y x) (= nurber of pesitivo x,'a) fa o sufficicnt
stntintic. Konce, or ntherwime, show that the eign teet is Unifermly
Moat Powcrful (WMP) for the onc-miced Yocatirn preblem,

Pleare trrn over
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2s(c) If f(x) is rufficient ( @ ) for the class of mrasures {Po?l (9,%)¢
@XE , then ahow that there im o 13D test for teeting,

Yypothesis 2 @ = °° N +2( fl agninst alternative 31 @ » Ol , 72 €n,

3.(a) Considering the cnme of n single sumple dcfine Uastotistice with
f1lustratione.

(b) Stato and prove l!ocffdhﬁ'- .limulng thoorem on U-stntistics,
(¢) Let U.(l), U(z) he two U-statintice bnacd on the sywctric kerncls,
l(xl. e g X, ) and "'(’1' s, x_ ) n-npectlimly. Prove that

the covnrinnce of U(l) ond U(z) in g(y‘en' by

n 12 fm nerp f1,2)
Cov ( U(l). U(z)) - (mlz) lfl (klz) ("'12' lltz) v

where By = min (ml, uz) nndz “‘2), is the covorinnce between
k . .

'k (Xl, veeaa,y X.k) and o (Xl, cosse , ‘k) wlere fk(xl, cerea, x]‘) -
Bf (xl, eeey X an ) ssses Xml) ord ey is defincd similarly.

4.(a) Fhat is a ronk test? “;hny. arc its mpecinl adeantnges?

(b) Distinguish between o most powerful and leenlly most powerful rank
test, apninst o specific parametric nlternativo, .

(¢) Derive the locally most poverful rank test for the two-rample
problem against lecation alternativees.

5¢(n) Let tho column vectors of "z('l p Xn be independently and {dontically
distributed as N (A" ,5 )+ Obtain likelihuod ratio teost proccdures
for testing ¢~ e .

() B (0 =0 forifd§ ond oy -o? (un¥novn
for a11” 4,5 @ 1,2,0.0,p) opninst B AN,

ond (i1) K ( Oy4=0 fori £3=1,2,...,p) ngninet ;no.

(b) OUbtain tho mcments of the test stntistice doveloped in ().

(¢) Obtain tho null diatributions for p = 2 of the testatntistics for
the two casen mentioned in ().

c. It " and n, oare two multivariate nomal ¢iatridbetions differing

only in mcons, shew that .

(1) the criterion for diecriminnting %) ond ny s a lincor
function L I:’), depending on X, woon tvctors by Ha
and covariance matrix Iii o
~

Plones torn oaer
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6uo(eontd) (1) V{L(x)}- E{(x)In} -E {L(;) | "z}

Te

and (3i1) If tho proceduro in a6 fermulnted that the probability
of wrong classification ia enme under m and x,, then

'
slhow that this camen value is o fonetion of V' L( x S} .

Since L( x ) dependn on I and E y the unl'nmn parameters, atow
how yeu will estimate L( x ) cn tke bnsia cf indercndent samples
fyom e Foe Cbtain the bina, if any, of your estimate, If ttre

annplea {roa LY and n, are cqunl, hew can you enrure ecunl crehility

of wrong classificatirn here? Give n test based on your catimate
for teating 1 ( "y o=y ) ngainat W /X!o .

Lot the column veetors cf Xtp Xn be independently cistributed
ar normala with E ( X Y=A und with cormen covarinnce motrix
L1 pXp where A nXm" is a known matrix, and
=

and X nre unknown matrices.
~

anXp

(n) Find the beet lincar unbiased estimate of![ .g‘i‘u where
‘(‘:' and M arce given matrices, with appropriate definition of
beatness and with appropriate nsrumptions on the matrix ,(,:, .

(b) Find the distributicn of the A;M.hr.nt,e derived in (E\).
L3
(¢) Develop Dotelling T-stntintic for testing 1‘.0 (‘ZZ -."’20) againat

14 /Hc. Ylence or otherwipe, give Potelling T-statintic for

testing cqunlity of k normal poprulations, having common
covarinnce matrix.

Write shert netes on any three of the follewingt

(n) Secquential estimntion,
(b) Optimnlity of SPRT.
(c) Tolernnce limite.

(d4) Principal conponents.

(¢) Factor annlynie.

Paper IX = GRCUP M ¢ YRCRARILITY TIZORY
Speeinl Paper JI = Limit Distributions
(No condidate avnilnble)

(M8)



INDIAN STATISTICAL INSTITUTE

Statistician’s Tiplaon Exmuination ~ Noverber 1970
Paper X - Subjccts of Specinlisntion - (Speeinl Paper 11T)

(Practicnl)

Time + 5 hours o Full morks 1 100

1

1) Cundideti s are reguiret’ to ansvur cucstions from
that proup only for which thcy have repgistered
thoir options,

ll) Figurcs f{n the masgin indicate full marks.,
1§4) Usc of calculating macnine is permitted.

Paper X = GRCUP A 3 ECONOMIC STATISTICS
Epecial Poper 111 = Practical

' (No candidnte available) .

Paper X = GROUP B 3 TCCUNO-CQNERCIAL STATISTICS (Specinl Paper ITI- Practical)

I ¢ Statiatical Quality Control’ (50)
11 3 Opcrations Rescareh/Elements of Book-keeping nné Accountancy (30)
111 1" Stotistical Methods in Pusincsa (20).

Section 1§ Statistical Suality Contrel

(An;-cr any two qu:'nll».l\n from this section)

1. The following tnble gives the rcan values ond ranges in 30 snrples
(of size 4 coch), of pereentage carbon content:in comnereinl metal
sheets, o8 obtaincd from tcet records, .

The dota were collected for n continuovs period of 30 days ossuming
that the percentage earbon content within a d!\y is unhkely to show
hiuh variatjon from sheet to shect.. :

Smwmle Average Tange ° Sample  Awrape  Range
1 11.10 0.0 16 11.45 1.3
2 11,70 1.2 17 11,55 1.6
3 11.35 1.0 12 - 9.98 0.4
4 - 1L2S 1.0 19 10,78 1.2
5 1,46 2,0 20 1,23 0.7
[ 11.00 ~° 0.6 21 10,03 . L7
] 11.20 1.0 P 11,50 ° . 2.7
8 11,35 1.2 ‘23 10,78 0,7

RIS } 1) 2,0 24 10,95 1.1
10 1€.88 1.1 25 11.48 2.0
) IS [ X 4 1.0 26 10,80 0.4
12 11,53 N2, 27 12.20 2.0
13 11,15 0.8 - 28 11,68 1.5
1 )28 1,0 ¢ 20 - 11,23 0,8
15 1m.00 0.8, 30 11.30 0.8

(%9) Please_turn over
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1.

(v

2.(0)

(®)

3.

-2 =

(n) Tcet by mrona of control chart whether the process is under

statistical control, L

It wan further suggosted to work in respret of only lower

7% apecification 1imit (9. ),using the following type of control
chort. i . .

the
'*Plot un)y/;-nnllh-t obacyvation in cack sumplo of 4. Take
nction if nny plotted point {alle below the control limit L
fer the smallert observations, It is further given ¢hat the
probability of unnccessary nction is €.C25 ond L s obtaimd
.for the average level of the procese as obtnined {n (a)'*.
. . o

Eketch the C.C. curves of this control chart and the correspending
X-chart and hence comoent nbhout their raelative efficiencics. B
E\n\umc that the procees voriohility rewaina stable at tho lewml
as obtnincd in (n)7,

(1C+15) « 25
Conatiuct three aingle anmpling plans (plans 1,2 nnd 3) by attributes,
having AQL (Pl)' Producer's Risk (%), LTTD (pz) and consvmer's Riey
(B) opproximately ae given telows -

Plan nt) a r (%) p
1 08 0.2 3 0:15
2 1.0 .15 4 cie
3 1.2 .20 5 c.c2

Sketch .on approximnte ACQ curve for any onc of the plona 1, 2 and 3
and hence Tead the value of ACQL (pL). Uae the lot size ns 1C,LC0
and aspumc that the rejected lots me given 1067 inspectisn und ary
defeetive item found im replaced. Haw will the nbove plan with ACGL
as PL change if the -ncceptnncc‘ nunber s doubled? (uro the foarrula

the
) of Dodpe nd l".nmia,\eherc/e)'nbnlu have the

1

N

n - (s -

usunl meaning).
1842C) = 25

An oxperimenter decided to explore the rolnf.irmh'ip botween tho
purity of a chemicnl intermedinte (y) ond two indeprndent voriablee,
temporature of the reacting mara (xl and rnte of additien of

. reogente (‘2). It woe cxpeoted that the response functinn mipht
be approximnted by the recond order modcl. The fesign propnsed was
o flexagon design,with four centre pointa for A totnl of N = 1C

cxperimenta.  The fo)lowing im the table of resulta:
I TFactor JeveTa TUbscrvation)| kalrix of uululx-éuwnc yarinplca
Run No, | Temp  hate y Xy X X X] (3 Xl,\2
4 J59C 2 hra. 54.6 1 -1.¢C 0]l.c¢C ¢ 0y
ioe 1 e |l1- 0:30-6:876:52 &R &8
g © 0.30 0. .25 C, -C.
S5 4 2 oc4  |l1- 8 o]0 e TEl
.3 45 2 87.5 1. 0 + 0 0 [ ¢
. 8 29 3 71.2 1.-0.50 C.87 0,25 €75 =Cuv3j
.6 3¢ 1 59.8 t1,=0.50 «0.870.25 ¢, 75 0.45!
.10 ) 2 91.0 ‘1. 1.c¢C ‘0]l.ee O ¢
9 45 2 21.0 t1 [ [ ¢ ¢ ¢
7 45 2 . 8.3 1 o o] o o 0
£y - 04,300.20 - £y - L0
: (\‘»0‘) : Pleose turn over



-3 - SD(NC)-X (3}
'5_ (n) Anulyse the experirment by fitting n sccond cegree palynmmial
atd, or the yield n termr of X, oand .
(e f jeld, 1 £ Xy

(b) ILxaminc whether a’second order rurface ia alequate by settirg
up a pritnble annlyris ¢f vorinnece table.

(19 +6) = 25

Section IT = ' CILRATICNS PESEAMH

(Atteopt queatien 1 ind any other one fream thia scctien)

f. A large indusiria) organfsatien hna entered into an agreement with
‘ the Govrrnment,to supyly cvwry month epecificd quantiticrs of a
certain product to four Goveramcnt depots D]; D., D’ ond D4. They
2

have threo plants Py Pp and p} ywhere theee products zan be rame-
facturcd. The follewing inforcatinn is givens

Plant Cnp:\?::‘{{:\;mb Cr};;{\:r)llt .
T . 6500 ] 3

| . 3500 4

Py ‘ nee 2

The unit tronsportation coat (in Rs.) frem the factorics ve *he
depote nnd the requirccent of cach depot per month fs ns follawn:

P, R Py 1 keguirement/acnth
‘D T 1
T, 3 5 >
, 15 1 -6
. Y '
1?4 17 : 12 .9

Forrulnte this s o tr:.;upnrt,nltnn probles and find out how much cnck
plant should preduce cwrry ronth and kew they rhould te ebipped.

_ {19)
2, The following fnilure ratea have been ¢bacrved for o certnin typo
of light bulba: '
End cf week a2 ) ) 6 (6) () (8
Prob. of failure W5 W13 W25 W43 68 ,e8 .96 1.CC
to date v :

The eont of replacing an individnal fnflcé tuldb ie Fa.1.25. The
drcisicn i mnde to replace all hulks efrultancously nt fixed
intervnls, and alao to replace the buld na they fail in servico.
If the enst of group replacenent ia ,2C paise per bulb, what Ia
the beet intervel between grcup replacement? At what preup replases
oent price per bulb,weuld a policy of atrictly individunl replocement,
beceoe preferable to the adopted policy?

(12)

(*s1) Fleane turn oyes
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5.

2.

In a buopltal clinie a uostcr overapes 4 minutes en cach phare of
the cheek-up and the distyibution of time spont on ench phano in
approximntely cxponential. If cnch paticnt gros threupgh feur phases
in the check up and 1if the arrivals of the paticnts to tho hongitul
cliric nre approximately poiesion at an avernge raote of threo per
hour,

(n) What is the overago timo spent by a patient waiting in the
hoagital clinic for the aoctor attontiou?

tgtal
(b) What is tho?nu‘rngo time o patient hns to spend in the
hospital clinic?

(¢) What is the avernge nurber of patients in the elinic?
(2)

Seetion III = STATISTICAL LETICLS IN RUSINESS (20 marks)

(Atteapt guestion 1 und any cther nn«-,{rou Ufh ncetion)

Tho following tnble showe the percentnge of yearly output of 'a ecriain
commodity exported ovwr a period of 10 ycara,

Quarter ended

Year Lnrch sune September Decemher

| 24,7 22.¢ 21,0 21.1
2 24,7 22,1 2C.3 t21.8

3 25,2 ° 21.8 21.0 22,1
4 23,1, 208 | 19.6 21.3

5 21.0 18.7 17.3 19.1

6 20.7 17.8 17.0 17.7

1 1.7 4.6 13.8 15.4

8 17.2 13.6 11,8 14.9

® 15.5 11,7 0.5 11,8
10 15.8 1.6 9.8 12,0

Find a trend linc suituble for cstimnting annual export rate. Uake
n Scadonul anulysis el pet ecanvual fuctors cxpresacd as tho pere
eentage of the eurrent trend expert rate and finally estimnte the
uncertainity of predicticn under stable conditiona,as a percentnge
of current trend value,

(12)

A panufocturer of brand A nutemobiles believed that his cars would
last lonper thon tho automdiiloes af competitors (sny brande B and C).
A survey was node of cars mamufacturcd exactly 10 years ago. The
rcaults are swmnarisced beloews

Brand Nwiber of c¢ars which ran without mnjor overhaul for
(=1 y1r& (223 yre | 4=5 yre| 6+7 yra| 80 yrs [N~ owerhaul yot
15 31 55 1c8 118 60
5 13 180 205 388 4¢0
c 55 160 3¢C 1c6 55 : 40

(%52) Dleare turn ever
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1. (n)

(®)

2.

(®)

-5 SD(N70)=X(5)

"hat do these figures preve? Sinte clearly the pepulatirn from wideh
sar 203 have been aravn. W.ut intzriretationa can anu cannot, e mawe
froa tha énta ? 4

(8)

At an industrinl fair 16 diffeyent brands of products oarked 1 to 10
were roanked by two different judges. The reaults were as in the
table.

Troduct
brande = (1) (2) (3) (4) (s) (6) (1) (r) (o) (1c

Judgr 1 9 4 3 7 .2 1 5 8 1¢ &
| dvdge’2 T 6 4 9 2 '3 8 5 16 1

Carry out an annlyris to lmuurnte the uMo ot ngreement or
disagreement between the two judgea,

(®

‘,eeticn 11 {Altcrnnnw) Flenenta of Bool-_keeping and Accruntoney

(Special Paper III)sPracticnl

(Answer any two questiona from this section)
Full marks 30
to
Explnin with rvfog;nce[u-pir practical irportance:

(i) Preliminary Expenecs ! . :(iu) Peal nceount
(H) Leferred revenue expcndit\'ut' (iv) Mremissory note
_ (¥) Taya of grace.
Yhat do you mean by Depreciatien? Calculate @ 10/ per year
depreciation on an asect, assuming its value to be Rs.10 OCO/-

by using two methoda=~ dncnbing the practical inpmt:\mc ef cach
of these methods,

The fe)lowing fipurcs nppear ot tlm Trial balance of POR Cempany

at at }l 12.€9.

(i): Sundry Dehters Ra. 26,600

(ii) Trovieion fer deubtful Cebta, Rs. 4CC.

Show the necessary nccounts efter writing off n..ooo/. ns Bud debts,

The provision for Dmb'.l’ul debta ia to be maintained at 5% on
Sundry Lettera,

Stock on 31.12,60 wna valued ot Re.-14 600/.
A firo occurred cn 25,12,60 in the godewn, and ateck worth !'.-;50(.‘0/.

wan destreyed. It woa fully insured and'tho Ineurance Cempany also
aleitted the claim in full, Journnliss,

N
(55) Tleane turn DAy of
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2.(4:) Yow do yvu akew in ycur Prefit & Lows occount,
(i) Newminal acccunt expensen prepaid ?
(“) Neminal nccount expensca cu'.n'.n'ndinu? Mako use of tmopinery
firures for this and fndiente tho boeia of your ~alculaticna,
(15)

3.(a) ¥hat da **Lecaet leacrve'' ? Drees it appear on the Balance Sheet?
Zxplnin what do’you meon by Capital reacrve and general reacrve .

(b) T.e fellewing ore tho Credit.sele of ALC ccmpany for tho menth of
’ Jasuary 1970, .
(1)1 anuary Re,1C0/-,  (11) 15th Jnmuory Fa.300/-}
(ii1) 31et Jamory 58,1000/,
Suniry Lebtors na on 1o1,%0 on the generul Ledger was Rﬁ.}(.-(rO/-.
Cash recedved ngainkt exrcdit enle on this menth is P.n.500/—.

Show the enles Loy bocl' nnd Sundry Lebtére nccount, capecinlly
shewing how the moles figures from the day Leck, i tronsferred
from snles Day beck to Gﬂ_\crnl Ledger,

(15)

escas

Group C § Bicmetric detheds
Paper ITI = Fracticoal
(No candidate avniloble)

srese

Group D ¢ Desipn ond Annlysis of Experiments
) Paper III - Procticnl

(Anrwer uiy three cucsticms from thie group)

1.(a) An cxperiment is to be conducted fer studying the ef focts of
crmonium s lphate, bone meal and farm-ynrd mauure ond thedr
internctione, It was dreided to take’ three levels of nomenfum
sulphate and two levele each of bene meal nnd farm-yard manure.

Prepare the lnycut plan of a svitakle eonfrunded deeign, ¢omplete
with randemisaticn, aswuming that the available rescurces aro
ruftjcicnt for just threo replicationa, .

(b) For a varictal trial en 31 strains cf wheat, on narca of abeut two
ocren {8 availnbles The acil being rather hetercgencous o black-size
of nct meie than 1/10th of nn ncre can be recommended. If tho plot

_size of 1/1C0th ¢f an acre i taken, give the complete layout of the
‘experiment, o

(16416) = 32

2. In order tc study the effectn of 7 '"truce! elemrnts [A,D,C,D,E,F
and 0_7 nnd potash (k),ae nlso their interacticna cn the yicld of
paddy, twe levela of cach of these cipfht facters wepe taven amd on

(154) Plense turn ever
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-1- £D(NT0)- X(?)

1
cxperiment in ;3 replicate of n 28 facterinl, arranged in 4 blecks

of 8 plote cach, wvas conducted.  The Jaycut plan and the yield of
dricd poaddy in 1ba. per plot of aize 43.5' X 16,5' are piven belew?

Mlock T Block 1T . Mack T1Y Nrek IV
Treatment Yi«]d] Treatient  Yield | Treatment Ylnld[ Treatrent \'lnld'
— pALEL

'mlg 20.00] PeR 31.34 | biefk 20.22] heefk 38,08
lctes 32,81| nhcdf ‘20.R5i acfir ZO.OOI abgk 27.77;
'Iuct\k- < 33,26 hafgk 32.20 ) ndefg 30.32; ahcdn 32.24
“hidk 3343 et 31,0 | egk 32,05 adfy 34.20
nkf 51.30! ek 30.45( cd 31. 3| Wifg 31.73
[abcdefek  35.43F Yey 38.13 | abeage 20,81 ncefa 3558
ik 34,15, e g 30.45 | ube 28.,46| cdegy 31.8C]
‘u-.or . 35.57 labefpk 33.64 befp 2a.m| 1 . 35,821
H e

Identify the defining contrasts nnd the cenfoumted interacticns,
Carry cut also tlhe wulysin of variwee, pssuning the second und
higher crder interncticna to be icgligible, lence interpret the
rerulte,

. ' (8+26) = 32
An experirent with o atrip-plet desaign, was corried out ot a researct
atotion to atudy the cffecte of three row apacinze (P.'l, ,‘2' I‘L’) ond
three plant apacings (Pl' Py P,) and their interncticns, on the yield
of Seaumn recda, The yield doln in gma per plet (cf aize 12'x 6°)
ore given beleowt

Yield cf feswwmn recds §n gns per plet

. - Teplicatinne
,"1 . “2 h,
Pl 1417 128 B0
! ) eo Rl 30

100

Py 34 e
91 & 114 158
I L, | oe 67 126
LRy 06 68 s
" 230 105 ]
o n 130 B 5
Py 161 101 12
. l’l 201 203 223
v Py 1108 135 230
Py 153 13 142
Py 205 157 165
v ry 206 1°4 273
Py 184 162 291
P 323 213 221
VI R 225 240 331
Py 284 150 273

(N55) Pleare turn over
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3
(centin)

Analyse tre datn ond drow your conclueicna,
Find the stondard errer of the catimite of the differenco between

-R2P1Q|1ﬂn P.

1°3°
(2040) = 32
In an ex,¢ritont, {t waa_ drrlrcd tn covrare 10 varictics nf Sayabcans,
The nclunl lay nm. adopted and thc \lL)du in lbs. por plot, are given

helows

* Seyabean Experiment

nlocl:. 1 [(1) (2) (3) O]

, .', 32 . 45 37 40
Bkl ) Q) (mn 6
o 8 15 43 85

lock III  |(8). (8) ) (®)

: ‘] g8 66 56 21
Block IV (2) (5) (") (10)
e |53 . 04 13 12

Dlock V. Jolaey (@) () (7
18 60 35 40

(n) Ydentify the lnyont odopted ond give the pnrnn:tcrn of the
design, .

(b) Carry ‘cut the stotfstical annlyeis both with and without recovery
of- inter-bleck inforzatien and caleulate the efficiency of the
depisn ovor o Randonined Dlock Iesign (R.2.D.) nlan with the
saro cxperimental noterials

(¢) Caleulnte the l'.ruul’\rd v:rrnrn for cnrrpnnng vorjetal defferencea
nnd n.‘port cn your hnd(npn.

s o TT (641848) = 32
Neotness . 4

(¥56)
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Group I ¢ Snaple Surveye

Papes IID ¢ DProacticnl

(Apswcr nny three questicns fron this group)

1. 1t is reguired to estinmate the total pejmlation of n region divided
fnto 3 geographical atrotn. Yillages are selected by simple randem
sarpling with replncement in cach strotum, The relevant data aro

given belowy
stratua * nuber of :“l‘;;:g: . standard ES
nunber villoges po]ulﬁur-n do viation (in rupece)
M MO) &) ) 8
1 2,000 - .480 560 40
2 1,500 050 . 810 c
3 1,000 - 1,230 . 1,100 00

('ch = cont of rurwveying ore village in the h_"‘ nh.'ntun.)

(=)
(v)

(e)
(@)

Anpuniup o total budget of R3.2C,000, find the optimum sample
sizes for the threo strata,

Find the prnporﬂnml nllecations for the same total a‘\nplc
size na obtaincd in (a). .

Cbtain the copt-cfficiencv of ackere (n) np eompored to sckere(d).
Also calculate, the sampling variunce in case of unstratificd
simple random eopling with replacement, for the eame totnl
sanple size aa in (a).

(8e4+1248) = 32

2, In order ta cstinate the total nucbher of cbhildrem in the age group
5 = 14 years, a two-stage soepling eckere was ndopteds The urbnn
blocks (first-stapo units) were selected with probability proper-
tional to their 1701 censua populaticn and with replacement; the

houscholdn (sccond-atnnc units) were aclected systematienlly. 7T
data are given belows

/

SAMTIE DATA for Question 2.

1 1061 total nunber number of
;;n"kc cencus of sample
o¢ populaticn hcuecholds henschol da
[ " (2) {5) (4]
1 1100 . 220 8
2 £5C 190 . K
s 6c0, 150 )
4 oco 200 8
5 50 160 6
¢ 500 - 1¢0 5

Pleage turn _over
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2. SAMPLE DATA for Question 2.(contd.)
(centd.) ;;“:f"(" w0, of children in the mample houselsléa
6] )
l ’ 2' M l’ ’l c' 1' 8! 4' 5
2 - 1, - 5, L, o 5, 3, -
.3 L 2, )_o 4, 2, 2, 'f- =
4 5., 2, 1, 2, . 0,__ 5.1- c, 3
5 3, 4, 14, 1, 1, 2, - ,
) 2, 1, 3, 5 € - .- =

3.

City totnl s 1061 pepulaticn « 20,00 -
total namber of Llecks ., 300
total number of houacholds = 46,0CC

(a) Retimate the totnl mumber of children in the city as well an
tho relative M.nn_\lnrd error of this cstimate, )

(b) Estimnte the efficioncy ¢f thia acheme corpored to the cnse
wken heuacholda, are pelected directly by sinple random eamp) ng
without replacewment, *

t . (20+12) = 32

For eatimnting tihw tetnl cattde prpulaticn of an aren, n sample of
2C villages woar relected from 1CCO villagea in that arca with

aimple randem wampling without replacement. The table balew pgives |
the observed pumber ef cottle (y) at present nnd nlse the murber of
cattlo na counted in n pievicus censua (x) for onch annmplo village.

SAVIIE DATA

sample mwple. : snmple .

vill;nge * villnge R village ™ 3
1 85 78 8 15 0 15 - 92 60
2 16C¢ 135 Y 42 56 . 18 5] 01
3 336 379 16 ¢ 20 .17 30 55
4 8¢ 16C - L1110 ... 85 e 18 7 05
5 50 55 32 . 48. .6C 310 150 17
3 11¢ 110 13 88 80 20 123 145
K P %Y 14 125 150

total nunber &f cattlo in the previcua censun (= X )= 20CC,CC

(n) Calculate the ratin cstimato of total number of cattle.
(b) Calculnto the bias and vakiance of the estimato in (a).

(¢) Alse obtaln the sepresnion catimate of the tota)l number .of
cattle, '

(8e1048) = X2

Plense turn cver
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