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INDIAN STATISTICAL INSTITUTE
Statistician's Dipleos Examinstion — May 1876

Paper I (Theoretical): Official Statistics and Descriptive Statistics

" Fall marknt 190
(a) Figures in tix indicate full marka.
(b) Use of calculating machines is not permi tied.
GRUUP Ar Official Statistios (56D marks'
(Answer Question 1 and any two other questions from this group)

Give & brief account of the bistory and activitiea nf the
Nntional Sauwple Swvey Organisation, mentioning particularly
tiie following features:

i) Winge and Divisionsa; (ii} Method of data collection}

iii) Snmpling d<aign; (iv) Dats processing aystem. (1248 =20

Describe the sources of nvailable housing ‘statistice in India.
Comuent on the limitations of these statistice. Nome also the
source of the dats regarding conatruction of resid ntial quarters
by cmployers for their warkers in tbe industrial sector.
(B+442)m14

YIrite short-notes on any two of the following index nucbers
relating to India, mentioning the compiling agencics, items
covered, the base poriods, weighting system and method of

aversging.
i} Index numbor of Induatrial Production
ii{) Index nuumber of Earnings for kining “orkers
iii) Index oumber of Mineral Production
iv) Index numbor of Ferecign Trade. (T+7) =14
Desnribe bricfly the work of any two of the following
organisations ip the field of statistica:—
£) FAO or UNISCO
ii) Cffice of the Registrar General of India

iii) The Reserve Bank of India {T+7) =14
are

Yhint/the sources of statistical inforoation on *labour and

enployment™ in India, “rite a critical note on the

contents of theso publications. (747} =14

GRUUP DB: Deacriptive Statistice (50 marks)
(Answer_9Qucstion 0 and any two of the rest from this group)

a) What ie a stotistical popuhb tion? Explain by illustration,
b) Explain the meaning of parameter, statistic and sampling error.

¢} Briofly explain the naturc of atatistical cencluaion.
(6+644)=18

oR

Briefly descritoe the stages of operatign and tia nature of
organisation roquired for completion of /anrvay projeot after
field dnta bavo beon collected. 16)

Plgnse turn over
(1)



 SD(U78YyT~2 -2 -

7. (a)
(v)

9. (a)
(»)

Define a concentration ourve and explain ite use.

Obtain the cocfficicnt of concentreotion for a variable x
such that the dendity function of x is

£(x) = I T

Ve e

and x > o
(6+10) =16
Explain the use of mathematical models of probability

diastribution.

How many modce can a Binomial distributinn have?
Find out the unique or the multiple modcs, as the cose may be,
of a Binoominl distribution.

Prove the rclation

al . ;
/L!‘#l = p(1-p) ( FrYhde r/“'r-l’ for a Binomial

distribution where r is the rth central moment and p is

tho probubility of successa. (5+45+6)=18

o
. ) fﬂ o} i

Provo that \.27 1% 1 where pl and Va have usual meaning.

It is correlatinn cocfficient bLotween x and y, then what
can be suid about the reclotion betwcen x and y in the geoeral
casc as well ns in the case when x and y follow a bivariate

normal distribution, when = 0. Give reaaona. (B8+8) =16

NEATNESS (Groups A and B) (4)

(u2)



INDIAN STATISTICAL INSTITUTE

Statiastician's Diplama Zxnmination — May 1676
Paper II (Theorctical)s Probability Theory and Statistical Methods

Timo g 4 hours Full marks: 190

1. (a)

®)

(o)
(b)
(c)

(4)

(a)
(v)

(c)
4. (a)

(v)

(c)

(a) Pigures in the margin indicate full marke.
(b) Use of caleculating mochines is not permitted.
GRUP A: Probability Thoory (5) marks)
{Anewer any threc queations from this group)
Let ({2, ({_, P) ba o probability space and let B be an

event lying in X and that P(B) > 0. Shaw that the
function P( \ B) defino! by

\ P(AN 8
Pafm - Ho

for A¢ {A is, like P, a probability function en (L.
Explain the concept of statistical ind peodence of a number
of events in (L, clearly distinguishing batweon complete
indcpendence and puirwise indepondence.

A box contains 8 pairs of sheea. If 4 shoes are choaen at
randen, what is the chance that therc will be no complete
pair_ameng then? (17,68 =18
The density function f(x) of a rendom variable X is given by

0 itx 4Z o0
L K exp [—=/a) ifx S0

Obtain the valuc of the constent K.

£(x) =

Whnt is tle distiibution function of the variable X?
Obtain tnz density function of the rondom variable
Y~ 1-xp [-x/37 .

Calculdke E(X) and E(Y) (3+3+844) =18

Let X1, X2 Le indopendent randem variables having the sarme

discrete distribution given by the following probability mass
function

P ix, - kj - P [_xz -T_} - (-p¥p,  k=0,1,2 ..
where 0K p & 1.

Obtain the distritution of X, + X2

Obtuin the conditional distribution of Xy given X+ Xy = x
(where x = 0, 1, 2, ous Jo

Find the meun and variance of Xy + Xy

Yhen do you say that the naquenaefl xn? of random variables -
convergaa in orohability to a constant X ?
Prove Chebych«zff's inequoality:

Pilz—s(x)|>,(?§ "2_—’@

If‘[)_xn? is a sequcnce of indepondent ond identically daitributed
rasdonYoriablos such that P §X =0} =(1-p) am Pixﬂ-l -p
3
where 04 pg1, proye that the_scquente of random variable i\’ )
SRV Ko 4 e+ 0y
waerd Yo —— n)/l
converges in px bability to p. (3+5+8) =18

(x3)
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5.

10.

(a)
(b)
(c)

(v)

(b)

The random variableas "1' X2 foilows a bivariate normal
diatribution with E(x1) = B(X,) = 0, Vv(x)) - v(x,) = P ,
Cor (x1 X5) -fe

Writa down the joint deneity of (xj,

Write down the joint demsity of (x1 + x2 - xz).
Prove that the rondow variable —X i;g.
B T+ ¢
follows o student’s t—distribution with 1 degree of
freedom. (2+8+8) =18

GROUP B: Statistical Methods (59 marka)
(answer any three questions from this group)
Describe briefly the method: of mamenta and the method
of maximun likelihood for point estimation,
Suppose Xl. X2, veay )% are independent and dietributed

uniformly on the intervul [0 é!’_l 0L 3Lo0 .
Estimate O by cuch of the two mumds mentioned in (a).

(1524816
Define unbinsedness and consistency as criteria of a grod

estinator. Give a set of sufficicnt conditions for consistency.
Let m be the rth sanple centrol moment for rendom sanples of

size n froo a population whose moments upto thot of nrder 2r
exist. Show that m  is consistent for/‘-kr » the population

central momcnt of order r. {44448} 18
Describe Ore—wony classified 4ata. Explain in detnila

how vou will analyse such data both for the fixed—cffects
and rondon—ctfects models. (3+12)=16

For testing a sy ple hypothesis against a sicple alternative,
describde the sequential Protability Patio Test (S07T) of
strength (X , . FHow do2s one determine the boundary points
agsociated wi'.h the SPuT?

Let X be o rondom variable diatributed as follows:

P x-13 = p, and P{X «0f{ = 1-p, vhere O0¢pd 1.
For Leating H“: p = 0.5 agbinst : p = 0.8 ghnw that the

usual Berquential probubility ratie test con be written in
the following form: At the mth atoge let my be the number

of auccesses. Then
i} ac-ept H, if ml\< Cm + d,
ii) reject Hy if m17/ Ca + dy,
iii) continue sampling otherwiee,
where ¢, dl’ 4, are constanta depending on the strength of the

tost. 2 (5+34+8) =186
“rite notes on any two of the following:

(p) Cramer—Rio Inequality and its utility.

(b) Likelihood-ratio tests.

(¢) Delationship betwcen confidence interval and testing
of hypothesis. (848 =10

NEATNESS (Groups A and B) (€]

(44)



INDIAN STATISTICAL INSTITUTE
Statisticion's Diplmma Fxamination - May 1978
Paper XIT (Theoretical}: Samplo Surveys and Design & analysis of Exporimenta

Time : 4 hours Pull marks: 190

(o} Figures in the margio indicate full marks.

(b) Use of calculating mochincs is not permitted.

GRUUP A: Somple Surveys (50 marks)
(Anawer uny three questions from this group)

Distinguiah between sonpling error end non-sanpling
arraor in murveys. Dedcribe mothods usedl by statisticiane
for con trolling these ¢srora. (18)

What is the rotio method of ostimation? (btain approxinations
to the mean sguare error ond biss of the ratio—stimator
undor simple random sampling witbout replacement. (18}

Describe aystematic sompling procedure and discusa its
advantages over simple randon saopling procordure.

From a populution of size N = nk, a aysteoatic sanple of

size n is dravn by randoer stort. Sugcest an unbinsed
estimutor of the population total and obtain its sanpling
variance. Under what condition is systematic eoopling

pore precisce thun siople randon sampling without

reploaccuent if one is interested in cstimating the

popul.tion total? (16)

Lot 3"13- and ¥ respec tively dcnote the valuca of a

2
charocter Y for the jth unit (j = 1, 2, .., N) on the
first ond the sccond occamions. Consider the following
sacpling ascheme over two occasions.

O0n the first occnsion a sinple randam saople S of size n
is selected without replacement; on the secomd occasion

a sud-sample 8y of m unita ia selected withaut replacement
fraa S and an independent siople randem sample S; of u
units is selected without replacement fram the whole

popul #ion.

Show that the esticotor

~ ~

= ~ -
Y, = [+ Yy, + (1-%) ¥,

~
T 1 Z
vhere Y, = o Y2y
L3
AN
& 1 : 1
Yoo = mz— bag —vy5) + 3 $§ Y15
t
and o is any conetant, is an unbirsed estim tor of

the population ncan of Y on the secend oocasioen.
Find th¢ voriance of ,72. Determine ok for which the

variance of ?2 is mipicum. (14646) =10

Flense turn over

(u5)
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5.

10.

(a)
(»)

(v)

Write waort notes on any two of the following:

(a) Uses of ramdom Bampling Mumbera.

(b) Cluster Scwpling

(c) Difference Estimator (8+8) =18
GROUP Bt Design & Anclysis cf Experiments (52 marks)
(ansrer any three queationa from this group)

Why do you necd o design at all? Discuss tho requirementa

of a good experinent.

Set out the important assunmptiona nnderlying the analysis
ond interpretation of dots obtainec from the standard
experimental deaigns. (3+847) =18

What is experimental error? Discuse with illustrations
the various weasures for contro.ling the experimental error.

Hovw the optioun size and shape of plots can be determined
threugh uniforoity trial data? (3+845)al8

Define a balurced incomplete block design with parameters

v, b, r, k and A , and prove: (i) XN (v-1} = r(k-1),

end (ii) by v. Work out the efficiency of the design
relative to n randomised block design. (24252410} alt

Tvo factors A and B each appear at m levels. Explain
what do you wean by the interaction of tlwse two factors
A snd D. FExplain the principle of gereralised interaction

o
for o 2 factorial experiment.

Explain the mcthod of obtaining the sum of squares due to
partially confounded treatment contrast.

How do you calculate the loss of infoermatien on a partially
confounded troatuent contrast? 2+14545) =10

Write short notes on any two of the following =
{a) Youden sjuarc designe
(b) Missing plot technigue
(c) Simple Lattice designs

(d) Fractional replications. (8+8) =16

NZATMBSS (Groups A ond B) (3)

(m6)



INDIAN STATISTICAL INSTITUTE
Statisticien's Diploma Examination — May 1076

Paper IV (Theoretical)¢ Applied Statistics Group Fupers

Times 4 hours Full oarks: 100
(for two groups)

1. (a)
(v)

2. (a)
(v)

4. (a)

(v)

5. (a)

(»)

8. (a)
(v)

(a) Candidates will be requirod to answer questions
from thosc two groups of esubjects only for which
they have alreasdy registered their nptions.

(b) Scparate answer-books are to be used for each of
the two groups atteapted.

(c) Figures in the margin indicate full marks.
(d) Use of calculating mechines is not permitted.

GRUP (a): BCONQLIC STATISTICS (Hal f-poper
- 87 parks)

(Anawer any three questions from this group)

Explain the problem of aggregation in mcesurements of
macroeconomic variables.

Define o 'truc' cest—of-living index. Do you think
the coumonly ueed index numbers cstimate this true
index correctly? (8+8) =16

What arc the main componenta of an economic time series?
Discuss with exanples,

Sugrest a method of estimating seasonal patterns,

givuen conthly prices of fish in a given market for

20 years. You uay assume that the scansenal pattcrn

is constant over the period. (8+8) =16

ities
the

Dercrile a method of estimating the come_elns
of diuand frouw forily budcet data. o
nain objections if these clasticitiea are use” for

dewand projectione? (12+14) =186

Exploin the concept of productivity in the theary of the
firc. Cistiaguish between marginal productivity and
retums to acale.

Describe & oeihod of cstimm ting the Cobb—Zonglm production
functien fran cross-section data on firms within an

industry. Cenoent on the nature of the estimatea you

would obtain for the marginal productivitics of labeur and
capital. (B+8) =16

Explain carefully the distinction between "final demand”
and "derived deirand”. ‘Why is it necossary to onke thie
distinction in cconomice?

Describe some proctical uses of input—output analysis.

(8+8) =186
Discuss the pain sources of data nn the eize—distributian
of incame in India.

How would you use thesc data for studying intertemporal
ahifte in tae inecomc distribution’? Whnt are the wain
limitations of such astudies? (8+8)a16

NEATNESS (2)
(u7)



SD(476) Iv—2 -2

1.

2.

3.

(a)

(%)

(a)

O]

(a)

(v)

GRUWP (b) t STATISTIGL WALITY CONTRCL (Half-paper
- 59 marka)

(Answer aoy three guestions from this group)

Exploin the role of rational subgrouping in operating a
control chart and give justification for taking small
samples of aize -1 or 8 in case of {—chart.

Interpret the following situations observed on an X-n charts

i) R chort shows state of control but points on X-chart
are found gystematically shifting upwards.

1i) Points on both X and R charts arc too close to the
control line

iii) Thrce-points on R—~chart fall beyend upper control
limit whereas all the pointa on X—chart ore within
concrol limits, (7+0)m18

Define 'Tolerance limita' and 'Confideoce limite'.
Describe 8 method for obtaining two sjided tolerance
limite for a cantrolled process producing an item with
a mcasurable guality characteristic., The mean value

is !mown and it can be assumed that the characteristie
ia naiv,~Ily distrituted ond other neceasary stipulationas
(tol~ranre coefficicnt and confidence coefficient)

are (iven.

Dcfine the aperating characteristic functien of X—chart.
E:plain how you weuld procee to d. teymine the OC curve
face such o ehurt if the scmple Bize n is given and the
standard deviation is known and remaina constant., (1048) =18

Exploin tne terxe (i} 4aCr (ii) A2 (iii) ASN.

Derive tne muthematical expression for (i) the (C

curve of a doudle and (ii) ACIL of a single sampling

plan by attributes.

Whea using dilitary Standard 105D whot ore the criteria to

be adoprcd to docide whether to reduce or tighten inspection
or to continue normal imspection? (1046) =16

A production unit desiring to develop a mew product, is
inteveated in eondocting om experiment to determine

which pethad of preduction would rejuire the minioun
processing time.

Six marhines end six oporators are available for this
experinentation. Thero are also six alternative mcthods

of proiuction.

Sugzest o eui table design for the experimont.

Viith suitable notationa, give tho cstimatee of the components
of varionce. (18)

NEATNESS (2

(u8)



a.

(a)
(v)
(c)

(a)
(v)

()
(@)

-3 - D (K76) V-0
GROUP (¢) s STATISTICAL METHOLCS IN GENETICS (Half-paper
-50 marka)
(Anawer sny throe gquestions frem this graip)

In a breeding experiment with Pz date, derive the amount
of information on recambination fraction given by the
mating of coupling beterozygotes when there is camplete
dominance at one locus and incemplete daminance at the
other. (Assume that the recombination fraction is the
same in both male and femnle gametogcnesiam.) (16)
Por the aingle huck—croes where the two factora segregate
in the ratios of 1 z 1 and 3 : 1, work out a suitable
test for detecting linkoge. Estimate the linkage, if
presenot, by a suitable method and cnlculate its atandard
error,
If the gene-ratios are disturbed for both the factors,
what would be the efficient method for estimating linkege.
2 (16)
Starting with the population s (p” 4A + 2pq A8 + q aa)
derive thc follewing relntionnhipa—r;cnsu of inbred
progenie 82—
Covarionce of full-sibs,
Covarinnce of parent and offspring,
Voriance of offspring,

if the genotypic values for AA, A8 and a4 are 1,1 and

0 respectively. -~ (18)
Discuss ‘Hardy—Weinberg' law of equilibrium under

rondom mating.

In the casc of cobplete positive assortive moting where
donpinanty mate with dominante and recessives with
recessives only, and starting from an initial panmictic

popul ation (p2, 2pq, qz)' shw that the amount of
heterozygosity in the nth generation is given by

¥ = Y,/(1+0q)

where, Yo - the hetereozygosity in the nth generatien and
Yy = the saae in the intial gencration. (168)

Write short notes on any two of the following 1

Estication of the gene—frequencies Ln_g_’—A—E‘ blood
group system. ~

Linear discerinination functisn and gain over atraight
sclection.

Fieher's Fundamental Theorem of Natural Solegtion.
Equilibriun under mutation amd selection. (18)

Pleaso turn over

(u0)
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()
(v)
(o)

1. (a)

(v)

2. (n)

(b)

GROUP (d) 3 VITAL STATISTICS AND DEVOGRAPEY (Half-paper
— 50 marks)

(Ansver any three guestions fram this group)
Explain the difference botwoen & rate and a ratio
4 Vital Stutistics.
Define the mcun population of an urea during a given periond.
‘hat do you mcan by the force of mertality at age x7 (345468} ats
How does a current life table Qiffer from & gemeration
life table?

¥hot are the different measures of mortality in a life

toble? Show how they are inter-relates, atating the
necessary assumptions.

Derive the dcath rate above age x in a life table

population, (448+4) =18

How do populntion projections differ fram popultion
eatimates? Explain the modificd G.¥.me thod for obtaining
population estimates. Delinuvate the icpnartant steps in
the component ce thod for popul ation projection, (4+4547) =18
Write notes on any two of the following ¢
errors in cecosus data;
naet reproduction rate;
mordidity incidence rate and morbidity prevolence rate.
(848 =18

NEATNESS (2)

GRWP (e): EDUCATIUNAL ADMD TSYCWILOCICAL STATISTICS (Fal f—paper
-89 marks)

(Anewer apy three questions fram thias group}

What is a I'-scale? How would you derive T-—scale
equivalonts far raw scores? Compare T-scale with other
acal es uod discuss its advantegea and disadvantages.
What do you underetand by iter valifity?

Descrive tho item valjdity indiccs which involve the
slope of the reuression/item score on teet acore. (848} =186

Illuatrate gomuetrically the facts of intercorrclations among
the tcste, coumon faetor loadinga, the concept of commupnnlity.
(Consider the base where there are threec tests ond two

coamon fuctors.)

What do you oean by
(i) specific ractor, and
(ii) group factor? (1244) =18

Please turn over

(€10)



3. (a)

(v)

(a)
(b)
()
(@)

(a)
(b}
(e)
(@)

-8 ~ ar(u76) V-5

"To the extent that a test is apeeded, an odd—even
coefficient of reliability is inflated-."
— Diacuss.

Discuss the relation between reliability and the range
of sbility in the population. (8+8)=16
Discuss the following 3

Jelation of total score variance tn the difficulty vahles
of the items included in the test.

Rel ation of rcliability to item intercorrelations.

Effect of iteu intercorrelations u-on tho total score
diatribution.

Effect of total score distribution upon the discrimination
ability of the test. (4444434) =16
Write short notea on:

Percentile scale.

Incidental and explicit selections.

Cronbach and Warrington index of speededncss of a test,
Differential prediction. (4+44144)=18

NEATNESS (2)

(411)



INDIAN STATISTICAL INSTITUTE
Statistician's Diploma Bxamination — Uay 1976

Poper V (Practicol)s Mcthods of Numerical Computation; Descriptive
Statistice and Official Statistics

Time: 5 hours Full morks s 100
(a) Figurea in the margin indicate full marka.
(b) Use of calculating mochines ie pormitted.

GROUP A: Methods of Numerical Cemputation (26 marks)
(Anewer ony two questions from this group)
1. (&) Bolve the following system of equations using any method
mown to you
2!1—2126413-—12

2x + 3x, + 20, = 8
- X ¥ X5 = Xz = 3.6
(v) Calcul ate approximate value of f(x) for x = 1,75 by

applying approximate interpolation formmla to the
folloving data.

0.,84147
0.89121
0.93204
0.956358
0.,98545
0.09749
0.60957
0.09166
0.97386 (8+7)=13

e e e
PINDARALOD RO

2. (a) Compute to 3 decimal places, the real root of
313 +6x —40 = O

(v) Given  Axmbd

1.22 - 1.32 3.98
where A = 2.12 - 3.52 1.62
4.23 - 1.21 1.09
2.12
b= - 1.26
3.22
find x. (8+7)=12
3. Given the following rounded valuos of the fumctiom

.5 2
2(x}c = \/f; e™ /2 for different values of x,
‘rmd‘approximutely,
(8 the value of x for which £(x) = 0.8448

Floasc_turn aver

(x12)
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3, (b)
(contd.)

5. (a)

(v

5 2
the value of the integral (1) =v/ A X /2 4y
_x =) z
0.500 7078846
0.125 7916754
0.25) 7733362
0.375 7437102
0.890 7041307
0.825 .6563219
0.15) .6322740
0.875 5HL120
1.000 4830414 (65715

GI:.UP 31 Descrivti- e Statistics (52 marks)

(Answver gll questions from this group)

The following is tiue freguency distribution of oarke
of 249 s‘udenis ir a Tublic Zxamination, U colurm
representing the distance of the class midpoint fram
seme arbitrary origin in units of class-width, assured
conptant. It is lmown that 2 arithnetic mean and
stuandard drv jer, is orisianl units are 49.624 and
7.92 reaspectively. Idcntify the classcs and draw

tite histegran,

Frenuency

h
15
45
57
5
38
23

2

t
W RO MW [

Total 240

Find also ‘gl and az of the diastribution amd comment.
(5+5+19) w20

A certain car~hire fim has two cars, which it bires

out day by Zay. The number ¢l demands for a car each

day is dismtribuled as a Toissen distribution with

cean 1.567.

Calculate tho proportion nof days in which noither car

is used and the proportion of days in which scoe demand

is refusecd.

Test scores in 3 subjeets are ind:pendently normally

distrivuted with meun 35, 40 and 42 cnd a.d.'s

5.5, 6.2 and 8.5 respectively. Find the percentage of

students securing 80 or more in all the subjccts and

fercentage of thome securing lesa than 37 in at lcast

one of the subjectu. (646)w12

Plcase turn over

(13)



(o)
(v)

-9 - 8D(M76} v—3

In a partially destroyed laboratory records of on
analysis of correlation data the follewing results
were legible :

Vorience of x = 0,34

Regression equationsf 8.19x — 0.87y 4+ 86.87 - O
40 ,56x - 18,08y = 214,48

What wero (i) the Dean of x ond mean of y
(ii) the variance of y
and (iii) correlation coefficient between x and y. (8)
Calculate tho trend values for the following data by
using moving avernges of an gppropriate period.
Represent the irend values and tae original data on o
gropbh paper.

Nucber of cara

yoar (in_thousand)

103°
1631
1¢32
1933
1034
1635
1036
1937
1038
1039
1940
1041
1042
1043
1044
1045
1046 7€5.)

(844} =12

GRUUP C: Official Statistics (24 markas)
(Anawer bath the questions from this group)

Frou the official publications placed at yvour dispeaal,
collect cata on gny three of the following:

Value of exports of mcrchandise fram Weat Bengal, Tamil Nadu,
Gujnarat wund <Lerala in any two recent yeara.

Stock of coal and lignite at fauctoriea st the ond of any
four consecutive montha,

Value of export of
1) Ayurvedie & Unani Medicine, and
11) Homeopathic medicine
from India to any two c¢oeuntriva in cach case for
any one month.

Flease turn over

(v14)
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8. (a)
(cantd.)

(o)
0.

Number of major b;idgon on all roads in Assem
and Andhra ?rndonh/nny three rocent years.

Quantity of food groins protured by or for the Goverrment

of Bihar and Haryano in any two years. (4x3) =12

Pram the official publications supplied to ysu, colleoct
data on number of touristus arrived in India from U.X.,
Canada, U.3.S.R., and Auetralia in recent five years,
giving the percentage increase over the previcus year,
Present these date in & neat tabular foro and comment
on tho saliont featuree of the data collected by you.

[Nouu
i) Full reforence to publications comsulted are to be
given along with the answers (title of publicatiom,
purticul ar issue, tudle number, page etc.)
1i) The data furmishod should be methodically arranged
in a neat tabular form.
1ii) Aritmetic panipnlation of data, if necessary,

is permissible. JIn that caso eriginal data collected
are also to be shown, sid2 by aide.]

(416)

(12)
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Statisticion's Diploma Examinaticn — May 1078

Paper VY [Proctical) 31 Statistical oethodn; Dosign & analysis of Bxperioents

and_Sample surveys

Time ¢ 8 hours Full markas: 00

1. (a)

(v}

(A) Figuros in the margin indicate full marks.
(b) Uso or colcul ating machines is permitted.
GRCUP A: Statiastical Xethoca (49 marks)

(Anmvor any two gquestions frra this group)

Net incaue nof 182 families in town A and 21D fariliea in
town B in a certain year are given belaw,

Annual net fncome Nn, of fw ilica
(=2, town A tevn B
1539 - 3000 - 4
3327 —  45™M) 10 45
4500 - 630) 23 25
937 - 7500 4 12
509 - NI0 32 o1
020 - 10500 28 81
12330 - 12000 2 17
12790 - 13509 4 ®
13390 « 13930 2 5
15330 = 15532 1 3
16539 -~ 16010 2 2
18090 = 10530 - 1

Calculate for cach town the standard errar of the ncan incroe,
on tae assinprtien that the farilioe included are a randoa
sociple of the widdle clasa facilizs in the tewn,

Tence cnlculate the etandard error.nf the dif ference nf the
two mcan incomes and test waother they differ significantly
or notL.

A firo is advertising that it has been successaful in desimning
a nuw houe autowatic clothes washer which i oerre cffective
in rewoving dirt ticn the nost ponul o was''er mow in use.

And in support of its clain, it is .luo diaplaying the
foll-wing dota on the dirt rcoeved (in a suitable unit) by
the post popular washer and tle new washer for 14 equally
aized ond cqually soilcd lnads nf clothea woich werc wasbed
with tho saie soup and for the same length of time, 7 loads
being wasied Ly each washer.

Dirt Popular washer 13 10 9 12 11 10 8
_removed Yy Mew washer 10 11 12 12 9 14 12

Using cedian teat, sco if t.ae firm's claim is cenuine,

(1248) =2

Plense_ turan over

(18}
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2. (a) The following data give the number of defective bricke found
in four casecutive days of manufacture.

11 14 2 16
12 16 12 18

8 21 11 1t
13 ] 21 13
16 8 1 13
11 18 7 15

8 19 13 11
12 8 16 8
12 14 13 9
10 13 12 17

Teat for the equality of variunces of the popula tions.

(b) In a grecnhause experiment en wheat, four fertilizer treatments
of thoe soil and four chemical trontz.enes of the seed were used.
Ench cmilinution was appliccd to two plats which were placed at
rondem in the available space. The table gives the yiclds in
some suitable unit. Anslysc the data.

PR hezicul treatment
Fertilizer c 1 -

1 21.4, 21.2 22.9, 2.3 19.8, 18.8 17.8, 16,8
2 12.9, 14.2 13.6, 13.3 13.0, 13.7 13.3, 14.0
3 13.5, 11.9 14.0, 15.6 12,7, 12,90 12.4, 13.7
4 12.8, 13.8 14.1, 13.2 14,2 13.6 12.0, 14.8
(8412} 20
3. (o) A rondoo sanple of size 177 frem a univariate popul ation givea

the following mavcntas

2
m, = 1.19781 x 5

3
oy = D2.08"57 x 8
4
m, = 5.12575 x 5
Test whether the populnation departs froo normality in respect
of (a) Skewnesxs, snd (L) Kurtosie.

(b) Counts of antibodiecs, before and nfter vaccinotinn, yicld
powers of 2, 2% being the count befere and %Y the ceunt after
vaccination, In an cxperiment, vaiucs of x nnd y occurred with
tue frejuencies os in the table given below, [est whother
the regression of y on x is lincar or nnt.

V

Yy 4 5 [ 7 8 ]
6 2

7 1 2 1

8 3 8 2 1

[} 2 1 3 5 1
19 2 2 3 1 1
11 1 3

(5415} =20

Pleaso turn onver

(¥17)
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GROUP B: Design and Annlysis of xperiments (X morks)

(Answer al)l questions frem this group)

4. Construct the B.I.B. dosign v = D= 13, r =k = 4, \ = 1.
(17y
5. Au oxperiment considered the cffect, in terms nf breaking
strength of cotton fibres, of the lcvel of potash in the
B0il. Five levels of potash wero ayrlicd in a randomised
biocks pattern with three bloc! s. The data are prescnted
below. The valucs from one plot o2 block 2 and ome plot
of block 3 are oissing.
Strenzth index of cotton
Potash
(15./acrc) 141 128 72 84 36
Replicate
1 7.46 7.17 7.78 8.14 7.63
2 7.68 7.57 - 8.15 B8.20
3 7.21 7.8° 1.74 - 7.93
Analyse the 4ata to find the effect nf the levela of
potash censidercd. (20
GRWF C: Sauple surveys (37 markas)
(Answer all questiona from this greup)
6. The number of discased plants (out of 9) in 49 areas
are as io the fnllowing teble:
sl.nn,of
aren 1 2 3 4 5 68 7 8 © 12 11 12 13 14 15 16 17 18 19 20
no. of
disecoed 1 4 1 2 5 1 1 1 7 2 3 3 2 2 3 1 2 7 2 6
plantsy

esl.nn,o0l
area

no. of
diseased
plants

21 22 23 24 25 23 27 28 20 3% 31 232 37 34 35 338 37 38 30 17

3 5 3 4 5 1 48 41 4 2 65 3 4 17 3 6

(a)
(v)

Drow & eimple rondom sample (without replucermenta) of 1 arcos.

Draw a rondoua annple of 5 arcas with replacezent and with
probability.proportional to the number of disensed plants.
(5+5 =10

Flcaso < aver

(2t18)



(a)
(v)

(a)

(v}

EITIER

A stratified saople of B) units gives the following
estimated stratum meons ond variances:

Stratun - 2
number Ny By Yi 8y
1 30 5 as 4
2 50 10 40 55
3 60 15 40 "
4 60 20 55 140

Estimate the variance within the whole populatisn.
Verify thut the cxisting allecation is optimal fer 4 strata,

Estimatc the sampling variance nf the estimated population
mecan for the ahave allocatioos ond for a random sample of 50
drown without stratification and coument. (12+8)=20

o

To deterzine the yicld-rate of paddy ip a distirict six
villagca were sclected et rendam and three plots were gelected
at rondon in cach sclected village. The yields, in suitable
units, are given belows:

Plot No. T V;““G§ 3 5 5
1 16 6 18 13 17T 12

IX 18 5 3 7 11 11
I 11 16 16 7T 17 8

Evaluate the estimate of the standard error af the catimate
of mcan yicld per plot.

Assucinz a c¢nst function of tho form
Cw= 20,12 ¢+ 2.4 + 1.3 DD
where © und n stand for the mumber of first-stoge and

sccond-stage units resrpectively, deterzine the . ptiuuo
value of n for n given cost of €o = 2,200, (12~8)-20

(x10)



INDIAN STATISTICAL INSTITUTE
Statiastician's Diplooa Examination - May 1076
Paper VII (Practical}: Applied Statistics Group Papers

Timcs 6 hours “~ Full marks: 107

(a) Condidates will be requircd to apnpwer questinna
from those two greups of subjects only, fer which
they hove alreody registered their options.

(b) Separute answer-books are to be used for cach
of the two groups atteapted.

(¢} Figures in the margin indicate full marks.

(d) Use of calaulating riachines ie permitted.

GRCUP (8): BCONOYIC STATISTICS (Ral f-paver
- 50 marks)

(Answer any two questions from this group)

1. The standard deviation of loparithwms of a two-parancter
losnormal distribution of income declined from 0.70
to 0.60 over a peviod of 10 years. Erav Lorenz curves
to depict the chunge in the given distribution. Also,
compute the Lorenz mcaaure of inequality in eanch case. (25)

2. The follawing table gives of{icial catimates of production
of rice and wheat in India from 1337-58 Lo 1064-065.
Jovesti;nte if there Were any significant trends in
the two scries.

Estimates of production of aclected crops,
India (1057-58 to 165165}

froductian (AN netris Lena)

Year

1l e
[ [ Vo)
1037-58 26,718 8,513
-5y 32,251 17, €27
—6C 31,9:0 11,16
-8i 34,837 11,737
1039162 35, 065 12,801
-63 32,518 11,508
61 37,157 10,519
-35 30,483 15,085 (25)
3. Table below grives the cstimotces of avernce monthly

per capita consunptinn expenditurea (y.) on sclected

itews by deeile groups of the popul atinn based on a
renlcing in ascending mrder of por capita nggrecote
experditure (x} no ul) the itema, in urban India
duripp 10G5~63, Obtain Bngel elusticitics for

the two itwis using approprinte oc theds. State
your usaumptions very clearly.

Ploase turn over

M27)
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3.
(contd.) Decile Average Averago montbly per copito
group  per capita expenditure (%.} on
number agregote cerenls (y,) clothing (y,)
exvenditure (Rs.) 1 2
(x),
{1 ()] [©) ()
1 12.40 5.9 «15
2 17 .81 T.79 .36
3 21.31 B.5O2 16
4 25.04 0.91 .85
& 29.54 9.61 1.38
] 35.20 0.88 1.47
7 4240 12.19 2.38
8 52.88 17.23 3.46
9 BY.12 .77 5.24
10 123,53 10,08 12,71
All
greips 35,42 8.890 2.04

GRUUP (b) : STATISTICAL QUALITY CONTROL (Enlf-paper
50 mnrks

(Answer arv two questions from this group)

1. (o) A sazple of 27 units is selccted at randem from o proccss
producirg 8 pu~int defoctives. Conpute the probability
A getting 4 defcctives in the snmple using
(iz binomial distribution
(331) iois:on apprexicatien
(1ii} Nermal approximation.

(b) The followin: takle gives the rceults of daily ingpection of
rodio transuitting tubes for a certain quality che.acteristic.

Sncple Nuwbor Nraber Nup: ber
praver  irspected  rejected cted  rejectod
1y (2) (3) (2
1 128 4 1 189 15
2 122 8 12 162 24
3 29 0 13 33 4
4 60 0 14 51 4
5 30 1 16 690 4
[} a0 2 16 122 8
k4 1682 12 17 108 k¢
8 13 2 13 142 10
[} 138 8 19 36 1
19 33 0 29 141 22

i) Use a suitublo control chart te analyse the above data.
ii) Is the process urder atatisticol coentral?

iii) What standard sbould you. recmumend for future working?

Plonse turn ovor

(421)



1. (o)

(coatd.)

i)
11)

1i4)

(a)

(b)

-3 - sD(478)VIX-2

To estimate tbe overall average mochine utilisationm

far o group of loowe in a jute mill with 100 looms

in one section, 8 rounds wero taken end tho utilisation

wns estipated to be nbout 83%. In order to obtain

ovorall utiliaation for this group of looms with on

error of + 25 with 06% confidence (use mormal distribution)

how many snap rooding rounda have to be made an this

group of loous? (641248)w;

A double eampling plan is given by

N = 1000, n, = 80, ¢ - 100, ¢, = 2.

-0, n 2

1 1

Draw the OC curve, calculating at lenst 7 suitable
pointa (justify any npvraxiaction that may be used).

2

Obtnin AOYL for ihe above plan assuming it as ucceptance/
rectificution plan.

For this plao, obtain the lot qualities for which the
probabilities of acceptance ore D.85 and 0.10 respectively.
(124746)a

An cxperiment waa conducted to tcat the effoct rf differcnt
treataents of warp beaws on the warp breakage-rates during
wepving.

4 warp Leoms P, @, R and 8 were treated differcntly and
were woven simultoncoeusly on 4 looms over 4 days. At the
end of each day, the warp beocw were intevchanged between
the four cxperjmental lonma in sueh a manncr as to

ensure that after coople tion of the experiment the warp
beam had werked on each of the four looms for ono day.

The plan of the experioent and the warp breakoge rates
are given in tlie toble below .

Wnrp breakage rate on dif fecrent warp beaps

iravirz peried

Loon i ' 2 3 *
1 5.52(7) 9.15(3) 5.77(RY  5.07(Q)
2 0.60(s) 5.14(®)  2.01(3) 6.09(r)
3 2.87(2) 6.52(F) 6.53(s) 2.83(R)
4 0.78(2) 6.26(2) 8.00(2)  0.77(S)

Carrv out an analysia of variunce (ANCVA} teat to deteet

the effccts of tho warp boam treatoont, loona differences

ond period dif fereonces if ony; offer yonr cmrents.

What is the relative advantage of this design ever

Nandmnised block design? State the assumptions invelved

in using this deaign. (1748} =28

Dloase turn over

(422)
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GROUP (o)t STATISTICAL METHIODS IN GENETICS (Ral f—paper
— 0O marks)

(Answer all questions fraw this group)
In a family of Antirrhinun najos, obtainod by selfing

a yallow—flowered plant known to be heterozygous the
following segregation for flower colour was oblmerved
Yellow flowered plants 208
Ivory flowered plants 81
Te this in keeping with the 3:1 ratio expected fram
selfing o plant heterozygous for a wsiongle flower colour
gene?

The data are on the segregation of the two factors G, g,
and L, 1 in an 1’-‘2 of Prirmula sincusis, The foctors
were in the coupling phase and the following segregatian
was observed.

GL Gl &L 2%

77 16 19 360
Estimate the recombination fraction assuming it to be

the same in both male and fewale ganmctogencsis,
Give an cstioate of the variance of this estimate.

EIT T}

following tuble ahows the numbers of persms in a
23 sample of size 405 from a particular community
belongz:ing to the various blood groups 0, A, B ond AB.

Dloed Number of
_group personxs

176
182
60
17

;w)o

Obtain the maxicun likelihood cstimtecs for p, qond r
which are the pgene frejuencics of D, A and B respectively.
Also culculate the estimates of their variancea.

OR

The following data give the frequencivs of egge laid by
rall=flies in flower-headas. The count of flower-heada
with 'n.' egg is mot uvail adle.

Number of egas 1 2 3 4 8 6 T 8 9
Number of flower-hoods 22 18 18 11 9 6 3 O 1
Assuring that the data follow Poisson dietritution

find the oaxicum likelihond estinate of the sverage
number of ezfs loid Ly a gall~fly wnd find ite stondard
arror.

Fleasa turn ever

(M23)
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.GROOP (d) r VITAL STATISTICS & ISMCGRAPHEY (Half-papor
-5 oarlka)

(A7swer any two queations fram this grosy)

T e npnmtar of births occurring in a certain crmcunity in
1978 is ehown here ~loaswified according to age eof mother,
tegether with the female population in each relevant age~
group for a lifc table constructed for females:

3 te Nezber Fewnleas in
Age pomiiotion of virths lifo_luble
yaars i ")_ (rodix 1’)3,02)
16 — 10 171,79 12743 468100
2) - 24 170,171 114511 404023
25 — 29 172,66 116334 45T (<O
20 - 34 175,02 110218 4520170
a5 - 39 175.10 15131 431763
40 - 171,02 11422 44848
43 — 49 180.G0 19) 424673

The total population of the cocrmnity in 19358 wans
1228%.8 theasand,
L>termine {n) the cride birth rate,
o) the groea rep:oduction rate,
(c§ tha not reproduction rate (the sex-ratio
ot birtnh being 134.5 males to 100 fomale
birthu),
(¢} the approximate length of o fecale generatiom,

and (e; the rate of conual growth of the fecale ;opulatiom.

(23)
From the following values of the usual life table functions,
oalculate the expectation of lifc at age 30:

Age=group qu
25 - 30 20284
30 - 35 0352
35 — 40 0571
40 - 45 Relge 1
45 - 80 D872
Take 1, - 87,870, T,q - 1,685,381, (25)

A population censua talien in December, 1081 counted the
owaber of children aged 00—t to be 147,737. The number of
children born in each year from 1957 to 1961 was as follows:

1967 69,208

1058 68,738

10390 66,0689

1060 61,600

1901 50,200
Find the extent of under—cnumeration in the census population
of the oge-group 0—4, given that the mortality corresponds to
the following life-table stationary population:

e—grou
e x+f) Ly

0 -1 91,776

1 -2 85,582

2 -3 83, 158

3 -4 81,617 (1, = 100,000)

4-5 80,586 (28)

(M24) Plcaae turn_ rver
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2.

3.

(a)

(v)

(o)

(v}

GROUP (e) : EDUCATIONAL & PSYCHOLOGICAL STATISTICS (Ralf-paper
59 marks)

(answer any three queetions from this group)

Cansider the case in which the validitiea of the two testa

are different. Suppose test A has a validity coefficient

of 0.66 and a8 roliability of 0,72 and test B has o validity

of 0.70 and a reliability of 0.00. If cach test has unit
length, nt what length will the tests have oqual validity?

What would the validities of test A and test B be, if both
tegts wore increased to infinite length? (16)

In a certain test, the sum of squared differences between
acorea on two couparable balves (i.o. halves with equal
moans ond s.d.s; is 285, N is 50 and the standord deviatian
of the total score is 8.5. Find the coefficient of
reliability for the total scoree and the standard error of
measurement.

In o sample of 81 fifteen-year-old high school studenta,

of whan 206 were male and 35 female, the mean weight in Eg.
were 07.8 and 568.8, respectively. The standord deviation

of the weighte for the combined group waa 13.2. Find the
peint-biserial correlntion betwaen sex and body weight

for 15—yeor—old school studcnts. (848} =18

Batings of seven individuals by three raters in a particular
trait are preaented belows

Raters
Ratees I B T
1 3 4 5
2 5 S 8
3 ) 3 5
4 1 4 1
] 7 L] 7
8 3 5 3
T [} 5 T

Coapu te the reliability of a single rating and that of the
avernge of the threc ratinga.

In 8 test of 556 items, the astandard deviation of the total
scores wax 7.5. The sum of the variancea of the items was
9.83. Estimate the relisbility of the scores. (1046} =18

The follawing is a ‘centroid' factor-loading matrix

Comcon factor Communality
Varisble coefficients 2
T, S b
1 2
1. FReight .830 .396 +846
2. Arm-epan .818 460 .889
3. Length of fore—amm 777 470 .825
4. Leogth of lower arm .708 ,401 .708
5. Weight .788 .500 .868
8. Bitrechantric dinmeter .072 .38 .861
7. Cbest—irth 504 444 830
8. Chest—width .647 333 529

Obtain the rotated facter-loading mmtrix, ofter suitable
orthogonal rotations of the centroid factor-londing watrix. (18)

NEATNESS (2)

(u2s)
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Statisticion's Diploma Examindion - May 1078

Paper VIIX (Theoretical) : Subjoccts of Pirst Paper .f Spccialisation

Timos 4 hours Full marks: 10¢

(s) Candidates are rcquired to answer from that group only
for which they have already registered thoir options.

(b) Pigures in the margin indicate full mmka.
(o) Use of calculating machines is naot permitted.

GROUY A : BECON(MIC STATISTICS
Economctries — Special Paper Y

(Answer any five questiona from this group)

L. Explain olearly how you would teat the following hypotheses

(i) 31 -0 (i) B =0 Po-o Gin B [, -2
in the cloassical nomal linear regression modecl
y = £4 ¢ ? x, o+ pz %, + u, State clearly the

171
tneoretical reaults needed to derive the tests. (20)
2. What are dumpy variables? Explain, with illuetrations,

the varieus uaes nf dunmny variables in econometric
regrcanion analysis. Discuss, in this connoction,
the ceuning of the 'dummy variable trap'. (2+14+4‘-2‘J

3. Explain ¢ learly what is meant by the problem of identificatiou
in the context of a sicmltareous equotiocn ec momctric model.
Derive tac runk condition of identifinbility of o given
structural ejguation of o simultancous ejuation econometric
mocel. (8+12' =20

4. Give econeomic in‘crprotations of the parusmeters in the .
ccnetunt .Elasticity of Substitution (€IS, praduction
function and discuss methoda of cstimcting tkese
porancters. (6+14) =20

5. Define the logneri.al distrisution. How docs one
granhically test for the loznomality of an empirical
distribution? Shov how the 'low of proporticnate of foct!
gives rise to agn income distribution of the lognormal
foru. (345+12) =20

8. Explain tne concept of the incomo elasticity of demand.
Describe how you would obtain the Dngel curxves and the
inerue elnsticities of demand f different commodities
fron fanily ludget data. (1416} =22

T. For a8 two—<ommodity consumer's utility functiem of tho
Cobb-Douglas type

1) Show that ‘he econsumer's demand for cithor cammodity
is independent of the price nf the nther

ii} Cnlculata tho price ond incoemo elasticities of demand
for tue samcoditios. (12+8) =20

Plcase turn aver
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8.
0.

i)

i)

iit)

iv)

1. (a)
(v}

(c)

2. (a)

®)
(o)
3. (o)

(b)
()

4. (a)

(b)

Define National Incame and describe in detail any method
of moasuring it. Distinguish batween

i1) pet national product ot factor cost and at market prices,

i) pet ond groes mational product,
iii) disposable income and persomal incnme (1+49424342)=20

Write short-notes on gny two of the followings
Fractile Graphical /nplysis

Aouthskicer's derivation of the Cobb-Douglass produnstion
Junction as an oggregate produetion function.

The method of inetrumental variables.

Estimaetion of the effect of household campoeition
on the houschold consumer expenditurc pattern. (10x2)=29

GRJUP B: TECHNO-COM:EICLAL ST\TISTICS
Stutistical Juality Contral ~ Speciul Paper Y

(Apswer any five questions freo this group)
Explain the concept of rotional suh—groups and ita use
in control ohart tec niquos.

Explain how to construct ond set up proup controel charts

ana state the neccssary conditions for the advuntagenrus use
of such charts.

When would you recammend the use of "modified” control
limits in an X-R chart? Exploin how such limite can be
conatructed and used in practice. (6+848) =20

In what respects, docs a crmulative sum cantrol chart for
somple means, differ from

i} an ordinary X chart,
and ii$ a chart for moving averoges?®

How is @ cumulative sum control chart fer somple means
relatod to scquential tests for the mean of a normal
popul ation?

Clearly outYime the steps in using such a chart. (B4648)=20

Distinguiah betwecen specification limits and tolerance limita.
Explain the meaning of the term "Proceas Capability®.

Describae the varinue situatiocns thct mny orise

wheo the procesa copability is compared with product
tolerances and state what course of action ymu would
recoamend in cach gituation and why. (446410) =20

For attribute inspection acceptance asmpling plon,
define the following torms =
1) AQL i) LTPD 1ii) AdQL

Whot are the relative advantogas and disadvantages of
eingle, doudle, nnd miltiple nompling plana?

Derive an expression for the averago sample number of a
double sompling uttribute ingpection plan under an ncccptunce/
rejection acheue, (346410} =20

Floase turn over
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5. (a)

8.

(b)

(e}

(a)

(a)

()

(a)
V)
(e)
[CY
(o)
(n

(a)
()

-0 = SD(MTB\WIIT-3

Distinguish bLotween the Type A and Type B operating
characteristic curves of an acceptance sampling
inspeotion plnn, for attribute charncteristics.

Explain the basis for the followin: statements

"the long term process average outfoing percent defective,
moy rarcly be expected to excecd one—hnlf the AOIL value
asmociated with the inspections plan in nse®

For an inepector, the errora of mia—classificntien have
been found to be aa follows:

i} thc probubility of classifying o non—defective item
a8 a defective = Py

1i) the probability of classifyin. a defective items as
non—defective = p, . Show that if 7§ ia the preportion
of defoctives in U lot of eubmitted praduct, the
effoctive proportion dcfective.

Tloge = Py + (1 - py —py)
)i g pl-o, what would be the cffoet of the inspector's error

on tne operating characteristic curve of the sampling
plan. (545+545)=20

State the conditions for rotatability of a accond order
response surface design. ¥Frove that a gingle equi-radial
set of points entisfying all the mamcat restrictions for
sccond order rotntability, cannot satisfy the nen-—
singularity ennditions. Show ‘that bty introducing a few
centre points you can get over thie difficulty.

For a central composite deaign to bde laid out in two
blocks, state und prove the condition far oriliogenal
tlocking. Indicate the experimental comlinationa to

ba carried out in cach block, when the nuclor of

factors is five and a half=-replictate of a

2% desizn is used. (10410 220

Write short notes on,any four of the following 3

Purcto Analysia.

Vendor quality rating plans.

Control by Narrow-limit gunging.

Lot~plat wchnxqu-.

‘,rutmg for outgoing qunlu.y assurance.

Demeri
Discovery sanopling. . (545+5+5) =20

GRJUP.C t BIGE"RIC METHODS '

Speeial raper IX. .
(Answer ony five questinons from thia group)
For treoating a disease D, therc arc T different drug

availablo in the market A group of N = ¥7 (K is an mtager)
perscns are luown to suffer from tiie disonre T.

Design on efficient expe:iment to compare tw coffectiveness
of tone drugs againat tho discase DN.

Outline tho unalyais of your deaign giving a medel and
assumptions, (7+13)=m20

Ploane turn over
(M28) - -
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2.,

(a)
(v)
()

Let Ny and N, be the Bizes of two samples fram two
p—~variate norwal populs tiona., Let i]. and ;‘2 be
the sample mean vectors with corresponding ith

componenta )_(1i and fz‘ . Let ((S(p) ‘J)) be the
inverse of tne usual pooled estimatc of the commom
dispersion matrix Z( y+ Definc

CF T st Ty - F
Xgy - X0 (X, - X )
R 11~ X0 (g 25
2

Show that D .

DP L . \
Obtain the distribution of D_.
Obtain the distributisn of Dp ‘when pm 1, N, = §

2
and Ny tends to infinity. (7+748)=20

An expensive blood test detemrines whether or not a pereon
is affccted by a certnin discase. The discnse is present
in about 1 out of every 19) individualas in a given
populution of aize N. %very individual in the popul ation
i3 to be tested for the diseasc. The testing procedure

is to pool the blood of n persens (14 n  N), where a
single test haa two possible results : either (i) all

p individuals do not have the discuse or (ii) atlcast

one of the individuals has the disease (cull this group as
G1) . If the test results in (u,, a ponled bload of m
individuals (1 & (n) from G1 is tested. Let G2 denote
the group of re.mxnuuz o-m individuals.

Let X denote the number of peraons heving the discase
in G2. If the second test resulted in (i1}, find the
distributien of X.
Find the distribution of X if the second test rceulted
in (i).
Using the resulis of (a} and (b! suggest o procedure
to classify all N individuals, (12 +448 =20
Let x_l 12 ey :gn and Yl, Y, eeep Y, be two sets of
ind> pundent p—‘vcrxntu obaervunans with mean vecters /\
ond /M and covariance matrices Z_X and Z\’
reapectively. Let the populution distributiona be
p—~varinte noroual.
Deacribe test procedurc{s) to test the mull hypothcsis
Y
Jx- /vywl\en ZX y an
[ ~ () b=

(B o gn (10410) =20

Flcase turn over

(290)



(v)

(a)
(v)
(c)
(@)

1. (a)
(v)

()

2. (a)

(v)

-8 - SD(M76)VIII-&
Let Xy and x21 be two obsorvationa om a rat numbored i,

(1 =1, 2, ..., N) before am! ofter a troatmont. The
joint distritution of (x‘li' le) ia bivoriate normal

with mean (/‘*1, /-Az) ond covarinnce matrix

2 2
(e 2 Fa 2> . .Let X bo & similar ebservation on
a a

a new rat. Using the likelihood ratio principle, find
whother the new rat has been treate? or not when

2
/“'1- /“’2, & and Fax_-e knewn.
2
Only a” is lmown. (10+10) =20
Virite notes on pny two of the followingt

Multiple correlation.
Principal component analysis
Factor analysis

Confounding

(giviny definition, canputational precedure and
applications).

GRCUP D¢ DESIGN AND ANALYSJS 07 EXTERINENTS
Statistical Aspects — Special Taper I

(Answer any five queations from thias group)

Discuse the role of 'randomisation' in planning of
experimeots.

How do you randomize in a (i) 6 x 5 Lotin Square

experinent (ii; BIB experimont with paramcters

beild, vaeB r=17 ka4, - 37

How do you ebtain a rondom permutation of 14 synbels

uaing (i) a table of vondom numbers (ii) o table of

randem permutations of ten digits? (84648 =20

When is an oxzporimental design said to be (i) comnected
(ii) variance balanced (iii) officicncy balarcod?
Considcr an exporiment invelving v troatments in b blacks
of experimental unita of asizes kl' kg, neey kb and its
anslysis under tho usual sssumption of additivity of bleck
ond treatment of focta, Show that here (i) a linear
functinn of trentment offects is catimable only if {t

is a contrast (ii, all contrasta are cstimnble if and

only if the decaign is cannected.

Further if tiwc design ia oquireplicate anad k1 - k2 - kb

then show that it is varianoe balanced only if it is
eithor a RAD or a DIWD. (684848} w20

(30)
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3. (o)
(b}

(c)

4. (a)
()

(a)

(v)

Yhat is Deant by 'recovery of inter-block information'
in an inceaplcte block experinent?

Itlustrute this by obtuining combined intra- inter-
block ¢utimates of trecatment dif ferencen in o balonced
incaoplete block design und their etandard errors.

Explain toe role of 'resolvability' in this connection.
(1+1244) 20

Derive the analysis aof o two andnciate purtially

Lalanced incomplete block desizn.

Duscribe all computational steps using a triangular
associativn nchuame for :llustratinn. (1347 =

In o wplit plot experiment iovolving 3 levels nf
irrigation i, il and 12 and there varictacs vor ¥
and v, the whnle plot treawents (iL_, it and 12)

nre Anpianed to the three whole plots of each of feur
replication as an a run-leursed black lay out and so
are the smbplol treawentas to twe three subplots
Within euac s whole plot. The yield for the cembioation
() v,J) is @i1ssing for replicuatinn 1, UObtein the

1

unalyw1s of vurisoce for the available data. (20}

Consider a desiyn for fitting & sccond degrec oultiple
TeoreARslon ¢juation.
< 2
Y'IQD’ZBA Xi+ -—ani’ Z ,Bhi X X
he
(i, b =1, 2, ... &

Ratinfying the followins syowetry nnl sculing cnaditions

o N, R

Z XK. . SORTS Koo X o= 2 X0 X,

i KJX So1 xe 21 A_n ‘J:I jﬁ Xit Xjn
~N

ST e s

-1 Xji %5n

i i x'h
1 9 TR

N

< 2 2 2 )

2 X -, % X3, “c, LN = ced
Je

for cach i, h, i ¥ h. Here (xﬂ, sz, . xjk)

arc the values specificd for the k cxplanatary variables
for tho jth obacrvation (j = 1, 2, .. N).

Ubtain necessary and sufficicat conditiona to wotisfy
i) erthogonality  Cov { V¥, & w) =0y i 4N
i1) rotatability

Give un cxauple of a central couposite dcaign which is
orthosonul und also rotatable. (B+8+4) = 20

Pleaso turn over

(:31)



7. (o)

(®)

(a)
(v)
(c)

1. (a)
(v)

2. (a)

(b)

-7 - 8D (M78)VIIX-7

What are the special problems that need attention whan
one ie enalysing long torm experiments involving repotitions
of simil & cxperiments over space or in time.

A varietal experimont on wheat carried out in four

rundamiascd blocks of four plots each is repnated on three
consccutive years at the same sito (using tho samc layout
cach year). Describe a suitable analysie for thie
experiment. (19+410)a20
Write short notes on amy two of the tnllowing topics

Quasi Latin Scuares

Variance Conponent analysis

Crosy—over Designs. (12410) =20

GRCUP E : SAFLE SUWEYS
Theornticnl Aspects: Special Taper I

(Attempt any four questions fram this group)

Show how to compute the atandard error of the menn
of n uncorrclated unniassed estimates of a poramcter.
If a saimple random sample of size n be drawn with
repluccrent from a populs tion of N unite then discuss
the officiencics of

i) the mean of all the sample valuca and

it) the ocon of the values of the distinct units in the
sumple only relative to the »onple mcan of n upits
Belecter at roandom without replocement. (9+18) =25

Explain the principle of atratificatien of a finite porulation.
Discuus how you will dotermine thic beat prints of division of
a popuk tien inte k strata (k being determined in advance}

for proportienal allocnatien,

i} when the stratificatinn variable is idcatieal with the
vartable under study in the sulvey and

1i) when the stratification variable is lincarly related
with the estimation variable. You mny nsstwc the
prpulation ¢0 be on infinite one with prebobility
density f(y), a <y >

If the values on a character y be recorded on independent

saople rondom samples of sizes ny (h = 1, ..., k5 drawn

withiout repluccnent scparately from k strata of reapective

aizes Ny (h =1, ..., k) of a populatien hnving

Nw 2 Ny units, then on the basis of the information
hwl

80 cnrllecte obtauin an unbissed estimate of varionce of

tne wean that might be based on a aipple random anmple

. .

of size n = z oy from the entire popul ation
h=1
disregording atrota tsken without roplacement. (A4T+T+7) =28

Ploase turn over

(432)
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3. (a)

(®)

5. (a)

Suppowe in 4 twa” stnge..anmpling scheme n primary
sampling unite (PSU) out of N are selected with
varying probaobili{ties without repl scement with
inclusion—probabilities of PSU's and pairs of PSU's
as /T, and 7[‘“ (4, 3 =1, «uoN; i 3)
rospectively and cach selected PSU is subsampled
in a certain known manner. If Ty be an unbissed

estinator of tho ith PSU total Yy based on sub—

sampling at the second stage with O’i as its
~

vuriaonce such that ap unbiosed estinator Fl is

2
available for G‘l, then show that the sample tntal
T

i

of is an unbinsed estimator for the populazien

i
totel of Y, 'a and obtain oxpressions for its variance

aod far ep unbiaeed cetioater of the varianco.

Let R e ;{? be tha ratio of popula tion totals of twn

variubles y und x having o» the corrolation cocfficlent
If a simple random asomple of s8ize n be drawn without
repleccnent from this population of size N, then show
that

N

N o o
R= T+ N DX

ia an unbiascd cstimator for R.

asmuming n to be aufficiently large show that V(‘b can
be closely approximated by

2
2 -2 5 - R
(s, +8 8 ~2R [_’sx S, /n X
where % = E (Y‘/xi), T = sample mcan of f values, and

other notations are standard. (13+12) =28

Derive tne oxgremaion for the variance of the cean of &
systeoatic manple (pommlution sizo M beine an integral
multiple of t.e sample size n) freo ¢ finite discrete
seyuence in terns of the introsysteuatic acuple
eorrclacion ecncfficicnt. [nveatigate the relutive
precieion of gyateratic, stratified randon and simple
ravdou sacpling procodures in the case wherc the

popul ation cunsists only of a lincar treod.

If N ie mot an exact oultiple of X an that N = b k « £

where k is un integer and 0 {f{k, baw cun you draw

o gystatratic sumple so that the sample ocan kecnmes an
unbiased estimute of the populatien nenn? In this case,

if ‘cvory kth' systematic sample bo chosco at randem,

whint will be your unbiased esticaotor for the population

total ? (6+10454+4)=26

A populatien consiste of N clusters of M clements each.
Consider a sinplc rondon saople af n complete clusters.
cbtain the varisnce ~f the cstimated woan per elcment

an acnce mhowv tiaat for o given dulk of scuple elements,
if the intra—clnstor correlatirn € ) 0, the cluster as

a unit of sucpling is lese precisc than a simple randcam
sample of eleuounts. Explain the differences among cluster
sampling, siratified sumuwpling und two-stago sampling.

Plcase turn over
(M33)
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5. (b) A popnlntion consiste nf N primary units, the ith primary
(oantd.) wnit cenupining My sub-units. A soample of n primary units

is aclected with equal probability and with replacement.
If the ith primary unit is sclected, a simple raodom
sample of m, «ub-opite ie drown. Give an unbiased
estimate fof the population mean per sub-unit. Derive
the exprcssion for variance nf the unbiascd estimate and

an cstimate for this variumo. (T+21+2+8+6) =25
0. Write shert natcs on any thrce of the frllowing:
(a) ITS systematic sampling,
(b) Lahiri's method of sampling.
(c) Interpenotrating nctwerks of sub—suplca,
(d) Unbioscd ratio and ratio-type estimators.
(e} Syurctrized Dos Linj estimators.

GIOUP P : TECNIUT3 (F CMFUTATION

Nurx rical Annlysias — Spvecial Yaper I

{Answer any five questions frar this group)
1. Find the ront of scallest meznitude of the eguation

x® 4 0.992 x 4+ 0.8.107 - 0

using four significant digit floating priot ar"..hmetic.
Aseuning that the oumbers 0.4902 und 7.8 x 197 are
approximate and the true valusa lie within the intervala
(0.4021, 9.45.23} and (0.7 x 1377, 0.0 x 10~ respectively,
find the interval in which thc ront of emallest mognitude
lica. Use four significont digit floating point

arithmetic. (2
2. Define the operatars A, £ ond s . Show that
M- B - ae
2/1s00

1t pn(x) is a pnlynomial of decree n with lcoding coefficient
8.0 X, is on arbitrary pofint and h is the increment of x,
then ahow that

A“ ) =0 nl B°

p, (xp) = o n

Determine the apacing h in u table nf equally spaced
valucs of the functien f(x) = /x bu'ween 1 and 2 so
that interpolstion with o secrnd desree polynemial
in thie table will yield aceurscy to 5 placca of decimala. (20}

Flense turn ever

(M34)
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3.

(2)
(v)
(c)

Derive Simpaon's rule for numerical intogration and obtain
its error term. For which polynominl is Simpson's rule
exact 7 Construct a rule of the form

£(x) ax = Ay £ (=D 44, 20) 4, (R

which ia exact for all polynmmiols of degroe lcse
than or eguul tn two,

By o double application of Simpeson‘s rule, dorive the
formula
E T R

, hk
J jf(hy) dx dy 2 325 \_f'oo D A AN

Xy Jo
+ 4 (’ox LR PTIRE PP :21) + 18 r“j

where x_ = X; + rh, Y, =Yy 4 skand £ = f(x, ¥). (20}

Derive Newton-Raphson iteration forrmula for the solution
of an cquation £ (x) = O. Show that under certain conditiona,
Newton-Twuphaon method converges quadratically. Show that
the Newten—Raphson iterntio?, aa applied to £ (x) = x® — a for

the dctermination of K = 8% 4 of tho form

By = & D““)zk* Tg-x_]

and that if € | = K = 2, then

n—1 2
ékﬂ'z - = ek when 2,72 X . ()

Deacribe a method, giving relevaont derivatinns, to crapute
the inverse of a non-singular Bquore matrix. Stote the
limitations of the method. Calculate the inverse of the
ma trix,

2 3 -1
4 41 -3
-2 3 -1

using the method you have described. (20}
Write notes on amy two of the fnllowing ¢

Daetermination of Stationary values,
Solution nf a system of linear equations,

Buler—tisclanrin sum formala (20)

Please turn over

(435)



1. (a)
(»)

()

2. (a)

(v)

(v)
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GROUP G 1 STATISTICAL INFETEMCE
Genera) Theory — Special Paper I
(Ans7or ony five questions frem this group)
Explain clearly the concepts of unbiasedncae and consistoncy
in the context of estimation of parometcers.
If an catimacer 'rn(xl. ooy Xn) bascd on a sample of msire

n is unbiased £or the parametric fenction g(®)for all n,
does it follow that the scquence T (xl, ey Xyd

is consistent tor g (8) ? If tn(xl’ ey ;%) is a

consistent estimater of g (8) is it oleo undiased?
Illustrute your answers by an example in each cose.

Derive a set of sufficient conditinns for a sejuence of
estimators T, (xl, s++ X,) to de conaistent for a

parametric function g(9) . (5410 «8) =20

Let Xyy oeeny Xp be u indcpendent observations from a
popul ation with dcnsity function f (x,_e), where 9
is unknown parameter vector with componen ta 0-1, enay 9-1‘.

Under suitable reyularity conditions to be stated

preci sely, derive a lover bound for the gencralized
vaoriance nf any sect of unbiasse:’ eatimators of 0-1, vaey Osk-
Deduce from (o) that the varinnce of the estimator of oy

is not lces than a quantity whic1 is defined independently
of any me thod of cstim tion,

Illustrate ynur anawer by taking

1(x, 8) =

(194248120

Let L (g('é}, 2; (x) denonte tho logs fupction and
2,67 =B 5 L (8@, S (0] denote the risk fusction.
Let A\ (8) denote a prior distribution en the parameter space ()

Suppose
T {508 AE - me 26, Sy

Show that - (i} D 1s minimax
(ii) If & is the unique Boyes solution with
roapect to -X , it is uniquo minimax procedure
and  (Lit) A (8) s least favourable distribution on(iD.

Supposc X has 3inemial cistribution 2(p 2p) an! the loas
function is given by L (p,& ) = (p —as + A natural

estiuntor of p is §. Is it ninimax? (1248)=20.

Ilease turn over

(u38)



(a)

(v)

(<)

(b)

Y
ii)
144)

Let f(x, 3} bo the probability density of a random variable X,
where @ is ao unlmown parameter. For testing the simple
hypothesis HDI S - 30 against the simple alternative Hl: o = 01,

1) Show thot therc exists a test function CP (X} and a
constant K such that

O de (x); - X (LD ,

¢ when f(x, &,}> K f(x, 90\
and (2) <P () - i 0 when f(x, &) ¢ K f(x,8)
» By 18!
1i) Show that if n test eatisfies the conditiona (1) and (2)

above for some ¥, then it is moet powerful for testing H
against H at level .

iii) Show that if a teat;b (x} is most powerful &t level X for
teating Ho aganinat 11, then for some E it eatisfies

condition (2).

Deduce that the power {3 of thie most powerful level of test
(0 <x < 1) for teating H, against Hy is greater than ¢ wunless
(x, so) - f(x, el) for all x.

Let X be tac number of Bucccases in n independent trials with
probability p of success. Derive the most powerful test of

level o¢ for testing Iy : p = p, acainst Ayt P=Py (> pu).
Show that this test is uniformly most powerful for all
alteroatives p > Po- (104248) =20
Define unbiased confidence aet of & parameter 9.

Show tnat unbissed families of tests lead to undiased

confidence sets and unifcrmly most powerful unbiased

funily of tests lepd to uniforoly most accurate unbiased
confidence sets.

2
Let x,, .+ X be 8 pumple fra N(/b\ , G ) where both I and

0‘2 are unimawn. Obtain the unxlnr@ly moat accurate
unbiase:! confidence interval for 5. (341047 20

Let f(x, &) be the density function of a random variable X,
where & is an unkoewvm vector o2 T oraneters 9-1, ey 9-!‘ .
Explein tie concept of Likelihood ™ntio Test for testing the
simple hypothesis P-i' - 9-1", cavy G-k - 9": bume~ on a aample of

size n. Obtain tlhec aeymytotic Cistribution of a suitable
troneform of tne teat eriterion.
2. .

Let x5 «eey X be a s_mple of size n from N ( , oV,
Derive tbe likelihood ratio test f~r testinz the composaite
bypotacsis M, : AL - » ¢~ being upspecified.

/ /u" (1248 =20
¥rite short notos on :
Complete class and eesentially complate class of decision funotions.
Completeness and bounde:d completencsas of a family of dasitributions.
Sufficiont stat{stice and Fisnor Informatiom, (20)

(M37)



(a)

(b)

@),
®

(v)

(a)
(v)
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GRCUP-H ¢ mmrx.m TS ORY
Banic Probability — Speciul !‘nper l

(Answer ony six quastions from this group)
sapposo X is'a set and 8 xa a class of subsetes of X asuch

umcl d)ﬁs, XE 8 2.4, %€ 8 =5 ANBrS 3. A& S5=5 aC

“{a a finive disjoint union of acte from S. Shav that the Clams ¥

of finite disjoint unions of sets Irm S is a field of subscts
1 X.

Let X = (’(2 ,1) show that the claas r nl finite disjoint unions
of intecrvuls of the forwm [a,b), O a &L b 14 is a field
of subsetn of X.

Supposc on the above field F you define P by

P(A) = 1 1f for sama 8 1, (,1)C A

-~ O otherwise

Is P countadly additive? (5+3+8Va18
Suppnse f ia o recol valued function on a ceasurable space
sucn that | £|  is measurcble. Then should f be measurable?
Suppose & Bouence tn of oeasurable functicnse oo 8
probability space (X, A, P} converse pointwise to a function f

Let &7 9 ahow taat there is a sct of mecasure less thom &
such that on tire complement of that sct tn converges to

¢ uniformly. (54111 =16
Define the term "produot of two mcasure spacoa®.

Suppose (L2, ), P} is a probabiiity space sml (7 B, A

be rcal lxne w{th Dorcl o~ fiold snd Lebesque measure.

Suppose is a + ve integrable function on LL .

Lot G = (x,y)(.ﬂ)( R: f(x}> y} . Shew thet the

praduct ¢apure, that is, P x A .measure of the set

G is £d P, (6417} =16

For a sequence of randem variahlea on a probability space,
show that almoest everywhere convergence iwplies convergence
in probability.

Give an exunmple (and prove thot it is an example) to show
that converac of the ahave atatenent is not nlwqya correcct.
(8+8' =18

State and prave Borcl-Cantclli Lemoa.

Suppose Iu is a sejuence of intlerendent random variadbles

on a probability space such that Limit %fn(x) -0 a.e.
ay n

show that S P %_x: \rn(x)\>r\3-4w,

Rathl
Here P is tho underlying probdability. (8+8) =16

Plcasc turn over

(Ma)
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6. (a)
(v)

7. (n)

(v)

()

pefine the notion of "independence™ of two random variables
and of a sequcnce of random varicbles.

Lot X = Co, 1) with Lobesgue measure. Define tn(x) - 4 1o0r-1
according os the integer i for which ‘—':—5»«-.—;— is odd or even.
2

Show that £ 1s o sequence of independent randam variablea.
o
(6+10) =18
When do you say that a sejuence Fn of distribtotion functioms
on the real line converges weakly to o distributioen P.

suppose F_(x} = © if x £ 1/n

- 1 iftx >1i/n
Doers thias scquence of distribution functions coaverge?

Suppose Pn is a sequence of distribution functiona on the

real line such tbat for every rational number x, Pn(x)—) P (x)

where F is a distribution function. Show that F —> F weokly.
(34847} w186

Let {2 be the unit aquare, N be Lebosgue measure and f be

the randea veoriable f(x,y} = x+4y. Colculate the distribution
function of the rancom veriable f.

Let {2 _be the unit sguare snd A\ be Lebesgue measure.
Let P be the measure defined on the Boreal G~ fimid of {2 by

¢ 1 1
P(A) = 4}\?-5 a E(l, E_:\ x [_G, a%
Show PZ<C N < What is the Radon Mikodym derivative of P
wa.t A7 Ia AL P? (8+8) =18

(1430)



INDIAN STATISTICAL INSTITUTE
Statistician'e Diplona Exomination — May 1076

Paper IX (Theorctical)s Subjccts of Second Paper of Specialisation

Time: 4 hours Pull marke: 100,

(a) Condidates are required to answer quostions
from that group nnl* for which they have
registerel fleir Options.
(b) Pigures in the margin indicate full merke.
(c) Use of Calculating Muchine is nmot permitted.
GROUP Ar ZCONOMIC STATYSTICS
8pecial Paper YI: Indion Econemics and Economics of T'lamning

Section I: Inlian Ecenmaica (30 markae)

(Apewer guestion No.5 und ary two of the rest'

1. What do you peon by the "Structure ~f the Indian cconomy”?
“hut are” the cntcriu usod fer specifyving the structure in

broad tecrma? How are tiey rclated to the procedures of
national incere accounting? Counent on tho significance of
"Structural chunges” for "economic development” gencrolly.
vhat ligat dees this throw oo Incian ccomomic expericnce

since indepenrsense? (543424535 a2

2. ¥hot, in your opinien, are the principal chunges in Indian
agriculture that have takco place in recent yoars (say,
since 1060)? Le vou think that it is possiblo to associate
ony definite trends in the volume of agricultural prouctinn,
or its structure, with these chznges? Discuss. (8«12 a2y

3. Briefly tracc the evolution of indistrial policy in Indin
since 1956 in terms of its objectives and instrumcnta.
Do you think that thcre have becen any definito shifts
in tae policy over thesc ycars? (1348} =20

4. Give a short description of tihe naiure and extont of
inflation axperxcncc‘l recently in India. (Tlcase mention and
justify(driefly) the dutxnc_ of the inflationary period

vnder reference). “’hat, in yaur opinion, werec the principal
factors oehind the inflation? 3Briefly croment on the
policice adnpted for combatting inflatien. (84743} =20
B. Virite a short note on any onc of the fellowing:
(a) The machinery for settling industirial disputes in India.
(b) Agricultural taxatien im India.
(c} The pattern of crodit allocation of commercial banks in India.

(1),

Section II: Economica of Planning (50 marks)

(Anewer guestion No.5 and any two of the remaining questions)

6. Let Y, and S be the levels of national incame and savings in

a country ut time, t = 3., It ia assumed that all savings are
invested and that therc is a comstent marginul (ipcremen tal}
capital—-output ratio, 'K', Leil Ty be the rate of growth of

incame (A Y /Y,) at time t.

Plenac turn ovor

(14 0)
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8. (a)

(contd.)
(v)

T.

8.

10.

(d)

(a)

(b)

(a)

(v)

What is the value of r  ?

Let 's' bo the morginal (incremental) Bavings — income
ratio (A 8 AY(," For whot vnlues of 's' docs Ty
increase over time? Does Ty approach any constant
value in this case? If so, what value?

Derive the cxpression for the rate of growth of per-capita
income, given a constont rate of growth of papulation.
Suppose thot a certpin target value for the former is
printed, say f . Ccduco the required investment—income
ratio. Suppose this ratio is soaller than (S_/Y_ ), ond
the gap is finaoced by drawing upon "foreign exchange”.
Let Ft be the quantum of forcign exchange drawn upon at

time t. Whut condition on 's' is reguired for Ft. to

docline over tine? -Assuming the condition to be satisfied,
can you find out the timeo, t#, when Foeu™ 07

Briefly c ammecnt on the significances of a "foreign exchange
constaat” and the "burden of interest—payment on farecigm
dcbt™ in the light of your answers above. (2454845} =20

Give a brief acccunt of tre devolopments nf input—output
analysis and linecar progracming. For what sort of prablems
con these Do uscd as tnols cf planning? Do you think
thut it is feasible to conastruct o model of planning for an
entire econouy on the tecunicul basis provided by those
tools?

Indicote briefly the uses of thie obove tools for planning

in India, if there are any that you know of . (1545} =29
Give o connccted occount of the financing of Indinn plans,

beginning with the Third Five Yoar Plon, iudicating the
broad division of sources of revecme relevant for this
purpesc. .'hat role hos texation in particular ployed in
this? And "foreciisn aid® 72

Roview the necessity of evolving o definite tax—policy
in India in ti.is context. (1545) =20

Give an outline of the draft Fifth Five Ycar I'la of

Indin. Docs it scek to tackle any "new" probleas

that wero left out, or very inadcguately dealt with,

in tno earlicr plane? Is there anything "new" in its
approach to older problems? Discuss fully. 20)

Write o short—note an uny onc of the following:
The concept and use of "capital-output ratie" at the
sectoral and national levels of planning.

The eignificance of price—policy of tho public sector
for mobilisation of rosources for planning.

The rationule and critique of o policy of iovestmont in
the "heavy industries” at on carly stage of development
of an coconony. (10)

Pleane turn aver

(M41)
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GRCUP B ¢ TECRNO—CCMAATCIAL STATISTICS
(Special Papcr II)

Section I : Operaticrns Research (70 marks)
Section I (Alternutive): Elecents of Drok—keeping

and sccountancy (19 mxrke)
Section I : Stutisticol Mctheds in Businuss (3> marks)

Section Y: Opcrations Research (70 marks)

(o) Use a soparote anawer-beok for this Section.

(b) Attenpt anv four juestions from this Scction.

1. A crmpoany has two factorics each of which can make four
producta A, B € and D with foilewing casta ond copucities

Cost in “s./1bL. of tax imum copncity
product o xe of nll protcts
A ] [ D in lbe./weck
Puactory 1 : Normul tice 1.3 1.4 1.4 1.2 70,029
" 2 Overtime 1.4 1.5 1.5 1.4 14,009
Pactory 2 : Norwal tinme 1.3 1.4 1.5 1.4 0,97
" : Cvertine 1.5 1.5 1.7 1.7 18,990

Finl out tiic amounts which cach factory should preduce
by rcgular rproduction and by overtioe productinn 8o as
to ccet the dermand 1t winicun tolal cost. Qan

2. (a) State Meliman's principle of aptinality and explain as
to how it can be uped to srlve rmltistage decision proablems.

(v) There uare three matheting arcas ~nd tie profit oltained
in any arca dependa on the number of aalcwmen allotted
to thatl ores. The following nfammation is available:

Nupser of galcamen Trofit abtoined in thonsands nf rupee
olletied tn the arca LAren ) Aren & Areu 3

2 a8 40 L]
1 41 42 64
2 48 50 a8
3 68 80 18
4 66 66 00
S 72 75 102
6 83 a2 109
7 86 83 119
8 102 06 124

Aesuning that wo have a totnl sales force of 8 salcsoen,
allat the salesrien tn ureca using Cynamic Ire;rocaing te
Daxinise tao profit. (4+13) =17

Dlonso turn ovor

(M42)
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3. (a)

(v)

1)

14}

2 2,
\
Por an N/G/1 queue, show that E(w) = £ 1+ M E(v),
2(1-9)
where E(w' = expected waiting time of a custamer, not
including the service tiwe,

B(v

expected service tire of a custrmer,

>
'

uean mumber af customers arriving in
unit tioe,

Decn number of customers aerved in unit time,

-
1

- (}7 } = traffic intenaity.
2
and Sy = variunce of service tiwe distribution.

There ore N laopa on a life test and the testing is
teruins ted as snon aa the rth frilure occours.
Failed lanps are not replaced. hssume that life (X}
of i lowp hae the probsbility density functien

1 -t/6
1(1)-; e /, X3, &9,
Show that l(ihe expected waiting time to the rth failure
is S

1 V-
e &= (N_ Tl ). (1947 =17

Show, under suitable assamptions (which rm: muet state),
that the optima} values nf order quantity (Q) and re—
ordcr level (r) satiafy the following relations:

2D [+ b7 (x)
2= - 9],

o
\ N 228
(2} Jr(x, ax = =,
T

where D = yuvarly demand, A = cost of ordecring,
a = cnat of carrying inwentery,
¢ = unit enat of the item,
b = cost af nne unit short,

f(x) = !ra]unm:L!uncuon of lend time demand

and 7 (r) = {x-r} f(x)ax.
Doscribe nn iterative prmeedure for obtaining the optimal
values of 9 nnd r. (12+8) =17
Pollowing ie a linear programiing problem:
Moxinise Z =X v X X,

1 x3

Xy + DXy« Xy = X0 ie1, 2 3,4,
Find out all the eptimal breic feasible anlutions by using the
Simplex mo thod.

Wirite down the zeneral form nof an optimum anlutian, (12e8)=17

subject to  Z; + X, + Xy + Xy = 4
%, o+ W, + + Xy =2
4

Floaso turn over

)



8. (a)
(v}

2. (a)

()
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¥rite, briefly, on variance roduction techniguea for
Mmte~Corlo mothod.

Vrite short notes on : (i, Newspaper-bay problem
(4i) Machinc—repair problem
(iii) Warchousingz problem. (543x4) =17

NEAINESS (2)

Section I (fltcrnativo): Elementse of Bnok-kecping and Accountancy
(79 malks)

(a} Uso soperate answer brok for this scction.
(b} Atteppt Jucstion No.l nnd ony other threc frem this section.
Atter jo-1,

1/8. Brown g Thilip are esupl purtners in a business, troding
under the atylc of "The Celcbrated Cycle Co." tn 31st December,
1073, their book—keeper oxtractes. the foilowing balances (ram
the booka:—

Cnsh at Bank £5.3,009. Flont & kKachincry P3.8,88),

Stock of finiahed goods on 1.1.75 7s.7,858. Matcriol om hand
on 1.1.75 3,2,739. Salea during the yesar 75.1,68,687.
Agents Counissien 23.4,800, Orown's Capitnl Rs.5,358.
Thilip's Capital 7%s.4,07), Verlmen's “oges %9.26,7908.
Busincess DPreuises "3,2,5%", Bills Dayable Bs.3,81),

Cash Crecitor £s.4,000, Material Yurchnsed .1,41,042.
Sundry Creditors Ss.4,462., General Expenscs Fs.720.
Travellers' Salary 15.3,527 . Brown'a drawings M.9°0,

Bod Debt written off 35,858. Rent, Tates ood Taxes Ps.1,00C.
Sundry Debtera 7s.0,556.

The folloving cdjustments are necessary:

5 per cent depreciation off FTlant & achinery; one year's
interest due to cash crediter at 5 per cent annually;

3ad Debts catimated at ’8.320°; Ceomicsion to Agents R3.7NC;

‘Stock on h:nd at 31.12.75 - Materials £3.1,860 and Finished

Gonda Fs.0, 250,

Fropere frading, ProCit & Loss 4/c and a Balanco Sheet os

at 31st December, 1075. (6+1040" =23

What purpnase doos a Jourmal serve in modecrm Book—keeping?

Give tine Journal entrics necossary to rectify the following
errors dctected in the books:

1) A pnyment of £3.2,50) for purchase of a Typewriting Mnchine
for of fice usc has been debited to the Turchascs Account
from Cash Book.

i1} A oredit wale of 23.150.5) to Sri D Banerjee has been
postod to the debit of Sri C Guha's Accrunt frao the
Soles Dny Book.

1i1) A payomont nf F3.066 for whitewnshing the office rrmos
has becu charged to Muilding Account. (3+12%a15

Tlense turn ecver

(44a4)



(a)
()
(c)
(a)
(o)

(®)

2. (a)
(v)
(o)

Banbay Manufacturing Co. Ltd. bought machinery on 1at January,
1972 for Fs.2(:,000 and begon tn doprocinte 1t @ 10 per cent per
annum on the Diminishing Balance Method.

On 31st Decemder, 1975, the Company decidcd to obnnge the method
of depreciution from Diminishing Balance Mothod to Strnight Line
Uathod with effect from 18t January, 1072 and to adjust the
difference in depreciotion up to 31et December, 1975 threugh
Profit and Loss Account of 1075. The life of the machinery

is eastimated to be 17 years.

Show the Mac.ainery Account during theee years. (18
On 1st July 1975, Export Agency Ltd. reccived fram “ansen Co. Ltd.
two Bills of Exchange for Rs.7,790 and .5,000 foar 3 months and

2 months respectively.

Co 1at \gust, 1973, the first 3ill was endorsed in favour

of o creditor. (o the same dite the second bill was discounted
through Bank at 5 per cent. On due datos both the bills were
dishonoured.

Show the jnurnal entries necesenry to give effect to the above
troneactions in the books of Zxport Agency Ltd. (18)

what do you understand by a Triple Column Cush RBnok? Give the
ruling of such a Cash Brok and enter five specimen entrjes thercin.
(5417 =18

‘Arite notes on nny three of the following:

Trade Lisconn® ond Cash Discoun?.
Opening Bntries ond Closing DEntriea.
Bank Recemciliation Statement.
Impersonal Accounts.

Income earned but mot receivol, (5x3) =18

Scction YX: Statistical Methods in Pusiness (3 marks)
(n) Use o separate msawer—book for this sectien.

(b} Attenpt any two questions from thia scction.

Conpare tho following me thods of determining relative job vales:

i) ronking ii) classification iii) factor cemparisonm

iv) point system.

Discuss the importance of job ananlysis in o job evalhintion programme.
(1245} =15

¥Yhat componeuts of demand are invelved in a forecast?
Wby deo the moving averages discount randem effecta?

Comparc the reaulis of simple moving average forecasts and
exponentiul moving average forecasta. (444+7) =18

A firm his o certain budzet C for the advertisement of n items

it sellw . Xte profits from saies per unit inveatmcnt in the n items
arc 61, C?, cvey Cn, respcctively. It cannot invest more thon

84y By eae, 8, for advertiseuent on those cemmodities respectively.
Show how it should invest its funds om the variocus iteme?

Discuss the cusec for n = 2. (18)

Pleoase turnm over
(u45)
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GRCUP € ¢+ BIGMETRIC METHODS
Special Pnper II : Statistical Mothods in Genetics
and Dio—ossayws.

Scotion Y 1 Statistical Metbods in Genetlca (30 marks)

(Attempt any two guestions from this scotion)

Describe available statistical methods for detection and
eastimation of linknge bectween two factors A nnd B om the

basis of progeny of crosses of the types A2 Bb x auabd

and A8 Bb x ia Bb, explaining clearly how results from

several such crobses can be teated for homogenecity and

combincd vhen justified. (25)

Doscribe the Sib method for cetimating the ratio in single-foctor

segrogotion in hunan genetica, explnining carofully hoew the effect

of the method of sacertainrment is taken care of in tho analysis.
(28

Describe the mechanism af inheritance of the 0-A-B blood—group

system and exploio 1ts eignificance in receolving mecico-legal

cnses, Obtain the likelihood equation for estimatinn of the

frequencies of the genes 0, A and B in a panmictic population

from whicia a roadom samdle giving phenntypic frequencies of

0, A, D and AB bLlooad-groupa is avcilable. Iescribe the

method of scoring for calculating the estimates. (2%

Scction Ir: Bio-aesays (3" marke)

(Attempt ony twn questions frrm this section]

Define the tercs tolerance distribution and medion effective dose
in connection with o Liolnsical assay with quantal response.
Working out the necessary statisticnl theery, develop a method
for entinacing the wsediun effective dose in a quantnl assay

anxt also its standard error. (25"

Exariine eriticnlly the i.-plicatione of the assumption that
the tolerince distribution is —

i) log-normal;
iii) angle.
¥iark out the apuropriate dmse or rcsponse meta-weter in ench case.
How do you exaomine which assumption is valid in any given case'l( )
25

Write short-notes on opy three t

Fisller'a theorem.

Parallel-line assays ovnd Slopa-ratin asaanys.
Twin Cross—over Assay.

Spearman-Xarber wethod of catira tion of EN50.

Correction for natursl response in quantal aseays. (2%)

Flcase turn aver

(u48)
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1. (a)
(®)

(c)

2. (a)
(vy
(c)

(a)

(v)

(c)

(@)

4. (o)
(v}

5. (2)
(v)

GROUP L : DESISGN & ANALYSIS (¥ IXTERNMINTS
Special Paper II: Coobinotorial Aspects

(Answer nny five questions)

Write down the sum and product tobles for GF(S)-

Define ‘prinitive element’ of u finite field., Fincd all
primitive clements of GF(5).

Write down & latin-pquare L of order 5 which has the property
thut tho four latin-squarcs obtained by the cyclic permutatiens
of the last four rows nf L while keeping the firat row fixed

are nutually orthoronal. (5+5+10) =20

Define a Baleanced Incomplete Black Neeign (BIBZ) with parameters
v, b, r, k and A ; derive the rclations betwecn thesc parometers.

If v is evep show that 3 necesaary condition for the existenco of
a symmetric SIIC is that ¥— A must bo a perfect sguore.

Show that thero doews not oxiet o symmetric BIBD with v = 22,
k=7 ond N = 2. (541043 =22
Consider the Gulois Ficld of rosicdue classes mod P,

where p is an (odd) prime.

Cefine 'guadratic residues’'.

Shew tnat there are exactly (p-1)/2 quadratic residucs ond
they are given by :

%(sﬁ : i1, 2, ... (p-l)/zB

If p= 3 wnxi 4, show thyt the madratic reaidues form
a differcnce set with respect to nddition. Write down
the puramecters of this differeonce set.

write dovn the quadratic residucs of GF(7) ond cemstruct

o symmetric BIET with v = 7, k = 3 and XN = 1. (6454845} =20
Give the axionmatic definition of o projeetive planc of

order n.

Given G!-"(pm) discuss the construction of a projective plme

of order p° (p ia o prime and m is a positive integer).

tnont proof, a theoreu on the non-existence of
ive plunen of certain ordera. (64747} =20

hiscuss the principle of confounding in a facterial
exporinent, giving appropriate cxamples.

Give & plan for a 3 - cxpcriment in blocks of 9

2 2
ccalcunding ADD, ACDZ, AD2C2 and BC D where A, B, ¢, T
are four factors each st threec levels. (10410) =20

Please turn over

(447)



8. (a)
(v)

()

(v)
()

(a)
(b}

(c)

-9 - SD(M76) X—0
Discuss the concept of fractional replication in factorial
experiments.

Give a plan for a 41 — repliocate of a 25 experiment based on
the defining relation
I = ~ ABC = ~ ALE = SCTE.

(]
In & 2 = cxperisent identify all the confounded interactions
if the key-Dlock ia

(1) (ab) {acde) (bede)
(acdr) (vedf) (ef)  (adef)
(84737) =20
Write short nntes on any two of the following 2 - T-3.:!

Orthozonal orroys apd their relation to mutually orthegonsol
latin—-suares.

iindamard matrices and their use ip the comstruction of
fractiounl factorials.

Tartially balenced incomplete Llock designs. (17 +17) =20

GRIUP E : SWOLE SURVEYS

Special Tuper II : Crpanisational Aspects

(anewer all qucstions)

Lraw up a precise plan of work nzd -ive an outline of the
achedule or uestionnaire that you weuld sucrcst far
ascertaining, throusgh a semple enquiry, the nucber of
peraona anove tire are of 25 years i a municipal town
with a population of 25 thousani.

If the rcsult »f awmdle enquiry is to be teated azainst

tac compleve count of all persons abeve the as:> of 23 ycars,
vwhat udditionul steps would you suggest and what precautions
wouid you rececmend? (1248} =20

A study is proposcd to bde carried out for ascertaining the
numoer of persens likely to retire from the State Gevt.
service on super—ppnuation at age 58 ycars, in ecacl year
of the next 8 yeurs. 7Give o critical nescascent of the
relotive advun tagee nmd disadvantnges of the followving
approaches for the study in view:

a cengus of all enployees and ascertaining the age of each
employec by interrogation.

a couwplete cnuccration of service rccordas of all cmploycee
and finding eut their age frou tac office records lying with
the appointing outheritics.

a sample survey of n few of the departments and ascertaining
the age of a saople of coployecs in the sclected dupartments
by intcrviewin, ile coployecs.

Is there: any ather approach (one or morc) thot can be used with
advantage For the study in view? If so, give an indication of
the uppreach and zive your asscsacent of the rolative .

opdvantoges nnd disadvantngos. (5484545, =20

Flease turn over
(M4n) -



The productinn nf fieh is required to be estimated in a

State where fish is usually consumcd witheut being transacted

in the usucl markcts. flow weuld you nppreach the problem?

Give b precise outline of the nteps to be taken. Suggest

the control records and checks thot thoe field aupervisnrs

should maintoin. (20)

Write critical notes on the rolc of the following in

relation to the large-scale sample surveyms

{a) Pilot Survey.

(b) FPretcsting of Schiedules.

(¢} Comsistency Checks of Cata Collocted.

(d) Variance Functlion.

(e) Double Snapling. (<x5) =20

n receipe of o report of wudden floo:d in a certain district

in a State, it has been docidel te conduct & quick survey te
pake an objective asseswent of the cffect of the flond on the
standing crops and on houae-praperty. Sug,es¢ you are in charge
of a texa of field workers who are posted in different parts

of the ‘tistrict and you asre msked to undertake the job. TIraw
up a puitable sect of guidelines and instructiona for the field
staff contawnming, inter alin, tie following

(a) the purposc of survey

{b) the hamic ajs roach of the survey
{c} the frame znd the enopling unit

{4} the rotes of work ond the preogracme
(e) the precuutions to be taken

{f} the arvingenent for rejporting procreas of field work
and the erggested foro. (3+432+3434345) =2

GRAP F : TEC'NITITES \F CATUTATION

Sveci A _Paper I1: Mumerical Conpitatien

Tipe: 5 hours {Dxcctical with Terk Calculators) Full marks: 199

1. (u)

()

(Answer any four juestions)

Find the nuober of correct digits in the qQuotient
u = 25.7/3.5 assuning the dividend and divisar are cerrect
to the last digit yiven.

Determine with what relative error and with how many correct
€1 its we can find the side x of a ejuare if its area s = 12.34
to t.e ncareat bundredth.

Youngs modulus is determinod from the deflectinon of o rod

of rertapgular cross-saction by the forrula

1" r

3

3 ba

wbvre 1 is ihe length of the rnl, n and b are the (dimensiens of

the crxeas—mectirn, 8 is the boncing deflectien, and p is the

load. Compute the relative errer in a dceterpimtion nf Young's

uodulus £ if p = 27 Epanig, o= dmo, Ae 1%, b = 41 mo,
balf, 1=t cm &, = 1%, s=2.5cmand § = 15.

(5+8+12) =25

L
c- 3

Flense

(Ma90)
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3
2. (a) Pind all roots of the equation Bx 2:2 - 18x -8 =9
by Graeffa's Root Squaring Yethod.
(b) Find a real root of the system (correct to 3 place of decimala
each) 3 2

2x -y -1=0

3
and xy” -y -4 =0

in the neigzhbourhood of x « 1.2 ond y = 1.7 (15+19) =26
a. (a) The following table ivos the values of the function f(x)
far differont valuce of x.
>  f1{x)
2 0.12599
a 0.03703
4 0.01562
s 0.00800
[} 0.00463
7 9.00202

Form the differcnce table and heunce obtain the values of
£(1.9) and £(8.5).
(n) Given a table of valucs of tne function y = f(x)
=y
321.0 2.50051
322.8 2.508963

324.2 2.51001
325.0 2.51188

Using a suitable fermula find the valuo of £ (323.5)

, (12+13) =28

4. (a) Evaluate I = j _d;xT correct upto 5 places of
o lex

decimals and hence obtain tite value of i « Compare the
result with the true value of /\ .
v

(v} Evaluate I = J\/ltﬂx dx using the Gausesian
o

formula with 3 ordinotes. (13+12)a22
5o Tebulate by Ticard's method of successive approximation

the numerical aolution of g—f = X 4 y correct upto

4 placee nf decimals with X, = 0, Yo = 1 between x = 5.0

ond x=0.5 with interval 3.1 (25)

6. Find the charncteristic roots ond the corresponding
cnarocteristic voctors of the matrix
3 10 5
-2 -3 =4

3 5 7
(28)

(M5 0) Plenao turn aver



(a)

(b)

(e)
(a)

(»)

(c)

(a)

(v)

(a)

(v)

GROUP G : STATISTICAL INFE ENCE
8peciol Paper XI: £peciol Topics

(Answor any five questions)

Discuss the lmportance of Non-paraoetric pe thode in Statistical
Infercnce. MWMontion & few practical situations where asuch
methods are usually used.

Obtain the siyn tecat for the hypothesis that the porulations
from which two sauples of size n are drawn, ore identical.

If a sequence of jntegers in given, how wil) you testjéheing
mothed of run that the sejuencc ia random. (8+84 Amd

Explain the term “Statistical tolerance limit", calculate
the probability that the maximum and mipimum in a macple
of size n from a contipuous population will cover at least
a portion x of the pojulation.

Calculate the expectation und variance of the proportion
covered by the sample rango. (124548} =20

Describe the scquential probobility ratio teat (SPRT) procedure
for testing a sicple hypotheais against a gicple alternative.

Obtain a suitable ap roxiuwation to the OC curve of the SFRT
in such a ease.

What are the ood features of SP? (5+1245) =20

Describe Stein's two atoge sampling for finding an interval
estirate of ;jiven length of mean of a normal population
(univariate) - when tle variance is uoinown.

Describe bow you would tackle the nroblem in actual asopling case.

Why the uaual octliod of sincle staroe sampling with t statistice
fails in this case. (17+58) =20

Two multivariate Nornal populations are kmown tg bare identical
dispersion cutrices. ‘‘rite dovm the form of 1) - statistic to
toat the hypothesis that means of the two ponulations are same.

2 PN : : . 5
Show that D - stutistic rcuains invariont ucder the some linear
transformation of variablecs cadd thut its anrpling distritution
involves only the population value of D2 as a parameter.

(64737) =20
Let X (p x 1) bo o randem p vector. Frove that
<

A necessary ond sufficient condition that X (p x 1) is NP({: s )
5, t' X de

P ~ =

Ny (yt\. , 5 Z_{ ,\_':) Np stands for p variate nermal.

is that for overy t' = ('.‘, enny t

Use this result or otherwise prove that @& 8 & / oY a

is contral chi-aquara with n-1 d.f. whero 8 (p x P ia w; (a-1,p, 5 )
W_(u-1, p,E ) mouns p ¢imensienal  Wishart matrix based en -
swople size n froo p variate normal population. (1248} =20

Please turn aver
(M61)
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(c)
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(b)
(e}

(a)

(v)
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Define principal components. Given the cevarianco matrix &_
=

deascribe and justify the iteretive pracedure for obtaining the
firast principal component.

Definc canopical corrolatinne ond cenonical voriates.
Show that the rultiple corrvclation encfficient can be regarded
ps the first cunonical correlation.

Discuss the uso of principal compopents in factor analysis.
(34642 e144\ a2y

Wwrite potes an any two of the following :

Di scriminan t function.

Chi—square tcst of Goadncss of fit.

Contingyency tables and ite applications.

Likelihond ratio test.

Hotelling's Gencralized Tz statistic. (12417 29

GP0UR H ¢ PY.OBABILITY

gpecial Paper IT : Linit Distributions

(Anewer any five queationa)

let X, Kn, n=1, 2, ... be rcal-valued roadan variables.
“what is meant by the statecent: "%an converres to X

in distribution (in law)" ?

Show that $ xn')S converges in distribution to (the censtant
realvalued randen variuble) A4 if, and only if, X,—> A« in
probability.

To there ony situation where, fram the comvergonce in
distribution of a sec'juence %_En , one can infer the

almoat wure (almoat overywhere) convergence of that
sequence? Give a cooplete description, no proofs,
(3+12+45) a2

Statce the inveraion formula for obtaiping the distribution
function from the characteristic functinn,

ETTHER

Deduce the uniquenoces theoren cancerning characteriatie
functions.

on

Deduce that if f is a characteristic fuunction suech that
'l(!.)l dt exists finitely, tien the corresjonding
-

distribution function hece v continunmue version nf its
probability density functien Siven by
o0

p(x) -« 22— J HOKH
277

itx ge. (8+14) =20

Please turn over
(152) -
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3. (a)

(»)

4. (a)

(v)

()

(1)

Let xl, xz, +-+ be n Bequence of independent and identically
distributed real—+slued rondom varicbles with finite expcctn—

. . 2 .
tion AA and finfto varisnce ¢~ . Dy using suitable cxpansions
for their comson characteristic function, or othorwise,
show Lhaot, if Sn - Xl D R xn' then

i) §/n > M in distributien,
i) (8, ~npm 3/ & Vo —> 9? in . istributinn, where §>
is the atandard normel distribution.

What relation, if any exists between the astatement in (a-i)
snd the "weul lav of large numbers™? 84841 ) =20

Let F be a distribution function en the real line, which
ig purely diacrete and has Jumps only at the intepmer-values.
If f is the charncteristic fenction of F, check that f(2 A Yai.

Cheek thnt tie cluwracteristic functions af the (stnndord)
ninomial and Poisson distritution functions sutisfy the
above rclutien.

Show that 1f o chnracterisiic functien { is such that
f(2A -1, then tie earrespondin: distribution function P
is of the Kind described 1n Part {a).

(Hint: 1 -~ Cas &2 0O for all & real). (4+1+148 a0

< .
Let ) %_17& , J=1, ..., ¥ i no=l, 2, ... be o deuble sequence
of real—valuaed rundem varishles satiafyving the condition of
uniform asympcotic negligibility (UAN), numely,
) 2 a (=) .
(= aux P I%Jl>ej—% 0 as n > , for every €% 0.
Show that cach of the follewing cenditions is cquivalent to
2
x
(u) m3x J—z- aF_ (x) —> 0 asn_3; and
Lax J
(v) max L r (t)—l\—> 0 as n-3% , for every T > 0.
. nj
V< TS
(10 +10) =20
Stute the Lévy—Cramer continnity theorem concerning the
convergence in distribution of a scquence of randan variablea

an! the converger ce behaviour of tac sequence of their
charoacteristic functionas.

184 B j =9, 1, ..., n, ore charncteristic functioens, show
"

ha)
that( 3 aj g‘j)/( v uj}- is alno a characteristic functien,
5 =

if the o, arc all positive. (Idintify the distribntion

function wiich Will have thic above ua its chnrncteristic
function, 1n uerus of the aj and the G_j' Gj being the d.f.

carrcapondin, to gj) .

Flense turn_ aver

(433)
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[: (c) Deduce that, for anmy fixed churacicristic function r
(contd.) and positive numbers o5 the function

R ; n
(Za, )T s)
S 3 o J
is a characteriestic function.
(d) Shaw, using (a) and (c), or otherwise, that, for an arbitrary
characteristic function f, the function exp [A(f-1)] is
0.

alao a charncteristic function, for wony A »

(e) Check t=at the pew characteristic function in id) abave
is infinitely divisible. 4424241042) =20

7. State ench of the following theoreme, providing a complete
description of the assumptions and potaticns ¢

(a) Liapounov's form of the Central Linit Theorem;

(o) The Lindeberg—Feller form of the Central Linit Theorem;
how docs (a) follow from tais?

() The Berry-Esscen thcoream giving bounda for the “errnr®
in the normal opproximation given by (a). (6+8+8) =20

8. (o) Define an infinitely divisible characteriatic functinn (TDCHY,

L)) Show that an IDCF never vanishes.
(c) Virite down (no proofs) ony representation thcorem yeu know
for the lo writhon of an IDCF. (3+1243) =20

9. (a) =Expluin how stable laws arise in the context of limit
theorens —- us licit distributiens of what kinds of sequences
of random variables? Provide as complete a background as yeu chné

b State two faciliur classes of probability 1ars which are
P
atoble laws.

(<) Arc there nny stable laws wilh finite variance? lame them.
Are tney the only such lows?

(d)  hssume that a "stoble® characteriastic functien f sutiafies
the condition thut, for any L l)2> 0, therc exiat aome
real & and positive b such that

£ (V). £(by, 1) = 2 L £(by).

Show that sny f satisfying such a conditioo is neccsaarily
infini tely divisiblo. (5+4+3+8) =20

(M84)



INDIAN STATISTICAL INSTITUTB
Statistician’s Diploma Examin ghion ~ May 1976

_Paper X (Practical) : Subjecta of Third Paper of Specinlisation

Timet 5 hours Full marks s 100

1.
i)
ii)
iii)
2.

(a) Candidates are required to answer questions from that
Group only for which they haove registerod their optinns.

(b) Figures in tne margin indicote full wmarka.
(c) Use of calcul ating machine is permitted,

GRCUP A : ECOI'OMIC STATISTICS
Special Paper ITY - Fractical

(Answer Question No.5 and any two f:om the remaining questioms)

The following shows the diatribution of sample households by
level of per capita income according to an enquiry inm Kanpur city
caxried out in 1958-G0:

per capito monthly O0-— -10- 20~ 37— 40— 60—~ 190= 150—

incove (f.) @ 10 20 30 43 60 100 150
no. of sample
householda: 7 93 131 177 121 66 51 38

Fxamine graphically whether the underlying size distribution is
apnproximately two-paroace ter lognormal.

Do you think a three—parameter lognormal distribution will fit
the data ouch better thao a two-paraueter logrormal distribution?
Exawmine briefly.

Eatimating the purarmeters of the two—parameter lognermal
distribution by wny approyriate me thoq, coopute the cexpected
nusber of sawple houscholds in the interval 39 - 40 (f.) (30)
The following shows the valuos of thrce variables y, x, and x,

for 14 consccutive years, where y = common lojarithm of preduction
in billion dollars at 1020 »rices, Xy - lozarithm of emplaymeot

in million, and x, = logarithm of stock of capital in billien

2
dollars at 1029 pricea,nll .figures relating to the US cconmmy:
year y Xy xy year y xy Xq
1647 2.0752 1.6033 2,403 1047 2.1189 1.7731 2,5355
1941 2,2542 1.,7332 2,5151 1948 2,120 1.7708 2,5625

1912 2.0326 1.7718 1049 2.1190 1.7688 2.5601
19143 2.322) 1.8122 1950 2,1607 11,7782 2.8728
1844 2.0293 1.8105 1651 2.1821 1.8048 2.5866
1845  2.7360 1.8390 2.5491 1952 2.1884 1.8122 2.5982
10148 2,1186 11,7731 2,5558 1053 2.2738 1.81686 2.6107

Suppose that the follewing model holde:
vo= B P+ zth.GU tai, 2 ...,214
where the et'u ure independently distributed as N(O, & ).
Utilize tac above datn tr coupute
1) beat lincor unzinsed esti-utes of P,, By, @2.
ii) an unbinsed oatimate of S  and
1i1) 95% confidenco intorval for

Also test the null hypothesis that él o@z = 1 against the
alternative &, + @, 1. (s0)



SD(M76)X~2 -2 -

Be It is known that the yleld response of wheat to
the application or nitrogen is of the form

y =08 + G N + T—N + Uwhere y is yield per hectare
——zn—oulntals, N is the dose of nitrogen applicd per
hectare in kilogrammes, 4 a random distribance
term with mean zero, and X , [£) , Y are parameters,
The following data were ubtalned in an experiment:

Yield
R §Z:§°Z£ﬂ “Replication Number

o} 11.3 7.8 15.5 14.5

40 26.1 24.3 28.7 31l.2

80 34.6 26.9 3%3.9 35.9

120 38.5 29.8 39.6 39.2
160 42.1 32.3 44.7 41.6
200 41, 33.2 46.4 42.5

i) Eztimate the response function by leaat squares,

ii) Estimate the dose of nitrogen that will maximize
tine expected yield per hectare.

Given tiat the price of wheat is R.105 per quintal,
prace of nitrogen is Rs.2 per kilogram, and that other
—es5ts ol ecultivation are i5.0.20 per kilogram »f grain
i2arvested, estimate tie Jdose of nitrogen that will
maximize the expected profit per hectare. (3¢

iii)

Ylt = €514 ¥4t + 37 xlt +uq ¢ is the first
equation in a system of four simultaneous cquations
that irmcludes two other endogenous variables

(th and Y}t) and two otner exogenous variables

(th anad X3t). Given the 10llowing data estimate
this equation by two stage least squares.

Y, Y, X, X, X3
122 127 1 1 143
127 134 1 2 152
132 141 1 3 162
148 160 1 4 187
173 191 1 5 219
184 198 1 6 229
212 230 1 7 262
263 275 1 8 309
262 280 1 9 319
287 309 1 10 353
306 334 1 11 384
330 353 1 12 410

(30)

Please turn over

(M56)
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A shipping company has three types of ships.

Each ship of type 1 can carry cargo whose total
weight does no¥ exceed 1000 tonnes and which does
not occupy more than 20,000 cubic metres of space.
The corresponding weight and space constraints on
ships of types 2 and 3 are respectively 2000 tonnes
and 30,000 cubic metres, and 1500 tonnes and 40,000
cubic metres. The company has 4 ships of type 1
and two ships each of types 2 and 3. Each ship
regardless of type can carry either steel or cotton
or a combination of the two commodities subject
only to the relevant weight end space conatraints.
A tonne of stcel occupies 11 (eleven) cubic metres
of apace while a toNne of cotton occupies

110 (one hundred and ten) cubic metres of space.
Eacin tonne of steel transported fetches ’.100 to
the company while a tomme of cotton fetches R.600.
At the port 11,000 tonnes of steel and 2000 tonnes
of cotton are awaiting shipment. Derive the amount
of each commodity that should be loaded in each ship
of each of tne three types so as to maximize the
freight earnings of the company. (40)

GROUP B: TECHNO-COMMERCIAL STATISTICS
(Special Paper III : Practical)

v

Section I : Statistical Quality Control (50 mark
(a) Use separate'ahswer book for this section
(b) Attempt any two cuestions from this section.

An automatic process produces a certain type of
components at the rate of 20 per minute. The

outer diameter of tnese components must not exceed

a specified value of 85 units. The components which
have an outer diameter greater than 85 units are
classified as defcctives and have to be scrapped, as
cost of rework is very high. Due to the
deterioration of some of the parts of the process the
outer diameter of the components produced increases
witn the passage of time. Samples of four components
were taken from the process every fifteen minutes.
When reset, the process produces_components,
initially, with a mean value of X = 50 units.

“—TTié “average and range values of these measurements

for 25 samples are given below:

ii;gé: Average  Range iiﬂggg Average  Range
Y (@) (€D _@) (EN IE)
1 55.5 15 14 47.3 65
2 54. 7 15 6.0 31
3 54.8 20 16 69.3 is
3 53,0 5 17 71.3 18
5 38.3 25 18 63.8 15
2 45.5 37 19 70.0 17
3 55.8 20 20 75.0 13
8 56.3 9 21 70.5 25
S 3.3 7 22 73.0 18
10 57.3 27 23 14.0 3
1L 83.3 5 24 8l.8 31
1% 22:3 3 25 70.8 49
13 54.3 30

(n:57)



1.
(oonbd.zb)

2.
(a)
(v)
(c)

3.

i)
i1)
114)

(a) —Test the linsarity of the regression trend line.

Work out a suitable control chart scheme and recommend
tile period after which the process 1s to be reaset
—sao—that no defective is produced. (25

A double sampling plan is given by

N = 2000, n; =100, n, = 150, cy = 1 and LPY =4
Tne lLots rejected by the plan are 100 per cent
ingpected and all the defectives found are replaced
by &ood ones.
Draw OC curve for this plan, calculating at least
6 points and stating tne approximations used, if any.

Drav tiie ASN curve for the above plan.

Find thne average amount of inspections per lot
for lots having 3 per cent defectives. (25§

A study was undertaken of the factora affecting
variation in the lenzth of steel bars the lengths
of four bars {rom each of rour gcrew machines and
two neat treatments were measured with the
following results (the data are Jiven in suitably
transformed units).

Machine Heat Treatment Machine Hﬁat Treitment
L

A s 4 c 1 -1

3 o 2 [¢]

3 1 0 o

4 1

B 7 6 D 6 4

3 3 s s

5 a 7 5

3 4

a.sume that the len_.th of steel bar xij when

mochine 1 and heat treatment j are used is a
normally distributed randosm variable, Xi.'a are

irdependent and varianc of Xij is 6‘2. Formulate
the following problems precisely and solve.

Js there interaction between the machines and
tne heat treatments?

Are the expected len. ths of ateel bars different
for the two heat treatmeuts ?

Are the expected lengths of steel bars different
for the different machines? (25)

Pleage turn over

(M58)



(a)

(b)

(a)

GROUP B: Section II:

SD(M76)X-5

ka) Use separate answer book for this section
(p) Attempt any two questions

There are 3 jobs to be assigned, one each to
5 machines and the associated cost matrix is

gs follows:

jobs
machines

&N -

17

7
16
24
10

Find an approximate solution to tle assignment

problen given above,

problem.

3o0lve the siven assignment problem using the

Operations Research (30 wmarks

treating it as a transportation

Hungarian method. (15)

The following table gsives tne sales/year, rate

oY production, inventory carrying cost and set up

cost for 5 items manufactured by M/s. Bolts and

Nuts Ltd., using the same equipment,

inventory cost/ set up
product sales/ production/ unit/year cost
year day (s2) (Rs..)

1 5, 00, 000 10,000 0.020 8.00
2 13, 000 1,000 0. 005 10.00
3 2, 00,000 10, 000 0.008 17.00
4 1,80, 000 2,000 0. 022 5.00
5 92,000 1, 000 0.015 6.80

Obtain tine cptimal number of cycles in a year

aseuming that there are 300 working days available

in a year. (15)

A ready-made garment manufacturer has to process
7 itemrs turough the two stages of production,

viz. cutting and sewing.

The time taken for each

2. these items at the different stages are given
below in appropriate units.

ocessing time

pr
Ttem cutting

sewing

1

~Nownmsuwn

N AW~

1

[t AV IV ER YLV

Find an order in which these items are to be
processed through these stages so as to minimize
the total processing time.

(M59)
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3.
(conta,)

(b)

(c)

-6 -

Sunpose a third stage of production is added
viz,., pressing and paclting with processing time
foxr these items aa follows:

processing time

item pressing and packing

~NoOMs LN
.
w

Pind an order in which these seven items are to be
processed so as to minimize the time taken to
process all the items through all the three stages.

Is the order of items obtained in (a) as good as
the order of items obtained in (b) (15)

Section II (Alternative): Elements of Book-keeoi
and A:ccantancy — Prgctical
(30 mas

(a) Use separate answer-book for this section,

(b) Attempt any two questions from this group
Question No being compulsory. '

From the following particulars, prepare a Bank
Reconciliation Statement as at 30th June,' 1975:

Rs,
(a) Overdraft balance on 30th June, 1975
as per Bank Statement 13,095
(b) Cheogue deposited in bank not
recorded in Cash Book 500

(c) Cheque received and recorded in the
Lawik column but not sent to bank
for collection f 1,085

(d) Several Che?ues were drawn in the
last week of June, 1975 totaliing
Rs.16,050; of these checues totalling
%,E£,050 were cashed. Similnyl s
several cheques totalling Rs.10,400
vere seat for collectlon. of bnese
Cheques of the value of §k.2,500
were credited on 3rd July, 1975
and the remaining Chegues were
credited before 20th June, 1975.

On 12th June, 1975 the credit side
of the bank column of the Cash Book
was cast f.l1,500 short and on

1l%th June, 1975 tne credit balance
of Bs.2,400 was brouight forward on
16thh June, 1975 a3 Debit balance

of 1&5.2,400.

) Interest of k.1,800 was cuarged by
the bank but was not recorded in 20)
Cash Book. (

(e

~

(M60) Please turn over
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2. Frat—do—you understand by Double Entry System
of Book-keeping? What books of account are
ususity maintained under this system by a large
business undertaking? (10)
3. Wnat is depreciation? Wny and how is it charged to
accounts. (10)
GROUF B: Section III: Statrstical Methods (20 marks)
in Business
(a) Use separate answer-book for this section.
(b) Attempt all guestions.
1. Analyse tre following transition matrix and
decrriane the long-run equilibrium market snare
for czxcl. firm,
from Y
A 1.00
B 0.10
[o] 0.10
Given ‘hat the initial market share is (0, 0.5, 0.5)
for 4, 2 ud C, obtain the market share for Y
after two transitions. (10)
2. A man.af .cturer of electronic calculators has
the {ollowing sales for his product:
- Year
ldonth 1969 T 1¢T0 1971
January 30 112 115
February 115 125 165
arch 23 160 32
A il &8 186 135
B 152 220 128
orae 24 180 69
July 170 50 263
PRITY-3 82 53 84
Septeinber 40 40 45
tetober 41 40 40
.overher 120 21 110
Decemuer 180 40 165

Develop a iorecasting plan that would help him
in production scheduling. (10)

Please turn over

(K61)
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GROUP C : BIOMETRIC METHODS
Special Papexr III - Practical

(Answer any three questions)

2. (a) The effect of apple mosaic on growth was measured
on 2-year old seedling unpruned trees. propagated
from infected and uninfected buds trom the same
mother tree. From the following data on the product
of the height ard cross-sectional area of the stem
of each tree (in cubic cms.), determine the cffect
of ti.c disease upon both the mean and the uniformity
ol growth

VIRUS PRESENT HEALTHY

893 660 444 1384 1324
325 202 742 1325 1065

—FCE— —-—991 170 — 1370 1652
741 16 184 1515 1446
408 1121 1759

(b) The rollowing statistics are based on 54 specimens
or e ella speciecs A and 27 specimens of lleesiella

B. Here
X; @ length of leaf (cm)

specir

X, : length of inllorescence (c:)
XB 3 length of fruit (cm)
X, : length of calyx in fruit (enm)

Mean voctor of svyecies A: (4.28, 1.99, 1.07, 0.89)

Yean ve-tor of species B: (5.66, 4.83, 1.04, 0.86)
Pocled ariance vector : (1.9255, 31589, 0.0141, O.0425]
Pooled corrzlation matrix

1 0.3498 0.1757 0.4736

c = 1 —0.0978  0.2860
1 0.5227
- 1
1.3786  -0.3140  0.0291 0.5783
cl= 1.2703  0.40u8 - 0.4239
1.5142 - 0.9193
1.8753

i) Dxwnine if the two apecies can be considered
'y be dirfferent with regpect to the mean vector
¢’ these characters.
1i) wc.kx out a formula to identify a new specimen
21 lieesiella into one ol the i. 0 species A or B
»n THe basis of a linear combin=i_on of
bservations on these four char.~ters.

1ii) Lstimate the proaportion of Neeslella sgpecies

(L0+8+7+7)=32

A that your method will miscla.slfy.

Pleas. turn over
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Microcephaly in human being is characterized by ‘a
distinctly small exull and brain, an underdeveloped
body, and some newrophatic symptoms. The inheritance
of shis trait is not established. It has been
suggested that the partial deletion of chromosome

18 may cause microcephaly. It has been found that
the exposure of the pregnant mother to X - radiation
can cauge microcephaly in the foitus. Komail and
others collected data from 77 families, each with

two normal parents and in each orf which there was

at least one child with micrccephaly. It has been
sug..ested that microcephaly may be inherited as a
sii'ple autosomal recessive. Let O be the segregation
prooability. Using the following data, test the
hypothesis that microcephaly is simple recessive by
testing for a suitable value of 0 :

No. of aifected children y

Family No. of

T
aice families No. of families with y afiected
children
2 6 6 - - - -
3 10 5 1 4 - -
4 14 8 4 2 - -
5 14 6 5 3 - =
6 13 5 5 1 1 1
7 10 4 3 2 - 1
e - 5 3 - 2 - _
To 4 2 T - - 1
12 1 = . - 1 -

Let Ty and T, be two populations corresponding

to African Nejzroes aTd Whites respectively. Also
let p, = 0.630 ard P, = C.028 be *. frequencies

in ™y =ad L2 respectively of the R” 1llele in the
Rhecus blood ¢roup system. Assume that the hybrid
population n (american iiegroes) is fo-med by gene
flow f2om n, to Ty (but net vice ver:s-.) at the

constall rate a = 0.036 per generstlow.
Find t .. gene frequency in n of R~ for the
fifth —>neration. (22+10)=3p

An ext~act of adrenal tissue, of un)l:.own pressor
amine -ontent, was assayed against :. standard pressor
amine 7 injecting irto a cat and rr -nrding the
trani . nt rise of blood pressure. ¢ 2 X 2 assay was
used, with a high/low dose ratio of 3 for both
stendard (s) end unknown (U). Five observations were
made at each dose of S and U, and the order of
injcctions sas randomized. From the data given below,

i Yate t.e potoncy of the extract (and its 95 per cent
-1ce limits using Ficller’s Theorem or otherwise)
1 of e stantard., Dota 2 peak blood pressure
25 in millimetres of merc

. 32 Ty

Spo_ 18pg 0,1 ml_0.: ml

15 41 3.9 51

17 47 25 az

17 35 20 47

13 50 16 56

18 33 23 54 (32

(M63) Please turn over
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4. (a) The following table gives the results of a randomized
block experiment showing the percentage of unsaleable
ears of corn (out of 36 ears of corn in each plot),
the treatments being a control A, and three mechanical
me thods of protecting against danage by corn earworm
larvae. Analyse the data and vwrite your conclusions.

Treatuents I 5 Block rs — 5

A 42.4 34.3 24.1 39.5 55.5 49.1

B 33.3 33.3 5.0 26.3 30.2 28.6

[} 8.5 21.9 6.2 16.0 13.5 15.4

D 16.6 19.3 16.6 2.1 11.1 11.1

(b) A number of experiments have indicated that electrical

stimulation may be helpful in preventing the wasting
away of muscles that are denervated. A factorial
experiment on rat was conducted in order to learn
something about the best type of current and the
most effective method of treatment. The factors and
levels were:

m : no. of treatment periods daily 1l and 3
n : length of treatments (minutes) 1 and 2
p : type of current Galvanic and Feradid

The weights of denervated muscle in units of 0,01 grams
for two groups of eight subjects each are given below
(in usual notations for tr2atments):

Treatnents Group I Group II

) 32 43

m 47 41

n 26 z

mn 61 76

P 29 39

mp 51 34

np 36 31
mnp 76 65

Eacfl , ™up is homogeneous with respzct to normal
musclie weight.

Analyee the data to find >ut the bz2st type of current
and tne best method of treatment. (14+18)=32

NEATNESS (4%
Please turn over
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GROUP D : DESIGN AND ANALYSIS OF EXPERIMENTS
Special Paper III — Practical

(Answer any three questions)

The plan end ylelds of a varietal trimal is given below,
Variety numbers are given in parentheses.

Block Variety and yield
1 (15) 24 9; 25 sl 26 (13) 20
2 (5) 217 7) 28 3) 24 1) 27
3 Elu‘ 26 1) 28 (14} 24 2) 22
3 153 34 211; 3L s 31 3) 38
5 (8) a1 15) 33 4y 33 73 29
6 El’)z 34 (4{ 32 (3) 28 1) 30
7 120 32 (14) 25 El“) 24 8) 26
8 ém 23 é} 23 1:) 24 5) 27
9 S5¢ 28 4) 28 L. 26 (13) 25
10 (18) 25 (12§ 27 (13) 28 (8) 28
11 92 26 7) 26 (10) 23 23 24
17— 5y 27 ¢) 27 (2) 25 9) 26
13 5§ 30 9) 36 Ell 32 12) 32
14 'fg ?0 (13) 28 14) 24 11) 25
15 (10) =4 (4) 25 \8) 32 11) 31

Identify the design and obtain its parameters.

Carry out its intra-block analysis. (12+20)=3

A manurial experiment involving 3 levels of each of
Nitrogen (N), Phrspherous (F) and Pottasium (K)
fertilizers was conducted at Hiriy:c, Mysore on
sugarca cron. 1Te levsls used for each,of the
fertiiicers ~ve coded by 0, 1 ard 2. A 33 confounded
design ia 1wo replications using blocks of size 9 plots
vies used for the experiment. fGhe laycut plan and the

yicld figures in Kg/plot of size 9 m x 7 m are given
bel Jw:

Replication T

Bloek I Yield Block II Yield Block III Yielad
N.P.X.

202 896 102 809 220 670
221 830 02 746 122 €57
01l 900 200 870 212 611
101 ers 020 697 111 725
022 SO0 ilo0 972 0oc1 550
112 715 211 807 201 1187
210 570 121 1175 0LOo 1010
129 840 222 610 002 850
00— ——748 0oL -- 643 100 625

Ploasgse turn over
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%éontd.)

4.

(a)

(b)

- 12 -~

Replication IT

_Block T. Block II Block IIT
102 8453 100 428 101 656
011 465 012 807 010 550
110 480 111 795 112 801
201 505 202 480 200 523
022 440 020 336 021 940
212 621 210 320 211 1000
121 410 122 1050 120 915
220 905 221 1640 222 661
ool . 890 001 835 0oz 555

Find the interactions confounded.
data a.:d interpret the results.
of the linear and quudratic effects of N along
with their S.E.

In order to study the effect of Nitrogen (N) at three
levels,

in Spring (S) on hay from alfalfa grass,
was conducted.

as O,

Analyse the
FPind the estimates

(4+20+8)=32

deferment and no deferment of clipping in
fall (F) and deferment and no deferment of clipping

by O and 1.
asynmetrical factorial with 6 plot blocks in three

replications.

The yield figures in Kg/plot are

an experiment
The levels of Nitrogen were coged

1l and 2 and those of each of F and S were coded

The design adopted was a conrfounded

shown below along with the treatment combinations.
Replication I

Replication II

II Yie

Block I Yield Block II Yield Block I Yield Block
N.F.S.
o001 294 000 249 [elale) 232 ool 26
010 226 011 340 ol1 254 010 23%
100 403 101 523 101 523 100 41(
111 520 110 404 110 404 111 45¢
200 370 201 457 200 411 201 485
211 487 210 481 211 436 210 399
Replication IIJX .

000 308 o001 386

011 288 [exNe] 310

100 617 101 550

111 730 110 562

201 565 200 630

210 639 211 830

Find the crnfounded interactions.
and interpret the results.
o c¢he confounded interactions.

Construct the BIB Design with parameters
N = 3.

Construct two mutually orthogonal latin squares

v

= b =

of order 1l2.
NEATNESS

r

(M66)

k =7

Analyse the data

Please turn over

Find the loss of information
(6+20+6)=32

(16+16)=32
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GROUP E : SAMPLE SURVEYS
Special Paper IIY - Practical

(Answer Questionsg 1 and 5 and eny two of the rest)

A list of thirty villages in a region and their area
in square miles (to one decimal place) are given below.

Serial Serial Serial
no. Area Nno. Area no. Area
1 6.9 11 7.7 21 7.4
2 1.5 12 2.1 22 2.6
3 3.5 13 6.0 23 3.0
4 9.9 14 11.3 24 2.5
5 8.4 15 6.9 25 4.0
6 9.7 16 7.8 26 3.7
7 6.1 17 1.6 27 2.0
8 12.0 18 3.0 28 6.4
9 9.4 19 1.3 29 13.3
10 1.2 20 9.0 30 9.3

Draw a sample of five village with probability
proportional to area with replacement by Lahiri'’s
method of selection.

Write down clearly the steps that you adopt for
gelection. Give reference to random number table
used (title, page and commencing Tow etc.)

Ia th2 method adopted by you the least time

consuming? If ’yes’, give reasons. If 'no’, which

other step will be least time consuming and why?
(10+10+5)=2!

A sample of five villages is chosen with equal
probability with replacement from a list of sevent
villases of a region. In each of the five sampled
villa.es, a list of households was prepared. In each
sample village, a sample of four households was
selected from the list with equal probability without
replacement. From each sampled houaehold, the area
cultivated (in acres) by the household in 1974 and

in 1975 were ascertained. Using the data given below,

estimatle the area cultivated in 1975 by the ratio

method ¢1 estimationy

estimate the root mean square error of the estimhe
in (i).

state the conditions for this ratio estimate to be
more efficient than the unbiased estimate from the
two stage sampling design adopted for this survey.
Has tanis condition been satisfied in this survey?

Please turn over
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2.
(contad.)

Area cultivated (in acres)

Sample ~Total Samgle_ E_oqs'eﬁoiﬁ nuamber —
village no.of 3 4 -

numbexr—house- Area Are ‘Are Ar
holds cultivaced cultxvated cultlvated cultivated

=gy - fﬁ"a:f%%?—f%%%%

1 757 2.1 1.9 0.4 O. 0.9 0.6 1.3 1.
2 78 4.3 5.0 1.3 l.O 0.7 0.7 2.6 1.3
3 548 1.1 1.2 1.1 o0.8 1.7 1.1 0.4 0.9
4 1064 0.2 0.6 0.7 0.5 0.5 0.9 0.4 0.7
5 875 1.3 0.3 6.3 5.0 8.5 10.1 1.8 2.8

Total cultivated area in the region in 1974 = 78000 acres.
(10+9+6)=25

3. It is proposed to conduct a survey of urban households
in a ciaty in 1976 for estimating the number of poor
housezholds (according to a specified definition of
povarty). The city is devided into four strata. Each
stratum is a zroup of 1971 census blocks. From each
stratun a sample of four census blocks will be chosen
with probability proportional to 1971 census population
with replacement. A list or households will be prepared
in each selected block. Prom each selected block, a
sample ¢ households will be chocen linear systematically
witii'a random start, for detailed enquiry. The samrling
desizn should be made self w=ighting. Making use of
the data siven below, work out the following :

i) Determine the raising factor vith this self
weishting design on an anticipated total sample
size of 500 households.

1i) Deteririne the sampling interval to be used in each
s le block with the self weignting raising factor
acrived t in (i).

iii) sThat w111 be the expected number of households with
th2 campling interval determined in (ii
Stratum Sample Popula- Humber Biratum Sample Popula— Number
block <tion of house- block tion of house-
in 1971 holds in 1971 holds
e in 1976 . in 1976
1 1 3552 796 3 1 2554 549

(292000) 2 420 82 (345000) 2 506 102
3 2819 576 3 7409 1528
4 4892 1117 4 4873 1043

2 1 4040 917 4 1 3802 796

(471000) 2 3644 80L (475000) 2 977 208
3 2203 568 3 2252 467
4 5082 1034 4 5542 1119

atratum.

Total population of strata in 1971 are shown in brackets below the

To estimate th% to*al number of households in each stratum in 1976,
assume that thce population in 1976 will be more than in 1971 by
S per cent on an average and that the average household size 1s 4.2,

(9+8+8)=25

Please turn over
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A list of 20 factories in a region and data on two
characteristice - number of workers (x) and output in

thousand rupees (y) — are given below.
serial serial
Nno. x y no x y
1 51 1350 11 198 5562
67 3416 12 242 5582
3 74 3481 13 335 6315
4 80 3740 14 387 6719
5 85 3601 15 443 6660
6 97 3821 16 528 7295
7 116 4216 17 644 7288
8 127 4530 18 750 7610
9 144 5097 19 824 8063
10 173 5330 20 1095 9250

Drew five independent samples of four exclusive units
eacn such that the probability of selecting any sample
of Yowr units ig proportional to their total size, by
Medzuno’s method of selection. The 'size’ of a
factory is measured by the number of vworkers (x).

From each of the five samples, work out the usual
unbiased estimate of total output (Y) making use of the
values of x and y for the sample units and of

(= population total of the character x = total
of x for the 20 factories).

WorX out a single estimate of Y by combining suitably
the live sawple estimates of Y.

Estimate the variance of the estimate in (1ii) by the
method of interprenetrating sub-—samples. (6+6+5+8)=25

It is proposed to conduct a survey in the city of
Calcuita to study conditions of the poor in the city.

Suggest six important tables to be generated from the
survey data, Blank proforma of tables with proper title
and hegadings for rows and clumns as necessary chould
be .iven.

What items of data should be collected to build these
tables? Give definition of terms used (which are not
obvious),

What relerence period would you audopt ror the different
items ard why?

Prepare a schedule for enquiry by housing the items for

data collection and all tin® necessal: identification

partdculars in suitable places of schedule.
(B+5+4+8) =25

Please_turn over
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GROUP F : TECHNIQUES OF COMPUTATION
Special Paper IIT — Practical based on UR Machines.

{(Attempt all questions from this group)

In the operation to be carried out you have to deal
with two decks of cards (i) Village Card (Master)
(ii) Households Card (Detail). There is one village
card (Master) corresponding to a group of household
cards (Detail). The information punched on these
cards and the columns for each of the items of
inrormation is given on the card design given below

Card Designs
Villaye Card (Master)

3r. No.of Card

no., item cols. cols. Remarke
ag {27 (D) (4) (5)

1l. Card design index 4 X - 4 Punch 1111
2. Zone State Region 3 5 - 7 As coded
3. Stratum 2 8 - 9 "y

4. Sub Round 1 10 9

5. Sub Sample 1 11 '

6. Sample Village 1 12 '

7. Price of land per acre 6 13 - 18 . only
Hougsehold Card (Detail)

1. Card design index 4 1 - 4 Punch 2222
2. Zone 3tate Region 3 5 - 7 As coded
3, Stiratum 2 8 - 9 s

4. Sub Round 1 10 ’s

5. Sub 3anple 1 11 ’y

6 ,—3anmpla village 1 12 s>

7. Sanmple household no. 2 13 - '

8. Household size 2 15 - 16 No.

9. Land ovned 5 17 - 21 0000,0

Step 1,

You are piven a deck each of (i) Household Cards

(CDI 2222), (ii) Master Cards (CDI 1111).

Sort in Zone State Region X 3tratum X Sub Round X

Sub Sample X Sample Village. Order separately for two
decits. Write down the card counts for both the

dec..s in the answer sheet. (15

tep 2

Take these two decks of Household Cards (CDI 2222)
and Village Cards (CDI 1111) as sorted by you and
match and merge on a Card Collator, the two decks into
one deck taking into consideration the sorti order,
Detail Cards should follow the Village Cardsrﬁluaster)
belonging to the same villase . Select unmatched
car?s from both the decks. Mark selncted cards as

01l and 02 respectively tor Master Cards and Detail
Cards. VWrite your Roll Number on the23e cards and
hand it over to the examiner,

Please turn over
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On the answer gsheet write down the CDI, Zone State Region,
Stratum, Sub Round, Sub Sample, Sample Village of e
selected cards and@ also the count of merged cards.

Prepare wiring chart for the collator and hand it
over to the examiner. (25)

Step 3

Take the merged deck of cards for previous step and
make use of the Calculating Punch to obtain for each
househeld, total value of land = Price of land per
acre X land owned and punch the result on column 22
to 35 (i, Ps.). After the end of Sthe operation,
separate Master Cards from Detail Cards without
disturbing the order of the sets.

Mark the Master Card as 03 and Detail Cards as 04
and hand over the master cards to the examiner
witir your roll number written on the front card.

On the answer sheet write down the cards counts
of both The sets.

Prepare a viring chart for the Calculating Punch
and nand it over to the examiner.

Step 4

Take the set of Household Cards (Detail) from
previous step (i.e. deck O4) and with the help of
accounting muchine, prepare a statement showing the
following information as per layout below.

T ; Total Total
Zone State Region [ i C¢ 19 value of
size land
(cc 15 - 16) (cc 22 - 33)
1 1 1
1 1 2

Sub-total by Zone State

1 2 1
1 2 2 _
Sub-total
(25)
List the various types of operations, tabulations
i\d/or calculztions - which each «f the major
acnines of ICL, IBM or Power-—samas, machine
s8ys tem can perform.
(Time: half-hour) (15)

Please turn over
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GROUP G : STATISTICAL INFERENCE
Special Paper III -~ Practicel

(Answer all questiona)

The si{anding height in inches of 15 university

students are

68, 65, 66, 67, 68, 64, 69, 66, 70, 71, 67, T4, 72, 65, 7¢

In the general population the variation in standing heigm‘

is 2.55 inches and the distribution ia normal. Is the

variation in student’s hzight different from the variatio.

in the general population? Pind the alternative at

wiich the power of the test that you use will be .8.
(6+10)=14)

We nave data on tne weight of mice 120-130 days old.
lhe data available consists of 10 litters, each litter
containing 1 male and 1 female mouse. The weight of
broti:ers and sisters is gZiven below in grammes.
Brother’s

weignt 7.5 12 10.5 14 9.7 14.3 16 6.4 11.3 12.4
Sistex’s

werznt 10 8 9 9.5 10.2 9.3 8 8.4 11.8 11.9

Is there any difference in the weight of brothers and
sisters at 120-130 days 0ld? Assuming normal distribo-
tiony—state your null hypothesis carefully. Find the
alternatives Ior which the power of your test

is .7, .8, «9. (6+10)=16

The following quantities are computed from data
availzble on the length of the right wings of queens,
dronce and workers of Vespa Vulgares, all caught in
the samne locality. The measurements are in 0.0l min.

129 Queens Mean length of right wing = 920.5
Standard deviation = .6

136 Drones Mean length of right wing = 848.1
. Standard deviation = 19.52

183 iWorkers Mean length of right wing = 725.4
Standard deviation = 17.04

Are the differences in mean length due to chance only?
Draw the 95 per cent confidence ellipsoid of the
difference of mean lensth of queens from that of
drones and workers, (10+15)=25

Please turn over
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{XL is a sequence of independent identically
digtributéd random variables; the common diagibut:.on
is normal with unknown mean p and variance o 4 .
Write down the UMP test of size a =.0L of H, (u = 0)
Ve Hy (u>O0) based on a sample of size 100.

Find the values My Mo of p at which the power is .9
and .5.

Let Zy

"

{. 11‘1(1>0
[¢] 1fxi\<0

If your observations consist of n values of Zi's

what will be your UMP test of size a =,01 of Ho(p = 0)
Vs Hy (n > 0)? Choose n sgch that the power of
your test is .9 at p = Hy- After choosing n in this
way calculate the power of your test at pu = by
Choose a gequential probability ratio test of

Hy (u = u) Vs, Hy (p = pl) such that a« = ,01

and 8 = .1. Calculate the power of this test for

o= Mo Calculate the ASN for up = O, By Hpe

X'J.’ e Xlo were observed and the variance was found

to be 4.6. How many more observations are needed to
get a 95 per cent confidence interval for u of
Tenztn .5 ? (5+15+18+5)=43

GROUP H : PROBABILITY THECORY
Special Faper III - Special Topiecs

(Answer any five questions)
Definc a stationary stochastic process with independent
incrementa.
An orviting satellite expends Wi watts of energy in

transmitting data, essentially instantaneously, at
time ty when it passes over its control station for

the ith time. The infinite sequence 0 t; t, ...
of trarsmisasion times is fixed in advance. Let

Sg = %twi Assume W, Wy ... are independent
rardom variables, -
;Jgges the process S, have independent increments?
ii) Does S, have stationary increments *?
1ii) Does St have stationary increments, if we assume
_t'ha_t_ti =41 for 1 =1, 2, ... and Wy, Wy eee
are identically distributed?

Please turn over
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1. (o) Let X(t) be a process with stationary, independ
(Oontd.). increments. Let dencte- the Borel U_M
on R (real .line).~ Show that for B_e (3~

P (X (t+7T°) ¢ 5/ 2(8), S < t) =P(X (t+T)e n/x(t))a_
(2+12+6)=20

2. (a) Let X(t) be a normalized Brownian motion with
0<% t<{= , Show that, for any finite collection
Ty of pointa O = t ;L ... b, =7 and any

x> 0,
1) Prob( §§;°x<t>> x) L2 Prod ( X(T) > x)

11) Prob ( 2231“0 \x(t),) x){2 Prob ( \x(’r’)k)x)

(v) Let X(t) be a normalized Brovnian motion with
O &teog., Prove that, aa t-»e0 ,

D 5 0 s (8+12)=20

3. (a) Let X5, X, X,, ... be a countable Markov chain

with state space the set of positive integers.
Suppose the process starts at j. Tet = {xn_ J‘}
1

Show P(X = J infinitel tt
D PO =1 o X, =3 i ely often)

z 1=(x,,=3)

P ()Ln jy infinitely often) = O

2 P(X, =3) Loo
Rab3|
(v) Use (a) to show that, if Z }g are the successive

n
fortunes in a fair coin tossi game ,

ii1) P (G)<l %{

P (2, = O infinitely often) =1

(A fair coin is a coin with P (Head) = P (Tail)= 1/2)
(12+8)=20

4. (a) A message consists of a sequence of letters A, B and C,
whose probabilities of occurrence do not depend on the
preceeding combination of letters and they are given
by P (A) = 0.7, P(B) = 0.2 and P(C) = 0.1.

Perform the coding by the method of Shannon-Fano for
peparate letters and dblocks consisting of two letter
comi:inations and find their respective efficienciles.

Please turn over
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There are 12 coins of equal value; however one

coin is counterfeit. The counterfeit coin is

known to weighless than the others by 0.25 gms.
Show that, by using a chemical balance with no
weights, at least 3 weighings are nacessary to

identify the ccunterfeit coin.
(Give an inforwation theoretic argument.)

The probabilities for a signal to be received
or not received are 2/3 and 1/3. As a result
of noise, a signal entering through the receiver
can be recorded at its output with probability

3/4 and not recorded with probability 1/4.

In the absence of a signal at tne input, it can

be recorded at the output with probability 1/2 and
not recorded with probability 1/2. Determine the
quantity of information about the presence of the
signal at the input one could obtain by observing

at tie output. (7+6+7)=20

A gaobler with initial capital of Rs.12 decides
to play against an adversary with a capital of
Bs. 1000 witil one of them is ruined. Assume that

the probability of the gambler winning a bet

is 0.52 in which case he gains Re.l. If he does

not win a bet he loses Re.l.

What is the probability of the gamblers ultimate

viciory?

Determine the gambler's ultimate gain or loss.

wWnat is the expected duration of the game?

(6+7+7)=20

State and Prove Shannon’s first coding theorem for the

erzoaie—source and a stationery channel with

finite

mamory. (You may assume ilcmillan’s theorem and

Feinsteins fundamental lecma,)

Calculate the capacity of a symmetric binary
whose channel matrix is

3/4 1/4

1/4 3/4
Let A and B be two binary symmetric channels
capacities C, and Cp respeciively. If C is
capacity of the cascade of A and B, show
€ & min' (C,, Cp
Let [A, B, M] be an information channel with
alphabets A ={al' ceevay s output alphabet
B = Bys e bsj and chafhnel matrix M = ((

Let P = (py, ««v, p.) and Q = (ays «ve qzp) ®
input probabilities and R =AP + (1L -A) Q f
some 0 { AN 1. Show

AL (a5 B) +(1 =X ) Ig (a3 B) & TIp(As B)

(M75)
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(6+6+8)=20
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