INDIAN STAZISTICAL NISTITUTE
Statistician's Diploma Exaoinition = Uay 1964

Paper I3 Otﬂchl Statistics and Deacripuve Statistics
(Theoretical)

2406 4 hsure . Full marka+ 100
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3. a)

b)

4. a)

v)

Sen)

v

6.3)

b)

a) Figures in tho margin indicate full marke.
b) Answer six . questions in all - not exceeding
threg froa any group.

0) TUse of calculating michines is not permitted.
Croup A . .

¥rite & c.rinc:\i note on the rresent pasition of statistics of live-

ptock and 1i veas¥ock~products ip India. . Give the names of the publi=

cations containing theso BL’\uatico. ) . [10]

I‘h:\t suggostions have you to offer for mpmdng their x'elhbn.l?q? [6]
civwe n det-\iled account of tho nature ad scope of 'civil aviation!'.
statistios, available at present in Indin. What are the publloations

you will consult for obtalning these am’inucn? [10]
Enumorate some of the important measures hat you will adopt for

ensuring comparability among statistice pertaining to different medes ,
of tranaporte (6]

A
Dercribe the scope and coverage of ¢he avmilatie foreign trade .
statistics of India. Also,euggest 8ome possille improvements. (10]

%hat statiatical devicas Lia'e beon adopied to ensure international
comparability of foreign trade statistice? [5]

What does an index number of industrial production Atteopt to measure? [4)

Desoribe the scope and method of construction of the official and non-

.

official Andicos of -agricultural production in India, '.'_.

What are 4heir limpitations, if axv, and what ntepa would you auggest

for thelir {improvezent? [B " 4]
Group B ] L=

Dofino tho concepts of product moment correlation coefficient between

two randoz varinbles x ant y, 2nd of correlat{m ratio of y on x. [8]

If x and 7 are indepondent nndon <ariables show that

r(x+yyx=y) =r2(x, x+y) -y, x +y)

where r{u, v) denotes the coefficient of correlation batween u and -

v. . {8)

Show that, 4f np be A whole nuabor, the mean nunber of sucoesses in

n independant trials with probability p of A sucoesa in any single

trial) coincides with tho nodes [6)

Eight mice are selsctod at random and <hey are divided into two groups

of 4 eache Ench mouse in group A 18 given a dosa of certain poison, .

P, which is expeoted to kill one in four ) eaoh mouse in group B is

glven a dose of another poison Q, which ie expeoted to kill one in

two. . Caleulate the probability that there may Lo fower deathe in

group B than in group A. [10]
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i)

b)

4.a)

b)

(2)

The standard deviation of two sets containing ."1 and n, oeabers

. are 0y and a2 respeotively, Leing measured from their respeotive

moans LY and, mz. If the two sots are grouped together aa one sat
of n1 + n2 meabers, show that the standard dodatim, 0.5 of thie
set modsured from its meny 48 given by .

2
2 nlo1 + n202 . “1"2 @
¥ 2
T, ("1 + n2)

2 .
Y (10]

Show that the mean deviation from the median is less than thnt measured
froa any other value. y (6]

Prove that

where P (= 1 = Q) 46 the proportincn of objocts possessing o particular
attribute A in an infinite porulatin and £ (= 1 -Q ) 4s the

proportion of objects possessing the attribute A in a r'mdon saaple

of n objects froa the population concerneds | . (63

Instead of “taking~a sampla in—+heaboveaaumer, if the objects of the
sample are selected at random in succession untiI™rfixed number m- -~

of objects possessing A is obtained in tho sample, find the rroba-
bability distribution of the size n of the eaaple and rrove that

s(2zly.p : SR ¢

Neatnees (for groups A aid B).
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DIDINI SPARISTICIL LISTITUTE
Statietician’s Diplomn Exazination « May 1964
Paper II+ Probability Theory and Statietical Kethods
(Theoretical)

‘{za 4 hours Full marke ! 10G

1.a)

v)

2.

3

4.

5.a)

b)

a) Figures in tho mirgin iadfonte full anrks

L) Answer alx quentiona in all - nod .excceding
hree froa My RTYUfe

o) Dso of calculaglug mchine is not peraitted,

Gronp A

Each of the n urno consiine x whito and y black balls. One ball

ig transferred froa tho irst ur into tha seeond, thon ono ball froa

the sacond in¢o the am qad 82 on.  Finally one bLall is taken

from the st urnjy riad - probability of ite Leing black, (9

Thore are n cards nusbered 1, 2, upto n  which are ¢ Lo placed in
n baskets similarly nuaboreds Find tha probalLili%y that each card s
piiced in the wrong baskot, if ‘he placing of cards in tha baskets ig
randod. [g]'

Define tho ddatribution functiosn of a randoa variadble and obiain its
various properties. If X and Y are independent uaiform randonm varia-

vles in [0, 1], obtain the joins pistrilution function of XY and

X=Y and find out whother they are indepandent. (1]

Define tho moment generating function of a randons 'mriable amd indiocate
ots uses. Find this f_\u\ouon for the random variablea X with proba-
bility dletritution

P(xar)= (1) 2" a0 0<p <L, pigml,

r =0, Leeey nu
and henca find tho mea and voriance of X.

Aso find the ooariance Lotween

X n=-X
w ond n

(36}

Define the bivariate norm3l distribution md find the margianal diatri-
bution of oach vardatv. “¥nd alwd the omditf{onal distrilution of ome
variate when the othor i “f:ed ald hience find the mean and variance

of this conditional dfgtriLution. (16)

State the wenk law of large nuxbters and prove 1% for the cnse of n
saquence of independent and identical randoa variables, vhon the
variance is kmown to exiat. r8)

GbLtadn the Poieson approsimation to the Binoaial distribtution gilving
the conditions under which {t is true. ()]

Group B
Siow that the lenes pquare estiasates of the paranmeters in a linear
model are unbiased. How can one find canfidence intervals for such
pdragetors? [16]

Dofino n K2-dtstribution and fiud_its moan and varimce. Show that

if X and Y follow fideponicent Xz—dlutrﬂ.uumu with deogreea of

freedom m and n respoectively thon Z = X+Y, has a Fe-gistrilution

with men degreos of frocdom. (16]

ave Tum Over




10.

11.

(4)

what is a paximm likelihdod eetimate and what aro e properties 7
fnd tho maxiaem likelitnod ortimate of thezoam m of a Poisson
population based on u imderendent obsorvatiora from the population.

Deacribe the methad of cvaluatisn of large sample atandard errore of
functims of eamplo adaents and use thea 0 ecaloulaty the standard
error of thv saa=le fourth central moamt By
Beplain tho idea of regressicn of one variable on anstier and she
conncotion bedween tho regreesion coefficlens aid tho correlation
coofficionts, Tfow dooy this idca extmd to the chse of more than two
variablea.

Discuss the following points in connection with %ileoxon's testi?

1) Statistieal model, (ii) the null hypothusis and the altermative,

141) tho tost criterion, (iv) the critical region, (v) the diatrilu-
tion-free nacure of tho test.

Find the large sazple distrilu*ion of Wilcoxon'a tesd criterion
under the null hWrothesis,

Neatnese (for groups A and B).

f2s]

(16)

(16)

e13)
{4



Fize s 4 houre

1.

2.

B

a)

)

a)
b)

e)

(s5)
DIDIAN STASISTICAL DISTITUTE X
Statistician's Diploz:t Examination = May 19564

Paper III t Saarle Surveys and

Dooign ~nd Adlysias of Experizents (Theoretical)

‘1) Flgures In the mar-dn indicate full marks.

11) Ansvor gix questi-ns in all = nob exceeding threo
froa any grovj.e

111) Uso or c.l:wl. 'ing aachinea 7 no% permitted
C-oun A

Cozment on the use and izportd;ee of sxaple surveys and the prineipal
atepa involved in their plannirg and execution.

Discuss the probleas that arie: in ¢he conatruction of a froame.

A city Directory, four yoars old, lists tho addresses in order Along

Aull =arks 1100

(e}
(3]

gach street, and givee the naz~3 of the persosa living at each address.

For a current interview survey of the people in the city, what are

. the deficiencies of thio frame? Can they be reacdicd by the inter-

viewers during the course of the field work? In using the directory,
would you draw A 1list of addre: ues (dwelling places), or a liat of
persons? . .

Define & probability samples

A sample of B8fze n is drawn one Ly one with equal mrobabilty
from a population contadning Il units in two different ways (1) with
replacement, and (44) without roplacement. Show thas 4n either case,
the sample meqn is an upbiased cetimnto of the population mean.

tain ¢ho variance of the samrle mean in each of the two cases and
indicate how you will cstimate ft.

A pimple randoa eaaple of n villages is sclected from o disirict
containing I “rAllages. 5 theew, ‘m villiges were found to have
irrigation facilitics, © an unbiaged estipate of the <o¢nl nualor
of villages in the digirict 1ring irrigation facilitiea. CGive the
rarisaca of the estianto. How will you estimato the wariance?

¥hat is systemitio eamnling? liscuse the situntions under which it
can safely be recomnandod for sJoptiom.

In a population of (= nk Juni:e consisting of a linear trend, show
that a systomatio sample of siz ) n ie lesw precisa than a etratified
random eample with strata of size 2kand two unite per strastum if
ny (4ke 2)/(k + 1),

¥Write critical notes on ty thr e of the followingi-

a) Interpenctrating sanrl e

b; Regression methiod of citiantion
¢) Coet function in enarl» surveys
d) Cluater sampling.

_Pleare Turn Over
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(€)
o B

Tre ictindale Tear Tosies mae dno conoists of four rectawigular bLracs
platey or.eaoh or w.ich is far enod an abrading surface comeisting of
special quility esery paper. ‘dur welghted Luvhea into which test
paanlea of fubelo are fixed. Tt on the caery purfaces and A mechi=
nieal Jeice reves tho tushes ver tho surface of tho emery, thus
abrading tha 4est specimense o logs in weight after a given
nuater of ¢velea 13 used A¢.a -riterion of resistance to abrasion.
Tive difforent rubbor covared ‘abriesA, B, C, D and E ware tested
in five difforent 1uns of the tachino according to the following
scherat

Cfen Pcoitd 'a in machine (brass plates)
h 1 . 2 3 4 .,
B A E c D
2 E A B c
3. D )3 A B
4. c L E A
P B C D E

a) sentiey aha eps of desipr and irdicate briefly its
AT - ) [ﬂ]
uv)  deseribo tle m:u‘:w ¢ (\ppm‘u‘i‘\‘c for thia dcai@ ’ (8}

Degarite the m*..w's vi''u Latin Squ".re experiaent with two missing
otreratiyagdtA Tro A2y expres niune for the standard error of the
aqti_:ﬂc" triateat (afforwce. (You may agouze that the obsermiions
lost r:late ta tws élffern nt tv ua..nents) [1046]

A exporirent was ccnducted ap fellows &> cozmpare the abilities of
two culture pedia to doieot il presence of SALLOWELLA organisms in
specizans of Lacser  fauplas > xa each of 222 specizens were grom
on each pédiuz. " Fer oach £az3la A rescrd war made as to whether
rreamceo (+) ¢ nbzenco: (—-)-c!".be,‘orc.\nisn was found, The results
arce ginn 22 -

JCTIb T No. of
" o naecinend
A co4 7 .
N - s
- + 0
- 20

Total 222

1) ghee JO\._' oo A3 on the sultability of tha depign adopted. [6)
11) :\n:\l/aa tna e b [10]

¥rite cheoct 2otas o !.\-' ¢} tna fallowing

«.on ‘n planndng of experimenta.
simtby 4-4adt
e) ...I‘.Llp.".’l Gl AP pocadures . [8 + 6}

Zoouas A ond ). [4]
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T:DIAN STATISTI 'AL INSTITITE
Statistician's Diploma txaaination - Nay 1964
Papor IV 1 Applied Statisticon (Theorotienl)

Time t 4 hours Full marks 1 100

a) Candidates will bo roquired to nnawer questions
from those two groupn of subjects only for which
they have registered their option.

b) Sopamte snawer bocks are to be used for cach of the
twd groups attompted.

o) Figurou in the wargi: indicate full marka.

d) Uae of calculating c-chinos i3 not permitted,

CRCUP & - ECC:QAACS STATISTICS

(Ansmr any threa yu2iti us frorn thias groupg for ncatnoss 2 marks only)

Briofly desoribe the wothcdn of calculation of indox numbers .of
induatrial prcducticn, nnd empl yment. : llow are those index numbers
useful in tho messuremont of ck ngre in labour productivity ? (1046)

What do you mean by family budg t data ? How will you use theso data

for the estimation of incomo ol sticities of demand for some items, say,
foodgrains, cloth, &nd entertaf.ment ? How are theso estimates of
olasticities useful ? (3+46+5)

Clearly explain the following c~ncepts s
(1) Gross national product (ii) Net national product ({11) National

incoze at xixy market price ({v) National income at factor cost
(vi) Kationsl income at constan: price (vi) Natioml income at

.- ourrent price (vii)' Dowastio iucomo (viil) Disposablo income. (16)

How will you usa concentration {lorenz) curva for tho purpose of
studying whather inequality of “ncome distribution has beon reduced
in the plan period in India ? Marive the form of this curve, when

the income distribution follows Pareto's law. (9+7)
Write notes on any tr: o :m f-llowing s . (048)

1) business forecasting on .ho basie of time serics
11) aassumptions in Cobb-Doug.18 production funstion
i11) 1nput-output. table

iv) statistica of manufacturing industries in India.

Please_tum over
~aease_turn over



(8)

SROTP B = STITISTICAL GUALITY CONTROL

(Answer any thros queationﬁ from tlis group; fer neatness 2 marks only)

1. (a) Explain what i3 nesr.t by the statecent that & process ia out of
tStatiatienl con'."<-_l‘.“, Mt 1s maant by tha torm proceas capobild ?(}‘})

(b) %hat are tho main ¢ nti-'_r:tisne involvod in tho solectinn of
'rational sub-greupa' nil Loz do thoy limit the ability of the control
charts to dotect sfgnificant causes of variation ? (5.5)

2. In tho testing cf a certain ballistic charactoeristic of amminition
it is desired that all valuca of this quality characteriatic, fall
botween 1,680 and 1,800 units. x and R charts on the basis of
pomples or Bize 4 hnvo Loen plotted from past pazples. The R chart
hap shown excellont etatistical control with an R of 34 units,
The x chart has shown a docided lack of control. Past exporienco
hsd shown that thie i3 inovitable ao tha contoring of the prccess is
vory difficult with rospoct to this quality charcteristic.

It has been decided that it will be conaiderably more economical to
test 16 items on nn'ottribute'basis than 4 ite2s on a variable'basis,
In this connection it was docided to maintain a number defective chart,
For this purpose tho 'go’, 'mot-go' testing was adopted using special -
aovore test limits. These are to be established at M2G  so that
the appropriate 'p' (artificial defectives) ia 0.15 for tho "abowva
1imdta" (corrosponding to tho hot-go'limit) and is also 0.15 for

the "baelow limits” (corrcaponding to tho ‘go'limit). Indicate 1

a) with spocification liaits cf 1680 and 1800 a3 statod, whit
would bo the voluea of those special severe test limits ? (1)

b) with 16‘itm:.:n t22L 4 in each saaple, where wnuld the control’
‘1imits be ploced on thy nuz"or defectivo chart 7 (8)

o) if the moan of tho rroceas is &t 1730 units, wht would bo
tha oxpected numbor of plotted points befcre a shift {s dotocted ?
[gtatu clearly all tho ssgumptions undorlying your cnlculati ons_7 (8)

3. A vendor inspects his own product under o Dodgo~Romig 2% AOQL plan,
’ soreening all rejectod lote before ahipmont. The lot siza i3 1000
and ths asswaoed process averago 1% (ore porcont). The purchaser inapects
tho same lote under a Dodge-Rowig 5% _LTPD plan, returning all rejocted lots
to ths vendor. The plan usod ia taken from tho process avorage column
honded "0.51 - 1,00". Single sampling is used.

0) what is the probability that a Z% defective lot will
pass both the vondor's and the purchasor's inspection ? (8)

b) what is tho probability tmt n 2% defective lot will pags
tho vendor's inepection and bo rojocted by tho purchasert's ? (8)

Ploase turn over



4. (5)

(v)

3e

(9)

L.T.P.D. Percont Dafective = 5.0%

prececs nverigoe %

Lot Size 0.91 - 1.00 1.0 - 1.5¢

n c [GRFA n P A0 %
601 - 800 100 2 1.2 130 3 1.2
801 = 1000 105 2 1.2 155 4 1.4
1001 - 2000° 130 3 1.4 180 5 1.6

A02L -

Procosa avercgn 0

Lot Size 0.8 - _1.29 1.21 - 1.60
n ) P, % n e pé

€01 - 800 65 2 8.0 65 2 8.0
801 - 1000 65 2 8.1 65 2 8.1
1001 = 2000 65 2 8.2 % 3 7.0

Show how to dotermino the vulucs of n and k for a variables

sampling plan-known standard doviation when either an upper or

lower specification is given and “'whon AQL, Y, and LTF}

are stated. . (10)

Show also how to obtain tho o.c. curve of tha sampling plan. (6)

CROUP € - STATISTICAL METHM®MS Id CLNTTICS
(Answor any twp questions from this grcup: for neatress 2 marks only)

What date do you collect for exanining whother a grne is sex linked or

not ? Indicato the stotistical analysis needed to establish aucp a
linkagn. Give a fow exemples of genes which are linked with the

X chromosore. (2.3).

Write down the equation for ogrimting tho linkago paraaeter from
tha intorcross data %g X -5 - Suppose we have estimates-of

the sace linkago parameter and standard errors, from two types of .
data. How do you exnrine whothor tho two eotimatos are consistent ?  (24)

Desoribe the x;olo of thres ircrinienant function in plant sclection.
How {5 tho discriminant function dotormined ? Give an expression (24)
for the gonetic edvance due to solection by tho discriminant function.

Plenso turn over




1. (8)
(®)
2. (a)
(v)
3. (a)
(v)
4. (5)
(v)
()

()

GROUP D - VITAL STATISTICS & DENOGRAPHY
(Answor any threo quostions from this group; for neatness 2 msarks only)

Defino & 'stationnry ;. 1-tion' and:oxplain how its chmecteriotics
aro dotermfnod by lity=:wln functions. . . X (10)

It 19 statod that tho mortility of a.body of profeesional men, ssy,
qualified doetors, 'is lighter than that cf tho generel population,
becauso tho avorage aso at death of qualified doctors i{s found to be
higher than that of the gonmeral population.

Do you agreae with this atatemont ? 3ive.ronscno far your Answer, (6)

In a sacpla survey of a population, for each solected household,

the birth schedulo gives, among other things, live births in the

yoor preceding the date of survey, by sex, aye of asthor at.birth

ond otder of birth and the populatton schodulo gives, Bmong othar

thim. sex, age and marital etatus of membors. What addionsal infor-
motion would you rquire in tho population’ aschodule to ennbla you

to extract tho age-parity epecific fartility mtes of narried women ?
(illogitimato fortility ia to bo ignorod) (£)

Defino é—rosa and net reproduction rates. Exnaoine:the appropriatoness °
of each as sn ‘{ndox of feruluy. or ’sa l masum of the truo repro-
ductivity of the population. (10)

%hat 18 a mortality indox and what-ig the neceesity for constructing ',
such an index ? (6)

Derivo two mortality inuex.n based rospectively on direct and indireect
standardisation, and indicite the circumstancos in whioh the use of
one or the other may be more appropr&uto.( . . (10)

Distinguish between catimtion and projection of pipulatfon. (8)

Explain how the populetion by sex and age, 5 years after the last
census, may be obtained approximatoly when full regiatration data
aro availablo, (8)

How would you procecd whon the rogistratien data are not trustworthy
and 4in what essontial rospoct would your rosult bo difforent in such
a csao ? . B} . ()

Write notos on any twd of the following ¢ (8+48)

a) Demographic transition .
b) Rospital morbidity staﬂsnoa and. thoir uses.
o) Vital registration i{n India,

Plcasgn turn over



2.

3.

L)

GROYP & - IEDUCATICHAL AND PSYCHOLOGICAL STATISTICS

(Anawer any txo yu-:tl.na frem this groupy for neatnoss 2 marka only}

Explain the tarms 1 c¢.zasn facters, factor loadings and ocmmunality
as uged in Factor mmlyais.

Show that under Thurstore's oultiplo factor thoory, tho rank of tho
roducod correlatiun matrix of ecores io equel to the numbor of
comxon factors.

Dofino roliability and walidity of a test. Doscribe and compare
tho following methods of mssessing tho reliability cf a test s

1) Tost-Rotest mothod
i1) Parllel Form
141) Split-Half technique

iv) Rational equivalence. -
e

How would you agsosa tha vnlidity of a tost ?

A large number of applizinta for odmission to & course in statistics
waere given a. s0lection te=t, and only those whose scores X in tho
toat wore greater than c, wero selacted, After one year of training,
tho seleoted candidntos wore given a test in ctatistica and their
sgores Y in this test are also available.

How would ycu use such data to - ostimate the correlztion coofficient
botween tha scores in tha silection test and tho scores in the
statiatics test for the population of nll candidntes ? . -

Explain clearly the assunptions undorlying the proccdure, .

oo00ula200

(24)

(24)

(24)
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IIDIAN STATISTICAL INSTITUTE
Statistician's Diplom Examimation - lMay 1964

Papsr V i Mothods of Numericnl Computsation, Descriptive
Statistics and Official Statistice (Pmcticol)

Timo 1 5 hours Full marks 1 100

a) Flguros in tho margin indicato full marks.
b) Use of Caloulating machinos s permitted. )

Group A

(:nswer 811 quostions)

1. The range of .3 continusus rindsa wvariable is lmowm to be (-1 to +1).
The values of the cumlative distribution funciim (c.d.r.) of thoe
randoa variable a4 tvo intermediate pointa ~0.5 aid 0.5 aro given to
be .37640 and .03934 respectively. Find (a) the -alue of the cumla-
tive distribution function at 0.25 and (L) the value of tho deywity

function a4 0.75. . [x
2. Cozpute the firet and second deriatives of f(x) at x = 3C4 from
the following table of walues of f£(x)i-
x f(x)
301 5.70711C26
302 5.71642762 " -
363 5.71373200 s
364 5.71762770 .
305 ° 5.72031178, - .
X6 ¢ 5.72358516 (13
Grup B

(Answar three queations from th_lla group of which question Yo. 3 1a

- ’ conpulsory )
_ 3. - The following table showa ¢he :\co-diatr:ihu‘.ion of the male populations
[Conpulsory_7 of Tnaia and the United Eingdoa 1a 1931.

Po-ulaciom (lakhe)

Aga-grouping Tia . X-
0- 5 24 18
5 =10 250 19
10 -15 222 20
15 = 26 157 10
20 - 25 145 16
25 - % 161 14
30 - 40 251 27
40 - 5C 184 25
50 - & 120 19
avore 6O 100 17
a) Draw the two froquoncy distrilutisns on the samo Sraph papers [5)

v) Draw tho cumlativze ape-distrivution (ogive) curves of tha two
pojulatisns on the wame graph paror. [5]

Pleaue Turn Cver
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3(contd.)

4.

c) Calculate ¢he 2edian ages and the seni-interquartile ranges of the
tvo distrivutions froa the ogive curves you have drawn. .ﬂ

d) Arite a short nate comparing tho ago<distributions of India and
the U.K. on the Lieis of (2), (v) ana (c). [4)

1000 groups of 12 students each wore observed and the nuaber of
atudents in cach group whs habitually wear glisscs recorded. The
following tabla shown <he data,

no. of R

gtudents O 1 2 3 4 5 6 7 8 9 10 11 12 total
who wear. :

glasuca’

no.of . .
groups 6 44 124 269 232 1% 116 52 16 4 1 O 0O 1B

a) Eptimito tho proLability that a student selectod a¢ randoa wears
glissey,ard. on the Wasis of this estizited probability, cdlcu-
1late tho Linomdal frequencics for. the above data, (2 + 8}

v) Calculate the }2 “mlue of goodness of fit of tho binomial dis-
tribution and eximine if this walue is significant. 6}

The following table ehows the yield in ounces of dry vark (Xl) ,
Leight in incles (xz) and girth in inches (x}) of 15 ginchomd plants,

serial serial
no. xl x2 x} no. X1 xZ x}
1 2 21 3 9 10 6 3
2 25 7 2 10 26 4 4
3 w5 1 11 21 8 4
4 44 16 4 12 13 1 3
5 56 13 6 13 49 12 5
, 6 38 12 3 14 27 6 3
1T R” -1 4 15 5 16 7
] 25 5 2
a) Obtain the equation of linear regrossion of X, on X, and X). [10]

V) From the abovo equition estimde the yield of ery bark froa the
walues of xz and x, corresponding to plants with seridl numbers

1, 3 and 13, . [2]
o) How much of the ‘aridtion in . is explained Uy the regression
and how much ly doviatisng of olserved *xlues from regreasion? [4]

Pletse Surn Over
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6. The following tablo. Bhows yedrly public investaents under Central
Covenmaent for the financidl yeare 1901-19C2 to 192G-21.

public firroptaont public {ivestzent
Jear uider Central Joar uncer Contral
Goramzant : Govonwent
(crores Ru.) v (croreeny.)
1301 = 19C2 17.45 1911 - 1912 31.37
1502 -~ 1903 2G.35 1912 - 1913 35.37
_1503 - 1904 . 21.42 - U 1913 - 1914 35.32
1204 - 1965 23,51 1914 ~ 1915 39.85
1905 - 136 29.91 1915 - 1916 45.91
1966 - 1967 27.23 1916 - 1917 468.17
1907 - 1300 34023 1917 -"1010 46,85 *
1900 - 1569 35.C0 1918 - 1319 40.96
1909 - 1510 27.32 1919 - 126 36433
1910 - 1911 32.20 1920 - 1921 - 43.080
a) Plot. 4he data on A graph papor. 4]

b) Fit a aecond degroe polymozial trord to tla data and drawg tha,
graph of this pal,monial on the graph of the data, by PlM‘h‘Ls

Ll selected points. : . (8}
¢) Write brief commonts on the nature of growth and fluctudtisna of
g-:r/crnn\n"\l inestamts durlng the period fndicated. [E))]
Group C.. o

(Answor 211 queations)
1. Selact any tliree of 'ho fol).odng i'o:ﬁl

a) Foroign Trade, (V) Irrigation, (c) Industrial Production,
a) L Utilieation Statiseicsy’ (o) lining. ' )

For each of tho three {tems selected, write dom

1) the naaes of rullications froa shich you ean get the
roquired informiti~u 1w India,

11) the office froa which the publication s issuad,
i11) periodicity of pullicatisn amd

i¥) the tim lag in publieation. ’ ) 9

8. Collect relevant inforaition from the publicatisng supplied in
respeot of changed in (4) per capitd net nationd) output in Ludia
and (11) sndex musber of fidustrial production in Indid for the
latest aailable 10 corscoutive years.

Comment on the baliont features of data thus colleoted. [16)

Please Turn Ovar
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1.a)

b)

2.3)

(1)
NDLAT STATISTICAL LISTITUTS
Statistician's Diplosn Bxaaimactim = by 1964
Paper VIS Geatistical lethods, Design and Analyeis of
Bxperiments ond Siaple Surveys (Practical)

1) Flgurca in *he margin indfcate full marks.
11) Use or ¢ L. '2<ing aichines is peraitted.

ran A
(Awwer 211 nucstions fron this group)

In a fertilizer experiment two sots of 10 plats of equal ared, ware
selected at random. ALl the plode in tlo first set received fortili-
ser A, while 811 the plots in the second set roceived no fertiliser
at all, The yiclda of wheat grom on these rplots are gen belowi-

from plots with

Yields (1u 1lbs.) I 512, 432, 470, 533, 571, 482, 45G, 396, 412, 4715
fertiliser At

fron plots with

no fertilisers

It is clained that the fortiliaer A i@ effectivo in incrensing the
yield per plot of wheat. Do you agroe? Give reasms.

Helds (in be.) ‘ 517, 378, 515, 402, 411, 310, 5C1, 43C, 472, %3

The following table gives for a sample of mirried wozen,the lovel of
education and marriage adjusiment scoret

aarriage -~ adjustaent ecord

wery low  low  high  very high

| colrese, 24 97 62 56

lovel of -
education High Scnodl 22 0 30 41
Middle School 32 10 11 20

Can you conclude froa tho abowve, that highir tha level of edueation,
the greater is the degroa of ndjuatmout in marriage?

Uoe any approprhte uhusuc'\l ‘o8t to examine that the following 4
samples come from ‘he 8azme populatiom, -

00arle 108,

1 B § ¢ 117 v
13 24 12 4
40 22 9 19
20 24 16 24
19 24 17 26
45 26 17 38
26 28 18 36
25 12 19 27
56 36 22 31
21 42 31 25 .
30 53 42 22
14 61 51 29
2 1< 12 22
21 2y 20 22
1 23 22 31

Full marke s 16C

(10]

(10]

(20}



(16)

2.b)  Four plots of 1and we-: Aivided fn'n 5-aub plote aach. For each plot,
five treataonts were . "d At randda €2 the S5-pub plots. The
yields from the subpldi. .. ¢ivon belows Test whether the 5 treat-
monts are cquallye ffoz! in rcapgct of mean yield.

. Treatments
: 3 c D E
Plots
1 6 352 %4295 497
2 288 397 442 263 415
3 367 22 4% 310 467
4 268 %8 464 166 428 . (e

Croup B

(Anower miy tro questions froa this group)
3. ohe table below gives the yield of wheat as observed in An experimont
oarried out in.a 4 X 4.Iatin Square. The four panurial Y.ra‘\'.nun's

are denoted Yy nuzvers 1, 2, 3 and 4 {n parenthescod.

Yields in a 4 X4 Latin sguare expeﬂmcn’..

O] (3) (4) [6%)
425 442 540 346
) ) (2) )
384 512 490 4c8
(3) (4) (1) (2)
5C6 560 536 600
(1) () (3) . (@
451 560 493 147
aalyee the data ad writo a brief report on your findings. (15]
4. The following data relate to the initial weights (in pounds) and

grovth rates (in pounds per wock) of 15 pign, clissified '\cc0rding
to ren I and tyre of foed given.

Exaine the difforences Letween the threo iypam of feed A, By, and c
in their affcot on the growth rates of pigs, corrccting for the
difference in the initinl weighite of pipn.

Initial weight md growth rate of pigs.

pen  type of initial growth rate pen  type of ‘initial growth rate

feed waight in (Qus.por foed weight (in lvs.per
(in lbs. woek) (in 2vs)  woek)
___r . ¥

A 46 9.94 B 32 9.24
I B 43 10.CO II c 28 8,65
c 48 2.75 A 32 9.48
11 c 33, 1.63 c 50 16,37
A 35 9.32 v A 48 1C.56
B 41 9.34 B 46 9.68

B 37 9.67 [You a0y 1iko to make use of

v é\ ;2; gg:"l tho following enarutationgs

Zx- 508, z.y- 141.03,

G e LRSI
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1.

7))
{contd. frco Geouo B)

Draw up a Lalanced confouaded desigm for a factorial exporizens

involving throe factdra A, P, C cach 0t three levels 0, 1, 2 using

blocka of 9 plots, in 4 roplications and with partial confounding

of only tho triple faotar fnterdction. [lf)]

Greup €

(Anowor )2t 40 questions fror thia areup)

J. sizple sample of n = 5C Linupcholds was drown withdut replaceaant
from a village in which therc ars in all- il = 250 hsuscholds. It
wag found 4hnt amongst tho sam;ded houscholds, thero were only 8
houscholds each possessinc & tranaistor radios Theae houscholds Lind
respactively 3, 5 3 4y Iy 4y 4 9nd 5 meabers.

Estimate (a) the %03l aunler of houscholds in the ‘rillage possessing
trausistor radfos (L) the total number of perssns in these households;
ad ealculate dho atandnrl orrors of thedo estiandes. [15]

For a certain surv2)y, Lt 1&35 Loen decided t2 uas A strat{fied shapl-
ing dosign, uaing 5 ste.ta, saopling within each atratun being wisth
roplacezent and with cqual probabilitics. Let 1!1, n and c"

denote respectively the population size, saaple size and the standard
derdation of the characteristic wwler study in the i-th stratun,

Let cy = Ra.5C0 be tho oserhead cost for the survey, 8y the cast

for sazmpling and processing & singla unid froa the i-th stratua and
C = R8.10,00C the ¢atal cost fixed ror the survey. The nuaerieal
walues of these constanta are given Lelow,

stratun

nu:gbor !1 . oi 4
w) (rs.)
1. 37660 . 28,5 3.50
2 526CC . 18.6 2.75
3 820¢C 27.6 2.25
4 416C0 21.2 3.CC
5 208CC 16.8 2.50

Dateraine *he optimua "Alucs of ni'a in tho scense of mininising the

wariance of tho cusdomiry estimate of the population totale [15]

lenes Tarn Ovor
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INDIAT STATISTICAL TRSTITUTE
Statistician's Diploma QmMnACLm - May 1964
Paper VIL s Applied Statistics ( Practical )

Full marks t 100

a) Candidates will be required to anawer questions

from thosa two groups of subjects only for which
thoy have registered thoir option.

/ b) Soparate answer bocks &re to be used for each of
thess two groups. attempted.

o) Figuros in the wmargin indicate full marks, .

) Use of Calculating Machines s pormitted.

GROUP A s ECONCWIC STATISTICS *

’

1. Averege woekly wages (in dollars) in manufscturing
along with tho consuser price index numbers-are.giv

* months. Compare tha chang

a ( Answor all questiona )

in money wage with that in real wage -

en balow for 14 ~

—a)—

frow ber 1955 to D ber 1956.
month waokly woge gonsurar price index

1955 November 79.52 115.0
December 791 114.7

1956 Janvary 18455 -, 114.6
Pebruary 18.17 114.6
Karch 78,78 149"

April. 78499 114.9

- May 79.00 115.4

June 119419 116.2

Tuly ' 79.00 117.0

August L 79.79 116.8

September .81.40 1174

Cotober 82.21°" 17,7

: " Novembor . 82.42 . 117.8-
Decenber 84.05 118.0

2. On tho basis of monthly ssles (in million dollars) of & certain \

comodity for tho years 1951 to 1955, the following caloulations were

made.

Index

. (15)
Trend ¢ Y = 25.74 + 0.455 ¢ whore origin is at January 1951
t = tims unit (ono month)
y - monthly salos.
Seasonal . month  Jan| Feb | Narch| Apr | Uay Junal.!uly Augl Soptl Dothov L)
index 79.6| 76.4 94.9] 97.5| 105.4 913] 85.1 89.2'102.1 121.9|115. 136.3

Estimate monthly salaa for 1956.

Ploaso turn over
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3 Index numbors of decnnd for agricultural products (y), prices of
agricultural products ("1) and national incomo (xz) aro given

bolow for the years 1950 to 1959. Obtain tho elanticities of dcocand
for egrioultural products with respect to price nnd income. What
will be tha chango in demand, if incomo incroeses by 5 p.oc. and

price rison by 2 p.o. ?

‘* Year Yy X, x,
1950 102 89 %0
1951 9 9 96
1952 . 100 100 100
1953 105 97 98
1954 17 93 105
1955 120 72 96
1956 120 5 - 100
1957 127 9 13 -
1958 - 118 91 114
1959 134 96 125

GROUP B s STATISTICAL QUALITY COMTROL

( Anawmer bny_two questions )

1, (g) The following table gives the number of wiesing rivets notad at
aireraft final inspection - .

Air plane RNuabor of || Air plans HNumber of | Adr rlano Number of]
number eissing number missing number migaing
Tivets rivets rivots
1 8 1 23 21 10
2 16 12 16 2 22
3 14 13 9 23 7
4 19 14 25 ° 24 28
5 1" 15 15 25 9
[ 15 16 9
7 L] 17 9
8 11 18 14
9 21 19 7
10 12 20 9 . L

Compute trial coatrol limits and plot a control chart for numboer af
dofects por unit. What would be the achlovable standard value of
tho nuobor of defects por unit ?

(b) A control chart for dofecta per unit uses probubllity limits corree-
ponding to probabil{ties cf 0.975 and 0.025. Tho central line on
the control chart io:t 2.0, Determino the ecorrect position of tho

(20+5)

upper and lower contr,l 1¢ita when n =5, 4.e. 5 units cre inspectod

at a8 timo,



2.

3. (a) Iz a cortain variables

(v)

(20)

The lot size N 4s 2000 in a certain ADQI.. inspootion procedure.
Tho dosired AOQL of 1.0% (one percont) can be obtainod with any
one of three single smepling plans. Theso are n = 36, ¢ = 03
nel cwiljand n= 130, ¢ @ 2. Which plan will involve tho
minioun total inspection, considoring both Sampling inspection and
screoning of rojected lots, if a largo numbor of lots of 0.25%
defectives are submitted for accoptance ?

“3€ ytance plan, samples of 4 are tcsted
from each lot. Tho resulis aro plotted on an :‘:. R enntrsl chart
with control limes drawn at tho usual 3 1linits. If the averago of
& ssaple of 4 l1ies within tho cortrol limits on X chart and the
range aleo 1ies within the contrsl limits on the R chart, a lot is
acceptad; othersise rejected.

Assuma that ofter a long period of satisfactory lots, a lot is
submitted that is 10% defective. Assume for each lot a Normel
distribution for the variable chammcteristic with a' o' equal to

that used in computing the control’ limita. For tho 10% defective lot

the averago may be asoumed to have shifted to such 2 high valuo that
tho highest 10% of the froquency distribution-is above the upper
spacification 1imit. Compute tho probability that 'this defective -
lot will be eccepted 7

A eample of 5 bearings # taken frow an sutomatic grinder and their
diamoters measured. The rosults are 1.003, 1.001, 0.996, 0.997,
0.998, The process is corjidered eatisfactory if $9% of the output
liea wlthin the range 1 & 0.005. On the basis of thia eample,
docida whather the gﬂnder necods adjustoent.

0000000

Pleasre turn. tver
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GROUP C_« STATIJTICAL ¥FTHCDS IMN GRNSTICS
(Ansver a0) qdesuons froo this group) -

8. The following data relats to sux of children Lora to mothers of
aifferant (0, A B, AB) blood xroups. )

Sox of Blocd g-oup of mother

child [v] A 3 A
oy 200 192 15 66
q__) 160 180 150 15
Exaaine
(a) whether tha over-all sex ratfo 48 1 a1,
(b) whether the sox ratic ia &iffirent for
. different blc. groups of mothers, and
‘(o) whether the £ ires for ¢ and @ children of
mothers with . bluo’ :sroup ag given in the above
table show .. 8 : rn t20 coasistent with some previous
data giving 100 ¢~ el 350 (p children’ for
mothers of O group. . (25)
9. The mean values, standcrd deviations and cérnlaﬂonu of u;u-ao
’ characteristics y, s Xy in a populasion are aa followa A
y % X,
pean 200 35 46
! eadi 3 3 2
Correlations
y 5%
. y ) «50 50
‘Y x, .60 1 «40
X .50 -40 1

(a) Compute the linear function of Y and X, useful in.selecting
individuala for the chu: .aristio y.

(b) How ehould the eeloction 1 deme on the Lasfs of xl, x, (l.o.,
what’ value should the ir o i . i dotermined in (a),oxooad
for selecting an individuu!) £f, in tha long run, 25 $ of the
ayailable 1muv£duala ore seleoted v Assume nomluy of
astrilution .

(o) ¥hat 18 the mean value of y in the smolected group ? (25)

oooOooo

Pleas Turn Over
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GROCP D+ VITAL STATISTICS & PEMOGRAPNY

( Answor any two quostions )

1. The following data are taken .s.rolating ta a certain duropcan
Coamunity ¢ . (. R

Table 1 s Population cf wioon at ages 15 - 44

Year & Yenr B

Ago No. of married lNo.of 1ci- No.of mpurried No.of non-
group women eari. 14w wecen marrdod women
15 - 19 1,000 8, 0 . en 500

20 - 24 5,200 4,M0 £,700 3,400

25 - 29 7,100 1,300 7,200 1,700
30=-34: 7,90 700 7.600 700

35 -39 7,800 600 7,500 600

40 = 44 8,000 500 7,600 600
Total 37,000 15,600 36,602 14,500

Tori Fopu- 210,000 250,000

Table 2 3 F\:rt.nﬂ.y atas By age of woren, & nwlter of birtks (('oéngi ve L1

a

Ago Year Year B .
i group logitimte illzgitinate Ingitimste illegitizate
15 - 19 T a00 Ne L0835 - 004
20 - 24 +250 .03 o253 002
%5 -29 #15C 140 - -
30 - 34 0% - 002 . -
35 -39 060 - 1060 -
40 - 44 «020 - <020 -
No. of birth 3,004 54 3,752 37

Considering the year A to be t'- slandard yoa:, calculato indexas to
show the relative fertility exp:riences of tle two years ad excrine
tho inadequacy of tho compiriscn c¢f L% reapectivo cruds birth rates. (25)

Plraco turn over



. -wwwuDaVY CONBLOBCH IV

' umewvaon o1 India (in lakhs) nccerding”

Estimato the oxpected population of Indin in 1971, on the basis of

tha growth equation 3

Population
Yoar (in lakhs)
1931 2,79
1941 3,187
1951 3,611
1961 4,392
0,.t
t
P" - PG s 2

wvhare Pz and Po are tho populations at timees t and o
respoctively, and bt - ag+Pt

growth at time 't'.

is the momontary rate of

Comment on tho reasonablonoss or otherwise of
thia estimate from other considerations,

(25)

Tho following table gives parti:ulars absut White Females, United States,

1950

Ago Ago-specific  Provortion surviving
group fortility fren birth to mia-
(year) rte point of afe-group
10 - 14 0004 96920

15 - 19 +0700 +96633

20 - 24 +1504 196338

25 =29 #1651 -95915

30 = 34 .1026 295387

35 -39 0512 +94658

40 - 44 0145 193569

45 -~ 49 .0010 «91912

Caleulato tho avorugo length of tho generation of tho whito females

on the basia of the above data,

Plcase turn over
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GROUP E 1 EDUCATIONAL .-\VD‘ ITYCHOL Y. YT STATISTICS

(Answor 61l Quasticna)

The following table gives the ranks assignod to various moral- {tems,
by employers and employees.

m Eaployer's Ranking Poployeea' Ranking
1 1 7
2 2 3
3 3 1
4 " 5
5 5 8
[ 6 4
7 7 [3
8 8 2

Indicato whether there is any rr'ationship between the ranks assigned
by tho two groups. Commant on \iie results obtained by using product

moment Correlation Coofficient. (16
The Correlation matrix for 5 test varintles is given below t
1 2 b 4 S
94 - - - - -
2 +50 - - - -
3 41 -58 - - -
4 30 44 «54 - -
5 W21 «34 57 .62 -
Aseuming th:'\t tho tcata‘my Ve dcscr&bod'by two common fagtirs,
obtain (1) the footor matrix (ii) the first factor residusls,
On tho basis of the firat factor residuala.-can you justify the '
? (1

above assumption.

The following table roprosents the judgements of 95 membore of a
wollknown sycphony orohestra,conceming preferercea for music of
eight composera. Compute the scale valusa for the eight composers
ropresented. Tho table gives tho values of 151 where p‘ is tho

proportion of times where cu™8or J ia profertred to composer 4.

Value of p“l
. 3 2 -3 4 b ‘ 7 8
1 L2242 .842 916 &4 .589 411 .126
2 895 968 .989 .842 .758 .159
3 2853 .547 .232 .126 .053
4 189 126,053 .032
5 .189 .084 .042
6 326 116 .
7 e L (+
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nmIsl ST ISTICAL DISTITUTE
Statistician's Diploma Examination - lhy 1964

Paper VIIIS Subjects of Specialisatim = I

2iae1 4 ours Full markas 122

1. a)

v)

[
.

3. a)

b)

4.0)

b)

sen)

v)

estimated?

1) Candidates will Lo required to answer questisne
from that group only for whioh they have registered
thoir ortiona.

11) Figures in the margin indieate full marks.

Group A 1 Scomonie Statdmtics -(Economotrics)

(‘mewor My fivo questisns)

vhat is tho problem of identifiention {n the catization of simultanvaus
linear relatisnahips? fiow would ysu procoed if you find one of the
relationships is (i) undor-identificd, (11) over-identifiod? L0
Examine wliother the following model is identified or not and deseribo

how you would estimate the parizeters involved. ’

D-ﬂ,?#azy-'-ub

S -_S’P + sz +ug

D= S.
Here the endogenous variabitea D, 5 and P are the demwd, aupply and

price variables @ y At w aro the exogenous varinbles incose X
and weathor respectivels. . Y

Frite A note on the applications of the lognormal distrilmtisn in
econsmics and the related problems of estimation. When is the bivm-

riate lognoraal distrilbuti-n needed and how are the parazaters’

253
Desoribe the xu-oducuon-rw\cﬁon with constant elasticity of substi-
tution. Is it ony improveaent on the Cobu=Douglas producuon-tuna'.ion?[lm

#hat are the methodologisal pmblo:m imrmlyed o rsvtng a producuon-
function to time-series datna? - [

vrito A nota on the generalised leant squarcs eetization of paramaters
in single-equntion-modols. What arce their properties? 'How are they
noeded in the statistical annlysis of economio data? [‘7']

ey Xt-l\i\:td-lit

whero €, lias mean zoro and forms the first order autoregressi-rn
process given f\f

By = P Cpay * Yy
derive tho generalised cotlamite of L. [3]

Yuat ore the moneurcs of incquality of incsmo and wealth distritution?
Yow would ysu estiznse thea? {1

flow would you pet about studying changes in incomo~distritmtion over
tino in India? Shat arc the methodologcical and practical probleas
irvyolved?




6.

1.0)

v)

1.

.,Descrsbe the s'\uénc features of the Mil. Std. 105 tables.

(26)

Exaine in de®ail the problems of formula‘ion and of estimatisn of
depnd relationships from cross=sectim and/or time-serios data, {

#hat are the open and closed Leontief's models of the economy?
How are these modelu n’\da d.;,-mmc"

Exasine the linmitationa and difficulties in conntruc‘ing ad ueing

the input-output tables i1 the context of an mu)orde-mloped or
developing gauntry.
. .

0000000 | o v [1(.]

[

Group B & Reclum—Coamercial Statistice -
(Statistical Quality Control)

(Answar iy four quenuonu)

Discuas briafly the problems onu.n:\ru; faced in at'u-ung and @ain-
taining control charts in a nwnufacturing plant, with speeial refe-
rence to the statiatical principles useful in dealing with thoea.

{25}
nm': is marrow linit g:ngmg?- Exaaine ¢he '\d}\nc-\ges of an.l'the
probleas involzod in the use of narrow limit gwging, for’ control of:
a measurable characteristic. [25]

How would .
Jou uelocc a suitable plau) from iheeo tableo for noraal’ imzpec‘ion" =]

B:\mine the ronowing statement. 'The M1l Std tables 'u'e nora npp‘ro--

_priate when the supply is regular and continusua whereas: the Dodge

Romig .plana are more suitable vhen supply :ia occasimal or apgr:_xdic.' : f_')'l

- :Describe the atatieticnl problemsa involved in determining the

optisus operating conditims of a process affected Ly eeveral, v-\x'—i-mlea.

Cree et

) \ﬁ-x'e ‘notes on any throa of the fonowingl !

.
a) Rola of. standardioation in quality control

b) Speeificntiong and process capabilitios . . -
) Continuous eanpling inspection. plane

d) Cumulasive sum charte

0) 0C curve and indifference quality {25)

0000000

Pleaso turn ovor



(a)

(®)

(s)
()

(c)

(27)

Croup C - Bicmetric Mothodn

( Answor uny feur quastions )

The distribution of tho numbor of children per married couplo cen
be dascribed approxim~tely by the formula

1 -a for x =0
p(x) =
i R a(1-0) %' for X = 1,2, seees ad inf.
where (1<, & (g, are unknovn paracoters

end  p(x) donotee the proportion of couples ¥ith oxactly x childron
Only eome couples, forzing a proportion, say f of all couples are
capablo of producing albino childron, snd the chance is ) that ony

. ¢hild born to such a couple will bo an albino. The other couples are

incepable of producing albino children.

Work out the probability that a couple selectod at random will have

x childron of whom y Ore albinoces. x 2 ¥y = 0y 1y 2, scccscea o
State clearly any extra sasumptiona that you may usd in computing this
probability.

If a simplo random sample of n couples (s drawn with replace=zent

from the population of all couplos, and for each sampled couple the

nuzber of children x, &nd the number of albino children y are

noted, how will you estimate tho pammeters «, B, ¥ angd ¢ 2 ()

It has Yoen puggested that the cronial capocity (C) of a skull can
be predicted from tho glabella - occipital length (L), the maxicum
pariotal breadth (3) and the basio bragmatic height (H'), by moans
of a formula of tho type -
oo B By By
C=axlL "B H

whoro @, ﬁl, [32 and [35 are certain parnmeters.

Measurerents on C, L, B and 4' aro availabdle on n = 26 w@male
skulls,

How will you estimate the parsootors ?

It has beon suggested that a simplor {ormula
CaaLBDR*

muy do as well. Lor will ybu‘voxaminn thie. point ?

In any cose, ginco C 15 0 volumo, dimnsional ccnaidomtions suzgost
that [51 + 132 + ;33 -3, Tow will you teat this hypothesis ?

Doscribe in datail all tho agsumpticns - that are noeded to veligoto
the statistical tochniques adoptod. .
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For & mixture of two lormal populations with possibly different means
but samo variance, work ocut the first t‘our central momonts.

Desoribe how you will estimato the four mramotcrs nemaly the two
meang, the common vsriance and the mixture-ratio,.on the basis of

a largo sample’ drawn from such a populatton. (-

The longths of the ten fingers are available for a large numbor of
adult human males. Forulate some hypothosis of symmetry of thoso
measureosnts which it may Le of interoot to examine on the basis of
theee dnm.‘ Describa tho test procedures that you would adopt. (2

Doscribe Fisher's tachnique of discriminant function for claasifying,
on the basis of multiple ncosurements, an individual into ono of tixo
glven populations.

Wcrk out the probability at nin-clneaificntion by this technique when
the apriori probability is z thut the individual belonga to ocither of
two given multivariate Normal popu.lauons, with a common disporsion
aootrix.

oooOooo : .

Gtoup D - Desimm & Amlxsis of Exveriments
* ( Answmr mw four quostions ) .

Assuming that the yield of a plot is built up additively of the

offects of the plot and of tho treatmont epplied on it, work out the
expected values-of tho mean sjuares for tho different components in

the analysis of variancq for a randonised block exporiment. . (v

Describo how to ostimate the increase in efficiency due to the use
of a rondomised block design insteed of a completoly randomised one,
frem the results of randomised blocks experimont. Q9]

Dofine a Partially Dalanced Incomplete Block deslgn with two associate
classos.

Exazino whother the dosign given Yelow (invnlviw 12 treatmonts in
8 blocks of 3 plots cach) can be considored as Panially Baluncod
with two aspociste classos.

(2, 30 (4, 5,°6)1 (7,8 9)1 (10, 11,712)j

(4, 7, 10); (1, 8, 115 (2, 5, 12)s (3, 6, 9)
If the above deeign is Partially Balanced write dowm all tho paramcters
of the design; {f it is not, demonstrate just which requiremont is not
fulfilled. .

Writoe down computational instructions for the intra-bloock annlysis
of the rooults of an experiment with the abovo dosign.
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(29)

Cive a design for a ¥ replicata oxperiment involving 6 factors,
onch at 2 lavols, using blocks of 8 plota. (1)

Doscribe the attractivo features of the deaign chosen by you And
oxplain how the experimental rosults aro to bo analysed. (13}

Doscribe the method of steepest ascont for locating the peak of a

responso surfaco. (1)
Show that prior knowladge of the slopes of the reaponse surface (in

difforent directions) is necossary for using this mothod. (a)
How do you proposo to datornina tho slopes ? (1)

An astrologer claims that given tho exact time of birth of a nowbdbrn
baby, ho can prodict whothor the baby will live for at lenst ono yoar
or.die before attaining the age of omo. Design an oxperiment to test
his claim. Explain carefully how you will use the fundazonta) principles
of randomisation, replication, and orror control in designing this

experiment. 0000000 '

Group (E): Sazple Survese ~(Theoretical Aspects)
(Answer any fiur queations)

Dofine the following terms . MY
a) Purposive Sampling -
L) Siaple Randoa Sampling .
¢) Response Errors
a) Interpenetrating ‘Subsamples
e) Correlsgram . . . i [291

Bow ia the population mean cstindted when the sdaple ia drowm one by
one with varying probabilitios without replacement? .

How 18 the wvariance of tho estimitor of populition mean ¢stimted for
the almve schemo? . |

Yoo w
Bxamine if this eatimte of wariance could be negative.

Deseribe tws schemes of 83opling with +arying probabilitioe without
replacenont for which positive dofinite estimators of the ariqice
(of tho cetiante of mean) are availablo.. .

Deseriba a methad of s jeteastic sclection with varying probabiliticz. ['

Show that under certain ascuzptions tho regression estizi’or i& betier
than the ratio estimator of the population mean.

Yow would you cstimate the reercssion coefficient for a coobined
regroaoion estizntor whon oiratified siaple randoa sampling is ugd?

How ia @oublo erapling used for regression estimation when the popula-
tion meon of ¢the "auxiliary Aariate 48 not knowm in adance? ['T-'v



(30)

Group (E) (contd.)

4aa) Civen the Btrata, how would you allocate the sample eize to different
aeratd to estimato the prpuladion mean? Givo redssns,

v) If there aro only two stratdy how would you dirtrilute your sample
orer thea,to estimnte the differenco between tlio strata moans?
Give redgons.

c) Descrile stratification after saaplo selection.

4) Describe a self-weighting strasified tvo-stage deeign. ey

5.a) what i + 2 problem of non-rosponae?

b) Derise the expresaisn for the ontimia fraction of 4he non-respoidonty
o (in 2 miiled questiomnire survey) to ve interdewed.

c) Describe Politz amd Sizmon's echeme of Mckling the problem of
not=at-honos. . . [

Group (G)_Stastistical Inference

(mBwer 3ny five questions)

1.a) Define 'unbidsedness! mud 'consistency' of an estimator,

b) ‘i‘n i3 a biasad estimtor of a parameter 6, bLased on :I_rand‘c:n aar.:plu'
of Bize n, and '.-:(7“) =6+¢b. If b =0 ond v(:n) - 0 as

n - ®, show that T 18 A consistent estimator of 6. G

c) In order to estimate the proportion 6 -of a certain chardcteristic
in a large population, a random 6dmple of size n | is ¢nken and the
nuaber of individuals with the characteristic counted. 7his caun-
ting involves an error which my_Lo considered comstant for erery
glven n, dnd is of the order /n. Exaaine if the sampla propor-
ticn 18 & consistent estimitor of 6. vl

2.4) Bxanine 4f the distrilution

f{xypy ) = A P

Ity
adaita of a sufficient- estindtor of «. '_“A

v) Show that 4f t {3 any wibid £d estimtor and T a eufficient
Btatietic for A paramter &, then E(t / T) di# an unbinged catiza- A
tor which has a emaller ~Aridnce than that of t. [6:

¢) Xys eecp X, 10 d rudon sazple from 3 norzdl population 1, 1).
1) Show that ¢ = %2 xi 19 an uabiaoed estimator of U 1. [

14) Aswuning that the pample man x  4s a sufficlent statistic for
H,  find an uabiduved cetimator of 2+l which Las a wariance
az1ller thin that of ¢,
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a)

b)

4.0)

5.

6.

b)
c)

a)
b)

¢)

a)

")

1.

¢)

(%)

Describe an iterativo oethsd for selving the midmua likelihsod
equatisne or two porascters and for obtaining tho ~Ariances and
ecorariancov of tho estimators. f1.°

For & norml distribution R(u, 6%), u fo known but 02 s not
knomie Show that thio #amplo variance is not the moat effiolent
eutimator of 02, ond obtain the Miximuz likolikood estizitor of ¢, [10]

Show, with proofus, how to chwstruct a m2et powerful test £or a olzple
hypothesis dgainst a sizple altemative. !'1]

To this test tunblaned 1? 51
2

For the norml aistribution N{G, 0°), derive 3 wnifsraly @8t power-

. : AT 2
ful test for the hypdtheais 02 - °o against alternativea of the

2 2
tyre © (Oo . [f]
Define & 'composite lypathesis's . [5]
Descrile the likelihsod-ratio mothod for canstructing tests for compa-
site hypotheees. [

) .
Thera are k naranl populations H(u1.0 Yo eoey H(uk. oz). A rondon
sazple of size n has Leen taken from each of the k populations.

cutain the likelihozd ratis test for the lypothesis u1 a s m H‘ [o]

How are shortest confidence intervala for a parameter defined Ly
Noyman ? . fel

How are <heso intervals related 5 Lest critieal regions far testing ~
Wypotheses regarding the parazcter? {8}

Illustrate the aLove ly conwidering tho probloa of finding a confie

dence Interml for the mean of a norzdl populition,whawe variance is

not known. (o1
Write & short essdy on Wld's thesry of decisisn functions,

oxplaining Bayes and minizix procedures, randoaised decision function
adnissible anl cozplete clavses. (201
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IXDINS STATISTICAL RISTYITITE
Statistician's Diploma Exnmimation - Miy 1964
Paper IX 3 Subjeots of Spocialisation - II

Full marks s 100
l) Candidates will be required to answoer questions
* from that group only for which they have regioterod
thoir options. | )
.b) Figurea in the mrgin indfcate full marko.

Time 1 4 hours

Group A - Economjc Statistics (Indian I ice and B« {eo
of Planning) .

(Ans-or Six questions in all - n2t cmeodlng"'ﬁ\me from a:\y‘ SoctiOn) '

Sectien I s

¥hat are the main foatures of the Comounity Devolopoent Projects snd
National Extension Service of Indfa ? Examine thoir usofulneas for

raising agricultural produ ctivity. What ohanges in their orgenizati-n
will help in incroeasing ugﬂcultuml production faster ? (14)

Outline the main arguments for sotting up of public enterprises in
India. Also give a brief account of the important industrial onterprisas

started by the government in recent years. (16)

Describe the progent system of Industrial finance {n India, Give
suggentions for improving it 8nd 8lso indicate what, at preaont, is

being done in this regard. (1

Provide an annlytic descri puon of the exieting tax structure in Indin.

What changea would you like to msko in it with a view to (a) making 1%

mora progressive, and (b) wroviding more resources for econonic davelon-( )
14

pont ?

S5e. Give 2 gketch of, nnd critically comment on, India's balanco cf paymonts
problems ainco the ond of Socond World #ar. -To what extont India's’
foreign exchange difficultics are a consoquonce of Plans. (14)

Section IT

6. Critically examinc tho thesis thrat the emorgonce of agricultural
surplusos is a necewsury pre~rujuisito for industrialization of over-
populatod arcas. Account for the snallnnsa of marketabla aurplus

in Indian agriculturo.

7. What, in your opinion, ia tho main strategsy of Indian Planning ?
Illustrate your angwer with oxsmples from Indian Five Yenr Flana. ('/

Pleage turn cver.
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A, In what senso the shortse of foreign exchange can act as a bottlenock
in the proccss of nconomic lovologaemt ? liow far and in what manner .
“{ntornal savings and foroizn exchinge aro substitutes for cach other.” (1%)

D Cive B concico statcmont of the larrod-Domar model of growth and
cozparo 1t with the Mahnlancbis modol. (1Y
12 What are tho main determinants -f the structuro ¢f production ? Few
can you project tho struct uro of production in tho futuro ? (14
Por Neatnass. ' . N

v . 0050000

- Group B 3 Techno-comrereial Si'ailoties - Opeﬁuon'a. Rescarch/
Elomontary of Book- koeping & Accountancy, Statistical
Mothods in Duainess. |

I. Operations Researeh’
1) Uso scparate anawer book for this group.

o

'14) Answor sny four questiona.

1. (a) State and formulate tho assignment problem of linear prograzming.
Show that if in on assignnont problem, we add a conatant to every
olemont of & row of the 'cffectivenoss matrix', then an assignoment
which ninimises the total affectiveness in the original matrix, also
minimises tho total effectivenoss in tho modified matrix.

(b

—

State Konig's result regarding a matrix containing two types of

elements = zoro'sé&nonzero'sand the lines covoring tho zoro's.

Explain how this result con bo usod to provide a methed of solving

the problem of asaignment. . (56120

2. (a) Stato the warchouso problom of programming and formulate it in
cathesatical form.

(v) Explain the principle of dynsmic prograrming with reference to tha
above problem, How would you solve tho problem by dynamic programuing
ao dascribed by you ? (7+10)
3. You are given the mortality rates for a certain typo of electronic
cquipnont,
week (1) 1 2 3 4 5
rorhility of 8 new piéce
c.4ling during woek (1) P P B B K
anore, ,° Py >0 %P1-1

Vo start with N now pivcoa. It is proposed to roplace tho pleco
as they fail end at the cnd of 8 fixed interval all tho U plecoa
are group-replaced. At wzhat intervils should tho group roplacezant
toke placa 7. You aro yiven . the cont of {ndividual roplacepcnt
and e, tho Gont per item of group replacesont. ( 0y s Cy e

Explain how this problem can VLo solved, - . - (17)
° Pleage turn cver
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‘4. (a) Explain tho problon of Inventory control in tho case of-dotorministic
" deimnd and dorive the ‘econonic lot sizo formula.in tho caec of conatant
dozand rato R por unit time, with unit set up oost 05, unit holding
cost 01, and unit shortage cost (:2 .

(b) Explain how linoar programming cun bo- used in solving producuon
sohoduling problems. o BN SRTS
5. (a) For case of a quouo with k service channels, each exponantial. with
moah sorvice rate A and Poleson orrivals with mean rato A dorive the
“rocurrcnce relations for tho steady state probabilities p , the

probability that there are n units in the systom at sy’ ?neunt ‘ot
tima, Solve for Py

(b) For tho case of A single charnel k = 1 (in (a) Abovo), dorive tho distr{-
bution of the waiting timo of an arrival,

(o) Dofine Erlanglan servico tioo distribution. Whnt h ite’ usomlmns and
importance in quoueing problems ? (C+5+C
Por NEATMESS ?2
Group B » I (altornative) - Elements of Book-keoping & Acoountancy

1) Veo soparato anawor book for this group.

11) Aniwer any four quostions of whioh question no.
is compilsory.

1, P and Q are partnors in a Fira sharing Profits & Losses as P 80%
[apulsory/end Q 206, Their Trial Balence as on 318t Decembor 1963 is glven

below. . . i Dr. cor.

Closing Stqck 30,000 -

Toges ' L .- 12,000 !
Bad Debts Jeino0 + 300
Uatorials consumod © . 70,000 °
Bills Payable . 10,500
Investmonts 15,000

Discounts . oo, 350 T 600
Bille Recedivable .. 20,000 ) )
Carriago Inward . 1,500 h
Carriage Outward 2,700

Raturm Inward 1,500 .. .
Debtors & Creditors 60,000 . - 25,000
P-Cupital Account . 50,000
Q-Capital Account ) ' 40,000
Plant & Machinery 59,000

Intorest on Ovordraft 3,500

Coard saion .- 450 . .
Bad Dobt Reaoorve 1,500. ‘
Bank Ovordraft - S, 20,000
Cash in hand >
Salos T C 1,57,250 -
Salary B 17,500
_ P-Drawinga . 3,000

Q-Drawings o7 2,000

R.  3,05,30Q: R... 3,05,300

You are requirod to premro tho Troding and Profit & Loss Acoount
for the year onded 31st Decembor 1963 and the Balance Shoot as at
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(35)

that date, after taking into acocount the following adjustaents s
a) Bad Debt Roserve to ba increased to R 3,000.

b) Provision for Discount on Creditors to bo cade 5% on
Creditors. )

o) Interost on Capital is to be payablo at 5% p.a.
4) Plant & Ihchinqry i to Lo deprociated by 10%.

o) Solary socount includes tho following t- Ront 500
Stationory 250

£) Audit‘feerunpafd Ps. 1,000. (2m)

Enter tha following Cash and Bank transactions in a Single Column
Cash Book, whore an Account with tho Bank, is kept in the Ledger 1=

Rs. nP

Septeabor ¢  Balance of Cash 250.00

5 Balance at Bank 3,750.00

" 3 Cagh Salas 190.00

v 5 g;?;:::zgga)l‘nto Ban]_( from 120.00

" 7 Roceivod from M, Chatterdi in Cash 170,00

"* 9 Bank Interoat credited . 5400

" 41  Paid Roy Bros. by choquo . 250.00

L 13 . Paid carriage - 10.00

" 15 Paid salary by.éhoqua * 250.00

" - 17 Received from ¥ukherjee Bros. by 250,00
choque and deposited same into Bank E

" 19  Withdrea from Bank for Office Cash " 500,00

" 21 Pala wagas in Cash . .75.00

" 25 Cash Ssles ' 680.00

" 25 Doposited eash into Bank 500.00

" 27 Sold goods and raceived choquo
. which {gdapoaltod into Dank 100.00
" 30 Purchased go.ads by choquo 190.00

L AT}

On exanining tho Bank Pags Book of X Co. Ltd., it is found that
tho bolance shown on 318t March 1955 tha e¢loso of tha Corpany's
financial year, differa from tho Bank balance Rs. 23,650 shown by
the Cash Book on that date. From a dotailed comparison of the
entrios it is found that I-

a) hs. 2,060 1a ontorod on the Cash Book ao patd inte Bank on

gmz Karch 1955, but not credited Ly tho Bank until tho following
(AN
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(%)

b) Bank chargos Rs. 70 on 31st .March 13955, are not eantored in
tho Cash Bzok.

o) A bill for'M, 5,500 discounted with the Bank is entored in
the Cash Book without recording tho discount charge of R 270.

4) Cheques totalling Fs. 16,720 wero icsucd by tha Company and
duly recorded in the Cash Book befaore 31st March, 1955, but had not
been prosentod at tho Bank for payment until after that date.

o) On 25th March 1955, a debtor patd Fa. 1,000 into the Company's
Eank in settlemont of his Account in tho Company's Sales Lodger, but
no* entry was mada in the Tash Book of the Compony in ruspeat of this.

£) Yo ontry hao baen made 14 tho Cash Dook io'mcSrd'tha dishonour
on 15¢th Mtarch 1955, of a Choquo for Pse 550 received from B. Chatak,

You aro asked to show the nccessary corrections in the Cash Book of .
X Co. Ltd. and to prepare a8 atatement reconoiling tho Cash Book Balance

“aa anmondod with tho Balanco which should appear in the Bank Pasa Book. (14)

(s)
(v)

(e)

In toking out a ‘frial Balanco, a Dook-keeper finda that he {s out by

fs, 41-10-8 a8 oxceas dobit. Being desirous of cloaing his books, ho
places tho differonce to o nowly opecnod Suspense Account which {a
carried formard. In tho next poriod he discovers that (a) a credit
item of P 83+9-11 hus bocn debited to & Personal Account as Ps. 38-11-9;
(b) a sum of Fs. 62-10-9 writton off Fixtures as deprecistion, has not
been posted to Depreciation Account; (c) P 1,000 poid for Furniture
purchased had been charged to tho ordinary Purchaso Account . (d) a discount
rdoetved of Bs.14-5-6 / (0) tho total of the Inward Returns has been
oddod Rupco Cne short; and (f) an item of Sale for Ru., 68 was posted

a3 86 in the salos Account. - *

Giva the.correctirg journal entries and prepare the Suspense Account. (14)

Why Stock-in-tradoe ia being included in Finanoial Accounts ? -

In what way correct wvaluation of Closing Stock has direct hmﬂng .
upon the correct ascertainment of the net profit of a trading concern ?

¥nat should be the correct method of valuation of Stock-in-trede ?
(3+546)
Write notes on 1-
a) Contingent Liability.
b) Coodx1l. . .
o) Accommodation Bill.

a) \'Iork—in-P‘rogmun. (14)
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2. (a)

(v)

30 (8)
(v)

(c)

2.

Il. Statiatical Motheds in Businesa

4) Ueso sopamte nraser book for this group.
11) Answer sny two quostions.

Explain the eix majcr atops “involvod 4n sotting up and control of a
Job. Explain the toerms, Job standardisation, job review and analysis,
Job evaluation. ) 15)

Suppose you aro given duta regardi:g monthly ealos for a manufacturing
company for the years 1953 to 1963. How will you use this data for
forecasting the sales in tho year 1964 for each menth January to Docombor ?

Tho markat demand for olectric rofrigarators in the U.S. e boen analysod
in the following equation

Y = 2912.8 + 34.4 X+ 35.6 x, + 2024.3 x4

¥ = number (in thousands) of rofrigorators sold.

xy= disposable porsonal ircome in 1939 dollars.

X, change in dieposable porsoml income froom the previous yedr,
xy= tim (1925 = 1)

Explain the mean.h{g of tha terms and variablos uscd, how thia equation
has been sot up and what typo of data has been used, (748

¥hat are the importent usea of sampling in Economics and Business ?
Explain the term "Market research". What are the variouas types of
marketing research activities ?

Explain tho term "consumer-panel™ and s use in market research. (5+6+4)

0000000

Croup D - Destgn & Analysis of Experimentas (Combinatoriel Aspocts)

(Answer any four quostions)

Prova that where p is & prime numbor, tho class of residues moedulo
py form & finito field. Civo the addition and multiplication table
for a finite field with 5 elemonts.

Bxplain how you will construct B finito fiold of order p", whare p
is a prime number and n & positive integer. Construct a field ~with
9 elemonts.

¥ention sooo applicationa of ffinite fialdy in Statistics. (25)_

Definé a balanced incomplete block design (BIBD) and obtain tho

relations and inoqualitics amongst its paramoters. Give five positive
numbors Vv, b, r, koemd A satisfying these relations such that no BIDD
with thoso paramators oxista. Subatantiate your answor with a proof.

Show how a BIBD with r = k can ba used to obtain two more BIBD'g.
State whathor this procoss is roversiblo. (25)
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3, ‘~Dofino an orthogonal array of strength 2 and indicats the rolation
) betwoon such an array of index unity and a sot of mutually orthogonal
Latin Squaros. Prove that the existence of an array 02- B‘.' a, 2
f:rpliou tho oxistenco of B8 = 1 mutually orthogonal latin Squares
of order &. (25)

4. Define intra block sub-group in a confounded symmotric factorial
exporiment. Obtain the intra block sub group ina 2 exporimont
with facters A, B, C, D, E and F, confounding the 3-factor intor-
actions ABC, BDE and CDP.’ Develop the intra_block to obtain the
ccoplete design. What other intcractions are confounded in this
. denign. (25)

Se What ie generalised interaction. Construct two replicates of a )5
doeign involving' 3 factors A, B, C at threo lovols each,confounding.
the effccts ABC, and BCZ, in the firast roplicato snd AB and ABC in
the second replicate. ' (25)

6. ,Defino & rotatable design and state the necessary conditions that a
second ordor rotatable design has to satisfy. Construct & rotatable

design for a }10 exporiment,using the bolanced incomplete block
denign with parameters.
ve10, b=15, rab, k=4, undAz2, (25)

Group E - Sample Survex.s (Organtzational Aspecta)

(Answer bny four questiona)

1. Discuss the qusstiona that requiro consideration at the planning stage
of sample eurvoys.

How will you'rosolve theso questions if you are apked to prepare a
deaign for a repetitive sample survey for construction of amiual
indices of unemployment in & big city of India. (25)

2, You are required to prepire a budget for a sample survay for estima-
ting annual production of major crops of your State. Enumerate the
different stages of work and ostimate the work-load of each stage.
Then prepare the budgetvestimato showing the dotails of recurring
and non-recurring itoms of oxpenditure, (25)

3. (a) ‘ﬂ,rllte a noto on the suporviedry functions relating to different wtapea.
of work-of {n comnoction with-'alstatiotieal surveys. (15)

(b) How will you control tho quality of primary data collectod by tho
field-staff ? (10)
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4. (a) Descrile the variouns oporutions genorslly involved in the procossing
of data. (19)

(b) Bow will you control s quility of thy work of processing of-data ? (6)

5. (a) Discuss tha various ucas of interpenotrating sub-esmples. (13)

(b) Comment on tho following 1- . (6+6) .
1) The consus house 1ligt connot be usod as a frame
for surveys of human poruletion, ca a family ie
somatimes found to have occupiod more than one
house in the liat.

$1) The esmallor tha referonca pariod, the botter 4s
the ostimate of the insidonce of unomployment,

6.". Writa notce on any throa cf tha fallowing 1= (25)

a) Rolae of publie relatione and propaganda in statiatical
surveys.

b) Schodules and Jucstionmaires.
¢) Coding.
d) Master-<s:iilve

@) Roport-writinz.

. ocoCoon

Group F & Teehriouss of Ceaptation ( Practical )

4) Timo nllewed five hours for this practical group. ..
11) Angwer ex: four uootionst, ¢

111) Uso of celeculatire machines 43 pormitted. o

1. A funotion f(x) and its dorivavivo £(x) ere tabulated bolow @
1.0 0.24197 | 0.24197
1.2 » 0.19419 0.23302
1.4 0.14973 0.20962
1.6 0.11092 0.47747

Use the full data to evaluuie f(1.1) aud compara-this: with tho valus.
that. is obtainad when tha infcrmation on £'(x) 4s ignored. ()
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2. Solve numerically the differentisl equation
d 2
ot oxeY

and tavulate y (correct to five placos of decimals) as a function of
x, for x = 0.0{0.1)0.4.

It 4g known that y = 0 when x = O (25)
3. Find to five significant figures all tha roota of the equation
3
X «x-4 =0 (25)
4. Evaluate
2
£ dx

using Simpson's one-third rule with
@ n =
(b) h = 1
1o

(¢) Show that if E and B, are tho errors in evalustions I{a)
and I{b) as obtainod in 4(a) and 4(b) respectively
E, / E, 18 oxpocted to be nearly cqual to
1 RERY
(g)4/ (35)

(d) EHence show that

- 1,4 4
By oB o 1) -T0) L (F) - ()
By Ey 1.4
Sy
(e) Use this result to ostizatae E, and correat your ovaluation I(v).
(25)
5. For the matrix
/16.75 8.49 6.84 30.30
) 8.48 29.04 8.78 44.10
o = 6.84 8.78 28.86 36.29
.30 44.10 36.29 126,92
a) Obtain a matrix B such that
BDB' = I (the unit matrix)
b) Find tho inverso of B. ' (25)

6. For the matrix D 4n question 5, obtain the latent root with tha
maximum ebsoluto value and a latent vector corresponding to this root. (25)

aov0oo0
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Croup G - Statietical Inference
(Answer any four questions)

Descrida tho Soquontial Probability Ratio Test (SPRT) procedure
for testing a simplo hypothesis againat a simplo alternative. (10)

Obtain a suitable approximation to the Operating Characteristic .
funotion of the SPRI' procedure in such a caga. (10)

What are tho good features of the SPRX proceduro 7 Ie 4t, in
any sense, bettor than othor sequential tost procodures ? (5)

i

Describe Stoin's two sacplo x:rocadure ‘for obtaining 'a confidence
intorval (of fixed confidaence coefficient and fixed length) for
the mean of & Normal population with inknown variance.

Prove that the procodure is valid. (25)

Explain the term 'statistical tolorance limits® .« (5)

Caloulate the probobility that tho maximum and the minimum ina
sample of n from a.continuous population, will cover atlesst a
proportion x of the population. (10)

Calculate tho oxpoou'uon-.and the varianco of * the proporuon‘ .
covored by the saaple range. - (10)
’

v

Describe tha Wald-Volfowitz Rnn tost for dotormining 'hethor tvo
‘samples ara from the same continuous pobulauon. < (10)-

What are the good proportios, if any, of this test 7 . ' . (5)

Work out the asymptotio mean of the test statietic, undor the assump-
Lion that the samples are from the eame population. (10)

Cotain tha likelihood ratio test for datenﬂn&ng, on the basis of &
sasple of 8iza n drawn from a multivariate Normal population, whethor
spocifiod groups of varistes are mutually indopendont.

Write down, without proof, the asymptotic distribution, of & suitable

transformation of the 1ikolihood ratio criterion, under tho null
hypothesis boing testod. (25)

00000000000
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INDIAM STAZISTICAL INSTITUTE
Statistician's Diplomd Examination = May 1964
Paper X = Subjocts of Specialiontion - IIT

Tize 1 5 hours full marks 1200
1) Candidates will Lo required to answer questiome

froa that group only for which they havae rogistered
thelr ortions.

11) Figures in the margin indicate full marks.
131) Use of calculating aachines 48 mermitted.

Group A 3 E¢ondnic Statiatice

(Atteapt any three quostisna)

1. Glven the economy with the following activitics:

o R S S S, S SO |

Comodity 1 +10 ¢« 8 +1.0 - 1 = .5 = ,8 - ,2

Commodity 2 = 21 = 2 = .7 +1.0 +#1.0 +10 +10

Labour -12.5 -6 -5 -33 -5 -4 - 10
Capital =15 =16 - 3 =2.0 -L5 -2 =14
a) Aseume s

1) the avaflability of 1500 units of labour,
11) that each comodity has a value of 1.0.

Determine (algebraieally or graphically) the minizmum abount of capital
needed to produce a net output wvalued at 1CC.

b) What are the retums o capital and labour in part (a)?

Nostes (+) aigna indieado outpuis and (=) signs indicate inputs. (32)

24 You are given 23 amwal obsersationa an production, earloyment, Capital,
and ¢imo trend for ¢ha U.S5. 1929-41, 1946-55 . Estimate & macro-
ocononio productisn funeiion of tho form?

Yy = ByXpy # Boloy + BeXyy + ByXpy v 6
where
Y. = yreal GNP, in bLillions of dollars
X1 =l
Xz = employment, in millions of persona
x,-renl eapisal, in Lilliona of dollara
Xd- tize in years, measured froa 1929 = 1
this acts as 3 proxy for smooth rroductivity trend.
€* = randoa variable, normally distributed with zero moan,

aonatant waridance, independent time-wise, and indepondent
of tha X'S
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The oLeervations are presentcd in xairix formt

X=X, ad Y- ()'t). Thus in 1932, for example,

xl-l, XZ_M, X5-40,X4-4 and Y = 90.

X3¢ e X5 Xt Y
1 47 54 1 142
1 a3 59 2 127
1 39 57 3 118
1 34 48 4 98
1 34 36 5 94
1 36 24 6 162
1 38 19 7 116
1 41 18 8 128
1 42 22 9 140
B Bt 37 24 10 131
X= |1 40 23 11 Ya 143
1 42 27 12 157
1 47 3% 13 182
1 51 9 18 269
1 53 25 19 214
1 53 139 20 . 225
1 50 51 21 221
1 52 62 22 243
1 54 15 23 257
1 54 4 24 ) 265
1 55 168 25 L 276
1 52 18 26 2N
1 54 124 27 291

Write out the estimated preduction relationship with sampling errors
in parenthescs Lelow the respective coefficienis, Indieate how you
would tea% the hypotheseas )

a) hat there ore constant roturms  t0 scale, and

b) that the tina rate of growth of proluctivity per munua is
some. pre=~ausigned value. [
2]

Assume the following unprecedented model for the ecomomys Consuaption

is a linear funciio of current mitional Income, Investzent is n

linear functiosn of current and one period lagged national incoze, awd,

by definition, nastional incume equals the sum of inmvestment, consunp=

tion, and government expenditurcs. Governmont expenditures are exoge=

nous, while the consumption and investmont equations are subject to

temporally indeperdent errors of bLehaviour.

1) Exprese the m>lel in symbola.

11) Osing the rank (nccesoary auid sufficient) condftiona, show
that the camgumptisn ond investomt relations are identified
for all lues of ‘he structural coefficianis.

111) UJoing the fallowing sample olbgervations for the absve model,
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eatimato tho Goafficlents of tho consumption relation by tho
lizitod informtion mothed.

yeoar conaunption mtional incozo Governzent expendi turv
o 1 10 T
1 -] 11 z
2 9 13 3
H 6 9 3
3 4 7 2
—_—— .
(s
No¢ss  You ehould usa all *he rredeternined variables ‘n ¢he system-
whilo estimating the consumption reln.i.q in (:11),
?rm the data given in the table balow 1
Ford Expenditure by Income .Class and Faaily Size
ncoeze oingle two member threa mealer four peaber five or nore
ciaas(B) . member family fanily family member faaily
wnler-1660 349 614 1507 1627 L%
1000~ 1999 517 130 898 867 L1082
2000- 2999 809 944 ' 1677 1240 - 1300
G0~ 3999 820 1098 1266 1315 v 1560
4000- 4999 0O 1287 150 1533 100
5006-'599 4216 1511 1602 1668 2007
€0Co- 7499 1660 1487 1790 1910 2050
7560 and . -
orer 2100 2250 2320 2425 42968
estimate the relation »
log By = ol eplrgyi e AlogN A ‘
where - . BN v, ;
. By = expondituro on food, R N
Y = total incowe,
" N = numbar of porson in family,
/A = error torm with usual asounption.
Comment on your ;o.ulta- . - . (32)
For Neatnosa: . £2

0050000
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Croup B. Teclno-Comzercial Statistics =

Statistical Quality Control,

Cperationa Resoarchy/Elements of
Pock=-keeping Accountancy,
Statiatical Keshods in Businees.

(Uso soparete answer Looke for cuch of the 3ub-groups of Croup B)

e I.

Gintieticnl Quality Control

, * (Mswer any 7o £70_questiona)from this

oubJgeoup)

Data were oollected for the rejectione that can be seen ot the knoor-
off stage for castings. The numbor of bdd castings obtainnd out of
10G inspected for each caat, are noted below.

9 14
11 1
4 4 -
8 2}

Ater ‘.Jlo';:h‘-\rt wap Bet up. The procees wis obacrved ¢o be we_!i

NS -

4 6
7 [
6 1
3 13

-5
[3
1
3

Examine the data with 3 view to set-up a control chart.

VO SN

)

undax control for a long period with an average of 4 percent and {t
waa decided to reduco inspection for control.

dacided upon, OLtain the control limit for ¢he revised ohart,

l1ater dade tho examination of the control chart gave the following
rumber of defootives por _B:L'.l_ple orer the last 20 smaples.

0, 0, 2
o, 1, 2,

3
1,

The quality control-in~charge, decided on the basis of the data that

the process bas to be checked

An experiment has been cdrricd sud on an nasenbly operation to deter-
mine tho Lest method by medsuring the time to porform the operationa,
Altogbther 5 objects, A, B, C, D and E were apsexbled Ly 3 zethods

X, Y and Z on each of 3 dayu, Wednesday, Thureday and Friday, giving

a total of 45 observations.

s wared

Wedneodxy
X Thuraday
Friday

Wadneeaday
Y Thursday
 Fridoy

Vadnosdny
2 Thursday
Friday

A

17 -
%6

16

15°
14

15
i

17
1Y)

Kke a suitable analysis of the data.
agsembly is suitable for vhich type of object.

(1)
A axzple of siza 29 was
At 2
o, 2, 1, 1 1, O
1, 2, 4, 4, 3 3
Do you ngree? {25}
The nctual average tizes for 10 trials
B [ D E
13 17 19 25
13 17 18 24
13 17 18 23
16 16 21 22
15 16 19 21
15 17 19 20
16 "171° 18 22
13 16 17 22
14 16 17 21
Suggost which mothod of
[25]

Select n and k' for A lmowm-sigza variables sampling inspoction
plas for one-sided epecifioation so that the 0.C. curve of the plan w

will be pimilar to thas of the single sampling attriluted plwn

n=15 0 a2 with this plan what will be the probLability of acceptance

of A& 5 peroent defective lot?

Plorae Turn Over
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11. Operations Resenrch

(Mswer 2y two qucstions from this eubegroup)

mable below gives the quintity of resources roquired for unit nasunt
of oach product and tho net profit per unit, on each product. 7The
units are not smecified Lero.

producte awmilavle
regources potato corn beans resources
Land 1 1 1 120
" Labour 2 3 5 6C0
Capital 99 33 20 200G
Tlet profit per unit 83 12 21

amount of 4he product

Froz the da%a noted abovo, find the bost allocatian of land, labour
and eapital for a farming enterprise.

Solve the following transportation problenm,glven the following cost
matrix, supplies and deatnds.

\_ destination ;
0!';;1“ A B c D B supplies
\L 6 . 10 [3 14 6 ‘16 6
0, 16 12 24 10 14 8
05 4 16 6 a8 16 4
0‘ 11 8 12 7 12 16
dexinds 6 6 12 4 6

A newspaper Loy bwyspipers for 10 nayapaise each and sells them 3% 14
niyapaise. He canot roturn uneold newapapers. IDnily deaand has the
following distrilution

no. of cusomors 95 96 97 38 99 10
probability «10 215 .25 .27 14 »09

Bow many papera should the boy order oach day to maxizmse his aerage
profit? :

A vook-bLinder has one printing press, one bLinding macliina and the
mnuscripts of 5 books. The time required to perform the printing
add Linding operations for each book are given below.

book time taken (in minutes)for
rrinting binding
1 30 00
2 - 120 160
3 50 90
4 20 60
5 90 - 30

._Pleage T™urn Over
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Contd. II. - 3(b

(471)

Determine the orde;- in which the Looks have to be processed in order
to minimise the total timo required to turn out the Looks.

II(altemtive) s Elemonts of Book Keepings and Accountancy

EXiER

{#nswer both the queations froa thie sub-group)

C. starts a Lusiness on 18t February 1960. His transiotions for the

month of February
suitable booka of
February 1960.
1st February!,
2nd Februarys

3rd Februnry?

8th Fabruary &

9th February?

10th February!

15¢h Felrunry:

16t Pobyupry ¢

19¢h February

23rd Februaryt .
25%h Felruarys

27th February i

28%h Februdxys

are given below. You are agked to record thea in
aocounta and to extract a trial balance as on 29th

Paid in Re.5,00C and oponed an account with the
Bank of India Limited.

Purcliased Furniture for Re.230 from Calecutta
Furniehors § Purchised goods by o Cheque for Ra.420.

Withdram from Bank N8.,20¢ Purchoesd goods fraa

Ae Traders Ltde Rs.250 Sold goode to B. Company

R8.3C0 less 2 percent discount and paid Calcutta
Furnishers Ltd. 4 Cheque for Re.100 on 3fec.

Purchdsed goods from S.Co., Ltd., R8.1,175 leas 2}
percent discount. Sold goode for eash deposited |
into Bac R8.1254 Purchaped Stationery for cash
R8.15.10,

Widdram froa Bank Rs.504 Paid Yy cheque A. Tradera
Ltd., in full settlenent of their LAll At a eash
discount of 5 percent.

Purchneéd ¥achinery and Plant from Bengal Il:.chinery
Works Rs.1,5C0.

5]

Paid Wy Choque Dengal Machinery Works in fullieettle-

ment of thelr dues g Paid Calcutta Furnishers a
cheque for P8.125 in full settlement of their bill.

Purchased postage ataop Re.10 and paid wagea to
Office Peon Es.7.00

Sold goods to C. Ltd. Re.925 less 2 percent. Sold
goods for ¢ash Na.206 nd deposited the same {nto
Bank next morning.

Received Cheque for Rs.200 only on a/¢. from
Be Co:rp'uv.

Rocetived & chaque from C. Ltd., in settlament of one
bill at a cash discount of S peraont,

Pufchased goods from A.. Traders Ltd. Re.1,52C. “7-
Rotumod goods to As Traders Ltd. Rs.47.00

Purchiged stationery for cdish Rs.19.00 Paid Ly a
Chequo, & printing bill for Re.150.00.

Pleosa Tum O-nx
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OR

Pass necessary dJjustzont entries at tho Closing date for the follow-
ing iteasi-

1, Cloaing Stock Rs.50,00G

2 Deprecistion 3t 5 parcent on Furniture 3t Losk alue of .Rs.lo,OOO.

3. Outstanding Insurance Preniuz R3.4C0.

4. Balance of Sundry Debtors' Af/c. was R8.085,000 and that of Reserre
for Doubtful Debts A/c. way Rs.2,0C0, a sua of Rs.50¢0 1s to Le

written off ag¢ bad. Roserve for Disoount on Dobtors and Resorre
for Doubtful Debis to Lo prowided at 5 rorcent eack. -

(e}

» Subscriptions recoived in adance,dzount to Re.400.

o

. Interest and Rent receimble outstanding to the extent of Ra.20(0
wd Re.1C0 respectively.

1.' B:A!:«nce of Sundry creditors a/o was R3.50,00C Reserve for Discount
on Creditor's to Le provided a% 5 percont per amnua,

[

. After the coupilation of Profit and Lvs a/c. there is a credit
baluice of R8.30,000. The Kanaging Director {8 to receivo a com-
‘misaton of 5 peroent Defore changing such commisaion.

[v-

« A is entitled t5 an Interest of 5 percent per fnmum.on his Capital
etanding in the Ledger at Fs.10,00C. .

10.Agtar the Profit and Loss a/c. has boen prepared, it is found that
there is a credit balance of Re.21,000, on which tho Managing
Director is to receive & commisaion at 5 percent after changing such
comiasion. ) (22]
ETTHER
The Swadeehi Industries Ltd., removed their works to a more suitable
prreaiees, and given below 3re some of their transactionsi-

a) A sum of Ra.4,750 waa exrended on dismntling, removing and
reinstalling plant, maclinery and fixtures.

b)  The removal of etack from tho old works to the new sita,cost
R8.500.

¢) Plant and machinary which 8tood in the booka at Re.75,00G inclu-
ded a meciune at a book value of .R8.1,5C0. This Leing olsolote
was 801d off at Re.5C0 and was ropl:\ced by a new mdune costing
R8.2,4C0.

d) The freight and carriage on the new michine emounted to Rs.150,
and erection chirges cost Rs.275.

e) A sun of Re.1,200 wag spent on painting thae new faotory.

State with rensons which itoms of expanditure would be.clarged to
copital and which to revemuc. [B]
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(k]

Buter up the Returns Invrd Book of tho Carpe$ Suppliers Ltd. Open
Ledger Accounts including Returns Inward Account and post the itenass

August 23 Retumoed Ly Baerjoo Stores 1td. 1 Seamless Carpet
G ft. by "9 ft. at Ra..70/-.

Asguat 122 Returned Ly John and Coopor Ltd. 1 Eeawy 2urkey Carpet
12 ft. by 9 ft. at Re.200/-. , 1 Seamleas Carpot-
(10 £t by 9 ft.)at Ps. 70/-

Asgust 19+ Retumed Ly Hydorm Furnishers 1— rd yds. plagn Hasr
Carpeting ot Ra.5/- a .

IIIv Statistical mothods n Busineas

(Aswer any tro queations) . !

\
A job wae perromcd by 30 workmen using oothed I and by 40 workaen 1
using method IX with the following results.

e tmates) 50 51 52 53 54 55 56 57 58 59 60 total

Na. of workmen
findshing the job
hy method X 1 3 5 4 7T 5 3 1 13 0 0 X

Tos of workmon
finishing the Job
1y method IX o-1 2 5 8 9 6 3 3 1 2 40

Cive 95 percent confidonce limits for tha average saving in timd that
ean be expected froa the usa of metliod I instead of methoed IX.

(e)

{10)

A Btudy of tho market for various comodities among 80CO readers orLConicr'

Maszize /yovealed the followving distrilmtion of the sample house-
holds by eize of hounehdld, Ag coapared with correspanding Census
Eatimnteo for all U.S. houscholds. Exaaine whether the Collier sample
prorides A representative picture of the size-of-household distritmtion
of all U.3. households.

Table ehowing relative dietrilutions of 8COC Collier families and 311
Ue.S. families by size of liouscholds.

peraons in houschold Oollier saaple U.S. families

(pcrcont)

1 576 10.0

2 2368 29.8

3 1968 24.2

4 1592 18.0

5 800 10.0

6 376 4.5

7 152 1.7

8 or more 168 1.8

total 8cC0 166 [10]
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The following tabla gives data regarding test scdres made by saleemen
on an intelligence test and their weekly sales,

8alesmu tcst scores salos (in hwidreds of rupces
1 40 25
2 10 60
3 50 45
4 60 50
5 & 45

_ 6 b 20
7 %0 55
8 40 30
9 60 45
10 60 30

a) Exnmine whether the correlatisn Lotween the test seore and +value of

8ales 1@ significent,

b) Obtain the regression equatiom of tho sales (y) on the test score

x).

0) Suppose a new ealesdin gets A test score 70. Evtimato his weokly

8aloe.

d) ¥at 18 the standard orror of the estimate in (c)?
s

[3+3+1+3)
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Group Ds Desicn and Annlysis of Experiments

(Anover any_throed queetions from this group)

A arietal trial on a gertadn crop involving three different mrietics
wag arranged in a Latin Square, Aftor the seedlings had appeared, i¢
was decidod to comlLino one more objective in tho same fnvestigation
and to @udy sizultancously, the effect of a certain fertiliser (ueually
applied 1late) on the crop yield. Accordingly the experizennl crop
rlots whore the eecdlings 1nd alreily appearod, wore divided into throa
parts exch, and the fer¢ilisers were applied at threa lowels (0, 2 and
4 cwt por nere). The awaigmont of tho level %0 tho part was dome =t
randon and imdepondently, for each crop plos.

The plan and the yiclds are glven below [the lovels are indicalel
wr (0), (1) and (2) respectively].

rova coluana
1 2 3
1 (2) 19 (¢) 1! (0) 117
(0) 160 vy (1) 130 v, (1) 114 v,
(1) 105 (2) 157 (2) 161 ¢
2 sx) 168 (1) 124 (c) 61
2) 126 vV, (0) 96 vy 51) 91 v, )
(©) 10 (2) 121 2) 97
3 (1) 90 (c) 86 (2) 109
(2) w00 v, (2) 94 v, () 63 v,
() 62 1) 82 (1) 10

Aalyse the data to test for ~arietal differences. Do these
varietal difforences dopend upon the level at which the fertiliser is
applied? Is it possible to make soma recomaendatisns regarding the
optizum level at which the fertiliser should Le applied.

A experiment was carried out to coapare 9 strains of paddy,which are
denoted Ly (1, 3), 4 = 1,2,33 3 = 1,2,3. The design adopted was an
incoaplete block design, iu two replications, each consisting of threo
blocks with thrce plots ser block. The table Lelow gives the plawn and
the yield of grain in lbe per plot.

Block 1 (3, 2) 3, 3 (3, 1)
' 1.3 7.8 7.5
Replicasion 1 Block 2 (2, 2) (2, 3) (2, 1)
’ ) 12.6 9.3 8.3
Block 3 (1, 2) (1, 3) (1, 1)
8.8 9.6 6.5
Block 1 (2, 3) (3, 3) (1, 3)
6.3, 8.5 8.0
Replieation 2 Dlock 2 (1, 2) (3, 2) (2, 2)
13.8 14.0 13.3
Block 3 (3, 1) (1, 1) (2, 1)
11.3 8.9 10.3

Ploasc Turn Over
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(52)
Writo domm the analysis of ~ariance table (intra=block).

Also find estimited arinnces for esiimtes of diffarences Letwoen any
two treddaent effectse

It wap discovered laser that tho 9 strains of prddy were actually -
obLtnined froa a factorial structure, *he muabers § and § Leing the
leels of two factors A and B respectivoly. Split up the treataait
sua of Bquarea into compomenta due L0 the miin effects and the
interactions and examine if the data indicate’ the presence of
Interactions.

In a chesical experimont fourteen coabinations of three factors were

tricd. Table Lelow gizes the yields and the levols X xz and x3

(on a sufl:able scale) for each combination.
x, X, x5 leld x, x, Xy Field
a1 -1 1 15 JZ ° 0 42
-1 1 -1 39 -2 0 0 42
XA -1 49 vz 0 a3
1 — 1 .43 <2 0 48
c 0 o 43 c J2 43
G 0 a5 - or o 2 46
"] [*] 44 o c [+} 43

a) Fit a socond degres polmomial regression equation to predict the
7ield,in terma of the lavels of the factore.

L) #rite dom ihe analyeis of -arimance tnble writing down separately
tho expreasions due to first and second degree termo, GClve your
céanente on the analysis. . .

o) Cbtain the ‘Ariance function to glve the ~arianco of the predictad
yileld at X 12, x,. fave you any comments %5 offer?

1) In a paurial experinent on groundnuts threo factors are to Le
studicd at four lovels edchs Interactions inmlwving all the throe
factors are exrected ¢5 Le riegligibLle, though 1t is thought dosirable
to provide for the posaibility of confirming this froa ¢he results of
the experizont. Post experience rocommends Llocks of sixteen plots
eache Suggest an appropriate design using four replicatione.(@ive
full lay-out for any one replicatisn and the key~bLlocks for the
‘readining ones).

‘14) How many replications wiuld be required for a balanced scheze of
.partial confounding?

*b) Write down three mutuilly orthogonal Latin Squares of order faur
indicating thoir mathad of coustruction,

For Voeasnena.
o0o0c0oon
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Group E! Sanmple Surveys.

(mswer ouly four questioma of which question n.4 is compulsory)

Dezographic and Actirity Parsiculare of .

iuachold Meabers

Study tho ite:s of inforadticn to be eollected in tho echedulo given
f-«.:ulaorﬂ'below and prepare guitable scrutiny and tabulation programmes.

1, Borial no. of porsoda

3

2. relatim ¢ hond

3. sox (m-1, £-2)

4. age last birth eay

5. marisal etatus (codo)

6. educatisnal etandard (code)
7. whether worked for at ledst

one day during tho laast 7
days (yes=l, no =2)

|8s if yes for (1),

a) hours worked
b) ndditional hours avai-
lable for work

9. 4f mo for (7), whether had

Job or enterprise froa
which temporarily aveent
(yes-1, no-2)

codea s marital statust never married-l, married-2, widowed-3, divorced-4,
separated-54 educational standard : 11literate-l, literate Wt

bVelow priaary=-2, prizirye3, middle-4, secomdary-5, graduaste and

[2

avove in (1), agriculture-u, (ii) engineering=7, (iii) teclmology-3,

(1) medicine~3, () oiler eubjects-G.

is selacted with replacoment.
households for ench 4f the sample
reglon.

In & large scale socio-economio eurvey,a etratified uni-stage deaign
15 used where from each stratua a aimple random sample of 16 villages
The following table gives the number of
~rillages,for all the atrata in a

stratum total
Br. n0. no.of

nuzker of hoeehslds in saaple ~Aldages

Alla- 1 2 3 4 5 6 7-86 9 10
8ce
1 6411 43 84 9 0 10 44 G 24 13 O
2 4765 S0 147 62 87 &4 158 170 104 56 160
3 2558 228 262 116 232 139 178 334 O 63 220
4 14397 17 34 25 34 36 0 25 17 15 3

1) Estimato the %04al nusber of hdusehiolds and ite eanpling variznce

unbiasgedly,

11) Exanine whothor there har.besn any gain due to tho use of the

etratn, coapared with unstratified sizple randoa sdopling with

replacoment.

111) Coampare tho efficioncy of the present allocation with that of the

optimua allsoatisn.
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For estimating tho total cultivated area fn a region, A siratifded
unistage deaign ia nadopted, where froa each stratun 2 independent sub-
sanples of 6 7i1lages each are eclected systemitically, with randoa
starts. In the following talble arc giwen tho totala of geographical
area and cultiated area for each of the 2 sub-saaples in each of the
10 strata into vhich the rogien is divided.

atratum total  total geo totnl of snmple villages

or. no. no. of graphical  geovgrarhical area cultimted area
«willa- area (in  _(in 8q. miles) (in acres)

ges 8q. milee) gep.l 8.8.2 84841 8.68.2

2¢44 2893 15446 16.02 3641 2935

; 1304 2114 14.68 6.43 4633 3649

3 1265 2898 9.93  12.93 3050 5643

4 1252 2944 8.80 23.23 3498 4722

5 4264 6998 8.22 8.14 2619 3638

6 1598 2755 16.27  22.5C 936 3652

17 810 3516 28.C0 18.85 9596 6935

8 567 3281 46423 .95 9135 10024

9 500 3142 44,09 41.73 91172 12152

10 486 2119 16.¢4  15.81 8185  76%.
total 24090 33300 -~ - - -

1) Sstimnte the total cultivated area in tho region and its sazpling
variance unbiasedly.

11) Obtain an alternative estimate of the total cultivated area using
the ratio method of estimatisn with the geographiocal area ae the
supplenentary ‘mriate and compare its efficiency with that of the
unbineed estimator.

114) Detimte (at loaat apprroximately) the bias {f ary, in the ratio
estimtor obtained in (1i),and correct the ostimate in (1i) for its
bias.

Suppose 1% is required to estimdte the ¢otal out-put of a population
of 500 factories in a region with a aargin of error of noé more 4han
10 percent on either side of tho true value with & confidence level of
95 percent. The coefficient of 'mriatisn of tha distrilution of ¢onl
output is kn»m to be approximately 60 percont.

1) Assuaing that the saaple mean is Approxima‘ely normally distrilu-
ted, edleulate the samplo size required in caso of simple randem sampl-
ing without replacements

11) Other things Leing the same, find %t tho required sdanle eize 4
{f tho nuaber of factories in the population 1s 1O, 25C0 or 50¢0
and comment bLriefly on tho Lehaviour of the eaaple size.

111) Also find the increase in the pample size, if any, in case sinple
randoa sampling with roplacement is used instead of simple random
8aapling without replaceacnt.

7o estimate the %otal numbor of peraons in a region, a stratified two-
otage design is used. In tho first atage the +villages are selected froa
edch stratua with probability proportisnal to the previous oensus
ropulation with replicement,and a¢ the second stage households are
eclectid fron each sample village in a linear systemitio wy with a
randon etart. The saanling interval to Le wsod in oach ‘Allage 1a 8o

epecifiod that the saaple dosign bLecoxzes aolf-weighting with tho cons-
tant multiplier 48(C. o
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The following tablae gives the nudbor of snraplo households and tho
total number of persons in the saople houscholds for each saaple
village. R .

stra- Bample _eaznlo houecholds stra- saople gample households
tua *Aillnge nuamber Mo.of persons tum  village nuaber no.of persaig
1 1 8 35 4 1 5 26
2 1 46 2 10 36
3 5 22" 3 1 28
4 6 32 4 8 23
2 1 5 16 5 1 1 6
2 6 28 2 13 54
3 2 8 3 c G
4 9 32 4 3 18
3 1 5 19 . -6 1 5 27
2 9 b2 2 4 26
3. .01 % 3 5 21
4 [ 32 4 1 47

1) Estimate the total population within the region and i¢s exapling
sariance unbiawedly. [15]

11) Also estinato unbidecdly the total nualer of houseloldy in the
regions and its saapling variance Ue-‘

Ploanc turn ovar
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Croup G4 Statistical Inference
(Mmuswer any four questizns from thie graup)

In a population under r:\nda:n'.&nuns the expected proportions of f,i-
«Aduils with bloxl-groups G, Ay B Ond AB are rospectivoly r2,

'i;zupr. qztzqr and 2pq where py q dad r aro thré fgnns frequencieg!
which characterisoir the population (peqer = 1), o

In a randon sazpla of 40C 1idividuals from a certain pogulatisn, tho
Llood group frequencies wure - .
' blasd group c A B B

frequency 163 170 55 12

Iy aprroximite formlae, the following cutiantes wore OlLtained:

p = 0.26450, q = 0.G9315, » = 0.64235.

Coe thasu 98 trial mlwe A, Uy the method of scoring, obLtain the
mximun lkelilnad estimtes of py q and r (use only one iteratisn
step). Alsy oliain tho wariances of- your estimatcd, [18 + 7]

The £2llawing two s:x:uplss were obtained froa two Ludependen® normal
distrivutione I (u), 0°) and 1(ny, 0%)s
Saaplo 1'% 93, 83, 12, 8, 93, 1, 16, X
Suple 2 + 87 56 47 33, 102, 17, 59, 87, 62, S4
a) If o® 18 kaom o Yo 065G, teot the lypothesis 1) = W, against
the possibility of ul > uz. & uniforaly 228t powerful test. [61

L) Porfora tho same test as in (a) if 0% is not knom. m

¢) Draw tio power curve of tho test in (1), for ¢lo whole range of
possible aluos of Uy - Wye (L)

25 stulents were selected At randon from & population one Ly one and

given o test. The scores, in the ordor in which the otudents were
drawm, Are shom below:

32, 54, 38, 44, 60, 50, 3G, 43, 46, 41,,40, 46, 48
R, 46, 17, 30, 374 31 40, 35, 45, 42, 30, 40.

I¢ 18 assumed thad tha scores coze from & normal population vhose
wariance {8 87,

a) Ugo the Baquential probability ratis test for the lypothesia
that the oran populrtiam scorre io u, - 4G, against an alter-

natize moan walue Uy = 44, taking @ = 0,10 md B = 0.30. 1

v) If the wh%la sdmple 10 used for a fixed sample eize teat of the
8aae null Jypothesis, what would bo $ho power of this test? L2

Plcase Tum Owr
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b)

¢)

o) It 18 known that if, f£(x, u) denstes the probavility density ..
function of N(u, 6°) thon, for any specified valua ¥, the
unique solutisn of *he equation (for h)

—h
et l £(x, ¥y )

LW fl Wex -2

plypo-zu

i3 glronby h =
By =¥y

Due this result to draw the CC curve of tho teet in (a).

wgi.gh‘.a of dry jute filre (in ¢2lag) were recorded for twd samples of

Jute plants, edch sarple having Leen treated by a different chemical

process b

Saaple 1 ¢ 0.50¢ 0.44, 0.1C, 0,40, 0.35, 0.15, 0.25, 6.22, 0.24
0.25, 0.44, ©.29, 0.2G, 0.13.

Sample 2 ¢ G.05, 6,14, 0.63, 0.39, 6.43, G.45, 0.03, 0.44, 0.28
0.27, 1.6G, 0.48, 0.02, G.42, 0.65, 0,34.

Test if tho tws sacples can be 8add 5 have coze from the same popula-
tion by using

1) the rua 4osty,
11) Wileoxin's test

Find the e21lless size ¢ sionly which should bo drawm from an unspoci-
fied population 80 tlat e proLALIlLLy 3 95 percont that at least

90 percent ‘lues of the porul‘\t‘ﬁn e totweon the minimua and mxi-
mun of the aazple.

The following are 15 pairs of oervations on stature (in c=3.) and
woight (in lbs.)s

(146, 83), (159, R}, (220, Y, {246, 74), (145, 62),
(158, 1C6), (153, 173), (151, =3, (162, 99), (152, 70),
(162, 99), (252, 1), (38, 93), {149, &), (159, 16),
(158, 608), (152, 70), (144, 62), {355, $8), (156, 66).

i

Use (i) a parazctoris teet, wider specified Aosumptisns, aud
(11) a mon-paraetric test

to extzine tha Association betweon stature and weight.

Mo means of threa biometric charactors xl, )(2 and x3 anl the mtrlx

of pooled ‘mriances ad cuvarimnees are shom Lelow, for tw groups of
femile loousts in ¢ Aiff~rent phngea of development s
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Liean vnluo-‘
% % X
;ah:wa 1 25.00 T.81 10.77
(n « 20)
phage 2 28.35 7.41 10.75
. (= 7)
Ponsled -Ariancea and coariances °
(90 d.1.)
xl N Xz X’
xx 4.7350 '0.5622 1.4685
X, . 0.1431  0.2174
x’ . C.5762
a) Test if tixe populatisn mean values in phasa 1 can be taken to Le
25, 7 and 16. {16]
1) Teet if thero iv a difforence in the cornapmdmg mean valuea in
the two phawea. N [10]

)’ A'now femile locust ia known eithor to be in phase 1 ar in phase 2,
and its measuremcaty on the throe characters are 26,05, 7.20 amd
10.80. In which of the twd phases would you plice tle now.locust? [5]
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LIDIAl STATISTICAL LISTIZUTE
Statioticimn'e Diploan Examination - ilovember 1964
Papor I. Official S¢atiotics ~nd Descriptive $intieties (Thoorvidcal)

™m0 4 hours Fll marksd 100

1{a)

(v)

(c)

2.(a)

(v)

"3, ()

(v) .:'

4u(2)

(v)

a) Flgurcs in tho margin indicate full aarke.
L) Anuwir thrve’ Questiony from vach group.
o) Uso of eu.cul'\ﬁne anchines i3 not pormitted.

"CRCUP A . )

Doseribo Lriefly the org-miz‘\‘.&m:\.l oot=up of tho Ihuon-\l Saaple
sursoy (N.8.5). [

Bnumorate $ho oubjeoto takem up for sursey in the ofghitoenth rownd of
40 Me8a5ey Indenting-<heir L-n.AorL-mee Ln ‘uo oon‘.ax of tho preeent
national emorgoney. N

Discuss bricfly the <mriouns Acpooss of 2ho saaplo donign of ho
cighteanth round of 4ho N.J.S., with eaphasis on ¢the sampling frome,
insorponetrating sub-samples, nd nelt-mlgh‘tne nature of tho deeign

for houaohold encuirics. S PR R [8)

Gi7e a 1ist of 4ho poodors for viich cmplojment ptadiatics nm ourrently
availablo in Indin. Glvo tho naava of tho publlications containing
theso statistioss : (8}

Indieats tho mgngoﬁsibg tho unemploynmt atatiaties provided by
mo'mploymm‘ mh:mgm. for purposos of trend study? [8)

*hat {g the ur.ormnco of -dhl statiotica? CiLn tho aoum-.a of
mror:nu.on on Iml.hn 'd."\l statiatlea. . | . . - [8])

+ Critically ox..:nm.o ‘the peope, 0OVerage -mil 1iaitasions. of thoso
‘statistics and gl _mur suggostiong for iaproving thoir Nn\uu‘- . ()]

Wliat aro tho goureco of otatiatico relating to motor thnopor‘ (rozd)?
Whas are the andn hoals under which thieeo wtatistles are nvmilable? - [1c)
. .

Yhas oxro .tho special piblications ihiat arisy in tho eollectisn of

statiatics reganding mowaint of goads:ly road, in dvveloping countrica? 6]
Noatnera, ’ [2)
CRCUP B

Deseribe with sultablo examples, -4ho varioup’ typos of column and bar
charts used in graphical preacntation of statisticnl dada. [

Prom a oraple of n cobaervations, e aritlmetio 2ean and variance
are cnlculateds It i3 4hen found 4=t onc of tho “mluos, X io
wrong, and ghould be replnced \ry ’j'_ o Show that tho adjuntamé %o
the *mrimee ¢ correct thin orror iu

L +2?
R

whoro 7T "4 tho tdtal of tho originil rogulta.

Henco op otherlae dorive thoe formula for tho varfanee, whon thoro 1o -
no orror tut only an addisional obsorvation 4y included. . (2

Please Turn Orer
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8.(a)

(v)

Nea‘neun, -

(%0)

Proee tho dnequaligycArithactic lkan ) Geomctrie lean ) Hrrmonic moan. [u]
. Y B

Define corrclation.edxfficiont Letween teo randoa wariables x and y,

and correlation ratio of v on x.

The wariates x and y  have_tielr mem vnlues zoro and correlation
gors aad dhe pame varisnce 0%, Show <has for a given o,

ua(x cona+yvina) and

v+ = (x oln @ =~y cos a)
2
hawvo the srae varlance ¢F  and zerd eorrclation. . .

If ¢he wnrinnecog of X d ¥ are differomt are edvoen by -

02 and 02
X kg

bLatween tho &7 vardates u and v ia glven by

reygpectinely vhod that the correlation coeffieiemt

°2_02
R r . - X i
u’s . 2 2 42 2 2
EE [(ux-oy) +do o coueczza]

Define slw zulédplo correlation coofficiont RO 12 ‘of tha wardiable
X_ on warlavles x1 and x‘2 and tho partdnl correlation coeffictent

_._[16]

(7
-,-02.1 Lo treen xo and xz. clizinating xl' B
Eatabligh the relation :

N . 2 .
A R O "51)(.1 = Toz0) . (24
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THDIAI STATISTICAL LISTIZUTE
S¢atisticion's Dipglonn Enmination = ilovealer 1564

paper II3 ProLoalility Theory =nd Statigiicnl lethoda ('Jxeorc‘.icn_l)

2203 4 houry - i, Full aarks «2CC
a) Figurcy 4n the margin indicate full anrka
1) Awwor any’ three-quegtiong froa Group A Wl foir froa Croup B.
c) Uso of caleulating mnchino fa nos peraiteod. |

CPCUP A
1, 1 lottors are randomly placed’dn 31 correctly addresvad envoloros.

Provo that the probabidity that exactly k ledters aro placed dn
corroct envolapea 4a given Yy .

R=le .

1 .

- = g ke o
3=

Sliow $hat She génerating funciion of +ho frequency distrilution of o .
randon varisble k  da given Wy .

I n
: o) = £ (v-1)7rt [25)
r=0 -
2. Defino condisional ~nd aarginal diutribu‘.ion‘s.
SA Qlueroto varlable X follows tha Polsson law
) z: o'}‘ t T
f(x)-.——x‘—_, x=0,1, 2, ena »

.- If '_)\_ 1taclf is a randoa vafiablo hinvdng tho donsity funceim

g(A) = —II_E— P o where Gy ¢ A ¢ @
ad k>0 thon £ind he unconditional distrilution of K. [16)
3. If X"n 1=, 2)0esy n, e nma:mm:ﬁinderc“dent noranl

randaa varisbles  N(C, 1), find $he dssrilution of X Xf .

Prora the additivo proporyy 2f 40 indepeadmt chi-squares and £ind
£10 mean and wvardanee of chi-nquare with n degrees of freadoa.

—
=
(2]

40(2)  Setate *he Oontral Limi4 ¢heorma in g form and indlonde 1t uoca.
(b)  Cutatn tho naranl approxdantion %o <o Binosainl dgiriluiion. {16}
Se(n)  Find *he mesn md varimco of & Patoson randoa var{allo.:
If X'J. md x2 are 4w independont Poiocyon rmdom warisbles wish
paraatory )\1 ad )”2’ then £ind the condidtion.  on Y aud ay
g0 thns a Xl +ay X2 19 2lud n Paiguon random wariable, whore
2y and Ay are Wy real nuabera.

(L) Find *he Mutribusion of ‘he vaaple 20 from a random gaaplo of pize
o, £ro2 a Caucly populadion. [191

ilcatemu [ 2
Plonss Tur Ceor =
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1C.

Sed up m enalyois of variance table for a two~-nay clasoification
with equal nuaber of obgervationa in a cell.- How can you togt. for
the dnteraction Letroen theas w70 woyy of elapaification [12]

Shat 1a ¢he principlo of 1ikelilsod ratis togts ? .-
Dordva rtvo well-lmom togts froa Ads principle. [

Define an adafssfblo 4cyt and cuiianto and a mindaax tost and culimnte.
Are the abndmax teuts dn general uniqu\.? What 1o m0m¢ Uy a coaploto
claga of %oute? - 2]

Define an (1) unbiaged teos and (41) a wniformly moot povarful tost,
For a praple of n  froa tic exponontdal porulatiom

“e

. £(x) -.—: o wien x>0 (0> 0)

= 0 othervigo,

find the D00t povorful seut of the hypotiouvdls € = 1 V:uj-nbmt tho
altemative’ 6 = 2 and exmine if it 4o uniforaly zo0st powerful for
tho alernatives © ) 1. . [12)

#hat 45 a pufficient statdesie? Show Ly cxaaples how $ho problemo
of egtimntiomn or tosting of )\,-po‘.)m.dn aro simplified vhen a puffi-

cient statistic exiute. " - n . (121
¥eatneas t . oo {2

Plenas turn owr
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LGIDIAL STATISTICAL LISTITUZE
Stativticdinnty Diplonn‘&uhmuon = Nosmber 196_4

paper IITI. Staple Surgae nd

Dexdm and Anadyoeds of Nl.crmm\’u (ﬁxoom‘ic-\l)

it 4 hon.ru. R ) o Full aarkod 3CC

1.

2.

3.

4.

()

(v)

(2)

(v)

(a)

(v)

a) Figares in the mazeia inddeste full anrku.
L) - Anewer thros quouticng fran onch group. .
c) Uue of caleulating anchinos 1s mot pernfsted,

GRCTP A

Doueribe briefly sy otatewise largesscrle saaple gurvoy for cstian-

tion of yield of cropu, ~nd Indicato how 2hat 18 an improvemmit owr

the 0ld official proccdure of smamari cstiaasion. Gfva detdly

rogardng 4ho dorign of the survey, inforamtion collected and statine

2ieal anndyds of ¢ho datas [12]

Wuat are she varisun nopecie thnt are usunlly riudicd at *ho pilat
adage Leforo plany £9r a statomize yleld surny en my erop, e
finalized ? [f.]

Diseuny $ho efficioney of syvscantio umpung Ay co:p-\red 40 simplo
randoa auplina. (8]

M area emtaing hreo o9apact commnitics, ‘Az., Hindus, Muuling and
Chiristiang. There 1o nn up~to-date directsry in vhich ha  porsons

in a houge are 1fssed in ¢the following orders hugband, wife, cldldren
(Ly agn), oiere. Houpow ara listed in order slong sirects. The
aversge number of porsons por hocud 13 five.

a . PRI .
Tho chodoo 19 Lotween/uystemasie snaple of every fifth person in tho
dircetory md a 20 percent oiaple randosz gasple. For vhideh of the
following wvariallos Qo you oxpect the syuteantio s~aple to Le more
precioo? () populadicn of pople of Hndu deucens, (b) proportim
of malon, (o) proportisn of childrens Give roawmos. . {s)

’

What are ¢ho principal steps Divolved in tiw chidice of a sraple sizo
in a saaplo gurvey ? (6)

A versey 4o %0 Lo made of tho prevalence of the comaon diecasas 4n a

large populntions For ny dlscnge thst affects ad least 1 percent of

she dndiriduale in the populatisn, 14 is dewired to esiimato the totnl
nwler of cascu, with a coefficiont of variation of nod amore thon

26 prreents (1)  Whad uizo of simple randoa smaple iy noeded,

agsuaing that she preuence of $he diwdnune enn Le roecognizod tithoud
afusakea 2 (11) Wiat size iv necded If Sotal enscs are smted

oeparately for malos and feaales, with ¢ gamo precision ? f1¢}

rite eritical notes on :&_29_ of tho followingi-
() Mon-pmmpling crrors. .
(b) Ratin 20thod of cotimation i
(¢) Snapling wishous roplgeamt . B [25)
(d) Varimeo funciiom in praple murveyu

NenSapg 12

e

Plasse um Cger
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G.(a)

(v)
1:(a)

(v)

(64)

An caperimont way earried out on 20 inddAdunln to tood Af tiere are
piguficant dfforences in tho d~atslio L10od prossurca of the rigt
and loft arme  Two consccudive observadtisns, ono on oach arm, wore ¢
Lo made on onch 1ndividunl and einco tho order of acnsurcavnt was
reported to hawo a sigificant {~fluence on 13 nuacrical value, the
individuale wora randoaly dvided into tio groups of equal evize. In
group I tho loft ara suasurcacnis wero token firyt followed by .
doasurczent on 4o right arm, widle 2w reverse order was used for
ndlrddunlo dn group II. Valuog rocorded were the differonces in

first ad second mcasurcacnt in each cnve (Aldogether twenty in nabery,

2) Doscribe +ho approprinte malysisc for this oxporiment
49 togs 1€ tho difforence in bLload pregwure botveen the
4o army 1s significants Alpd sugaest a puitrble estimnto
for ¢he average difference.

b) Show Dow ¢he same dnta could Lo used ¢ tcut if the
fordert effect da nctunlly presond o

’ e) Since tho bload pressurs da lovom 9 be dependont on nge,

i+ 48 fold depirable that tho individunls Le firot stratified
into relativoly homogenoous graup sirata in rowpect of ngey
ad tho experimaent repoated soparately and dndopendently witidn
oach stratun, Describe tho modifications in analjuis thas
w111 W required.

Dcscriho the Fisher-Yates pmcodure for obtaining a randoa layout rm- a
5 > 5 Latin Square Experizent.

¥rito dom the snalyuio of varimice for such an exporiamt,

Explain clowly the princdple of fconfounding'! bosh ftotalt and
fprwtialt, in factorial oxperizenta.

Given Lolow 4s the plan for a 5 factorial oxporiamsé {n two repli-
ecationg, involving Llocks of olze 3.

Repliextion )

Block "1 (cc) (1) (22)

2 (20) (22) (c2)

3 (20) (1) (12)
Penlieation 2

Dk 4 (cc) (1) (12)

5 (1) (1)  (22)

6 ) () ()

(1) Xdontify ho offecty confounded in oach roplication,

(11) Indieato the analywiu for Hdu oxTeriaont.

Discuss ony two of he f2117%wing acthade £2r inerensing ascurncy

of an exporizent. T )

a) Propor choice of treatments il experizents) material.
L) Ouo of ememitmnt ohoorvationgs
¢) Plamed grouping of exporimenial wita,
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TDIAN STATISTICAL LUSTIDUTE .
Statigticiants Diploma Erainniimm - Moweaber 1564
Phper IV 3 Applied Statfeticp (Theoretical) |

Time 4 haurs. M) aarkus 1CC

2.

3.

a) C~nlidatos are rvquired 4o angeer quostions froa ho two
groups of pubjcets for whiteh they hnve regiviered thoir
option.

b) Scparato mnawer Looka are %o be uged for ench of ¢he 4vo

. groupus atteapied.

¢) Figures in tho aargin indionto full marks,

“Q) Uuo of enleulating machinous 1v nod perzitsod.

CRCUP A = ECCHQLIC STATISTICS
( Mmavor ay thno questiong from <hia group, fo9T neatnoss 2 marky eniy)
How will you oalculate the index nuaber of prices reecived froa wale
of agriculiural products, and of priecs pafd for purcimeing 2ateriale
required for agrieulturo, by faraeru? Wbt changous {n he prices of
agricultural products are necoustary uo au 0 anintadn pari sy Letween
pricos received and pricos padd by faraers? -
’ [16 « 6}

what do you 20 by ¢he irond of an ccononio. tiaw sericy ?
How will you obLsain thiu component? Iy it nluayas possillo %o estimate
accurasely tho trend for tho future?
. (3+1+ 31

What 1y a production function? For tie CoLL-Doglous production '
funcsion, derive tho productivitica of ¢he factors of production, and
the law of resurm.. ¥hat Lpa of data are required for cstianting the
paranctors of thia funciion?

o : S DBeees)

Thaé dosernining variables will you include %0 ¢the estianie tha dexand
functisn for coston textiles in India, on 4he bawls of %ize soriecs

a1sa ? How will you obirin-the fuiction and 4he elasticitics of demnnd
v1sh rogpect ¢o the deternining variatlos?

. {4+ 2],
Write notou on oy dwo of tho following @

1) net nationad product, by indussrial origin

11) Lorenz curso
141) input-output table

1) atatisiics of industrial caploysent and wagve in Inda.

(o~ 3

fleatnous [_ .
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1.

a)

.b)

c)

3.a)

b)

_*ma A n.r.. wtxcn u-xoca -md a..4.‘

(65)

GRCUP B - S.'ATIS.'ICM; QUALITY CGHTRCL
(Mower ony throe quostiois- from thds gmup, far no-‘:\cuu 2 marks only)

e
Tho spooiﬁo\um uméu on a :nowur\blo ch'\r'\ctctin‘io are 100 + 3G
wiss.  Tholprocoss 1s ouelhl $hatin _Suo’ courso-of hroduction, tho
procoss mean is likely %o nhirt. bué he procoas variability rezina -
Alzses atablc.” 10 n:\:nploo of slzo 5 oach,tokm at rmdon fron ‘.ho .
process Imlo 51'101\ °lm tonovlna -r-.luon‘ or n:\::pln r-.nge .

a) estimte o procoaa e-\munv 4
b) find out ¢he interval within which’ the process a0an ean nhu‘t.uuch
that sho pmmr‘xon ot; Dma qutnlde specifieation. is ¢ 0,0C27 . [5)

Tecimical astion for regotiing tho proccug levol 1o quita oxpensivre
Benca tho asnngeaent %w6uld prefor to leavo the procoss along ag
long a9 Lo procoss 2oan 1e wuok that the pmpox-um of, 1»‘,,, out
ot up\.ctticnicm doda not excoed 0.6627. . B

o) o('plun hou .o uot up '\ com.rol ch:u-’ .for x (n - 4) 1n uch a

yu,o e S ez b

A procoss 1s under statistical control vwith p = 'mw md 0 = 4G
with rospoet to a iicm measurament. An - X cliart for tha 1%0a =eayure-~
am? is \mi.ng minm.nod with control 1bite.-dnxm as |

30/1/- rihcre n, the B‘\Jplo aize 1a 4.
!

Tho Avorage Tam Length(A.RIL) of tiic control ohiart i defined
49 bo. tho hveragn nuaber of u-\:.nrlo points $0°bo ploticd en .
$ho control ehard,bofore a roiné crosucs nl‘her of. the Sansrol liatte,
Tua for Ligtance, if the very first point ‘plottéd sriolated tho 1i3i¢s,
‘the run length 48 1 and if *he second plotied poln‘ violatog the 1limita,
tho run leng'h is 2 o‘.c. . . . .

"Lnd A.R.L- rfhm W incroages b;' 2 porccn‘ ‘of i3 prmoua v-_‘luc.
‘eiiilo O rommdna tho a'\mo.(momtod valuo of ¥=1C204 0 remning at 4o). (51

Find ARL. ©hen § reaning’ths same’ as in- (a)* s ” 0 1m;rowea b,/ -

10 reont  of 1%s mdous ‘nluo in (:\) i.o. u rcn:\.i.nn as 10(;0, ot 6
104 valuc of 0 = 44.° A )

1* i dosired to determine ha 0.C curve for the saapling plan

n=5, o=1 andlot slza "M = 6C0. CGive tho dgtailed formuls: and

insort all ¢ho constwite (the mucric'\l -\mwr 13 not. w'm‘.ca) for -4-.

deternindngd ., & | S LR 4 L !

Ty

1) tha oxact wnlue of tho probability of acceptanoce, for n lot of
quliss of p = C.10

11) an apprexiantion to (1) uelng Binoaial

141) an, approxi.‘n:\uon 2o (1) using Poisson

R
&pl-d.n the fonovma turzs i rospoct of accoptanco sampling plans
1) aq  (18) Aol (111) Tightonod inapegtion, [2e2

Plenae Surn ever
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$2))

Speeificatims roquire thnt a certadn quality charscteristic of a
aanufacsured product hazo a ainfzua waluo of 200 unftu. Thin characte-
rigtic can only B footed Ly n destructivo 4cut. The product is zalo
in batchen of severnl shousande  The prut praciioe regarding aceopsance
ingpresion hay Locn 43 tcdt 4 ariicles from onch lod. If all o 4,
articles 20t Sho quality wpeeifiontion of 200, ke bateh wag accopied.
¥f 2 or asro failed, the Latch way rojected. If 1 fadled, a sccond
paople of 4 was taken With n2 failurey in tho Second Smaple, he bateh
gag ncecpicd, othervipo rejected.

a) What s tho probability 4rasa baieh eondtndning 5 pereemt defeoe-
siv0s ¥ill Lo necepied LF 4his procedure ? P

1) Control charts for X, R hawd Loon plotted froa the firat sasplea.
Mege charty Sndiento that ronge sénys i wtatlatical control,
oven though the averagy sidfta from bateh to bLasclhs The oudimase
of standard derintion 8 10 wnits. The suggestion iy made thas
acceptance deciuion bo Laswd on the eserage mlud compated from a
Singlo Saaplo of 4, wiih batch nceeptance if the awerage Ly 216
or more. Aseuning that tho siodard devintion contincos to Lo at
16 units and assuaing A noraal dlut.rib}x'.xon of “ha qualisy
chamcteristic withdn tho bateh, what fu tho probaliliy of
acceptmee of a 5 percmt defoctive lot? For whas 1ot qualiyy will
tho probalility of acceptawico Lo C.10 ? €))]

Virite ohort notes on . :

a) group tondrol charts -
b) control by gwuging
¢) saliens featurcs of Mil. S42. 165 A planu. [5 45460

Nlas e as ’ - 2%

CRCUP C = STATISTICAL MOTHODS Il G

e

E7ICS

(Mswer any thrve questions froa this group, for neatuess 2 msris oL -

OUnder simple dozinance and linkago, work out <tho heoretionl frequoncivs
of four pienstypes AB, AL, a8 ad ab, in the I-‘z goneration, asowaing

tink oncit charncter A/B iy eontrolled Ly a diallelo osmsoz.

GLéain +ho 1ikalihood oquntion for euiimating tie linkage ratio, on 4ho
Lasis of auch data. v . [.‘.6]

Writo n shiort note on tho O;I{;B systca of clavsificastion of humaw
blon) and the mode of its inmheritance. Deoeribe how Lleod—4yping ie
ugeful in

1) blood transfusion
11) casce of doudbtful patorndty. (261

If a rara anlady is a recosulve charsoter, eontrolled genotically Uy
oy lirieed diallelos under siaple dominmieo, show that the malos
(hetorognaetic ecx) aro at a disadvantago In reopect of. interitanco
of *ho malalys.

Shoa that wnder pan-aixda, the cropordion of fomaley having the malady
cquals tho gqunra of the pronortion of malea having he 2nlady. [15‘\

Pleapr turm ovar



l.n)

v)

2.a)

b)

3aa)

v)

e)

4.a)

b)

(68)

Consider a bLroeding prograaze in which all reccsvivos in onch gonaration
are pravented froa propagxiion, and pui-aisxia holds in the residunl
population. If the character s conirollad Uy a single pair of gencu
and rn denotes ¢ho frequoncy of tho recossi7o gone in tho n-*h

generation, show that

il T 1% 1 ¢ (267

leateas [2?

GRCUP D = YITAL STATISTICS AND DEMCGRAPHY

{Anmer any Shiree questions froz ‘hig group, faz noa%nees 2 mnrky on‘=-.-)

Explain what ie memt Ly a 'S¢abla population’,

—
“

Show liow tha msacndary rase of incroaso of a adable population cin Le
oxprosoed approximntely in terao of tho average lengsh of n genoraiion
and ¢he ned roproduction rate. {1; \

Deacribe sho principal sources of demographic data in India, and their
1initations and relative iamportmice in demograpuic studicy. I_'G1

Explain briefly the mothed usod by the census actuary in Indin for

constructing Indian Lifo tables, and aleo vy the a0thod differs froa

+ho norzal medhod used, 8%y, in England and Walce. lict
Define 23 a0 A 1lifo=table funciion and show how, in an notunl populn-
¢ion, an npproxiante walue of a, em Le obtrined Ly relating She

donths at age X last birth day in'a period of n years 40 n timey
tho Zoan population at age X, 1ast birth dsy in that pertod. (2 + 4!

Criticise the adoption of the infact mortality rato as an approxian-
tion to the raty of mortnlidy in tho firus year of life (qo). (41

Wins are ¢ho implieations of tho infant mortnlity rate and wias conui-
dorations sliould Lo bornv in mind whilo making comparisone wish this
index ? (s

Exnming the defoets of tho fcrude anrTingo rata' (Qofined Ly 4he ratio

af tho total number of marringus in a given yoar to tho mean %otsl
population of tie jear) ma obtain the correet dufinition of tho

Izarringe raso! for *ho purpose of camparing a~rringe experiencos. [_v..“

Explain vy,

1) with {ncronsing age, tho 'proporiim marriod rives %0 a penk

s22u0 and then falls, Loing affected at dhe older nges chiefly

Uy morsindity. : i
11) ¢ho 'proporiion ever-married! riges with increnuing nge Lus

sanda to bo emaiant ad older ngou, wnnffected by mortality. 1

111) marriage ratea are subject to widor pocular fluctuntiona linn
praportiong marricd,

Pleand tum arer
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1.

2.
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(69)
Wriso notes on Quy %o of ¢ha following? . (e+0}
o .

a) Differential fortility.
b) Health Surveyu ad their iaportmee and lhn:\’,}mu.
c) Stobili%y of sho agv-structuro of the Indian populasion.

Hoatness . . [2]

, .
. GRCUP E = EDUCATICUAL AND PSYCHCLCGICAL STATISTICS

{(Mmgrer any ¢hrvo questions from this g-rwp, for neatners 2 marks ong-()

Wrise a critieal note on Wilk's L:r/o test. Dizcuss 1ty importance

and usd in she thesry of oongiruotion of paychological teuts. fs*

Cbénin the matrix equation for eu'.ur.'.ins factors in .tho fon'oving fora
F o=tz

where F 18 the Golum Vector of all tho factor cstimntes, and ¥, R
and Z hawo the upual significance. Giwy an outline of the mathod
which you propoge to ndopt, for tho numerical cvaluasion of factora. [161

Stato 4ho reasma why 'Rotation of Axdu' {8 nocevsary in factor
amalysfs? Expladn with.diagraa the toclniquo of rotation for a throe
factor cnsg. (28

Give $he operational dofinition of foquivalenco! in iten annlyuis.

dow do you tost this 'equivnlonce' ? liow do you calculado the.relia-

Lility coofficimt of tho teut from the two sub-touts formed on the

Lasie of toquivalont Liede? ? : . . (x5}

Hoatnoss [ N

Plenas turn cver
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DITIAN STATISTICAL INSTITUTE
Statistician’s Diploan Exomimition = "ovenhc; Te64

Paper V ¢ Methods of MNumerical Conputation, Descriptiva
Statisties and Offkcinl Statistics (Prectical)

Timo 1 5 hours ’ Full marks 1+ 100

de

a) Figures in tho mrgin indioate full marks.
L) Use of Caloulating muchines is pormitted.

Group A
(Anawer al) questions)

Given that f(x) 42 8 polynondsl in x and that £(0) = 10,
£(10) = 15, 1(20) = 24 and [10 £(x) dx = 120, caleulats

3
£(x) at x =1, 2, 3, 4 and 5, as accurately as possible.

The following values of 1x, the number of persons at age x in any
year of tize aro available. Esticnte [ (the force of mortality)
1 aix '
- 1% ax for- x = 50.
Age x 50 51 52 53
1x 73,499 72,724 11,753 10,599

1.1
U3ing the data of the following table compute the integral [~

o 0.5
‘x 0.5 . 0.6 0.7 0.8 0.9 1.0 : 14

Yy 0.4804 0.5669 0.6430 0.7262 0.7985 0.8605 0.9281

xydx

Select any thrao of the following itewd and montion in snch ocasa the
publications in which you can get the required i{nformation in India
indicating the office from which tho publicationa are issued, periodi-
city of publications and the time lagz in publication.

(1) Asriculturnl Productiun, (1i) lNational Income, (i11) Edueation,
(4v) Vitsl Statietics, (v) Trade Unisns.

From tho official publicationa supplied collect data on tctal ornpper
area tnd totnl arod under irrigntion *in India claseiffai Ly Jifforert
mothads of irrigaticn for litest avuil~nble 6 consecutive yoars and
compent Lriefly on the salient fcatures of the data.

Pleasn turn avar
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Graup B

'(u\ns'nr' thrco questions Ln nll, nuber € Yeing oompulsory)

(12)

(6)

(0}

{8)

[ . Tho following table shows tho trequency distribution of hoights (in incher}
of 300 studonts.
hoight in frequency height 4n frequency
inches —inches
" 62 - . 1 10 - 18

63 r2 - )
64 - EEE I 72 - 357"
65 - - TR e M o
66 - T2 SR T T
67 -~ 3. . .- 8
6 - 31 6 - 2
69 - a7 m- ) —
Total 300
a) Caleulato P of the above distribution and (without
. oaklag any if.t.-,ns;) suggeut if o norml diszribuﬂon would
ﬂt the data, .

v) Assining a ndrmal distribution.with the mean and variance
as calculated from tho dnta, f£ind tho expected frequencies
1n the claps:intervals 63-65, 69-T0, and 75 and Abovo.

) A [

Te A biological. orsnnian was cbeerved undor mtorouoopo. and tha tolloﬂns
table shows the nusbers of slide-squared on which 0, 1, 2, weeriseees
organismas were found. .

No.of organiszs O ' .1 .2 314 -5 6. T
“To.of squares .. 601 1351142 94 _46. A5 41

a) apsuning a Poisson dle!ubuuon, obtain the oxpoctod
rroquonciea.

b) test t!_-go goodnéga of fit of tho Poleson distribution.

8. The foll'owlng table ahowa the selection tost soores l(x) and final
oxnnination ecores (y) of 80 studonta s

60- 00- 100- 120- 140- 160- 180- 200~ 220- 240- 260~ 280-

0 - 1

G0 -

1A - 2 1

120 -

140 -~ 1 1

160 - 5 3 1

100 - 2 4 2

200 - 3 4 7 2

220 ~ 2 4 7 47

240 - 2 7 3 1

200 - ' 1 2 4

o - 2

Elense tarn

_eway
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) calculate tho coefficiont cf correlation Lotween ¥ and y. ~ (7
L) éup;o:n tha linoar regreasion line of y on x ip nbtained;
caloulate the variance of the doviatinns of y from the lins
of regroasion. (3)
o) caleulate the correlation mtio of y on x and commont on
the linoarity of regroasion. (%)
9. donthly data cn the ond-of-month atooka of a’commodity wers obtained

from Jonuary 1952 to Decexabor 1958, and the trend remcved aftor aomru-
ting a centred 12-month movinz average. The adjusted values of etock
a3 percontagos of trend valugs sre shown in tho following tabdble

Y o & r

emth  SETTTY%53 1954 1955 1956 3957 1958
Jmuary - 1064 108:6 ' 1046 101,27 104.2 1025
February . 94.8 96,7 0 91,7 .._88.3 .. 94.2  92.4
tereh 06.6 817 055 7.1 85.6 I 083.3
April 7.0  80.5 8.2 7.0 836 70.6
ey 05 0 767 724 613 19 D2 )
June R B 76.8 79.9 76,0  82.8  T5.5 ;
July 83.3 : '97.0 86.0 89.0 90.4  .91.6 .

myust  105.2 1046 105.9 11,7 1119 " 110.2
coptazbor 11941 1235 123.8 124.4 12600 124.7,
Cetobor  127.9  130.6  126.8  128.2  129.2  126.6
vovenbar  124.9  126.3 1239 117.0. 1246 123’

Trcomber 11641 122.1 117.4 ©114.6 115.6 114.6

8) calculate the ecasonal indicee. (10)
b) with tho help of those indices, obtain the monthly figures for 1957

from which trend and scasonil offects have been removed, and
write & nste on tha rosulte. (6)

0000000
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S 01 SPAZISTICAL IiSTITUTE
Stasissiciwm’s Diploan Exnafnation ~ Novesber 1964
Paper VIS Statdetical Mothodn, Desipm ond Analdysig of Exmeriments
and Samplo "nr/ep (Pr'\cuc'\l)
74204 5 hours. . . Pall aarks 11CC

a) Flguros in tho m'u‘gm indic‘\‘.a full marks.
b) Use of ealculating :n:\c]dneu 8 pgr.uu‘cd.

CRGUP A -
(Apver a2l quostions)

1.a) . From the data given bolo\:. oytimato the paramctors A and B in the

model
L Y= AX
Uy fitddng a siraight 1ino tn 103 x to log Y by the zothod of least
8quUAreg.
X Y X Y ‘X Y
16 1.62 6C 0.62 110 C.47
20 1.66 ) 70 0.52 120 C.46
30 1.52 80 0.51 130 0.44
. 40 . 1.43 90 C.51 140 C.42
~ 50 ©0.75 . 106 0.49 15¢ 0.40 ;
(w0}
b) A paaple of wizo.5,. from tho population with frequency fibiction
LA ™ (x- a)?
givos the following valuos 12.16; 12,98, 13.60, 15.62 and 12.45..
Find by successive approxiantion ¢he maxiaun likeliliood estimate of
the' parnmoter ‘'a'. Zalke  12.2 as trial valuo and go through two
cyclos of iteration. - [1¢]
2.a) wonty individunla arg chosen at randoa froa a papul'\’xcm and their
vaasedghts (in 1bs.) are fown to Lo
196 122 141 . 152 171
‘132" 120 1% - m 96
18 84 T2l 142 175
Cue T 162 123 17 140
' Do these dasa agroo \-i:h the con'.onilon that the moan woight of <he
poralatién 4o 145 lbs. 7 -Assuze that tho woighto are non.\lu distri-
buted in tho popul'\uon. [5]
'b) Tho heights in inchoo nnd weights in 1boe, of 9 inddvidualy are given
Lolows Caloulato ¢ho corrvlation coefficient md teod 4if 18 4w
significantly difforat from zero.
hoight 63 63 61 .66 . €8 69. 70 T1 70
(in nclies) -
wvolght .
(in 1bs.) - 164 15 117 115 119 128 14e 1 1c (5)

Plonse tum over
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3.

4

In a certan exporizent on 10 varietica of whoat, 50 plots of the sa—o

(14)

vize aro randoaly allecated, fi70 plota %0 oach varioty, and the
follovwing yiclds in llua., por ploé are obtained.

Variotics

1 2 3 4 5 6 7 8 9 10
7 7 4 1 9 6 8 12 9
6 9 13 16 9 7 13 13 1 1
1 6 1 11 12 5 12 1 1u 12
9 W 17 12 8 4 7 12 1 12
10 13 14 13 7 &8 17 14 11 13

Test 4f tho varieties are signdficwntly & fforent in roypoot of
averagy yicld.

The following table gives the rooults of an experizent involving 4
trostaonto (indicated Ly nuabers widun parentheses) in 4 blocks oach
of 3 plots, widi a Lalanced layous.

GacuUe

(Muver any &5 quouations)

Blocka Treasamis and yielas
(1) (3) (2)

1 138 154 96
(4) (2) 3]

2 212 113 120
(1) (4) (3)

3 173 321 234
(2) (3) (4)

4 268 267 312

Carry out an analysis of tho intra~Llock inforaation and write.

bricf report on your findinga.

A coaplotoly randamived design in which whole-ploty wero split into

ub-plots wag usced to tout 6 varioticu of com.
on 7 differont datey.

ploty wore pelocted at ratdom and planted.

tho varioticu were allocated to tho sub-plots at random.

a)

v)

puow tho atructuro of *he analysis of variance approprinte for

Planting was done
On cach date, 2 vhole plots oach of 6 wub~
¥Within onch whole plot,

(xc)

05)

thia deeign, indicating tha degreos of froedom for cach componons. | [6\

giron tho following mom oquarcs, %ost for tho significanco of

the main effecta of tho da%o of asowing and the voriotics and

thy interaction Lotucon sho two.

Plenne 4um Qyor
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uourco of AN
) soxriation oquaro
o-le datoy . | 69.74
-2, varietics . - . -S40
£3. daton ¥ variotiow 17.05
4. rouddusl ariation. - .. :
botween wliole plots T 37452
T7.77"S. regddunl wvariation betwoon .
. . wub-plots within whole plots . 16,84 .

e ! [ . .

o smdy *he offects of glass typo (I, II) and phogphor %pe (A,B,C)
on tho Lrightneus of A TV 4ubo screen,. an exporiment was conducted
using 3 replications of cach of tho cosbinations of.glasy ¢upo and -
phouphior types  Tho 2easured variabld way the eurrent fn mcro-~ampercy
necosgary to produne a cortadn brighthosss  tho largor g current,
41,0 pooror the tulw gcroan characteristicys Tho resultu are given
below § annlyso the data and comaot on tho.effocta of 4he two factort.

c Current in micro-amperes nccouu.;\r,l to
. produco standard bLrightness.
o

' N er Phosphor yTo -
.. Glros o A T a -
280 3G 2170
.. 290 310 285,
285 ‘o295 230
2% 260 220
II 235 240 225
240 235 230 (s
GoCUR ¢ 2 SAPLE SORVEYS
(Answer both tho questions)
Tha roxults of 100 throws of an wibinged coin aro given bLolew, whorw
2 ad H otand reupcetivoly for 'tafl' and thoad’,
THHTY BTHY? Fyyvivg uliivyi]
HHTTD HTTHT THHY TTTHH
BETH? HTTIH TR THHHT
BN TR ) v THTTH
TTHHY THIT HHRZY vy
Uuing thicuo rosults, draw a raadea unaple of 2 wiits with raplaceaont,
froa a 1iss of 17 wiits nuabered serially from 2136 to 2152 incluuive.
Dewcribe fully tho prooeduro ndopted Uy you. (?

More are 2357 wnll agrioultursl €army (area of each lous than 100
acrep) dn a cortadn country. A snaple sursey of theso famp vere
undoréaken 4 cgtiante, nmongut other dhinga, the average nusber of
oatile per fara. The farDu wero divided ints 5 gtrasa in reopoot
of the aron of she farma md from oeach stratum a ppecifiod nuzber of
farag were sampled, on a oiaple radoa snapling bauis, without
replacosents  In tho tablo below, wa denote by 211 tho nuaber of

Plezye tum ovop
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farss dn tho f-h siratum the numbor of faras gaapleéd 4n tho 1-2h
piratn 4a denoted Wy ng, od ¥y ad 8§ denota roupeetively
the moan and tho varianco (ddvivor n,) of tho nusber of_ eattle in
the sazplo from tho {-th airatway 4 =12, 2, 3, 4, 5.

area of gtratua nuaber of farms  momn nuabor varianca of inua-

fara nunber  in of cattle por ULor of eattle rer
(aeres) (1) stratua saapled scopled fars  pampled farm

uy n %y 82

1

lous .1 124 61 4246 21.546
than 15 . i -
16 - 30 2 648 55 11.636 56.730
31 - 50 3 56 46 15.957 17.697
51 =175 4 344 29 23,586 192,326
16 ~36 5 81 9 29,667 334,922

n)  estiznte the average nuaber of cattle per fara 4n *ho vholo
country-and ealeulnta the piandnrd error of the esiizates

b)  cotinnto *he grin in efficicncy duo to siraiifiea‘ion.

Ploase turn over
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LIDINI STACISTICAL TUSTITE =
S‘.:\‘istici'-n'\u Diplon:x N:xbntim - Xla-m:bcr 1964

Paper VII Applied S "‘la‘icn (Practidnl)

med 5 hour. - Ful) aarkes 1CC

a) Cmdid‘\'os aro rcquh‘od ‘A anguer quo.;.i'mu froa ¢he ~
=0 groupy l‘or which thep linve rcg&u‘ercd their option:

b) Separate snwmer Wiokg ar¢ 4 Lo uaed for e-.ch of the |
tus groups astemmiod.

o) Figurou in *he margin indicate mn sockn,
d) Ooo of Calculasing Undling io perafsted. |

CRCUP A + ECCICIC STATISTICS
(N;umr'g questiono)

1. Value of fmports (in miliion dollars) of eonsuzpiion mid eaplsal goods
into ECAFE rogion, are gien below for tho years 1951-61.

. Coapare
Yo tronds In these 4vo types of imporis. . [12'.
. Jyor conpuaption C'\pl"\l
.. : Koody Faody
1951 4031 . 13718
" . 1952 4185 . 1501
. 1353 3823 1443
. 1954 34C5 1514
) .. 1955 3245 -: 1718
T, 1956 3540 R 7 (7] ,
o 2957 3953 s 2915
1958 3529 <230
1959 3268 . 2517
. 1960 3728 3233
. 1961 '3853 . 3548
2. Average per cipita mmihly totad cxpendturé mid oxpendl‘uros (!.n Rs.)
on f09d grains, ~nd clothing are given Lolow £or differens incoze
grouns in a rural area. CbLtain incomo olayticities for these itcmu.
What vill bo the change in expenditurc on food grains ~nd clothing ,
if income risco by 5 pec.? .. x 27«9
. r
aonthly income¢ mno. of  total — capenditure on
peraong  expen= . foxd cloy
(4n R”'). . F d.(i‘jure gr=ing ine
balow S 58 4.76 735 6.2
5 -1 303 . D.85, 5.65 C.63
. 16 - 15 177 13.33 7.31 1.5
15 - 26 148 17.21 8.72. 1.77
26 - 30 123 23.83 L9992 2.1
30 - 5 42 38,31 12.33 4.78
orer 5. - 28  -54.22 13.01 © | 7.65
T Diytribusion of asscosuzcd incoae in Indda iy giam bLolow for the., .
7oary 1951 and 196C. Annlyse the dasa ond examine if tho incqualisr
of incoas ddsiribution hauy increaged. [1;\)

Plosac tum over
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1.

1751 1960
Annusl incoae  no. of agsoused | no. of asscoued
(Ru.) appoyvcss  .incoao auscgucss_ income
( *housand) (Rer. eraoren) (thousand) (Ru.eroren)

Twelow 16,666 372 174.2 643.0 358.7-
- 2G,CCO 6.8 . 84.1 .. 155.2 212.7

- 70,0CC 32.7 - 108.2 79.1 . 27049

-1CC, 000 2.5 20.5 6.5 53.9
-2€0,0C0 2.4 33.3. ¢ 4.6 61.3

orer 200,CC0 1.8 154.4 2.6 234.5

GKOUP ‘B 4 STATISTICAL QUALITY CEMACL

- (Aswer any vo quoations)

The following 40 readingo represent a pilot run, on tho productisn of

a teaperature control device.

They gle the fon' teaporature at

which a thormogtatically controlled owitch operates as a given

sostting.

Devvice nuaber Nopera turo Derico nuaber.. . Teapera‘ure
! (6746 . 21 6.7
2 67.1 . 22 67.4
3 61.6 23 67.3
4 67.5 24 67.6
5 61.3 25 61.5
6 6745 26 ’ 67.1
1 67.4 27 67.7
8 67.5 28 . 67.9
9 67.6 29 67.2
10 67.6 % 67.5
11 68.0 31 " 67.7
12 67.7 32 67.2
13 61.5 33 67.8
U 61.6 34 . 67.8
15 61.6 35 . 61.6
16 61.5 36, . 67.6
17 67.1 37 67.6

.18 6.6 38 61.8
19 67.4 39 ’ 61.7
20 67.6 40 ) 67.9 .

Chock thouse for.control. .lako an cstimate of 0's What conclusioms,
if any, ern you.reach regarding tho prospect tial tho procoss e

acot.apecifications of 67.5 & 0.57

‘#here dovtructivo tewting.is involwd, a common.acceptunce procodure
1o ¢0 tost one article from a lod, passing tho lot if ¢ho article is
patisfactory and taldag a.usecond uaaple of one 4f the articlo fadls
the-teut.s I the sccond articlo -aluo fadls, tho 1ot ig rojectod, if

thu socond article proves satiufactory, the ot iu nocepied.
0.C. curvze for shib play, assunlig thad vubaitted ot fg large

Plot the

onsugh, 80 that tho wselection of a defootive Artiecla on tho firwt
gmaple doos not arko ony appreciable chango {n tha probabididys of
gotiing a defective artiole on tho vccond gmplo.

Commoms on tho qunlidy protoction givon Ly thisplan?

[25)

[29)
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A, anfacturer vishoo to pmduca olectric fuson Wil no moro than

1 percent deféctive, ' Ho ehecky qualiy every eo aftei by taking a
saaple of 10 fuges from the lines if one or more of ‘ho 10 are
dofeotivo, the amufaciuring proceus is )nlt;d. -l *n genrch e :.wlo
for an Auuigmblo [RUNLA

1) how M‘ten will bo noecdleusly half production, chen defects are

+ rwudng at 0.75 pereent 2 - B )
u) how often will ho fnil to lnlt pmduction. \men defecta nre

runing at 2 pereent? - [6«3}

A machino producey p'v..r'tu wvhich on an awerage contadn 1 percent:
defcctive, when these' partg-are put L1 Latehes  withou! further
exraination, percentage defective would naturnlly vary froa’ Latth o
basch. What should Le the sizo of ench bateh ?.o onsure that on!
.ono batch in a hundred would cantain more than 2 percont defeetizos? (9]

)

CROUP € & STATISTICAL WETHGDS L GR
{Anawer

ory (W]

Estimnta the O = A - B 'geno frequenciog from the obsernd froquency
QBetritution of O, A, B and AB Dlood groun clrgace.

blood group 0 A B AB
‘mqucncy 7 45 68 . 15

"es‘.. =‘hothor the expeetations mre according 4o Boerngteints theorya. [25]

The following data relate %o 4 back crouy tests 18 > :‘\:

. ab

Cgest T - L froquency.
. AB Ab ‘aB ab
1 50 15 160 65
2 52 80 105 &0
-3 © 40 70 .50 - 45
A 0 6 85 @

Exaning whother tha four tests provide consistent cotimates of tho
1inkage parazotor. [25]

Pleawp® turn over



(30)

GRCUP D & VITAL STATISTICO AND DRMCCRAPIHY
(Answer eny two questiona)

The :\orhlu';r experiences in a givon Calendar year of tvo populations
A ad B conuxuung_or aen aged T0=74, aro as follovwyi

populatiom A population B

go nuabers deathy PC R nunle rs deatha q,
x exponcd to At nge . oxpoed to  atage
riok n® age X rigk at age x
X x .
170 2,0C0 64 «G32 3,CC0 R - § 27
n 1,206 o4 <035 139500 | N2 032
172 1,400 56 G40 3,000 17 .C39
13 1,800 8l $C45 4,000 184 C46
74 1,600 80 G50 2,500 © 140 56
Total 8,000 cn 323 ‘ 16,00 - ;634 .

Expreus the :nort:-.lﬁv of Population B at n'sca 76-74 as a single por-
contago fatio of that of Population A by means of tho followings

1) Indirect stndardisation
1i) Dircct #tndardigation
111) Comparative mortality index.
Discuas tho difforences bLotwee tho regpulis and the reasons for theue
differencoes.

o following table shows the populatism of Englad and Wnles,
onunerated a% evory census from 18C1 to 1911.

R e R
18C1 . 8,893 1861 20,066
18160 . T 10,164 1871 22,712

1821 12,000 1881 25,974

1831 . 13,897 1891 29,003

1941 - 15,914 1501 32,528

1851 .50 17,928 - 191 36,070

Fit a loglstic ourve to the Census Populatisng: in the above table,
and estimnte the maxdimum expooted population of England and Walos.

The following $able may Do takon to bo chafacteristic of tho
Indian popula‘ion in rospect of femndeas

ago group Aage-srecific aarital proportion  life-table survivors

forsility rate marsiod (L-,‘° - 1,000)
15 = 19 .198 +551 29c4
20 - 24 .268 830 2192
25 = 29 237 947 2647
30 - 34 -120 «5CT" 2446
35 - 39 41 827 2207
0 - 44 .C87 736 1956

Caloulate the net feanlo reproduction rate, ignoring 4llegitinate
fertilisy,
(Proporéisn of femalo $0 male birtha 1o 100 & 106)
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GRCUP E BD'JCA':‘XGHA[; AND _PSYCHOLOCICAL STATISTICS
- (Anvwer all queatimms)

Subjocty wero given an astitude tost Lefore and after viewing a
notion picture designed to influencoe thoir attitudes favourably.
A high scoro indicates a favourable attitude md a low seore an
unfavourable atiitude. . '

gubject pre=tont root-tont
1 2.6 2.5
2 4.6 5.7
3 8.9 9.3
4 545 6.7
5 1.9 1.5
6 6.2 1.8
7 1.6 4.7
8 5.6 5.9
9 - 6.9 7.3
10 . 6.6 7.0

Can you conclulo $hat the motion picture resulsed L1 a significm®
zean chonge in atsitude ?

Tho following table gives tho matrix of factor loadings of =
6 y 6 corrolation n:\*.ri_x. uoing the 'Centroid procecss’s

T 1 s

: 1 542 <612 .C74
-2 . <629 34u - .348

3 0529 - -49? 191

4 281 - 5182 - .550

"5 628 43 274

6 429 - 424 Ta359

By rotating the axes, obinin an orthogonal uizple structuro of tie
aatrix of loadings. Coazont on the mothod adopted,

Please tum over
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The following table gives the split tout scorcs of 25 sludents.

split scorecy

studenty - odd (X) evon (Y)

. ! 227 ' 226
v 2 124 m
3 . 210 237

4 . - 178 . 161

5 1% 188

- 6 164 93
T 191 261

.8 140 160

. - 125 123

- 141 157
1n, .m 176

S12 . 168 182

- 13 .. 129 18
14 .0 192 222

15 176 171

16 172 180

17 em215 224

18 o 102 144

R L .n 136
L0 109 .. 125
' 21 . 2146 150
22 180 184

. 23 179 193
A 24 . 141 131
: 25 41 - 135

1) axemine’ whother the 4wo halwo of. the tost havo *ho sazo moan
and etandard ddrfation,

11) dotcmmo the rclimb&li*j.éoérfiofcni using product moment
cormht&on cocfﬂciont, .

114) c:\lcul'\w the :cn_-muv coof fictent of tho te.ne b_f Um o thod
of maxizua likelihood cstimnte.

Lo

. A .
¥rito nates on tho-réuults obtained. -
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TIDIAN STATISTICAL INSTITUTE
Statistician's Diploma Exasnimtion - Novembor 1964
Paper VIIT s Subjects of Spocialieation -(I) .

Timo & 4 hours Full marks 1 100
a) Candidates will bo roquired to snswar questions . .
. t from that, group only for which- thoy have regiu- '
ve tonxl their ;optiona.

b) ngrea in eho wargin indicate run marka.

Croup A 3 Econonte Statistics ~(Econocetrics)
' * (Answor sny five quostions)

1. Consider tho economic systen

d -aoocxlp‘#ut

S = Bo *HE T+ vy

d’' = 8, + W,

d, = quantity dcuanded at timo t -
e 'p‘ - price at tizo. t
K s, = quantity supplied at time ¢t .

3

“7,' v‘, 't e grror torms

LX) :'I'ﬂo'p). = constant paramters
Aro the parazsters of this systez identifiable ? If they are nnt,
what restrictions would you izpose in order to obtsin fdontifiability ?

(2
2. Milton Friedean's pormanent incomoe hypothesis takes the simplo form
Tear

y = YP" .YT

¢ = cp¥ o

cp = k yP

where

y e incomo

¢ = congunption

P and T are subscripts donoting tho pox—nnent and
transitory compononts’

k = true marginal propeonsity to consume.'

Tho thoory aasuaon"th:‘nt' transitay oomponenta are independent of thoir
permanont countorparts and also that transitory consumption is dnsorrolat~.
with transitory income. The main objectivo is to cotimate the trua
marginal proponsity k.

Deoorivo how you woulld prooeed to outimnde the aarginal propensidy givin
a waaplo (e, 7¢) (1 = 1,24000y 1) of Youschold fncomes and conmuarti™
oxponditures,

Plo~ae tum over
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Discuss briefly the nature of tho estirmta you would obtain and cocpare
it with the ordinary least squares estimate. (3~

“"Ono of tho contral probleams in economic planning has been the 2atching
of domand and supply, at leaat of consumer goods. This sarvos the durl
purpose of eliminuting speculation by wininising price fluctuation, and
of mitigating tho undeairable effocts of trade cyclas. Due to increase
in incoze rosultirg from plamned efforta, the consumer demand 1a ner-:lly
oxpocted to rise. For a realistic fixation of output targots, and
proper mobilisation of productive forces wo nced o preoiee knowledgo of
incroase in copsumer demand, emanating from a given increass in par
capita incoco."

Formulate tho above problem froa an eccnometric polnt of view.. State
what informtion you would neod in order to estimte the increasa in
deoand.

Show also that a reduotion in inequality of inzome distribution gives
rise to a an incresso in domand for esscntial consumer goods end serviceas.

Stats clearly all your assumptions. (2

Outline soco of the major criticiems againet the use of Cobb-Douglas
production function. Describe how you would use such production
functions for cstimating ths total capital esployed in Indian manufac-

turing industries. Lt

Writo short notes on the following

i) Durbin-Vatson tost
11) Fractile Craphical Analysis
111) Multi-collincarity. (2

The log-légistio distribution of incoms (x) 1s charscterised by tho
oquation :

F

log 1_;,{ -a+ fx

where F(x) ia the cumulative distribution function.
Work out the zean and varianco for the log-logistic distribution.
‘Ghow that the Lorenz measure of coneentration for this distributinsn i3
given Ly the reciprocal of f.
In what respecte doos this distribution differ from the
log-noroal distribution ? (~r

Arrow, Chenory, Yinhas and Solow have proposed 4 now ¢lass of produc-
tion functions dovised in tho following svnnar.

Planso turn over
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Suppose it wore an oupirical fact that tho rolation betwoon tho
wago rate W (statod in terms of the rolevant output) and output por
gan-hour ¢ % ) 48 of tho form

W w2 , .
whore A, § are some real constants

Suppose, further, that the undorlying production of tho ecconomic
potivity in question is of the forn ’

2> <« -1t ®5,

{.,0. it ia homogenaous of degree one, where ( %) roprasents capital
per mn-hour.

In addition it is assumed that tho product and labour markets
are both compotitive so that at factor employment equilibrium

() 29 .
oL =¥ ‘
- There is, of courso, the further unstated but implicit assumption,

viz, that the observations relating to (1) rofer to an equilibriun
situation.

Using tho above three rolations obtain an explicit form for the
production function. Also, work out the marginal produstivity of
labour and capital as well as the elasticity of substitution between
capital and labour.

oooo0oooo

Group B ¢ Tochno-comercial Statistics
(Statistical Quality Control)

(Answer any four questions)

Exnmine the use af ‘rational subgroupa! and ‘'control limits' in
operating a control chart.

When would you recommend tho use of ‘'modified! control lizit in 8n
Z - Rchart ? Explain how euch linits can bo conatructed and used

Discuse how you would examina tho capabilities of a process in respcc:
of a measurablo charecteristic uaing variance component analysis.

Dcsoribe briefly tho factors thot havo to bo taken into eonsiderstio-
in sugrosting remedial action when procews capability failsg to pect
spacification limits.

Dorive, tho sequantial probability ratio tost for the 'proportion

dofectivo! fron the point of viow of - accoptance sampling. Explair
how a scquontiol proceduro con be eot up for tosting tho auperieri'y
of nn exporimontal mothod over & standard method whon tho rosult o

_oach application of tho method is clageified eithor As a succoss cr

a failuro.

Please turn aver
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Explain tho terms AOQL and LTPD in rospect of an accoptanco sacplin:
plan. When would you advocate the uso of an AOQL plan in preference

to an LTPD plan ? Doscribe briefly the salient fentures of any

AOQL plan you are familear with. (»e

¥rite short notas on any three of tho.following s

a) Uso of order etatistics for estjoating lot/proceas
quality,

b) Interval estiwates af-lot quality.

o) Control charta for moving avereges and nngoa..

a) Hamilton's standard lot plot mothod of acceptance
sanpling by variasbles.

~

Rotatable designo. - . (o

Croup D s Design & Analysis of Experimonts
(Answer any four questions) ™ T

Describe the Latin Square layout and the randomisation procedure
appropriato for such a layout. Give your critical cocaoents on the
sdvantages and disadvantages cf such layout. e

In an exporizent involving t treatments, laid out in the fora of

¢t X t Latin Square, it was diacovercd at tho atage of analyois of

tho rosults, that two of thp trcatments wore identical. What
modificationa would you oake 3n tho snnlysis ? .

Describe & Balancod Incomplate Block dosign and write down (without

rroof) tho relations connecting tho pararoters of the design. Y
‘ v

If the yield of cne plot in such en experiment 18 missing, how would

you analyse the results ? Work out the variance of the ostimated

difforence in the cffocts of two treatmente in such a case. (15}

Vhat s mennt by partial confounding ln a faot.orial expsrinent ? W

1s thia taken recourss to ? -~ . [

Givo o balonced schere of - partial oonfounding for a factorial oxperi-
mnt involving 3 factors each at 3 levela uslng blocks of 9 plote each. 14}

Doscribe how you would anolyse tho raauln of auch an . axparizlont.. =0

_Plense turn cver
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What is a 'rotatable design' for exploration of a response surface ?
¥nat aro the advantages for such & dasign ? (10)

Obtain necessary sonditiona for rotatadbility for a d'euvigm for axplo-
ring a responso surface of tha sacond degreo in two faotors. : : (15)

An experiment is to be conducted to assess which of two methods of
meporizing 8 poea takes loas time 1 (1) reading a lino ropoatedly
and momorizing it beforo proceeding to the noxt line (2 pomorizing
atanza by etsnza (instcad of 1ino by lino 6 in mothod 1).

The students in 3 boys' school and 2 girls® schools in the city are
available for the oxperiment. Three pocms, of about the sams length
writton in the same metre, have becn selected for the trial. It has
beon eatimated that an avorage student takes about 30 minutes to
meworize & poem of this length. It bas baon decided to use about

100 etudents in all, each sponding not more than ona hour. Particulars
of age, family back-ground, porformance in school tests ete for all

tho studonte in the 5 schools are available. e

Cive a suttadle deaign for the experiment, explaining briefly how the
fundamontal techniques of randszisation, replication and error control
are utilized in tho dosign. Describe how the results are to be analyzed.

(25)-
060000000 :
Croup E s Saople Surveys - (Theoretical Aspects)
(Answer ony four questiona)
Explain the following terms
a) Probability sampling
b) irea sampling - »
¢) Self-woighting designs
d) Stratification
@) Doublo sampling, - , . e (25)
Describe Lahiri’s vethod of molection with probabilities proportionsl to
sizes. :
Show that this method achievos tho desired probabilities.
How 48 tho population zoan esticzated when sample 18 selected with
probabilities proportional to sizes with replacemont ? . .
How would you eatirnte the variancoe of the coatimator of population
moan, for such a dce}gn ? .
Describe briofly the advantsgo of solaction with varying probabilities. (
25)

Please tumn over
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5. 1)
if)
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1. (a)

(®)

()

2, (a)

(89)

What are the circumstanoes under which ratio-estimate of population

coon {8 suporior to the siomple unbiasod esticator

?

Derive the oxpression for the bias of ratfo-estimtor.

How would you estimte difference botween two retiocs 7

How would you pstimate tha variance of the osticat
differonce ?

or of this

Desecribe Widzuno's method of solecting a sample with probability

proportional to tho sun of sizes.

Derive the expression for optimum mtching for estimating population

peon on the second otcassion in a repeated survey.

Show that 8 olose approximtion to optimum matching may bs achieved
even though the paremoters entering tho abovo expresajon are mnknown.

Civen 8 sanpla with partial raplacemont, how would you eastimato the

difference botween the reans on the two ocensione

What are the sources of errors in a swrvey ?

¥hat are interpenetrating subsamples ?

Describe the use of interpenetrating subsamples in tho analysis of

differont sourcos of errors.

000000000

Croup G 1 Statfistical Inference

(Answer any five questiona)

If t,  and t

f  8re two unbiased minioum varianca es

?

timators of a

(25)

(25)

(25)

parazeter O, show that the ecefficient of esrrelation between them is 1.

Prove that P ( t, 4 tz) = 0, and hence comment on
of the unbisgsed minimum variance estizatar.

Supposé t 1ie an unbiasod estimator of a function

the uniqueness

gl o) of o.

Find sn expression for the minimum possible variance of ¢,

Lot Xy eersene s X be 8 rendon samplei from &

probability density function f(x} 0) depends on &
Stata, without proof, the proporties of consistens

efficioncy and normality of tho maxioum likelihood estimtor of Q.
You are required to give ascecurato datomants of tho relovant results,

8nd the conditions under which these results hold.

population whose

parametor 0.
y, asymptatic

Plenoa turn over
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(b) Coneider a population characterised by tho probability density
function

1 R
£ (x; 0) = —=——" 1010‘, (x>0, © > o).

1) calculate the lowest bound of variance of unblased
ostimators of O.

i1) find an unbjased ostimator of O by the method of
moments and verify that it has a varianca larger than —
- the value in (1).

111) obtain the 1ikelihood equation and examina if the
ostimator in (i1) is a solution of this equation. (e

3. () State procise definitions of "sufficient etatistic” and “coopleto
statistic" for the paracetor O of a probability denaity
function ¢ (x;3 O).

(b) Civen that unbinsed estizators t .of © cxist, prove that

1) i¢ t, is a sufficient statistic, it ie possible

to obtain an unbiased estizator of O as a function
of to’ whose variancae i8 no! greater than the varianco:
of t;

1) 1if t, 1a sufficient and cooplete, there s A uniquo
unbiased esticator with minimusa variance.

(¢) Write a note on how sufficlient and complets statistics are useful in
the construction of tests of hypotheses. (

4. Independent rendoa variables Yyr aeern s yn' have 8 conzon varianoce oz
and thoir oxpoctations are of the form

k
E(y,)= Z a, =& {mdyienn,
U Y

where a are known consténts and R, unkno¥n paramoters.

1) 3

(a) Define An Munbissed linesr estimmte™ of a linear function plnlo..npkr\‘
with known coefficients Pys eecee s P and derive nccoesary and
suf ficient conditions that such estimates would exist.

(v) Derive the "normal equations” for tho minioum variance unbiased
linear estimtion of Pyfly + eee ¥ BT

(C) Agyux. that Foseeey 7. ~re norarlly diutrilbuted, obinin a teud
ing 4% s Ty
for tho hypotheaio .

ke

H. 3 2 h 6%, =6 {=),.,0, 3,
¢ g WY '

when 1t 48 Jomm that Moyeeey L% obey the reutrictions

1

k
R.+ Z r
OJ_li

{1 =1,.,.) 84

J"J- Yxl

Plea: dur ovor
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6.

(a)
(v)

(o)

(=)
(v)

(c)

(=)

(v)

(30)

Stato and prove the Moyman-Pearson lewmma.’

Uso this lomea to show how locally most powerful unbjssod tests can

bo obtained in & single parnzetor caso.

Derivo 8 looally most powerful unbiasod test for tho hypothesie
3 2
@ . og : regording a normal population H(GC, 67). (27)

Define “aimiler rogions",

Give & set of suffiolent conditions on a probability donsity function
with two parumetora in order that similar regions may exist for testing
3 hypothosis rogarding one of the paramtors. Provide necesaary prouf,.

For a normal distribution H(u, 02) sho# how you would construct simil.r

regions for teating the hypothesis P = §_ 8&nd then choose a uniforoly
most poworful test for a spacified class of alternatives. (&N

The distribution of a random variablo 18 kncen to bo one of n finite
nunbor of alternatives. Aloo, on tho basis of a random sample of
size n, one of a finite number of decisisng has to be taken.

Def ine i

i) loss and risk functions;

11) randomised decieion functions.
Dofine 'Bayes', "minimax" snd "admiss{ble™ dccision functions in the
above situation and, using the supporting hyperplane theorea for

convex sets, show that every admissible deocision function ia also a

Dayos deoimion functicn. (2~

0000000
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TIDIAN SCATISTICAL IRSTITUTE
‘Geatinticim's Diploan xnalnntion = iloveaber 1964

Paper IV Sukiccts of Sncei=linntion ~(XI)

im0 4 lidure . . o Full aarisl 2CO

1.

2.

3

4.

5.

Q.-

9.

a) Candidatos are required 45 munawer quosiions froa that
group only for whicii they have registercd their optiong.

b) Figares in he snrgin ifidicate full anrka,

GROUP A 4 ECONCHIC STAT

( Answor thras queations from esch esction )
_gc'ion I

tDevolorment of agriculiury and develoment of Induuiry in India, to
a wory large extent aro nod compatitive with each other's Giva your
cansidercd viowy on this thcsiu.

Discuss 40 main bonefita that Indda hay enjoyed froa her acabership
in LT, and GATT. Cutline “hc rostfioctive constraints that
oporate on tho oxchange suwl comaercinl rolicies of India in conge=
quence of her mdaberuidp in thoso orgonizations.

Analyge Indin's nntionnl incoae Ly ity componentu. Discuys tho
difficultics in the woy ot s'\‘ibf".c‘or_, eu‘imﬁ‘ian of wariouy
coapmentye .

Whias are the aain defocts of Joind-stock bLanking in Indin? How
havre these Leen gought 40 Le romoved through legislation. {m dhe
recont pagt? Cen jou suggvu‘. som further stepy for romoving
gpecific defectv?

Discuss the madnfoatures of tha d‘. /Llomo-n‘ of gteel industry in
India, in recont yeare. Alpo examine eritically 4o present dstri-
bLution policy of tho governaent with regand f0 thiy induastiry.

Section II

Wins in your opinion should Ye the iaporirné featurcs of a long teram
plandng medel for India? Give tho sicoteh of an opiimization moded
incorporating auch featurcs into 1t. -

Wiat do we mann LUy a Matris of input coctricmnhﬂ List the andn
factoru which affect tho stability 6f theye coefficionts, Can you
demongtrate tho usefulneys of an Anfut - oulput aatrix for purposvy
of menwuring sectional interdepondence ?

tIndim ghould -xl'm tor a ucruc‘urc of px-oducticm uhich can engure a
fagtor rate of grovei, -but tho socialiad ganl of oqualitariondum *
uhould be pought tirough proper tax and public expenddiuro policicus.

Cozaent on thig preseription.
Coapare and contrrwt different 203018 of ocononic grovith in thoir
trontzent of the quaation of 'Inpmit! gubsiitution. Avwous %o

‘realism oy .r.'ell. an the operationnl sigiificanco of tho nodisn of
fagctor subytitution in ocononic dowvelorment

Plenoe tum over
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10.

1.a)

v)

2.a)

b)

o)

3.a)

b)

- (92)

Write erisieal natos o anr o of tho follovings

1) Uarginal er:x;i‘.‘\l - oﬁ‘.p(ﬂ. ratios and ‘..l.u:h' uge in
inreptaent allocation. .

11) * Iaport oubatitution as devolopmens airateg.

111)  Tho concept of commodity Valmicks in Rusoian Planning.

iv)  Regional plamning in India. . (26}
roatncuy (gectiony I and II). o
*GRCUP B 1 TECHIC-CCISIERCIAL STATISTICS = CPIRATICHS N
RESZARCI/ELT cr.'s OF BCIK-KEZRING AD
ACCCUIIZAICY § STATILTICAL METHCDS I BUsINTHS.
tion I+ Cpoerations Rowenreh *
1) Uso soparato fwwer bodk for ¢his group.
11) mwver four questiony of vhich queyion no. L ig
comrul':or' . . .
Civo a definitio of 'G. R.! (53
Cive dathemntical foraulasisna of the follo\dng oclnasical pmhlc:u .
in 'C.R.!
1)  Travelling Salemm's problen 4
11) Mewspaper-boy problem
$11)  Job Sequmeing Tos
17)  Zero-Sum TWO peruon gaso
[(4+4+4+4)
Explain sho different t,'pen of cost.n that un. in gcner“l. occur in
insentory control analyuis. .. [6
Driefly describe the aifforent coapononty thad dako up i umnwr_f
carring cout ) &3
' Explatin. tho fouowu\g teras in the .‘ubjecc of hwentor,/ controd '
1) load timo N
11) Vack-log
144) doterminiptic rnd rq.ndo:\ acdols . [3+3+2)
State md foraulate tho ¢rangportation isr':»blen Ay A problea of linear
programaing § aluo foroulate ity dunl. . . (4+5)

Foraulate tho following probloa as a linear progcrraaing probles.
(gou reed not wolva'ds). . (4 e s
A blender of viduly izports tireo grader A, B and Co Ho aixos theam

according to reeipoos which gpocify $ho anXimum or minimua pereontages
of grades A and € in onch blend.

Ple~nc turn over
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3.0) Spocificatim of Wonde
comtd. - - . . i
By . bLlemd RN speoification . price per
| i = Lottle
Blue Dot nat leay tion 60 percent of A
. and no% aore thmn 20 porcent of € Re.6.86
Highland Fling - no* more than. 6O porecont of C ~nd
no% leos than 15 pereent of A Ru.5.7C
o O1d Fronzy not more ¢hian 50 percent of € Rs.4.5C
Avdlability and cosé of ingredicnts
-1 vhisicr . «..» r;owdoun puaber of Lottlen B ,009% por boltle
avadlable per dny =
A 2060 ..+ Roe 140G
B 2506 . Re. 5.00
[ 12¢0 ) Rue 4.00
i1t ia required %o ob‘-dn the praduction policy that will axdoize
tho profit. . R . G
4. A largo population of Lhalug is subject’ 1o a glven _mortality (or 11f0)
oursa, for-a.very long period. Ald fadluren aro immedintely replacod
by new ones wmid thero aro no other entries or oxitu. . Shiow that the
ago ddstribution ultinatoly bocomes wtable and has $he nuaber of
_ failures (or rcpl'\omon‘.s) per unit timo, Lecozos constmt. [
5+ . Buses are sohodulod 'o p'\ss a-cortadn comer overy 15 minutes Lut
" .ogtially the arrdval of a bLug varias noraally about i¢s schioduled
Carri/ml ¢ime with a standard Qeiation of B‘:ninu‘ea. Pooplo wishing
%0 Loard the bus arrive in a Polnson fashion,mith mean arrival rate
of 4 persons per hour and ¢ho nunber of capty sents on <ho bus hna a
 Pofsson distribution with mean 3/2. If no atanding s peraisied,
explain in doinil, how you can find tho avorage waiting tima of an
arriwl by Monto Carlo methods L A [
e . .
Scotion II» Statfssical afeihods in Lusinass =
1. EITHER . " '
What aro the obJocums and ﬂnxt:v.gcu of :norit r-\ung? Bq»h.i.n
difforens mothoda of mu.rlt rating. . [15]
e - - .
What aro tho difforont Job charastoristica ¢o Lo considerod in job -
ovnluntion ? Esplain with examplos? What i tho mathod of ranking
in Job evaluation. and wh-\‘ n.ro lts drav=backs 2. - [15}
I > Lo ’ o

mgcuss tho 1mport-moo of foroona‘l.ng in ‘busimu nllngenont. K

Suggost Econoale Indicators and indoxes \-mxc)n o radio’ manufaciuring
organization might dowolop au an aid in forvoanting Mu Lusinoss and
inddoato how those would Lo, utilizod. [15)

Pleasa tam over
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2. €8]
Suppoud thas you are a atatiaticivt In a fira ¥hieh amwfagturey
hair olls. You aro auskked $0 conduct a eonpuder vuredy Ly 4he fira.
Expl=in elearly ¢he proecdurs vidoh ,’ou will adont, glving’ ~n amny
‘felerant detrdla ar pousillo.
ctimm I (-\l‘orn-\‘lm) = Elcaenta of Zook-knning =nd Accowrs~ney
(1) Uso scparatc mawer Lost £aT thip group.
(11) Anucer all the questions.
. .. JUMICR ACSCUDAITS' CLUB
heevipts fad Pagacnty Aceount for tho o ended
31lys Doccaber, 1963
Croondng ¥alaneol Rs. ) Eatallishame oxponges  Ra.
1)Cash in hand 250, (includew R3.4CO for
11)Balaco at Banic 2,550 1264 6,ccC
Subucriptionys Zelephona Charges 546
11962 5CG Stazp ad Stationory 6CC
1963 Do 26,CC0 Lrelling 15¢°
1964 150 iocting Expongos 5CC
Aall rend 1,25G Rent 5,400
Intoreut on wocuritics 1,060 Librowy ) . 3,006
Domatiena  ° 10,660 ' Donation for Political
Qelephone receipta 50 . agitation -
Closing Balance!
1) Cask in had | 510_-.
11) Badanco at Bk 32,600
54,350 Ra. 5
The following ndlitisnsl informatfon in availables-
T a) The Agsociation holds 3 pereent G.P. losos smounting 9 Ru.d0,CCG
b) 7The Libraxy Accouns stoad né Au,2€,600 on Yot Jauwary 1963
e) “ho domntions of Rus.1C,CL0 ara o Le funded for a prizo to Lo
avardaed Uy ¢he Agsociation. .
d) The ou'.i'.mdh\g 1iabi1{sics arad
(1) Rent Ru.3CC4 (11) Printers Lill Rg.15C.
You arv requirod to prerare mi.Iicone and E\Tcnmm Accouns r'or the
zoar endod 3lut Deecmber, 1963 and n Balance Sheet ao at dhat date.
2. E171ER

Daring ii\tl\n‘n audis A 31s¢ Doceaber 1960 (finnl nccowrss ando
up to ~ later date ), you are inptruectsd Ly your principal So reconeile.

the Lane Lalance shovn in the Looks of account wisii ¢he Lalwmee showm

in 40 Bk Paws Sook fron the following pariiculars. Prepare o
Roconcilintion Stasementi- Balaneo per Paus Bosk 3lus Doepaver, 196G,
orerdram Ps.1,026412 n.ps  Ciseqaea drawn on 338t Decoaber lut not
cloarvd til) January 1901 f,12.00  £is.1,021.C0, Nu.28.26 ~d
Ra.112.15.

Plonao dum ower_

(25)

[24)



2.cond.

(%)

Benle ovordraft intercss, 2C%h Decoaber, 196G, nst endered in Cagh
Book Re.151.C1.

Sun re'coi'lcd mm 3Cth Doecember, 1960, Lut nad lodged n Lank 2111 3rd
J:mu:\.—_«"l%l 08.20,1CC.CC.

Clhicquo book R9.5.CC, 1Cth Noveaber 196C entered in 4he Causin book
tiice In error and motlier Chequo Bosi debited in Bank Pass Book in
Auguss, 196C. Ro.1.CG not entored in the Cruh Dook.

B411 Roceivable duo on 29%h Decenber, 196G, wag passed to tho Bani
for collection on 28%h Docember, 1960 ~nd was entered in tho Cagh
Boox fortlwith. Vhereas tho proceeds wera not crodited in the Bank
Pasa Boox till lst January 1961, Ru.25C.CC.

Bil)l st~aps caounting 4o Rs 1.80 hnd Leen debited in tho Pass Book .o
ensrics having been ande in the C~su Book.

Chazbar of Coarerce subscription paid Ly bankers order on la
Doccmber 1966 hed not been entored in tha Cauh Book Rs. 4G.CG.

Hotot Aggume that you do nob nlter the Cash Eosi Baloneo ab 3lst
Degeaber 1960, all eorrecting ensrics being made in January 1961,

A trador!y Boox-Keeper hau agreed a Trial Balmneo and drafied tho
Trading md Profié and Lous Account nnd the Balsnce Shoot. You ais-
cover tho following crroryi-

1) Salos on Approval amguniing %o RE.100 have Leen included in She
Sales Accounty Rs.75 of thewso goods wore returmed. I'o record
of ‘he reoturn wau made in the books, bud $ho retumed goolda
were included in Stock ad their coot price of Rs.50.

~

41) A Cheque for Rs.250 roceivel for a loas of slocik sustained by
fire has Leen padd by ¢he proprivtor into his primse Bank Ao

2l nod recorded in the booke.

111) Purchased gools azownting $0 Pu.200 are inoluded in 3tock Lut
the invoico was dated forwvard and is not cnterod for she period
widor reviov,

1‘1) Thore were tlhave caapunsating errory, z., Divcounts received
wers widercrut f8.5.0C4 Debie Bide of a Sales Lodger Account was
ovoreast Rs8,10.CC and a pyment of £s.15.00 for Legal Eipenwos
had not Leen posted froa tho Cauh Bool.

Stato the offect of onch of tiwse errors, ald sunasrige e
altomationg %0 Lo ando in tile Accounta s originnlly draftod.

3.EI24ER

Tho Grosu Profit of a ¢rading concem linw coao down froa 15 porcens
to 10 percent in ~n nccounting yoars How would yo: jussify the gliort
£211 of Grouss Profis in coaparison with tho previous period ?

Thero 10 a Consuzners! Storcu in your locality. Preucrilbo guisble
bosks withh rulings which will be oufficions %6 keep sho dotailu of
{¢3 burinees Srangaciions.

Please dum arer

(21)

f1c]
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3.a)

b)

5.

How lnman errora ¢m be oliminated in recording Looky of accounts ?
At aro the coamon 4yres of orroru vhich you @~y ¢ acrass
in ehecking up tho final trial Lalmco of a Lusinoss gomeemn ? [l

#rito .ghort notey ona- .

a)  Deferred Revenuo Expendituro

b}  Watercd eapléal

¢)  Currons Asects. (e

fleateyy - [2)

GCRCUP D& DIGIGH AID ANALYSIS C2 RXPERINENTS

(Angwer oy £9:ir quuutiona)

Defino a pariially balanced incomplete bloek deoign with w0 asuociate
clagsen and stase 4hie relations naong the parameters. Find out ¢he
parancters of secotd «ind for wuch n dogipgn whon the azsociasian
scheme i (1) Triwgular wd

(14) 1.5

Conutruot n group divisiLlo design bnaed on a balaneed incaapleta -
Llock design Tith A = 1. [»"
Explain e mothiod of differonco sots in the conatruction of a balanced
incozapleto block desipn amld construct onc of tlhie following designs

1) v=b =13 T=k=4, Ael
1) 4 =b=19, r=k=9, A=4d. {5)

Define n ﬁni:o projecti-we plano and ghow how 14 ean Le constructed
with tho holp of a findta f11d.

Define a Hadnnard antrix and ghow how to SLi~in mnother Hadamard ’
antrix with she help of two givn Madazard antrices, [25)

Defind 'ualance! dn gymzmetrieal fretorind) experiamis. Show shas
coapleta balance can Lo achiewed over S0 2, 3, +..y & factor inter-

sctions 41 a (6, 62°1) deutgn (f.0. for o dowien in which tho camplots

replication conulsts of 21 blocks of w each) in (u-l):n-1

roplicntione and where the main effects are wconfouwnded, [25 ]
Show thnt 1f the nlinu sub-group Lwvolves only interactions of the

(t + k = 2)th and higher ordera (% ) k), the aliap of an interction .
of onler (k-1) would Lo an internction of order (4-1) or more 251

Define a rotntable deuign and oxplain 448 uges.

Give a meihad of conutructing roiniable Jeaim of gecond order in
¢hree dimengiony. [»1

Ploocug S over,



1.
2.a)

v)

5.8)

b)

c)

(97)

GRCUP Es SALPLE SUBY ¥S < CIGITZAVICIAL AUPCTS

(Asswer anz four guewtions)

Denscribo ¢ha *mrious operations involved in the collootion of dala
tirough exzple sur/cyse. . '[75

Explain ¢ basic principlod that should Lo oLsarsed ¢ tiwe %40 of )
procousing of data. [

Doecribo in slort ¢he functions of tha principal punch-cxd
oquipaenta, (LN

You arc agked %o conduct mn ocondxic surver of rmanll industrinl
catablishaonto of your séate. .

a) descrile She nrious pliwcs of %o work subacquent %9 ¢he
rlanning sd~ge of tiw sursey, f:

b)  how will you control numericnl sccuracy da annlysing ¢ho Aata?  [I0
You are required %o conduct ~ family budget enquiry in your stalo for
deteraining ¢ho wedphita for construction of cout of lirdng dindlceu

of %u} non-ngriculfural clnus of populasion.

a)  draw up tho necvesnry sciclules for sho sursy, ’;5:
b)  draft $ho instructions for %ho field uorkers expladning ¢ho

concepsy and defindtions of the anjor fivaa of 4o schelules, [""‘
¢); kv up sho blank tiblow in which %o data w1l be presented, s
d) preparo the nacegsnry puch-ead deoigns for acelrndsing tie

malysis vork, J;
Discuys the mordts and deaerdts of he 20ihoda of 2~id-vnquiry and
interview. -
You arc asked 4o conduct a sraply wuray for optizaslng <o nusber
of vagronty of difforent entegoricy dn o Lig ety of Inda. Auns
vill Lo your frrmn? Dipcupa tiw pousille wdources of nom-ssapling
cerrora that mny affect the rosules of tiw gurvey. lon will ;ou
aniaige these errors? [128
WFrite a critical no'o on tho 45100 of non-grapling ersors that asy
arted whon decis{ong on s2aplo deaign are Lased on pa=plo results. {r
Writo notce on znr_thren of ¢ho followinge res

a) follov up of non-respdnusc cauen
b) optimumdesign
_c) 8ack-taling of rossurees

d) grid as=pling.

Pleace turn cvnr
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3.

4

(%)

GRCUP G+ STATISTICAL INPERFHCE
(AMueer myz four quostiony)

Porive o Sdquontial Probabllity Ratlo Zows proovduro for testing
tho lgpothensis that tiw moni of a ilormal population s uo agningd

the ~ltemativo that the aoan fo "1' wion the giadard dosdation of

she populadtdon 4y Lndm 49 o ﬁni &7e  Yorx out the Average Saaple
Huzber requircd Ly the procedury if the dcwt 4y ¢0 Lo of sirength
(«, B). . . . (25)

¥rito a note on Roeffaing'a U-staiistics ~nd 4¢3 linfting diaztrilu-
449, EXpress ihe asaple variwmco as a U-giatissic and hwnee derive
ita Uaiting distriusion (after noronlisation) ns 4he snaple oize

sonda %9 infinity. " (25)

Lot ¥ md £ be roupeetivoly Yy r-¢h and e s=th r ¢ w order
etatintics in a prmplo of wize n from a population with cunulatiw
AUstritusion funetion F{x) whioh hns a ¢ontinuous donyiiy. 1ot 6

Lo defined by F(6) @ p where O ¢p ¢ 1. VYork out tit probability
that 7 ¢& ¢2, = show how this rosulé oould Lo uged {n sotiing

up a confidense intervsal for G, Jiscuss in particular tho onso

r=1 sen p=t. Lo - (25)

Write ghort notes on tie [ol.lé:wmg non-par~»otric tewt procedurcss

1) wilcoxon's tuut for %wo s~mples
11) Sign tess :
1ii1) Kendnll's Rk corrvlation teat for indopendonco. (25)

Eow will you test, on ¥w bnuis of samplee froa 4vo x':'-v:\x'in:o Normnl
populations kmowm %o havo a conam dioporuion matrix, the hypathenis
that ¢ho ¢ro mami veetors aro equal when the coamon ddsperaton

s2a4rix 1s (1) oo and (11) wiowosn and 48 5 Le ostiantad.

In ench case work out the orapling catrilutian of tio test ptatistic
vhen $hoe lyposhonis Ln trues (25)
oo

Derive the 1ikelihood ratio test for thie lypotheoie ‘.lln:\’. Lo
ouliivarinde iloroal populationn have a coamon U spersion aztrix. .
Cot jou suguent any otier psultablo teost proocdure ? (25)

.Pleaso turn ovor
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DDIAT STATISCICAL IISTIZUTE
Stasiustician's Diploda Examination - Novemver 1964
Paper X - Subjecty of Specialisnsisn - 1899

Ma0s 5 hours I — . .. . . Full marks 1CC

1) Candddates aro nq\uro\l t2 mumer quendiony froa *hat
group only for which ¢hoy have rogiatered their options.

11) Flgures in dhe margin indicado full anckay
111) Use of ealeulziing mnclino i pernisied,

CRCUP A & ECCHZIIC STATISTICS = 1T

(Anewer gy threo, questions)

1. A notorious madel of the meat aarket iua
Dea~nd -3 911 Yl + ﬂlZ 1+ M zl =y
duply ¢ By Yy ¢ By, Yy AN Y3 25 %

The varinbles arcs

Y, &  =0at consuaption per capita (pounds)

1
Yz 3 retadl rrico of meat
TZ¥ - per capiiw A aposable fncomo (tens of § )
Z;'s unit cost of procevuing meat (index) e

z; 1 Tcoot of -\gricult.urul produc‘ion (4ndex)

(A1) variables are exprma\.z. o8 dovbﬁona from means.)

- The snmple-conoists of 23 smiual ovservaiisma. .Tho 2nrster meaont

- .
: 1% . N
masrix l.!.’cx s [ :|lxi ij . [ H tz.l Xy x"t ] has veen ccup.u‘a.d.l

Y, Y, z, . z, 2,

Y, 52.545 15,328 15.965 23325 42771

; Y, CT Gaug6o U 36.32477 36.970. - 53329

2 34276 15.703 53.063

z, B 110.209 31173

2, : . 14217
Cbtatns .

a) . mechrnienl loagt square cutiantos for tho deawnd oqu'\‘io",

agsuning \’ as the Jdependunt and Yz mnd Zl. ag explanatory
mﬂ:lglcq. :\nd ’

b)  laited inforaniden asxdzum 1ik0likosd catiantes for ¢ho supply
oquatidn. Es*imase srapling erroru. 321

Llonae fum ower
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(100)

The. follovirg table glvos’ tho' frequency distrilution of incona in
tho United Statos (19541, B _

incomo (§ CCO) percentage of fanilies
lesu then 1 6.1 i
1 - 2. 1.6
2 - 3 12,3
3 - 4 14.4
4 = 5 - - 14.8
5 = 6 12.6
6 1% 2.3
17 o~ 10 9.6
16, - 15 4.3
20re than 15 3.0

Fi¢ a Prreto disiribution ¢5 the alyve datn. Estiante the paramoters.
Due this inforantion o dcri ¢ the conccntr'\‘ifm ooefficiont and tho
noan level of incomes i

Civen nn econoxy with the £0l1awing possible production astiritiogs

A Ay Ay A hg Ag
Comnotity 1  +.8 +1.L ¥XO = .5 = B = .2
Comolity 2 =2 =-.1 - 1 e +1.6 +1.0
Lavour =6 2125. - 5 - 5 - 4 a0

“Capital | . -L.6 - 15, - 3T -1 -2 =14

..a)  dotaraino the moat officient ccabinntion of nctivitioy, for produ-

cu"q“mu'-cozbhmcioq of she tvo commddiiies df labour is tho only
© Uaiting faotor mul aly 756 mu‘.u of labour are available.
b) doterminé the rolative priccs of the two commoditios nnd of -
- capital in part ().

‘Totes (+) - nigns i.ndic‘\'.u ou‘.pu'd md nnd (-)aigno indicato inpuiu.

+ Coneider the modcll
Yi -+ a\/ﬁ Xi + “1
vhero X, ~ 10 nom-stochavtio

and ¥, independently and ddentically distriluted with 2dan
20r0,07¢r a ot of 12 obsorvatimu.

The  wuma of pquares and cross-products (arowd the respective
aeang arc s

Y X
Y 256 150
X ) .

Derie 'u\d cozputo m_unbi:\aod votimta of @.

Noatnevs

(32}

(32)
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CROUP B. FECIGIC-CCUAAMCIAL STATISTICS =
STATISTICAL QUALITY CCGRKCL,
OPERATICUS RESZAKCH/ ELHLET3 CF BOCK-KEEPLIG &
+ ACCGUIIRANCY, SATILTICAL METHCDS IN BUSINZSS.

(Separato mewor Looks are <o Le uuoc_l for ench of tho wul-groupy of B)

I. Statissieal Qunlity Control

(Anuver any two questions from thiy sub-group)

Desernine the oguations of tho rejection and aecepimce lines for an
{tcz-Yy-1tcn moguential ganpling inspection plan, in which

AQL = C.05 - Producer's risk = 0.10

L.T.P.D = 0.15 fousumor'g riek = C.20
Prepare on 1‘.(::-\:;14 tom ¢able of accepitance and reojection numbern for
waluoes of n froa 1 %0 50. g [16]
Plot an approximnse G.C ecurve for the above plan. [9]

In an Lirvestigation of tha eccentriciéy of helical gear, tho menwure-
amss woro taken on a fow rrndoamly chiosen products a% throo madn
operations nraoly tuining,’ mlllj.na and grinding The dasa are glren
beolow,

Taming rAllxng - Crinding
T0.G0 ., 0.CG00 ©.C110
LGOS 0.0630 G.010C
0.cC25 " - G.C040 0.0656
6.0650 0.6650 0.01C0
0.6€20 0.0120 0.0G40
0.0015 0100 0.0090
.50 6.C060 0.0040
0.0620 C.0C45 0,064
0.0G20 C.C670 0.C126
0.6610 0.0670 €.C650

1) can the variatians in *ho coconsricity aé the turning and *he
@illing operationg Lo oonsiderod differont?

1) 46 thero any ovidenco that ,tho variationy at the :nnu.ng and
grinding operations aro differcnt? - {25)

In Aluzinium rolling, ingots wore cast with two different heading
20otal teaperaturcs,high and low. There wore 30 ingote oast ad the
high tempernture and-20 ingots cast at the low teaperadure.: Aftor
onsting, ingots werv Lot rolled md cué ints two halves. The
heading hialf of oach ingot was agnin gheared into 7 picees.

A count wap ande of the ploccs rojeeted dur to Llisters. The
ropulla are show in the table bolow.

_Rejected . Good | _Total

T
High teapersturo 39 171 210
Low teaperature 40 166 140
Totnd 19 L. 27 350

Ia thero ay ovidanco that tomparasuro liny i effeed oa tho ecourrvice
of bLliutora? o= (25)

Please tumn gwver
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II - Crorations Pagesreit’

( Maver_both the questiog)

1.a)  :Using simplex methiod, find ho non-negative valucs of He Xy x}
shat will anxiaize the exprepsion )
NoZow 3y o+ 5x, ¢ dxy

. 3

subject to tho rostriction

211; 51‘ ¢ 8
Zx * SX’ ¢ 10
5:&0 212 + 4;5 < 15 ‘ (6]
v) From the optizmal simplex tableau obtained in (a), writo down tho
optimal vrduoy of the dunl varinbles, and vorify the 1ualisy proporty!
that tho optiznl v~lues of tho original and *ho dunl problezs are the
B 3 [8]

A natfonnl car-rontal sorvice hau a gurplus of ono ear in oach of the
“eftios 1, 2, 3, 44 5, 6 and a doficit of ono car in ench of the
citico 7, 8, 9, 10, 11, 12. The diotancco betwoen cliies with a
surpluy and cltics with a defiait, arc displayed dn tie masrix bolow.
How gliould ‘the enrs Lo dispatohed uo av to minizmizd: the total mileago
tracrelled ?

10 11 - 12

=

aQ o -
v N T

o

w
Lol R I RV I

® W os W N e
DT Y v ]
LBV RV V. - ]

Q
a)

(141

an

A man ie ongnged in Luying md-selling identical itemu, cach of which
requires congiderable esorage apace. He operatea 4 warehouse of
capacity 500 1teng. Ho can order on the 15%h dyy of each zonth, at
cout pricca shom below, for delfwory on the firss of the folloming
month. During a month, he cm soll ayy asount up 40 todrl stock, on
hand,in tha bLegiming of tin month at msrket ende pricen given below.
It ho atarty tho year with 206G iteas fn otock, how auch should he
plan to purchaso and soll each month for 4 next h:- r-,/o'\r. 60 Ap

40 naxiniyo. hiy profit. .

Yonth (1) - Jw.  Fab,  darch  April May Jwe

‘Cost prico (Ru.) o, R
por wdt . 15¢ . 155 165 166 160 155

._.,.»:\lcu rrice.(Ru.) pi 165 165 165 175 1710 155
®r wis .

[14]
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II (aliornativo) s Elezents of Baok Koerings and

Accountancy
(Anorer both the quentions)

asaeyibnd
Pass nocosunry adjustacnt cntries as the Closing dato for tho follow-
ing itcaeld

1) Closing Stock R8.50,0G0

41) Dopreciation ad tho ratd of 5 porcont on Furmnituro at
Boox ‘value of Rs.10,0C0.

111) Qutsianding Insuranco Premium Re.4C0.

1v) Intorest mud Rent Receivablo ousyianding to the oane
o! Ra.206 and Re.10C rogpectively.

-/) ‘Balanéo of Sundry Dobtors Mo., was Ru.85,0600 nnd thas
tho resorva for Doubtful Debts Afc., was Ru.2,000. A
gun of Pu.5,000 1u to Lo written off as bad. Reserve for
Discount on Debtors mnd Reperve for Doubiful Dobis arc to
Vo provided at tho rate of 5 pareent each. [14]

oR

Show in a tabular form (1) what balance each will ugually show, Debit
or Credity (2) whora and ix which side of Trading Afc. Profit and
Loss Afo., and Balanco Shcot, each of tha following will appoari-

1) incomo tax paid, (41) asleo tax padd, (1i1) roturns outward:
i) oarringo outward, (v) dofence Londs, (vi) donation towards
dofenco fund, (vii) ndvance from customers (nu) interost on lom
givon. . (14)
EITHER
Stato with roasma, whethor ¢he following iteas of axpcnditu-o '\ro
eapital or revomuod
1) wages of worimon caployed for setting up new anchinery ,

11) legnl exponacs incurred in conncction with raising a loan for
purposcs of Lusiness ,

114) earringe paid on goode purchaped,
() payaent of damnges for broach of a contrnet to wupply certadn
goxds,

+) compengation paid to a retrenched o:nplo,/vo for loss of
¢aploymant,

vi) the cost of dmolinhmg an old Wwilding for bmung a new
one in {¢s placo,

vi1) coapengation roceived froa Enstem Raflway for compulsory
acquisition of land for the murposo of olegcirifiscation ,

4111) cos of roplacing a worn out part of a flat,
1x) purchagse of patent righta,
x) cont of installing hontdng and wentilating apprratus. [16)
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CR

Rule a form of Petty Cash Book contadning analyvis coluans for <he
folloving kinds of potiy expenditure .- :

stationory, poutageus, telegraas, ernrringo, fravelling
oxpensew, cleaning, lighting, firirg,

togesther with a coluzn for miucellancous payments roquired ¢o Le
posted direct to the ledgor. Dater ¢herein the following ‘ransaotions
bringing dom the Lalaeo on hwnd né the conclusion, and whowing how
she necopuary Jouble entry 1o effected throughoud.

1963
U~y 1. Receiwed chequy froa the chief
caghicr for starting balrnce and

caoldng snae, 550.CC
1. Paid for pousrgos C.63
2, Paid for ¢clegranmy o Dombry . 2.5C
3. Paid for eleciric light bill upto Uareh 5.06
4. Paid for cloaning charges 1.12
$. P2id for oiirges for fire C.60
6. Pald for railwny fare to Apanuol 3.0C
7. Padd for snaples gent to Ry ~nd Co.(or{ﬁ_’i\ggg) 0.63
8. Prid for postngea G.60
9. Padd for telogram $0 Madras 1.C6
16. Paid for new filing cabinot (Dobit Cffice
fumiture account) 20.CC
1l. Paid for Luy faron . 0.16
15. Paid for typewriting paper 0.80
20. Paid for new typowriter (Debit Cffice .
furniture Ao ) 425.C0
2@, Rocedred froa chicf oashior = cagh '156.¢0
21. pid for postages ' 7.13
22, Paid for tclograna to Delhd 3.14
31. Paid for raflway fare 46 Dacca 14.45

Bleaso tum over
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IIX . Séatissic~l mcshndd {n Busineuo

(Anumer both tho quostions)

Tho Wooks of o firz-show the inventory $0.W valued at Re.1,27,461,

“hiero Aro Y000 4nventory items.’ " Zo confirm_tho roawonablénops of

+ the rupoo. valuo_of . A dnventory, a rondon sanplo of 12 ftcmu vas
selected and tho valuos of the itesa’ cliccked And corrdetod 1f nocaw~

saxy. Tho following tnble givos %hic book values and tho ~udited

(oormt) valuds of tho i%cay in 4he w-mplo.

1¢0a bl book -value .~ .. _. . qudited ymlwue -
No. in rusccg (X) in rupcog (Y)
1 117 117
B T 96
3 T3 MY a1
3 Ehand s il v U 247
5 . 260 260
6 o 93 13-
1 198 . - 165
‘8’ 8 ' ] gL’ ..
9 83 vt vt cr75-
10 | N 327 327
11 110 ) 110
12 o1 n

n) using the ratio actiod ot'cu'un‘.ion, get an ostinatoe for thwe
‘otal v-mluo of the um.'ntor_,-,

b), find ?.ho atandard orror o.(' JO\H‘ ostu:\‘.o. N {5+5]
».€ N

ETTHER

The tonoving dasa show wockly produotion in wnits for son e:nplo,feoa
before ohango (L’_) and after ohango (Xz) in tho production techniquo.

wockly production in unita

eaployeo before chang after clange
. S ) %)
A 24 26 - -
SB .26 26
'c q :. 20 ., . . . .. NN 22 . =
D Sosgpe e - . PY I
E oo b oot 23 0 e L B S
P 30 T e T
¢ 32 32 c
W .25 .26
T . .23 y e
: X 23 CL .25

* Wost vhother thero 4y nuy significmit chiango in average nroducnon
due % tho charges in thy produotion uomquo. ()

Please tum oer
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2. [%:4
Mo table Lelow gives individual tardincss rates (calculated as the
nubor of times tardy por hundred giarts) for 31G omployees of a
baidng organisation, '

tardineud rotes

g0 group C-4 4-8 8-12 12-16 16-20
20 - 3¢ 16 14 18 22 9
3¢ - 40 19 25 33 26 11
46 - 50 21 16 24 42 20
Teet uwhether the tardineys rato is independent of tha' age group. [1c)

GRCUP- D »_DESIGI AND AUALYSTS GF EXPERIIEITS

(Anguer any. hroe q{‘.\duzlonu)

1. You ara given Lelow tho dnta from a 23 fretorial oxporizent on
soyabeang, in trvo 43¢ 4 quawsl - Latin squaress Tho factors are
1izcstono (A), phosphorus (B) and potash (C) and in each cagce the
lowar level iaplies 'no applieation'.

‘Square I Squnre II
c (1) abe ab "o a ale b
58 62 ' 60 59 62 65 69 63
a ac Vo, e (‘1) ac ‘ be ab
66 61 (60 .3 62 63 59 63
abo ve (1) a abe N (1) ‘ ae
64 61 63 59 66 57 64 - 67
L . ab  ac [ ab be a [
ss 62 6] 61 66 53 567 58
a) 1dentify the offects that aro confoundad with tho rovs and columns
of the squarcu, (4]
b) cotimate t)m.min effects and tho interactions and obiain the
expregsions for the variancey for your ostimntes, (1]
o) test the indfwridunl main effeectn and intoractions rnd write a
goall report on your findingu. [18)
2. In an cxperizent to coaparo four treatments Ay B, C, D four tyres

wero built up each in three parts uvsing three, of the treatmenty,
ono for onch part. Tho coapouitions of tyres together with relatie
wenr values obtained nfter a suitable longth of run, aro given below.

froataonts . 2res
A 1 2 3 4
A 238 196 254 -
B 239 214 - 32
c 279 - 3% 419
D - %8 365 411

Pleage fum over
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n) annlyoe the data uing within ¢yrco coaprrisons only. [16]

b) obtain an cetimate of Letvemn tyres varintion glving your comonts,

e o, o Y

¢) it wae found later that tho measure of rolative woar on tho part
of tyre 2 Luilt Lr ueing treatmont A vwau obininod by a different
procoduro and it was conoidorcd dewuirable to ignore it. Exaaine

Moatnoss

Plonan turn over

sha Wypothouis of cquali%y of treataent effeeta, [&)
Hondervon conducted an experimont in retadl grocery siorcu 2o doter=
2ino tho offect an HeIntosh applo p~log (4n pounds) due to packaging
tho apples in d-pound (treasment A), 6 pound (troatment B) and
8-pound (treataemt c) nolythono baga.Six grocery stores in eontral
New York wero uscd. Bage of rarticular 4ypos wera put on salo in
difforont storcs in the throe periods as indicated in tho table
Lolow. .
N N Departnm® Storcs : Total
Poriod . 1 2. EN 4 5 6 ' for
. - reriody
first veck ~  72(A) 1c2(B) 64(c) 264(a) 208(B) 96(C)  7C6
second weok 90(B) 82(c) 72(A) 156(C) 156(A) 112(B) 668
third wock  72(¢) 92(A)" 66(B) 2c3(B) 178(c) - 9C(A) 721
sotal for 234 216 26 529 542 .298. 2095
storcy
Treatamt ' Sreatmont totad

A 646

B [: 93

c . 648
sum of squarcg of tho obaervationa = 283797
sua of aquarcy of period tolals = 1464501
quu of squarca of store $atalw - 837997
Tha lottor in any cell (perisd X store) indicatos the typo of Logs
put on sale and the figures, the actual total sale in pownds during
ho wecke. It 48 agssuncd that tho typo of bLagn uscd in onu wook ary
havo goae effect on the palos during that wock and the next but not
thoraonftor.
Mualyso tho dnta and test for treataomt differonces (tost ocparately
for dircct ad residunl offects). You may use tho computations
supplicd. . (321
Givo a gocond order rotatably design involving threo qumtitativw
factors., Writo dovn the an~lyule of varinnce table gi-dng algebrade
exproyuiony for tho sum of uquarca duv ¢o tho firast and “ho oecond
order termu. OlLtain an oxprossion for the wvarinnce of tho owtizased
ragponee as spoeified levels of Slw factorn.

(12+12+ 0)
4!
-
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GKCUP E 1 SAMPLE SURVEYS (Practical)

(Anpwor four ‘quostionu, of which no. 1 4o coamluo;ﬂ

b

prepare sudtable scrutiny and tabulation prograzmvs.

Pert1lidy history of coupled ",

+ho inforaation 20 L colicctod in tho schedule given bolow mnd

{251

anrita)
atatug®

studard ee

educational

earg) at

formnl  [affecsive
anrricps Imarrisge

premmtl tordinatian
of 3~rriagd

;Arringy
duration

husband

wife

b

gorial
nuber
of cli-

BOX,
2=1
£-1

interval
since

sinco

interml

age of

e of eidld (renrs)

zother present

At death

proviouy

narringe

ildren

Lirth

V nover aarrlod-ly marrfod-2, widowod-3, divarced-4, separatcd-$
sea{}literateel, literato but Wwlow primary~2, primnecy=3, siddle-4,

sucondary-5, gradunto amd abova in, (1) agriculsure-6,

(u) engincering-7, (111) me\molou-&, (11) acdicine-9,

() other subjects-O. -
20 oatianto the %0%al cultisnted aroa in Dindigal 2aluk of Madurad
District, a saaple of 10 villages was dram from he 1"Q ‘Allages in
that taluk, with prolabilisy proporiionnl to 41w 1951 census popula-
tion and with replaceaemt. Tho tablo Lelow giveg the 1951 census
population -.nd cultln‘.cd m1 (in acres) for the 10 n-nplo “111ngoa.

3.

" "worial number of

population
(351 gonsun) -

cultivated area

(4n scres)

pmplo “Allage

O~ AV BN

-

[RY-]

T 5511
865
2535°
3523 -
83691
1357
5131.
4654
1146
1165

4024
1124
1638
313
3678

('00..11 population .

315149)

1) ‘ostizate o €0%n) cultivatod aroa and 1su saspling variwioe

unbiasedly,

* 11) how may wazplo villages aro. to to "s\;loctrd 0 enouro a
coefficient af variation of 1C porcont ? .

(3]

13

141) uee SMis vaaple $o oxamine viwthor thero has beem oy gxin in
soleeting the villages with probability proporisnal to°the

1951 eenoue porulation, ingtond of with vqual probLabllity.
Lot

Tha 4alblo Lolow furnisl:ca coaplots ¢nuacratim data on Icnig‘.l;":(x) ’
‘of sirip rnd volumo (Y) of timbor for each gtrip, in 3 blocks of
the Black Mountain Forest in Californin.

Pleape tum ovor
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block pirip X 7. " block etrip X ¥ block sirip x y
NN N0, - no.,  no. no.  no. B

1 1 12 762 2 1. 9 4N 3 1. 6 165

12 651 2 9 426 2 6 224

3 12 - 461 3 9 440, 3 6 192

4 12 521 4 9 462 4 6 161

5 12 653 5 9 3712 5 5 104

-6 12 544 6 9 312 6 5 94

1 12 542 1 9 41 1 5 162

8 12 59 8 9 323 8 5 115

9 11 533 9 9 381 9 4 115

10 11 517 10 9 430 10 4 1y

11 11 520 11 9 434 11 4 83

12 11 539 12 9 334 12 4 36

13 10 569 13. 9..543 13 4 61

14 10 449 14 9 607 14 4 R

15 16 472 15 8 46 15 4 14

16 10 438 16- 8 326 16 4 64

1)

(x-length of strip, y = voluzo of timber)

examine tho behardour of tho saapling wvarinnce of esimatows of
woluze of tizler bLased on gysteantic smaplea for differont
saaple sizos (n =~ 2, 3, 4, 6, 8, 12).

11) compare tho efficioncy of sysicmntic snmpling with those of
simple randoa wanpling vd th and vishout replacemont, for the
smmple slzes considered in (1),

111) nlpo siudy tho officiency of sampling the strips with probability

proportionnl %o *ho length of tho strips ¥ ¢h replaocemont.

Suppose 1% is required to estimnte the rate of indidenco of a parti-
cular diseasoe in a reglon having a population of 2500 peruons witlin
5 porcont of the true value in the songe that 4f 4o enzple es‘inate
ig k percent, the population prbporticn i to lie bosween (k-5)por-
cent and  (k+5) percent,with 95 porcont eonfidance.

©4)  determing tho samplo size required in case of sizple rondom
gaapling with replaceaent, nusuaing that tho sample proportion
is noranlly diatributed and that sho proportion fs likely to Lo
about 60 pereont,

11)  oupposo the region is divided into swo wub-rgions having a
population of 1CL0 and 15CC such that tho proportions of
peroong having the wpecified diseaga in the two pub-reglons
arp likely 0 La abou® 30 porcent and TO percent reupootively.
Doteraine tho ¢otal unaplo uize roquired for eatimating the
over-all populnation proportion with the specifiod anrgin of

orror, if tho gnapling ia dono separately froa tho 2 pub-rogions.

70 ptudy the living conditionws of thie working class population
repiding iy an induntrinl region, a stratified twe-utage dosign is
proposed whera tha factorics are o Lo golecicd with prouability
proportional to tho nunber bf workers obtained in an onrlier period
vith replaceamit in the firgt singe and at the second stage a paaple
of workers is %0 Le sclected linear gyelematically froa each snaplo
factory using *he current liat of workers. Tho following tablo gina
¢he nuaber of workers ugcd in tho seleection of factories and the
current nuaber of woriers for each of the gaaplo factoriow.

Plenyo _tum over
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1.a)

tto

etra=-_total pample faclory stra- total _
tum  no.of fao- no.of workery -bum . nosof . fae-  no. of workers
wvorkors tory frame® currant vorxory tory frame® currond
nuaber ' nuaber

1 5896 1 99 163 3 1580 1 2697 2039

2 1523 465 2 . 4667 6295

3 110 64 30 123 1%

4 ‘7142 829 4 1664 1150

2 2%93 1 N0 3504 4 W74 1 90 91

2 3187 2527 2 Nt 416

3 2215 2186 3 156 131

4 5322 5285 4 266 202

'_ e frame for solecting factoriocu. .

1)  dctermine sho eomstont mudtiplier for tho rogifm as a whole
that 43 %0 Lo uped in_aaking.tho samplo deoign self-weoighting,
20 ag %0 onpure n todal wsanple sizo of abou® 2C0 workersj

11)  opoeify the anapling intersals to be used in c:\ch'nmplo '
factor;y 80 as %0 mnkae the dosign self-veighting with the
constant multiplior dotermined in (1)y

141)  alss £1nd approximately sho nualor of workers *hat would be
golected froa each saaple factory theroly do‘.er.\inmg tho
toal m:nplo sizo actunlly achicvoed.

"GRCUP Gt SPAZISTICAL LFFPEICE (PRACTICAL)
’ (Asver any four quostians)

D0 ook the effect of the proamea of conl in tho sand uoed for
aaking conerota, 5 difforvnt proportions of conl wero decided upon,
and 4 concrese cylinders wora made, condadning ench of ¢hose propor-

tions of coal. Tho following &nblo showy tho Lronidng stromgth of
hego cylinders. . .

percentago of coal -
- [v] G.C5 Gl = G.9 1.0

Broaldng serongth 169 155 162 172 153

: 4n 106 1be/oqeinch 158 144 245 155 154

174 164 151 143 156
168 154 166 144 152

Test vhother varinbilits in Lreaking otrongth diffors significantly
with vorying proportion of coal prosent in conereto.

Plo~sa tum Over
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1.b)

2.a)

v)

3.a)

b)

{111)

Tho folloving $ablo showy scoros in two tosts of 15 oandidatos.

Candtdnte 1 23 4 5-6>7 09 16 11 12 13 14 15

Score tn 15 18 8 16 54 95 22.69 15 8 53 26 21 9 18
test 1(X)

Score in
teat 2(Y) 29 16-18.20 20 34 10 31 39 32 35 14 27 10 1

Asguning hat tho seoros X and - Y co:m froa n bivariate normal
diatrilution, toat whethor thedr varimnces are equal. g
3 . ! R

Threo ects of olLucrvations from bivarinto normal distrtbution yielded

-tho following crofficiente of corrvlatian.

.

sct no.  wmple size covfficiont of *

corrolation
- 1 35 .62 .
Lot 2 40 ’ G.45 e
’ 3 N 25 G. 70 -

..ont ‘whother tha sxples c'-:m froa popul-\uonu vith the mmo ococffi=
cionfo of correlation. I . -

In the above cxampla, n lypothesin ig 2ado Yt tha powl‘i'.t.on froa
which ‘ho tira' u-.-np‘e LAty dr-rm bas a co»rnclm* or oorrol:\'ian
0.56. -

-1) tost e Wypothoste

e

“11) draw she power curso of Iour test b;r c‘tlcul'\‘ing itu

powor for the walues 0.0, G.25, 0.40, 0.5G, C. 60 C. 75.
0.9C of tho coofficiont of corrol-\uon.. T

(25}

(25)

Varfableg X md Y donota nge in yoarg nnd chies$ oxpansion in inches

rogpectivzely.’ Two gmpu of old.ld.rcn wm obucr/cd and tho following
co:xuh‘iona andel’. . .

group sizo of [ pumy of wquarce and products
‘no.  group . . {correoted)
X Y Sex Sy . - Syy
1 o 12 13 401 1.560 3.416 0.234 8.623

2 15575 2 359 0.263 13.632

Exazino 1f tho linear regression of ¥ on X ‘in tho two g—oups are
(1) idontioal, "(11) parnllel.

Each of 10 pots woro moawured twico for volume Ly, four investigators
Ay B, Cy D, thus yiolding 80 voluzo monpurcaontys Tho tosl sua of

squarcy (wicorreetad) of theso valuos ia 1GC269. . .The following table
oliowy tho pus of ¢ho tro. acaguroumits trkon on onoh pote., | ’

pots invcetigatary potu invopsigntory

: A B [ D S A B [ D
1 78 61 69 .96 6 14 35 22 26
2 82 .82 15 85 . 1 102 102 96. 101
3 78 66 76 96 a 1 6Q 81 72 58
4 24 36 41 39 9 36 59 - 56 47
5 44 50 49 3 10 90 109 94 97




5.

a)

b)

(r12)
Tho sua of wquarcs (wncorrocted) of these pair-uuds ie 196357,

Usko bat an malyuts of Wariance ¢alle elowing varintion dus to pots,
Livseptigntors, intornction Letweon pots and inruitigators and error,
aid writo your cozmamcntu. (25)

In tie folloving table

col. ) phowy upper 1imi%x of clasv-intervsaly
.- - - of nu oLeorved. ddytriluiion, -

cole 2 tho obuserved claoy frequencics md .

col. 3 expected clapu froguencies oltained froa an
asguned noranl digsrilution.

upper obyerved oxpectod upper  observed expectod
eclags, clags claus olnuy - clnos clauy
%3 frequencics frequencics limits frequencics froqumcies
Q). (2 [5) Ql () N6 o
26.5 2 C.6 32.9% 1C2 113.7
225 1 39 . 34,5 67 70.2
24.5 15 16.4 36.5 36 29.3
26.5 4 - 416 38.5 5 8.4
2845 82 93.2 4C.5 1 1.8
3C.5 138 125.9
=+ - Total 511 511.C

Cnlculate the Kolmogorov nsa*iutic (D,) 0 tost wiwcsher the ngsumed
noranl digtrilbution gives a good fi¢ and exnaine its significance
with the help of the following table which gives for large walucs of
sraple sizo N, pairy of nuabors A and a which satisfy tho
relastion P'{ Dil > }\i e

a i G.2C C.16 - C.C5 C.Cl
A3 107 IIHL 1.22 N-’L 1.36 Il-'i 1.&3 H-i

Tho obeerved values of xl- ~d ‘z from two padred snmples 48 given

Lelow. No assuapiiona can bo made regarding the form of tho diotri-
butiona of Xl ad )(2.

Xl - 15 19 n 3% 10 -1 19 15 10 16

% 19 30 26 8 16 6 17 13 22 8

Is 1% rensonnblo %0 Assume tht tho z0disne of the populations froa
vhich the walues of X aad X, mrowe are equal ? (25).

In a cordnin oxperizont 18 rabbisy each recoivod a high doeo of
frgulin and 18 other rabbi‘s oach' A low dose. Tho bload sugar was
measured at 1, 2 and 3 hours after onch dose and thowo rondings aro
denoted by )(1.-)(2 and XS. The aifference of thw morny of X, in

o 4wa anaplen in dansied Wy d‘ (1 = 1,2,3). The following tablo
whous tho valucs of d1 and the pooled 'within' guae of squarcu nnd

productys. .

Pleasy turn_oser



{113)

4 4, 4
7.594 19.73 25.64
! % %5
xl 267 1278 1814
x2 2358 1966
22
x, 3223
a) Find tho coefffoients of Xy X, 2nd X} in tho Unonr function
which would Lot decriminate botwoen the ¢wo underlying popula~
tione.

L) Caleulato the D? distanco botween tho two populations ~nd
test 1to elgnificanco. (25)
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