INDIAN STATISTICAL INSTITUTE
\/Smuuuchm'l Diploca Examimtion - May 1963

Paper I ¢ Offfcial Statistice and Deacriptivé Statisticn (Thaomtical)
Time '1 4 hours : ‘ - " " Pull earks 1 100
- Figures in-tha mrgin indicate full marks for each question

CROM™ A .
(Answer any thme quu—utlona rr:m this group)

1, Discuss briefly (a) the iaportenca of statisties in a planned
aconozy, and (b) the data on varisus typea of determinants of economio
growth reedrd in tha pracezs of the formulation of plan targets, -(8)

Discuss criticnlly the requiremonts nand availability cf statistics
for the setting up of euch overall plun t'\rgﬂts ard targeto cf differont
types of goode and nervices. : (8)

2.. What nra the types of data currently included in the of ficial '
publications of Government of India dealing with public health and vital
statistica ? Also, name tho publications. _ v (10)

Distinguish betmeen healtn stutistios amd vital statistica, What
pcuggesticns have you to offer to improve the reliability of these atatictics ‘E )
. 6

3. Describe the scope and covaroge of available Inlard Trade Statistics
of India (by reil, river, road and au') Aloo, give the nazes of the pub- )
lications cont—}ining thcm. . __(12‘).

What are your suvgesﬂonn for improving tho raliablluy of these
statfatics ? © ()

4. Give a detailed acecount of the nature and scope of industrial
statistics available At present in India. (8)

Doacribs the Intornational Standards in Basio Industrial Statistics.
To what extent does Indiu conform to them ?

Nentness, . .o . . - (2)

CROUP_B.
(Anawer all queations in this group)
S. Snow that if PO, QD1 and Q- P =1, then
£ (x) =" kox-v) (P/ oxeon 2.

rMpregonta a pmbabuuy dansny xhen k) 0. Interpnt tho case shen

k io cn intecor. (8)
Find tho mument gencrating function of the above distribution arm
hence £ind ths first-three monanto of the distritution. )
6. Diszus3a the varisus mcasures of cmtnl tendarcy and variability
&nd discugs their relative merits. . (5)
Show that the mean devinuon of a randoa varmbla ia m(nimul when
oasured from the median, . . (5)
Find the meen dovmnon about the moan of the nusber of successes in
n irdapendent trisls cach with provability p of puccess. (6)

7. Diccuss in detnil the mothodn of lyconposing 8 Timn Serdes into
its various comporents. (17
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Paprer 1@+ Probability Theory and Statistical Hothods (-;-h;,m“u)_.

Timat 4 hours. Full markes 100

1.

3

Figures in the margin indicate full marke for each question.

Coou

(Attempt dny three questions from this group)

n) N letters are rindunaly placed in N correctly addressed envelopes.
Show*that the prot.uility th:t exactly K letters are placed in the

correct envelopes is 9
n-x 3 .
% s -JT})— v K=0, 1 2,0, K
3=0

b) If X amd Y are Pofsson variates with peana B, and W, show

that the rrob’lbility th‘.\t X =Y has the value r is the coeffi-
cient of t¥ 4n

exp (“1° + u.zc‘l -y ) ' [e)

X i3 a random variable with mean § and standard deviution o omd
measures Sl ad ﬁz of Skewnoss and Kutosia given Y

: 1o u
‘31"%" pz'_z‘i'
W ¥

Show that for K1

9{1x-u|zko}_< sz

amd Br- 1
P{lx-ulzxc L
8,-1 +(x"-1)
and show that the inequalitiea can not be dnproved in general. [12]

- Use tho above inequalitias to Justify the'frequency' definition of

px‘olx\bi.'u ty» [5]

Writo dbwn the distribution of central chisquare with n degrees of
freedom. Hence find the distrilution of the ratio of two independent )
chisquares with n; ond n, degrees of freodon. [4+8=221

Find the first two moments of the distrilution of this ratio. 51

Defing tho moment generating fuinction of a random variable and find
it for the ca=me of a random variable X with probibility denaity
function

Cf(x) - -1l (N'M)Z/ZUZ
\/2n e

and utiliso it to find the moments about the mean of the random [1]
variable. .

Also prove that if two randoa variables Xl and X, are independently

.distriluted ag albove with pardmcters W, -0, and W, O, respactively,
1' "1 2 "2

then their sum al3o has a sis{lir distribution. 6]
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Define the terms marginal dis‘rilution and conditional distriltution
in the cose of a Livariate dictritution. [4]

Show that 1f a >0, ¢ > 0, ac = bz > O, thon for a suitalle
valug of k

2 2
- v
r(x'y)_)“.(Ax*U:rH:y).

repx‘-esents a bivariste frequensy density function ®here

~@ X (® =@ ¢y ¢® Fad this value of k. {8}

Find the marginal distritutio: of X and the conditional distriw-

tion of X given Y = y. (5}
Croup B

(Attenpt any t:3 questions from this group)

Virite & note on the method of 1edst squares for the estimation of
parametery occurring in a statistical model. Show how this leads to
a.test of eignifiocance of thq hypothesie He' b =0 in the linear
regression model of y on x, whore b ia the regression coefficient.[25]

Samples of size n and nz are drawn from two norcal populationa

with means oy and =, and variances oi and og. It 48 known that,

the varianceas of the populations are proportional to the means. How

cdn one test for tho hypothesia Hi By - jml when the variances ara
unspacified ? i (53

Describe the sequential protalility ratio test for a simple hypothesia
againat another eimple oltemalive. How is the tost adjusted to get
given values for first and second kinds of errors?

What 18 the practicdl advantags of such 3 tost over the uaunl fixed
8aaplo test?

Apply the Baguential probabili-.y ratio method to teat if a binamjal
proportion has o specirfed value P, Ogainst on alternjtive Pye . [25)

X saaples of sfze' n ore taken from X normal populations with
means myy myyes., ty and comson varience 2. How will you test

the hypothesis U1 mo=ay = e -v&?

Find the expected valuw ¢ the moan square between camplas when the
above hypothesis 13 not trua. [25)

0000500

Pinnge Turn Ceoy
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Paper III 1 Sample furveyo orid Dosign g
Analysio of Experizents (Theomtical)

Time t 4 hours Full mrks 1 100
Figures in the margin inlizate full mrks fer - each quastion.

CROV2_A
(Anewor any thres quer.ions from this group)

1. "The ssmple survey is co-exi'nsive with statistics itself". Discuss,
tringing out clearly the role of srmpling in statistical practice. (s}

Examine criticnlly the situutions in nhich sampling ylelds mora
accurate results than complete cnus.ration. (3)

2. Descridbe the circum:t. .es v~der which sampling with varying proba-
bilities 18 to be preforrcd t> Jampling with oqual probability, (8)

A sample of size n is selested with varying probabilities with
roplacement. Give an ‘unbinsed estimts of ‘he population total and its
variance. How will you estimate tin gsin due to sampling with varying
probabilities as compared to aimple random sampling ? (8)

3 Describe crifﬂcully a recent rourd of the National Sample Survey
conducted in Indin, giving datans in regard to the design, information
collected, and method of analyais of the data. (10)

that suggestions have you to offer to improve the design of the
survey and the estimation procedurea adopted ? (6)

4. "hat are non-sampling errors ? Write a note on the control and

measurement of these errors ? (8)
Show how the technique of in-aTpenetrating euh-mmples can be used
in this connoxion. Imdicate its liritations. (8)
Neatness.. (2)
CI0UF _B

. (Attempt any thme que.tions from this group)

5. Vrite an essay on ‘TL CIOSTR:SUTION GF STATISTICAL REASONING TO
EXPERIMENTATION' bringing out clearly the part played by randomieation,
replication and local contrcl in the planning of experiments, (16)

6. Describae how uniformity trial dnta are used to determine the 8ize,
shape and arrongement of experimentil plotas. (16)

T Twonty five mango trees in aa orchord wore ugsed for & manurial
experiment in 1961, 1aid out in fiv.: randomiscd blocks of five plots (treas)
eadh,

Owing to paucity of experimental rmnterial the same set of 25 trees are
now required for a spraying experimant, to compire five different sproys.

Though it mdy Le pafe to Aascum that the manures do not interact with
‘sprays, the proposad axperizmont shc' 1d take into nccount, tha residual effects
shich the minures might have poasib'y left on tha planta,

Plenag turn aver
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(2) Suggost a suitable dosi;n for the spraying experiment and
indicate how the random cuaignment of sprays to plants will have to be

decided upon oonsistent.with tha B1.;gested dasign. (307)
(b) Describe tho anilysis of the suggested experiment. (6)
8. (a) Defind 'Factoriul oxperlcents'. (2)

(b) “mut are the advantages of a factorial experiment a3 compared
with a series of geparate experimcnts studying one factor at a time ? ()

.
(o) Whon oan o fectorial exjiriment be most convoniently laid out
in a Split-plot design ? (%)

(a) ®When a-Split-plot exper‘mnt was already in progress the subplots

nad to be further split to accomodnte a third factor (normslly applied late):
{n the same experimont,

. Write down the analysis for this experiment. ()

9. Write short notes on nny tw of the followirg s (16

(a) Froctional Replicat:ion.
(b) The amalysis of mixed-up ylelds.
(c) ™a effect of errora in nssumptions underl_ylng
Apalysis of VariAnce. .
Neatnesas. ’ . (2) .

ooccOooo0

Plcazo Turn Over
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INDIAN STATISTICAL INSTITUTE
Statigtician's Diplomd Examination - Iy 1963
Paper 1V Ap, 1iad Statistics (Thoorstical)
Full marks & 100
1) Answer questions onl; fream the two groupd relating
to the subjects you iive opted for.

11) Use a separate answec Lok foresoh group.
144) Fgures in the margi ) 1adieate full marks for edch questicu.

GROI2 3 = EQOIONMIC STATISTICS

(Answer any tir:e geections from this groups . Per nontness 2 eamv.,

¥what type of price level is miisured by a consumer price index number?
Give a sketch of tha method of cAalculation of such an index number for
importat groupa of items as well as for all items taken together,
indioating the nature of data required. [1(,)
¥What i8 & moving average? Decribe how the technique ia useful in
different stagea of tha analy.is of economic time series. [16]

If you are required to obtain the demdnd function for food on the

va81s of time eeries data, whit determining variables would you

include? GCiven the data, how vill you derive the demand function and
elasticitien of demdnd? [16)
#nat is a production function? Taking a suitable production function,
cdkculate the margindl productivities of the various factors of pro-
duction, and indicate how you will estimite the pircmeters of the
production function from statistienl data. [16]

Give 3 trief wut critical revie of the growth of matioml income,

changes in the structure of t') econcmy, employment position and
urbdnization over the plan periode in India. [15]
Writs notes on any TWO of the following:

i) Loranz c.ave
11 Input-cutpus tak'a
ESEY National dacome :t factor cost. [15]

GROUP B = STATI ?ICAL QUALITY CONTROL
(Mmswer 2ay threo westions from thid group. por pantmnns 2 marks.

#hat 48 a control chart? Exp..in the terms 'control limits' and
'warning limita® in relation {> a control chart. fd]

fham : 49 & procees sald to be in 'statistical control? Cowzent

* wpon. the statement. 'If a pror=33 is in statistiocl control all the

items it produccs ore satiafa:tory'. [6]
Describa some ofthe purposes :or which an X - R chart oin Le used. [.‘.]
Explaia in detail the procedury of satting cantrol charts for
defeots per unit. [5]
Write o short note on the uae of GO, }I0-00 gmugos in industrial
qudlity control. ()]
V¥rite short notos on
a) oC-curve (5]
b) Tolurance liaits (5)
o) Sequential sampliii. (]

Plenss Tum Ovor
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Deacribe the uso of 'ronges' in comparing the variability of two or

more michines in respect of 3 measurable characteristio. [m]
Exanine the usefulness and the Umitations of the 1latin squire
design fn {ndustrial experimontation. [6)

CROOP € « S?ATISTICAL ISTUSDS IN GULETICS
(Answer g tw> queatdonn froa this group)

. Campnre the relative efficlencioc of lackeroas data (té x —) and

intarcross data ( & &) for the cstimitirm of a linkage paracoter. [251

Detormino the expected frequencies of the M4, ld and I blood group
types in @ porulaticn under randam mating. How do you test the
hypothesis (hat U, U gme frequancics ora the same for two populations
on the lasis of indepundent 83pples from the two populations?

What does a aifficiuncy in thu frequency of Wi blaod group in a

coomunity iaply? (28
Explain the importance of {abreedirg in plant selection. Study the
consegences of selfing in an inbrecding progrom. {25)

GROUP D - VITAL STATISTICS AXD DRUOGRAFAY
(Mmawer any three question from this group.
For neatnoas 2'marks.)

Mmat do you understand Yy *de facto! and ‘de jura’ popul.:ltton‘.!
Bruzerate the relative merits of trase two concepts in t:ddng a
census, with particular refarance: to Imdia.

Which of the methods ~ 'housaholie? or ‘canvasser! do you reccmmend
for India and why?

How would you proceed to study the nmature and extent of intermal

migration in India? [16]
Define the terms 'child-womin ratio!, ‘crude birth rate', 'total

fertility rate', ‘gross reproduction rata' and ‘net rerroduction rate’.

Por each of the alove, indicate under what conditions it is the moat
convenient measure of the fertilitr of a population.

Scme of the quaatitive in (a) are defincd in terms of the 'nusber of '
peraon-yeirs lived duriy, 0 yoor's Row i8 this number ccaputed? [16}
Explain the differenco betveen a 'stationary pomulationt and a

tstable population'.

Descrilbe the steps in the computation of a stable population, atorting
from o stationary population.

Dascribe briefly the wmtillty of the concept of a stalle population. (16)

How would you define nn ‘inf:ctiais diseasae'?

How are records of such disedses obtained, with respect to incidence,
intensity oand Quration?

Describe 6 simple mathemdtical model which would help in predicting
the course of an epidemic over time. (R3]

Ploass Tum Ower
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CGROUP B - EBUC KIOHAL AND PSYCHCLOCICAL STATISTICS

(amawer Any tws questions from this group)

Explain clearly th.e simificance of the termsa (1) diseriminating
poser (31) relinutlire ~ad (111) validity o8 these ore used in
connection with &» c¢. .truction of & Latlery of objective tests.

If the mumbar of {tums in & test with relialdlity 9, and valldity N
18 "1acrea xd k-fold, cho¥ that the relfability §, ond walidity q

‘of tha lengthenod tust arv, unler certain ossuarticns (which you

have to state), given Ly

9, v 6,
9 = d -
"R Y BV & Vi s e,

respectively.

Deacrile Hotalllng's methad of Principal Compononts as applied to tha
problen of eatimation of factor loodings in multiple factor analysis
of scores in psychological tests. .

Three psychological tasts A,  and C were given to0 a larger numbar
of army recruits who could be distinctly classified into tmo groupa
in respect of their neurotic conditicn (1) Rorzal and (i4) Amormal.
The madns, variances and coAarilices of the scores in thesa threa
teyta are availavla sopirately for the ¢¥o groups. If o naow recruit
whise neurotic condition {3 unknewn, ia given these tests, and the
gcored oro made available to you, how will you use the above
statistics to exdmine if he {e likely to haw any abnormal nourdio

. triats?

0090000
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INDINL STARISTICAL INSTIZUTE
Statistician's Diplemd Examinatisn = Ky 1363

Paper Vi Yothods of Numerical Computation, Descriptive
Statisties and Official Statistics (Practical)

Timat 5 hours Full markss 100
1) Figures in the margin fndicate full mirks for each question.
11) Use of Calculating machines 18 permitted.
Cran A

(Mmswer any two-questionf from thie group)

1. Find Yyt nunerical d¢ifferentiition the first and sooond derivatives of
the function y = f(x) taluldted below, at the point x = 0.6.
x Y
Cod ¢ 1.5836494 ’
0.5 1:7974426
0.6 20442376
0.7 243275054
0.8 . 2.6510818 .
2. Find the value of the determinant.
"1.569 0.329 © - 0.0% - 0.319
04555 - 0.112 0.667 0.418
0,372 - 0.013 1.232 - 0.819
0.842 - 0.314 - 0.939 1.009
3. The values of an elliptic intesral for certain values of the ampti-

tude ¢ are given in the tablo Lelow. Compute ly use of an appro-
priate interpolation formula the value of the integral when *

¢ = 24° 36 42,

4 P($)
21° 0.5706344
22 0.3867C52
23 0:4068349
24--- 0:4256264
25 " 04432023
26 044616054
27 0:4799962

g
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Group 3
(snower question 7 8nd any tws of the reut) B

The table below gives the value.or noteu issuud yearly in India
dnr&na 1933-1943.

Year Valuo of notus issued
A («<rores Ra.)
1933-34 om
1934-35 : .186
1935-36 196
19%-37 208
1937-38 . 214
1938-3) o ' 20}
1933-46 ' 252
194C-41 269
1941-42 . 421 '
: 1942-43 .= 650
u) Sho' the above data graphicully. ’ i (6)
v) If. Y denotes the valua of notca igeued and ¢ tha une, it
& ourve of the ‘ype t .
Y = ab . [5]
to the data. .

" ¢) Draw the graph of the above equation anl wrh.o your com:vants on

tha fit. . . (4]

150 groups of 10 persond ‘edch Were observed and the nunber of poi-sonn
in each group who wore ‘glasses rocorded. 7The oluervations are given
in. the following tabled

ilo. of persons

wearing glasses 0 1 223 4 5 6 17 8 9 10
in sToung of 10
Nos of groups 8 40 .57 25°15 19 4 1 0 0 O

a) Estimatu the proportion of perssns who wear glissas in the
parulation from which the groups were formed, 4

b) Assuning thai the muaber of persons wearing glasses in a group
follova the Mna:lal distribution, obtain tha theoretiocal
frequencies. [B]

¢) hssuzing that tha normal aprro:imation to the Linozial distrilution
holds in this cose, caleulate the theosrotical froquencies of groups
of 10 with €, 2 and 5 réraona reapectively wearing glamsea {a
mumber X of persons wearing glisses may be considered to rapresant
the dntormal x -2 to x + %].

Pleass Tum Over
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The follo'ing tille shows Boral length (Y), potal langth (xl) aad
patal width (xz) in cns. of 20 flowers of a cortain species.

f:::u Y % 5 e Y U
1 4.8 1.6 0. 1n 5.0 1.3 0.3
2 5.4 1.5 0.4 1 4.5 L3 0.3
3 5.2 1.5 0.1 13 4.4 1.3 0a2
4 5.5 1.4 0.2 14 5.0 1.6 C.6
5 4.9 1.5 0.2 15 5.1 19 ¢.%
6 5.0 1.2 0.2 16 4.8 1.4 0.3
1 5.5 1.3 0.2 17 5.1 1.6 C.2
8 4.9 1.4 0.1 10 3.6 1.4 G2
9 4.4 1.3 0:2 19 5.3 1.5 0.2
10 5.1 1.5 0.2 26 5.0 1.4 0.2

2) Obtain tha equation of liaear ragrvzsion of Y on xl and
b) Calcalate the multiple correlation coefficient of Y with x

and X5

The following tabla shows prices und quintities oconsumed by a typical
household in 3 ponth of curtain comwoditios {n 1955 and 1956.

Comaolity Prico (Fs.) Wanti ty

: 1999 1956 1955 1996
Rice 20.06 (md.) 15,00 (zd.) 1 pd. 1.25 mda.
Salt 4.0 (md.) 4,75 (md.) 10 srs. 8 sra.
Cloth 1.25 (yde)’ 150 (yd.) |16 yds. 10 yds.
Hsume ront 26.60 (rocms) 0,00 (r.o2c)| 1 reom 1 rom

Calenlato the thrze following types of index number for 1956 cost of
Livdng with 1955 as baget

1) weightod average of price rolatives §
11) AgeTcgative axpenditure indox with
a) 1aca year quantitics as woights §
L) current year quantities ae welghta,
111) Fioher'a $1doal' index numbor.

Group C
(Mswer urgy one question frem this group)
a) Mame the rublications in skici orz three of tho following are
avail.ble in India, the authority or orgonization issuing thum,

the porfodicity with which thyy are is3uved und the bLroakdowns
by vhich tha inforzntioma aro availablei=

1) Statistics of migration of populntion.
11) Iadex nurlars_of agricultural population.

Pleusa ’i‘ulrn Ovor
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2)
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1i1), statiatics of birtho and deathe. )
iv ) Statistics of prcx.ucu:m. Accoriung to varietivs of *
iron and steal. [3]

v) Statistics of insurance. . ) 3]

Freo the publiecations supplied to you, collect the data in resrect
of any three of tha follewing, rresenting thea in reat tatular
forms, with proper haadings, 2nd foot-notes, if nccesvdry. Mention
the source fram which you hawe compiled the diata,

1) Statiatics of procuctin of irem ore products in India for

any oix consecutive months, [53]

11) Inlex muzber of inductrial rroduction in India for any five
condecutive nonths. 53]
111) Statistics of production of yoarn and clath in India varietye 1
wize and statewise for ary four cowecutive aonths. 53
iv) Statistia of shipping in India for any aix consecutive momths. [51]
¥
v) Index mumbers of wholcsale prices in India for any taelva 1
congecutive waeks, [9;]

From the publications supplied, collact figures of aversge ylaeld

p&r acre of principal cropa in India for the latast five conde-

cutive years for which these are available and write a critical

note on the trends in these yielda, (13}
Comment on the mothod of collection and prezentation of data, as

also tee time lag in publleation, of any threo of the following
publications fssued Ly thd Gevernment of Indid .-

1) Seic Road Statistices. (4]
.14) enthly Abstract of Statiuties relating to posts and
telegraphs., [4]
411) Indian Livustoeh Censue. [4)
iv) Indian Land Revenuv Statistica. (4]
v) Inlian Cotton Presaing Factories and Returns. (4]
03 0905
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IUDIAN STATISTIC/L IUSTITUTE

Statistician's Diplomd Examination = May 1963

Paper VI Statiastical Uathods, Deuign and Andlysis of
Experiments and Sample Surveys (Practical).

Tima s 5 hours ’ Full morkss 100

1) Figures in the margin {ndiorte full marks for each guestion.
11) Use of colculating machinos is permitted.

Group &
(Answer 01 questions from thia group)

The following ylelds of grain of wheat were observed in fertilimer
demonstration trial scheme corried on cultivator's fields in

Ahmedabad district in Bombay State during Rabi 1956-57. Besides

control, . & tredtment of NP fertiliser mixture (14171 0) at the rate

of 270 1b. per acre was applieds The control and the treatment were
assigned at randoo to two adjacent ploty in each village, the yields

were converted to mlunds per acre for the convenience of :\n:llyua.

Analyse the dnta and state your coaclusions. [20]

Yield of grain of wheat in md./ncre.

Bl.no.of - C . ih

village : {control) (Mxed fertiliser)
1 4.4 8.3
2 200 31.9
3 9.1 16.7
4 9.7 n.7
5 9.2’ 8.8
6 7.6 59.3
7 134 ) 14.9 ,
8 “a - 12.6 .
9 99 12.9
o 8.8 10.7
n 9.7 . 1446 ..
12 9.2 . 10.7
13 9.3 . 1.6
14 ! 12.6 .. 15.5
15 12.9 13.1
16 12.6 15.6
17 1.6 14.9
16 9.7 12,6

2.2) In Gn investigation into the &mses of Juvenile dolinquency racorda

for a number of Loys oconvicted on varioud charges wore collacted.

Al these Leys belonged to (1) criminal tribes, (2) others and
the fanily Lackground which waa indicated Yy (3) whether both parents
living or (L) at le3st one parent dead was considerod to Le a possible
cause of delinquoncy. Test if this cduse works in the sama way for
criminal tribes as for others.

aber of oconvicta

criminal tribes othera
Loth parents living 15
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_sb) A group of persons wera subjected to 8 certain mitritional regimo and
1t wag noted whether thoy had shom improvement or deterioration
after the coursa of treatment, indicated by'I and D. Out of 20
students 13 were I and 7 were D. Tost if the regime had any signifi-
eant effect on the persous.

¢) Correlation batwesn yield of grain (x) and yleld of atraw (y) was
obtained from two varieties of whoat from 15 ond 25 plots of aize
1/80 of an acre, and are .72 and .65 recpectively, Test if tho
difference betweon the correlationy. i3 uzignificant.

Croun B
(. rngwor Qny two questions from this group)

3. The following table gives the result of an experiment relating to the
testing of rubber covered fabric in the !rtindale Wear Testing
* Michine, using the layout given 'balew, %he factord used orei four
different types of fauric A, B, C; Dy four differant positions on
the machine 1, 2, 3, 4 and four runa 1, 2, 3, 4. Tha loss in weight
of tha fabrics are given balom (in 1/10 milligran). .

Alyse the data and give your commenta.

position on michine

run 1 2 3 ¥
1 ‘A 251 B 241 D 227 c 229
2 D234 c 273 A274 B 226
3 €235 D 2% B 218 A 268
4 B 195 A 270 ¢ 2% D 225

4, The table below gives thc results of an experiment on three varieties
of cotton plants carried out 0n 5 rondomised Llocks. Hero y denotes
the yield of cotton lint in ources pér plot and x  tho nuaber of

planta per plot. T
Llocks total
wariaty T 3 3 3 5

A y o1 8 9 6 5 »

x 16 12 13 10 8 59

B Y 5 6 10 a 4 33

x 12 14 18 15 10 69

¢ y 4 7 6 3 ) 24

x 1 13 10 7 6 43

total y 20 21 25 17 13 96

x 35 . 39 41 224 171

Cértain statistice cémputed from tho above ara given balows

S 60, Tfeaes | Zxy-unst
, :

213; - 1924 Z B =602 . ZByBx = 3400

va,-.nes z\é-mc91f‘2v¥vx.56m

. t . .
where By. denotes ‘a block total for y, Ve 2 variety total for x
etce : .

Andlyse the yield data nfter corracting for the varidtien in the
nuaber of plants and give your corawmta.

[20}

[15)

(15}



5 Anlyase the following results of a factoridl experiment involving 3
factors &, P, K each at 2 levels, ccnducted in 2 replications, each

of 2 blocks of 4 plots.

Pacm 1

block 1 bloek 2
2. ) treatment yield traat=ent yield
Replication 13 | K 159 P 153
0 179 HPK 202
PK 135 i 153
; P 130 X 182
block 3 block 4
treatoent rield trontoent yiaeld
Replication 22 . NFK 155 i 191
. np 129 KX 138
X 151 P 188
0 159 PK T 210
GROUP C

6,EITATR

The table Lelow shows the total cultivated area in 1959 and also the

area under wheat in 1960 of 20 villages in 3 certain district.

8l. no. of area in acrea
village total cultivoted arod -  under wheat
in 1959 in 1960
1 401 15
2 63 163
3 0194 - 26
4 1770 442
5 1060 254
6 360 101
7 946 359
8 470 169
9 1625 481
10 &7 125
11 96 5
12 1304 427
13 311 78
U 259 18
15 166 45
16 1767 564
17 604 238
18 824 255
19 1016 236
20 524 247

Draw a sample of 5 villagea from the above 1ist one Ly one -nh

replacement according to the following Bchemes s

1) with oqual probabilities

*11) with probabilities proporti.nal to the total cultivated
areas in the villages.

Please Turn Over

(15]



Describe the procedure ndopged Yy you.

On the Lnais of the two mets of staples drawn Ly you obtain, in each
coBe, an unbiased estimite of the ared under wheat in 1960 in the
20 villages, Also estimate the variance of eich of the two estimatea. [30)

Raw wool contains varying amounts of grease, dirt and foreign material

Pngo 15

and 4ts quality is measured by the 'cleun content' - tha parcentige which

tho weight of the clean wool bedra to the original weight of the raw

wools

To eatimite the clean content

subjacted to laboratory analysis.

In an experiment, 6 Lales were drawn from a 1ot aad in each 4 cores
were taken and ‘clenan content' mensured.

electricn) core boring machine ia
used, which takes cores of about 1/4 1lb.s from a bale, which is then

Eatizats the average olean

content from the data given below and tha standard error of the

eatimite. Would it not have bLeen better to take 12 bLales and 2 coreo
froa eich?
Kile

Core 1 2 3 4 5 6

1 52.3 51,0 546 . 549 599  57.8

2 56,2  58.7 . 57i5 60.1 57.8 59,7

3 62.9 58.2 593 58.7 60.3  59.6

4 505 57+4 515 55.6 575 56.1

0020502

Please Turn Over
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'INDIAN STATISTICAL INSTITUTR
Statisticiun's Diploma Examination - May 1963

Tace 1

“Paper VII'1 Applied Statistics (Practical)

Rull marka s 100

(a) ‘Angwor quoations only from the two yroupo
relating to the subjeots you have opted for.

(v) Use a sop;u-ate anawer book for each Croup.

(¢) Figures in the margin indicate full marks
for each quastion.

(4) Uea of calculating machines’ is germ}tmd..

GROIP A - ECORCYIC STATISTICS

(fnowor all quastions from this group )

1. Gold holdings (in fine oz) per thousand- persomt in India and in the

world nre given below for tha S~year periods since 1895.

On tha basis of

linear trends eocpare the rata of growth of gold holding in India with

that in the wo

rid,

1635
1500
1905
1910
1915
1920
1925
1930

Irdia

162
180
o
232
300
340
407

- 45

1935. ..

1940
1945
1950
1959

353 -

299
276
31
308

Horld

200
309
313
388
432
4n
498

M 519

532
582
629
644
643

(123)

2. The following tabla gives the averuge conlumer expenditure (in rupees
por month) on food grains and clothing in India in a recent period, classified
by expenditura claases (4n rupeea per werson por onth).

per cent total axpeniiture on

Exp. class of persona exprnditure fool aruing  clething
Bolow 8 14 6.26 3.49 0.21
8 -1 17 9.41 4.69 0.53
11 - 13 12 11.98 5.89 0.79
13 ~ 15 9 13.96 6.3 1.03
15 -~ 18 12 16.49 6.93 1.43
18 - 21 8 19.54 7.58 1.92,
21 - 24 17 272.51 8.26 2.19
24 - 23 S 25.79 ‘8452 2.60
20 - 34 5 30.63 . 8.7 3.86
.34 - 43 5 37.72 9.33 4.93
43 - 55 3 47424 10.08 4.33
55 % abova 3 83.29 13.99 10,24
A1) clanpes 100 18.14 6.61 1.77

Obtain the incomv-clastiocitiea of dwmuni for food grajna and clothiny
ond octimnte tha totsl consumer axponditures on thaso items for tho yeara
1961 to 190}, sssuning that tha populttion.in 1961 {8 43.8 ororwa, tho mte
of growth of population per yonr is 2.2 poar ount ¢nd thut the rato of incressa
of incc o (total avpenditure) per p.reon par yeir da 2 por cent.

(23)

Pleass tumn over
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3. On the bLaois of the information given below, obtain national ircoc)
at morket prica, mitioral income at factor cost, not domostic product at
factar coot, personal jincome, dispooable ircome, consuzptlion expenditure ord
aaving (public and private combined).

. (ts. croresa) (12

fross national product At market price 11,215

Irdirect taxes L . 613

Direct taxes 257 '
National debt interest 44

Subsidies : 18

Tronefcr payeedts (relief, pension etc.) 129 .
cnapital consumption allowance 569

Net donmations from abroad 78

Net income earned abrodd 1

llot lending abroad 12

Gross investment in fixed capital 1461

Incresse in stocks 27

0000000

LPOVP B o STATISTICAL QUALITY CONTROL

(Answer any two questions from this group) *

4. In a factory there were 3 capstan lathee tuming and facing a parti-
cular product. For convenienca tre products wera batchad and inspacted in
quantities of 200. The data on the nuaber of defectives for 9 succesaivo
batches from each mchine are given below.

0. _of defectivas

Bateh W/c1 wca2 w3
1 26 25 22
2 10 30 27
3 14 31 15 .
f 22 28 7
5 15 20 15
6 1 26 10
1 14 30 8
8 22 23 12 )
9 15 31 10

1
(2) Are tho cachines under contnll ?

' (v) ¥nat is the capability of each mchine ?
(c) Assuminig that the dlffarl,nced butzcen mochines enn bo removed
. what would be tha copability of tho procsus ? (25

5, A weaving oxperim:nt w:a dony to duterzine the warp breakaye rateo of
four’ warpa nunbcred (1.2,5,4) ench of which hrd been troated difforently., Tho
warps ware woven .8itultanvously in 4 loots A, 3, C, D mccording to tho follows
ing 1layout by dividing tha totzl ‘weuving tize into 4§ perlode. Tho warp breakag
rstuis 2ro also given in the table bulow.

Shsving Vlarp nuaber

puriod 1 2 3 4
1 A c D B

. 5.5, 2.9 9.8 6.7

2 ¢ D B A
6.0 63 5.1 9.2

3 D B A c

: 8.9 2.9 5.8 6.6

4 B B D
6.1 £ 2.9 2.8
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An increasad warp breakage rote affocts tha weaving efficiency
ndversoly.

‘.ml_(se .the above data and mako your Ncounf.minions on ‘tha cholce
of a auitable warp, (25)

\/ 6. (u) Preparv a defects per unit sampling schana where the imopection
unit is 1000 squnre yda of fubric. given -
- h Allowable defacts per unit = 40
Probability. of accepting u lot as above = 0.10

Good quality (defects por luut) = 10
Probability of rejecting good quility = 0.05 T (1s)

1

(v) Draw the AOQ curve for the following eampling inspection plan

N e 1000, na=100, C=3 )
and obtain the AOQL (10)

0000000

GROUP C - STATISTICAL METHODS IN GCENETICS R
. (Answer All questions from this group)

Te The follorim; tables gives the distribution of 214 incuvidublu vy
O-A«B and K - Il blood group systems

O+A B.+ AB D :

Lo 36 : o .
S S 52 50
w 16 20

(o) Examine whethor the two blood ;roup Bystams are indepander{t.
(b) Eatimate the U - N gena frequincies from the arginal totals.
(c) Estimte the B gene frequency. . (25)

8. The genctic and environmntal varionce - covnriunce (v - c) patrices
for three charaoteristics, A, B and C are-as followa.

N Cenetio * Environmantal -
v-0 mtrix . v-c matrix
. 10 5.1 .2 10 -
) 0 4 S I
- 25 Lo 6 *

Pind the discriminant function in terms of observed valuea B, b, o
of the characteristica A, B and C for mximising the genetic component of
tho charncteristie A 'in the selected population. (25)

0000000

Ploasn tum over
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GROUP D ~ VITAL ET.TISTICS .ND DEIOTRAPTY

(Anawer 8ny two quastiozs Cimo this group)

9. ‘e following tabla ghows, for diffarwnt parts.of India in the 1931
censes, the distribution of parson3 vecording to the diglt occupying tho
units place in the recorded agu. /E.g., 253 persons in Bongal per 1000
reported their age in yvars in figures ending with the digit OJ .

Digit in the Unit's place of opyy rocordad in census
1 2 34 5 K3 7 8 9
N Number (per 10005 rocorded in respect of oach.digit of age
Bengal 255 43 129 56 €4 187 76 57 106 37
Bombay * 292 43 110 56 60 215 €6 47 78 33
Madras 264 48 113 64 73 1 89 48 9% 40
Punjod 279 44 110 55 67 198 78 49 84 36
U.P, 294 47 113 45 65 186 83 43 933

Total 1382 225 567 276 329 957 392 244 449 179

State

(a) For each stats, rank the digits in order of prefererice. ~
(b) Calculate the average fraquency of each digit for all the states
together and rank the digits ln.ordsr of theeo average fraquencles.

(c) ¥rite your comments on the naturo and extont of digit preference of
Indians {n reporting age. (25)

10« The followlng table gives age-wise fizures of total and parried famle
population in two regiona A ard B during a certain yesr.

Ragion A Region B
Aga (years) Number of Number married Number of lumber mrried
females during tne year femles during the year
(000) (000) (000) 00)
15 =19 1611 81.5 2159 390.7
20 - 24 1613 626.0 1964 1192.4
25 - 29 1571 . 1059.2 ° 1834 1429.3
T30 -34 1474 1136.0° 1619 1324.0
35 - 39 1381 1101.4 U3 . 1202.1
40 - 44 . 118 1050.5 . 12n © 798041
45 - 49 1225 951.6 1091 836.4
50 - 58 1061 766.5 917 653.3
55 - 59 818 555.4 73 479.6
60 - 64 712 397.7 595 334.8
65 - 69 571 256.9 513 225.4
70 - 74 400 131.3 310 98.9" "
=79 . 239 52.4- : 174 36.8
80 -84 124 . 16.0 97 12.3
85 & above 60 3.9 56 3.7

(a) Calculata the total marrisge rotes for womon in the regions A & B,
(b) Calculate the marringe ruta of region B
(1) by "“direct standardization with reapect to reglon A
(41) by “indirect stundardizatiod vith rospect to region A, (25)
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11, The following table gives tha populntion (an) on July 1, 1930 and
nuzber of deaths (an) durirg thrve whole years, 1929, 1930 and 1931".4n,
different age-groups of a population. -

Age interval  Population cn July 1, 1930 Boatain 1929,1930,1931

X to x+n within age interval x to xen -nhs.n age ?ntx,wnl X to xen

an (HDX

0 - . 12343 N 2585
1-4 o 53166 : 127
5-9 15745 B s 102
10 -19 . o152849 ;0L 805
20 - 29 1199137 1n21
30 - 39 121612 1503
40 - 49 107667 ’ 2815
50 - 59 72981 - “ 4320
60 - 69 47412 ) 5481
70-19 ° 19555 L s
80 - 89 ~e o oas 276
90 - 99 S 20 See 279
100 - 109 3 6

Calculate for each age-group

(a) the averngas annual death rate (nmx) ce
(b) tha probability (nqx) of @ person Bt age x dying within an intervol
x to x+n, using the formula .l
- oy (29539 - 5509 =)

9, = 1-e .

for the first ego-group (0 - ), and a standard formula For 23y in
terms of n'x for the other age-graupa.’ - (25)

0000000

CROUP E - EDICATIONAL AND PSYCHNLOGICAL STATISTICS

) (Anower 211 " ‘questions from this group)

12. The following table of correlaticna of five edmotional traits wna
obtained from A record of 172 normal childr.m, nged nine to twelve, by
Burt. It 18 expected that there is a genernl ccotionality factor common
to all these five traita., Find out tho loadings of this fector by using
Thuratone's Centroid method.

trait 1 2 3 4 5
1. scaiadbility ..
2. sorrow 0.83
3« tendernesa 0.81 0.87
4. oy 0.80 0.62 0,63

5. wondar 0.7  0.59 0.37 0.49 (20)




13, A:lerge number of students were examined in a particular subjeet
independently, whose marking atandarda
percentago frequency diatridution of

by three examinors B y E

» and
can be scompared l‘rom tha 30110:\!*5

Pngo 22

scores 1 e
. ' s
marks parcentages frequenny dictribution
o . - E 5, 7 : E}
baelow 10 5 10 5
10-30 15 2 - 2
30 - 50 50 60 - 50
.50-70 24 8 10
70-90 5 2 8
90 ~ 100 1 - 2

What will ba the rolative ranks of thrae students A, B, C who

obtained the following marks 7

.parks given by
E

students ; Ez
N A 25 62 i)
. ce- B - 40 51 35
¢ 8 % 50

13, The following table gives the numbor aof passes.and failures in

¥athematice and Physice in a certain Univorsity examination. On the

oesumption that the scores in Mathematica and Physics ere jointly normally
distributed, estimato the coefficient of eormlat.ion betraen tha scoreo

in the. !.-o subjocts.

Mathematics
Pass Fajl
Physics Pass 2279 142
Pail 19 89
0000000000000

Pleage Turn Over
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IIDIAN STAISTICAL INSTITUTE
Statistician's Diploot Examination - My 1963
Paper VIIIt Subjects of Specialisatisn =1

Time1 4 houra, . full mirkas 100

.1) Anewor questions only from the sectisn. below
on the sadbjuoct you'have opted for. :

11) Mgures in the mirgin udicate full carks for each question.

(a) EQGHOMIC SPATL

= Zrnomntrics

( Angwar 1 _£ive questicua)

1. Derive the Slutsky equation

. bpj' DpJ Ueoonst. Oy / Price=constant

whore q, etands for the quantity of the i-th coraodity consumed, ry

for the price of the J-th comnodity (4, J = l,s.sy n), y for income
and U for the utility of consuaption of Qyreces Qe

Interpret the equation.

2. - Explain and comment on the {o)lowing statement. 'The input-output

syotem 0§ developed Ly Wassil . W. Leontief i3 an eapirically oriented

multimirket analysis. .

Deacribe the social accounting rocedure for the economy as & whole
and explain how social accourting 18 useful for economic policys

5.

4. Explain what ia meant Yy & decision-~model amd hew the decision-modela
are to bLa vsed for econocmic policye. Explain also how the decision-
models are related to anilytical econunic nodels and how the target

variables, the instrument-variables und the data variables are related

to exogenous ond enallogenous varinb’es. Jive illustrations to cover
all the above aspects of the decisi:n-n>'wls,

5 Describe how stochastic models of economic situations are constructed.

Distinguish botween errors in variables and errors in equitions and
8tate how the dirtinction. ia relevant to estimation problems, Lo
there one or more reldtionships in tha model. Also diacuso what
precautiona and oteps have to La taken in estimating the pardneters
when the errors in variables are ignored.

6 What 48 o racursive system of structural relationshipe? Cive examples
of o recursive syetem. Discuss tho method of estimation of pirdmeters
aprropriste and available’ for a raecuraive system.

T. When is 3 systen of atructurd’ equationa said to La just identified?
State a set of neceasary and :ufficlent conditions. Deacribe in
detail o method of estimation that ¢dn Lo wied in the came of A Juat
identiffed system of equation.. State the methods of estimtion that
are usually followed when the-9 is over-identification.

8. If the relationship bLetween ¥y and xt is glven Ly

- bt
yt l’v&,t"t

t
where ’1:" 18 the row-vector (bl""’bk)'

Xt ia the colucn-vector (xt’,... !t“)'

}:(y") =E(x, ) = E(E,) = 0 roc .11 t a7,
r

X , are nom-stochastic real mmhiry,

[20)

[20)
[20)

[20)

[20]

(0]

[20]
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and E(l‘- ), t £ t' i3 not necessarily equal to zuru,

derive the senerauaud hnat rqunreu 63timate vector ol‘ b and show
that {t is an unbiased minimw -varidnce linear estimtor.

Explain why this result is re)vvant to economic Gnalysis. '} [zo]
9. Emnine in detail the stcpa irvolved in the estimation of price and

inoome elasticities of demand; adeuming the data you nead are availa-

ble and ore reliable. How ar. the price 3nd income elasticities of

demand relevant to economiec 6 1lysis and economic policy? [20}

10. hat type of data would you roquire for medsuring inequality or con-
centration of incomes. How will you use these-data? In the light of
your analysis <1iscuss the adejulcy or othearwiss of the following
measuraes of inequality or of coucantrationts

(L) Coefficimt of variation
(14) | (Eé::é.}qgr;t:on&m:o

nean-nodian

(114) medn

. (iv) . income avove pedian Or any other suitabls fractile
total income

_Work out the expressions for thesae medsures, for ?arato and lognormal
distrilutions of incomes . S "[20]

r200000

_Ploass turm over
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(b) TECITO-COILERCIAL STATISTISS - Seatiseieal Quality Control
(Anower any four [EASERt)] o X

s

1. Explain tho terms  Bpscification Umnu. control lieite, confidenca
1inits and tolerance limits.

From @ controlled process a r.adom #3nple of n units gives meagures
for a quality as X)s Xy evey Xpo For large n obtain & siople.

apprc;sd.mnte forzula for conat)ucti{ng tolertce limits Tl and ’;‘2 ‘
such that at least a given prrnarticn P of the entire production
would be within Tl and T2 wili a confidence coefficient «a. [25]

2. \/It ia desired to instal an accsptancé saapling plan for o measurable
characteristic x where the individudl product 13 conaldored defec-
tive if x > u.

Evolve a suftable variables s:=apling plan given
AQL~- Py » produzer's risk = @
. LTPDw Pys consunerts risk « 3

when the rrocess g.d. is not knom, State your assumptions. .
Derive n formula to oLtain ths points on the OC curve of this plan, [25]

3. Describe cledrly the salient fedatures of Wil Std )OSA or M1 Std 105B
tables. . '

How will you nelact a suitable sinsle sampling pun from theso tablea
for normdl inspection?

When using this plan what are the criterid to be odopted to duoide -
whather to reduce or tighten inspection or to ocontinue normal
inspection? [25])

4. The finished weight of & particular type of wnamelware has been
showing considerable variation all of ¥hich has Lesn atfrituted by
.the production departaent to "he variation of the raw material, viz.,
mild 8teel sheets. The main .tagwd of manufacture are (:\; fawrication,
(b) pickling (c) base coating, () first coating and (e) final
coating. The production of tleue items are more than 5000 in a
shifte A

It is ‘desired to estimite the variation introduced at edch nag:;.
_Explain how you will plan the collsction and anmalysis of the data,
‘Indicata the outlay of the forms for data collection and computa=
tiona. (The weight at fabric:tion mdy all be attriluted to the
raw materiala). [25]
5a Write short notes on
(o) Evolutionmary operations
(b) Narrow limit gauging
(a) Hamilton's standard lot plot method of acceptance

samrling Ly viriables, {25)
0000000
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4.

S

1;(n)
(v)

()
(2)

(o)

Erpo ‘e

(1) ‘D'-“‘XCJ ARD NIALYSIS CP EXT'EEINCSINS - Statisticyl I‘Jr«ctﬂ

SOt

( l.n—--;,r Ay fxvo q\xesuom) — "

ml:lln the three princlplna, rcphcation. r\ndomisaum An.l loc:xl
com,rol with rurerance to ﬂe’ld u*xverxmonmum. 1Y) . i [zo]

vl e N T T Ny T vy

What are o ccnﬂider’\uons in detvrmining the aize and skapo 6f
plots fovr cxparjzentitian 7 fat prsununx-/ Aata do, you need and
whnt. .\n:xlv-sia co JO\I unden:\gn 1"11‘ fxn\li.ng Ahe omimun Bue ﬂnd
shape KT .

st e

‘-
Wat are tho :L:l\r\nmgf‘s 14 us&n, a Lntin r.nu'n-e desi
ties are tested in 3 [atin squtrcs using 79 plots in an. “How would
you amalyse the data? Draw the anilysis of variance table specifying
the sourcas of variation, degrc:s of ree\!om nnl the cxpressions’ for
sup of squares ote. e b (-- [20])

Define & balunced ipcc:plats t1ock 'duak .: Obtain 1ntrn and inter
bLlock ‘estimzntes of ‘varletsl difforcvhoess «'t.ci!-:i o, [201

How are factorial sxperiments xore informative than uxperiments ueing
one factor at a timo?

Cbtain a'desiyn for a throe factor experimant @ch at two lewels
using blocks of four plots actioving coopleta. Laluice over the esti~
mation of first and second ordor interactions. . [zo]
It is atatod that addition of amtibioties to tanke where fioh are
grown reduces tha mortality of fish. As u statistician attached to
Fishericy resedrch station you aro avkid to conduct experimaitos to
verify the statement mdde. Give 3 full description of the procedure
you would follc* emrhisizing tha nesd to repe:n. tho experiment over
geveral seasons..’ - . . e )
obc\)oo) [
e . .

(h) "'N‘P.L" IS"R""-”Y.S - Thucretical Asna'ctn.
: (Avawor ar‘/ foar questions)’

o s ; .
Discuss hos stratifiad rondom nampline with prnpcru defined strata
1ends to improved estimite of the porulation mean.

Duduce Noyman's formula for the optimun allocation of sample sizu to
different strata.

Indicato the practical ditf;ou}tios in adopting: the ileyman alloocation.

Consider the situation whers the variemas strata are well defined and
an unstratified simple random sample whicly sul0equunt to selactien,
K8 Loun classificd strata-wise. ’

Show th 3, if the atrata-sizus wera kn-3-v-x, the usual woighted average
of atratu muins (80 derived) would Le nedrly as officient as with
atratitied suapling unlar yropcrtional alloedtinn providud of courss
the total sample sizo 1s larges )
From tho following Qetaila ccacernlwr a stratified random stpple,
eatimate thy varidnce of tho aatiwltc in un mwbdtratifiud sioplo ranlom
sampley of the Ramy viza.

— ) \ Stratua 1 Stratum 2
~a. Size 506 06 -
T Sample sizy . 5% 100
Sheple mean 1062.50 112,60
Somple variance’ | 2.50 - oS0 [25]

Pl
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2.(a) Defino 'Regression”estimita’s

(b) Suggest the regression estimitor and durive fn exprodsion for its
varianco in vach of thoe following cases,

1)  two phase sanpling (double sampling)

i1) rotation sampling (sampling on successive occasiona)
observations en duy particular occasion Leing used
a3 aneillary infornation for estivating the mean on
the iamediately following occaaion.

(¢) Ia b (i1) what fraction of the aazrle should ba replaced on each
occosion ia order that the estimite on the current occuision mdy have
the naxioum precision? [251

3. Conaider protability saapling with replaccaont and let
X1r Xy seey !)’ ba the olservaticns on the)) distinct units that
appeor in & gample of size n 8o drawn. ‘Dunote Ly nl the ", . ..
froquoncy of tho i-th distinct wut (i = 1,2,...,» 3 - % n = n),

a) Show that glven, X)r Draeoy Xy and their respective probabi-

Mties of selection,the conditional proLability d.hnnbuuon of
Ny Nygaeey nu is independent of the' x's.’

b) BHence or otherwiaa, show that it ia péési\:lo to construct an
unbiassed estimator basad only on the distinct units that is more
afficient than the usual unbiased’ estimator Inaed on 6l11 the n

obaervations. .
[Hints Use the fact that the variance of tha conditionil expecta-
tion never aexceads the unconditiondl varisace). [257

4{2) For thae following stratified two-stage sampling. disign, Buggest o
suitablo estimate of tha popuhﬂon mean 3nd derive an estimite of
ita varidncet

The firet stigo unita ara selocted from each stratum with probadbility
proportiona} to ai{ze and the second 8tige sampling'fractiand are so
chosen that the ovarall sampling fraction is uniform. Sampling at
sacond staga is supposed to-bLO randoa with eqml pmmmhw. Satpling
at both stages ore with roplacement.
(b) Indicate situations ahere wuch 4 dealen sdght b advmud. (25]

5.(a) Descrive Lahiri's pothad of B’\npl.bg vnh mrolobility propartional
to size.

(v) Wuh Lahiri‘s nothod derive the uxpeetid nusber of draws that would
bo necessary to obtain a aample of size n (with rapl‘tor:mnt)

(c) Compara this method with thc mathod of forming cumulative totals.

(a) Hoa doeé splitting of the larger units reduce the oxpeoted waiting
time as derived in (b)? ‘

(e) Llaot any one of tha above mothoda Yo rupoated in the [onowxne coge
unt{l two distinct units are selacted.

Pled ® Turn Over



6.

1.

Assigned Probabilities

Unit of selnctim
B t1 ~e EE V)
PERET ) .o vz
- 3 ye
i 4 ' Y4
o Total 1

For each of the four units, compute the probabuuy of {ts inclusion
in tho uuple 80 selected.

Write short notes on dny three of the fouowl.ngf
(nS’ Testa of randomnces of random sampling mnbcro
N (v) Xntarpenetmu.ng natwork of nuhsu.:nplea :
(o) Selfwaighting designs -

@) Systmotic sospling . a

g (o) Optisal allocation for more thon one \m-mto
in stratified smpling.

0000g00
(&) STATISTICAL INFERETCE = Ganeral Thesry.

(Anewor 2ny_five questions) °

‘A p:>pu1nt£an has the probability dnnsﬂf function r(x, 0). "'

‘a) Denna the 'consxstmc_/' and 'efticienc—_/' of an enh'.ator.

i

b)) Ia a’consistent eaucﬁtor neceasarily unbiased?

Illustrate by t¥o examples. .

c)', Show that 1if T is a atatistic calculated from a sample of size n, .

such that
_ B(Tle)->enndy(’.'n|o)->o,
'aa n=> m, then "n ie a consistent eatimator of O.
a) If T, ond T! ara t¥o minioun varjance unbiased eatimdtors of !
e, n.o- nnc the cooffiofent of correlation between T and 7
is unity. *

@) In the casa (d), ehow that T and T} ore equivalont in tha sense

(251

that thé sot of sample Yoiats for which 7, § T} fe zero. [20]

. Pleasoe Turn Over
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4.0)

b)

2)

Pace 20

A pepulation his the prolabilidy density functisn £{x46), akero @
13 knowa to 1lo in a st _{ ) o

a) State the criterion of sufricimoy in terme of ccnditionsl proba-

bilitiess Verify this criterion for the statistic X froa @ randon

sample of oize n taken frem A normal populition with moan p nngd
standard deviation 5.

®) Show that a neceasary ant sulricient conditlon for & to have a
sufficient aotiaator is that the Joiat prolauility duncity fune-
tion of tho sxmple has Locpan'a exponential fora.

¢) X £{(xy0) 43 3 nomul prowuility density whers ¢ iv u vactoc-
valned parancter O = (M, 0), and Xjseeey X Zre dndependent caorva-
tiong of 3 randsm variable with prebability density £(xy o}, whae is
a sufficient atati:tio for tha ¢3uimition of €7 YVerify Koopein'a form
for tha jeint protability demmrafy of the ocbaervationas,

The parmmeter @ occurring in 3 probability dencity f(x 4 8) belonga
toasot () .

- A4
a) Suppose a siatistic T is coxplete for () « If (» is a proper
sutsot of () , 18 T necessarily complute for é ? Give rsasons
for your answer.

v) Lat & bo a rroper oubsat 5¢ () und the following condition ba
true for all sets 3 {a the simple spacetd

F(E/ ) ~C for avery 0 € *
implies -
P(E/ @) = 0 for avery 6 € ()

Suow that under thia conditicn, if T 19 complate for b 4t is
also complate for () »

o) TVerify that the sample mean is camplete for normal probability
densitiea N(H, 1), Where = o ¢ U ¢ +om

d) Surpose @ hos unbiazed estimators for every @ € L_l s 3nd let T

be & sufficiont stitistic over () . Show that from aach unblasad

estimator an improved unbiased estimatcr with lass sampling
variance ¢an be obtainal ag’ a functicn of 2.

e) 1In the case (d) ohow that, §f T is also complete for () , oll the
iaproved unbiasoed estimitors Are equivalent or, in other words,
that there exists a unique minimum varicnce unbiased estimator.

Stats and prove lMeyman-Pourson'a lécma and shiw how 41t oan Le used
to find a msat powerfal tast of & simpla hypothesis against a simrle
alternatives Shca that tho definiticn of tlwa test you obtain ia
both neccsgury 2l sufficiunts

Show that f{n the abdvd odse tae pouer ¢f the tawt is greater than
thu size (or leval) of tho test.

Prom 2 ncreal porulation (o, 0), a random sample of wize n i3 taken,

Gbtain A noagt powerful teot for the hypothasis Ho 10 a °0 against

an alternative )16 = 01(01 > °o)' Is this teat uniformly mcut
powerful for all alternatives? hat §3 tho largeat eluws of alter-
nitivea for which 4t 19 uniformly modt poserful?

Plexgu Turn Over
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4.4)

5.0)
1)

e)

a)

6.1)
b)

c)

740)

b)

c)

. d):

Pace 30

If o sufficient statistic exists for the paraamuter © of the single
paranoter density function f(x §0), exaaine {f o unifornly most
powarful test ean be constructed (under cortain conditions, to Le
stated, on the exponentiul form #f the sample prolability density)
for testing

Ho 10 ¢ Oo agaiust B 16 ) 00. [2°]
Dofine o !locally most powerful! test.

Show how to use lle;:mnn-?earson"a lenma to construct locally most
powerful unbiased tests,

What 18 the 'Neyman structure' of & population which ensurea the
axistance of simdlor regions in the case of composite hypotheses with
ond free parameter?

Vorify the above structure for N(u, 0) for the hypothesea u = ')
and show how you would obtain similar regions. [20]

Define a 'confidence region' for a pirameter.

Suppose the criterion for the choice of the 'best' confidence region
from a ¢lass of such regions of the same confidence lewel a is that
this region should have the smallest probability of including a

wrong parameter value. Show how the theory of uniformly most powarful
tests can be used to obtain the bLest confidence region.

Obtain the best c.onﬂdon'cs' region of level « for the parameter §
of the normal distriwtion N(, 6) from a saaple of aize n.” [20})

DescrilLe how a two-rérson Zero-sum game can represent statiatieal
deciaion situations.

Define the following termas .
1) randomized and non-randomized docision functionsy
u)_ Bayes and minimax decieion funotions

111) Admissible, complete and minimal coopleta ci:umes of dacisfon
functions., Establish somo inclusion and equivalence relations
omong theso classes.

State'a theorem on the existence minimax decision rules which are
Bayos with respect to mome least favourable a priori dietrilution.

Describe how the problem of minimum variance eatimation can be posed
aa a decision problem with a convex loss function. [20]

0000000
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INDIAN STATISTICAL IUSTITUTE

~Statistician'e.Diplonn Examination - Mny 1963

*Poper X+t Subjacts of Specislisation - II .

Time 3 4 hours . : " Full marks 1 100

. . >
(1) Answur quentions only froz’ the section below on .
the oubject of specialidation-yqu Rive opted for.

(11) Figuras in the margin indicate full marks for'each quostion.

(u) BCONQMIC STATISTICS - Indinn Tconomies
(Anewer .ny thrce questions from ecch group)

) SROUR A N
Y. Discuss the neasures token in rezent pariod for the consolidation of
ngricultural holdings in Indis. 7What other meadures are necessary ? (16)

2. Review the changes in tha structure of Indisn industries ma a result
of thg growth of the pubf{ sactor. Do you considar the achievemsnt of the
public sector satisfoctory ? ’ . : i (16)

3. Should an industry have mny right to exist if it cannot pay 1ts
workers wages roquired for aubgistence ? Discuss the faotora that should .
be conaidared while fixing minisum wnges for various industries in India. (16)

!

A+ "The monetary and credit policy of tha Raserve Bank of India during the
plan period has been characterized by the twin considerations of restraining
inflationary forcen and dasieting a developing economy”. Discuas -ith Nt‘er—
ance to the measurea adopted by the bank in the plan poriod. - (16)

S, What are the ooin changes in taxation policy in India that have been
adopwd since tha beginning of econouio planning ? How far have thess . . ...
changes actually helped in the mobilisation of resources for-development:? ' (1£)

Reatneso. - Lt . . ,

“ o : . 580U B

6, Vnat is 'ma.nt by matérial bolences in plunning ? How can inpue-outp‘ue
analysia be uaed ‘for'this purposu ? ! N L ,(15)
7+ Cive a brief account of the growth models of Harrod and Domr, indicn~

ting their limitations. How far can these models ba used in planning for
econoulo growth in India ? . (16)

8. ®All crucial decisions in planning are esgentially political in
charocter Amt cunnot be oubjected to econoric caleulus”, Exaring India's
Pive-yaar plang with rufarcnce ta the nbove statement.’ . (16)

9. "Tha problom of Yalancing ccmpeting objactivos 48 implicit in all
paming and the yuility of a plan deperds upon tho'soundnens of its judge-
tents regarding the rolative amphaois on the varjous objactives”. Diecuss
critically with roference to the experionce of tha Sacomd Five yesr plan .
of India. . (15)

t

10, How should tho agrrugate invectuent rnd its allocationn bs dater-

mined in tha plarned developmont of a country ? How will you use linear
prograzming for allocation of invegtmunt ? . (16)

Huatneas 2)
oooslnono
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(b) TECHNO-COIR:SRCTAL STATISTICS - Oparitions Research
(Or Elozuntsry of Bookksepirg & Aceountaney)and
Seatistical Metheds in Bunin~se.

+ (1) Qperaticns Russsrch

(Attespt ony four questions. Use: sepsruts answer book for these questionn)

t. "™Operations Ressarch is an 0id for tho excoutive in making hie deci-
gion by providing him with the nesd«d quantitative information baged on the
solentific mothod of analysis". Diacuss tha obovo.statemont in detail,
illustrating it with operstions resoarch methéds that you know. (17)

2. "In the mnagemont of imnventeries, tho Questiona whioh Aalways have
to be anawared are "whon" and"how much" for the parcel or goods under
_oorsideration, whethor it or they ore procured or praduced or both”, .
Illustrete with the inventory modals that you know how the above questions
are tac.led. (17)

3. For tho case of one norviciry station, Potwsrn srrivals with Dean
arrival rata A ond exponential rervice-times with masn service-rate /Y
ghow that P_ the (limiting) probobility that there are n units in the
systenm (at tloe ¢ or any other tims) satisfiss the following cquation

. A :

R

Aep -3
and Pn - m Pn-l n -Pn-Z n>l .
- Obtain the eolution of the cquations, Obtain also the distribution..
of tho wajting time 'and the distribution of the total time an.arrival sponds
in the syatem.

Thug or otherwise obtain the averoge qQueue-length, the aversage waiting
tim of an arrival, and the averaso timo an arrival spends in the systes. »
Tork out the variance of the queve-length. - < (17)

4. If c' is the unit cost of replaccment in a group and C.‘,,‘the unit
cost of individual replecemente aftor failure and f(x) = number of failures
in the x'™ period, write down tha expression for X(t) = total cost from
the time of group installation until tha end of t periods where t is
the number of porioda betwsen group replacementa. If t 48 chosen so that
.L&&). ie minimised, verify tha following replacement rules.

(1) One should group-replaco at the cnd of the tth period if the cost
of individual roplacements for tho g"h period is greater than the average
coat por period throush tns une of t periods and ° h

(41) One should not group replace at the end of the th period if

the cost of individual replacements at the end of the th period is less,

" than the avarage cost per perlod throuzh the end of t periods. Discuss
also 12+ posaibility of never group~replacing as an alternative to group-
replaciiy et gome time t. (17

5« Describa the simplex zethod of solving a linear prograrming probdlem.
Explain how the simplex-solution can 8lso be made to g've the solution of

the dusl programming problem. 17)
6. Explain with illustrations how lonte Carlo methods are userui. in

Oporational Resoarch, A (17)
Neatnees. A (2)

(For quaations on Statistical Methods in Busineaa plonge seo page 5)

Plovre turn over
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A a4

(11) Zlea~nts-of Bockkoorirs & Acee

(Use :iépamtu answer book for tnese questions)
Y« From the folleawing ’I‘rt'nl Balanca of Kr. Sanyal s on 31st March 1963,

prepars o Trading & Profit & Loas account for the year ended on 31.3.1963
and a Palance Sheet as at that date after caking necesssry ndjustmante i- (20)

Dr. Cr.
Mr, Sunyal's Cl.\pitul Account . 60,000
" " Drawing Account 12,000
Purnitare & Fixtires 4,000
Plant & Mochinery 30,000
. Stcok on 1. 4. 1962 20,000
Purchasea 80,000
Return autwards . 2,006
Salaries & wagaes . : 22,400 '
Sundry Devtors . © 20,400 .

* Salea 1, 30,000
Sundry Cfeditora i 12,000
Re'.um‘ Inzarda 5,000 ’
ﬁ?_?o?fig;‘en fron ¥r., Scthi . 10,000
Postoge & Telegram 1,500
Rent, Rates & Taxes 3,600 B
Bad Debts written of f 400
Piacounts . ’ 600
Trade Expenses ’ 200
Interest on Loen frow Sethi. 150
Insurance charges 800 :
Travelling a'xponat_as 500
Sundry Sxpenses o . 300
Cash in Hand 3,050
Cagh st ank ° . 10,300

2,14,500 2,414,600
Ad jnatments !

1. Stock on 31.3,1963 waa valued At Re, 21,000.

2, Of tho Sundry Debtors ki. 400 2re bud ani s'rould Le written off.
Creite Roserva for bad & Doubtful dedbts @ 5% on Sundry Debtors
anl 2 Roserve for Discount on Dubtoro @ 2i%,

5« Salaries fa. BOO for March 1563 worc not paid. ’

4. Intereat on Capital t> bo calculated 2 6% per onnun and on Draxings
fs. 330. .

S« Insurance prepaid was is. 100, - D
6. Dopreciate Furniture & Fixture 9 52 anmd plant & oachinery by 10%.

Measre turn over
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8. For their mutual acco=odation, Krishnan accepted on 1.3.1963, a bil)
drawn om him by Riman for fs. 4,000 for 3 months. Tha bill was discounted
for Ry 60 discount Bnd the proceeds were shored-equally.

On the same day and for the saze purpose, Krishnan received an
scceptance from Ramin for fs. 6000 for 3 mentha,

The bill wag discountedfor Rs. 90 diacount and the proceodu woTe
sharod as two-third to Kriahnan and ono-third to Ramor.

Before the due date, Krishnan sent 8 cheque to Raman im full settle-
ment of his account but at maturity Racan becama insolvent nnd his astate
paid a dividend of 50 naye paise in the rupee.

Cive journal entrics in the books of Ruwwan & Xriehnan. . (15)

9. EITHER,
On 31.12.1960, the trial balance of I. L. Gupta containod the follow-
ing ledger balances |- .
Reserve for Bad debts account (1.1.1960) = Rs, 1000

Reserve for Discount on Dsbtors (1.1,1960)=Rs. 475
Sundry Debtora scecnit = Ra, 40,400 .

(of the nbova Debtors, s, 400 are bad and should be written off.)

“on 31.12.1961, the Sundiry Debtors were Ps. 20,500 of which Bs. 500 are-.
bad and should be written off,

It is desired to miintain tha Reserve for Bad dabts account @ 5% on
Sundry Debtors and Reserve for .Discount on Debtors © 2%,

Show by means of Ledger Accounts how the Reserve accounts will appear
in the books of Mr. Gupta for the yours 1960 & 1961 and briag down the balance
on 1.1.1962. (15)

OR
A company whose accm'mnng year is the calendar year purchased on
1.4.1959, Mochinery costing fs. 30,000.

. It purchased further machinery on 1.10,1359 c¢oating fs. 20,000 ard on
1.7.4960 costing ks. 10,000.
On 1.1.1961, one-third of the machinery which wab installed on
1.4.1959 became obaolete and it was sold for fo. 3000.

Show how the Machinery Aacount would appear in the books of the
company, it baing given that the Machinery was deprecinted by the Pixed
Inataloent pethod @ 10% per annua. What will be the balance on 1.1.1962
on Kachinery Acoount. (15)

10. EITHER,
" Give journal entries to ra-'ctxry the following errors i1- (10)
o1) R 540 received from licata waa posted to the debit of his account.
11) Fs. 100 being purchasa returns wers posted to the debit.of Purchases
Account. .
1141) Disccunts Rs, 200 recaived worn postad to the debit of Discount
Accounts.
iv) . 374 paid for Repairs to Yotor Car was dobited to Yotor car acent
aa fa, 174.
v) B3, 400 paid to C. Daa was debited to tho account of G. Dns
OoR .
Write explanatory notes on the following 1= . . (10)
1) 1iquid npneta i) Doovmontiry bL1l {1§) Vit rad Tanit-d
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11. If the present price of an article bo reduced by 40%, a purchaser
will be able to obtain 43 pore urticles for 18 shillings.

What is the present prica ? (v0)

(111) -Stabdstiesl “~theds in Busgness

. L. \
(Attept any two quostions. Usa separate anawer book for these quostions)

12. "Tha Jjoint use of pravious salep end gancral business indicators -
combined with 3ome very aimple techniques of extrapnlztion prova of cconai-
derabls help in providing reasenubly ,ood forecacts of enles nt strategic
peints during tho Yyour®,

fnlarge upon the Bbove statement ard discuss ite adequacy. {15)

13. Doscribe in detail the purrose and tiwe differant atepa in the planning
and execution of a rarkat survey. (15)

14. Explain in brief the following four systems of job-evaluation ami
discuss thoir applicability.

(1) Fomuentitative ovaluation meagures t-
(a) The ronking aystem.
(b) The job classification-aystem.
(2) xntitativa evaluation measurea.
(a) The point system,
(b) The feobor comparison syatem. C L 15)

ocooCooon

‘(@) DESICN & AMALLSTS OF EXFERTMENTS - Combinntorin) Aspects

( Answor %1y four questions)

1. Characterise nriomatically 2 group, u subgrpup of 2 group and finita

tield, " 2 (9
Show that the elemants of GF(2") of the form x4x° where .x 48 {n
¢ ¥(2") form a subgroup of order 2™") of the ndditive eroup of cF(E™. (4

Conatruct c;‘(z’) and_verify that the non zem clecents of the form
x +'x° wherex-is in CF(2’) form & differonce set in tha multiplicative
group of CF(2°). (12)

2. Definae a balanced incnmplets block dosign (3 T B D) and A regolvable
balanced in complate dluck desism, and nbtain tho ralations and inegualitics
um-.mss?. their prfmmtera, using the incidence matrix of the desisms. (n)

. Show that tha mumber of odmmon treatmenta betwsen Any twa tlocka zf ~n
unsyznetrical design with A ) 2 48 nevor greator than  a  where
b=2) (r-\
(r2)%-(A2) (v-2)

‘Show how you can connstruct tx3 B I B desiymn given a symmatrionl
BIBD. (&)

(1)
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3. Defing A partially Bnlanced Incowplete Block design (P B I B D).
ard ‘obtain the relations among the parameters for tws ansociate claopses

PBIBD, . (7)
Explain Group Divisible, Trongular ard Li nasociation achemns and

obtain the parameters of the secend kind in these cases. * (a)
Give & nec'anusry and cufficient condition that a twy associste classes

PBEBID isa Group Divinble design. . e ’ (5)
Show how to construct & Greup Divisible design fnm aBIBD .

with A« 1. L (5)

.4+ Define &n orthogonal arrsy [An ,C, n, 2] in n syuhoh ldth c
! constraints, strength 2 and index )\ and show that :

: c« [ n ..-1 ] «
whare /x_/ denotes tha greatest intager contained in x. (10)
Prove that tha existence of an Affime Resolvablo B I B D with

parameters v = nk = nz(r:i t+1), b = nr = n(n%tenel), A= nt + 1
izplies the existence of an -~rthogonal array of strength 2 given by

[(n-l tei)n", nztmﬂ, n, 2_7

in n symwbola and the maximum number of constraints n unn. Indicate the

connection with mutually orthogonal Latin Squares when t = O. (15)

5. (a) In a aymetric factorial experimnt with n hctoru aaoh at two
levels each block siza 15 2%, r ¢n - Find the ma clmun number of fnctors
which can be accomodated 8o that no degree of freedom belonging to a main
effect or.first order interaction is confounded ? . (12)

4 :(b) Construct the principal block for a suitable confounded dos-ign
for five factors each at two levels in four blocks of size eight so that'no
interaction of less than three factors s confounded. Indicata the inter-

actions actually confounded. i v - (13)

6. Dxplain oclearly what i3 i rotntable design and indicate 8008 methods
of constructing thenm.: o . . (25)

- v 000000000

(e) SLYELE SURVEYS - Orgmnizational Aspecta

(Anower any four queatisna)

1. Write a oritical notdon the problems that.srise in the organization
of large-scale aample survoys in Inifa. Discnas briefly the sppropriate
method of inquiry to be adopted, tho choice between sampling amd coaplete
"enumaration, and the considerations to bo kept in view in drawing up the
schedules and gquestionnaires. (25)
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2. @rito a critical nsta.on preparatirn of reporte of sample surveys,
detailing the important fenturea of 2 report and tho eteps to be taken to
irprova tha quality of the reports. Illustrate your remirks by referring
to a Nationtl Sacple Survey report.

3. Dmw up n schedule »f imuiry int> the valune of tursl {ndebtodnees
in your stato. OCive your own dafinitions and conceptn, with juatification,
and drow up a pet of inatructions to field workers apd eupervisora.

4. Ycu are required to colleot dnta relatiny to consumer oxpenditure in
the househslds in Irdia, Discuop the concepts and definitions involved in
the {tems of infsormation to bs included {n the mchadule. Comment.on the
organization of the aurvey and procecsing of data, illustrating your obger-

vativns by referring to the ccnoucer expenditure aurvey under the National
Sanple Survey.

5. %hct are tha advantages cnd disndvantagzes of the mail-enquiry method
ap compared to tha interview oathod of surveys ?

Discuas whether there should be any difference in'forms' for collec-
tion of the eama information by these two methods.

umarata l;ystemuc-llly the different pheses of work in the actusl

implomentation cf a wall planned mail enquiry. .Bring out the inter-relation-

ships between the various stages and explain in what wny each affects the
final outcome.

6. Trite short notes on any thres of ths following 1~
(2) Adhae field organization , .
(b) Post-tabulcticn serutiny
(c) Teating of schedules and instructiona
(d) Storing of records

(e) Follow-up of non-responsa cases
.

050000300

(g) STATISTICAL INFESTICE . Sractal topies
(Anawer any four questions)

1« Show that the sequentisl probab{lity ratio test for teating a simple

(25)

(6)

(6)

(13)

hypothesis agninst simple Altern:utive terminatos with prodability one. (13)
Obtain cn optimum sequontial test (in the sense to-be defined by you)

for teating the wnan of a nurmel population with unknowsn variunce. (12)

2. 5Shuw that there does not oxit a fixed sample prccedure which ean

provido fixed length cornfidenca interval with A given confidence-coaffiofent

for the resn of a nyrmal populatisn with unkmown variance. (13
Statc und prove the twn cumpla procedurs Jnvnlopnd ty Stein for

thiz purpose. (12)
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3. Discues the ioportance of non-piracetsno math~ds {n statistical
inference. Mention a few practical situnrtinns where such methods are
usually used.

Obtain the aign teat for the hypothesis that the populntions from
which two samples of n obaorvaticns are orawn, are identioal.

If a mequenca of observetiona taken at succesaive intarvals of
three ia available, how will you tost, using the method of runs, that the’
sequence is random ?

4. Two nulnvuxna normal populations bre known tn hove identical
dispersion mitrices. 'irite down the fora of the pz statistic: to test
the hypotheais that the means in tho populations ara the same.

Show that Dzstathno remaine invariant under the some linear
tronsformation of variablas and that its saopling distribution involves
only the population value of D2 as a parameter.

5. ¥hat are cannonical correlation coefficients betwean two meta of
variatea ?

Fird the determinantal equauon which they satisfy.

(n

(9

(9)

(9)

(16)

(4)
n

Find the distribution of the sample cannonical correlation oocefficients

when the population correlation coefficients are all zero. (7
Show algo that the sample canonical correlation oorrelation coeffici-
ente are invartant under linear transformations of each saot of var{ables. (€3]
6., It (x”. Xy armeneanarsaney xk‘) t =1, i, sesescs p N
constitute n 4independent observotions of a vector having a k-variate
normal distribution with zero zean and
Lr . (r=12,:000000 kK 8 =1, ™! sseaue, n) donote the dotermimnt
’
of the oatrix
= [
x x
it t
tai I I
show that
L, . L
L—l’— y 208, e
2,8 ,a
are mutually independent, as also tha varintea
L L ’
S <7 O 1.: L1 I
L (25)
TyTé3 )N
7. Write critical notea on gny three of the folloxing 1=
(a) Prinoipal Factors
(b) Likelihood ratio tost
(c) U-atatiatics
(2) Problem of optimua classification
(e) Tolarance units. (25)
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INDIM STATISIICAL LISTITURE
Statistician's Diplons Doamination - Loy 1963
Faper X Subjectaof Cpoclalisation =~ III

Time s § hours. Pull markss 100

1.

(1) Mnawer queations only from the sedtion inlow
on tha subject you hnve opted for.

(11) Figures in tho margin indicate full marks for
each question.

(111) Dse of Calculating michine is peraitted,

(a) ECOMOMIC_STACISTICS - Practieal

( Answor any four questions) . e e

718 a logistio curve

L Xy .

k

1+ vat

to the following Agricultural ficome-series for India (1900-1920).

Year A5T. incoma Year Agr,. incone . .
t {Ro. Ab4n) (R, Avia)
19501 .32.76 1911 ..o 44035 T
1902 .3%.87 1912 142026 ° P
1903 42,69 © - 1913 42,20 i
15¢4 - .41.03 194 -38.07 :
1905 3%.19 1515 42.33 R
1906 .39.27 1316 46,71 °
. 1907 42.49 1917 ¢ 48.93
1908 2,17 1918 46.74
1909 .39.01 . 1919 35.47;
1910 45.28 1920 45.18 :
. -3
(flotat %__(1_-](&_)_4};:\1 ' oL
- t (! T

‘amd b @y bo esticatcd by the formula of ithodes

i o
b a(itel) 1 o X R
loge - > AT gz.' loga [ x, 1]

whera K 18 the totdl numbor of olservations.)
Work out the proportion of wvariance explained both in the reciprocal
series and in the original series. Interprot ths results anld commeats

‘Work out also tho projected valuea of ngncult\uol output from 1950
$0° 1560 and coazent on their adequicy. [25)

The following table gives intornational data on labour inputs and
wage rates fa two industries.

FAt the lpg ls.noarrtb‘hzlmh_ip
log%- lecga +b log W

to the data for the two industries. lere '

¥ 1o valud ddded {n thousands of U.3.d01lars
L labour input in zen-years
W wage-rate (total labour cost divided Ly L).

Plaige Turn Over
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Obtain the estimites of L and test if they ore different from 1.
Interpraet the nnultu and coamente

Obtaln also the enumateu of the regrassicn-cob(“oianta of log W on
log f and compare the two sety of eutimitos and coament.

sl. Country ° Grain oill products }rextiles épinning and
no., . . (year gt_g:gz_n)l irdustrs weaving {ndustry
% o gw - - % - F
1.  U.S.A. (19543 0.0903 3995 0.2250 2920
2. Camada (1954 G.1254 3138 0.2349 2708
3. Newzealand
(1953/56) 0.2311 1951 043053 1759
4. Australia
. (1955/56) .  0.2562 1657 . 0.5024 . 1242
5. Demmark (1954) 0.2562 1657 0.5024 1242
+  Normy (1954) 0.493 1503 0.4993 127
T. UK. (1951) 0.5775 110 . 0.5560 874
8. _ Ireland (1953) 0.49¢4 . 965 . 0.6013 .. 108
9. Puorto Rico (1952) = - 0.6290 IR
10. Columbia .(1953)  0.2090 653 .. 0,3052 1089
11.  Brazil (1949) - - -0.9334 T3
12.  Mexico (1951) 0.6821 340 - 0.8673 - 461
13.  Argentima (1950)  0.6507 505 .0.812 481
14. E-1 Salvador -
- (1951) 045040 495 . .0.8702 - 456
15. Southern Rhodesaia 0.8475 402 — Y
(1952). .
16,  Iraq (1954) - - 2,1531 215
17, Ceylon (1952)  + 2.0870 163 ..1.2190 226
18, -. -Japan §1953) - v+ 046666 -~ 461 1.3901 *© - 287
19. India (1953) 5.1523 .98 . 2.9%0- . 276

(lote s The data on wage-paymenta for different countries include
varying proportions of non-wage Lenefits. The data on emfloyment
ore not corrected for inter-country .ufferences in the nuaber of
hours worked per year or the age and sex composition of the labour

force.) [T

The supply equation .,
R AT 91’1 + B

* 13 f1tted to the data on

¥y = Per carita conswmptizn of meat (pounds per year)

¥, = retail price of noat (ndex 1931-39 = 13G)

X) = cost of processirg meat (index, 1935-39 = )‘00} .
B Y 1N

X, = cost of producing agrfcuftural producta (indox, 1935-39=100)
'
and all the variables are medsurwd from their m-ms and the adxaple
consiste of annual data, 1919-1941.

Plsrge Turn Over
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The foll.o'lng table gives the foilrsimg Bund of _Dquires and products
of the deviations of the varialles from the oedns,

RV B . I N, . -

A P BN X
Yy T1369.54 = 39255 = 5%.48 983.06
n o 1501;49 050.33  1235.76
, . » 253,80 730,18
x5, 2626.99

Derive the eaumua of ), B and B;%na teat their ssenxno:moe.
Work out nlso Q.ho muluplo correlation crefficient. .

Eytizate also the coafficieats Y aad By and the corresponding
multiple’ correlation coefficient when the term #2 X, {3 omitted,
Hence or otherwise'obtain thd proportion of varfance explain«d Yy x,
alone. Extaine if the indopalent voriables. Yr 4y and x, are
oorrelated and con..ent on the rwults. : .

(dotal- Lere the randem errors in tha surpy-eqmtion are n.'.sumed
zo be teaporally indopendent).

Discues if 3, can be created a3 an exogenous wrhblo ap haa bLeen

dcna 4n the above formulations [T
Fit the log-norsnl distribution to the following i¥.5.5. data on income
distrilution in urlan groups I and 1V.

Teat the goodness of fit of the log-normal distribution to the data.

Work ocut also the means and coeffictents of variation for the two
groups: and compars them. [25.7

Plaira um Over
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Parcontage of persons in urban areu

Por oapita monthly e . s
Expenditure cliss Orban group I Urtan group (IV)
in Ra. (% ngegr (b are)
0~ 8- 15.62 L e85 .
8 -11 - 1453 6.40
11 - 13 10.89 een 3009
13 =15 12.91 - 2,61
15-18 14.60 8.10
18221 9.34 6.90
21 = 24 .96 10.61
.24 - 28 . 4.00 2.58
28 - % 1.94 4.31
M4 -43 3479 18.74
43 - 955 3.52 6,80
55 = 1.70 28495
. total 400.00 100.00
total number of 480 - N © 454

persons

(Hote s Urban group I - tomms with population Lelow 15,0C0.

. Urban group IV- The big citiesj Caleutta, Bombay, Delhi and
ndras),
Solve the following linear programming problem by any method thot
is convenient for you. Consider the solution of the dual also.
Conpent on the results. LR

2.7 A single product (corn) is produced with threo fized factors
(1abour, '1and and tractors) according to the tochnology - .

Unit Procesa Proceas

Inputs
i I II
input Labour nan~-gonth 25 FYRE 5
tand , Berea %0 100
Tractors * traotor-months 20 b1
output Corn 100 tons. =1 -1

The price of corn ii givon as 'l.} 10 per ton 80 that each frocess
has receipta of L 10CO at the unit level. The total resources
available are 10 manemonths, for labouy, 110 acres for land and
10 tractor-months for tractors. Tha total recuipts are to be
neximised.

The transaction-matrices table for U.K., for the year 1935 i3 given
bolow,

Study the table and prepire & emall note commenting on the talle,

working out any porcentdgea aid regressions that you think are
relevant.

Pleass Tura Over
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(v) TOEEI0-COI2TRCT AL STATISTICS = Practical
GROUP A = Statiatical Quality Control

( Angwor dny two queetions from this group. Use
peparate Answer book for this rroup).

An article ie submitted for inspection in lots of size 1000 and {8
proposed to be accepteld or rejectod on the Wasis of the rolluﬂng
double slapling plan

"1"25 al'-o
n2-55 52-2

“The production rrocesa is knswn to Le wnder control at an Average of
2.5 dafactives.

that 18 tha probability of accoptance of a lot?

%hat is the AOQunder this scheme and the avorage mumber of iteas

inspected if the rejected lots are coapletely screened?

The cost of inspocting an ite: under thia schéme is Rs.0.04 3 vhere as
under a scheme of 100  1nar:ction of all ftems submitted it will be

only R$.0.01. 100 # inspecti m would remove only 80 g of the defectives
where 08 the 83mpling plan o3 . be assumed to remove all defectives

from the inspoocted itema. The lose incurrod in using a defective

article ia Ra.1.50. Camparo the total costs of accepting the product
under 100 % inspection and tha albove sampling acheme ond make suitable
recomendazlona. R [25]

The following data relers to the outside diameter of a component
made on 8 5 spindle automatic latha., 5 items were examined at a time
one from edch spindle. The cbaservations in coded units, taken avery
15 minutes are .as follows,

Sozple Mo. Spindles
1 2 3 4 5
1 [4] 2 . . 28 29
2 7 1 21 49 20
3 - 20 22 12 35 22
4 5 15 9 2
b} 14 15 16 30 20
[ 4 2 26 26 10
1 1 21 12 20 25
<] 1 20 20 35 14
9’ 6 22 27 31 19
.10 3 7] 17 28 22
11 .15 22 31 .21
12 13 16 15 31 19

Kke o suitable analysis of th:e data and examine if the aplnd.lea work
with the same variability ond the samo mean.
What would be the process cay bility if the differcnces betwaan epindles

could be removed?

Could you mike Ony suggestic.  regirding process settings on the basis

of the above dat“{ es [25_7
15 electric Wlbs wore testcd for life and the test was terminated after

8ix of these were burnt out. The life of these six bulbs (hra.) were

652, 764, 7191, 005, 607 and 662,

Obtain an estimate of tho mean and variance of the life in the population,

on the assumpticn that the leagth of life bas a simple exponential
distriution. (25])

Plonso Turn Ovei .
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CROUP B - Oparnti-ns Resnarch Cr Elements nf Rg ankkeaping & Ac'-'vunt'\nex ‘hcticﬁl,
(usa Mpﬁrnte Bnuﬂr-ooript for thia p-oup)

. (1) Cperntizna Research

( Anewar ony tws questions)
1. Solve the following linear progrszaing problem by the sizplex

technique or any othar tochnique that you know.

. Maximize . 2= jx‘o 5:20 Ax} R
Subject to the restrictions ’
<= .
2x1¢ )12 =N} _
2x,+ 5xy S 10
31‘0 sz‘ dx} -S 15
X X Xy, 0. (15)

2. The following tadblo gives the distribution of gservice-tims frem a
randco sample of 31, Test if tho distribution of the service-tiza is
expongntial with conatant neanIM -Work out the estimiteo of mean ard varianca
of the aervice-time, Cocmont.

Sarvice-tine Number from
in Minutes sarrle
;< 5 ' '
1 -2 -7
2-3 6
. 3-4 4
To4-5 2 )
5=-6 "3
6 -7 1
7-8 1
8 -9 1
9 - 10 ° ] .
210 1 (15)
Total M
3+—Tae following tadle gives the ('Hatribuﬁon of lead time for a stock
1tem for a rotail merchandise (a soft-gocd) in B departoent etore. Exacine
whether tha normal distribution Gives a suitible generating function for
the laad-timo.. Comment, .
Lend time nuobar of weoks -
’ -
. 1 0
) 2 0
- - -3 1
4 3
5 5 - - .
.6 5
7 4
8 )
9 2
19 1 (15)
TotAal 25

Pleane tum ovor
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(44) Eleonnts ¢ Bookkeapin» & Acgountarey

4. On 31.12,1962, the cash book of B. Basu showad on overdraft of
18,00Q with the Bank of India Ltd. This balonce 4id not agree with tho
pass Yook balance and you find that Bapu had paid {nto the Bank on 26th
December, four cheques for Fs. 10,000 Rs. 12,0005 Px. 6,000 and R, 8,000.

Of these thae cheque for Ps. 6000 waz credited by the Bonk in January 1963.
Basu hal iasued on 24.12.1962, thr-a cheques for f3. 15,00(Fs ks, 12,000

and Ri 7,000. The firat two chequca were presented 0 the bank for paycent
in December and tha third chequa i+ January 1963. You olao find that on
31.12.1962, tha bank had debited B:su'e account with Rs. 500 for intoroat
ard R, 20 for charges, but thoea were not recorded in Basu's baoka.

You are requred ty prasare & Bank Recyncilintion Ttatement ao at
31.12.1962. : (8)

5. Prove that 25% profit »n cost price 1s equivalent to 20% on eale price.(8)

6. Two cardlas of equal length are consumed uniformly ;n-5 & 6 houra
respectively. How long aftar beins lighted together will gna be four times
as long Ba the other ? (8)

T. & 1 can buy 4.85 dollare or 100 frencs. Which shall be better to
pay & French bill in Londan or Now york if a dollar buys 19 fronce ? (%)

CRCUP. C - Statintical Matheds in Buainess

(0Use serapate anawez-moript for this group )
(Answer any two questions)

8. The following table gives prrecentage errors of sales forecasts for
sales of last half of the year, baiod on three alternstive forecssting
proceduraes.

hich method is to be prafe“rx:ed most 7 Comment. :

parcents *y errors of

year Forecanta based on Torecasts Lased on Forecasts based on
! firet quartsr invis- 3nme level as in sacond quorter !

ment praceding year Inveatment

1948 - 168 .. . - - 14.0

1949 - 04 - 3.5 0.4 -

1950 - 11.0 o = 21,0 T 0.6

1951 3.2 20.6 1.3

1952 1.2 - 8.9 0.8 °

(10)
9. The following two-way table 7ivea the distribution of joba by the
point values and wages per hour of 50 joba in a company. Work out the straight
lina wage curve for the company, iaterpret the results.

Planse turn avar
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Point-values

wige 80 100 120 140 160 _:160 200 220 240 260 280 300
per hour =99 =119 -139 =159 -179 -199 =219 -239 -259 =279 -299 319

.

11480 ~1.89 2 1
{0 2 z
1465 - 1

1049 - 1 1

T30 . 2 3

1020 - 1

1410 -

1.00 -
.90 -
.80 -
.70 -

- s [

e
(O [NVl N N
-

IS
[-- 3 AV R RV [T XY

Total 7

(10)

3. The folloaing table gives the results of two studles mde tvelve months apart,
Each atwly was mude in over 75 cities and towms (in USA) properly distributed by city
size, geographic area, 50}3 men and 505 women properly distributed by socio-econocic
groupd. The question asked was "dhat brand of dantifrice hava Yyou seen or heard adver
tiged lately ?* Test if there is & chango in the distribution and also if the drop, in

‘the percentago for Brmnod '1' 10 significantly different-from zero. YA
Erand vercentace of parsons®
Tan Octobar 1937 October 1939

1 A 39.4 25.7
2 B 18.4 18.6
3 ¢ 13.7 17.4
4 D o 6.2 16.7
5 & 4.2 4.9
6 ¢ 3.5 4.1
7 Othars ornome 14.6 12.6

Total ) 100.0 100.0
Total interviewc 5300 5000

['perc:mta‘;e of peruans siving_tho num of the brand to the loft 4n answer
to tha question put to th»?uf?.

000000000
Please Turn Over
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(d) IESIGN AMD ANALYSYS OF BYPERLNTS - Practienl
(- Rnawer.nny kree questiona )

A
"1y Cive & plan for a 7 th.replicata of 4n experimant involving 7- factors
each at 2 levels in blocks of 8 plutu. erpluintng carefully the alias Mt up .
and the confoumuns schema . -= B 21(32)

2. “'The layout and 'yxalds of a varietal trial fnvolving 7 varieties °  ~
Ay B, C,'Dy E, F, G arranged in a Youdan Square wnh 4 mpnenuonn are £ve-1
_beloi. Analyse the data und vﬂu - reyoﬂ..

_______ A c [ e
& 72 1 51 . .
T YTt p B~ ¢ [ Fo
- - 35 .. 26 .. 6] o3 . . .
D _ B P )
; 4 53 24 39 -
E c F AT -
18 . 80 36 . 59 .
c F ) E )
6 39 4 18
B E A c ;
30 20 58 " ‘
. ¢ b E B
. 72 - 18 . : !

Ve (32)

Plensa turn over
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3. The following experiment wus corducted to test whethor subjecting
the secd to tomperature troatmnt baforo planting has any effect on yield.
Five pota were tuken and in euch 10 sendo were planted at random, 5 pairs
of tho soeds being subjectod to 5 different levels of temperatures The
yeilds froo the individual plants in gromres cra givon below.

Analyse the data to finl the optimun temperature for treatment of
seadn, if ony.

Temperuturs
Pots —O0F _15%F %°F 105°%p 120°F
P1 P, Py P, P, P, PP, oY,

28 30 38 37 43 4 3 43 139
SR - 41 44 47 46 A1 A7 42 4%
25 26 35 31 0 39 40 A 3103
31 29 39 38 a3 42 44 46 42 4
34 34 46 A4 43 49 48 50 45 43 (32)

[ N

4. A chenical experirent wae carried "out on a laboratory ecale
to saxicise the proluct of & chemical reaction batwon two econsti-
“ tuents A anl B io tho prosence of a catalysio agent C. Deter-
“ednation of the yiold ms m'e by thrue chamicts, uoing throe different
7¥ypes cf cetalytie noents (Ci 92~-!: Cf) aml three differont osounts of each
of the two constitucnta A nm} B, "namely 1 A‘ = 5.00, A, = 4.00,
4, = 2.59 ond B,‘ a 336.6, 32 = 250.0, 35 « 200.0 in suitadle units,

The ylelda under the different experimental arrongenents are given below.

Analyze tha data and give your recomzondation about the optimum
quantities of the constitucnts A and B ard the type of the catalytic
agent, ‘ihat i3 the miximum yisld to bu expaected under optimum experimentsl
corditicna 7 .

chemist 1 chomist 2 chexint 3 .
serial levels of yiold: operial levels of yield seerial levols of yleld
noe A B ¢ no. A B C . no. A
1 111 6.3 10 11 2 7.2 19 1193 6.3
2 2 1 2 8.7 1" 213 1.6 20 2 1 7.7
3 301 3 5.0 12 31 1 5.7 21 31 2 6.0
4 i 23 9.3 13 121 9.5 2 1.2 2 10.7
5 2 21 1045 14 2 2 2 1.3 23 2 2 3 10.1
5 3 2 2 9.7 15 3 2 3 8.0 24 321 9.0
7 1.3 2 2.0 16 1.3 3 o2 25 131 8.7
8 2 3 3 9.6 17 2 31 10.0 26 2 3 2 10.6
9 331 7.7 18 33 2 8.0 27 333 T4
. (32)
Nentnoss., 006000000 (1)

(a) SAMPLE °TURVSYS - Pmctienl
(Answur all queations)

1. For tha purpasa .of constructing u cost of livirg inlex number for the
working clacs of o certain rogicn, o rapid family bulsot ourvey is to be
undort kan.
(a) Dasizn 2 propur schedule of not more thun txo poges, in which all
© thy infsareation would o collectud,
?; Draz up & scrutiny proprarco fur ysur schudule.
¢) Drer up & 80-colunn wunched card daa’;sn for tha achedula. (25)

s e r
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The following table shows t 4 nucber of firms clasajfied in several
atrata according to the totul asec:s of thess firma.
* - Total aspeta lo. of verags S.d. of
(000 dollars) firme 1 :t incumo net incoza
. { »dollara) (000dollars)
Ny ¥y oy
unknown 5600 1 5
under 50 28700 1 5
50 - 99 11100 5 a
100 - 240 15000 15 20
250 - 493 500 50 €5
500 - 999 5100 100 130
1000 - 4999 5e00 300 330

In each stratun the coust cof saapling i3 500 « i’ﬂ1 dollars where L

ia the sample 6izo in tho ith gtratun. The total amount available for
sampling survey ia 5000 dollara.

(e) Determine the proporti. :al and optimum allocation for the survey,

and oalculate the correspording vn riancue of estimated aversge net ‘income.

where

(b) The coeffictent of vari-.tion (lgnoring £ pc) of the estimated

average of the ith stratum if tha ‘aople eize is ny ia C‘/\/nl N

cx- 8y Yy

Obtain an allocation such * wt tha coefficient of variation in

each stratum would be equnl.

3+ In a yleld purvey of paddy 'n o certain dietrict, 5 villages were
seleoted in eich of the 7 atrata :ito which the dietrict wag divided;
3 fields were selected inm each vi‘_age and ona plot of Joo ocre barvesated
in each field. .

2 2 2 2 2
Sy = 81 A< 8 = oy /m,
m denoting the number f fields oampled in each village.

(c) Let n bo the total nu.ber of villages scapled, the number &n

each stratun being pror rtionnl to the stratum size N1 .

Planse turn nver

(25)

Stratum No. of villisca 8 plo m.8. between m.s.within
* number populatiun sumpla r/_nn village mean village
i X n or/plot 2 2
1 L - % i O i
1 88 5 2,7.5 1452 2791
2 132, 5 237.0 1937 27442
3 119 5 20141 * 7107 1064
4 % 5 433.9 ;9604 11624
5 14 5 . 2729 20702 13628
6 102 5 .9 t2511 . 2008
7 146 5 11647 ‘3342 7492
-(a) Culoulato the pooled ve:uss 2 ond 2 for the entire district.
(b) Obtain the population nitimtes 53 and s% fron
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If -m 10 the number of ficllp selacted‘in each village, the variance
of tha estimate Ym of tho population mean yield is given by
2
3'
na

v(y

nm) 'Si ( :\_'1’7) +
(3) Express n in tormo of Si, 33, ‘N and V ( ?nn)
(44) If a desired nceuracy - ( ?nn) = 144 - {8 given,

obtain the valusa ~r. n -corresponling to m = 1,2,3,4,5.

(141) If coot of eampling {8 of the form -,

C = Tn¢#2no,

) tabulate the cost for eech of the pairs (m, n) of ({i) sbova
and obtain the pair which takes the minimum cost for the given accuracy. (25)

4. The following table gives ?"e populations in 1920 and 1930 of a’
simple random sample of 20 citi:.r of the U.,S.A, out of a total number
196 of oities.. The ‘total 1520 pojulation of these 196 cities is 229190C0.

( Populatior. in thousand )

Population Population Population Population

in 1920 in 1930 in 1920 in 1930
243 29 36 46
87 105 161 232
30 . 11 T 93
n &) 45 53
256 288 36 54
43 61 50 . 58
25 57 48 p)
94 85 76 60
43 30 138 143
298 11 67 67

(a) Obtain the ratic aciiz.to of the total 1930 population of the
196 cities. Also culculate an approximte sanpling variance
of this estimte. .

(v) Is img ratio ectimata wnbiased ? If not, obtain an estimte
of the bias, . (25)

0008 %000

(f) TECUNIRUE OP COMPUTATION - Practical
{Answer ! 11 quostions)

1. Using the IBU alphabetic ¢ le, punch on card columns 5 - 32 the
words INDIAN STATISTICAL IMSTITU'Z with one blank column batween
avery twa consecutive wonls. (10)

Tleans turn over
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2. Ench worker in & factory employing about 900 workers is 1dentified
by the number cf his tickat. For esloulation of waekly wages on the
punchnd card system, three carda ara available for each worker. On vach
card thd deoizm number i3 punchod on card column 1, ani the ticket nucber |
on columns 2-4. On cardz with design number 1, the hourly wage rate {a
punched on card columns 5 = 7, the amdunt boing in rupees to twxo places
of docimilo. On carda with desiyn nurter 2, tha numbor of hours workad
in the wook is punched on camt ccluzns 5-7 (to omo pluce of deoienl) und the
serial number of tho'weok is punched on coluons 9 - 10 and the Yaar (mag
two digita)on columns 11 - 12,

On cands with dasiyn nuzber 3, the total amount to be daducted from
the weges for tho week (under 811 hunds of dedustion 1like provident fund,
inguranco, loan repayment etc. toguther) ia punched §n columns § - 8, ths
ancunt being in rupoes to twd places of decimale, tho waek and year boing
punched on card colunns 9 - 10 ond 11 - 12 raenpuctivelys The final state.
ment i8 to bo preparcd in the follewing fora.

" year | week | tickst number’| grose wagea'|deduction’ | ot due

total : '

Duecribe clenrly, in detail, with flow charts wherever possible,
kow ycu will organi% this work, listing the different types of punched
card pachines thut you my uss in the various stages of the work, and
giving wiring diagrans for all control panels that you my use. (40)

3+ You nre given & et of punched carda, one for eich tronaaction
onrried out by a compiny, giving the cmiunt involved and certain other.
particularas about the transaction according to the donign supplied to
you.

Sort tha cards by usccount numoer (mjor) X date (inter) X voucher/
‘receipt nuzber (minor) and 1ist tho corda with totals for oach account in
-:the form oupplied to you. .

[’D\a oard design and tho form will be supplied at the time of
the exanination (50)

2060000c0

Pleasa Turn Over



(g) STATISTICAL TIFIRENCE - Practieal
( tnaear ony two questions)

Lot Xx, %...., x Le a siaple of eize n from o llomal pomulation
®ith pean w nnd standard deviation o and let Kal 3 X, ond
1=1

02 e z (X1 - X) /(n-l). For n ) 20, one ean Opproximate the sag-
ie1

pling distribution of a_ ly & Normal distrilution with mean O and
standord deviation 0//2n o Using this Approximation, obtain an
expression for tho probability that X > k 8 4n terza of the Normal
probability Integral.

Use this expression to evaludte tho pawer function for the atudent's
t test for the hypothesis |l = O against the altermative u ) 0 at
the 5 $ level of significance for n = 3 and

L« 0.2 (0:2) 1.0, 1.5 and 2.6, [50]
The following table gives the zcan values of medwurements on three
biometrical characters, and the matrix of peoled variances and
covariances for two groups of feanle desert locusts, one in the

phase gregarea and the other in 0 pha @ intermediate between gregaria

and solitaria.

meins pooled variances and covariances
chmctarn gregaria interzediite Laged on 20+72-2e30 Qf.
(n=20 (n=72) T, x, x,

x, 25.80 28.35 4.7550 0.5622 1.4665

7y 7.81 T.41 0.1431 0.2174

x} 10.77 10.75 0.5702
Evaluata the linear discriminant function for the txo phasee, and the
p2-statistic and test for the significance of the latter. 507

In o population under pan-nixin the frequenciea of the blood groups
0, A, Band AB are given respectivily W r2, p2 + 2pr, q%2qr and
2pq, where p, q, and r, (psqer = 1) are the frequancles of the

genea C.A. GB, and g reapectively. The following table gives the

frequencics of the four blood groups in & paaple from a cartadn
population.
Blood group Frequencies
176
la2
60
17

;t:l>°

Eatimate tho gune frequenciue by the method of maximum likelihood
and work out their standard errore [50]

oovlo30
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INDIAN STATISTICAL INSTITOTE
Statistician's Diploma Exazination, Yovombor 1963
Paper I 1 Official Statistics and Descriptive Statistics (Thcomticnl)

Time t 4 hours ’ Full marks t 100
Figures in the margin indicate full mzarks for each qx'xosuon.
gROUP A

(Avswer any three questions from this group)

¥hat are tho various publitations giving data in regard to area and
yield of principal cropa in Indin ? ' (8)

Ligcuss tho method of coapilation, reliability and coverage of
published data which you have onuzorated abova. (8)

What are the different mothods or- estioation of national income ?
Describa them briefly and establish that they lead to tho samo aggrogates. (8)

¥hat are the special problems arising in tho estimation of national
incooe and what ars the uses, in the contoxt of plsnning, of naticnal incooo
estimtes ? (8)

Dafine consumer price indox nuwbers. Name tho publications glving
these indicea for the whole of India and for salected centres. (9)

How is tho all Indis working class consumer price index constructed ?
Discuse its reliability and limitationa. . R (8)

Write a critical nota on the present position of statistics of agri-
cultural prices in Indla. Givo thanamgs of the publicationa containing thesa
statistics. (10)

hat suggestions have you to offer to improve thoir reliability ? (6)

¥eatness. . 2)

GCROTP B
(Answer nny three quoations from this group) .
Por tho binomial distribution with parametors n and p, provo the
following racurrence relation for contral moments

=[G +E)-E] (npa uy-pw)

where u° -1, “1 =np, Q =1-p and E 18 an operutor such that
E “r = ur

urb1

1° Bence find ¥y and u’ (10)
In & precision bombing, tho prcbability of hitting a target is 4.

Twxo diroct hits aro required to destroy tho targot. How many bomds must

te dropped to cnsure & probability of 0.99 or maro of complately destroying

the targat ?

Defina the concopt of rogressivn ‘of a rand'm varisblo on anothor
randon variadble. (4)

If X and Y follow a bivarinte normal distribution, show that
the regression of X on Y 18 lincar. Find ths variance of X about
1ts regrossion value whon Y has a fixed value y. (12)

Please turn ovar
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7.(a) . 1t X‘,_Xz, Peeriseirenas Xn are n random varinbles with

the sams variance 02 and the correl.tion coefficiont between nr(v. '.vd of
thoa i{s @, then prove that

R

v®-Loa-d s

. ;
5[ J % - D] (-1 (-9

and )
1
. 9> - m '
.lhﬂl‘b . n . '
Xa= N
Zxy/n : (n)

(b) Define the rartial correlation coefficient Letween x and 77 when X’

is kept fixed and hence express this partial correl.‘\nan coeffiofent 1n
tarma of the three total correl:ition coefficiemts. “(5)

Tlentnesa . - ) ) ..

0330009

Please turn over.
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IIDIN! STATISYICAL INGTITUTE
Statistician's Dipload Exaaination - liovealer 1963
Paper II: Prolibility Theory and Statistical Methads ( Theoraticnl )

7ine s 4 hours Full parka: 100

1.

2

3.

(a)

(v)

o(a)

(v)

(c)

(a)
(v)

(o)

54(a)

(v)

Figures in the margin indicate mn ‘marke for each question.
Graup A
(Auenpt any threa questions from this group)

Find the prolnbility of occurrence of at leagt one of the n eventa
Al’ "z' iy )\n in gams of SI'B wiwre El1 18 the sum of "c probabi-

1lities each corresponding to the simultaneous occurrence of stme { of

the n evonts. 9
7wo ddco are thromn n  times. Find the prolnbility that each of the

six combinations (1, 1), (2, 2), +.sy (6, G) occur at lexss once if

r 2 6. : n
Explain tho concept of the mutual fndependence in probability of n 2 2
events. Show that in thia chse there are 2M-n-1 independent rela-

tions involving prolnbilities which rmat ba satisfied in order that the

n events ndy be 834d to be mutunlly independent. [e]

Give an. exdmple  to show that piirvisa independence of n events does
not imply the mutual indopendence of n ovents in rrobability.
Assuming that the probibility of a child being male or femdle i8 3,

consider whether the following events 1\1 and A2 are independent., . [4]
In a faaily of three children A, 1'ho family has children of Loth gexea’

, and Azx"mere is at most one girl', [J]
State and prove Tcheby chef{'s inequality (o]

X,} ia8 2 sequonce of indepeniint randon Ariables with E(x ) = O and
. V(X Y = 6%+ Prove that for ary € 3 G,

X
T :
n )c} 0 a5 n =) o, [4]

Show that the abova result holds even whken E(XJ) =0 and V(XJ) -02‘/,1_. (s}

Statea the distrilution of chi-square with n degrees of frevdom and
hence derive the distribution of F rntio with n) wd n, degrees of

frecdon for the rumaerator and dencminitor respectively. Cbtain tha firet
tw7o momenta of F. [40&5]

State any form of the central limit theorea and indiedte 1ts applicatfons. [7]

Prove the normal Approxmation t5 the Linocmial dietrilution. 9

Ploass Zurn Over
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Gr:up B
Anawpr dny two .ueations from this group.
¥hat 48 & caifidence intermal? find a confidence interval for oi /og
for two noradl popalations with: means nl and mz and ‘mridnces
oz and 02
1 27
size "1 md "2 have Leen tr.ien from these populations, Give the

respectively, wh-n two independent rawidoa eaaples of

nodificition of the rrocedure %ien the meins oy and nz are nown

and show that this sivea an im;‘oved confidenco internl, [25]

Explain what {8 memit 1 unbidrsdness and efficiency of an estimate
and {llustrate with exdampled. M these rropertiea hold for madma
likelihood estimates? OShacles of size iy Ny n3 are taken from
three normal populations with the exme menn . and variances o“;,
}oz, 502 reapectively. Find the miximim likelihood estimite of 2o

and exhaine if this is unbiasod. [25]

Explain the procedure of analyria of variance i{n a two way classifior-

tion with equal number of olmermtiosns in ench cell, stating clearly

the assuaptions involved and th» rationmnle of the test. What haprens

if the muabers of obaerations in the cells are unequal? (23]

Explain what is meant by a uniforaly most powerful test aof A hypothesis.
hig X0 evey xn is a sample from 3 normal population with mean 2 and

variance unity, show that & uniformly moat poverful test of the hypo-
thesis Him = O, exiats, [25]

000 %99

Planse turn nver
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INDIAN STATISTICAL INSTITU’_I'I’-:
Stntisticinn's Diplomi Examination, Wevewmber 1963

Papor III 1 Sample Surveys anl Desim &
-Analyois of Cxparimonts ( Theorotical)

Timo ¢ 4 hours . Fall marks : 100

Figures in thu margin indicatc full earks for oach questicn.

GROUP_A
(Answar any threg questions from thin group)

. (a) ot are the various usas of pilot surveys ? (<)

(b) ¥kat are meant by cost end varianco fuuctions with reforence to
large-scalo eaopla surveys and in what ways aro they uscful for such surveyn ?
That are tho important componants of the cast function ?7 (19)

(2) Discuss tho ndvantngas of stratified sampling in comparison with
unatratifiod snapling. (4)

(®) A population .Aa diviZed into K nt;ﬁh.__ Ir o units aro eelec-
tod at rondom from tho M, units in the 1" stratun (1=1,2, c0uoy E),

£ind on unbinssed c3tirate of tho population tctal and obtain its standsrd
orror. . (4)

(c_) Compera the afficicncies of stratified sanpling with Neymin
allocntion, stratified sszpling-with proportional allocntion and eimpla
randoxm sampling without strotificati-n. (8)

(o) Defins B rntio cstimate for estimating tho population total of
a charncter y, and deriva an axpreasion of the standard error of tho
eatioite. (6)

(b) If tha coofficlent of variaticn of the auxiliary variate 'x' ia
oore than twice the coeffieicnt of variation of the character 'y' , show
that in large suaples, with simple rsndom siopling, tha ratio vatimte is
leas precise than tho 'mean per vaopling unit® estionts. Is tho converse -
true 7 . B (5)

(c) State tho conditliona under shich the ritioc oatimite 4s an
'unbiasoed ostimte’. .. . (s)

.+ ¥irite critical noteo om 1= , -

(1) Partial replacecunt in pumpling on successivo occAmions. . (5‘;‘)
(11) Doublo sampling. ) (5%')
(i11) Uso of bimsed estimtors. ("‘T)

Noatness ) ) - (2)
GROUP B

(Ans-nmr any three questiona fron thia ,zroux\)
(n) Descrido u randomiced block oxperimente (2)
(b) Explainine fully the ioplicitions of tho null hypothesis of

ecquality of troatments, disouas how proper randomiprtion in A rundodoed
block axperiment yravides a valid test of thio lypothesfo.. (6]

Plaang turn over
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(c) A manurial exporimont on piddy invelving 5 organio manurce ia
1818 out in six rondomised blocks of five plots each. The samo oxperiment
i8 ropeated {n the following year, wlthout any adiitional fertiliser boing
added during the scoond yanr of exporimontntion. Tho hypothesis of non-
interaction between treatoents and ycars would {eoply that the decline in
yiold in the sccond year of expericertation remains the cazo irrespoctive
of the troatzont applind Aniunlly.\

Discups how you would usa the txo yoars' oxporimental dnta to test
this particular hypotheeis. (1)

>, (8) Doscribe how, by analysir of covariance, ono may use data on
supplementary variables to increace the precimion of estizates. (5)

(b) What Bhould be tho natura of auch concomitant varinbles in
order that the analysis of covarianc) may zost profitably bo used for the
abova purpoce 7 (5)

(¢) Describe the analysis of covarionce for a Latin Squaro Experizent
with ono concomitant cbsarvation. (6)

The follcwing waa tho layout of an oxperiment involving 16 varieties
in Ylocks cf 4 plota each.

Replication 1 -+ Raplication 2
*10 12 11 9 15 10 8 1
1 2 4 3 9 2 1 16
15 14 13 16 3 . [3 12 13
5 ;] 7 6 5 1 4 14
(a) Idontify the type of desi.n. (1)
(b) Describa tha Bnalysio appropriate for this deaign. (2)

{c) Compute tho efflcioncy fastor of this dosign. (4)
(a) Explain the principle of ‘confounding - both total and partial’
in connection with factorial exporitmts. Illustrate your angwer with 2
oxperiments. (5)

(b) Discuss, by means of 8n cxample, how in tho pressnce of
block X factor intersotions, a confo'nded dosign might give rise to
misleading interpratation of reoults. (5)

(¢) The following tadlo giver the plan for cach ona of the two
replications of:a 27 axperissnt in blocks of sizo 8.

81lock
1 2 3 4
(1) ab a b
be g abe c
abd d b4 ad
acd bed o abed
abo ] ce ae .
aco bee ado Abco
de nbda abcde ©  bde :
beda nedo cd cde
Identify the confounded offecls. 6)
Heutnesn, (2)

Plaman bamu epap



DDIAY STATISTICAL IKSTITUTE
_ Statisticion’s Diplozu I:xanmntlon, Novoabor 1963.
" Faper IV 5 Appliod S atistics ( Theorwtical)’

M™m2 s 4 hours Full marks s 100

2.

3.

4.

5e

1) Anezor questisns only frof the tmwo groups
rolating t> the subjacts you have opted for.

11) Y3o a'peparts answor book for each group.

114) Figuros in tho margin indicata full marks
for each quaoation.

SROTP N - BNCNCTIIC STATTISTICS
(Answer any three quostions from thism group)

Brielly describo the mathods of caleculation of indox nuzbers of
(1) volumos of export and import and .(i1) prices of exported and
ieported articles. Yow are these indox numbers usoful ?

‘fhat do you mean by cyclical movement in a time series ? Describo
a pothod of calgulation of cyclical eonponent ina Mme sories nnd
frdicato 1t3 uso in forecasting.

ESrpiain the concept of elasticity of demand with respect to incoco
and indicato the type of data required and tha method of esti{mation

for such an olasticity. IJow ie this elaaticity useful in planning.

#hat {8 an dnput-out table ? Briefly describe ths mathod of conétrun-

tion of such a table. ~

How will you calculate national incomo of India as the sum of not
outputa of various industriss 7 Fow doos the breakdowmn of national

{ncome by induetrial origin servo as an indicator of cconomic growth ?
Wt ch:mgo. sre found in this respect in India during the plan period ?,

Writo nztes on any twe of the following s

1) production function

14) capital formation in lndh.dur{ug tho plan period

41) Pareto’s low of income distridution.

(6+604%)
1

(4+8447)

(349043)

(60-10;-)

(&v5+5)

©F+et)

Ploase tum over
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GROUP B ~ STATISTICAL QUALITY CONTROL

(Answor any throe questions fram this group. Neatnass carries 2 marks)

¥hat do you understand by tha torm 'procoss cApability' whon referrod
to (a) a moasurnble charncteristic and (b) an attribute characteristic.

Detail loglcauy tha steps to ba takon in ostimating the oayxbnu'y of
a preaeas,

4180 outlins the difforont typcs of action mu say bo needod on the
basis of your findings. (16)

Doscribe briefly the considerations involved in starting and maintaining
an R - R control chart with cpecial reference to

tho choice of the characteristio,’

the sub group size,

tho mothod and froquency of sampling, . M
'.h.o accuralcy of éonsuromntu, . . ty

tho detarmination of trial control limits and

.the revigion of the chart on the basis of experience. . (16)

9.(s) Explain tho torms 'pruducers risk’ and bonsumera risk'in mspecc of an

* ecceptance sampling plan. (6)

(b) Dosoribe briefly the crh.eria on the basie ot which Dodge-Romig plans

e

hnve heon conatrueted. (6y

(e) Considor the following Dodge-Romig plan

10.

" “Writo short notes on

A0QL 2.0%

Process aversgo ' 1.21% - 1.60%

Lot size 4001 - 5000

‘m 155, . . .
.,° ‘ s

What 16 tho offect of the use of tho above plan on the A 0 Q L and

_the amount of inspaction (&) when ths lot size is 50000 and also

" (b) when the procoss averego is 2.5%. (€]

a) accoptinco plans for viriables
b) intorval estimtea of lot quality
¢) roeponno surfoce studiga, ' ' (16)

Plense turn over
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SRNTP D - VITAL STATI 7213 A'MD DTMOSRATHY

(Angwar Any three quastion from this Zroup.
Neatnons cairios 2 marks)

H.(;)j'wh':t do you understand by "vital cvents"” and "vital reglatration” ?
(b) How i3 vital registration orgunized in India ?
(o) Doacrita the best method you xnow of checking tho completencas of
(1) Lirth and (i1) death statistics.: -
12.(8) Describe throe indicoa for the measurement of aortality, indicating

their suitability with refercnce to the availability of data.

(b) Wnat aro "direct" and “indirect" standardization of death rates ? How
is tho “atandard _populn.tlor." chosen ? . R

—

(e

Explain tho differvnce batwcen
m, = doath nto at age x last birthday,

and

(d) how that, under cortain nssunpuons (Lo bo stated),
: 2m
x

_
+ D
2 x

13+ (a) "hat are the-assumptions mgnnhng a population undor which & life tablo

h constnu:ted ?,

(v) Deacﬂbe ono cethod o(‘ "amothing" the probabnitios a, of dy:ing', from

which a 1ife tahlo is conatructed.
(c) Bruzerate tho colunns of an noridgod life table, and doocrido the steps
in their computation.

14. Douoriba a mothod of hgo- and sox-wisa projection of population using
(5) only censua datag
(b) censue and registration data.

In cach of thess cazes,stato the assumptisns which neod to bo mado.

00af000

Tlanay tam svar,

9, - probnbluty of dy)m -dthln one ycar of attaining age x.

(16)

(16)

(16)

(16)
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INDIAN STATISTICAL 1NLRITUTE
Statisticizn's Diplooa Zxazination = liovember 1963

Paper Vi Lethads of iuaarde-nl Camputation, Descriptive
Statistios and Of “lelol Statistics (Practical)

fizes 5 hours Full marks 3100

i) Figures in the margin indieate full marka for each quostisn.
11) Use of Calculating maciines is pormitteds - -~
-——

Cr.up A

(Mnswer any two qu.stions from this group)

1. By means of & psuitalle qu’\dr'\t.\ra formula, fimd the *Alus of the
integral '
. I /1 !1\/1-"1"22 ax. .
-1 (2-» ¥
2, The t:llovmg table gives the ~luea of the probwility integral
2
‘/. / o* dx corrcaponding b certdin values of x. Find the
value (to 8ix places of dec.m®.s) of X l‘or whi eh this intagrnl is
equal to
x 2
x —Z__ [ et ax
; RV
-0.45 0.4754818
0.46 0.4846555
0.47 .. 0.4931452
.48 0.5027498 -
.49 0.5116683
0.50 0.5204999
3. OLtain a sslution of the follo:ing set of sizultmeous ed\uuom in
X, ¥y %1 . . .

0.16719 x - 0.128.3 y + 0.26600 z = =-0.20808
0.23515 x + 0.0527 1y + 0.03436 z = 1.04R7
0.23599 x = 0.0311%7 + 0.524C9 z = -0.56525

Grouq B
(fnaver questimm 4 and any two of the regt)

4. I THER
The following tables giv.s the .:re'\king utmng?.h of 150 saaples of
paper, in cerfxin unitot

. Lrealdng strungth Frequency
[(CI=D)
1750 - 18G0 2
17C0 - 1750 1
165G - 1700 6
1666 - 1650 13
. 155C = 1600 23
- 1560 - 1550 21
1450 = 150 24
14G0 = 1450 19
1350 ~ 1400 24
1300 ~ 1350 1
1250 - 130 6

(i)

(124]
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v)

<)

The

= (2

=
Calculate pl and '32 and etate (without perforsing any statise

tionl test) whether A naraal distributisn would fit the data. [1c})

Meu:in@_':l nor=al distrilutiong, eilculate tho expocted frequencies
in the clooses 1790-10CC, 17CC-175C, 155C-16CG, 1500-1550 and

1256-1%C. (6]
Calculate the contritution of theso clies-intervalp to the }\2
teat of grdness of fit. (4]

following table aliows the fraquencies of the ‘Alues €yl ey 10

of 2 *ArislLle in 100 oterrmtions

.b)

Valuo of
warable o1 2 3 4 5 6 7 86 9 10

Frequemey 2 9 11 4 8 9 1 1 6 4§ 1

Represent the Aatd i A suiiable Ciagraa. (6}

Ad3uaing she obserations t5 have cozo from & Prisaon diatrilWwtion, [m]
calculnte the expectod frequencies sud plat thea on the diagma
in (a).

c) Caleulate the *Ariance of the obgervations and state whethor,

froa the "Alue rbtijned, anything can be eiid regarding the Aasuwop-

tion of A Poisson distributisa. (4)
The following £able shows age of huabmad (X) and age of wife (Y) in
1CC couplest

) Ase of huabnd (yenrs)

Ace -
of wifo 20-30 30-40 4C-50 56-06 (6-70  Total
(yeara) .

15 - 25 . 5 9 3 17

25-35 * . 10 25 2 Y

35 ~ 45 1 2 . 2 15

45 - % . 4 16 5 25

59 - €5 4 2 6

Total E) 20 44 24 1 100

a) Calculate the coefficicat of correlation Letwean X amd ¥, and

find the cquation of lMnear regrosion of Y on X. [9]
b) Using the equation of regrcssion, estimdain the values of Y

for X & 35, 45; 55. (2]
c) Caleuldte the Average ~due of Y in mich of the arrya corres- [4]

porling to the mid-pointe of X +~lues indicated in (b), and
cozacnt on the resulss of (a) and (v).

Please Jum Over
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. The follsaiag ",K\'.).

7he fallowiig talle ahowa the t ores Xl and XZ obtained by 15
workera iu two raychological ¢ ats, 2a well s their efficicacy index

Y, ctlculated by very coapliad+yd methods.

Serial Scoro in ¥est I ° . Seoroiin test II Efficiency
Yo. (x,).. ()’.2 index (¥)
1T e S ST
SR oA % D3
3 TvE 66 R
4 33 31 . 54
5 26 3 35
6 45 33 40
7 3 27 .. 34 =
8 21 55 a8
9 5 595, 52
10 - 57 T
1. -1 .58 .67
» 18 23 27
“13 53 29 -»
14 co 60 57
15 ‘9 12 28
o) Caloulate tuo partinl esrre 1slons between X, ond.¥, eliatmting
Xz. and beiveen ¥, amd Y elm.n:\tmg X ) 711
b) Obtain thr equazica of lirc:r regression of Y on X and X, (5]
. ©) Frea the veuacion zn) (), ¢-=inate the value of Y. froa X, and
%, for serfal m=bars I, 5. 10 and 15 and coazent on the results. 3

"tie - Zati-wige dverage number-of eggs per
hen in a regige: s UL S

c

Yoarmee W {708 epen per hen o

- har
YOAr TRt pr i dine Jui Augs Sepfi-Got. Wo7. Dace
1930 7.9 $.9.25.4 ;7.5 1.3 Thg 13,6 10,0 9.4 . 7-5 5.9 6.4
1939 0.0 "S.7 Z4.9.17.6 17.0 4.6 I3.2 11.7 9.3 T.4 6.0 6.8
1940 .. 7.2-.9.0 34.4 26.5 17.C 14.8 3.3 12,8 9.7 7.9 6.2 6.8
1941 7.0 8.7 0£2715.6 17 2 14.5 13.0 11.5 10.0 - 0.1 6.0 6.5
1942 8.1 €,5°75.0724,2 17 5 15,1 13.5 11.8 9.8 1.9 6.2 6.9
a) c:licul.ﬂ.o the seaeanal Indi.ae for edcu month. [16)
b) Oumm the alues of n/cr'\e “mavler of egge for avery month of
the year 1920, correctod fc the seimnmal effect. . (5}

FPliase urn Over



Group C
(Mmswer any one questisn fron thio grour)
8.a) Name the publications in which any three of the following dre awaila-
Lle in Indin, the authority or organization issuivg them, the perindi-

eity with nhich they are fsusued and tlie Lreak downs by which tho
inforaatiana arv avaflable 1=

1) Statietics of eivil ardation.
11) Publio health statlssica.
111) Statiesics 2f agricultural inplements,
iv) Irrigation statintics.
St:\‘.&uuga of manufacturing industries,

-

v

v) Froa the publications supplied t2 you, collect tha data in respect of
any three of the following, presonting them in neat talular forms, -~
with proper hadings and foot-notes, if neceasary. LUemtion the
source froa which y2. hive compilud the data.

1) Incex nunbers of industrial pr aﬂts in India for 'uv five
conpeeutive years.

ii

~

Statietica of ocployment in pl'\nt-\uona in Iidin for any
five consecutir years.

1i1) Pricco of gold amd silver in Indin for the latest twelve
omaccutive mmtha for which th cae are available.

iv) Statistics of brlance of payment of Inia on current
accaunt currency area-vise for four quarters in my year.

) iltional ncsme statiatice for India for any one yoir.
9.a) Colloct relewant information from the publications supplied in reapect
of prossenger traffic and eirnings, and freight traffic amd earnings,
of raflwa,y for the latest twelve months for vlidch those aro available

and write & critical note on the salient fextures of tha dnh.
Give the 8ource from which you have campiled the data,

b) Comaent a the methad of collection dnd presentation of data, ag also
tho time 13g in publichdion of anz three of the following rublications
N ispued Ly the Govormaent of Indin =

1) Eotimites of Area and Production of Principdl Crops.
11) ionthly Production of Selected Industries in India,
i11) Camvua of Indian IMnufacturee,

1v) Bulletin of Agricultural Prices.

%Y Indian Agricultural Statistic o’

096099
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IMDIAN STATISTICAL INSTITUTE
Statistician's Diploma Z<amination, November 1963

Paper VI @ Statirtical Mothcts, Design & Anslyois of
Experitcrty and Saaple Surveys (Practical).

Time ¢ 5 houra Full marks s 100

2. (a)

(o)

1) Figures in tae murgin indicate full znrks for each question.
i4) Use of cnlculating wachines is permittod.

GROTP
(Ancwer 21l questions tro_m this group)

In an investigation on the fat roquireonts of ruminants at the Indinn
Voterinary Rosearch Institute, the influonce of fat parcentage on the
total intake of digostion nutrienta is being studfed. The following
data on tho fat percentage (x) 1in ration and tho total digestive
nutrient (y) expreased as lc arithm wore recorded.

¥y X. .y x
3.1959 0.94 5.2902 5.9
3.4320 1.93 3.2467 6.21
3.1637 1.04 3.0820 6.13
3.2138 4.06 3.1461 i T.11
3.3705 3.25 '

3.2997 3.27 co.
3.1322 8.74
3,2201 9.23
3.0166 .93
3.1090 1.69
3.2565 1.72
3.0913 1.74
3.2618 4.02
3.2401 3.97

Obtain the regression equatior of y on x and test the significance
of tho regression coefficient.

A fertiliser mixing machine is set to glve 10 1ba of nitrato for every
100 lbo. of fertiliser. Ten 10 pound bags Aro examined. The porcen-
tages of nitrate in theso bags are as follows

9.2, 12.3, 10.6, 9.1, 11.4, 11.7, 12.2, 9.5, 8.7,10.1.
Is thero ony reason to balievo that tho mean is not cqual to 108 ?

Gram geed is trentad chemicall- in an atteopt to reduce the ooincidence
of blight.. Of 100 planta fror treated secds,there were 20 which showed
blight. Of tho 70 plvity frox untreated sceds,25 showed blight., Is
thia difference sig.if(lc.ut ?

A Beries of exporimnts woro c¢:rried out in 8 differont regiona to find
the offectivencss of an inuccticide. 4An F-tost wns used to teot tho
hypothesis of no effcetivenoss, and the F-values wuro obtainod ao

2,76, 3.01, 8.45, 5.62, 1.23, €.45, 0.96, 1.23 tho degroes of frecdom
for nach F-being 5 and 20. Ob%nin a coabined test for the hypothosis
and state the rapult.

Tr . oee Ram e s
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5e

6.

GROUP B
Anawor any two qucstions from this group
N Y two

In order to comparoe rubbor trecads prepirnd in four different woya
(treatmenta A, B, C, D), four motor tyros (blocks 1, 2, 3, 4) wero’
mdae, ooch in three difforont mnoctions (plots) cach soction having
ita troad wade in & partioular way. The tyros woro run on a test
car and tha lose of rubbor on ¢ach section wns catimated aftar tha

cquivalent of 8 run of 10,000 miles. Those nre givon below.

Treatment ' :y"s 3 4
A 238 195 254 -
B 250 213 - 12,
c 279 - 334 421
bl - 308 367 412

Anslybe tho data to find tha bast troatcont.

The following table givas the resultas of an experiment to compare
tho ylolds of 4 variaties of wheat (M, S, V, T) carricd out in 6
randoaised blocks with orno plot missing.

Inalyso tho data and givo your comaments.

. Blocka Varioties ¥ . s v T
1 81.0 105.4 119.7 .
2 80.7 82.3 ' 80.4 °  87.2
3 146.6 "142.0 1507 191.5
T © 100.4 115.5 112.2 1477
5 82.3 7.3 78.4 131.3
6 103.1 105.1 116.5 139.9
® missing

Draw up & achame for o frotorial experiment involving 5 factars
each at 2 levela, uning a maxizua of B plots par block and 8
paxigus of 5 replications, such that main effects and first order
intornctions are not confounded in eny replication, ond no intor-
action is totally confounded in all replications snd, if possible,
thore {2 balanced loss of information on all partislly confounded
interactions. lame tho irteractions confounded in each replicat{ion
and give tho key block for any om replication.

GROUP C
(Angwar both the quantions)

A population kna Vaen divided in%o § oatrata for purposes of sampling,

(15)

(15)

(1)

ard crule eatimtes of tke number of unita (X), mcan per unit (u), and tho
standanl dovintion of the unita (0) within ecach otratuz are given below.

atratum nuaber of unfte mean par unit etandard dovistion
"1 Ux 01
1200 ’ 75 15
[274) 125 20
2400 5 5
000 1m0 15
LA 50 -




7.

o K9

The meun of the population is to bo estimated on tho basis of a
sanple of sfze n = 1000.

Comparg the vurlunce“af tho estizste for tho following achemea of
sampling 1

(1) aimple sampling from the whole population
p P P
{11) stratified sieplo saxpling with cqual allocation

(114) stratifiod aimple saapling with proportionate allocation

(1v) atratifiod eimple sampling with optimum allocation
according to Neye::n's formula.

The rosulta of 100 throws of a' unbiacsed coin are givon below,
(where T and H stand respe:itively for "tajl”™ and "head”)

THTTE HTTHY TrHTY TTHHH
BITHE TITHT - HRTHT HTTHT
HATHD ‘TTT THETT TR
TTHTT Hilld " mume TATTH

T mmr | mome ' wrrur BTTTT

Using these rosults,draw a simple rendom sample of 2 villages with

replacozent from a list of 23 villages, numbared serially froa
6132 to 6154 (both inclusive).

Deacriba the procodure adopted by you and show a1l the details of
how tho sample is selected.

0000U2000

Plenea tam avor
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LYDIAN STATISTICAL INSTITUTE

Statisticinn's Piploma Examination, Yovember 1043,
Paper VII 1 Applicd Statiatics (Practicol)
Time t 5 houra Pull parka &1 100.

(8) Anewer questions only from tho two groups
relating to tho eubjects you have opted for.

(b) Usw & coparate snswer book for each group,

(o) Figures {n tho margin indicate full marke
for cach question,

GROUP A - ECOLGiIIS STATISTICS
(Answor all queastions froa this group)

1a Inport of Cofes to U.S.A. 1n million pounds, and tho per capita dispos-
able incoma in dollars in U.S.A. are given below for the peried 1931-45,
Obtain the linear tronds of tho seriea and compare their movecents. (20 +5)
import of per capita- | {mport of per capita
year cofoe disposadble year cofeoe disposadle
incora incone
1951 1749 510 1939 2021 540
« 1932 1508 380 1940 2062 570
1933 1592 360 1941 260 690
1934 1531 410 1942 1723 a70
1935 1761 460 1943 219 970
1936 1747 520 1944, . 2607 1060
1937 1707 -~ 550 1945 216 1080
1938 1991 500
2v Per capite monthly oxpenditurc in Rupoes on food, intoxicants end
servicas ore given belov along with total expenditure for difforent
income claseos in rural areas of North Bihar in 1960.
Calculate tho incoma olasticities for tho above itecs and sacount
for the difference. - . . . (20¢5)
Income no. of persons total expen- axpandi ture on
(monthly) 4in the sample d{ ture g
class (par copita) food intoxicnnts sorvices
bLelow 5 58 4.76 3.86 0.03 0.06
5 = 10 303 8.85 6.93 0.11 0.12
10 = 15 i1 13.33 9.48 0,16 0.32
15 - 20 148 17.21 11.59 0.24 0.58
20 - 30 123y 23.83 15.00 "0.28 0.93.
30 - 50 a2 38.31 . 21.40 0,29 2.03
ovar 50 28 54422 25.33 0.21 4.21

Pleasa _turn ovor
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GROUP B - STATISTICAL QUALITY CONTROL
(Answer any two questions from this group)

3. Samples of 5 cigarettos, successively produced, wers takon from
a machino at rogular intervals and woighed. The data for 20 sanples
are givon bolow in somo arbitrary units. |

Sampla ; Ogsorvattona 7 s
1 4 4 5 7 6.
2 5. 3 6 5 6
3 3 3 4 3 3
4 9. 9 5 4 8
5 6 2 5. . 4 4
3 6 4 6 5 5
, - 7 9 1 6 9 8
- 8 -3 [3 3 4 5 -
9 Y 5 3 2 2
\ 10 4 2 1 2 2
! 11, 6 10 4 9. 4 -
) 12 5 8 7 6 b]
13 2 1 3 3 2
14 3 5 6 4 4
15 1 2 3 3 4
16 5 4 4 2 6
17 . 7 4 6 5 7 .
18 6 8 é b 7
19 4 4 4 2 2
20 4 1 5 4 2 -

() Examine for the atability of the process.

() The epecifications for the weight are 4 & 3.
Estimte the proportion of rejection in the current productioms.

(c) What §s tho process capability for this machino ?

. Hote :.for a esmplo of size S - the control chart
___fsctors with usual moAning sre
. ‘nj =0, 1)4 - 2,11, Az = 0,58,

g Draw the O C curve of the plan
Na30, ne 70, Cai.

Draw also the A 8 ¥ owrvs Lor the above plan if the rejectod lots aro -

completely acreencd.

S'. (a) A p-chart indicatbs that the current process avorago 46 0.02. r
50 items are inepected each day,what is the probability of datocting
a shift to 0.04 (i) on the first day aftor tho shift (i1) by tho
end of the third day after the ahift ?

Ploasg turn over
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(b) Obtain the 95% confidence 1imito for the following 1

(1) average nusber of defects por unit in the procass,

glven that in a sample of 8 units thero wero in ell
18 defacta.

(11) tho process mean, s ivon that the mean and siandard

deviation (divisor \/n - 1 ) of a sample of 15
ifcom wero 12.1 and 1,6 roagoctively.

(111) tho porcont dofoctive in tho process, givon that thore
wora 4 defoctives in a sample of siza 45.

GROYP D - VITAL STATISTICS 44D DEVOSRAPHY
(Answer any two quostions from this group)

The following table shows age-wioe population of & group in the 1937.
census (column 2}, In ordar to temt tho acouracy of thasc figuresa,

the populrntion of tha esma group in the 1947 censua, according to .
tho age this latter populetion had in 1937, is tabulated.- Algo,
10-year survival ratioa for this population are takon from s life-table.

Pleass turn over .
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Age Canpuz population Cenows population Survival ratio

127 1947 (Ly Bges in Lxe+ 10
1937) Lx
0- 4 1021900 1142332

5- 9 1107879 794033 488036
10 - 14, Toom919 671765 +88945
15 - 19 713185 €85730 +90487
20 - 24 $39659. 620074 +90530
25 - 29 616659 T esn2s 86327
30 - 34 557875 ° T 569069 84004
35 -39 - €70423 428502 - 278160
40 - 44 474768 ' 421222 73530
45 - 49 345106 171105 «70092
50 - 54 330313 - ’ .252020° 466571
55 - 59 144706 4 ' 83798 61922
60 - 64 201702 107187 «55424
65 - 69 72281 23443 146682
70 - 74 100850 - 34834 38753

With 'A note on the accuracy of tho 1937 censua by
(a) caloulating the 1547/1937 ritio of cohort oize, and

(b) celculating the 1937 population from tha 1947 population, using the
survivsl ratics. (25)

T, The following table gives the female populations of Zngland and Valos
in 1954 {n 5 yearly ago-groups, togother with tho numbor of live birtha
and survival factors,

Forale population Total liva Survival

hgo (000 births factor
15 - 19 1399 30317 09694
20 - 24 1422 180512 .9668
25 - 29 1521 205216 9632
30 - 34 1756 147103 «9584
35 -39 1451 61804 9519
40 - 44 1689 19640 #0424
45 - 49 1667 1367 29279

Proportion of male to fomils live birvthe = 1 1 1.05
(=) Calculate the fertility wute for oach ago-group .
(v) Assuming that the fertility vute 4s the mamo st cach yoar of
oge within an age-group, culculate tho expected number of
birtho to a womn passing through tho age-group 15 = 49.

(c) Calculate the total, gross and nct reprodustion rotes. (25)

Plenpo turn over
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Obtain tho equation of a suitable logistic curw to fit the popwlation

of the U.S.\, a8 givon in the following table 1

Yeor Population
1800 5308
1810 7240
1820 . . 9638
1830 T 92068
1840 . 17069
1850 23192
. T 1860 31443
T 1870 39818 N
1800 50156
. 1830 62948
) 1900 15995
1910 91972
1920 105711 . i
. 1930 Jeams
1940 T 131669

Also ostimate the maxizum valus which this population ia expscted to
attain. t

GROYP E - EDUCATIONAL AMD PSYCHUCLOGICAL STATISTICS
(Anawer all questions from this group)

Twelve subjects wero independently ranked by three judges in respect
of the trait ¢ ability to apprecinte wusic. The rosults are givan
below ¢

- F] . subjiecta .

Judgeo 1 2 3 4 5 6 7 8 9 10 11 12
1 5 1 4 2 710%2 1 9 8 3 6
2 7 3 6 1 5 12 8 9 10 11 2 4
3 4 1 6 2 5 10 12 8 114 9 3 7

Examina if the rankings by tlo threo judgos cen ba rogarded us concorda:t.

(2%)

If o, ssaign final runks to the subjects by combining tho throo ranvinga

in 8 suitabla msnner.

74

A teat conafeting of S 1tams woro applied on & large number of subj-c:

and their scores (Y) on a roliablo eriterion wore also recorded. The
following tablo givea tha valuoa of

Py o= proportion of subjects answering the 1"‘

itcm corroctly.

= proportion of subjacts answoering both tho ith and

PL,
tho J° ftoms correctly. ]

Pleasn turp cver
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averago criterio
answorod the 4

The avorage oritorion scoro i3 p =
of the criterion score 18 ¢ = 3.1

Let X daenoto the totil number of {toms correotly Anawerod by a subject.

Conpute the zuan und the variance of X and tho covariance of X and
Y. bLonce obtain the correlution coefficicnt betwon X and Y,

16.8 1and the standard daviation

Pamn 15

p scoro for thoso subjocts who
th 4163 correctly. :

}G\*L

values of P“

i 2 5 4 5 Py Uy
1 - - - - - 0.75 12,3
2 061 - - - - 0.70 14.9
3 0.55 0.52 = - = 0.63 18,2
4 0.41 036 0,28 - - 0.47 19.0
5 0.52 0.48 0.40 0,20 = 0.58 16.9

Fivo thousand candidates appoarod in a certain exwminmation in whisch
thero wore throe tests '1‘1, T

tost beirg 100.

the aggregate.

2

and T}'
The moans, atandard deviations and the correlation
ecefficionts of tho scores obtained in those tests are givon below.
Asguming that the scores in tho three tests aro jointly normslly

distributed, find tha number of candidates Becuring a2t leabt 150 in

the maxicum marka in each

., . standard intar correlations
test l?“" " "deviation T, T, T
1 2 3
T, .t 39.46 6.21 - 0.29 0.38
T, 52,31 9,40 - 0443
T, 45.26 8.6 h -
cocolocoo

Lloace turm over
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DIDIAN STATISTIC/L LISTITUTE
Statissician'e Diploaa Bxiaimtion - llowvaler 1963
Paper VIII 3 Jubjecty of Spectalisation - I

“ize 1 4 hours. Full aarka il |

1.

a)

v)

3.

1) Awver questiony only from the scction Lelow on tho
subject you have ortod for.

1
i1) Figures in tho 2argin indicato full marks rdr each quostiom.

oo (a) COCHCLIZ STATISTILS = Feonsaetrics’
(Arnwor Any five quéstions)

o+
If ne 2. Ptqi' the prulu, i3 to L2 maxiaized subject o Q.he produc-
1=1

tion-function

F(qllnn-, q.non) -0

wher, tha narketa for the faruts and outputs are perfectly coapatitive,
show (1) the rato of rrocuct truwforadtion for overy pair of outputs
18 equal to the ratio of their prices and, (4i) the rate of technical
subatitution for every pair of inputs 1s equal to the ratio of thefr
prices provided the second order conditions are axtisfiod. Sere
Qpeeses q, dre outpute and are 3 0 ad X = Q. r=lysssy N are
npute and are ) O. ' .

“rite dorn the second ordor conditisns for maxinji,ition of & subject
to the procduction-function. .

n b et
When n = 1 and the production-fwiction is q =2 Ll xx_r br > G.
. rel
ehow that vhen T bo¢ 17 tha second order conditions are satiafied. [«
If the long-run cost-functions of the xth fira px-oducing 9y is
glven Yy ) . -
b 2
C,= & a q a,_¢6 i¢r
1 rel ir’ ir %
r? ¥ {er

L w ]y acesesyn
then show that the effect of the external economics indieated Ly
atr ¢0 14 r 48 only to reduce the dpgregnte cost, the dggregate

supply=-function readtning unchanged. Jonstruct an exwrle shen external
econdaled ledd %0 an dggregate ouppk,j function with a negatie slope. [_'c)

) of
Vrite 3 detajled note on the techniquoe/input-output analysis and {te
applications {n econonics. (261

Explain with fllugtrations how econxmotric analyais §3 useful for
tgonmie pouc,/-n’lking- Stato alsn the lizitations of cconametrio
amlpeis. ) (e

Define and describe the & fferens types of atructural relationships in
tha caontext of econmmic andlysis and define econmic models in terms

of 4lhigse structural relationshipo. Forzulato ag an illustrasion &

stochnstic eeoncmic madel with pore than ono structural rel.vionnlup.
deseribing in detail she tyyos of 'mriatlos, ol'\uoummrn ind errors
involved. Explain wery Lriefly with referenca to this model why ‘ho

single equation mothad of estizition 22y fail whon there are zoro than

ma structural relationships in the model. (-ct
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8.

9e

10.

Pree T1

Explain the mulii-collineirity probles and the tunch-wap andlysis
dereloped Ly Frioch to tackle it. Are there any other zethods of
tackling the problem?

What are k=clagss estinators in tho context of estimation of einulta-
ncous Unodr relati{snshipy? How ars they rolated to the two-atrge
ledst squires ¢stimnitor And tho estizitors obtiinad Ly the laited
inforaation methsd?

Explain 2105 tho twe-3tiso lelat-0quares mothod and the three-stage
1oapt-oquaros mothd of cotimrtion of similtincous relationshipa.
Dafine A linoar autoregruaufve-proccus of tho k*b ordor. If a first
order linoar Autorcgresuizo scheae io given by

X, - 'l Ha" !-t » t  taking only integral values,

where E(i'c) = E (xt-l.) - 0, and .l ] l 1y

obtain an ectinate of 9 and work out its asymptotic variance.

Diecuss the rolevdnce of lincar Autoregressive achomea $o econcio
anmaXyaise

It is obsorved ¢hat the estizates of tho owme=price elasticities of

(20)

(20}

(20]

dandnd come out to be unduly very large (and nogativa) whon tha wmeriton

used for estimition io

- b e d .
Xeay P].PZ

whore X 48 the percapita demnnd for oloth adjusted for price in an
incomuegroup in an N.S.5. round, Y the corresponding percapita income,
Pl 18 the price=-index of cloth and PZ » tho price-index of f2od and

the data cover the eiffarent incoac=groups (croso-oocum:xn;;) and the
first nine round of th: 1.3,S. surszy (teoporndly). Wuat oxplanation
would you give for t!is plhenmenm mwd how would you sat about
further amlyois, taking into necaint tha nature of MH.5,S8. data, the
features of estization froa crosg-section and tine-sarien data and

the appropriateness or otherwiao of ths form of the demand relaticne-
chip?

Interprot the rrocduction-functisn relationship

t ¢ d
Yt-hb C"L"

where ‘{‘ 8tandas for ocutput as tiae ¢, cz

ponding capital and labour at time t3 &, UL, ¢ And d Aare constants.
Explafn fn detafl hiow you would eotinite the parazcters a, b, ¢ and
using only time-sorics data or Loth timc-oorics and crooa-gection eata
and give the formulao af the estiznators,

and l’t for the corres-

Dooa tho 0bive production-functisn relationship take a renldstic
docwunt of teclinienl progrens? If it does not, then indieate a moro -
realiutic £ora of the productisa-function relationship to take account
of techniorl progress. ’

Pledse Turn Over
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11,

2.

3

5.a)

v)

T 12

Wy 19 a lsg-normal dietribution usually found to fit the distrilution
of 1ncoa0 Letter thin & noranl distrilution? Can you suggest a 80cio-
aconinic explanition. Do ysu think a normal distritution oy give &
better £it t2 the diotrilusion of income in & group which i3 coapmra-
tively homogeneous with reapect 9 occupation or azae other relewnt
ohnracteristic than to the distrilution of incoue in the total
population? Derive the estimdtes of ‘he paranmoters of the
log-noraal dietrilution.

0000799

(v) TECHICCOERCIAL STAMTRICS - Statiutieal
11l ¢r Cantrald. o
( thawot any four questions)

It is kmowm thit the life of elcotric lampa is distributod exponentinlly

with tha-density function
0.0 €203 0¢x ¢

n bulbs were stapled and teated for 1ife and the test terainited ...

Just after m bLulbe had bLurnt out. 7The lengths of the lves of theao

a bulba wore recorded. Cbiain Ly the method of maxdmua likelihood
or otherwise an exprasaion for estimiting the average life and the
variance 2f the estiaita.

Under what circumstinces would you advoodite the use of an AO3L
saapling plin?

Comment 9n the statement *the AOQL “Alue will neer be excecded
in practice!,

Inldcate the derivation of tho AOQL function for a double sampling
attribute plin. .

Mat is the difference betweon dirvct 2ensurcaent and indirect
medgurcacnt of A characteriotic? Give exnaples.

Briefly explain the probleas faced in tho use of an indirect medsura-
=2ent to control ¢the oharacteristic "naG the statistical ools thnt
=y Lo giin Sully eaployed in these situdtions.

‘Write short notes ont

a. Cac of ariince coaponents Amilysis in quality control.

bs Exporfments to Qetermine optimum conditiona,

¢« Unknom efgzd wiriables plan for Acceptance.

Conzent upon tha 8alient pointo of tho Dodge Ramig and i1-5td.
attribute saapling plans,

Discuus the role of control sharts fn acceptance inapection.

000007
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1.

3.

4.

5.

6.

1.

(a)
(v)

(o)

P 12
(d) LESIGH AND ATALYSIS CF EXPERDICHTS - Stasiseical pspects
Anewar M7 fir queecions)

Describe the various teclhniques ddopted to {ncrease the officiency of an
experiment gizing ouitable exa-sleag, in the choice of tranlmenta, experi-
mental material, allooation to different treatzonts, conconitant variables
etc.

¥With reference to & randonised block design,state carefully tho hWypothesis
that is tested Ly the eriterion of 'ratio of "Aridnce dua to tredinenta to
variance due to error'. Give n jJustification of the criterion ezployvd
taking ints account only the ranlonisdtion aspact.

Piat ar the situations in which 3 orlit plot dosigm is usod? Suggeat a
split plat design for an experizent {i170lving 3 irrigation practices, 4
levels of panure and 5 variotisa, the aaia dim of tho iavestigation being
to suggust euitalle annures for givun canbinations of irrigation practice
and "Arjety. Draw up the aal8ia of aricuce for analyning the experizen=
tal rosults indiexting the eources of wriation and the degrees of frecedaa,

What are the situntinas Juitable for climination of effccts due to concomi-
tant Aariables? Divavasg Lhe relative advantages and disadAantiges of the
follawing types of experim rnts ¢o dotermine whethor diet A is bLetler than
dfet B for faltering nigs. Incicrte the otatistical analyjais in odch case.

Experiment 1 3 Twenty young ones ard divided at random into two groure
of ten each. Diet A ig given to one group and diet B
to another. The weight of each anipal ia recorded a¢ tha
end of o exrerizent.

Experinent 21 7The groupd are nule a3 in experiment L}‘;ut for each anianl
both tho initial amd final weights are available.

Exparizent 3: 7o each young -ne chason for diet A, another young one
with approximn’ sly the sanme initial weight is chosen for
dies Be Cnly ine fiml wefghta are recorded.

Define a linked block design and indicate ts usea. Obsadn intra block
estizites of arfotal differences Ml their standard errors.

Deseribe how factorial experimenta ar2 useful in exnloring d response
surface to find %he optimum conbination of factora. Wiad {8 A rotatable
dosign of the firet order anl what 48 the adxantage in using such &
deoign,

0570027

(e) SAIPLE TRYEYS = Theorotical Asrects

(«ttempt any four queationa)

Define 'sdapling wilh probibiility proportioml to sizo'.

Derive an expression for the rclative efficiency of s:apling with probae-
bility proportional to size Ao compared with strasification by eize and
the use of & 'mriable saapling fraction.

Let a rancom saaple Lo talken with probabilisy proportional to size and tho
eample (after selection) bo stratificd into slzc-grours.  Consider the
analyois of vriance betwoen and witllda sizo-grours of she valuca of tho
ratio(olnerntion[ahu) obLtainad froa the simple. Show thas under cer-
tadn cmditions (to ve atated Ly you) the relatlve efficicncy required

in (b) can Le eatimated Ly the ratio of within eizo-grours ts total

medn equire.

Pl - Tura Czer
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2,

3.

4.

(a)
(v) .
(c)

(a)

(a)
(v)
(e)
(e).

(a)
(a)
(b)

(c)

Define 'cluster saapling' and discus3 its ad-Aantagos,
What are the comeiderationo thad lead t~ the optizmua choice of cluster siz. i

Stating clearly and discussing eritically the dsauaptioms that are involwnd,
derive a suitable formula for ¢ho coternination of optizum cluster oize.

In o cortr.in.surm;/. for esltinating the area under whoat, eiuncn weru
fornad Ly grouping 4 consecutive surve, nuaber. DUse ihe folldwing datn
to estisite the relative efficiency of clunter saapling.

Betweon clustors medn square catimate with 9 dof, = A (:\t:x'c-A)2

Fiohin clusters mean Aquare estizated with 30 d.f. = B (acres)? . L
What 3 systenatic adapling? .

Distiniuish between circular and ordinary eystematic onapling.

that are the admntngea At disadantages of ajyuiematio sampling?

Coacpare, gystezatic, simple randoa (without replaceacnt) and stratified
B.“..-nplh\g: for a p.:;rml_'\'.ion with a linoar trend.

Slhiow shat e stematic snapling can bo regarded as oquivalent ts simple
randoa saarling with ropliceacnt winn the order in which unita are arransge!
can be taken to be a randoa one. i

For twd Btage saapling (simple ranlon at each stage) suggest an estimate
of the population mean and deriw an exrresaim for 143 -mr{inco. Assuxe
that oach riret stage undt contains tho same nuzbor of second stage uni‘e.

For the anclysis «f *ariftnce of tho si8erwed second stage mlues, coapube

* the expectations of mein squares = Loth Letween dnd within first stage

units.
Honce or otherwise, ahow how the andlyuis of wariance table could Le uced
to'study consequences of chwnging the 8darling fraction at edch atage, i

Writo ghort notes on any three of ths followings

(2} Tho Yates and Crundy ostizate of the variance of
HorAtz '.‘hon_r,un estinrtor,

(b) Line Snapling
() Hon Snapling Srrora

(d) Labiri's mothad of sclection with probability
proportimal to 8ize.

() Ratis “erous Regresuion eotimitca. [
002G002
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7.

INDIAN STATISTICAL INSTITUTI
Statistioinn'e Diplooa Exnmination, Novocter 1963

Papar IX 1 Subjocts of Spociallieation - II

1) Answor guesticns only from the soction below on
the subjrct of apecislisaticn you have opted for,

11) Figures in tho margin indicate full marka for ench
question.

(a) ECONOMIC STATISTICS - Indian Enonociecn

{Aosear any thren quostions from each group,
Neatness carring 4 marks)

CROUP__ A

Whit are the reasons for lcm productivity of agriculture in Indin 2
Bmmine critically the "packayn progrermo® aiming At reising agriocul-
tural production to the targot set in the third five year plan,

Examino the pattern of industrial locatinn in Indin. Is the present
policy of diapersal of irduatries for removing diepsrity botmoen
tho staten, oconomically sound ?

Examine oritioally the icportince cf a nati~nal minimum wago in
Indian induatries. YWaat factors would you take into conaidoration
to fix 1t ?

* Give an account of the organiuatinn cf tho banking aystem in India.
Do you think that the present structurce is suitsble for the current
financial probleams ? )

Anelyso the effaects of foreign aid on India'e futurc balango of
paymonts. What suggestions w:uld ycu offer for reorgnnising the
foreign trade of India to maet tho situation ? :

%rito notes on Amy tv-: % the following 1 )

1) abolition of expendliure tix in tha current bu.dgnt of India
11) holding the price line in India
141) progressive change in incomn distribution in India

iv) oxporionco of co-oporative organisations {n India,

GROUP B

D'iaung\ush betwoon average an! mrginal capital-output ratios.
Dow aro those ratios useful in plunning ? Indicate the limiations

aof thoao ratios with regard to statistical moasuromont and use in
planning.

Piesna turn over

Full marks 1 10O

(16)

(16)

(16)

(16)

(16)

(16)

(16)




Ba Give an account ¢f Dimar's model nf coonomic growth and deduce tho
gromth curve. Is the oodel applicabla to mituations in under-devoloped
countries-? . (15)

9. Whet ia tho matrix of tcohnical coofficienta ? ¥t method will you
ndopt to usze the matrix of tochnical coofficiantu for deriving future
production targets in a changing economy ? (16)

10, Vicet 48 linoar programming ? Hos will you use this technique to .
chock wother the allocation of rvssurcos in tho third five-year plan -
of Indta is optigum ? (16)

1. Examinn the invoctment pitterms in the tarea fiwe -verr plana ¢f India
in the light of tho difficultica faced. Wit type of investcent allo-
cation tho pinnaers should,in your opinicn, hive made in the third plan

s0 a8 not to bo poatured by bottlenecks ? (16)
124 Write critical notea on ary twy of thce Dllewing 1 (16)

1) statistical information available for planning in Intia.
41) crganisation and function of the Planning Comaission cf .India.
111) perspective planning in Incia.

:'1;1) investment in human capital ir. Indian planning.

0000002

(b) TECANO-COMMERCTAL STATISTICS - Operatizns Pesearch {Or Flementary
of Bookkeeping & Accountancy) & Statistical Methods in Business. R

(1) Operations Research -
( Anewsr any four quostions, lleatross carries 2 marks).
(Use separate anownr book far thesa quostions)

1. Diacuss tho role snd uco of quantitative models in operational rescarch.
. . . (Shd]
2. ¥nhat ara tho problems involved in invenbry mnagement ? What are the
usual models of inventory management and what ore tho data noodod
for thege models ?° (1
3. #Work out the expreasion for the discountod value K" of all futusy

. coots nasociated with a policy cf roplacing equipmont after overy
n poriods, whon tho in{tial zost of now cquipment is A, the costs
incurred in tho porioda 1, 2, 3, ..... of equal length aro
Cp» Cy cj. wesessss raspectivoly und tha coat of mcnoy is 10D r33 per
period. Thua or otherwisa deduce the following rules for dotermining ~
n correspording to the minirum of Xn 1

1) if the cost for tho next perind 18 less than the wotghted
avarago of previsus costs, ds not replace, and

Plrias tum ~ve-



4.

5.

Pagn P3

ﬂ) roplace if tha ceoot tor the next period is greater than
the wightod average: of previous costs, the weights
baing given by thy d'ocount faotors applied to the costs
in each poricd.

Discuosas hcw the cost equation und the rcplncumant rules can bo used
tn aotual prnctice. . . . (17)

For the case of ona cirvicing atation, Polunon arrivals with mean

arrival rate A and oxjonentinl service time with meon Borvice mte
where n ic tas mawtar of units in thonystem, show that P, *

the (limiting) probabilit; th.t there sre n units in the systen

at time t or any other tlm) satisfy thefollowing equations

A -
Pl n s ) , - : K ..
A+ (n-1Ju A ’
and Pn- YN ¥ -1-—,nu 2" ndl.

Oh.uun the solution of tha equetions.

Obtain also the diastributior ot tha 'aitmg tizo and the distribuﬂon

of the total tize an arrival symds in tho aystcm. .

Thus or othorsisec obtain averaz: qucuc-length, averege longth of
non-empty Quatee, nverage wniung tire of an arrival and average

time an errival sponda in tho system, (17)

l.mt 13 the durl 6f a Jnear p‘og““n’nlrg problea? %hat are the 5.
omplenontary relazis shipd Lezseen a”linear prograazing rrobla and {ta cual?
#hat 1s the irterprotatinn’and use of tha dual programming problem ?

Explain with tha Relr of itlustrations. (17

Explain in brief the uyuriz’ prograzming 'Ap;irmch and pose the
following 8o a dyn:u.nic p-~ manning provlom and solve,

A doalor places an order with Lia wholesaler on the firat of aach
month and obtaina delivery onc :onth later, Tho cost of holding’
inventory ;s (:1 «PQr unit per -ionth and the ca.t of shortago is
(:2 unit por month, ghortagea 1 il carried over frem ono month

to the next. If tks monthly dcand X 43 & random variable with

density-function p(x), find th policy that minirisos the long-torn
avorage costs par month. (17)

Pleane turn ovor
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(11) Elemonts of Bookacping & Accountancy
(Uso soparate answor book for those quasiions)

You aro given a Trial Balunca as at 31 October 1963 drawn by tho
Azcountant of X. You are roguired to propare the Trading and

Profit and Losa account for thn yoar onded 31 Octobor 1943 andtho Bal-

ancoe Shoot a3 ot that doto, aftor making neceseary adjustwents
for providing for a fow reservos and for roctifying a fow errors
found in tho Trial Balance as given below.

(a) Dobit of Rs. 500 in tho Drawing account should be charged

" to furniture and fittings.

(b) Materials purchased for the eroction of building of the
valuo of k. 1000/~ have been charged to purchasa account.

(o) Ra. 500/- puid in cash by X was crodited to Sales socount.

(d). Doprociation has to bo privided on Building © 23%, on

_Furniturs and Fittings @ 6%,

(o) Bad debts of Rs. 100/= should be written off.

(f) Bad debt reserva at 5% on Sundry Debtors and 2¥% disaount
on Sundry Creditors are to be provided.

(8) Adjustoents have to-be made for salaries unpaid Re. 200/-}
Ratos propaid ks, 60/-3 Ynsurance prepaid ks, 100/- ; carriage in
words unpaid Rs. 100/-. .

2rinl Balance as at 31,10,1963

\

fs, P

Capital A/C 50,000
Drawings account 1,500 )
Sale . 7,40, 000
Purchasas ’ 6,99,200
Salarios 1,200
Carriagae Inworde 400
Carriago Outwcrds 500
Lighting . 300
fates & Insurance 400
Diecount 500
Furni ture . 6,000
Sundry Debtars 8,000
» Sundxry Croditors 20,000
Petty cash 50
Cash at Pank : 1,700
Stock ot 31.10.1963 61,250
Building . 30,000

‘ 8,10,500 8,190,500

Plaano turn ovor



8.
(a)

(v)

(a)

9

crossed

Pajve-b

EITHER

Tho ¥anaging Dirccter of 2 comsnpry is to receive a commission of ten
percent on the naot grefita after the paymont of such cocmission.
Find the smount of hie ceowrmiasion {f the not profit before charging
his cozoiseian L{n » year namdunta to Ps. 24,200/

The rata of marine insuranco preaiua is 7% on the declared value of

the ecorgo, plus +% commimsion nd 4% exponses, A person consigns

go0da valuing Rs. ’),225/-'. Por how much should it bo inoured so that

in coae of loas tha full coat of tho cargo toywthor with all ineurance
axpenses may ba recoverad ?

Discount on & Bill of Fa. 528.75 nP payable ot the end of five yesrs ie. .
o] Rs. TB.75 nP. W¥hat {8 the rate of interest ? (5x5‘.|5)

In taking out the Trial Balanco of a trading concern, you find that

it does not agree and you post tho differcnce to susponse account in
the first.plsce. On closer scrutiny, the errore wsking for tho differ-
once in tha Trial Balonce sre datecteds These nre given below. You
aro required to roctify the errors by means of journal ontries and to
post tho suspense aecount.

(a) one itom of salos raturn for Rs. 500/~ was postod to the credit
of 'Sales A/C'. . e

(b) the purchase day-bock was undorcost by Rs. 300/

(c) ono ftem of saloe for Fs. 5.08 to 'AY wag ontored correctly in

the Salos Day-book but waas posted to the Crodit of 'A' in tho Sales
Lodger as Rs. 8.05. : . (15)

ziTrge

Briefly noto the differcnceon botween'a 'bearer' cheques on ‘order! choque; n
cheque; 8 'spocially croosed' chequej a crossed cheque marked 'not
negotiable!; and o crosaed cheque marked ‘account psyee only'.

(a) which of those forms, in your v'mw, affords the greatost
protaction sgainst fraud ? .

.(b) can a chequo crossed 'not nogotinble' be negotiated by
endorsesent ? .

(c) ¥hat othar protectionsa against fraud or forgery are u:nmllyl

regorted to by big establishmeats in Losuing choquea. (20)
OR

Give scoo of the important causes which pay account for an abnornel'
incresso or dccreaso in tho ratio-of grons profit to the turn over, (20)

(111) Statistical Mothodn in Business

(Answor any two queations. Use acparato ansser bock for theso quections)

Put yoursolf in the ponition of a market rosoarch tochnician attached

to & firm manufacturing washing eoap and detorgents, who haia to conduet

a somple survey in a city (take any Indian city for illustrativo

purpoace) to study the habits and attitudas of consumers with rogpect

to washing seap-an! “4tarmnte. Dascribe in datail how you would

procaed with thp:aprvey. (15)

Please turm over



1.

2.

3.

4.

Se

Poge 6

Writo a dotafled note on the stotistical cethods of busineas
forccasting. (9)

“The purposc of Job-ovaluation is to mako an analytical study of

the contonts and functions of 21l joba in order to dovolopa
doscription of their characteristies, to appraise these charactor-

istica according to their rolative importanco and vuluo, and to

ostablish a sound basis for sotting cquitadble ratoa and rato

changos. Doseride in detail the procodures that aro followed in
Job-evaluation for the abovo purpose. (15)

(a) DESICN & ARALYSIS OF EXPERIMENTS - Cembinatorial Aspects

( Answorony four quostions)

Dofinc a finito fiold of order p" where p 48 8 primo.Construct

*OF ( 2’) anl utilise it to construct a coopleto sot of mutually

orthogonal latin Squares of order 8. . (6410

Defino a balnaced imcomplete block design BIBD and state and prove
any thoorea on difforence sets to construct a BIBD, (13)

Show that if v 48 a prime pover of tho form 4t+ 3 whore t {is
n positive integer, Gno can construct a BIBD with paramnters

wabedtsd, reak=2tsel, Amt
with the holp of a difference asot. (1)

Defino a partially balanced incomplete block design ( PBIBD ) with
two sasocinto classen and obtain the relations among its paramoters. (1)

Construct & PBIBD for 36 treatments with 3 roplications, two
asaociate classes and black size 6 ond obtain §ts remaining
parasoters. ("

Indicate how,from thia deeign,me can construct a BIBD with
porapoters i

vabw 3, rak=1 Aaéb. . )

Dofino an orthegonal array of atrength t and index Adn S distinct
symbols, . (4}

Show how you cen construct such an array of strength 2 and index
1 fur 20 symbols with 5 constriints. . (2

Civo n eonstruction for the arrey [St. S+#1, 8, t] whorc 8= pn,
p aprico and S ) t. 1y . (22

Show that tho maxioum nuzbnr of points in PG (2, 5), whero S “1a

a primo powor, such thtt no three peints are cellinear ¢an not

oxcoed S +'2. Provo thit this number fa attnined when S 20,

Wat is tho izportance of tho 1bove rosult in tho theory of

confounding ? [ETSA S
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3

Papony

Explain the principlo of gencralised interaction in symmetrical

factorial designs of tho type ;@ whero S i3 o primo power and

oxplain how it loads to & goneril methol of conatruction for

eonfounded dosigns of the type ( S sk) . (11+14)

0000000

(e) SUPLE SURVEYS - Orxinizaticml Anpects
(Answer any_ four quosﬂom)

Write a critioal noto on the various typoa of non-sompling errors
that ariso in large-scale sample surveys in India and the steps to
be taken to minimize them. Discues hew acrutiny of data should be
arranged to onaure accurncy and relinbility of the data colloctod. ~ (25)

'

¥rite a detailod note on nrocessing and tabulation of data of large

scale sacple survoys, discussing both vanual and mechanical tabula-

tion. Illustrate by an examplo how tho mchine oporation in the
tabulation section ahould be prograamod 8o as to minimize the use

of available resources. (25)

You aro required to eatimate the cost of production of milk in your
State. %hat sappling unit would you uso and what type of frame would

you chooso ? ‘%hat items of i{nformation would you like to include and
what ultimato rosults weuld you like to present ? (25)

You aro asked t6 carry out a sample survey to otudy tha level of

1living of the working claas population in an industrial area. What
&re the various problems which you should considor while planning
the survey ? Describe the org:nization of tha fiold work and draw
up & set of imstructions to fiold workers and supervisors. (25)

Discuss poasible defects in & campling framy. How will you scrutinize
an actual frame to detoct and anseny the magnitude of such orrors ? (e)

Suggest a possidle freme for ecrducting o working class family-budgot
onquiry in a big city for daterzining woighta for cost of living
indicos. .How will you rm:ky & chaioo among tho altormatives availablo ?(9)
A fromo ocontaing 8somo overlepping aron sampling unita. Tho object

of tho survoy ia to cstimate population total of a particular charace

_teriatic. It ias suggastod that tho defect of tho frozo can be recti-

fi0d by eithor of tho followinz two wethods i-

1) Boundarios of all the ovorlapping sampling units
may bo arbitrarily defined boefore drawing tho sample.

14) Aa-the boundarien of tho eampled unita only aro
noceesary for purposes of ostimation, it is sufficicnt
if boundarios of those units only are arbitrarily
dafined.

Givo your eriticnl comments on thesn two mothods. (8)

Plonre ¢urm gver
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P"E. -8

¥Write short notes on ary threo of the following 1=
a) Contralizod and decentrallized training.
b) Dostruction of records
¢) Tho flow chart in data processing.
d) Interponctrating sub-samples in scrutiny and tsbulation.

o) Punching and verification,

coclodo
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Pamo N2
LIDIAY STATISTICAL INSTITUTE

Statietician's Diplomn Eximimation = lNoreaber 1963
Paper X 8 Subjects of Specialioation = IIX
Tines § lioure. - ‘ Full marks 110
(4) mswer g1 *izaa only froz the section below
on the subjucy you haa opted for. .

(41) Ficures {n ¢l morgia 4ndicdte full marks for |,
ech question.

(a) oneIC SRATISTICS - Practieal

. . o~ : (tnswer any frr quostioma)
1. ;.‘he following table gives the agricultural income-series for India for the

years 1921-4G. Fit a logistic ourve 0 tho sorioes.

‘fear Agr. incone fear Agr. inoome
(An. Av§) {Ra. ALJA)
121 38.07 1931 45.98
1922 45437 193 45.40
1923 46.98 1933 45.23
1924 39.70 193 45.64
1925 42.36 1935 44.48
1926 42.88 1936 43.67
1927 43.02 1937 43.67
1928 43.32 1938 46.73
1929 44.%0 1939 42.64
193C 45.34 1340 44.93

[Motes ¥hen the logiatic enrve i1 ~iven by
N S
’
1+ wet

and b oAy be estimated Ly the foraula of Rhodea

il
5 N R X
logg b =a 5=+ g tfl log, [ X, " 1]

where U ia tho total number of obaerxitions.])

Work out the proportion of ariance eyplained both in the reciprocal acriocs
and the original series, Interpret tho resulte and comzent. Examine if &
linear trend £ita tha data. [25]

2. The fallowing table gl'me inttrn:.\ﬂonnl data on labour inputs and waga=

rates £or tro industries. Fit the rolationsidp
Iaw

to the data far the two indusiries. [loro V is 'mlue added in thousinds
of U,8.dollars, L 46 labour input {u con-years and ¥ {8 wage rata (total
labaur coBt divided Ly L).
Obtain tho estimatou of b far the tvo industries and tost &f each ia
different from 1. Intergrot the results and cooment.

(ifote on thé datat- Tho data on wago-paments far df fferent countries

ineludy varying proportiona of non=wage Lensfits. The data on evplay-
pent Aro vnt corvected for {itaresuntry differenzea fa the nnber of
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‘wurs lori cd per ye‘\.r or the dge And pex co:npoauhn of the lavour fore: Y.

Slso ohmm t.!ul astimites of b

bleo and V/L aa the iudepcnden‘ vriable.

eatimitos qnid cc.:n:cnt .

Wien % 1e h-o‘\'.ed QA & dependont varin-
Compard tho two pots of

Country (,/exr of data) € =eat if.!u'\'-—y

Ko. Primirs iron ~nd ctecl
v LA v [3
1 TSt (1954) 0.6792 4216 G, 1266 4387
2 Camaa (1754} 0.0635 3910 6.1410 3169
3 dow 2ealand (1955/56)  0.0666 2503 0.2340 219G
4 amtralia (1955/56) 0,256 201 0.2330 2306
5 pemadrk (1354) 0.2034 1730 C.2173 1653
6 ‘Norway (1954) ©.2331 1569 G.2918 1560
7 ‘United Kingdom (1551) 0.2394 1431 6.4563 1224
8 Coluabia (1953) c.2040 1227 0.4193 1168
9 textco (1951) 6.2769 - 6% 0.4720 594
10.  Afgentina (1950) 0.5443 - 501 0.7926 - 591
11 Iraq (1954) N 1.2046. - 210
1. Japan (1953) 0.169% €25 G.7526 664
13 - Indin (1953) 0.08% 319 0.9060 456
.- . . - ’
3. Tho followirg tvo relationships give tle supply and the demind relation-
shipa. Verily that both Are just-identified and eatimito first the cocf-

ficients in

6f the ariables fraa bheir meand, given below.

e reduced form of aquations and than estinnte the structural
“cocfficients, froa the table

of oumn of squares and products of dedatimw

¥ork out also the prapor-

. tima of wriance expladned for the two roduced forz of ogquations.
“ho supply And domand relationahips are '

whers’

‘11'- fyz +ﬁ1x1
1; 7‘72 +ﬁ,x)

-Qespoc'.h;ol;, N

.

¥, = percapita consuaption (or sales) of meat (Pounds per year).
Y, = retail price of meat (index, 1935- 39 - 106)

X) = 98t of proceasing meat (mdex. 1935-39 = 1C3)

e

The /\r&-\blue '\re metoured froz tholir menis.
data, 1319-1941.

Tha saaple

X, = per capita real dispmable 1ncoue (dol1ars per ./e'\r)

cona(ata of anwal

Table of Buma of squ~res and products of deviationo fram the 2eana .

Y, Y, K 5 l\r;:.\:'.:euu
Y, 136954 - 392.55 - - 536.48  367LSL 26619
Y2 1581.49 0850.33 8354.59 2.3
X 253,00 361172 80.42
X Vil 8343565 495.57

Pleagwm Turn Cver
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6.

Inse 0

The following table wives tlhe diatriintion of incoma (!I.S.S.,QMA) in the
4 rural groupe in Indin. Test Af the dietrilutisn pattern changey froa
group to groupe.- Cmrare sho means M caefficients of 'r\ri'\‘icm and

coaparo these reeults vzl the tous regults. Samaent. .
Pursl ar 13 = muster of rereons
per capita :l'm'.hl,,' prrozenti~ in raral arens
expenditure ¢lias 117 1. Pl . 3 4 L
0~ 8 12,57 -12.1C 22135 -8.34.- -
"8 =-11 27.93 13.c6 25.55 15.60 .ot
11 - 13 12,81 10.C2 14.90 ©17.90. .
13 -5 11.22. 14.45 7.34 © 5496,
15 - 18 Lo 14.24 1111 1.60 12.21
18 - 21 N 16.40 1.6l ¢ 5.15 11.84
L2 =24 L, 7.05 . £.03 -3.23 6.69 .
*.24 - 28 . 4.60 1 4,52 5.19 ~Ts78 "
.28 - X4 3.02 . 6,17 4.22 5,12
34 - 43 3.56 " 3459 2,12 2.63
43 - 55 .07 2.1 1.31- 4.00 !
55 = oo 1.65 203 1.14 v 1465
Total 100.00 100.79 100,00 "© 100,00
Total mumler of ;. - . .-
DN_BO“E o B 3.5 § 182 1152 987

(Ha'u 1= Tural‘areas 1,2, 3, 4 are respecthel_/. Noreh Im.h, Bet Imu'l
Sauth Iidia :m:l vest India).
Solle tf:ﬁ tbllowlng Tlnc\’\r rrograaing prabloﬂ ei ther b_, working out all
the cor.fr aolutions and then snxatting’ the sptiaum one cr by any other
method fhat is conrenient for you. Write dowm the dual progrianing
problem ond, uaing the aoluuon of the original linear programaing
yroblem, solve the dudl progriaamsng rroblea. . Comaent on the resultoy

Three processes are Available for the p}oduction of corns The inrut coef~
ficients for unit level of prod:ictisn of corn (100 tona) are given below,

. Inputs Unite input caefﬂcx-‘;\'_s
L Proceas I Pracens 1T Praocess II1
lAbour . ain-aonths | . 25 5 v
Land ' aeres | ; 56 100 . . 125
Traators:s tractor-aonthn 20 » - 0

Tho rostrictiona on e xosou.rcea are that there are 10 :nn-nontlm of * hhaur

a-ailable and 110 aeres of land wmflable.

The prico of -com 1a given At ¢ 16 per ton. lhximize thp receipts.
Comzent on the rerulta. s PR . - i -

Below 15 ghron the, tran.x::. imenatrix for tho Unu.ed SL‘\toa !‘or zha yc\:\r
1947. . .. ' .
Work out (1) total gross” outpu“(

(2) €ross nad l_olr]‘\_l_ pralact at faclor pricoay

(3) toral resodroes 9v:ilable at markes priceay .

(4) input eocfficients for the dffforemt industries g '

(5) indirect taxes aqy Jubaieies
taotal groasa- au}“\t )

(6) personal consuaptiza

. for different industriea

, towal groos-output for different itema

(7

(25]

[25]
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N T e Zras . — Fial o
= fiuseries 12 10z ale o0l Exports CApitel s at. reroml
leented formtian .
=
Q tion
b1 1. Agriculture . ’
i and {2 -* 3127 1 o ey 4 1030 %, -13 13 3t -
m 2.Cxnlandpwer 3 - 3 8 2 2 3 2 1 49 . 72 4. . 2 a1 Yk
. ) 3. Building,tizbog) ' . . : ) ok ne
. ¢ tuilding l9 3 - 4 1.5 41 361 W 121 5. ¥y 6 2¢ |9 %
G < siserials - g £
T ] . . o &l
RS g 1. Chemicals amd i Y
3 m 3 rublber ,.% 5 17 - 12 6.11 12 2 28 20 142 17 3 4" ‘91 =
s ia - 5. Textiles and : M
i, ° elathing 345 -2 % 412 1 nl 1 13 s |5
s m % 6. Paper, print- ’ i
B - ing 2dd afecl, 6 * 4 5 4 - ¢ 3 3 41 26 9 4 4 3 18 '
5 3 I 7. Metal aaking « 122 2 * 2 - 41 18 2 1% 108 8 1 » . m
el 12 by - "
M & g - 8. Mginaering . 2115 * 1 1 1 - 5 19. 44 05 34 129 17 51 !
. o 9. el gada - 6 v 16 2 1026 - 4 15 6c 6 8 2 1B |
- o . . s . : !
; ER 1. Serdces - 80 4167 23 LY 16 5 - 18 el BT w0 63 7 915 |
: 3 2 - ot alleeated 22 4122 36 21 21°15 39 14 & - 29f o -8 . . |
2 2 ol 160 17 158 98 &2 52 <6 154 51 343 219 13931 156 29 162 1563 _
£ 3 Taports 28 * 3-9 5 8 6 1 1 5. 1 6 - - 13 13|
<] o 0 o - -
- PPN “* Gort, 21 1115 17 12 16 8 18 5139 22 218 8 3 35 313 :
o 2 % v t ]
I ) L3 s+* Prisary . { : _
S als % h input 258 51109 91 84 T2 '55 143 33 871 13 1372 8 2 J01 121 |
= w.um Total grws inguts: - 1

FJeos than J 50 aillions
»» {pdircct taxed net sulsidies
pyzend to rianry factors,

~o%11 groas outruts fad to®al grses inputs iy
er
not tally Lecqune of rowwiig off errars)
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Paen 9

(v) TECINC-COMERSIAL STATISTICS - Practieal’
ERCUR A = Stetistical Quality Contrsl: -

(lpnmom N7 t90 questions froo this group.
tso sep'\r:\(o answer back for this graup)

70 a proceos which haw beea giving 30 percent defectives, some changes
have bLeen made to improve tho procesa, It s desired to know whether
the chgea have been beneficial.

“Thid“risk 6f Assualig an iaproAment ‘when the procesa hag not changed,

and of na¢ dotecting & clinge in tho incldence of defectiveo when it s
25 percm\t, are both soughit t5 be kept at 0.C5.

Forkou'. a suitable anuon'_\‘\l uchma. Prop:\re a gmp]).lc'\). l.'\,/out to ’
orerate the schema. .
Draw tie GC curve of the schomo. ! o [
he following A3ta ahow the rcsults of an experl:ont' conducted in an
attezpt to "mlidate a raduction atandard. Three michines producing
the sage item, three operassrs and four time etudy zen Are involved.
Data are given in hundredths of @ minute over twd ni_.nu‘.en.

Lchines Operator T Tine ;My oen 3 y
1 A 56 27 © 28 14

B 84 25 .6 e

c 13 20 6 20

2 A 34 22 20 Y
: B Y 25 © 93 ]
c 11 17 45 17

3 A 18 25 . 62 14

N - B. 22 115 14 11
C 64 56 22 40

-Deeraine which sources of ‘Mriation are eignificant and estinite their

aﬁg\\nudea .

Baocd on the cutcose of Jour nalysis, e you suggeu any otl-er
experinent which might Le conducted? [e91

The specifications for the thickness of tha coating of an nn.'u:ol\ﬂre
3re, in certain drbitrary unite, 50 &+ 0. L

Baged on the specifiedrtiong, mset up a trial oon'rol chart for avernges
and ranges.

The first fifteen samples collected evory fifteen mimtes, gave tho
following averages and ranges.

waarle . = Snaple -
Ha. X R "2‘ © X R
1 52 2 9 , 48 )
2 52 4 10 49 3
3 54 [V 1n © 50 2
4 55 5 12 . 51 3
5 56 3 13 52 1
G 57 2 14 52 4

™17 59 3 15 52 1
8 48 ' 1 ’ . .

®* Proccas ndjusted. .

Plot the datn on your esntrsl chiart. Give Jour recmaonditima for the
future contral of tho.procean making whatever further analysis you em= .
3ider neceasary for this purpsoe. 125,

Pleanc urn Cvezx
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CROUP B = Cperationa Rasenrch
(use soparate :\nsrcr-ocript for 'his _ETOUP o)

( thover g $ro questions .) -

Using simplex or any other motl ¢, mixinize
Z = 5K -2Y + 32
subject to
~(2X « 2Y = 2) ¢ =2
3X=4Y ¢ 3
Y+ 3245
and X30, Y30 and 23 0.

The follawing table gived the length of time during which & nuaber n
of customors were ouserwel to be present in tho departaent during &
total periad of four hours. Toat if the distribution ia gemetrical.
Work out the medn and wariance of the’ variable n. Cxmaent,

n Tine in nimites n Tim in nimtes

0 16.8 1 - 9.6 ... _
1 3545 L -8 5.8 .

2 52.0 >8 9.6 -
z ;g";”' ’ Total . 240.6 - - P
5 18:0 . or 4 hours,

6 T 136

The fo].lowiné\'._:\bla gives informntion regarding the quantity of a cer-
taingoots de:nuded froa A stackekeeping \mu ot a t‘.ap:\rtnmt gtore,
Extnine aheshor. ‘a paissm diatribution can be \wed to genor‘\‘o do:nnd
for the. atock-kgeping unit, c'nzuu‘..

2 -2 '0ni¢e deadnded mner weelk Mo, of weeka
0 . @ 5 .
1 3 ’
2 4
4} 4
- 2. .
- 5 P --
6 1
7 ' 0
] 2 . .
« 9 1
10 - 1 !
Real 25

coeur € = ""His'.ic'\l Ythads 4n Business -

(Use nep'\r‘\tu angwer-seript for thda group)
(Answer '\n_,' tws questions) - — .

Zhe following table givos t):o induatrinl averdge monthly wage-rases
obtained through the wige survey 9,nd the pofins values obltained by &
eompany, of ten key joba, Fit a linear regresaiosn to the data t5 oltain
the relationahip between the induatrial rate (na the dependent wariable)

‘and the polnt value (as tho inderendent wariable). Does the liacar

rogression give & good fit? Iaterpret the results,

Please Turn Gver
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2

Job lios  Industridl aweragu Point mlue

ponthly rate. o
1 1cC 02

2 105 115 '

3 130 120
-4 148 135
5 155 N - 164
6 160 180
7 195 225
8 255 248
9 270 275
10 280 313

(1c]

The following table given tie percentigo distribution

8. of men and weoen
ueing differens brands of tailet soap. The to')l numter of men tnd
wonen interdewed are Alss given. Using tha  K°-teat or otlerwise,
deternine if men-and woamen differ in their preferénce for the-differens
brands, Conment on-the results, T s

Toilet 8033 used Ly men and woaen )
Brand rercentage of woocn using percentage .of mon using
the vrand ¢ha trand
A 20,3 15.5
B-= R PRI [T - R o A15.
_ ¢ ) 15.8 18.87 7T
D - B 10.5" 1.9
E o 6.0 15.4 -
 Roat - 3.4 27.3
Total 100.0 : 100.0
“=-2otal nualer 5060 - Xw
9. The following table gives percentige errors of forecenster of yearly

compiny oales Maxd on three Altemdtive mothods.

Examine which method of forectot ia to Le preferred nost.

Comaent.

percentige erraors oy percentdge errory
forechats ised on Actual Lased on the lewvel
annual investzent. of tho previous

! zearal uvales.

porcentage errors
Lareed on fourth
quarterly {nvostaeat
of the prewisus yadr

0036009
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(a) DERISH AMD AMMLYSIS 62 DNPERDITIDS - Praceienl

( tnownr 2iy three gquestions)

Ssixteon passengers m a ship.disesver that they are an excoptisually
rerrogentative body. Four are Enwlisiotn, four are Scos, four are Irish
and four are Welah. There are alvs four each of four different ages, 35,
45, 55 and 65 and nd twd of the eaze age are of the 8dze natiomdlity. By
professisn also four are lawyors, four 821diers, four Qdoctors and four
clorgraon and n3 tws of tho adne profession Are of the sdae Age or of the
sape matisndlty. :

It appears alas that four are bachelors, four married, four -xdnwéd and
four divoreed amd thas ns twd of the saze aarital stastus are of the oae
professian or of tha 0daa Agy or of the elze matismlity. Fimlly, four
are comservatins, four liberils, four sacialiats and four fascists and
no two of the 8ano paliticm) symrothisers are of tha shme marital etatus,
or the shme profevsisn, or the Bizmo Age, or the 8328 nationality.

Three of the fAscists are kn>m t0 Le an wnarried BEngliah lawyer of 65,
a married Scota soldier of 55 and a widowed Irish doctor of 45. Specify

‘the remdining fagcist.

Tt 48 further given that the Irish Socialist {a 35, the conserAtive of
45 48 a Seostanm, and tho Tglistman of 55 ia A clerg/man. #had do you
know of hie Welsh lawyer?

¥ith the object of imprordng the quality of a Wsic dyestuff, three
stages of the mamifacturing process were exiained and the factors
studied were as followat

Stace Pactar Lrvaly

1 Ae Tcmperature + (G) Low (1Y dien
oOxidation B. Quality of () ad (1)

. material -

2 C.Reductiom ~ {0) Atmospherio (1) Incrensed
Recduction- pressura ' L. R

3 D.Pressure (G) Low (1) nigh
Gen
drying E.Vacuun ) (0) Lovw © (1) Aten

Qi mersura of the quality is the 'shada' ag asseused by a recording
photo-clectric apectrameter, the lower the Alue rucorded, the bettor
being the quality.

From techniodl conaiderations, it io surmised that A sad B internct,
and 80 night C, D, and E, tut it wds lesa likely that thero wsuld be
intaractions Letween A or B on the ano hamd and C, D or E on the other.

The results of she experiment are giwven below, Anilyse the data and
give yuur coagenta.

Levels of factors Qality Lesols of factors Quality cha-
A B C D ) characteristio A B C D B ragterialie
6 6.0 0 ¢ 201.3 G 0 ¢ 1 1 255.5
1 ¢ 0 6 1 170.0 l ¢ ¢ 1 O 250.5
0 1 0 o0 1 183.5 ¢ 1 ¢6 1 o 260.5
1 1 0 0 ¢ 176.6 1 1 ¢ 11 244.0
o ¢ 1 o0 1 108.5 0 0 1 11 o .274.6
1 ¢ 1 0o ¢ 179.5 1 0 1 1 1 257.5
0 1 1 ¢ ¢ 174.5 0 1 1 1 1 256.0
1 11 0 1 196.5 11 1 1 ¢ 274.5

Plaae Turn Over
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1.

e yout for a varietal trial fawwvol'Ang 10 varieties in S blocks erch
of J plots ia obtained froa the following Arrangeaent .

Q1) (2) -(3) ()
(1) (5) (6) (1}
(2) (5) (8) XY
(3) (6) (8) (16)
(4) M (9) (10)

by taking the numlers willin Lrackets a3 the treatasnts m\d the rows
a8 blocka.

Verify that it 18 2 tro agsocaaty partially bilanced desiga and wril:
down the alues of the pardzeters of the design.

Write dowmn coaputdtinsndl instructions for complete amilysis (including
rocovery of inter block {nfsrodtlon) of the reaults of an experizent

with this layout.

Calculate aleo tha efficioncy factor of the Lesim.

To compare three varietiea of larley A,

B, and C, experimonts were

conducted in three locdlitice melected at random within a region, usin;
The tablo below gives the

in edch

locality a Lasin Squaro layout.

yields and the layout of the cxpérimcat.
Malyse the data and preocrile tho beat 'nr!.ou if arv.

Yieldn of three warieties of barley in lushels/acre
Co

Incalditr 1 lneader2 - - !nc-n_u-, 3
B c A c . B A A c
44.6 41.2 29.2 63.9 55.4 41.5 24.0 42,1 ]i
» B c A ¢ B. B A c
25.0 39.1 31.9 52..  63.80 53.4 25.5 24.7 4.5
C A B B A c c - B A
3646 26.8 45.5 5.8 46.9 64.8 4647 33,3 33.6

CCCo0K
(e) SAPLE suiVEsS « Prac

tieal

(Amswer a1l questions)

The following taLle shows the porulation size estimates (x) of differe:t
groups of the papulation of the U.S.A. in 1950, and square of the 8annl
cocfficiont of "mridtion (v-) of thoso egtinaten s

x

Yod m

Sl. no. Popula%ion graup E3tinato 8quared Cocfi,
" - (x) of wariatfon
(2
1. Feadléa, white, Gid not warl in 875660 L0GTR
1950, married, 35-54 years old. .
2. Pcaales, white, usually worked .
N full-tize, narried, eclericdl 26156C0 02550
and 82103 WOrkoru.
3..: Females, whito, usually worked .
full-t{a¢, widowed, civorced TREX%C .CC1656
or never married. .
1. Fennlea, white, &d not waork fa
1950, widawed, d-mreed, ar 8035CC 012322
soparated, l4-]4 years old.
ctd.,.



2.

np A

ble contd,

Sl Porulation group Egtiate Squired eoeff.
. : (x) of Ariatim
(4)
Se Feaales, dil nut work in 1950,
noser parried. 406666 - 4G15744
Ga Inles, white, did notv work.in ST -
' 1950, 2C-64 years old, 1613100 JG0R623
7. Males, non-shite, &id not work . :
during the year. 57060 +G13633

8. Iples, white, usually worked
full-tine, worked G-26 weoko

in 195G. 3100260 01357
9. Mles, nos-white, ¢id not work

in 1950, 14-19 years 21d. 20140 «02 3140
10. Feaales 56631460 L0094

a) Plot tho 'mluca 'Ii agalnet x on a graph.
b) Estimate the constats of A relatiaaship of tho fora
'li =a+ Yx.
¢) Srite yowur coments regarding the usefulness of relationships of
the aLove type in sraple surveys, pirticularly A populatio sursmy.

e following is a liet of the 28 municipalities of & particular region,

* with the mmber of farng and the nuaber of cattle in each munieipality.

Serinl nuaber of Iualer iuoler of Seridl.number luaber Nuzler of

municipality of cattle  of muniecipality of oattle *
faroo  (coo) . © farma (6c0)
"1 175 19.7 15 78 5.2
2 -135 10.3 16 83 9.0
3 361 3646 17 120 16.7
4 142 9.5 10 28 9.3
5 91 8.2 19 207 15.6
6 29 3.3 26 158 15.0
7 185 19.6 21 95 . 1.4
8 404 3544 22 350 20.5
9 100 15.7 23 133 9.9
16 181 106.5 24 138 2.1
11 .n 10.C 25 160 17.3
12 104 1641 26 273 20.6
13 2% 26.6 27 R 85 - 6.6
14 a4 6.9 . .20 137 11.4

_:\) Draw & edmple of 5 nuaicipnltics wish probabilities proportional
to the mmler of faras, with roplaceaent,
1) Ly the cumulati-n methody ’
{1) by Lahirita nethod.
In exch enoe tho steps in the selcction procoes alnuld be written
dowm in detafl, .
V) CLsain unbirged ectizites of the average mmber of oitile per farm
in  the whole region £fra the two piaples ysu ha'm draw.
¢) Calculate the varianca of these cotimites fraa the values gian for
the whole populatione

d) Suppose you are given only the sazple drawn in [(a)(4)] above, cvti-
mata tho saapling variance of the unbinexd cstiante of tha pdpulation
nean nuater of chttle par farm.

{

2)

pE



Pnrn An
of =

The follaving talle shnas ‘he mmhax:[:neodungs {n mrf.lndhidun). font.
of vom Led which 13 8D foet long, ah7 i 4 A rectingular table fora for

comvenience.

150» No. HEN [N Na. Na. No. 0.

1410 1120 21230 3-40 4150 5160 61-70 “271-06
26 16 27 37 4 %6 . 2 21
20 9 20 14 5 20 21 © 26
1n 22 25 4 1 43 15 16
16 26 3 2 9 27 ¥ .18
1 17 24 16 25 20 13 11
22 39 25 17 16 21 9 19
44 21 18 14 13 18 25 27
26 14 44 38 22 19 . 17 29
3 40 55 36 1 24 7 . %
26 bo] 39 29 9 % % - 29

a) Find the 'mrif'mce of the zean of a ayatentitic saaple consisting of
orery 10th foot. .

u) Campare this -mriance with tha variance for
i) a aizple raniom s:\u'ple of size & .
11) a etrasified saapla of eize O with 2 units per stratwa.

From a region eontaining 10CO ‘A llages and of total cultivalle area
965630 bLighas, A siaple randee sample of 66 villages wera drawm. The

following table shows tho tstal cultivmble arcd and the arer under

shedt in these villages.

' Total e¢ultivable aron (bishas)

Ared under . 200 760 1260 1700 2200
wheat (birhan) .
16 12 6
30 2 18 4 2 1
L, 50 s 4 3 1
/ 1% ) 2 1
I %0 1 2

Y-
a) oOvtain the ratis and rogression estinatou of the tatal ared under
whott in the region. .

b) . Obtadn estimites of the variinces of tho eatimates ysu have calcu-
Ited, and ¢oapare thoa with the variance of an estimite if, from
the sample, only information regnrding the area under whedt in
oieh 7i1lngze ws usod.

0200331
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