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INDIAN STATISTICAL INSTITUTE

STATISTICIAN'S DIPLOMA EXAMINATION=MAY 1062

PAPER I: OFFICIAL STATISTICS AND DESCRIPTIVE STATISTICS
(THEORETICAL)
Time : 4 hours Full marka : 100

Figures in the margin indicato full marks.

GROUP A
(Answor any three questions from this group)

1. Give an account of the various statistical roporting systcms existing in
India, lia(in& the different types of statistics collected undor each. Do you consider
that administrative statisticsa have boen neglected in this country? Illustrato your
answer by examples, (104-6)

2. Give an account of any recent samplo survoy in India with which you
are familiar, covering the purposo of the survey, sampling design (in detail), nature
and quality of data collected. Suggest in what way the survey plan could have beon

improved? (1244)
3. Describe the sot-up of the statistical offices of the United Nations and its
epecinlized agencics. (8)
Gjve a list of tho standards which thoy have brought out for the purpose of

* International comparability of statistica. (4)
Discuss tho useful of these standards from tho point of view of under-

developed countrics. (4)

4. Discuss critically the presont position of national and regional income
statistics in the country in the light of improvements which have been effocted during

the past decade of planning. -(12)

What furthor stops aro nooded for oliminating the existing doficioncics?  (4)

Neatnosa. (2)
GROUP B

(Answor any thres quostions from this group)

6. Writo down the frequency laws of tho Binomial, Poisson and Negative
Binomial distributions, Give examples of distributions arising in practico, which
conform to these lawe,

On an average, thore is ono misprint por pago in a book of 2000 pages. Estimate
the number of pages in the book that are complotoly froe of misprints. Jun!i.fy’;our
catimato, )



6. Explain tho concept of statistical depond of one ch toristic on

anothor. How do the product moment Corrolation Cooflicient and the Corrolution
ratio moasure this dependencot }

Givon that the lincar regression of Y on X {8 Y'=5—2X and that of X on ¥
is X=3—1Y, find out the means of X and ¥, and tho Coefficient of Correlation
botween thom. (16)

7. Why are time scrics d poscd into Comp ts? What docs tho trond
in a timo scries etand for ?  Doscribo the diffurent mothods available for determining
trond in timo scrice. (10) .

8. In the distribution of dinmetera of a lurgo number of spherical bulls, tho
moan = 50 mm.
median = 48 ram.
socond central momont = 1 (mm)?, {
third central momest = 2 (mm)3.
Tho weight w in mg. of a ball of dinmoter d am. is given by the formula w=5d3,
Find the mean and modisn weights of tho balls. (16)
Neatnoss. {2)
1

PAPER II: PROBABILITY THEORY AND STATISTICAL METHODS
(THEORETICAL)
Timo ¢ 4 hours . Full marks : 100

Figuree in tho margin indicate full marks.
GROUP A
(Answer any three questions from this group)
1. (a) Doscribe Kolmogorov's axiomatic approach to the notion of ‘probab.

ility’. ()
(8) A coin is toased until for tho first timo the samo result appears twico

in i ‘To overy possiblo out 0 requiring n tosscs attributo probability ;—n R

Describe the samplo space. (3)
Find the probability of the following ovonts:

(i) The exporiment ends boefore the fifth tosa. 3)

(i) An oven number of tosacs ia roquired. (4)

2. Dofino Student's ¢ and obtain its sampling distribution, undor tho usual
sssumptions.

Obtain tho varianco of the t-distribution (for d.f.>>1), and the kurtosis cocflicient
¥s. Find limiting valucs of tho oxpressions you obtain when the number of degrees
of frecdom tends to infinity, and commont on tho rosults. (8+8)

o
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3. Let tho probability ps that a family has exactly n childron be apn

when np 1 and po=1— lap . If the probability that a child may bo a boy is half
for any family, show that, for k> 1, the probability that a family has exactly k boys

is Tzﬁ’:’%‘_ Given that a family includes at lonst one boy, what is tho probability

that thero are two or more boys? . (124-4)

4, Define () variunce and (ii) median of a random variablo. Whon doos
tho varinnco of a random varisble vanish? Let X and Y bo independent random
variables with finite variance. Then show that the variance of X+ Y is equal to the
sum of tho variances of X and ¥. If X+ takes the conatant valuo C with probability
ono show that X and Y are constant with probability ono. If X has a density function

':Edori\-o the distribution of the median based on a sarople of sizo 2n+-1. (14+14+245417)

5. Dofine the moment gencrating function of a random variable. Lot X
and Y be indopendent random variables with moment gonorating functions ¢(t)
and ¢(f). Provo that the momont gonerating functions of X4 Y, ¢ X and X=a
are ¢ (2) y(), P(ct) and e~a @(2) respectivoly, whore ¢ and a are some constanta.

Evaluato the mament generating function of a Poisson random variable with
parameter A, If X, X3, .... Xp aro n indopondont Poisson varintes with paramoter

£ Xi+ cves 4 Xn—n) .
vm

limit of this moment gonorating funcuon as n—o0? (14+14+14+1434340)

Neatness ' (2)

A, what is the moment gonorating l'uncuon o What is the

GROUP B
(Anawer any thres questions from this group)
8. Explain tho terms (i) biased and unbissed estimators (ii) sampling distri-
bution of an estimator (ii) standard crror of an estimator.

Obtain the standard error of the moan in random samples of any size from
a population. Obtain the standard error of the linn in large ples from a p
tion.

Hence show that in large samples from a normal population thh mean 0
the samplo-mean is moro officiont than tho pl dion os an estimator of 0.

(6+2+4+44)

7, Explain tho torms (i) orrors of tho first and socond kind (ii) lovel of
significanco (iii) most powerful critical region (iv) uniformly most powerful tcat
(v) similar region.

Supposo you aro to test tho hypothosis that a coin is unbiasod, against tho
alternative that it is more Jikoly to show up a head.  Deseribe a suitable test procedure
basod on 10 tossos of tho coin and at an approximate lovel of 5%. Dotormins tho
powor of this test whon tho probability of the head is 3. (An approximate calculation
is only roquired). (8+8)



‘8. Explin tho following mothods of estimation :
(§) mothod of maximum likelihood.
(ti) mothod of momonta,

Iff(zr,a) = r‘:—:)»zl-l (>0, a>0)

is o density function with an unknown parameter @ and ) is a known positivo constant
show that the method of maximum likelihood end the method of momonts give the

samo estimato % for @ on tho basis of n indopondont obsorvations, £ being the

samplo mean. Show also that ™ =1 is an unbiased estimate of a. (8+8)
P n2

9. Writo down the donsity function of tho x? distribution ;with n degrees
of freedom and explain its uscfulness in tests for goodnoss of fit.

A statistician wants to investigato tho dependonce botween oye colour and
hair colour among a group of students. He classifiod oyo colour as Bluck, Brown
and Bluo and hair colour as Black, Brown and Golden. How should he collect and
present tho data?  Give the mothod of analysia of tho data with proper justifications.

N (8+8)

Neatnoss (2)

PAPER III : SAMPLE SURVEYS AND DESIGN & ANALYSIS OF
EXPERIMENTS (THEORETICAL)

Time : 4 hours Full marks : 100
Figures in the margin indicate full marks.

GROUP A
(Answor any three questions from this group)

1. {6) Dofine ‘random sampling numbors’ and mention someo of thoir important
usea in statistics, (5)
(6) Deseribo the method adopted for construction of any two well known sorics
of rand pling numt "
{¢) Describo the various tests that aro usually applied to test for randomness

in a sorica of rondom sampling numbora. (6)

2. You are required to plan a samplo survey to study tho problom of ‘indob.
tedness’ among tho rural agricultural population in India. Suggest a suitable plan
touching briofly, but adoquately, on oach of the following points :

(@) framo  (b) sampling units (c) mothod of sempling (d) estimation

proceduroe, (10)
Draft a simplo questionnaire that may bo used in this connoction. (6
3. (a) What are pilot survoys and what aro their uses? (8)

4



(b) What are cost and_variance functions and how are they obtsined from

pilot survoys? (10)

4. State how non.sampling errors differ from sampling crrors. (O]

What are intorponetrating samples? Explain thoir use and limitations in

the control of non.sampling orrors in largoe-scale sample survoys. (12)

Neatnoss 2
GROUP B

(Answor any three questions from this group)

5. In a variotal experiment with 11 variotics, a design is constructed using
11 blocks of size 5 aa under:

(1,2,3,5, 8), (2,3,4,6,9), (3.4,6,7,10, (4 6,6,8,11),

(5,6,7,9,1), (6,7, 8, 10, 2), (7,8,9,1L,3),  (8,9,10,1, 4),

9, 10, 11, 2, 5), (10,11,1,3,6,), (11,1,2,4,7).

Identify the typo of the design and find out the parametres of the design.
Describe the method of analyais you would adopt, using only intra.block information.

(16)
8. (a) Describo a rondomised block experiment and derive its wsual annlysis
under suitable assumptions. (10)

(b) Explain fully the part played by ‘randomisation’ in guch experiments. (6)

7. (a) Discuss how, through ‘analysis of covariance’ ono wutilises information
on an auxiliary variate to increass the eonsitivity of designed expori ta and indicat
situations whero such a procedure would be effoctive. (8)

(b) Draw up tho blank analysis of covariance table (one auxiliary varinte)
for o randomisod block experiments paring 6 treatments in 4 blocks of 6 plota
each, showing the degreea of freedom for the various components. 4

(c) Supposs the treatmonts are the possible combinations of two lovels of
Factor A and throo lovels of Factor B. Write down the improved estimate for main
offect of A after ting for tho regression of yield on the auxiliary variate. (4)

8. (a) Explain ‘confounding’, total and partin), in conncction with factorial
exporimenta. (0)
{b) You are required to plan a 25 fuctorial exporiment in blocks of size 8,
involving § factors A, B, C, D and E eo that the socond order intoractions ABC and
BCD are confounded. Writo down tho combinations apearing in each block soparately.
(c) Is any other d.f. so confounded? If wo, what effoct does it represont? ::;
Neatnoss (2



PAPER IV: APPLIED STATISTICS (THEORETICAL) |
Timo : 4 hours Full arorks : 100
(i) Answor questions only from the two groupa rolating to the subjncts you
havo opted for.

(') Uso a scparate answor book for ench group.
(#5) Figures in tho margin indicate full marks.

GROUP A—ECONOMIC STATISTICS
(Answer any three questions from this group)
1. If it is required to write a statistical note on tho trend of prices of gold

in India during post-indopendonco yaars, mention bricfly tho basio sources of data and
show how you would procced to analyso thom.

How would you correct the monthly sories of data for sonsonality? (6410}

2. Give a short nccount of tho naturo and uses of tho Cobb-Douglas production
function, Describo how you would proceced to detorminoe such functions for an agri-
cultural crop, such as paddy in Andhra Pradosh. (6+10)

3. Explain clearly tho concepts of national incomo at factor cost, national
income at market prices, gross national product, personal income, disposable incomo

and capital formntion. . (16)
4. Either,
Describe tho main fentures of the index number of agricultural production
published by tho Ministry of Food and Agriculture, Government of India. (16)
Or,

You are required to compile an indox number of cost of building eonstruction
in Calcutta. Describe the data you will requiro and the procedure you will ndopt
for tho computation of tho index. (16)

Neatness (2)

GROUP B—STATISTICAL QUALITY CONTROL
{Answer any three queationa from this group)

5. (a) Given tho values of Rango in k samples ench of sizo n, how will you
obtain & point catimnte of tho process atandard dovintion? Stato tho assumptions,
if any, that are mado in your method of estimation. (8)

(b) Explain how a (1—a) per cont confidenco intorval can bo set up for the
procesa atandard dovintion (i) waing samplo range (ii) using samplo standard
dovintion, (8)

6. (a) Explain ench of tho different typea of atipulations that aro commonly
placed on acceptance sampling plana for thoir conatruetion. (8)

(b) Comment on tho following statomont :

“The US Military Standard Plana could not have beon constructod without
roforonce to tho Dodgo-Romig Sampling Inapection Tnb]os".f (8)

[}



7. * (a) Explain tho procoduros to bo followed for sotling up ' Control Charts
on (i) averages and rungos (i1) fraction dofoctive and (iif) numbor of dofocts, with
varying sample size. Explain briofly tho thooretical basis and practical uso of baving
control limits on theso charts. (10)

(6) How is the cficiency of a control chart measured? Dotermino the OC
curve of & control chart of averages of eamples of aizo 4, with 3 sigma control limits
used for action, ing that the standard deviation is known and constant. (6)

8. A factory has tho option to purchaso its raw material from &5 different

to facturo a certain prod Tho fuctory has 5 machines for tho manu-

facturo of tho product, each machino being oporated by one oporator. Tho factory is

interested in conducting an experimont to dotormine which raw materinl gives bLoat
| rosults,

Suggest & suitablo design for the oxporbnent. Using the usual notations,
give tho estimatcs of the compononts of variance. (16)

Neatnoss (2)
GROUP C—STATISTICAL METIIODS IN GENETICS
(Answer any fuo questions from thia group)

9. Explain how linkage botween two factors can be dotocted and 1

Dorive tho expccted froquencics for tho four phenotypic classes into which
the olluprings of tho matings (i) Ab/aB X Ab/aB and (ii) AB/ab X ab/ab can be classified.
Examino which of the two matings montionod is more informative for tho
estimation of the linkage parametor. °4)
10. Dotermine the expocted frequencics of tho O, A, B and AB blood groups
in a population undor ‘random mating'.
How do you ostimate the gone froquoncics from observed froquencies of tho
0, A, B, and AB classes?
Thdicate how to dotect whothor the populution is subjoct to some amount
of inbreedings. (24)
11. Mention what data aro needod and how to computo a discriminant function
for solection of plants for a given charactoristic like thoe yiold.
How is gonotic advance due to the uso of discriminant function moasured. (24)
hcn'.nosa (2)

GROUP D—VITAL STATISTICS AND DEMOGRAPHY
(Answer any three questions from this group)

12. Dofine incid and prevalenco rates of sick Discuss the respectivo

" roles of gonoral hoalth surveys, caso finding (dingnostic) survoys, and hospital records
s sources of sicknoss dutn. Discuss briofly the results of any studics which have

beon mado to assosa tho offect of (i) proxy intorviows, and (u) length of rocall poriod

on the responses in a gonoral health survey? (16)

7




13. Define stationary and stable populations. How can one construct Lifs
Tables from vital statistics and consus roturna? \What are tho mainJadjustmonts
nocossary in the pirmary deta? (18)

14. Commont on the following staternonta (mude in connoction with some
demographio surveys) : (16)

(§) *‘Itis .... clear that tho survoy matorial is mainly of uso not eo much
for calculation of overall figures or ratos s for dotailed analysis of varying situations
and conditions; that is, difforonces betweon regions, clusses and strata in socioty. For
the overall figures roliance will continue to be placed, in tho main, on such data as
that of tho consus and tho birth and death registration statistics."

(i) ‘*For the rural inveatigation, .... in solocting tho villages, an attempt
was made to solect villages with population not more than 1500.... The investigators
wore givon instruction to svloct o samplo of 15 to 30 houscholds in each selectod villago
80 as to covor oll soctions of tho villago site.”

(i) *“‘Among males in tho labour force 86.35 por cont belong to the working
age group (16—61), 10.09 por cent aro boys (7—15 years), and only 5.35 per cent are
old (62 and above). Among fomales in tho labour force 85.73 por cent bolong to the
working age group, 12.42 per cent aro girls of tender ago and only 1.63 per cent are old.
Participation of females in tho labour force thus starts somowhat earlicr in life and
also torminates oarlior, compared to the malesa."

15. Discuss briefly the Indian Census operations in 1961, pointing out the
differcnces between this and the previous census.

If you are required to forocast tho populotion by age x sox groups in India

in the year 1966, how would you procoed? (16)
Neatnoss (2)

GROUP E—EDUCATIONAL AND PSYCHOLOGICAL STATISTICS
(Answer any thres questions from this group)
16. Describe the mothod of transforming raw scores on tests for a group of !

studonts into (i) standard or z-scores, (ii) McCall's T-scores and (iii) Percontile scores.
Indicato tho situations in which one or more of thom have usoful interprotation.

\Vhy is the presont system of comparing and bining tho ination Bcorcs
considered as faulty and how could one improve upon it using percentile scorea of
students? (104-6)

17. Dofino bissrial and totrachoric correlations and describe the situations
in which thoy are usod. Explain tho concept of rank correlation and justify ita use
with psychological duta in proferonce to product moment correlation. Describo the
suitability of Kendall's T-Coofficient aa a mensuro of rank corrolation etating its advant-

agoa ovor Spearman's p. (5+5+6)
18. Dofine ‘roliability' and ‘validity of tosts’. Explain roliability in torms of
truo error and observed varinnces of tost scores, (&)
Obtain the formule for reliability in torms of test length. (O}



-\
How would you match difforont test itoms of a battery to got a unique value

for the reliability Coefficiont. ' (4)
\Vhy ia ‘split-half’ mothod of finding reliability not suitable for spoed testa? (4)

19. Defino parullol tests. (6)
Show that rgy =-——l—_, + (l ) Nrghs whcm tho symbols have the

K Jrgp [

usual meaning. : : ’ o _(5)
How do you examino whothor throe or more givon tests aro pamlloh (8)
Neatnoss . 2

PAPER V: METHODS OF NUMERICAL COMPUTATION, DESCRIPTIVE |
STATISTICS AND OFFICIAL STATISTICS (PRACTICAL)

' Timo : § hours " Full marks: 100

() Figures in tho margin indicate full marks.
(13) Uso of calculating machines is permittod.

1. (a) Values of y=f(z) aro givon for six values of z. Find by a amtable
mothod of intorpolation tho value of y for z=0.7 corroct to six, d?cmml places.
Givo roasons for tho choice of the formula of intorpolation used by you. (12)

z 0.2 0.4 0.0 0.8 1.0 1.2

y 5702597  .6554217 .T257469 .7881446 8413447 .8849303

{(b) Find by numorical mothod of diffcrentiation the value of g' at z=0.7

for the function in (a) above. How many significant digits are there in your resulta? (5)

(c) Solve tho following equations in z, y, z:
63 = J32z4120y4-106=
251 = 12624501y+4413:
225 = 1062+413y+ 308 (8)
2. Either,
The frequoncy distribution of monthly income (in Rs.) of a sample if middlo
class familios in Colcutta aro given below. Fit a normal eurve to the distribution

and tost tho goodneces of fit. (20)
monthly incomo number of  monthly income pumber of

(Ra.) familics {Ra.) . familics

0— 75 15 300— 500 -1 309
75—100 51 G00— 760 - P’ 162
100—150 199 750—1000 ' 768
150—200 240 -~ 1000—1500 = " 750
200—300 324 1500—1800 27

Total 443 -
9



Or,

{a) In tho following tablo, X dcnotea the dovintion of mid-point of & class
intorval from an arbitrary origin oxproased in terms of constant width A of class.intorval
aa unit and f tho frequency of tho class.intorval.

X -3 =2 -1 0 1 2

[*]
'S

J 3 15 45 67 50 36

>
«
<>

Find A and the boundarics of all the class-intervals, if the mean and etandard
doviation (ignoring Sheppard’s corrolation) are reapectively 40.0604 and 7.92.
(N.B.—Square of standard deviation is equal to tho sum of tho squares of doviation
from the mean divided by tho total number of obsorvations). (10

(b) The mean of & normally distributed variable X is 2.08 and 9.68%, of the
values of X are negative. Find the probability that a valuo of X taken at random
will bo greater than 5.0. If the total frequency is 1250, draw the frequency curve
by caleulating a suitable number of ordinatos. (10)

3. The following data rolate to average values of land cultivated in acres
(X1), land owned in acres (X:), and sizo of family (X,):

land cultivated land owned sizo of
in acres (X3) in acres (X) famailics (X3)
3.44 2.33 5.13
4.27 3.30 5.70
5.07 4.14 6.14
5.80 5.28 8.40
7.54 6.36 6.84
7.17 7.28 7.08
8.38 8.26 7.68
8.68 9.28 7.31
0.87 10.12 8.71
10.70 11,35 8.01
11.99 13.34 8.12
12.33 14.2¢0 9.24
15.45 15.64 9.68
13.05 17.24 8.48
15.87 18.80 0.04
17.20 19.57 10.20
18.37 20.59 10.37
19.685 16.24 13.61

Dotormine tho regrossion equation of X; en X3 and X; and calouluto the
correaponding multiple correlation coofficient. (16}

10



4. From the following data rolating to middlo class B looa in Calcutt

3

in tho incomo group Rs, 101—150 por month, calculato the coat of living index for

1949 with 1939 as base year. (15)
|
I expenditure on price in Ra.
itom tho itom aa 9, unit —_— price indox
of the total 1939 1949  (base ycar 1930)
exponditure
L4
Food
Rice 15.41 soor 0.14 0.50
Wheat producta 4.63 » 0.13 0.53
Chira-muari 0.61 " 0.14 1.13
Pulscs 2.89 " 0.18 0.60
Fish 8.00 " 0.57 1.99
Moat 2.08 " 0.60 2.75
Egg 0.38 20 0.53 1.85
Milk 4.80 soer 0.19 0.79
Butter and Ghee 2.60 " 1.59 5.25
0il 4.72 » 0.48 2.14
Potato 3.48 " 0.12 0.50
Other vegotables 5.74 " 0.10 0.35
Salt 0.42 » 0.08 0.09
Spicos 1.62 » 0.60 2.74
Sugar and Gur 2.30 " 0.29 0.70
Tea and Tiffin 4.71 — 0.69 2.70
Ront and Tax 9.81 - _ — 110.00
Fuel and Light
Coal 3.46 Md. 0.38 1.60 -
Othor fuel 3.18 — —_ — 384.65
Clothing 6.43 - - -— 472.04
Miscllaneous .
Intoxicants 2.50 — - —_ 250.00
Toilet 1.13 - —_ — — 300.00
Education 1.83 - —_ —_ 150.00
Medicine 1.89 _ —_— - 250.00
Other itoms 7.33 —_ —_ -_— 300.0
8. Either,

(a) Name ono publication in which each of the following sories is available
and also montion tho issuing authority and the poriodicity, of the publication. (9)
(f) Indox bor of !
of the world.
(%) Porcontage absonteoism in mills of Bombay and Calcutta.
(it} Production, despatch and atock of coal In Bihar,
11

ployment in focturing by different countrics




() From tho publications supplicd to you, compilo the following data in a .
neat tabular form with propor headings and spacing for any six consocutivo months,
with footnotes if nocessary, (16)

(i) Valuo of imports of morchandiso into India by sea, air and land.
=+ (i) Valuo and quantum indox numbcrs of imports into and oxports from
India, of food itcms by sea, air and land.
(i¥d) Working class indox number of consumer prices.
Montion the sourco from which you have compilod the data. . .
Or,

(a) Collect rolovant information from the publications supplied and write
a note on the changes in tho por-capita national incomo in India since 1948-49. (13)

(4) From the official publications suppliod colloct data on index numboer of
gricultural production in India showing soparatoly figures for food grains, non-food
grains and all commeditics for as many yoars a3 possiblo and comment on the salient
foaturca of tho data. . (12)

PAPER VI: STATISTICAL METHODS, DESIGN & ANALYSIS OF
EXPERDIENTS AND SAMPLE SURVEYS (PRACTICAL)

Timeo : 5 hours Full marks : 100

() Figurca in the margin indicato full marks.
(%) Use of caleulating machinos is permittod.

GROUP A
{Answor any fwo questions from thia group)

1. ‘The following data give the gains in weight (in suitable unit) of 10 matchod
pairs of rata. One rat from oach pair recoived its protein from raw peanuts while
the othor rocoived its protoin from roastod peanuts. Tost to sco whothor roasting
the poanuts had any offoct on thoir protoin value. (20)

raw 61 60 66 63 56 63 50 56 44 61
ronstod 65 54 47 59 61 61 67 654 62 58

* 2, 878 profeasional soiontists were asked about their opinions (Agroo/Disagroo)
on oach of the following questions:
xy : Tho dovolopment of now ideas ia the aciontists’ groatest sourco of
satisfaction.
" 23 1. Tho scientist will make his maximum contribution to socioty when
ho has frocdom to work on problems which interest him.
z3 +  The negloct of basic sciontifio rescarch would bo the equivalont of
“killing the gooso that laid tho golden ogga”.

12



Tho (roquoney distribution of responses woro as follows :

Tesponse froquoncy
z) zy E
0 0 0 603
0 0 1 65
0 1 0 70
0 1 1 22
1- 0 0 72
1 0 1 18
1 1 0 21
1 1 1 5
0=)\gn.~o
1=Disagreo

Test if there is any association botween opinions expressed on these three

quostions.

(20)

3. Tho following tablo gives the variances and covariances for scores in two
tosts basod on a sample of 50 examinoes. Test if tho corrolation botwoen the two
tests is significantly different from zero. If not, sot up a 95% confidencs interval for it.

dispersion matrix

tosts A B
A 25.0704 12.4363 .
B 28,2021

A’=122,1
B’'=118.7

(20)

4« .. Fg,
. Independont measuromonts on tho angles of tho triangle above are given below.
a=350.1 a’=58.6 A=120.5
b=00.4 - b'=61.3 B=110.8
¢=00.1}) ¢'=00.2 C=120.7

C'=121.5

Muking uso of geomotrical proportica known, estimato by the mothod of lenst
8quares tho intornal angles of tho triangle (Fig.) and also the precision of moasure-

mont.

<13
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GROUP B
(Answor any fwo quostions from this group)

5. Four variotics of paddy were pared in five randomisod blocks of four
plots cach. Tho yiolds woro observed as follows :

varioty
block
B (o) D
1 56.8 55.0 48.0 52.3
2 54.5 50.5 48.8 55.8
3 53.3 52.3 49.3 50.8
4 53.0 54.0 46.0 54.3
5 66.3 54.3 49.8 55.3

{a) Sot up the analysis of variance table and demonstrate tho significance
of the troatment moan square. (10)
(8) Tt is suspocted that the varistion botween treatmonts is primarily due
to the small yield of varioty C. Test if this is supported by the above data. (5)

6. An experimont was porformed to test four materialsa 4, B, ¢ and D on
each of four runs of & hine with four positi A Latin Square design was chosen.
Tho numbors in the table denote the loss of weight of the material and the letters
A to D refer to the four materials, The loes of weight of the material B on the
fourth run of the machine in the fourth position could not be determined.

position in the machine

e 4 2 1 3

2 A (251) B (241) D (227) C (229)
3 D (234) C (273) A (274) B (226)
1 C (235) D (230) B (218) A (268)
4 T A (270) C (230) D (225)

Analyso the exporiment And make eritical commaents on the basia of statistics!
testa of significanco. (b}

14



7. The tablo bolow gives the plan and yiolds in 1bs per plot of a 3% exporimont
on turmoric laid out in 3 randomised blocks of nine plots each, the troatments being
all combinations of

=00 nitrogen Po=no super phosphate  Lpy=mno polash
ny =60 lbs N/acre P1=451bs P;0,[acre k=100 lbs K;Olacro
nz=120 1bs N/acre P1=00lba P10s/acre k3 =200 lbs K;0/acro

Plan and yiolds of raw turmerio in 1ba per plot.
Block I ny py Ky no pa ky na py ko no pa Ky
, in 90 18 68
no po ko ng ps ko ny ps by ny po k) n3 po ks
02 105 95 21 81
Block 11 nypok: . mapoko no Po k1 na pa ks
79 76 67 087
ny pa ke ne py ks no ps ko ny py ko na py Ky
88 5 n 76 76
Block IIl  mopsky  mipake  mapoks  mapria
n k) 06 106
o po ks ns pa ko ny ps ks no p k ny p1 Ky
66 107 88 6 [y

Analyse tho data and state your conclusions. (15)

GROUP €
(Answor any two queetions from this group)
8. The following table gives the stratification of all tea estates by registored
acreage under tea and the average and the standard doviation of the number of workers
on books,

gistored ber of ber of workers on books
acreage undor tes estates

tea avorago s.d.
0— 50 312 40 2.3
51—100 185 15 4.1
101--200 n1 180 8.7
201—400 88 351 156.3
401—600 5 518 22.9
601—800 71 721 29.1
801—1000 a8 837 36.8
Over 1000 3l 1213 50.3

13



Itis desired to chooso & samplo of 50 estates Lo eatimato tho total number of
tea workers in the region. Comporo the precision of tho following threo methods of
sample selection: ’

(a} an unrestrictod random sample. (6)
(b) stratified random samplo—proportional allocation, ' (5)
{c) stratified random samplo—Neyman's optimum solection. (5)

9. The following tablo gives the total area under cultivation z, and the yield

of paddy y for 30 villoges in a tohsil, .
villago arca  yiold of paddy villoge ~ area yield of paddy
in scres (z) in maunds {(y) | in acres (x) in maunds (y)
1 870 8521 18 1224 11913
2 883 8554 17 1220 11517
3 894 8783 18 1260 11953
4 901 8862 19 1260 11639
5 9814 7025 - 20 1302 12428
. 6 973 8887 21 1319 12126~
1 095 0569 22 1350 12172
8 1031 0598 23 1415 13221
9 1043 10316 24 1461 13040
10 1054 8963 25 1478 12103
11 1089 9502 26 1536 9560
12 mi 10512 27 s 14804
13 1123 10874 28 1501 - 14818
14 1177 11560 29 1601 15772
15 1203 11031 30 1650 15023

{a) Draw a sample of sizo 6 with replaccroent with probabilities proportional
to ares. Oblain an unbiased estimato to the total yiold of paddy and an unbiased
estimate of the variance of tho estimator, ) o U}

(b) Divide the villages into two strala of ncarby oqual total arca, grouping
tho villagea in their sorial onder. Draw samples of sizo 3 ench, frora cach stratum with
oqual probabilities with ropal Computo on unbinsed estimato of tho total
yiold of paddy. and an unbiasod cstimato of the vari of tho estimator, - - (8)

18.




10. In o stratified lo obtainod to esti the crop in a region, it is

L

given that tho variance V of tho estimate and tho total cost W are of the following

forma:
. N
v =X Aa; )
. - e
14 = b+2‘:n((¢‘+d‘:‘)
|

\Vhore A; = geographical aroa, - N - .
b = Rs. 10000.00, R
ng = number of samplo unita
and EN = sizo 'of samplo unit in tho ith stratwn and other
lotters donoto somo constanta. The numbor of etrata is 2 and the numorical values
of constants are givon bolow. . ,

Aq a; gi [ dg
(eq. milo) (Rs.) (Ra.)
1 7000 0.09 0.4 30 3.60 "
2 9000 0.12 0.6 36 4.00
Find out the optimum values of n; and z; for W=R?'. 50,000.00 (15)

PAPER VII: APPLIED STATISTICS (PRACTICAL)

Time: 5§ hours - i . Full marks : 100

(§) Answer queations only from the two groups rolating to the subjects you
have opted for.

(i) Use a soparate answer book for oach Group.

(i) Figures in the margin indicate full marks.

(iv) Uso of calculating machines ia permitted.

GROUP A—ECONOMIC STATISTICS
{Answer any two quostions from this group)

1. The following tablo gives some basio time-scrics data rolating to Indian
manufactures during the period 1047-1957. Theso data include (a) number of persons
employed, (b) total salarics and wages paid, (c) total moterinl and fuel comsumption
and doprociation and (d) total of products and by-products manufactured for sale.

Compute tho following for each yecar and interprot your results. You may
draw rough’ graphs for this purposo. _ ’

(f) valuo added by manufacture.
(1) value added por porson employed.
(4i5) non-labour paymonta.
(iv) non-labar paymonts as percontagoe of value addod. (25)
17 '
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2. The following tablo gives tho monthly statistics of production of sugar

in Indin during 1957—1001. Calculato the indices of seasonal varintion by the mothod
of maving avernge. {25)

TABLE 4. MONTHLY STATISTICS OF PRODUCTION OF SUGAR
IN INDIA DURING 1057—1001¢

(tho\ma_nd tons®®)

year

month

1057 1058 1959 1960 190t

) @ ) ) ) )
Junuary 361.4 420.8 444.8 498.3 641.3
February 335.7 411.5 411.2 473.5 501.8
March 375.8 371.8 3G6.5 443.9 505.5
April 271.0 197.68 174.3 205.3 416.9
May 153.1 51.8 32.3 76.6 208.4
June 39.3 3.8 0.2 2.9 43.1
July 9.9 4.3 4.5 5.3 8.3
Auguat 7.6 7.2 9.3 10.1 14.6
Scptember 8.2 10.6 10.3 16.2 17.1
October 17.4 18.0 20.0 39.0 —
November 136.2 89.8 179.3 239.0 —
December, 358.0 355.2 430.8 486.9 —

*Figures are in respect of cane sugar only.
**From Soptember 1960 onwards production figurea are in Thousand
Matric Tonnes (1 Ton=1.02 Metric Tonnes).
Source : Monthly Statistics of the Production of Sclected Industrica of
India, 1957—1901.

3. Fit o parabola by the method of leaat squares to the following data on
export of gasoline from the United States and plot the two curves for obscrved and
gradunted values, on tho same sheet of graph paper. (25)

yoars oxports of gnsolino
(millions of barrols)
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4. Tho dintribution of Central Government employces by various pay rangoa
and the porventage distribution of thoir pay in difforont groups aro given bolow for
1953 and 1958. Find out the values of Lorenz ratio for the two periods, Find out
by lincur interpolution the ordinate valuca of the Lorenz Curves corresponding to the
lowor 90 por cent and 93 per cont of tho employoos ranked according to pay. (23)

DISTRIBUTION OF CENTRAL GOVERNMENT EMPLOYEES AND

THEIR PAY .
puy mnges ber of omploy T ge of pay
( -
*) 1053 1058 1953 1058.
Below 51 814995 1000260 30.1 28.1
51—100 420839 520291 20.5 27.8
101—150 103218 168309 12.0 4.7
151—200 53258 67841 8.7 8.3
201—250 20243 28564 4.2 4.5
251—300 0741 16350 2.5 3.1
301—330 6814 9958 2.0 2.3
351—500 8008 11904 3.4 3.5
501—1750 4719 0644 2.7 2.9
151—1000 2115 3149 1.7 1.9
1001—1500 1143 . 1793 1.3 1.6
1501 and above 937 1148 1.9 1.0

GROUP B—STATISTICAL QUALITY CONTROL
5. (a) Obtain 959, confidence intervals:

(i) for the proportion dofective in the process, given that in a sample of
200 items 13 defectives wero found. )

(i) for tho avernge number of defects per yard in tho process, given that
on 13 pioces of cloth, each five yarde long, a total of 32 defecta wero noticed. (t)]

(1i) for the proccss mean, given that in a sample of 25 itema tho mean
was 12.32 units and the range 2.51 units. 3)

() Obtain the valuoa nocessary for drawing the control chart lince :

() in an 2-chart, givon that in 4 samples each of aizo 8, the meana were

4.8, 5.3, 4.7, 4.9 and tho rangee were 1.9, 1.3, 2.0, 1.8. (3)
(i7) in an s-chart, givon as a standard tho value 3.2 for the standard devis-
tion, and given that the mmplo size is eithor 8 or 5. (3)

(i) in a u-chart (defects por unit), givon that the numbor of unite per
sub-group is 13 or 20 and that the avorage number of dofocts per unit based on 8 sub-
groups is 1.4. 3

(¢) From the Dodge-Romig Sampling Inspoction Tables, soloct plans to
entisfy ¢

() lot sizo : 3400; process averngo : 1.30 percont; A O Q L1 2.50 per cent;
typo of sampling : doublo, . )
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(i) lot size: 12000; L T P Dt 2.5 por cont; procoss averago : 0.7 por cont;
type of sampling : single, (3)

(d) For each of the plans in (¢) above, obtain the approximate probabilitics
of accoptance (OC) at tho following values of incoming quality : 0.5, 1.0, 1.5, 2.0, 5.0,
"10.0 and 15.0 por cont. (6)

8. Either,

Construct A chart for recording the obsorvations of & soquentinl sampling
plun for testing py = 0.3 agninst p; = 0.4 with @ = 2 por cent and p = 1 por cent.
Sketch tho ASN Curve for this test. (20)
Or, /

The following tablo gives the reeuits of an experimont conducted by a factory
to study the effoct of three factors (mothol of pi ing, tomf o and raw material)
|on the yield of a process. The process was carried out by each of the two methods
M; and My; the main stage waa carried out at each of the three temporatures Ty, T

and T'; four batches of raw matorinl B,, By, By and B, wero used. Two trials were
carried out with each sot.

Analyso the data on the basis of this experimont. What specific suggestiona

¢an you make to increase tho yield? (20)
: | B | B; B, B,
| AN AR
{ 6.1 | 80.56 | 68.6 | 73.2 | e67.1 | 80.2 | 744 | 1.5
o 74.0°] 79.3 | 69.¢ | 76.0-| 71.4 | 72,0 | 78.6 | 75.3
7, 74.0 | 80.5 | 70.0 | 74.4 | 77.6 | 76.8 | 70.2 | 75.8
76.1 | 80.2 | 73.0 | 79.3 | 75.4 | 80.2 | 74.5 | 80.3
r, 74.0 | 78.2 | 74.8 | 81.0 [.73.0 | 80.90 | 78.2 | 85.8
82.9 | 83.8 | 74.0 | 79.0 | 72.8 | 77.8 | 717.6 | 79.6

GROUP C—STATISTICAL METHODS IN GENETICS
7. The following data rolate to 3 back croas teats for the gel;eo A and B.

frequencios
tost
AB Ab. aB b
I 58 72 103 07
II 63 81 .76 435
1x 88 13 15 40

() Examino whother the proportions in the four classes are significantly
difforont in the throo teats. : :
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(i) Examino tho duta for Linkage botweon -4 and B,

{#5i) Find the confidence limita to tho linkage factor. {30

8. Tho frequencics of the blood groups MM, MN and NV in two samploy
from two populations A nnd B aro as follows

o frequencies -
genotypo probability ” 3
aM m? 36 49
MN 2mn 82 2
NN “nr 18 15

Examine whother the gene froquencion of m and n are the same in bath !he
populations,

(20)

GROUP D—VITAL STATISTICS AND DEMOGRAPHY
{Answer any two questions from this group)
9. Fit a logistic or any other suitablo curvo to the following Indian Censua data
and from the fitted curve estimate the populution in 197! and 2001 A.D. (25)

Census year 1801 1001 1011 1921 1931 1841 1031 1061
Populntion (million)  235.9 235.0 250.7 249.0 277.4 316.9'359.2 438.0

"10. From the following duta, calculato tho gross and not reproduction rates.

_ You can assume a sex-rates of 103.8 malo per 100 female birtha. (25)

proportion surviving

ago group number of numberof  from birth to midpoin t
. lyenms) .. fomales live births of age group
(n ) (3) )

10—14 19561 | 8 .96928
15—19 17423 1220 90683
2024 16767 . 3002 .00338
25—29 14230 2349 03915
30—34 12352 1267 .05381
35—39 11259 587 94658
40—44 8254 120 .93509
43—19 8050 . [] 01912

tl. From tho I‘ollowi;\g dnta, caleulate tho working life expectancy at ages
15, 20, 25, 35, 45 and 65 for Indian males. The working lifo expectancy is dofined as

+m
SIS L gyt zbm
i

£
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where [ = numbor of persons living at ago z,
L, = number of persons living between ages z and z +1,
Pr:z + m = labour force proportion for tho age group z to z+m.
Tho eummation outsido the square brackets extends from tho base oge z to

the end of life, . . " (25)

age (z) [ T Psizgm

) 2) (3) (4)

15 87,138 3,157,629 .6704

2.0 . 82,748 ) 2.733,007. .7023

25 78,258 2,330,383 7550

335 67,968 1,597,304 L7669

45 565,612 976,304 . .6527

65 22,458 183,600 L3184

Note that '%"' L= TaTopm

GROUP E—~EDUCATIONAL AND PSYCHOLOGICAL STATISTICS
’ (Answer any two questions from this group)

12. Frequency distributions of marks obtained by two groups of candidates
A and B, in two major vornaculars aro given below. Make a comparative study of

achievements in Bengali and Hindi. ' (25)
bengali hindi
marks

R N i O u I 11
0— 4 —_ —_ —_ —_
5— 9 —_ 4 —_— _
10—14 3 "1 —_ —_
15—19 17 24 —_ —_—
20—24 58 68 3 _
25—29 133 152 _— 2
30—34 L 202 179 3 3
35—30 802 828 20 21
40—44 802 U8 27 2
45—490 687 028 19 12
50—54 4668 402 1]} 17
55—59 164 275 6 8
60—64 70 19 8 5
65—09 11 44 -2 2
70—74 13 17 R 1
75—170 1 3 —_ -




13. The following table given the roduced correlation matrix of sex teate.
A ing that tho ber of fi is 2, luate the factor loading,
by any suitablo mothod. (23

I 0.72 0.7  0.40 0.42 0.28
—_ ht 0.78 0.42 0.36 0.2¢
Re |- — —_— L 0.35 030 0.20

- - - A 042  0.28
- - - - At 0.2¢
- - - - - LH

14, From the Item.scoro matrix givon bolow for a 10-itom test taken by

8 individuals, ind—

{a) Itom variances and thoir sum.

{8) Indivdual score moans and the variance.

{¢) Apply Kudor-Richard F la—20 to estimate the Reliability
of the test. (25

MATRIX OF ITEM.SCORES FOR A 10-ITEM TEST TAKEN BY

: 8 INDIVIDUALS

itema

a b [ a ¢« f '] A 4 J
1 0 0 0 0 0 0 0 0 0 0
2 1 o 0 L 0 o0 o 0 0 ‘o
3 1 1 1 [} 1 0 0 [} [ 0
4 1 1 1 1 o 0 1 0 0 0
5 1.1 1 0 1 1 0 0 0 0
[] 1 1 1 1 0 1 0 1 1 0
7 1 1 1 1 1 1 1 1 o o0
8 1 1 1 1 1 1 1 1 1 1

PAPER VIII: SUBJECTS OF SPECIALISATION—I
Time : 4 hours Full marks : 100
() Answer quostions only from the soction on the subjoot of spoisliss
tion you have opted for.
(%) Figures in the margin indicate full marke.

(a) ECONOMIC STATISTICS—ECONOMETRICS
(Anywor any four questiona from this soction)

1. Lot E® bo an oporator which whon applied to a variable di pl it by
ono time unit, that is Errymziyn ond E-"yymzy_y. With this notation, & simple
aggrogative model of an aconomy is given by the equations,

zy = (1=aE-t) z,
. _ %3 m (bE-140E~%) 24
Zy = Iy . ’ o
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where zs, zy, 2 respectively stand for asset formation, national i and saving,
oxpreasod as doviations from the means.
Are tho parameters a, b, ¢ identifiublo? Give rcasons. (12)
Obtain the fundumental autoregressive equation of the system. U]
Discuss tho pattern of growth of national incomo given by the autoregressive
equation,

(1-1.6E-140.06 E~?)ry = 0. (8)

2. Derivo Cobb-Douglas production function from tho busioc assumptions
and discuss its propertiea. What kind of data would you use to cstimate tho paramotors
of a Cobb-Douglas production function? (15)

J. R. N. Stone has used a production function,

y = y*—8 (a=a®)
whoro y and a respectivoly denote output and real assots per head and the
symbols y*, a® and 8 denote tho purameters. In particular, y * denotes tho highest
attainable output per head which is reached when the actual amount of asscts per
hoad, a, is equal to a®. If ¥, A and n reapoctively stand for total output, total assots
and population, show that

Y
Y=2lnt 27"‘ (10)

3. Describo the methods used for deriving domand curves by making uso
of time series data, briefly indicating the nature of data utilised for the purpose. (17)
Obtain the price elasticity of domand of wheat from the demand curve,

2180

P = pr
whero p is prico and D is the quantity demanded. (8)
4. Describe how national i can be conceived a3 an aggregato of either
values added or factor shares or final expenditures. (15)

Briefly oxplain tho notion of an input-output table, and show that tho revonues
of production accounts cun be obtained as & product of a matrix multiplicr and the
vector of final purhascs. . (10)

5. Explain clearly the procedure of fractilo graphical analysis and indicate
some of the problems in which the proceduro is appropriate. (25)

hold

8, Given eross soction data on h

you fit the equations,

exponditure, how would

X
Y = a X5, and Y=am
where Y is oxpondituro on a particular itom of consumption and X is totul expenditure?
(15)

What do you undorstand by tho torms:
price clasticity, incomo olasticity, cross olasticity, arc olasticity? (10)
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(6) TECHNO.COMMERCIAL STATISTICS—STATISTICAL QUALITY
CONTROL

(Answor any four questivne from this eoction)
1. Explaining clearly the bmnsiv assumptions, describe how the sample range
and tho samplo stundard dovintion could each bo used for nasexsing process variubility?
In what circurastances would you advocate tho use of range in place of standard
doviation and why?
Indicato the uses of range on control charts and acceptance sampling, 23)

2. (a) Explain with illustrative oxawmples how tho control chart for uvoruges
and ranges could help interprot the quality of manufucture in relation to specification

limite? (10)

(6) Examino tho uso of median for control of tho averago lovel of A measurable
churactaristic, in tho pluce of the arithmatic mean. DBriefly discuss its ndvantages
and disadvantagea? (13)

3. What are the circumstances in which you will rocommend the use of
oach of these charts—group control charts, control charta for moving averages and !
ranges, control charts with eloping limits, and two way control charts. (12),

Skotch the steps in tho installation and maintenance in a plant, of uny one '
of theso charts, with special reference to the detection of assignable causcs of variation,
R (13

4. (a) Describe with the help of & euitable chart or dingram tho importunt

fuctors to be considered in catablishing a sampling inspection plan for lot acceptanco. (15)
(b) Discuss the value of the control chart 88 a tool in accoptauce inapoction.
(10)

5. (a) Beifly describo tho statistical tests available to test for equality of
a ot of sumple estimatea of variance and the significance of the largest of a sob of
samnplo cstimates of varianco. Examine their uses in industrinl quality control work.

(13) ,
(b) Examine the use of factorial oxperimenta in secking tho optimum operuting
couditions of an industrial process. Suggest alternative designs for this purppso. (10}

(d) DESIGN AND ANALYSIS OF EXPERIMENTS—STATISTICAL
ASPECTS

(Answor any four questions from thia sootion)

1. Discuss crilically, with oxamples, how in the design and annlysis of exporie
monts tho following techniques may bo used to increaso tho procision of experimontal
results 3

(a) grouping of oxporimenta! unita.
(b) choico of sizo, shapo and structure of oxporimental units,
(¢} oorroction for concomitant variation. 23)
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2. What is a balanced incomploto block design? How would you analyso
the results obtained from such an exporinent and also extract tho information from
block totals? Is it always worthwhile to extract intor-block information? (25)

3. A 23 factorial experiment was conducted on cocosnut trees, using singlo
tree plots and blocks of 8 plots, and achieving balanced loss of information on partinlly
confoundod three-factor and four-factor interactions in 5 roplications, and prosorving
all othor offects.

Explain clearly how you would analyse the results of this experiment. (15)

It was later found that some of the trees had a clockwise spiral of leaves while

' the others had an anticlockwiso spiral. 1low would you examine if tho treatmenta
have differential effects on these two types of trees? (10)
4. In order to estimato the parameters in the formula

1 = at+pini+darr+yunt+ Yz Y2242

conneeting tho expected response % with the levels (xr, z;) of two quantitative factors,
an experimont was ducted and tho resp yi was observed at the levels (zy4, 2:4)
of the two factors, =1, 2, .... n. Tho lovels were chosen to satisfy the following
conditions :

m(1,0=m(0,1)=0
m(2,0=m(0,2)=1m(l,1)=0
m(3,00=m(0,3)=m2,)=m(l,2)=0

m(4,0) =m(0,4) =3Im(22 =\ m@ 1) =m(1,3=0

where 1
— o h
m(t, 1:) = Py ‘E'l ( P )

Obtin loast-square ecstimates of the paramcters.

Assuming that the errors of obscrvation aro independent and have equal
variances, work out tho variances and tho covariances of the estimates of tho para.
meters, (25)

8. A teacher wants to carry out an experimont to determino which of the
following two mothotla of memorizing & poem is bettor: (1) momorizing onch line sepa.
ratoly or {2) memorizing stanza by stanza. Students of sovoral boys' and girls’
schools in the city are available for tho experiment.

Suggest a suitablo plan for tho exporiment, explaining clearly what is sought

to bo achioved by oach special feature of the plan. (25)
6. Writo critical notes on any two of the following:
{a) dosigna for t y elimination of hoteregencity.
(b) planning of long-torm exporimont
(¢) agronomio oxtension oxperiments on cultivators’ land. (124 x2)
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(¢) SAMPLE SURVEYS—TIHEORETICAL ASPECTS

(Answor any four questions from this section)

1. (i) Supposo d distinct units occur in a samplo of n units selected with
equal probability with repl t from a population of N units. Show that the

d
estimator ( X y;)/d whero yg is the value of tho charactoristic under consideration
i=1
for tho ith distinct unit in the sample, is unbinsed for the population mean ¥, ()
(ii) ObLtain an unbiased estimator of the variancoe of this estimntor. (10
(i1§) Supposo in a list of N fuctorics serinlly numbered, m fuctories have gone
out of existence and n new fuctories have been added to tho list making the present
total number of factories (N—m+n). Give a simplo procedure for selecting ono factory
with equal probability from tho (N—m+ n) factories avoiding renumboring of the

original N fuctories and show that your procoduro achioves cqual probability for the
new fuctoriecs. (10)

2. (i) Describe ‘lincar’ and ‘circular’ systomatic sminpling prorocdures and
discuss briefly their advantages and dizadvantages. (7
)

(#1) Show that (a) I T and (b) ¥ T/n aro unbiused estimator of the population’

total in “lincar” and**circular* systematic sampling respectively,whero I is tho sampling

interval, N the number of units in thoe population, n the number of units in the sample,
and T the samplo total. (8)

(iii) Show that systematic sampling will be more cfficient than sampling
with equul probabilty without replacement if the intra.cluss correlation coecfficiont

<= —N—l_—l. where N is tho numbor of units in tho population. (10)

3. (i) Lety; and p; (i=1,2,....,n) be tho valuo of the characteristic under
consideration and probability of selection at any draw for tho ith unit in a sample
of n units gelected with varying probabilities with replacement.  Obtain an unbinsed
estimntor of the populntion total ¥ and derive nan unbiased estimator of its varinnce. (lO)l

(i) If o samplo of n units is solected with varying probabilities without
n

replacement, show that the estimator (_Ey,[‘.n) whore ; is the probability of
-1

inclusion of tho sth unit in tho sample, is unbiased for the population total ¥. Dorive
an unbiased estimator of tho variance of this estimator. (15)

4. (i) Describo clustor sampling and discuss briefly its advantages and
disadvantages. (5)
(ii) Compare tho cfficicncy of solecting n clustors of M units with equal
probability without replacemont with that of sampling n) units directly with equal
probability without replacement. )
(i) Given a samplo of n clusters of M units soloctod with equal probability

with replacement, obtain an estimator of loss of efficioncy in using cluater sampling,
a8 compared to sampling n.\f unita diroctly with equal probability with rep! e (12)
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5. (1) Discuss briofly the advnntné«l of stratified sampling. (0}

{if) Montion the points one should consider in ovolving a suitable stratificd
samplo design for a survoy. (0)

(ii¥) Supposo tho objoctivo is to estimato tho difference in the rates of incidenco
of & particulur discase in a ‘modol villago® and a neighbouring village. Treating the
villagea as strata and assuming the cost of dingnosia of the diseaso to bo C; and C,
peor porson reapectivoly in tho two villnges, determino the optimum allocation of samplo
8iz0 to tho two villages when tho cost of the survoy is fixed at €. Lot Ny and N,
be tho tota]l numbor of perons and Py and Py bo the rates of incidonce of tho
disenso in tho two villuges. Assumo equal probubility pling without rep!
in the atratn, (16)

6. () Ify and r are unbiuscd ostimators of tho population totals ¥ and X
of tho characteristic undzr considerntion and tho supplemontary variate roapoctively
based on any samplo design, show that the ratio of tho exact bins of the ratio

estimator z! X to its standard error ia not greater than the coofficient of variation
(rolutive atandard error) of tho sstimator z. (8)

(1) Derive approximate cxpreasions for the bias and the mean square error

of tho ratio estimator %—.\' stating clearly the assumptions involved. (10)

(17) Let y, and z, be unbinsed estimates of tho population totals ¥ and X
of tho charactoriatio under consideration and the supplementary information respectively
basod on the samplo ‘e’ selected with probability p,. Show that the ratio estimator

z-' X will bo unbiased for the population total Y if the sample ‘s’ were sclectod with
*

probability proportional to z, p,. Obtain the variance of this estimator. (W)}
7. () Define a self-weighting design and discuss briofly its advantages and
disadvantages, (6)
(i7) Show that a two-stage design, where n villages are sclected with probability
proportional to number of houscholds in them, in tho first stage, and m houscholda
aro solected with equal probability without replacement in the second stago from each

aclocted village, is self-woighting. (U]
(i) Dorive an unbiased estimator of the variance of the solf-weighting
.estimator obtainod in (5i). (12)

(9) STATISTICAL INFERENCE—GENERAL THEORY

(Answer any five queations from this section)

L. (a) Dofine the *‘consistoncy” of an estimator (5)
(6) Show that if E(Tp)—30 and ¥(Ta)-»0 as n—>00 thon T is & conaistent
estimator of 9. (5)

(c) Give two oxamples of consistont estimators which aro not unbiasod. (5)
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(d) Examino if the samplo menn ia a connistont eatimator of the parametor
A of tho Cauchy distribution {5)

/(2-n)=—l— !

= TTE—pF —wlxL+oee

2. (a) Show that the cocflicient of correlation between two unbinasd efficient
estimatora T and 7" of a paramncter § is unity. (4)
(b) VUsing tho above, show that an unbinsed officient estimato ia uniquo in

tho senso that if T and T are two auch catimates, the probability of thoso anmple

points for which the values of T and T” aro different is zero. [}
(¢) Obtain the Cramer-Rao oxpression for the minimum variance which an
unbiased estimator of # can attain. {8)
(d) Dorive, if possiblo, a sharper bound for this minimum variance than

that obtained in (c). (4)
3. (a) Defino a ‘‘sufficient statistic” and n “sufficient set of statistics™. (5)

(}) Examine if tho samplo menn is a sufficicnt statistic for the parameter

# of a normal distribution N (g.0) where # and o are unknown. {5)

(c) Stato a general form of distributions which admit of a sufficient statiatie

and exnmine if N(0,0) haa this form with reapect to the cstimation of o. (5)
(d) If T is an unbinzed estimator of 0 and 7 a sufficient statistic, show

that the function A(T')=E(T|T’) i also an unbiased eatimator and that the variance
of MT") cannot exceed that of T, . (5)
4. (a) Dofino a‘‘most powerful” test and ehow how such a test is constructed

in tho case of a aimplo hypothesis agninst a simple alternative. Givo proofs for your
assertions. (1)
{b) Examino if a moat powerful teat is noccasarily unbinsed. (6)

(¢) Construct a most powerful teat for tho hypothesia 0 =0, for a normal
population N{(0,6) and examine if tho teat obtained is also uniformly mosat

powerful. (7
8. (a) Defino a ‘“‘composite hypotheaia™ and give two oxamples of such
hypothesis. ()
(b) What are “similar regiona™ in ramploe space and how nre they usoful in

test construction? )

(¢) State a property which tho frequency function of a population should
have in order that aimilar regions may be obtained. How would you procced to

construct most powerful testa from aimilar regions? (6)
(d) Describo the construction of similar regiona and a most powerful teat

for tho hypothiesis p=ypgy for a normal population N (g,q). (]
8. (a) Stato Neyman-Pearson's lomma. (6)

(b) Dofino *“*loenlly mont powerful unbinrod teats” and show how the above
lomma can bo used to conatruet thoso toata. (7
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{c) Conatruct a locally most poworful unbinsed test for the hypothosis

o=ag for a normal population V{0, a). (N
7. (a) What ia a confldence interval in tho Noyman senso? {6)
(6) Expluin clearly with the help of an examplo Neymuan's concept of tho
“shortest” confidence interval, {0)
(¢) Show how the abovo idoas aro connected with the construction of uniformly

mosat poweful teaty, illustrating your stutements with the idleration of tho y
A of a normal population N (g, 1). (8)

8. Write in bricf & description of the prublem of atatistical inforence viewed
us a decision problem and bLring out how estimation of purumeters und testing of

hypothesca aro two spocial cases of decision problemns. (10)
Show how the solution of an appropriate zero-sum two porson gumo leads to
tho solution of a dccision problem. (10)

PAPER IX: SUBJECTS OF SPECIALISATION—II

Timeo : 4 hours Full marks : 100

(i) Answer qucations ox(ly from the section on the subject of specialisation
you have opted for.
(i) Figures in the margin indinte full marks.

{a) ECONOMIC STATISTICS—INDIAN ECONOMICS AND
ECONOMICS OF PLANNING

GROUP A
{Answer any four questions from this group)

1. DBriefly discuss the merits and demerita of direct and indirect tuxes in
the Indinn context. On what economic grounds would you justify taxes on
luxuries? (132}

2. \Vhat is tho function and performanco of the Industrial Financo Corpora-
tion? Why is tho Indian banking systom unequal to the task of financing

industica? (12p)
3. Either,
What aro the main stepa taken by the Reserve Bank of Indin to extend facilitics
* for bank crodit to Indinn ngriculturists? (12])
Or,

What are tho basic advantages of an extensivo bill market? Enumeralo the
steps takon by the Resorve Bank of Indin to promote an activo bill market. (12})
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4. Givo tho current official estimates of tho percontago distribution of national
incomo over agricultural and non.ngricultural scctors of the Indinn economy and thy
percontage distribution of the working forco over thoso soctors.

What picturo do you got if you compuro these with thoso of some of tho dove.
loped economics? Bring out tho signifi of the chango from one typo of soctora)
distribution of working forco to another. (12})

5. What is the bearing of the Indian transport system on tho current coal
crisis? Suggest somo major lincs on which a solution of tho crisis has to be
sought. (12

8. Givo o critical appraisal of thoe presont systom of subsidies to constal
shipping. (12})

7. Writo notes on any two of tho following: 63483)

{a) The placo of engincering industries in economio growth.
(b) Tho progress of engincoring industry in India.
(¢) Tho importanco of Indian jute indlustry and the difficulties fncing the

industry.

8. Either,

Troce the goneral progresa achioved in imposing coiling on lund holdings in
difforont states of the Indian Union. (12
Or,

Roport the progress of consolidution of holdings in India. Discuss how far
tho two roforms of fixation of ceiling and consolidation aro contradictory. [{F4)]

GROUP B
{Answer any three questions from this group)

9. Elaborate Mahulanobis' two-soctor growth modol to show that a demand
function is implicit in the model. What is the marginal propomsity to consume,
according to that demand function? (163)

10. Stato larrod's equations for natural rate of growth and warranted rate
of growth. Carefully explain tho terms and bring out tho oscillatory character of
growth in this model. (163)

11. What do you understand by tho torm transaction matrix for a given
economy? Explain in what manner this is useful for national planning? (163)

12, What aro tho ostimated indicos or rates of growth of investruent in the
public and tho privato sectora of industry in India over tho docado 1950-60? DBroadly
indicate tho nature of the problom of deflution involved in such an cstimate and give
a modol procedure for deflation. (163)

13. (a) State tho extimated gnitudes of ployment nt the ond of the
Socond and tho Third Five Yonr Plans. Give rensona for tho trond and suggeat romodics

that are consistont with sound cconomies. (10

(b) Briofly discuss tho financial resources for the Third Fivo Year Plan  (61)
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(8} TECHINO-COMMERCIAL STATISTICS

() Answor Group A and cither Group B, or Goup B; whichever you have
opted for.
(is) Uso a separato unswer book for each group.

GROUP A: STATISTICAL METIIODS IN BUSINESS
{Answer both the quostions from this group)

1. (8) \What is Murket Resoarch, its scope and purposo? List the various
activities of marketing rescurch personnol, \What aro the various stages of a market
rescarch enquiry, and what points should generally bo covered in tho final report? (6)

(b) What are tho advantages and disadvantages of conducting a Markot Survey

by mailed questionnaires as compared to porsonal interviow method? (6)

(¢) Brifly explain tho Hansen-Hurwitz mothod of dealing with non-response

and its use in market resoarch. (6)
2. Either,

(a) What is Business forocasting? What is the type of data and what are

the mothods used for forecasting? (6)

(b) A company uscs the following formula :

Forecast Sales =Disposable i (weightod for induatry) X Industry trond

X company share of market.
Explain tho various torms in the formula and how the data for theso aro
obtained. - = (6)

Or,

(a) What is Job Evaluationt What is its central purposo? Outline the
main stops in tho Job Evaluation approach. What are tho factors to be taken into
account in evaluating a Job? ~ (5)

(b) Give a briof summary description of cach of tho four basic mothos of
evaluation. Expluin their compurative advantages and disadvantages. (4)

(¢) What is morit rating? How docs it basically diffor from Job
Evaluation? (3)

GROUP B, : OPERATIONS RESEARCH

(Answor question 7 and any fwo from tho rest in this group)

3. A contractor has a firm ordor to supply goods at a uniform rate R per unit
timo, 1le starts o production run ovory ¢ timo units, where ¢ is fixed. 1is sct up
cost cach timo ho etarts & run is Cy. Production timo is negligible, The cost of
holding unit amount of invontory for unit timo is Cj.

(a) Assurmno thot shortages are not pormitted. MHow froquently should a
production run be made and what quantity of goods should be produced? (10)
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(6) Supposo shortages are pormitted, and let Cy bo tho unit cost of shortage
per unit timo, How frequently should u production run bo mado and what should
bo the planned initinl invontory lovel at tho time ench baich is comploted? (15)

4. (a) A shop keepor has to decido how much quantity of bread he should
stock overy weok. Tho quantity of brend d lod in any woek is nssumed to be
a continuous random varinblo with a given probability density function f{z). Let A bo
the unit cost of purchasing broad, B unit suto prico, C refund on stale bread per unit
quantity, and finally D is tho unit penalty cost.

Find tho optimum quantity of bread to bo stocked. (15)

(b) IfA=8,B=20, C =2, D=5 and the distributions of domun is rectangulae
botween 1000 and 2000, show that the optimum quantity is 1740. (10)
5. (a) Explain clearly what is moant Ly the dual of u given linear programno
and tho mutual rolationship of the two problema. 8
(b) Write down the dual of tho following linear programming problem.
Maximiro 3r)+5rs+4rs subjoct lo the restrictions xy, Z;, x3 non-negative and
2z 4303 € 8, 262+ 5rg € 10 and 3r; 4205+ 4xy < 15, (8)
(¢} The optional simplex tubleau of the above problem with zy, x5, zg ns

slack variables is givon bolow. .

right hand

x, ) zy zy zs EN eido
R = BB
41 41 41 41
3 0 1 0 15 8 =10 50
41 41 41 41
73 0 0 1 =2 —12 15 89
41 41 41
- - - —45 —-24 —11 765

¢~z = i - =
=4 41 11 41 2z 41

From this tableau, find the optimum value of the dual variables and verify

the duality thcorom. (U]

6. (a) Write down (without proof) the equations for the steady state pro-

babilitica of a quouing system with s singlo server, whon both tho arrival and service

time distributions aro negntive exponentiul, the quoue disciplino is first come first
served and tho monn arrival rate ) is lexs than tho mean service rate p.

Also write down tho averago timo an srrival spends in tho systom, both in

the guouo and tho counter. (12)

(b} The arrival distribution of ships in a Larbour is Poisson with mean rato

X ships por wook and sorvico timo distribution iz oxponentinl with mean rato of g
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unloading per week. Tho quouo discipline is : firat como first scrviead. Tho ships
have to wait till tho dock is freo. Thore is only ono unloading dock in the harbour,
and the cost per unloading oporations is proportionnl to tho apeed of servico, that is,
it is equal to Du whoro D is the cost per oporation por unit soevico rats of oporating
tho dock. Tho averagoe cost of having one ship idlo in tho port (the cost of crow,
overhead ete.) is proportional to tho average timo spont in port, that is, it is equal to
C W where C is tho cost of ship dolay por week, 1V is the monn time including sorvice
spent in tho port, expreased in woeks.

Given 1, C, D, dolermine tho value of 4 so that the tolal averags cost por
ship unloaded is minimum. From this valuo of u show that we may includo as
follows.

(§) If the crow cost C is small compared to dock cost D, the optimum servico

rate nced not bo much larger than the arrival rate i.e. ono should keep dock utilization
| high at the exponse of ehip delay. (6)

, (i) But if the crew cost C is larger comparod to dock cost D, the optimum
valuo of # would be considerably largor than A i.e. ono could afford to have ons's
efficient dock idle most of the time in order to reduce costly ship dolaya. (7 -

7. Supposing that you are being interviowod by the Manager of a commercial "
firm for a job in its oporational rescarch departmont, explain, in non-technical language,
the scope and purposo of O.R. and its usofulness to tho firm. Give some examples
of application of O.R. in industry. o (20)

GROUP B,: ELEMENTS OF BOOK-KEEPING AND
ACCOUNTANCY

(Attempt all questions from this group)
8. From the following balances of S. K. Boso, a sole trador, prepare Trading
and Profit & Loss nccount and Balance Sheet, as at 31st Decombor 1061 :

Rs. Ra.
Capital Account 20,500 Rent Recoived 300
Carriago Inwards 150 Rent and Insurance 9,935
Cash in hand 55 Purchaso roturns 2,000 - -
Creditors-Trade 15,000 Plant and Muchinory 10,000 '
Cash at Bank 20,645 Powor 4,500
Stock on 1 January 1981 16,000 Purchasca 85,500
Sales 1,605,050 Bad dobts 600
Salaries and wages 17,200 Buad Dobt Rescrve
Sales Returns 300 (as of 1 January 1901) 300
Discount Recoived 000 Advertising (Dovelopment) 4,000
Debtors 7,300 Goodwill 2,600
Discount allowod 2,500 Travollors samplee 1,350
Creditora-(Exponscs) 3,400 Travollors Commisaion 1,445
Drawinga 2,600 Travellora aalurics 4,650
Gonoral Chargea 4,300 Wages-Manufucturing 11,600
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In preparing tho accounta tho following aro to bo taken into consideration:

(i) The closing stock was Ra. 11,500/- but thero has been a loxs by fire on
20 Dcecember 1061 to the extont of Ra. 10,000/- coverod by insurance.

(i) Deprocinto Plant and Machinery by 10%, and Travollera ramples by 3339,

(5i5) Incronse tho Bad debta Reservo by Rs. 1,000/-.

(fv) \Writo 6509 off Advertising Dovolopment Account.

(v) Annual promium on Insurance expiring 1 March 1962 was Rs. 000/-,

(vi) A commission of one por cont on tho gross profit ia to bo provided for
works manager and a commission of 59, of not profit (after charging the works managor's
commission) ia to bo credited to General Managor. (20)

9. From tho following ontrics in the Bank Columns of tho Cash Book of
M/s Roy & Co. and tho corresponding Pass Book you aro required to prepare a Bank
Roconcilation Statement as at 31 Docombor 1961.

(8)
BANKS COLUMNS OF CASH BOOK
1961 Rs. 1001 Ra.
Doc. 1 To balanco b/d 1,400 Dee. 5 By Pandoy & Sons 200
3 , Son&Co 245 18 ,, Garlick & Co. 300
7 , Rajaram & Sons 150 20 ,, Islam Bros. 425
12 ,, Smith Bros. 375 24 ,, Charles & Co. 320
17 ,, Chatterjoe & Co. 400 30 ,, Rent of premises 875
20 ,, Intercst on Invest-
ment 530 31 ,»» Offico slarios 1,750
23 ,, Issac & Sons 1,470 31 » Workshop wages 2,250
30 ,, Black & Co. 2,400 31 s» Logal Charges 230
31 ,, Balaram & Co. 1,450 31 » Drawings G0Oo
31 ,, Interest on Doposit 350 31 ,, Interest on Loan 500
31 ,, Yusuf Bros. 1,800 31 » DBank charges 50

M/S Roy & CO. IN ACCOUNT WITH TIIE BANK Ltd.

1962 : Rs. 1002 Re.
Jany 1  To Balance (ovor Draft) 3,025 Jany 3 By Issac & Sona 1,470
8 , Garlick & Co. 300 13- ,, Mitra Bros 740

14 ,, Porry & Co. 575 19 ,, Yusuf Bros 2,400

23 ,, Islam Bros 425 28 s Sultan Bros 900

30 ,, Murray Bros 700 31 ,, Black & Co. 1,800

31 » M. Chowdhury 180 ©o31 » Talukdar & Bros 1,500
31 ,, Charles & Co. 320 31 ,, Balaram & Co. 1,450 |

I
10. Roy, for the mutual accommodation of himsolf and Boso, draws upo?
tho latter o bill at thrce months date for Rs. 8,000)- dated st January 1061. The
bill is discountod by Roy at 5% and half the procoods are remitted to Boso.
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Boso at the same time drawa a bill at throo months date on Roy for Re. 4,000/-.
After socuring Roy's nccoptance, tho bill is discounted at 69 by Bose who romits
half tho proceeds to Roy. Bose becomes bankrupt on 31st March and 25 nP in the
rupee is reccived on 15th Muy as first and final dividend from his estate.

Write up the journal entrics in the books of Roy and the ledger entrics (Roy's

account) in the books of Boso. (18)
11. Either,
(a) Write short notes on the following:
(¥) Susponso account (2)
(i) Analytical Petty Cash Book (give proforma examplo) (2)
(i) Subsidiary Journal {2)
() Imprest systom of Petty Cash (2)
(b) ‘Balance Sheot and Profit und Loss Account aro dependent on each other’
—Explain. ()
Or,
{a) Is trial bal g! a plete guaranteo as to tho accuracy of
the books of accounta? {8)
{0) What steps would you tukoe to discovor errors in casea of disagrooment? (5)
(¢) Can closing stock be included in trial balance? 2)
12, Either,
(a) Explain:
(i) Fictious Assots and Waating Assota. (8)
(ii) Capital and Revenue Expenditure. (3)
(ii5) Deforred Rovenue Expenditure. 3)
() How should stock-in-trade bo valued and adjusted at the end of each
financial year? ()
Or,
{a) Distinguish b Trading, Manufi ing and Working account. (3)
{b) How should the following itorns bo trcated in finanl accounts?
(f) Raw materials (i) Finished products (iii) Non-productive wages (6)
(¢) Mention the points that would call for enquiry whon the percentago of
gross profit is more than justifiable. (6)

(d) DESIGN AND ANALYSIS OF EXPERIMENTS—COMBINATORIAL
ASPECTS

{Anawer any four quoations from this soction)

1. Dofine a finite ficld and a finite projoctive Goomotry and show how you
will construct a finite fiold with four olomanta. (12)
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Show how you will construct PG(2, #) with the holp of GF(x) whore # is a primo
power and in particular write down tho **points™ and *lines” of PG(2, 3). (13)

2. Defino o sot of mutunlly orthogonal latin squares of a given ordor. (4)

If N'(v) denotes the maximum number of mutually orthoéonnl latin squarea

of order v, shiow that
N v=1 (6)
Show that any sct of v—2 mutually orthogonal latin squares of order v can
bo completed to a full set of v—1 mutunlly orthogona! latin squares. (9)
Give an oxample of a latin squuro of order 4 which does not havo an orthogonal
mate. (6)

3. Dofino tho notion of an orthogonal array with v lovols, &k constraints,
strength d and indox A. (3)

Establish tho rolation botween an orthogonal areay indieated above with
d=2and X = 1 and a sot of mutually orthogonal latin squares of order v. (10)

Given a balanced incomploto block design with
Vab=dl~1 r=k=2, r=)

show how you will construct an orthogonal array with 2 aymbols, 4\—1 constraints,
strength 2 and index \. (10)

4. Dofine a balanced incompleto block design and obtain the rolutions amongat
tho paramotors, . (%)

Using matrix methods show that a nocessnry condition for existonco of a
symmoetrie b.i.b.d. is that r—x  must bo a perfect squaro when v is oven.  Also derivo
the inequality b > ¥ for any b.i.b.d. (8)

Explain the first fundamental theorem of differonces to construct a b.ib.d
and uso it to construct a design with paramoters

Veab=1, rok=5 r=2 (12)

5. Defino a partially balanced incomplete block design with two associato

clusses and cstablish the rclation amongst the parametors. (]
Obtain the purnmoters of a group-divisible design and show that theso para-

meters uniquely defino a group divisible association acheme. (5)
Obtain the cluwification of G.D. designa with the holp of the characteristic

roots of NN’ whero N is the incidenco matrix of the design, (8)
Show that thero is a t correapondl between a singular G.D.

design and a certain b.i.b. design. N 6

- 6. Explain tho principlo of generalissd Interaction with roferenco to a 2™
symmetric factorial exporiment. (10)

A 24 oxperiment is to bo earricd out in blocks of 4 plots each without cone
founding main offects. Give a suitablo design in 4 roplications partinlly confounding

overy interaction in somo replication or other. Write down what effects aro con-
founded in each replication (16)
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7. Explaia cloarly what is monnt by a rotatablo dosign. . 9)
Givo a mothod of constructing rotatable design of tho sccond order in throo
dimeonsions. (10)

— (¢) ‘SAMPLE SURVEYS—ORGANISATIONAL ASPECTS
{Answor any four quostions from this soction)

1. Writo an essuy on planning dnta collootion in a countrywide samplo survey
in India in the socio-cconomio field. Indicato the specinl foatures to bo incorporated
i€ tho survey is intended to bo a continuing one. 25)

2, What should be the dutics and functions of a field supervisor placed in
chargo of an organisution sot up to colloct duta on arca ond outturn of principnl crops
grown in a State. Mention somo of tho control charts thut he may maintain, indicating
thoir particular uses. (Illustrate on tho basis of any State you know beat). 25)

3. On what practicul considorations will you baso the design of a sample
survey to make a roliable estimato of the rate of growth of human poplulation in the
different States of Indin? Tow would these considerations be different if the objective
of the survey were to gnin insight into tho oconomic condition of smn[l acale (below
fuctory lovel) industrioa? (25)

4. Draw up a schodulo, for inquiry into tho satats of cmployment, undor
employment in the rural soctor of India. Give your own dofinitions and concepts
with justification and elaborate a sot of instructiona to fiold workers. (25)

5 What should be tho concurrent and post survey arrangement to ensure
maximum accurncy of the data collected in a survoy of tho typo mentioned in Question 4
above, before tho data aro forwarded to the processing department. 25)

8. Write notos on any three of tho following, in respect of samplo surveys :

(s) legal provision (ii) publicity arrangemonts (iii) budget preparation
(iv) survey calendar (v) post.cnumoration checks (vi) eall-back. (23)

PAPER X: SUBJECTS OF SPECIALISATION—III
Time : 5 hours oo Full marks : 100

(§) Answor questions only from tho section on tho wsubjoct of spocialisation
you havo opted for. ’
(i) Figures in tho margin indicate full marks.
(15f) Uso of calculating mnchines is pormittod.

(@) ECONOMIC STATISTICS (PRACTICAL)
(Atteinpt any five questions from this section)

L. The following tablo gives the per capita consumor oxponditure in rupecs
per raonth on all items and on foodgraing by cortain class ranges of per capita consumor
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oxpenditure. The figures rolato to rural India and wero colleeted during the 7th round
of the National Saumple Survey, Novomber 1953 to Murch 1054,

Computo Engol olasticity of food oxpenditure. . (20)

per capita per capita monthly expendituro (Rs.) porcontago

expenditure distribution

clnss (Rs.) on all itoms on food grains of persons
0— 8 . 6.20 3.76 15.47
8—11 9.63 5.03 17.80
11—-13 11.82 6.43 12.04
13—15 13.96 8.90 10,31
15—18 16.21 7.68 10.83
1821 10.06 7.09 8.75
21—24 22,08 8.90 6.94
24—28 26.06 8.35 5.77
28—-34 30.53 8.57 4.82
34—43 30.80 8.08 3.73
43—565 48.08 11.69 1.97
65 and above 89.05 10.68 1.57
all classea 17.22 8.73 100.00

2, In the Muahalanobis two.soctor model given by
¢
Yt = Yo [ 1-a MBit +—)"ﬁ—‘{( I+ XiBK) -~ ﬂ
Aid;

where Ao = 1000, ap = 8 per cent p; = 0.25 and Be = 0.50, 6nd out from which year,
A; = 0.5, would give a larger valuo of national income than »; = 0.1. (15)

In how many years will national incomo be (f) doublo and (i¢) threo times,
at the annual geomotrie rato of growth of 8 per cont per yecar? (5)

3. Tho following table gives the froquency distribution of income in Britain
during 1911-12 and covors persons with higher income.

Fit a Paroto curve to the duta, work out tho expocted froquencies, and obtain

an estimate of concentration ratio graphically or othorwise. (15+5)
income in thousands numbor of porsons
of pound sterling in thousands
5—10 7540
10—15 1890
15—20 700
20—-25 424
25—35 A1l
35—45 109
45—55 103
55—065 70
85—175 50
15—100 118
over 100 85
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4. Uso simplex mothod to maximiso
y = 62y + 5.52; + 023 + Bxy
subject to tho rostrictions,
zy+ 23+ 23+ 2, < 15
72.1+5¥:+3¢s+2n< 120" °
3z, + 523 + 1025 + 16z, & 100
as woll as tho conditions
2 » 0,2, 2 0,zy p Oandzy 3 0. (20)

5. Tho following tabloe gives the intor-industrial flows in India ,in 1949.50.
The figures are in Rs, crores (market prices).

intormediate flows

final total
agriculture industry  rest products  producta

intermediate flows

agriculture 930 942 126 3845 5852
industry 216 452 195 2838 3701
rest 50 676 - 238 2805 3769
value added 4047 1631 3210

total product 5852 3701 3769

If the final pro-ducts in agriculture, industry sod rest respectivoly go up by

5 per cent 10 por cent and 6 por cent what will be the lovela of total products in these

soctors? If tho total products go up, respectively, by theso percontages, obtain the

final product vector. T(1644)

8. Tho following table givea tho price and production of oats in the USA
oxprossod as ratios to tho respoctive tronds and donoted respectively by Y and X:

year Y X yoar Y X
1881 1.30 0.920 1894 1.07 0.836
1882 1.05 1.036 1805 0.75 1.070
1883 0.90 1.156 1896 0.78 0.9083
1884 0.85 1.128 1897 0.96 0.900
1885 0.84 1.165 1808 0.93 1.005
1886 0.77 1.108 1899 0.83 1.074
1887 0.90 1.124 1900 0.86 1.033
1888 0.79 1.151 1901 1.37 0.857
1889 0.81 1,188 1002 1.03 1.131
1800 1.48 0.708 1903 .14 0.911
1891 1.10 1.088 1004 0.88 1.033
1802 1.09 0.043 1005 0.86 1.000
1893 1.16 0.882
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It has Leon found that a curve, ¥ = 4%@\" approximately  represents the

rolations between the two variables. Estimate a and b. (20)

(b) TECHNO-COMMERCIAL STATISTICS (PRACTICAL)

(i) Answer Groups A & C and either Group By or Group B; whichover
you have opted for.

(is) Uso a soparate answer book for oach group.

GROUP A: STATISTICAL QUALITY CONTROL
(Answer any tiwo queations from this group)
1. The dimention of a component has beon under control with an overall

averago of 0.834” and an averago range in samples of 8izo 5 of 0.008°. The apccification
limita for tho product aro 0.820° and 0.840°

(a) what is the standnrd doviation of itern quality? )
(b) what is the 19 significance lovol valuo of the sample rango!? (3)
(¢) what is tho porcontage of ‘“off limits™ produced by the procoss? (4)
{d) what would be the por cont defective produced when the process average
shifts to 0.8377? 4)

(¢) what is the probability that a sample obsorvation would catch such a
shift on the control chart? 1)

(f) how many samples of sizo 5 would have to bs taken to have a probability
of 0.93 of eatching tho shift by at least one of the sampleat (4

(9) what should be the samplo sizo so that thero would be an even chanco
that a sample obscrvation would detect the change? (4)

2. (a) A state trading corporation has spocified that tho gross weight of
cement bags should be betweon 50+ 5 kg and that the average weight of 20 randomly
chosen bags should not be tera than 60 kg. What should bo the mean and the maximum
standard deviation of tho filling process 80 that tho spocification requiroments could
be met most economically?t n

) A pany which is doveloping a now product mnkes 25 itoms on a trial
basis. 4 of theso were found o bo dofoctive. Somo altorations in the design wore
then made and n itoma produced of which none wore found to bo defective. How large
should n have boon 8o that the now design could be considered an improvomont ot
1% level of significancet (13)

() Weights of empLy tins wero found to bo distributod with mean=95 gm
and e.d=4 gm. Tho woights of filled tins (gross woight) wore distributod with mean
=601 gm and s.d=16 gm. Estimato the mean and standard deviation of tho nott
weight of tho contonts. State ptions made,if any. (5

42




3. Tho following duta rofor to volumo, in unita of 0.01 o.c. fillod in “2 c.c.”
ampoules by 0 fillors. 8 -ampoules filled by ench filler have boon tested.

fi f3 f f, fy fe
226 218 224 211 227 106
199 203 236 188 252 215
247 231 245 220 229 180
227 235 215 229 244 211
254 105 274 203 220 212
230 220 230 223 219 204
228 . 218 213 225 203 189
212 229 210 222 218 186

(a) Teat for differences among the fillers in respect of variability as well as

the average levol. (15)
(b) Estimato the overall variability obtained in tho proccea and the likely
impro ts when gnablo causes, if any, are oliminated. Stato P
made, if any. i * (10)
GROUP B, : OPERATIONS RESEARCH
(Answer both the guestions from this group)
4. Either,

Obtajn a good first fensible basic solution of the following transportation
problem by Matrix minimum method (i.e. fill tho coll with tho smallest cost, and then
the cell with the next lower ¢ost and so on), Test whether this solution is optimal.

Otherwiso obtain an imy d basio feasible solution and its corresponding cost. (20}
destinations
origins ppli
1 2 3 4 5
1 7 10 7 4 ki 10
2 L] 2 6 L] 4 12
3 [] b b 11 3 4
4 5 1 10 1 1 18
roquircments 8 8 12 [} 10 44
Or,

A firm which buys and solls rice has atorage apace for 4000 tons. The buying
and pelling prices vary from senson to scason and are given below.

soason summer autumn  wintor  spring
Coat price Rs.fton 1250 1100 1200 1150
Sales prico Rs.jton 1300 1200 1275 1250
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" During any scason, tho firm can soll any amount up to total atock at the
beginning of tho scason. Also, it can order any amount during tho middlo of any
scoson at pricea shown above, to bo deli 1 at tho beginning of tho next senson,
If in tho beginning of summor, the firm has a stock of 1000 tons how much should
it plan to purchase aud soll for the noxt four sonsons to maximiso its profit. (20)

5. Tho cost per year of running a mnachino whoso purchaso prico was Rs. 6000,
and its resalo values aro given below.

At what ngo]'s a replacoment duo? (10)
yoar
1 2 3 4 5 ] 7
running cost 1000 1200 1400 1800 2300 2500 3400
resale price 3000 1500 750 315 200 200 200

GROUP B,: ELEMENTS OF BOOK-KEEPING AND
ACCOUNTANCY

{Answor all questions from this group)
8. How would you rectify tho following orrors discovered whilo preparing
the trinl balance : (9

(a) An item of Ra. 750 paid for the purchase of Gus Engino has been debited
to Cash Purchaso account.

(6) A eredit purchase of Rs. 125 form X & Co. has been omitted to be passed
through the invoice book but the payment mado subsequontly stands debited to their
nccount.

(¢) A credit sale of Rs. 75 to A. Sen duly entered in tho Sales Book has been
eredited to his account.

(d) Ra. 85 paid for the purchase of a sporting gun for one of tho partners
had been charged to Cash Purchases account.
(¢) An addition in the Returns Inwards book had been cast 10 nD short.

() A cheque for Ra. 100 rocoivod from a Sundry Debtor was duly recorded
in Cash Book and the Party's t. But tho subscq lish of tho cheque
wasg not takon into account. ) T

7. Tho Sundry Dobtors at 318t Docomber, 1960 wore Rs. 40,000 and you are
required to make a 6% Rosorve for Doubtful debts and also a §% Reaervo for Discounts.
Tho actuul bad debts during tho year 1061 amountod to Ra. 1,600 and the discount
allowed was Rs. 1,700. Tho dobtors at tho closo of tho year 1061 were Rs. 50,000
Resorve for Doubtful debts and Reservo for Discounts aro required to bo maintained
@% o8 in tho provious your. Show how tho transuctions would bo shown in the Profit
& Loss account and Balanco Sheet for tho years ended 1060 and 1061, (9

8. From the following Trading & Profit & Loss account and the Balance Sheel,
prepuro @ Trial Bulanco of S. K. Bose as ut 31st Docembor 1961,
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TRADING ACCOUNT
for tho year ended 31.12. 1961.

48

Re. Rs.
To Opening stock 21,300 By Salea 1,40,000
»» Purchnses 84,000 leas Returns 5,000 1,35,000
Less returns 4,000 80,000 4 valuo of stock
_— destroyed by fire 10,000
» Freight & Duty 10,000 » cloging stock 27,000
.» Gross Profit ¢/d to
P & L account 61,000
1,72,300 1,72,300
PROFIT & LOSS ACCOUNT
for the year ended 31.12.1061
To Salaries 18,600 By Gross profit bfd 61,000
1 Loss on Stock 1» Profit of toxtile
destroyed by fire 4,000 department 10,000
» Interest on loan of D. Das 1,350 » Reserve for discount
» Insuranco charges 800 on creditors 360
» Trading Expensca 800 » Reserve for discount
» Reserve for Debta 700 on Debtora a8
» Sundry Expenses 600
» Printing and Stationery 500
,» Deprecintion 11,450
» Net profit transforrod to
Capital sccount 32,698
71,398 71,308
BALANCE SHEET
a8 at 31.12.1961
Capital Aceount Land & Building
Balanco on Less Depreciation 58,800
1.1.1961 1,00,000 Leaso hold premiscs
add profit 32,098 Less Depreciation 24,000
for tho yenr Plant & Machinery
_— Less Deprecistion 16,000
1,32,608 Furnituro & Fixturo
Less Drawings 14,000 1,18,0608 Less Depreciation 4,750
_— Stock-inTrade
Laon from D. Das General goods 27,300
add interest 31,350 Textile goods 8,000 35,300
Sundry Creditors 18,000 . —_—
Leas Reserve Sundry Debtors 18,000
for discount 360 17,640 less Reservo for
Bad debts 900
17,100
leas Reserve
for discount 342 16,758
Insurance Company 6,000
Prepaid Insurance 200
- Cash in hand 1,280
Cash at Bank 4,600
1,867,088 1,67,688



You are informed that tho old Reserve for Deoubtful Debta was Ra. 1,000,

Prepare the Trin] Balance prior to tho following adjustmonts which have
slready been mado whilo preparing the Final Accounts :

(1) Tho stock on 31.12.1961 was Rs. 27,300.

(%) On 23rd December, 1961 a firo broko out and destroyed atock of the value
of Ra. 10,000. The Insurnnce Compnny admitted tho claim for loss of atock to the
viluo of Ra. 8,000 only and paid the amount on 10th Junuary, 1962,

{3) Of the Sundry Dcbtors, Rs. 400 are bad and should bo written off.  Tho
Reservo for Doubtful Debta should be maintained at 59, on Debtors (Net) and the
Reserve for Discount on Debtors at 2%. Also u resorve for discount on creditora is
maintained at 2%.

(4) Goods of the valuo of Rs. 6,000 had been received on 27th Decembor 1061,
but the purchase invoire was omitted to he recorded in the Purchnse Dook.

(3) Mr. Bose had utilised goods worth Rs. 2,000 for his personal use, but
no record wans mado of it.

(6) Deprecintion is to be provided s under:

Land & Building 207
Plant & Machinery @20%
Furniture & Fixturo @ 5%
Leaschold Premisca @20%

{7) Prepaid Insuranco was Ra. 200.

(8) Interest on Loan was to bo allowed at tho rate of 4]9; pec annum.
Givo suitable explonations for arriving at figures, whore nocessary. {12)

GROUP C: STATISTICAL METIIODS IN BUSINESS
(Answer all gueationa from thia group)
9. A departmentul store wisher to ascertain tho averago amount outatanding

on its customer accounts. Puat experience shows that tho suma outstanding nro as
shown in tho following table:

relutive Variance
Stratum Amount outstnnifng frequoncy  of amount
Rs.) outstanding
1 Lera than 5.0 .20 1
2 Between 5.0 and 20.0 .40 6
3 Retweon 20.0 and 50.0 .25 20
4 Notween 50.0 and 100.0 .10 135
5 Between 100 and 250 .03 650
1] abovo 250 .02 2500

Show how to uso atratified sampling to minimiso tho varinnco of tho eatimate
of tho mean anount outatanding based on a samplo of 5000 accounts, (8)
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10. A burcau of business resoarch polled a samplo of 500 men ongaged in
differont fiolds of business in a city and obtuinod tho following duta :

ban} fi hants farmers
turors
increasod activity 40 65 80 75
decrcased activity 15 30 40 50
no approeciable chango 20 25 30 10

Examine whether thore wore any differences in attitudo towards tho prospocts
for overall businces activity among the different fields of busincss. (7)

1. From the monthly =nles record of a departmental store for the yoars
1951 to 10535, a statistician obtained the following trend equation :
Y = 25.74 + 0.455z
Origin: January 1951, zunit 1 month,
y: averago monthly sales in thousands of rupeos.

He also obtainoed the following monthly scasonal indices. (correct to 2 decimal

places)
January February March April May June
79 .76 .94 .97 1.05 .87
July August  September Octobor Novembor Decembor
.85 .89 1.02 1.21 1.16 1.31
Forocast the monthly salea for the year 1057, (5)

(d) DESIGN AND ANALYSIS OF EXPERIMENTS (PRACTICAL)
(Answer any thres queations from this ecction)

1. The following tablo gives tho yiclds in lbs of green ten leaf in & 39 factorial
experimont using 2 replicates, ench in 3 blocks of 0 plota ench in which tho samo
effecta wore confounded in both tho replicates. Tho lovels of tho three factors are
given bolow :

fuctor lovel

N 0 no nitrogon
1 40 1bs »”»
2 golbs .

K (1] no K,0
1 20 1hs "
2 40 1bs "

P 0 no P04
1 20 ibs »
2 40 1bs "
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The plan and yiolds aro given bolow. Analyso the data fully and give your

dations regarding tho most effective combination of factors. (33
levels of yiold
plot
number N r K roplicate 1 replicate 2

block 1 block 4

1 o 0 o 454 330
2 o 2 1 359 408
3 o 1 2 525 561
4 1 1 o 419 201
5 1 o 1 408 500
6 1 2 2 300 597
1 2 2 0 608 381
8 2 1 500 087
9 2 o0 2 510 503
block 2  block §
10 o 1 o 327 200
1 o o 1 354 308
12 o 2 2 335 430
13 T S 547 335
1 TR S 423 370
15 t o 2 367 500
16 2 0o o 408 133
17 2 2 1 391 488
18 L I 165 629
block 3 block 6
19 0 2 0 276 192
20 o 1 1 451 288
2t o o 2 263 257
22 1 o o 370 a0
23 12 291 281
24 11 2 313 283
25 2 1 0 401 274
26 2 o 1 362 449
27 2 2 g 620 758
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2. An incomploto block design involving 10 treatmonta in & blocks of 4 plots

cach can bo obtained by considering tho points and lines of tho dingram below respec-
tivoly as troatments and blocks.

7
6 8 .
10 1
5 2
3
4 9
Fig.

(a) Write down complote instructions, giving blank tabular layouts whore-
ever possible, for all the computations necessary in carying out en intra-block analysis

of the results of such an oxperimont. (15)
(8) Work out tho efliciency factor of tho design. (10)
{c) Find the dual of the above design and idontify it. 3)

3. 13 objects numbered (1), (2), .... (13), wore woighed in combinations
of 4 objects at a time on a spring balance. The results are given bolow :

serial pumber total weight

of woighing objects weighed (gms)
1 (3) (6 (9 (11) 28.7
2 3 4 (8 (2 27.5
3 (10) (11) (12) (L3) 15.6
4 2 ( 8 (11) 25.8
5 M (8 (9) (10 344
[ (49) (5 (8) (10) 25.0
7 My 5 ® (2 26.9
8 3) (58 (7 (13) 28.3
9 (1) (2 {3) (l0) 16.4
10 2 @ (3 27.4
1t 1y @ (M (11 23.2
12 (1) (8 (8 (13) 28.0
13 @ (¢ (1 (2 20.9

Estimate the weighta of tho differont objects and also tho standard orrors of
of tho estimaotes, (25)
Would it not have beon bottor to weigh the objocts individually? (8)
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4. Tho following table gives tho plan and the yiolds of an exporiment arcangod
in & 5X35 Latin Squaro with two plots missing.

B 257 A 279 E 230 C 287 o
245 E 245 283 B 264 C 200
E 182 C 280 B 238 D 246 A 250
A 203 D 227 . E 103 B 259
C 21 B 266 D 271 A 334 E 338

Analyse the data fully and work out the variances of the pairwiso comparisons
among A, B, C, D and E. (33)

Noatness (U}

{¢) SAMPLE SURVEYS (PRACTICAL)
(Answor question 1 and any twe of the rest from this section)
1. A survey is to be conductod to study the incidence (number of houscholds
indobted) and extent (averugo mmount of indebtedness per houschold) of indobtedness

among the schoduled caste population in a state and to compuro this with the incidence
and extent of indobtedness in the rost of the population.

(a) Plan a survey doscribing clearly and in brief—
(i) the swinpling units you will use
(i) the sampling frames required and how you will procoure thom
(€ii) un outline of tho sumpling proceduro
(iv) pilot studies, if you requiro any. (20)
(b) Give a tabulation programmeo deseribing only the important tubles thut
should be compiled. (10)
(c) Draw up a suitable houschold-schodule for the survey giving—
(1) the ideptificotion dotuils of the houschold
(i) the relovant itoms to bo colleclod (10)
(d) List down tho different itoms in planning the survey, collecting tho infor-
mation and procossing tho duta, which should be tuken into consideration when druwing
up tho budget for the survey. (10)

2. A samplo of 20 houscholds was selected from a tehsil wsing two-stngo
suwpling method, villnges being selocted in the first atago with probability propartionul
to their 1951 census lation, with repl,

pop

und an oqual numbor of houscholds
being sclected in the second stuge, within each sampled villugo, with equal probability
with replacement. Tho data collectod is given in tho tablo bolow.
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villago T number of  houschold  carnings in
number Pi housoholds number Ra.
—m (@ t] 4y [
1 15.80 287

122
150
108
140

05

125
122
110
134
215

300
116
67
110
81

180
174
125
120
115

(]
2
8

257

3 48.69 68

4 21.13 218

QB WO AW AR~ O h D -

Pt =probability of seloction of the ith villago

(a) Estimate tho avorago earnings por houndehold in tho tehsil and the coefficient
of variation (rolative standard error) of your estimate. (10)

() Expreas the variance of the estimate in the form ¥V =f:- +;‘BT whore

n is tho numbor of aample villages and m tho ber of houssholds to bo pled
in each village, If the cost function is of tho form C=¢;n+cnm where C=Rs. 1000-,
¢)=Ra. 800/- and ¢2 =Rs. 5/- get tho optimum values of n and m which minimize the
variance of the estimate for tho fixed cost of Rs. 1000/., using tho estimates for 4 & B
from the data given. [Hint: Estimato A, using the estimates for ¥ and B) (15)

3. It is proposed to cstimate the total population of 64 cities in a large country
by drawing a stratified singlo-stage sample of citics with equal probability without
replacement in cach stratum. The citice are groupod into two strata and the table
below gives the stratum.wiro mean and varianco of population figures 1 from
& previous census.  The cost of surveying a city in the first stratum is Ra. 2500 and
in tho second stratum it ia Rs. 400/-.

(a) For a total coat of Re. 30,000/ find the optimum nllocation to the strata,

hini

and the minimum variance of tho eatimnto. (15)
(b) If inatend, if it sdesired that tho estimate must lie within 5% of the true
value with a confidence lovel fo 95% find tho minimum cost of the survey. (10)
stratum total numbor - v
numbor (1) of cities (N;) ¥; in 100 S; in 108
(1 [£3) (3) )
1 18 630 53824
2 48 108 5625
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4. Tho following tablo gives tho goographical arca and area cultivated under
rico in 60 villages of a tohsil.

(a) Scloct a samplo fo 10 villages with probability proportional to geographieal
area, with replacement, and estimato tho total area undor rice in tho tehsil. Also,
estimato the standard error of this estimate. (15)

(b) Using tho sunplo you have demwn estimate tho gain or loss in eficicney
in seleeting o samplo of 10 villages as suggested in (a) as compared to solecting a samplo
of 10 villages with equal probability without replacoment.

[Hint: An estimato of ¥ is obtained by (f')’ = (}7) where Y stands for
tho total area under rico in tho tchsil)

Table showing village-wise geographical area and area under rice

in a tehail
geographical area under geogruphical arca under
villago arca rico villago area rice
number (in acres) (in acres) number  (in ncres) (in acres)
(n 2) (3) ) (2) (3)
1 151 81 31 718 305
2 542 292 32 230 127
3 662 275 33 349 245
4 410 118 34 379 270
5 249 44 35 135 04
6 121 56 36 873 445
7 108 33 31 248 69
8 397 147 38 1034 401
9 453 194 39 503 164
10 710 282 40 206 40
11 176 65 41 682 166
12 730 288 42 653 129
13 327 115 43 160 44
14 280 161 44 445 116
15 287 179 45 1495 164
18 404 273 46 601 96
17 124 58 47 1473 373
18 244 58 48 ni7 201
19 370 08 19 389 79
20 5641 155 50 718 191
21 153 41 51 274 51
22 658 ° 230 52 750 100
23 805 239 63 251 56
24 435 158 54 691 83
25 418 130 &6 147 13
20 235 114 50 864 146
27 a64 170 57 808 242
28 515 272 58 024 340
20 536 418 59 601 189
.30 246 47 G0 390 99

Note : Givo tho roforenco to tho random numbor tables used for solection,
and tho pngos, column and row of the first random number consulted.
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STATISTICIAN'S DIPLOMA EXAMINATION, NOVEMBER 1062

PAPER I: OFFICIAL STATISTICS AND DESCRIPTIVE STATISTICS
(THEORETICAL)

Timeo : 4 houra Full marks : 100
Figures in tho margin indicate full marks.

GROUP A
{Answer any thres questions from this group)
1. Discuss in dotail the rolo of the Indian National Sample Survey in providng
statiatical data for purposes of planning in India. (10)

What are tho limitations, if any, of theso data and what improvements would
you suggest for oliminnting thom? (8)
2. Disouss critically the presont position in regard to the statiatics of production
of crops in India in the light of the improvemonts that have boon made during the
past two docadoa, (12)
What further improvemonts are neccssary for eliminating the presont
deficiencios? )

3. What aro the types of data currontly included in the official publications
of Government of India dealing with foreign trade? Also, name the publications. (10)

Describe briefly, in the context of planning, the limitati if any, of tho
publications you name and the statisties you describo. (8)
4. How ia the d ial population census organized in India? What were
the itoms included in the questi ire at the 1061 consua and what changes, if any,
would you suggest in the same? R (12)
What suggestions have you to offer to improve tho roliability of the data
collected undor the census? )
Neatnoss (2)
GROUP B

(Answor oll quostiona from this group)

5. Dofine Binominl and Poiason distributions and indicate by examples their

ntility. (8)
Find tho first four momonts of a Binomial distribution and obtain the valuea
of tho Beta coofficients of sknowneas and kurtosis. (10)

6. Explain clearly the meanings of total, partinl and multiple correlation

cocflicionta. (6)

If X1, X3, X4 are three variables for which a sample of n obsorvations (zy, Z2, 2)

are availablo, oxpress tho valuo of Ry.1y in terms of rya, iy, ras. (5)
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Establish tho formula,

nie —Fafzy
Ve (=rad)

ri2.9 =

In it poeuible to obtnin the vulues yy3=0.06, r;53=0.8, ria= —0.5 for any
sct of threo variables X), X3 and X,t ()

1. Explain clearly tho method of Least Squarcs in fitting a straight lino t
bivariato data.

(10)
If (3, Yt)s +...s (Tn, ys) 6r0 n poirs of obscrvations, find tho anglo between
the twao lines of regression, ono of y on z and the other of z on y. {5)

PAPER II: PROBABILITY THEORY AND STATISTICAL METIIODS
(THEORETICAL)
Time : 4 hours Full marks : 100
Figurea in tho margin indieato full marka.
GROUP A
{Anawer any three qucul.ioru; from this group)

1. (a) Show that for any integer m with 1 ¢ m N, tho probnbility P,
that cxactly m among the N cvents Ay, As, .... Ny occur simultancously is

Piyy = S — (m+l) St +(m+2 )Smn + ..+ ( v ) Sy
m m 113
where S¢ is tho sum of (-:') probabilities each corresponding to the simultancous

occurrencs of somo § of tho N eventa, (9

(b) A pluyer tossea a coin and scorea ono point if head turns up and two
points if tail turns up. If P ia the probability of ohtaining exactly n points, find

a recurrenco relation for Py and hence ita value, (0]
2. State and prove Tchebychev's incquality and show that it cannot be
improved in general. o

Tseo tho above incquality to prove the weak law of largo numbers, arsuming
tho exiatence of the sccond moment. )

Also prove this law without asrsuming the existenco of the sccond moment. (6)

3. Provo tho stitistical independenco of the ple mean and varinneo for
A eandom samplo from A univariate normal population, «
Also find their distributions. (8

Find the firt two momenta about the origin for tho du-lrmhon of the sample
varianee, o)
4. Define the correlntion coefficient p botween two random varinblea X and T
Show that the independence of X and Y implica that p= 0, but the converso in not
. 5)

truo. . . {

54



If X and Y assumo only two valuca cach and ¢ =0, thon prove that X and
Y uro indopondont. (8)

If p=1, what can you say about the relntion botwoen X and Y? (3)
5. (a) If X is a discroto randoma variable having tho Poisson distribution

mze—m
z!

g(z) = y 2 =0,1,2..

and Y is another discrote variable having tho conditional distribution

s = () wa—pr0<y< s
¥y

Show that the marginul distribution of Y is a Doisson distribution with pura-
moter mp. - (10)

(b) What tranufc tion will chango the I variable X to Y eo that
Y has the uniform distribution over tho interval [0, 1] when the probubility density
function of X is

sa= 22l 1<=< ©
Neatness - (2)
GROUP B

(Anawer any three questions from thia group)

6. Give a bricl description of tho theory of confidenco intorvals as doveloped
by Neyman,

Apply tho theory to dotormine a 93% confidenco interval, based on a sample

of 8iz0 n, for the mean of a normal population whoso stundaed deviation is also unknown,’

Give an outline of the proof. (16)

7. Werito a critical note on the method of maximum likelihood in the theory
of estimation.

A person is required to shoot at a target till ho scores two successes.  Supposo
he nceded n trinls.  How do you estimato p, the probability of success in a single trial,
assuming thut the triuls are all indopondont and p remains tho samo from trinl to
trial. . (16)

8. Dfine tho likelihood rutio critorion onunciated by Neymun and Pearson
in connoction with the testing of statistical hypotheses,

Two indepondont samples each of sizo n aro drawn froin two normul populations,
Obtain tho likelihood ratio eriterin to Lest tho following hypotheses :
(f) oquulity of variances, and

(i)  oquality of menns when tho vuriances are known to be equal a priori. {16)

9. Enumorte tho various statistical hypotheses which you can test by means
of tho t-tablo and indicuto in each caso tho computational proceduro by which you
can construct the approprinto statistica. Mention in ench caso the appropriato degrecs
of froedom undor which you would consult tho t-tublo. (16)

Neatness )



PAPER IIl: SAMPLE SURVEYS AND DESIGN & ANALYSIS OF
EXPERIMENTS (THEORETICAL)

Time : 4 hours Full marak : 100

Figures in tho margin indicate full marks.
GROUP A
(A.nsv.ror any thres questions from this group)
1. A simple random sample of size n is drawn from a population consisting
of N unita: )
{a) Dofine simpl A 1

P pling. 2

(b) Ia the lo mean a ist

t estimate of the population mean? (2)
(¢) Isthe samplo mean an unbiased estimate of the population mean? 2

(d) Give tho variance of the sample mcan and also unbiased estimate of this

variance. ' (&)
{¢) What is the sample size roquired to ostimate the population mean with

a given standard error? ©
If n; of tho units in the sample aro bound to be of type A.

(/) Give an unbinsed estimate of the proportion of units in tho population
which are of type 4. 2

(9) Give tho varinnce of the estimate in (f) and also the unbiased estimate
of this variance.

(&)
(A} If the samplo sizo is sufficiently large, write down 839, confidence limits
for the unknown proportion of units in the population which are of typo 4. (2

2. (a) Discuss tho merits and demerits of the ratio and regreasion methods
of eetimation.

(8
(b) Obtain conditions under which tho regression method of cstimation will
give higher procision than the rutio mothod estimation. (8)

3. A distreit consists of N villages. To cstimato the arca under wheat in
tho district, two different methods are suggested :

(i) Sclect & samplo of n villages at random.

(%) From a froquency distribution of tho villages into ¢ classcs according
to the agricultural arca of tho villngo.

Let tho -th class contain Ny villages
=1, 2, ...

«» & From the i-th class select n random samplo of ng villoges with

]
N ong
= ng=n,

[C3Y

() Give an unbinsed estimuto of the tolal area under whoat in the district
for cach of tho two mothods. 9

() What aro tho main factors govorning the choice of tho samplo size
be drawn from differont classce under mothod (i)t (6
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(¢) If n; is proporiionsl to Ny{i=l, 2, ...., 1), how do the two mothoda

compure with each other? (5)

4. (@) What is systomutic sumpling? Givo tho circumstances under which

it is to bo preferred to sinplo random sampling. (8)

(b) Lxplain how you will estimuto tho varianco of a systomuatio sample with

a random start. (8)

Neutness (&)
GROUP B

(Answor any three Quostiom from this group)

5. (a) Describo a Latin Square Design ond its snalysis, explaining the
various ssswmptions involved.
(6) Explain fully tho part played by randomisation in such a design.
(¢) Ts thero any restriction on tho number of treatments that could bo acco-
mmodated in such a design?  Why? (16)
6. In an experiment with 13 treatments tho following design in blocks of
four has been usod :
(2,7, 6,9), (813, 12, 2), (11, 3, 2, 5), (6, 11, 10, 13),
(10, 2, 1, 4), (12, 4, 3, 6), (1, G, 5, 8), (5, 10, 0, 12},
(7,12, 11, 1), (4, 9, 8, 11), (3, 8, 7, 10), (9, 1, 13, 3), {13, 5, 4, 6).
Identify the typo of design and find out its parumoters.  Describo the method
of unalysis you would adopt.
Caleulate tho efficiency fuctor of tho design. (16)
7. Ono plot is missing in a randomised block experiment. Describo how
you would analyse tho data including thoe analysis of varisuce and tests of significance
of differences betweon pairs of treatmont effects.
Also give an catimato of the loss of information cuused by tho missing plot. (10)
8. (4) Explain main effects and interactions in tho case of a 33 fuctoriul

oxporiment.
(b) Writo down a desiga for this oxporiment in blocks of 9 plots partially
confounding tho highest ordor interaction. (16)
Neatness (2)

PAPER IV: APPLIED STATISTICS (THEORETICAL)

Time : 4 houra Full marks : 100

(f) Answer questions only from tho two groups relating to
the subjects you have opted for.

i) Uso n scpnrate nnswer book for each group.

(iif) Figures in tho margin indicate full marka.

GROUP A—ECONOMIC STATISTICS

(Aswwer any three questions from this group)

1. Writo u short csany, on indox numbers covering their role in econowic

analysis and methodology of their construction. (16)
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2. (a) Describo the compononts of a timo-scrics and stato briely how you

would estimate them. (12)

(b) Tho following regreasion-oquution was found to Gt tho gruss agri.
cultural output eerics in India (1900-01 to 1930-51) saatisfactorily. Give a brief
interpretation of tho result. All tho regression-cocflivients wero  found W bo
significantly diffcrent from zoro.

Y= 4410411.7 (6={)~0.570 (¢—§)2

whero Y; is the ropoated moving avoernge of Xy, tho agriculturul output at time, ¢,
givon by

Yie Ntes + 2Xn0 + 2X00 42X+ 250 1 +2X0 0+ Xe )
12

3. Writo a critical note on tho recont work dono on the eatimation of either
tho demand functions or the production functions on Indian duta, covering the duta
available, functions fitted, methodological short comings or otherwiso and interprota.
tion. (10)

4. What are Pareto’s and Gibrat's luws of income.distribution? Are they
descriptive or explanatory? How fur are thoy adequate for tho analysis of income

distribution? How are tho p and ration-ration, connected with
them, estimated? (16)
5. Writg a critical note on the method of estimation of national incomo in
India. (16)
Noatness . )

GROUP B—STATISTICAL QUALITY CONTROL
(Answer any three quostion from this group)
6. (o) Dsitinguish between specification limits, control limits and confidonce
limits, - 8
(b) What do you understand by a ‘rational subgroup't Discuss its

importance in the sotting up of a control churt giving an example for ench of 2= R, p and
¢ charts. &)

7. (a) Tho standurd doviation ‘s’ of a samplo of sizo n for a churscteristic
‘z' is obtained as
o= [ 2B
n

Dorive ita expectation when the parent population is Normal and dliscuss its
usefulness in quality control. (10)

(b) Stato tho nddition theorem of k independent varinnees and  doscribo
how it cun be wsed to set up realistio tolerances of mating purta. (6)

8. (a) What is an acceptance sampling plun?  Discusa tho rolo of OC curvo
in the choice of a suitablo plan. (]
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(h) Bricfly deacribe the saliont points of Mil Std 105\ or Mil Std 105B
tables. Stato tho procedure to be adopted in tho choice of a single sampling plan
from the tublea for normal inspoction and the basis for tightened and roduced
inspection whilo operating theso plans. (10)

0. Tho flow chart of tho operations in tho manufucturo of a ceramics product
is as follows:
Mixing — Moulding = Drying —»
Gluzing = Firing = Sorting inapection

Tho sorting operation rovealod an incidence of 209, cracks in the product
and it is desired to carry out a preliminary production experiment to locate the
operation or operations that ncod more intensive inveatigations.

Clay for moulding is mixed in batches and moulded into proper shapo by
three moulders, There are fwo driers and one kiln for firing. Gluzing ia not expoctod
to contribute to thcao defects. Each moulder produces aoubt 75 picces in an hour,

Explain how you will plan the collection and analyais of the data. (16)

Neatness IE))
GROUP C—STATISTICAL METHODS IN GENETICS
(Answer any two question from this group)

10. The O—A—~B blood groups of a numboer of children born to mothers
of 0 group are obtainad. Obtain the expected frequencies of O, A, B and AB groupa
in children assumning that no choice was exercised by the 0-group mothers in sclecting’
husbands of particular blood groups. The O, A, B gene froq ies for the population

. of husbands may bo taken as r, p, ¢. {25)
11. Derive the expected frequencies of the four phonolypm clarecs  for the
offuprings of the mating AbdjaB X AblaB, introducing ter. Tow

are tho expectations altered if the geno A is lothal in homozygonn condition, i.e.,
offsprings receiving A from the mother as well as the father are not bom? Explain
how linknge is eatimnted in such a situation. 25)

12. Explain the purpose of inbreedings. Dotermino the matrix of transition
probabilities of different types of mating under selfing considering only one locus with
two allcles 4, a. (25)

GROUP D—DEMOGRAPHY AND VITAL STATISTICS

(Answor queation number 13 and any fwo of tho reat from this group)

13. (a) E tho principal of & hio data, with brief accounts

L} ¥ Cib

of these sourcen, n

(6) *“Defocts in original (demographic) data fall into two groupa—the failure
to includo all tho intendod poople in tho atatistics, and errors in the information recorded
sbout the people who were included.”

(i) Examplify the above statemont. (3)
(15} Describe tho important methods of detecting dofocts of the above two
types, %)

(51) Describo a mothod of corrooting for *“heaping™ in age statistics. (3)
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14. (a) What types of datn would you nced to dircetly calculuto my, the
ago-specifio deuth rates, and gy, tho probubility of death within a yonr at nge z? (4)

(b) Given only census data, how would you caleulnto g.? )

(c) Explin tho difforont columnns of an abridged lifo table and deseribo the
successivo steps to computo tho valucs in theso columns. (8)

16. (a) If P, and P; aro tho populations at an initinl period and a lator
period respectively, and B, D and A aro tho number of births, deaths and not migration
in the intervening period, then

P,=P +B — D+ M.

) What are tho diflicultics in estimating P, from P; using vital statistics

in the above identity? (3)
(b) Define a “‘rate of natural increaso”. How is this rato caleulated?  (5)

(¢) Describo bricfly a mcthod for projecting—

(f) tho total population, and (4)

(if) tho ago-and sox-wiso population. - (4)

18. (a) \Vrito a briof discussion on the relativity of tho concopts of ‘‘normal
health” and ‘‘sicknoss™. (4)
() What aro tho different categories of information which you would collect

under ‘“‘morbidity statistics"? (4)
(¢) Writo an account of tho various sources of morbidity statistics. (4)

(d) - Suggest somo methods for collecting information on general sickness for
the whole population of a country. )

GROUP E—EDUCATIONAL AND PSYCHOLOGICAL STATISTICS

(Answer any fuwo questions from this group)

17. Describo briefly how you would construct and validato a battery of
objectivo tests which is to Lo used to select from amongst a largo number of applicants
a limited number for admission to a post gradunto courso in statistics.

In an objectivo test, thero are N itoms of equal importanco, and for each item
m alternative anawers aro provided. Tho candidates aro required to chooso tho bost
answer (from tho m altornatives) for overy item. What scoro would you award to &
candidato who has correctly answored ny itoma, wrongly answored n; itoms and loft ng
itoms unanswered, ny+n,+n3=N, 80 aa to correet for tho offects of guessing?  (1046)

18, What is “Intelligenco Quotient”? How is it measured? \What are its uses?
What aro tho drawbacks? (3+7+3+3)

19. N subjects aro indopondently ranked by m judges in reapect of tho samo
trait. How would you oxamino if tho judges are concordant? Describo the approprinto
statistical procedure, oxplaining carcfully its basis.

If tho judges aro concordant, how would you assign scores to the aubjects in
respoct of this particular trait? (1046)
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20. Describe briefly Thurstone’s multiple factor theory, explaining the significance
of the model and the procedure for estimaling tho fuctor loadings by the centroid
method, (16)

Neatnoss (2)

PAPER V: METHODS OF NUMERICAL COMPUTATION, DESCRIPTIVE
STATISTICS AND OFFICIAL STATISTICS (PRACTICAL)

Ifime ; § hours Full rearks : 100

(i) Figures in the margin indicate full marka,
(i) Uso of calculating machinca is permitted.

GROUP A
(Answor any w0 quoestions from this group)

1. Compute the inverse of the following matrix :

3 —2 0 -1
[} 2 2 1
1 —2 —3 —2
0 1 2 1 (12§

2. Given ain 45°=0.707l, sin 50°=0.7660, sin 53°=0.8192, sin 60°=0.8600,
{find ain 52° by using any methad of interpolation. (12})

3. By menns of a suitable qundrature formula, find the value of 7 from the
;relation

o _ % odr .
N L 12
- { Tia (use intervals of 0.1 for z) (124)
GROUP B
(Answor question numbor 4 and any fwo of tho rest from thie group)
4. Either,

Thoe following table givea the fomalo population botween the ages 15-49 of
Puerto Rico in 1950, in 5-yearly sge-groups.

ago-group women enumecrated in consua, 1000
15—19 101,760
20—24 03,207
25—29 73,857
30—34 57,304
35—39 57,608
40—44 45,161
45—49 - 34,833
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(a) Fit a necond ilegreo polynomial to the population as a function of age,

oasuming that the mid-point of an ago-group represeata the ago-group.

(13)

(8) Under tho samo assumption plot tho given data on a graph and show

the fitted polynomial on tho enmo graph.

)

Or,
The following tablo shows the woight, stature and ‘frontal breadth® of 10 porsona.
serial weight stature  frontal breadh
(number) {ib.) {em.) (mm.)

1 116 165 105
2 89 - 180 102
3 102 168 100
4 108 158 105
13 88 159 103
[ 104 163 100
1 118 172 104
8 100 155 104
9 116 162 110

10 102 157 105

(a) Compute the least aquare lincar regression of weight on staturo and

frontal breadth,

(13)

(b) Estimate the weights of the persons with aerial number 1, 3 and 10 from

tho measuremets of thoir stature and fronta) breadth.

(W)

5. The following table shows tho frequencies of the different values of &

variable z:

z 0 1 2 3 4

J 305 365 210 80 28

a Poisson diatribution

(a) Calculate the expected fr
for z.

9

(10)

(b) Calculato the variance of the given distribution. What should bo the

value of this variance under the assumption made in (a)?

(9)

6. The following is tho distribution of the size of an item:

size of itom frequoncy
inft,

1-10 ]
1120 13
21—30 80
31—40 231
41--80 1no
51—80 45
61—=170 12
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(a) Calculate tho values of g; and B; cocfMcionts of this distribution and
suggest if 8 normal distribution would fit the data. (10)
(b) Assuming a normal distribution, ealculate the expected frequencies in
the cluwes 1.10, 31-40 and 61.70. (5)

7. Tho tuble bolow givea the wholcsale prices and quantitica produced of a numbor
of commodities in India in 1051 and 1952,

price (Rs. per md.)  quantity (000 tons)

commaodity

1951 1852 1951 1952
Rice 18.87 17.50 20,960 22,537
Jowar 10.09 11.03 5,081 7,243
Bajra 10.07 "18.33 2,309 3,142
mazio 21.75 15.07 2,043 2,825
Ragi 9.45 9.30 1,201 1,315
Whent 18.60 23.67 6,083 7,382
Barley 20.66 17.20 2,330 2,882
Gram 24.09 19.01 3,334 4,142

Caleulute Laspoyre’s Puascho’s and Fisher's Ideal index numbers of prices
in 1952 with 1951 as buso. (15)

GRPUP C
(Answor any one question from thia group)

8. (4) Name the publications in rospoct of any three of tho following scrics
in which they are available. Give the name of the authority iesuing them ond also
mention their frequency :

() Statistica of production of cropa for different countrics of tho world (3)
(#1) Production, despatches, stocke and distribution of coal in India. (3)
(i5) Stotistics of infant mortality in India. (3)
(fv) Statistics of production of raw silk in India, {3)

(v} Statistics relating to arca and outturn of forcst produce in India. (3)

(b) Collect tho duta in reapect of (i) and any fwo of tho rest in the following,
from tho publications supplicd to you and present them in neat tabular forms.  Montion
the sourco from which you have compiled the data.

(i) Statistics of land utilization for India for any fivo consccutive years. (6)
(€5) Statistics of inatalled capacity production and distribution of eloctricity

in India for any four consccutive months. {5)

(6ii) Numbor of livestock and poultry in India for any ono year. {6)
(iv) Statistics of production of orea und minerals in India for any ono
yoar. (3)

{v) Statistics of railway wogons losdod in Indin for any six conssoutive
months, - (5)
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9. (a) From tho publications suppliod collect Ogures of aron irrigated sourco.
wido in tho country for tho latest fivo consecutive years for which theso aro avuilable
and discuss tho tronds in theso arces. Give tho sourco from which you have compiled
tho data. (13)

(b) Collect relovant data regarding production, arrivals, consumption and
export of juto for India for tho latest twlove months for which those are available and
write a critical note on the saliont fontures of theso data. Give the sourco of your
data. (12)

PAPER VI: STATISTICAL METHODS, DESIGN & ANALYSIS OF
EXPERIMENTS AND SAMPLE SURVEYS (PRACTICAL)

Timo : § haurs Full marks : 100

(8) Figures in the margin indicate full marks,
(%) Uso of calculuting machines is permittod

GROUP A
{Anywer both tho questions from thia group)

1. Answor any thres of the following :
(a) Estimates of the percentage of unomployed porsons in a certain city,
obtained from two independent rundom sample surveys are given bolow, Is the
dilforonce in the two cstimates due to fluctuations of sampling? (8)

survey samplo sizo  per cont unomployed

1 2345 19.678
2 1789 20.123

(U) The cooflicient of corrolaticn botween the woight of a green jute plant
and the weight of the dry fibro extracted from tho plant was found to bo 0.72 in &
samplo of 40 planta. Sct up 95% confidenco limita for tho valuo of the correlation
coofficient in tho population. 8

(¢} The following table gives cortain statistics rolating to tho lactation yiclds
(£) of 200 duiry cows clansifiod according to mnnnor of milking and to whother they
have calved bofore or not. In anch cell tho firat figure given is the number (n) of cows,
tho second ia tho sum (Xx) of the yiolds of theso cows during the lactation poried and
the third the sum of squares (2x?) of tho yiclds (uncorrected).

Is thoro ovidence that yiold {a lowored by machine milking? If 8o, is the
docreaso samo for first calvers and others? Do firat ealvers yiold leas milk than other
cows? 8
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maaner of milking first calvors othora

n =50 n =50
hund milkod Iz =17150 Tz =8357
Sz1=1120804 Sri= 1475865
n=50 n =50
machino milked Xz =0290 . Iz =6783
Xz1=1387003 Sz =1000048

(d) Tho following tablo gives the result of an oxporimont to comparo tho
offoct of 8 nowly discovorod modicine on o certain disonse with that of tho prevailing
troatment (control). ’

Do the data confirm the superiority of the now medicino?

cases treatod
treatment
total cured  not cured
coptrol ~ 8 3 5
now modicine 8 5 3 (8,

2. Answer any one of tho following :

(a) A, B, C, D are four points in order on a straight line. Longtha of difforent
sogmonts were measured to tho thousandth of an inch and are given bolow. Theso
are naturally affected by errors of measuromont, which can be sssumed to bo of the
nature of indopendent random variublos, each with zero mean and a common unknown

variance.
Eastimate the longth of the line AD and find the standard orror of the estimate.
. ’ t N T (10+8)
segmont length (in inchoa)
AB : 1.234
AC 3.608
AD 7.02¢
BC 2.345
BD - 5.812
CcDh M . - 3.458 - -

(6) In a cortain gonotical experiment, tho rolative froquoncics of four differont
types of pen plants are oxpocted to bo 1(2+6), 3(1—6), 1(1—8) and 10 respoctively
whore 061 is an unknown paramoter. Tho froquencics observod wore 102,
21, 32, and 6 rwspoctively.

(1) Estimato the paramoter 6 by tho method of maximum likelihood and
find the standard error of tho estimate. ’ (6+44)

(ii) Examino tho goodness of fit of the distribution. (6)
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GROUP B
(Answer any {wo questions from this group)

3. The lay-out plun and yiold in Ibs. of & munurial exporiment on sugarcane.
crop involving 5 manures A, B, C, D, E and conductod using a Latin squaro design
are givon below: ‘

.

E B C D A
805 843 9 1029 807
B D E A C

101} 1016 749 013 740

A C D E B
808 005 674 667 563

C E A B D
670 1100 770 812 1195
D A B C - E

769 721 723 706 740

{a) Porform the analysie of variance of the above yicld data.

(b) Given that the size of each plot is 1/40 acre, present in a tabular form
tho mecan yiold of cano in tons per acro for each manure and its standard error.

(¢} Write a brief report on the results of the analysis. (15)

4. The lay-out plan and yield of each plot of & 2x2x2 fuctorial experiment
involving the fuctors NV, P and K [the control boing denoted by (1)] are given below :

block

nk {1 pk np P npk n k
)4 .

139 179 135 130 153 202 153 182
. npk np k 1 n nk P pk
I

153 129 151 159 101 138 183 210
- P nk ) npk k np n Pk

154 7 02 128 143 119 115 179
w n k npk (1)) P nk k np

113 127 185 148 136 107 182 212
Analyso the data and state your conclusions. 13)

5. The following table gives data on number of beots per plot and yield in
tons per acro in a manurial experiment wiing six randomisod blocks of 4 plots each.
Tho upper figure in each coll givea the number of beots and the lower figures tho yield.
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block

trentmeont
1 2 3 f 5 )
183 176 2001/ 54 225 240
) 2.45  2.25  4.33  4.35 3.4 3.07
. 356 300 301 271 .28 258
P 0.71  B.44  4.92  5.23  6.74  4.74
224 258 244 217 192 230
k 3.22 4.4 232 442 3.28  4.00
320 283 308 326 318 343
ok 6.34 b5.4%¢ 5.22 8.00 6.96 0.00

Construct the table of analysis of variance and converaince and test whother
the treatments had significant effects on () either of the two varintes, (if) on yicld
adjusted for number per plot. Explain whether you aro justified in doing (ii).

Write also a brief report containing intorprotation of the results. (15)

GROUP C
(Answer any (wo qucetions from this group)

6. Tho following table givea the populution in hundreds of all the 58 villngea
in a tohsil,

sorial number sorial number scrial number
of villago  population of village population  of villago  population
1 16 21 47 41 8
2 20 22 39 42 77
3 38 23 53 43 11
4 76 24 9 44 86
5 51 25 18 45 79
8 6 26 64 40 56
7 81 27 39 47 72
8 85 28 62 48 29
9 28 29 70 49 24
10 08 30 59 50 82
) 100 31 32 51 97
12 735 .32 17 52 43
13 82 33 23 53 45
4 12 34 ot 54 37
15 20 35 87 55 81
16 52 36 29 143 27
17 15 37 93 L
18 21 38 35 68 68
10 63 39 68
20 58 40 43

(a) If tho total population of the tchsil is eatimated from a simple sunplo
of 8 villages drawn with replacement, what would bo tho sampling varianco of the
eatimate?
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() If tho tehail is divided into two strata in the following woy :
Stratum 1:  villages with population not execeding 50 (hundred)
Stratum 2: all other villages.
and from each stratum a simplo samplo of 3 villages is drawn with replacement, and
tho total population of tho tehsil is estimatod from the samples drnwn this way, what
would bo the varianco of the estimate? (15)
7. To estimato tho total number of beotles in a square plot of land 250 feet.
the plot was divided into 625 squaro cells, each 10 foet by 10 feet. A aimplo random
samplo of 10 cells woro selected, and for each sclocted coll two independent estimates
of tho mmnber of beetles wero obtained by actual enumeration of two randomly located
cireles of equal arca within tho coll. The results are given below :

cellz 1 2 3 4 5 [} 7 8 9 10

estimates 61 38 25 20 71 95 32 39 24 0
39 51 32 45 56 70 26 60 29 5

Estimato the total number of beotles in the plot and find the standard error
of tho estimato. (15)
8. In a two stago sampling with roplacoment schemo tho varianco of the

at + %% whero ny is tho number of fimt stage units and n,

samplo mean V =2ZL vy
ny (&5

the number of accond stago units por first stago unit. Tho cost of carrying out such
asurvey i8 T=a+bni+cnn; ’ ’

The values of the constants 0,, o1, a, b, ¢ a3 estimated from a pilot survey,
aro as follows :

oy = 16.5, o= 28.7
a = Rs. 1527.00 b = Rs. 68.40 ¢ = Ra. 1.2¢4

A proliminary eatimato of tho population mean is # =150.

Detormino tho optimum values of ny, na (in tho senso of minimising tho cost)
80 that the ostimato of tho population menn will have a standard error not excecding
5% of its voluo. Find also tho corrosponding cost. (15)

PAPER VII: APPLIED STATISTICS (PRACTICAL)

Time : 5 hours Full marka : 100

(i) Answor questions only from tho two groups relating to the subjects
you have opted for. .

(i) Uso a separate answoer book for oach group.

{1if) Figurca in tho margin indicato full marks.

(iv) Uso of calculating machines is pormitted.

08



GROUP A—ECONOMIC STATISTICS

{Answer any liwo questions from this group)

1. From tho data given below calculute net national product at market
prices, privato il and penditure on goods and services for India for
the years 1030-51 to 1957.58. Also work out an cati of tho propensity to
of tho privato-scctor. Estimato the rates of growth of not national product at market
prices and of private incomo. Intorprot tho results. (26)

in current prices in Ra. Abjas
item

1050-561 1951-52 1052.53 1053.54

1 Net domestio product at factor cost  09.5 0.9 08.3 104.8

2 Earnod Income from abroad -—0.2 —0.2 -o0.1 0.0
3 Ind: Y ﬂﬂxm R \ Y e g H 1}
ous focs 5.4 6.3 5.8 5.8
4 Subsidics 0.4 0.4 0.4 0.2
5 I "frora d tio produet
aceruing to Govornment 0.7 0.8 0.8 0.5
68 National debt intorest 0.4 0.4 0.4 0.4
7 Transfer paymonta 0.8 0.6 0.7 0.8
8 Deprociation 4.2 4.5 4.7 5.0
9 Gross capital formation including
business inventories 10.4 10.5 11.1 11.2
10 Government eurrent expenditure
on goods and scrivees 5.8 5.9 8.0 8.4

11 Net private donations from abroad 0.4 0.4 0.5 0.4

in curront prices in Rs. Abjas

item
1954.65 1955.56 1956-57 1957.68

1 Not domostic product at factor cost 96.1  90.8 113.0 114.0

2 Eamed Income from abroad 0.0 0.0 0.1 —0.1
3 Indiroct taxes including miscellenous :
fees . 6.3 7.0 8.0 0.4

4 Subsidics 0.1 0.2 0.3 0.5

5 I from d tic product

accruing to Governmont 0.8 0.7 0.9 0.9

. 8 National dobt intcrest 0.4 0.5 0.6 0.6
7 Transfor payments 0.9 1.3 1.4 1.5
8 Depreciation - . 8.1 5.7 - 8.6 6.4

© 9 Gross capital formation including -

busineas inventories 12.2 14.7 19.1 19.7

10 Government ourrent expenditure .
on goods and sorvices 6.7 7.3 7.9 9.2

11 Not private donations from abroad 0.3 0.4 0.5 0.5




2. The following table givea indicea of all food-gruins production, total

agricultural production, cotton-textiles production and total industriul production

for India for tho years 1950-51, 1951.52 to 19060-61 (baso yenr 1049.1950=100).
Fit the trends X=abl to tho four serics and cstimate the rates of growth

and compare, \Which scrics is moro adequately explnined by the trends and whyt

Projoct tho four indices for 1961.62 to 1904.65 and comment. . (23)

all agricultural all industrial

years all foodgruina  production cotton toxtiles  production
index index index index
1050-51 00.5 5.6 — _—
1951-52 ° ol.1 97.5 109.3 112.2
1952-53 101.1 102.0 116.6 113.4
1053-54 119.1 114.3 123.7 117.3
1954-55 115.0 117.0 126.7 120.1
1935-50 115.3 116.8 127.9 138.6
1956-57 120.8 124.0 134.7 151.0
1957-58 107.9 114.6 127.3 152.6
1958-59 130.1 132.3 123.4 157.2
1959-60 124.3 127.2 127.5 175.0
1960-61 131.8 135.0 133.1 104.3

3. Tho following table gives index number of wholcaale pricea of food articles for
India from January 1947 to January 1051. (Bnaso year ending August 1939=100). Cal-
culate the indices of monthly variation by tho moving average method and comment.(25)

indicea of wholesale pricos of food articles in (ycars)

month 1047 1048 1949 1950 | 1851
January 290.6 347.7 385.3 379.1 413.6
February 290.1 348.5 383.8 395.3

March 286.2 347.1 378.5 396.2

April 279.9 348.8 373.8 399.8

May 278.0 357.6 3177.0 401.2

June 2487.3 377.0 381.0 402.8

July 291.4 390.7 3065.9 422.8

August 297.4 397.7 410.8 426.5

September 290.2 3006.6 403.1 430.4

October 295.2 393.1 400.8 427.3

November 204.8 304.1 405.1 424.3

December 321.6 307.6 3N.1 423.9 —-I

4. The following tablo givea the catimated number of houacholds distributed
by eize-lovel of houschold ownership holding in South India (N.8.S. Reference-period'
July 1953-Juno 1054 major erop scason).

Fit a Parcto curve when (i) the first clara (landlesa ‘class) ia included and
(#9) it in not included; comment. * Henco or otherwise obtain an estimnte of the con-
centration-ratio in both the cascs. 25)
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area of number of aren of number of

houschold housecholds houschold houscholds
ownership {ncrea) {00V} ownerhip (ucres) (00V)
.00 3801 10.00-14.909 408
.01- .04 1434 15.00-19.99 250
03— .09 332 20.00-24.909 113
J10- .49 860 25.00-20.09 64
.50~ .99 1031 30.00-39.09 71
1.00-1.49 779 40.00—49.99 31
1.50-2.49 1161 50.00-74.99 50
2.50-4.99 1519 75.00-99.99 7
5.00-7.49 062, 100.00-249.99 20
7.50-9.99 545 25,00~ 4

GROUP B—STATISTICAL QUALITY CONTROL
(Answeor any two questiona from this group)

5. 13 spinning frames running the same quulity of yarn were each obsorved
20 timea at random intervuls for ends down (number of spindles not producing yarn
Jue to nn unmendoed break). A sot of 5 frames are fed from one finisher. There are
3 finisher, denignated A, B, C. Tho total number of enda down in the 20 rounds are
siven bolow for each of the 15 frames.

finisher frame total ends down in
' 20 rounds

Eowua G O RS
@
3

(o]

P el
O e G 13 =
[

-

It is desired to locate the frames and tho finishera tlmt may nced correctivo
action.  Make a suitublo control chart analysis of the duta and give your findings. (25)

8. (a) The averngo range of 20 samples ench of size 5 for a meusurable quality
charucteristic was found to be 4.0. Obtain—

. (i) an cstimate of tho process stundard dovintion.

(i) 2.5% nnd 97.59%, limita for the samplo ranges. (10)
n



(b) Samples of sizo 5 sro drawn from 3 machines on different occasions and
the average runges of tho samples computed for each machine sre given below.

Test whothor the averago runges aro significuntly different. (13)
machine numbor of avorago
samples range
. 16 . 0.636
2 12 0.921
3 15 0.626

7. (a) Draw the OC curve of the singlo sampling plan with
n=100 and c=4
Draw also the curve for the same plun if a good item may be misclassified with
a probability of 0.01. . (13)
(b) Tho minimum requiremont of tho gross woight (contents+tin) of o filled
tin is 580 gm. )
It is dosired to instal o suitable sampling scheme with the following propertica.
Spocify‘ a singlo eampling variablo plan for the purpose. (10)
AQL = 2.6%  Producer’srisk = 0.05
LTPD = 8.09% Consumeor's risk = 0.10

GROUP D—VITAL STATISTICS AND DEMOGRAPHY
{Answer any fwo questions from this gmup’)

8. The following tabla shows tho fortility” of Australian women in 1032.34,
in §.year age.groups.

number of yearly total  numbor of fernalea in
ago-group - -~ females - births - lifo-table population
(30 June, 1853)  (1932-34) (1032.34)
15—19 303,619 7,016 4,681.00 '
20—24 286,612 28,448 4,040.23
25—29 256,609 31,045 4,586.00
30—34 - 237,663 22,866 wee-4,523,70 -
35—39 237,498 14,330 4,447.63
40—44 226,473 5,005 4,3258.43
45—49 109,389 521 4,248.75

(@) Caleulato the gross anl not reproduction rates, it boing known that the
yourly total number of fomale birtha during the period in question wes 53,898,
(b) Tho annual rato of growth was found to bo r= —0.00150. Find the
initial stublo populution figurea in the ogo-groups 15.10, 20-24, 25-20 (25}
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consus, from 1860 to 1050.

which the populuti

for fomalea in Chile, 1940,

9. Tho following tablo éi\'“ the population of the U.8.A. at each deconnial

year

populution
(millions)

1860
1870
1880
1800
1000
1910
1920
1030
1940
1050

31.443
38.658
50,156
62.048
15.095
01.972
105.711
122,775
131.609
150.697

Fit a eimple logistio curve to the above data and find the maximum value

would be

ted to roach. {25)

10. The following table givea tho mortality rates y¢¢ and pg, (2= 1,_5.. sn=b)

age ndz age . nlg
0 .18848 40 .05558
1 10276 45 00222
o 5 .01688 50 .01818
10 .01626 53 10408
13 .« .03300 60 . .14179
20 04352 65 .20558
25 04580 70 28590
30 .04721 758 1.0
35 .05063
Calculato ey, tho expectation of life ab each age z of the above table, {25)

GROUP E—EDUCATIONAL AND PSYCHOLOGICAL STATISTICS
"™ (Answer any fuwo questions from this group)

11, A test conaisting of 5 itoms was applied on a large number of subjects
and thoir scores (Y) on a reliable critorion wore also recorded. Tho following table
gives tho values of—
pi = proportion of eubjects answering the ¢-th itom’ correctly.

pij = proportion of subjects answering both tho ¢-th and the j-th items

corroctly..
Bi{= avorago criterion 6col

s-th item correctly.

re for those subjocts who have answored the

.. values of pij

10

i TR
\ i 2 3 1 5
1 0.68 0.56 0.40 0.50 0.75 12.4
2 - 0.62 0.35 0.48 0.70 14.7
3 — - 0.28 0.40 0.60 17.9
4 f— - = 0.20 " 0.45 19.2
5 - I - 0.55 16.8
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The wveruge criterion score is Am16.5 and the standard doviation of the
criterion scors is o=2.7.

Let X denote the total number of items correctly unswered by s subjoct. Cal.
culate the mean and the variance of X and the covariunce of X and Y.

Hence obtain the correlativn’ coellicient betwoen X and Y,

If you are revuired to cut down the length of the test to only 4 items, which
oos of the items will you omit and why? (23)

12. The following table givea the intorcorrelations of scores for a battery
of 3 teots administered to group of porsous.

_ On the awumption that thore exist only two common fuctors, eatimato the

factor loadings by Thumstone's ceatroid method.

Do you think the complex cun be expluined nwre or lom wdequately by post.

uluting tha existence of only a single fuctor instead of two? {23)
teuts 1 2 3 4 5
1 1.000 0.613 0.830 0.918 0.892
2 — 1.000 0.909 0.951 0.939
3 —_ —_— 1.000- '0.970 0.922
4 - — — 1.000 0.949
5 — - — — 1.000

13. Letter grades A, B, C, D and E were asigned to s group of 85 lrainecs
by three teachors in a dictation test—the students roceiving the grade A being the
best and those recoiving the grude E the worst group, B. C. D being the intermedinte
groups in that order. The tublo bolow shows the number of studenta placed in each
grado by the different tenchers.

grade teacher 1 toacher 2 teachor 3
A 25 13 10
B 21 28 17
[ 32 24 27
D [ 12 2
E 1 6 9

83 83 83

Rank studunta Sy, Ss, ..., Sy in ordor of merit, who got the following grades
from the teuchors:

lent teachor 1 teachor 2 teachor
Sy B A D
S3 A D B
8, D B A

. S D B
S A C E
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PAPER VIII: SUBJECTS OF SPECIALISATION—I
Time : 4 houra ' Full mnrka s 100
() Answor questions only from tho soction on the subjoct of apecinlisation
you have opted for.
(if) Figures in the margin indicate full marks.

(b) TECHNO-COMMERCIAL STATISTICS—STATISTICAL QUALITY
CONTROL

(Anawor any four questiona from this section)

1. What is a continuous sampling plan? Describe Dodge's continuous
sampling plan and derivo the quantities which go into the formula for AOQ of tho
plan, (23)

2. Derive the sequontial probability ratio teat from the acceptance sampling
point of view.

Deacribe. tho soquentia! procedure for tosting whothor the proportion of
defectives produced by a given procees is oqual to that produced by a difforent
procesa, . (25)

/3. (a) Enumerate the difforent typos of charta available to control tho
monn of & able charactoristic. Indicate the circumstances undoer which you
would profor to uso each of thoso. (15)

(b) Douscribo briefly the procedure you would adopt to control the numbor

of defects per unit of a product where the defects have to be classificd according to

their seriousncss. (10)
4. (a) Describe the method of stecpest ascont and local exploration for doter-
mining tho optimum operating conditions of a production process. (15)

(b) Explain the terms Rating, Normal time and Standard timo as applicd
to timo study. Give one or two situations when work sampling can be moro profitably
employed than actual time study. (10)

6. Write short notes on:
(f) Statistical tolerances.
(#§) Fractional factorial designa.
(#i7) Lot plot techniques. (25)

(d) DESIGN AND ANALYSIS OF EXPERIMENTS—STATISTICAL
ASPECTS

(Answor any fire quostions from this soction)

1. It ia desired to examine whethor the averuge difference between morning
and evening staturo of a population is zero or not.  If two anthropologists are available,
how do you design an experimont to obtain the desired information taking into account
that differences may oxist in the measurements taken by the two anthropologista and
also interaction betweon invostigators and times of mensurement. Write down the
snalysis of variance appropriate to analyso the data collected according to your
dﬂlgn. (20)
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2. A pani maharaj (water diviner) claims that he can dotect the oxistonce
of wator botween 10 and 20 feot bolow the point whoro ho stands. Design an oxperi.
ment to test his claim. Explain clearly the various principlea of design of oxperiments
you would employ in working out a suitablo design. ) (20)

3. An exporimont has to bo conducted to compare tho yiclds of two varietics
of rice K and D in combination with four troatments ¢, #;, f5 and ¢, dofined as follows:

fy = DPotash at 15 lba+ Phosphoric acid at 12 lbs
t; = Potash at 15 lbs

s == Phoaphorio acid at 12 lbs

t, = No nutrient.

-

Suggest a suitablo design for the above experiment in oight blocka of four
plots each. Indicato how you would analyse the experimental data, (20)
4. Describe how uniformity trial data are usod to dotormine the shapo and
size of experimontal plota. C(20)

- 5. What is meant by partial confounding in a factorial experiment? Give

a balanced acheme of partial confounding in a 23 factorial experiment in block of 8 plots.
Explain the computation of partially confounded intoeractions. (20)
6. What are the binatorial requil nta of a balanced incomplete block

design? Show that in such a design tho number of blocks eannot bo less than the
numbor of varieticis. .

Show how the analysis of such a design is altered if it is known after the
experiment is 1aid out that two of tho vericties used in the experiment are not really
distinct, but the samo varioty called by two dilferent names. (20)

(¢) SAMPLE SURVEYS-—-THEORETICAL ASPECTS
(Answer any four questions from this section)

1. A finite population is divided into N clusters cach containing M elementa.
The paramoter to be estimatod ia the population moan 2. A sample of n clusters
ia solected at random and from cach solocted clustor m ol ts aro chosen at random.
Obtain on unbiased lincar eatimate of #, tho variance of tho estimate and an unbiased
eatimate of the varianco. (Clusters and elemonta woro solected with replacement). (15)

Obtain the opti pling and sub _;' g fractions when Cy is tho coat
of sampling a primary unit, C; is tho cost of sampling a sccondary unit and
C=Cin+C; mn is tho total fixed budget available for tho survey. (10)

2. State and provo tho principal conditions which muat bo satisfied for a ratio
cstimate to be the best unbinscd linear estimato of tho population total. Show that
this estimate is conaistont. Under what conditiona is its efficioncy higher than that
of an ostimate basod on sample avorago. (25)

3. In a two-stngo sampling design, conaidor the following solection procedurce
(soloction being done with roplacemont) s

() Solect n primary unita with probabilities proportional to their sizo i
(the number of clemonts in tho sth unit) and m olomonta from each primary unit solocted:
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(i) Scleot n primary unita with equal probability and a constant proportion
of olementa in each primary unit sclected such that the overall sumpliog fraction is
tho samo as in (i)

Deacribe the optimum procedures to be followed in each caso for estimating the
population total of o charactor, Derive tho expression for the estimato proposcd in
oach caso. Comment on the mluu\o usefulness of the two solection procedures
suggested, (25)

4. (a) Discuss with suitablo illustrations the importance of “cost” and
“variance” functions in planning a large.scale samplo survey. (12)

(b) What are non.sampling errors? How do you distinguish between sampling
and non-sumpling errors? What methoda would you suggest to assces and to control
non-sampling orrors ? (13)

5. (a) In a finite population, an increase in aamplo sizo operates in two
difforont ways to reduco the munplink orror. \What are theso two ways and which
is ordinarily the more important? . {9)

{b) Supposo there are 500 rocks of varying sizes and weights on a tablo before
you. If you wanted to estimato the menn weight of the recks on the basia of fivo rocks,
how wauld you ssleet the five? Why ? ' If you wanted to catimate the menn on the
busis of 50 rocks, would you change your method of selectiont Why? (16)

PAPER IX : SUBJECTS OF SPECIALISATION—II
Time : 4 hours - Full marka : 190
() Answer questions - only form the soction on  the 'subjccbt
of epocialisation you have opted for.
(i) Figures in the mm-gin indicate full marks.

() TECHNO-COM) \iERCIAL STATISTICS

(i) Answer Group A and oithor Group B; or Group B; whnchovor
you have opted for

{15) Ueo a seporato nnswcr book for each group.

GROUP A: S’I‘ATISTIC.—\L METHODS IN BUSINESS
* (Attempt any fwo questions from thia group)
1. Write a note-on how And which sampling wchmqu«; are usoful in
ouditing. - : R $ 1]

2. Dovelop (5) ‘the basic oxpononnal modol’ for forecasting (if) the exponontial
modol with ratio sonsomls and (i1i) tho exponcntial modol with ratio seasonals and

trend. . (12)
" How would you eatimate the woights and othor p tore involved in the
modelt s 3
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3, (a) What are tho different ateps in  porsonnel nolcc!iol;? Where do
aptitude and achicvement tests, werk-measurement, job-analysis come in personnel
soloction? (9)

(6) Describo tho points system uscd for job-ovaluation. \What are tho pro.
requisitice for the ayatem? Explain alvo how job-ovaluntion is necossary for payment
by results, (6

GROUP B, : OPERATIONS RESEARCH
(Answer any four quostions from this group)
4. Explain the concept, scopo and toola of operationa rescarch as applienble
to busincss and industry. 17)

5. Describe the lincar progeamming technique covering the formulation,
assumptions and somo simplo methoda of solution. Tllustrate how it ia a tool for tuking
qunntitative management decisions in business and industry. How is the solution
of the dual programming problem rplovant to management docisions? {17)

6. Dynamic prog ing is supposed to characteriso the joint application
of two idena: (1) recussivo optimality and (2) summariaation of a ‘‘state variahle".
Explain the two ideas in detail and explain alno how they are useful in inventory-control
probloms, using a hypothetical examplo to illustrate tho argument. . a7

7. (a) Work out answers to tho two questions (i) and (ii) below in the
fullowing problem : : (12)

A shipping company has a single unloading bearth with nhip;) arriving in a
Poisson fashion at an avernge rato of threo per day. Tho unloading timo-distribution
for a ship with n unloading crews is found to be exponential with avorage unloading

time —;T days. The company has a largo labour supply without regular working

hours, and to avoid long waiting lince the company has a policy of using as many
unloading crews on a ship na thero are ships waiting in lino or being unloaded.

{f) Under theso conditiona what will bo the average number of unloading
crews working at any timo?

=7 «(ii) What i_n.lhe probability that more than 4 crews will ba needed?

(b) 1If O is the purchaso price of 8 machino, Ry, its running cost in year n, ]
the annunl intcreat rate, then work out the year in which tho machine ia to be replnced
if the owner is asmumed to borrow hia exponditure at tho same intorest rato ¢ and he
repays it making fixed annual paymenta throughout the life of tho machino. {5)

8. Derive Harris's economic lot sizo formula spocifying clearly the eonditfnns
under which it ia derived. Aro theso conditiona realistic? How are theso conditions
modified to preacnt a moro realistie annlynie? an

9. Write an oxplanatory note on tho role of tho Monte Carlo method in op:‘rlf
tiona rosearch illustrating it if pomsiblo by a hypothotical oxamplo in oporations
rescarch. (1

Neatnoss (2
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GROUP B,: ELEMENTS OF BOOK.KEEPING AND ACCOUNTANCY

10.  Etther,
Tnbulate thoe following itoms and state opposite ench () class of account,
(i) whothor it usually has a dobit or credit balance, (iii) whethor the balance appears
in the Trading Account, tho Profit und Loss account or Balance Shoet.
(a) Prepsid Rent.
(b) Discount Rocoived.
(¢) Carringo Inwards,
{s) Salarics and Wages.
(¢) Intorest on Bunk Ovordraft.
(f) Bank Overdraft. (B6x2=12)
Or,
{a) What aro the odvanlages of Impreat system of Petly cash? {4)
{b) Give tho form of & Poity Cush Book on Impreat syatem, ontor therein
Ten imaginary figures over a fortnight taking imprest to be Re. 100 and show at the
end of each succosding week recoupment of Imprest. (8)
1. Tho following fucta relate to tho business of Mr. Roy on a particular date:

Bulance as per Cash Book (Over drawn} .. Ra 80
Unpresented Choques Ra. 144
Uncredited Choques .. Ra. 28

The following further particulars are given:

() A choquo for Rs. 20 paid to Mr. Peck haa Leen entored orroncously in
the cash column..

(§i) Bank commision of Rs. 8 has not Loen accounted for, and

(iti) It is revealed that the debit side of the Cash Book (Bank column) has
beon undercest by Ra. 50.

What is the balance ns per Pass Book of Mr. Roy as of that dato? {8)

12, Either,
(a) \Write explanatory notes on the following : (1§ x4=6)
(%) Liquid Assota, (ii) Dooumentary bill, {{ii) Watered capital, tmd B
{iv) Errors of prmclplo ’
(6) How will you procced to detect the difference if the Trial Balance doce
Bt agroo? 0
Or,
(a) Clearly distinguish between ‘Capital Expenditure’ and ‘Revenuo Expen-
(6)
b) Stata how the following items will be treated in the Books of Accounta s
(i} Construction of a students Common Room Rs. 20,000
{ii) Ropnira to Bonches and Tables Rs. 150
(i) White-washing the buildings Rs. 1500, and
(iv) Pulling out an old structuro Ra. 750 end Re-bvilding it Re. 7500.
(1§ x4=8)

diture'.
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13. On Janunry 3, Q purchased from P goods to the wvanluo ‘of Ra. 6000 and
sottled tho account by means of three bills of Exchangs for Rs. 2000 oach, duo res.
poctively in two, three and four months. A week Inter P discourted tho first of the
throo billa with his Bank, roceiving Re, 1090, the othera he hold. The first two bills
wero puid ot maturity. Tho third @ wns unnble to mnot and it wus rotired by arrango.
monts. Q paying Re. 500 in cash and giving P a fresh bill for threo months to cover
the balance with interest at tho rato of 59 por annum. This bill was duly met at
maturity.

Journaliso the above transactions in P's books of Accounta. (14

14. The following balances stood in the books of K. C. Josoph as at 31.12.61,
You are required to prepare a Trading and Profit and Loas account for the year
onded 31.12.6] and o Balance Shect as at that date, aftor making the nccemsary
adjustments : ’

Ra,

Mr. Joseph's Capital Aocount’ 80,000/-
Mr. Joseph's Druwing Account AN 8,000/-
Plant and Machinory L 90,000/~
Plant and Machinery (additions on 1.7.61) 5,000/-
Stock on 1.1.61 vee 13,000/-
Purchasos | 82,000/~
Roturns Inwards . 2,000/-
Sundry Debtors ; - 20,600/-
Furniture and Fixtures . 5,000/-
~  Frieght and Duty s 2,000/-
Carringo Outwards e 500/-
Rent, Rates and Taxes . 4,800/-
Printing anil Stationery . . 800/-
Trado Expenses . . 400/-
Sundry Creditors . 10,000/~
Sales . 120,000/
", Returns Outwards o 1,000/-
Postage and Tolegrams . ., 800/-
Reeervo for Doubt{ul Dobla .. 400/«
Discounts Received . 800/-
Rent of promises sub-let up to 30.6.62 o 1,200}-
Insurance charges . 700/-
Sularics and Wages - 21,300/-
Cash in Hnod ™ 6,200/

Cash at Bank . 20,500/-

ADJUSTMENTS

{§) Stock on 31.12.61 was valurd at Ra. 14,600/-,

(W) Writo off Re, 600/ ns Bad dobta.
.* (5i7) " Tho Resorve for Doubtful Dabta is to bo maintainod at 5% on §/Dobtors.
"’ (iv) Creste Rosorvea for Discount on Dobtors and Diacount on Creditors st 2%:
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(v) Deprooiste Furniture and Fixture and Plant and Machinery at the rate
of §% and 209% por annum reapectivoly.
(vi} Insurance Propaid was Rs, 100/-

(vit) A fire occurred on 25.12.0Lin the godown and stock of the value of
Rs. 5,000/- was destroyed. The Insurance Company admitted the claim in fuli.

(Make suitablo assumptions, if necesaary) (24)

(d) DESIGN & ANALYSIS OF EXPERIMENTS—COMBINATORLAL
ASPECTS

(Attempt any four quostions from this ion)

1. Define projective and Euclidean goometrics of dimension m over a finite
field GF(p"). ’ (15)
Obtain tho expressions for the bers of points and lines in PG(2, p") and
EG (2, p") and show that EG(2, p”) can bo embedded in PG(2, 21). (10)
2. Dofino a balanced incomplete block design (BIBD) and obtain the relations
botween (v, b, £, X and 3). : (3)
Let N=(n;j) donoto the incidence matrix of a BIBD whors nyj =1 or —1
according as trcatment ¢ occurs in block § or not. Show that the rows of N aro
orthogonal if and only if b=4 (r—)). (4)
Let M and N denote incidence matrices for two BIBD's with parametors
(vs, b1, £1, k1, M) and (o2, b, ra2, k2, A2) respoctively with b;=4 (r;=2i), §=1, 2.
Then show that [M X N = mjj{(N)] also corresponds to a BIBD with (v, b, r, k, 3)

where b=4 _(r—2). (15)
Honce obtain a solution of v=b=16, r=Kk=86, \=2. 3)
3. Dofine a partially balanced incomplote block design (PBIBD). (1)
Show that the dual of a BIBD with A=1 is a PBIBD with two associate
classcs. : (12)

If in a PBIBD with two sssociate classos and paramoters ¢, b, r, £, A1, )1,
M, 2, pYr we have pi, = p}, = ), thenshow that we can construct & BIBD with
v=b, r=k=ny, A, (9)

4. Dofine an orthogonal array (A S2, %, S, 2] in S symbols, k constraints,
strength 2 and indox X and prove thet k satisfics.

A S3—1
k-< S=1

Prove a one-to-ono correapondonce botween [A S, k, S, 2) and the group

divisible dosign with % groups of # troatments. v=kS, b=)2S1, r=)\8, k, A\ =0, A\y=1.

(25)

6. Iow many factors each at 3 lovol can bo accomodated in blocks of 8 plota

without confounding any main offocts or 2-factor intoractions? Obtain such an
81
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arrangement using tho maximum number of factors in two replications partially
confounding sum of tho 3-factor interactions. {25)
6. What is 8 rotatablo design?
Give a mothod of constructing a rotatuble design of the second order in three
dimensions,
25)
(¢) SAMPLE SURVEYS—ORGANIZATIONAL ASPECTS
(Answor any four questions from this scstion)

1. On what practical considerationa will you baso tho design of a samploe
survey for cetimating the cost of production of an important crop in a State? Give
the proceduro of collection of duta which would minimize non-sampling errors and

provide cstimatea with i p and minimise cost. What items of informa-
tion would you liko to includo and what alternate results would you like to present?
(23)

2. Draw up a schodule of inquiry into the volume of rural savings in India
with a view to pscortaining the resources available in the rural area for the third five
year plan. « Give your own dofinitions and concopts, with justification, and draw up
a sot of instructions to field workers. 25)

3. You aro required to study the changea in the economic conditions of tho
people of your Stato during the period of the second five year plan. What sampling
unit will you use and what typo of framo will you choose? What type of information
will you collect and what mothod or mothods.of inquiry will you adopt? (25)

4. Discusa the rolo of a pilot survoy in taking dccisions on tho appropriate
method of inquiry to bo adopted in a large-scalo samplo survey, preparing the
schedules and instructions and constructing cost and variance functions. (25)

5. In an integrated schome of ficld survey, it is proposed to cover within ono
year the following type of inquiries : )

(a) Estimation of arca and aversgo yield of principal cropa.

(b) Sizo of agricultural holdihnga.

(¢) Number of livestock and agricultural implomonts.

Indicato, with proper justification, the choico of etaff requirementa (nature,

qualificati position, etc.) y for an overall efficiont exceution of ths
schome.
State clearly tho details of the sch of inspection proposcd to be followed.
(25)
8. \Write short notea on any three of the following:
(a) Schedulee and questi i 8
{8) Follow.up of non-.responss casca. (83)
(¢) Pro-tabulation scrutiny. (83)
(d) Uso of punch.card equipmeont. (83)
(¢) Training of feld ataff. . 8



PAPER X: SUBJECTS OF SPECIALISATION—III
Time : 5 hours . Full marks : 100
(i) Answer questions only from the soction on the subject
of spocialisation you have opted for.

(i) Figurca in tho margin indicate full marks.
(ii5) Use of calculating machincs ia pormitted.

(a) ECONOMIC STATISTICS (PRACTICAL)
(Attompt any four questions)
1. The following tablo givea the per eapita annual consumption of coreals

(y)s por capita disposablo porsonal income (r) and wholeaalo price-indices for all commo-
dities (p) and for coroals (p,) for India. Take tho consumer-behaviour rolationship as

¢
y = azb (.ﬂ)
P

and work out the incomo and price-olasticitica for corenl consumption. Are they

significantly differont from zero? (25)
por capita per capita wholesalo® price wholesale® prico
annual disposable indices indices
years pti p 1i all ditica corcals
cereals ( prices)
(Ib. per annum) (Rs.) baso yoar 1939=100
1950-51 273.5 236.3 400.7 471.2
1951.52 243 238.3 439.3 483.3
1952.53 202.2 253.0 386.9 450.2
1953.64 285.7 262.1 303.9 450.6
1954.535 208,7 253.7 386.7 403.8
1955.56 303.8 269.0 356.4 354.7
1958.57 3068.5 ' 272.2 403.1 472.2
1957.58 2068.6 251.7 341.2 538.4

®(the whole.sale price-indices aro for the calendar year but may be assumed
to correspond to tho yeara given: at the elft). -
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2. Tho following table gives data on publie inveatment under Central Govern.
nont for the ycars 1898.99 to 1928.20. Fit a parabola of tho second degreo to the

abovo data and comment. (25)
public investmont undor publie investmont undor
yoar central governmont year Central Govornmont
(in crores of rupees) (in croroa of rupcos)
1893-99 14.53 101415 35.32
1899-1900 14.13 1015-16 39.85
1900-01 16.60 1916-17 45.91
1001-02 17.45 1017-18 48.17
1903-04 20.35 1018-19 46.85
1904-05 21.42 1919-20 40.90
1903-08 23.61 1020-21 36.33
1906-07 29.97 1921-22 43.80
1907-08 29.28 1922-23 51.80
1908-09 34.23 1923-24 42.82
1900-10 33.00 192425 50.95
1910-11 27.39 1925-26 36.15
1911-12 32.28 10206-27 22,62
1912-13 31.37 1927-28 13.22
1913-14 35.37 1928-29 12.30

3. Quality-ratios (¢1/g2) and prico-ratios (pi/pz) of motor.car imported into
India from U.K. and U.S.A. aro given bolow. Work out tho lenst squarce estimate

of the elasticity of eubatitution defined by d log (91lg:) 4ng d to be cons-
dlog (pi/p1)
tant. Comment, (25)
U.K.[US.A. U.K.JUS.A.
year ratio of quantity  ratio of price-indices
indices ¢/q1 P1/p2

1021-22 0.9849 2.2620
1922-23 0.3239 2.3072
1923-24 0.3507 1.8621
1924-25 0.5415 1.5304
1023-26 0.54158 1.5304
1926-27 0.5790 1.4825
1927-28 0.6317 1.4302
1928-29 0.5973 1.2797
1929-30 0.3504 1.2497
1930-31 0.3908 1.2085
1931-32 0.5600 1.2508
1032-33 0.6468 1.1806
1933-34 3.2961 0.9521
1034-35 2.4005 1.2176
1935-36 1.1342 1.1084
1936-37 1.7530 0.9791
1937-38 1.6376 . 0.9866
1938-39 1.3164 1.0328

4. Tho following table gives tho distribution of the h holds and arca

owned by sizo-lovel of houschold ownorehip holding. (N.S.S. July 1053—Juno 1954
major-crop scason Central India). .

Draw the Loronz diagram and work out the concontration-ratio. (25)
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Estimatod number of households and area owned by siza-lovel of household
ownorship-holding.

8i20 of number of urca owned aizo of number of  area owned
holding houscholds (000 acres) holding houscholds (000 aeres)
(000! (000)

.00 2208 — 10.00-14.09 019 11142
.01- .04 1108 18 15-19.40 437 7607
.05~ .09 154 10 20-24.09 306 6872
.10~ .49 277 80 25-29.99 258 7039
.50~ .09 224 147 30-39.909 228 7004
1.00-1.49 254 314 40-49.00 142 6210
1.50-2.49 530 1021 50-74.00 172 9099
2.50-4.99 1115 4011 75-99.09 14 1227
5.00-7.49 828 5068 100-240.99 34 4774
7.50-9.909 625 6435 250- 5 2016

5. The following table givea the wholesale price-indices of rice for India (base
year 1952.53=100) for the four months March, June, Scptember and December for
tho years 1957-58 to 1060.61. Remove the scasonal variation by the moving averags
mothod, fit a linear trend to tho moving average sories and work out the first order
seriol correlation for the residual series after tho lincar trend is removed.

Is the scrinl corrclation significantly different from zero?

Calculato also the Von-Noumann ratio for testing the time-dependence of the
residuals, Comraent. 25)

Wholcsale price-indices for rice

year
1957-58 1958-59 1959-60 1960-61
month
March 97 100 02 108
June 017 111 102 114
Septembor 108 118 111 114
Docomber 102 98 101 102

() TECHNO-COMMERCIAL STATISTICS (PRACTICAL)
Use a separate answoer book for each group
GROUP A: STATISTICAL QUALITY CONTROL
(Answer any fiwo questions from this group)

1. (a) The obsorved moan and range, in a samplo of 10 itoms, of & measurable
charactoristio are 21.5 and 3.8 respectively. Obtain the 959, confidenco interval for
the process moan.

(b) Tho averngo number of visual dofocts in a spocified size of cloth has been
found from past rocerds to be 2.8. Dotermine the lowor and upper control limita so
that cither of these could bo reached or oxceeded by a samplo valuo with a probability

of 0.05 or leas. What is the chance of these limits being oxceoded when tho averago
' number of dofocts increascs to 3.6
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{¢) An cloctrical sasembly has been giving considerablo rejoctions at the
final inspoction. The asscmbly consists of a number of oporations which two oporations
(A and B) are considered important. There are four assemblers (A4, Az, As, A,)
at A and threo assemblera (B, B; B;) at B. The following study was carried out at
this assembly.

480 components wero choson at random from a common source and divided
m!o l" mmplcc of 40 cach. Each of tho 12 samples wero worked by ono of the 12

of blers. Tho other oporations have boen kept tho samo for all
the 12 samples.

The following tablo rocords tho rejoctions obtained for tho 12 combinations
at the finul assembly.

Ay - A, As A
By 0 1 1 3
B, 2 14 8 5
By 1 4 2 ]
Make suitable analysis of the data and comment upon the results, (25)

2. (a) It is desired to control the mean weight of a cigarotte at 1.20 gm.
A 109 increaso in tho weight is to be dotected with a probability of 0.05. On the
other hand the probubility of wrongly deciding that the mean weight has increased
should not be more than 0.01. Determino the sample size and control limits given
that standard doviation of tho process is 0.04 gm.

1 dent

(8) It is known that the final weight (y) of kory items are dep
among other factors, on their green woight (z). Paired obsorvations of z and y were
takon on 40 items and a summary of the results, in coded units, is gAvon below.

n =40 £ z=2537 = y=2408
X 271061580 = zy=157151 Zy? = 152888
If z ia controllod botweon 60 and 85 units, obtain the limits within which y
may bo expected to lio. (25

3. Tho following data rofers to an investigation carricd out to detormino the
errors involved in the estimnto of yield of an organic chemical.
Eoch of 8 batches wero sarplod twico at different intervals of timo and on
each samplo tho onalysis was replicatod giving in all 8X 2x2=32 readings.
Dotormine the crrora duo to analytical errors, pling and batchos rospectively.

samplo A samplo A
batch d
analynia analysia

1 2 1 2
1 60.56 60.0 60.3 59.7
2 56.0 55.6 -54.6 54.9
.3 51.2 51.6 52.9 51.8
4 58.9 60.2 58.2 60.6
5 69.1 50.6 568.6 57.0
] 57.2 56.3 57.6 57.4
7 50.5 55.2 54.8 54.2
8 565.1 52.6 55.3 53.6




GROUP B: OPERATIONS RESEARCH
(Answor question 4 or 5 and qucstion 8 from this group)

4. The following tablo gives tho ccsts of shipping & ton of steol from the stool-
mills at Allontown, Birmingham and Chicago to four warchousea 1, 2, 3 and 4. Tho
total requiromonts of steol at the warchouses are given in tho last column and tho
total stocka at each mill are given in the last row. Tho total cost of transportation
is to be minimized. Work out a basic feusible solution. Sce if it is optimum, if it
is not, thon obtain an improved basic solution, Soe if it is optimum, if it is not, thon
obtain a still better basio solution. Is tho last solution optimum? For working out

the i d solutions, use the implicit priccs or any other mothod. Work out the
cost of transportation for all the threo solutions. (20)

mill cost in dollars total

warshouss Allentown Birmingh Chicago (600 tons)

1 73 95 7 12

2 20 89 82 21

3 87 93 100 32

4 70 94 91 11

total capacity 36 20 20 70

(000 tons)

5. A manufacturer wanta to know what is the optimum stock level of a
cortain part used in filling ordors which como at a rolatively constant rate but not in
a constant sizo. Delivery of these parts to him is virtually immediute. He regularly
places theso orders at the begining of each month.” Study of demand roveals that the
probabilities shown in the table bolow are associated with various requirementa per
month. * Finally Cj, the cost of holding a unit in stock for ono month, is § 1.00 and
C1, the cost of a unit shortage por month, is $ 20.00. Work out the optimum stock
level and the total expectod cost at that lovel and tho two noighbouring lovols.

of units roquired  probubility of occurrence

. per month (r) P(r)
0 0.1

1 . 0.2

2 0.2

3 0.3

4 0.1

>5 0.0

S 0 -]
Note: C(S)=C; X Ty +C 52 ) (r—Sy
B =C E PS=z) + O 2, P+ G 3, PN

and the minimum of this occurs when

[P < (51 + 5= % By <o

a Pir) ’
and 2
GiiC, <[Pr<S) +(S+ g)sxﬂ _']. (20)
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8. Tho following tables give two patterns of tho time of arrival of customers,
the timo at which services begin and tho timo at which services end. The cost of idle
timo at the counter is $1 per minute and the cost of waiting time is also $1 por minuto
(the customers are supposed to bo paid 80 much for having had to wait). Work out
tho idlo timos, waiting times and queno-lengths for the two patterns and detormine

for which pattern tho extra cost for idlo and wiating timoe is greater. (10)
timo at which time at which
timo of arrival service begins sorvico onds
hour minute bour minute hour minute
16t pattern
8 07 8 07 8 13
8 14 8 14 8 20
8 25 8 25 8 31
8 39 8 39 8 45
8 43 8 45 8 51
8 4] 8 58 0 2
2nd pattern
8 07 8 07 8 10
8 14 8 16 8 25
8 25 8 25 8 34
8 3 f 8 39 8 48
8 43 8 48 8 67
8 50 8 57 9 06

GROUP C: STATISTICAL METHODS IN BUSINESS

(Answer any tiwo questions from this group)

7. Fit the log normal distribution to the following data on forecast errors.
Comment, (10)
rutio of actual sales of frequoncy during
cooking utensils to first 24 months
forocast sales
() 52
0—0.509 1
0.600—0.799 ]
0.800—0.900 6
1.000—1.190 []
1.200—1.399 3
2.400—1.0909 2
2.000— 0
total 24

[Note : 1flog z is distributed normally, z is said to be distributed log-normally}
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8. Tho following tabla gives tho preferenco pom-mngcs.for a number of
brands of toilet sonp based on a survey of 534 housewives,

Teet if the proforence porcentago for the brand A is significantly largor than
that for ench of tho brands B, C, D and E.

brand percentago of thoss  total number
who preforred surveyod
A 1.2 634
B 10.6 534
C 1.8 53%
D 6.4 534
E 4.5 534

9. The following table shows the data on sales availublo to tho forecaster in
May 1957, Produco a sct of trend and sensonally adjusted moving average forccasts
for the forthcoming 12 montha starting with May, Thoro is an average increaso of
3.019 per year as ostimated from annual data.

maonthly orders received

month 1055 1056 1057
Jonuary 339 445 203
February * 257 178 181
March 2N 218 347
April 100 247 255
May 306 203
June 441 439
July 552 550
August 190 - 188
September 208 212
October 107 152
November 238 175
Docomber 326 420 :

The following aimple procedure can be followed. :

12

S; = scasonal sales indox for the s-th month

= _orders received for tho i-th months in 1955 and 1950

orders recoived in 1855 and 1930

A’ = A, corrected for trond

Sales forecasts for i-th month in 1057 and 1058 = A°XS;

8
A(l+ﬁ X

(d) DESIGN AND ANALYSIS OF EXPERIMENTS (PRACTICAL)

annual percentago inereaso
—_—0

pnm:oun twolvo montha orders recoived, in May 1057

(Amwer.any three questiona from this section)

890

(10)

The following table givea tho yields (Ibs./plot) of ear corn (¥) and number
of planta {X) of 8 corn varictics, 4, B, C, D, E, F in a 86 Latin Square,



Analyso tho data and writo a report comparing tho yields of tho differont variotios,

aftor correcting for the variation in tho number of planta. (333)

A B (o} D E ¥

X 18 16 18 14 15 17

Y 8.0 7.6 6.7 6.5 8.2 4.7
B o] D E F A

X 10 15 16 10 21 "4

Y 7.0 8.2 8.3 4.6 5.2 6.5
c E ‘A F B D

X 150 16 16 19 15 17

Y 5.1 9.6 7.1 4.8 7.6 7.6
D F B A C E

X.. 18 18 20 - 18 22 17

Y 8.3 5.3 10.0 6.8 7.8 0.6,
E D F B A C

X 15 18 - 19 16 16 15

Y 8.3 7.9 5.4 9.3 1.8 8.0
F A E c D B

X 18 20 18 17 17 13

b g 5.1 8.7 8.1 6.1 1.2 7.4

2. The following table gives the resulta of an experiment involving 4 treat.
ments in 4 blocks, each of three  plots, with a balanced layout. Ono of the 12 yields
was lost in an accident and this is indicated by an asterisk(®). .

Analyso the data fully working out tho standard error of every pairwise com-

parison, and write a brief roport on your findings. (33})
yield in an incomplete block oxporimem..
troatments
block
1 2 3 4
1 238 106 254 —_
2 . 213 — 312
3 270 —_ 334 421
4 _— 308 367 412

¢ ="' not tried, *®’ Jost.

3. The following tablo gives the plan and the yiclds of an experiment on
turmeric with threo lovels each of nitrogen (ammonium sulphato), phosphorus (supér
phosphato) and potash (sulphato of potash). Tho doscs used wero—

lovols
factors -
(Y] y (2)
{N) Nitrogon nil 60 1bs, N/ncre 120 tba. N/acre
{(P) Thoaphorus nil 45 )bs. P20sfacre 00 1bs. P;0s/acre

(K) Tolash “nil 100 1bs, K;0/acro 200 1bs. K0/ncro
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Plan and yxold of 33 r«\cu)rml oxponmom in 3 blocks of 9 plots each (Treatment
combmullon in bracket, yiold' 66*raw turmeric in 1bs. lplot of 1/08 acre) .

block (tecatment) and Yield,
1 (112)  (022) (2100  (OI1)  (120)  (221)  (101)  (202)  (000)
114 90 76 68 105 95 01 81 92

2 (102)  (200)  (001) (2) (121 (012)  (020) (110) (211)
9 6 57 88 5 7 76 6

3 (021)  (100)  (201) (212) (002)  (220) .(122) (010) (1l1)
73 7 88 65 84

74 L] 106 66 10
Analyso tho data. (331)
4. (a) Give an optimum design for finding tho weights of 8 objecta by 8
ighings on a bal with no zero.error.

(b) Considor the daul of tho design in which every pair of treatments from !

" amongat ¢ treatments is separately tried just once on & block of two plots. Draw up
dotailed computational instructions for analysing fully tho results of an experiment
with this kind of design. Work out the efficiency factor of the design when ¢=5. (33})

o (¢) SAMPLE SURVEYS (PRACTICAL)
B (Anawor all questions from this section)

1. " You are required to conduct a survey on the pattorn and extent of savings
of houscliolds in which sume members have purchased National Savings Cortificates.
(a) Plan a survoy describing clearly and in brief—
() the sampling wunits you will uee.
(i) the sampling frames required and how you will procure thom.
(i) an outline of tho sampling procedure.
(b) Draw up a euitable houschold-schedu'e for the survey giving—
() tho identification details of the houschold.
(#i) tho relevant items to bo collected.
(¢) List down thoe different items in planning tho eurvey, collecting the

information and processing the data, which should bo taken into account when drawing
L]
(25)

up tho budgoet for the survey.

2. The following table has been obtained from a complote census of all tho
340 villages of a sub-division. The villages wero stratified by sizo in 4 strata; N
denotes the number of villncs in & a!mtum'yﬂ‘ tho etratum meun of arca under
wheat, S, the standard deviation of area under wheat and Sg; tho standard dovia-

tion of agricultural arca.

stratum  sizo of villago N Ny S, Sa;
number in bighas
1. 0 — 500 . 63— 112,11 66.3 129.6
2 501 — 1500 100 £ 276.7 116.4 267.0
3 1601 — 2500 . 53 558.1 186.0 276.1
4 >2500 25 060.1 361.3 082.2
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Caleulats tho sampling varinnce of the estimated area under wheat obtained
from a samplo of 34 villages.—
(a) if tho villages wero sclected by simplo random sampling without strati.
fication;
(b) if the villages wero selocted by simple random sampling within each
" stratum, and allocated in propon;'on to () Np: (6) N;Sey : (0) Ng Sgp

Tabulate theso sampling variances and the relative efficiency of the different
sampling methods with regard to—
(§) unstratified simple random sampling.
(#) sampling with proportional allocation. (25)

3. A sample of 8 fuctorics is eelectod from a population of 100 factories with
probability proportional to tho number of workers and with replacement, to estimate
the total output. Uning tho data givon below for the sampled factories, estimate
the gain or loss in efticioncy in using the value of fixed enpital ag tho ‘sizo’ at tho solection
stage, instend of the number of workers. (25)

_factory number

i 2 3 4 5 [
number of workers 30 50 15 80 50 15
fixed capital (in 000 Ra.) 23 38 8 39 37 20
total output (in 000 Ra.) 50 00 20 100 100 50

Number of workoers in all the 100 factoricsa: 2x10%
Total fixed capital of all tho 100 factoriea:  2x10?

4. The following table showa the results of a di ional By tic
sampling. The varinte is arca of green land in a given unit, Estimate roughly the
standard error of the aample mean by the method of successive differences and also
by amsuming the samplo to bo a simple random one (ignoring tho fpc), and comment
on the rcsults, ® (25)

serind number 1 2 3 4 5 [} 7 8 9 10

arcaof greenland 0.5 3.1 2.8 2.7 0.1 2.8 2.6 2.3 3.5 2.4

serinl number 1 12 13 2! 15 18 17 18 10 20

arcaof greonland 3.8 4.1 4.9 6.0 5.4 2.3 20 2.1 6.3 8.2

(9) STATISTICAL INFERENCE (PRACTICAL)
(Anawer all queations from this soction)

1. In a genstical experiment on linsced, tho observed froquencies for petal
and stigma colours ara given in the following tablo, along with tho probabilitics of
the colls in terms of a parametor 6.
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potal colour
stigma colour -

liluo doop lilac
357 33
we (3 ()
37 04 |
moe L (221) 0 ()

Estimate 8 by the mothod of maximwn likelihood. Also cstimate the variunce
of this estimate of 0. (30) -

2. A eample of sizo 25 is druwn from a normal population whose standurd
doviation is 3 and whose mean p is unknown, Tt is desired to test the hypothesis
#=0, at & 5% levol of significance. Draw tlie powor curves: of—

(s) o left tail end test,
(f5) o right tail end test,

(i) a two-sided equal tail ends test,
and comment on the rolative merits of the above throe tests with espect to difforent
clusses of altornative hypotheses. (20)

3. The following data give heights in millimeters of two groups of persons.

group A group B
eerial  height  sorial  beigt serial  height  serial  height
number in mms. number in mms. number in mms. number in mms.
1 1658 9 1662 1 1676 11 1600
2 1617 10 1712 2 1685 12 1879
3 1628 11 1644 3 1584 13 1625
4 1057 12 1724 4 1674 14 1601
65 1666 13 1696 b 15697 15 1702
[ 1630 14 1567 [ 1588 16 1810
7 1850 16 1547 1 1689 17 - 1834
8 1677 16 1608 8 1607 18 10679
9 1614 19 1875
10 1690

Uso the follwing tests to oxamino whethor the two groups can be considored
0 have come from tho eamo population:

(t) Wald-Wolfowitz tost.

(i) Wilcoxon’s tost.

(1i7) Dixon's test. (20)
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4, Two groups of army reoruite were given throe toats 4, B and C. The
samplo size, mean scorca and the pooled disporsion matrix are given below :

moan acores
uj pl
group aizo A B c
I 114 2.9208 1.1687 0.7281
1I 33 3.0303 1.2424 0.5435
Dispersion matrix (within groups)
teat A B Cc
A 2.300851 0.2515678 0.474109
B — 0.607460 0.035774
[o] —_

0.595094

(a) Find the coeflicients of the best linear function of scoresa which would
discriminate betwecn the two groups.*

(b) How would you classify an individual into either of the two groups on
the basis of his acorea in the throe tests?

(c) What would be the error of this method of classification? (30)

94



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095

