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. Pareh 1—TurorericaL StaTisTics (GEXERAL)
Tims : 2 Hours Pull marks1 60
Grovr B

{a) Answor any lwo questions.
(b) Figurce in the nusrgin indicete full nurks,

{0} Uuso of calculnting machince is not permitied.

). (a) Discuss In somo detail tho npplicationa and limitations of X? teat, ' '’
{b) Show that for tosting indepondencs in a 2x 2 econtingonry hblo wn.h ecll

froquoncice as bolow
'
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{0) How do you altor your tesat for indepondonco given above whon the cell
frequencics aro amall, . (25)

2. (o) In the mulnplo regression oquation

yim a8y T8y 2ai+ . 4Py 2
show how you will eatimato o, 81, 81 -+ 2y

(b) TMow will you teat for the homoguneity of & sct of corrolation cocflicionts

dorived from aamples of aizea ny, my, . n[ from Lk bivariale normal populnuom (25) )
3. (a) Describo a fow hypothetieal mochq which give riso to & Pmmn distribu-
tion. Givo suitable olnmplm
, (b) Given two |m|:-pnmlen| o\mr\nnom trom two Toimon diainbunons, bow do
you toat that tho parameter ‘hoa the samo vnluo for both the distribytions. ., - . (25)

= . . :
Noter Queation paper for Group A of paper 1 .e not availihls for circulation. ~
1



PapeR JI—APPLIED STATISTICS {GENERAL)
Timo: 4 Hours Full marks: 100

{a) Answors to the differont groups are to be given in soparate books.
{b) Attempt any thres questions from group A pl_\d any two from group B.
(c) All questions carry oqual marks.

(d) Use of calculating machincs in not pormitted.

Grour A

1. What is meant by Cost and Variance functions with referonce to sample
survoys? Indicate how you will uso theee functions. How will you sot ebout building
up thess functions with the ultimate object of their use in planning a samplo survey
for obtaining arca cultivated under the major crops in your State? How will you
aotually use them in planning the surveyt

2. For the formulation of an integrated developmont plan, an economic survey
of a district is required to be ducted. Describe what you will recommeond in
regard to (i) information to be collectod and (ii) mothods and sources to be used,

3. What are tho typca of data currently included in the official publications
of the Govoroment of India dealing with either foreign trade or industrisl production.’
Also name the publicationa.

Describe briofly, in the context of planning, the llmiumons, if any, of the publi.
cations you name and tho atatistica you describe.

4. Desoribo briefly how Engol's curves and elasticitica of demand of different
commodities can bo obtained from family budgot dum. How are they useful for
purposcs of economie planning?

Can family budget data bo usod to guage the disparity in the economio develop-
ment of two statca or regions, And. if 80, how? -

5. What is moant by seasonal variation in time sorics? Describe a mnable
method of measuring the ecasonsl variation.

Tho following are the indox numbors of seasonal varistion of I.ho produchon
and pricos recoived by farmers for a particular commedity in the post-war period &

month production Pprice
January 130 R \ 96
Fobruary 84 08
March L. 87 100
April 91 86
May 04 06
June 97 99
. July 85 106
" August 79 108
Septomber 78 11t
Octobor 90 104
. Novembor 120 95
Docombor 136 91

Draw line charts of the two sorica on & graph paper. Examine the charts and
say what economio conclusions you reach, Deecribo some problems whero knowledgoe
of the index of seasonal variations of production of tho lity could prove in-
valuable. ”

- o



Grour B

6. In which situations aro spiit plot designs usoful? Explain how split-plot
designs may bo rogarded as a factorial experiment with main effocts confounded.
Compare the advantages and disadvantages of tho design with that of a randomised
block design. Explain the mode of analysis of the data obtained by employing the
above design with the help of an assumed model.

7. Starting with some fundamental assumptions (to be stated) obtain the
commonly accepted law of growth of population. Discuss the differont properties
of the curve and also the two difforont mothods of fitting the above curve to the
growth data, indicating why thoy have beon advocated.

8. State clearly tho assumptions behind multiplo factor theory., Show that
a given ¢orrolation matrix can be explained by an infinite number of factor matrices.

Discusa the 'Controid Method’ of factoring. Do you consider that the factors
feolated by any nlnn:!nrd mothod of analysis have psychological reality? Give teasona
for your opinion and state in what ways you think factor analysis may be useful to
paychologists.

9. Deseribo how Mondol's exporimonts laid the foundation of the Chromosoms
theory in gonctics.

Parer III—SraTisTicAL INFERENCE (GENERAL)
Time : 4 Hours Full marks: 100

. (8) Answors to the difforont groups are to be given in scparate books,
(b) Attempt any {wo questions from group A and any thres {ro group B.
{c) Al questions carry equal marks.
(d) Use of calculating machines is not permitted. .
y
Grour A
g 1. Discuss vory briefly the suitability of unbiascd ond mini Vi
aa critoria for estimators. . - .

Show that if u and v aro unbiascd minimum variance estimators of parametric
funotions g(o) and h(g), then u+vo ‘is the unbinsed minimum variance estimator of
g+h. Deduce, hence, that the unbiased minimum variance catimator of & given
parametric function, if it exists, ia uniquo. ’

2, Describe the rolation botwoon confidence intervals and tests of significance.
Show that if a confidenco interval is obtained by ‘inverting' a family of uniformly
most powoerful unbiasod teets of a parameter, each test boing of lovol o, then the
intorval is the ‘shorlest’ unbiased interval of confidence coefficient 1—a.

3. Supposo, that in an analysis of variance you obtain throo independent swns
of squares, S;, 8, and 8; such that S;/o;* has tho chi.square distribution with ng
dlegrecs of freodom, (i = 1, 2, 3), whore ny, nz, ng are known constants of the experi-
montal design, and 0,2, gs? and o4t aro known paramecters, Suppose also that
0y? = 0,14 koy3, whoro £ is & known constant, llow would you estimate oy



Grour B

4. In the presonce of two alternative hypothesea U, and II,, how would you
divido tho sample-space into two regions of acceptance euch that

(i} error of acceptanco of one hypothesis bo fixed and that of mccepting the
othor rendered minimum, .

(i) tho orror of accoptance of H; and Hj be equal and this common error be
rondored minimum?

Show that in both theso cascs the bos', mgnons of uccopwnco aro bounded by
surfaces of a constant valuo of a function of the minimal sot of sufficicnt statistics.

8. What aro similar regions? Under what conditions ean ono construct similar
regions to test a composito hypothesia with one degreo of frcedom?

Show that for tho hypotheeis Ho: p = po for a normal population N (p‘ a)y
a one-sided uniformly most powerful test oxists,

8, Doscribo in short, Fisher's method of dlscrm\umuon between two groups
on the basia of multiple te by choosing an optimum lincar function of
the variables. Show how the statistics D! ariscs oul, of this procodure. .

How can this procedure bo ropresonted as a problom in regression by introducing
@ suitable dummy variable into the systom? '

7. Write notes on: L

(a) Likolihood eritorion; (b) Canonical corrolation.

Parer VI—Pracrican
Time : 6 Hours

Full marks: 100
(8) Answer {wo questions from each group.

(b) Figures in thoe margin indicate full marks.

(¢} Ueo of caloulating hi) is permitted. * '

Grour A
1. Dotormine the appropriate type of Poarsonian curve to bo fitted to the
following data rolating to the ago of brido at marriage. Calculato the constanta
involved in the equation ol‘ tho curve. Draw the histogram and the fitted curve by

calculating & suitabl of ordinatea on the samo graph paper. ' (30)
ago (yoars) frequency age (years) . frequency
15—16 - . 367 30—~31 258
16—17 .. n 3132 - 164 '
17—18 1204 3233 134
18—19 2121 33—34 04
19—20 . 3158 34135 ks
20—21 4009 36—30 s
2122 , 3503 36—317 69
2223 * 3604 > 371-38 33
- 2324 3060 38—39 10
24—256 1774 390—40 27
25—26 1353 40—41 18
d 20—217 036 41—42 . 21
2728 663 42—43 11
28—29 468 43—44 u
2030 319" 44—45" ¢ 4




Mean age of bride = 22,1877

L fy = 13,3348, Ky = 01.8145, My = 1224.0342,
gy = 1.9390, gy = 6.8373

2, The following tablo gives tho mean chest expansion in inches of & number

of school boys of ages between 8 and 18, and classified into two groups according
ag the nutrition is ‘good’ or ‘bad’,

Obtain the linea of regreasion of chest exj on age for the two groups
separatcly. Exomino the significance of (i) the two regression coefficients, {ii) the
difference of the two means of cheat exp ion, (iii) tho diff of tho two regression
cocfficients. (30)

nutrition ‘good’. nutrition ‘bad’
agoin yeara
number of mean chest numbor of  mean chest
y8 expansion boys expansion

8 4 2.00 16 1.61

9 11 2.02 27 1.64
10 15 2,97 47 1.84
11 10 1.30 35 2.08
12 20 2.19 60 1.84
13 13 2.20 42 2.16
14 17 2.15 74 2.49
13 14 2.66 62 2.57
18 23 2.54 14 2.52
17 9 2.02 52 2,24
18 11 2.27 317 2.40
total 147 520

3. The following data relate to the Jand values and crops in 25 States of USA.

It is belioved that the average valuation for the farmland per acre (z,) was based

on the average yield of eorn per acre (z;) during the previous ten years and on the

porcontage of farmland undor ‘emall grain' (z) and under corn (z,). Judge how the

data confirm this view. Rank tho factors in order of their influence on the farmland

valuation. < (30
Corrected sums of squares and products, .

zy zy zg zq

z, 1205417 105743 100804 164017
21 34881 18350 28001
s ' 10418 16242
z, 23403
=2 5165 027 488 45




Grour B

4. (a) 12 animals wero fed on diot A and another sot of 15 animals on dict B.
The gains in weights (in 1bs) due to theso dicts are given bolow :
Gain in weight, Diet A—25, 30, 28, 34, 24, 95, 13, 32, 24, 30, 31, 35.
Gain in woight, Dict B—i4, 34, 22, 8, 47, 31, 40, 33, 32, 35, 18, 31, 335,
20, 22,
Test whother thero is any significant differenco in tho averago gain in weighta.
(12)
(b) Two samples, tho first of 20 paim and the accond of 25 pairs, givo corrcla-
tion of .63 and .83 rerpeetively. "Aro theeo valuca aignificantly different? (8)
5. (n) 100 candidntes sat for a certain ination and wero bered from
1 to 100 in alphabetical ordor, numbers 1 to 50 being in room A and 51 to 100 in
room B. Road mending operations wero in progress outsido the windows of room B
and it ia feared that thoy may have aflected the candidates in that room. Twonty
candidatea reached the pass mark in room A and sixteen in room B, What conclusions
would you draw and why!? (8)
(b) Tho tablo bolow shows the incideneo of accidents over different scctions of
afactory. Do the dataindicato any significant differonco in the incidence of accidents

as far aa the various scctions are concerned? (12)

scotions number of per- number of rate per
sons cmiployed accidenta hundred

1 21 11 52.38

2 22 10 45.45

3 18 . 8 33.33

4 103 20 28.18

5 106 - 26 24.63

[] 21 s 23.81

1 145 33 22,70

8 ] 14 21.21

9 153 20 18.95

10 80 8 8.99

1 43 3 6.67

12 33 1 2.08

A, Computo the valuo of f(z) when z = 0.475, givon tho following tables of
values of f(z) for z = 0,45 to 0.50, Find for what value of = is f(zx) oqual to §.
(20)

z flz) .

0.475482
0.4R4050
0.493745
0.502750
0.511668
0.520600

cocoooe
Qe
Eea3ah




Parer VII—DRACTICAL
Timo: 6 Hours ' " Full markss 100
(a) Attempt any four quostions.
(b) All questions carry equal marks.
(¢) Uso of calculating machinea is pormittod.

1. The tablo below gives the monthly production of salt in the Indien Union
for five years (1052 to 1056):

Monthly production of salt (1952-1950)
{ncarcst lakh maunds)

month 1052 1953 1054 1053 1056
January 21 31 19 20 34
Fobruary 44 40 37 45 54
March 76 83 70 89 101 -
April 142 180 126 143 156

May 174 229 179 182 210

June 149 168 161 153 1756

July 50 43 63 54 43
August 21 2 17 53 26
Soptembor 23 25 17 20 48
October 19 14 23 15 18 .
Novomber 21 9 12 13 11
Decomber 31 18 15 - 2 17 .

(i) Compute the annual averago rate of change.

(ii) Find, by tho meothod of 12-month contored movmg Avemgo, the aouonnl
indices,

2. The follwoing two sots of £x4 Latin squarcs were tried in an exporiment
on whoat. Tho object was to study the effoct of different manuris! treatments, The
necessary dotails and data are givon bolow:

Treatments
A = control, B = Ammonium sulphate
C = Magnesium D =A i Iphato and mag
Yield in lb. per plot
Latin squaro I ' “.atin square 1X
425 442 540 340 450 359 532 469
B C D A B A D Cc
384 512 4900 408 501 450 495 432
D A B c (v D B A
500 508 5636 600 469 560 470 390
C - D A B A B (o] D
451 568 409 847 380 412 300 538
A B c D D o A B




(i) Carry out the analysis of variance of each of tho two Latin squarcs.

{ii) Obtain the combined analysis of variance.

i (iii) State your conclusions with the support of appropriate summary table for
tho various treatment means,

3. A part of the data on plot yiclds observed in the crop catimation survey
on wheat carried out in Rabi 1958-57 in the district of Schoro of former Bhopal State
is given below, In each tchail, a cortain number of villages wero soloctod at random
with replacemont and in each sclected villago two ficlda were sclected. A plot of
33'x18}° wos marked randonmly in each field. Estimate the mean yield in 1b. per
acro of wheat and its sampling error,

Plot yiclds in chhataks ({5 scers)

villages
tchsil  arca under field
et wheat in acres  number 1 2 3 4 5 [ ki
1 159 1 74 168 67 90 83 40 47
2 45 80 14 166 129 8 59
2 i) 1 8¢ 99 47 58 7 52
2 91 95 51 108 73 48
3 67 1 44 44 22 65
2 42 41 68 72

4. The following table gives the number of broakdowns in rubbur.covered wire
in successive longths of 10,000 foot at a specified test voltago.

fongth number of longth number of
number  breakdowns (c) number  breakdowns (o)
1 1 11 10
2 1 12 5
3 3 13 0
4 1 14 19
. 5 8 15 16
8 1 18 20
1 2 17 1
R 8 [ ©18 ]
8 1 19 12
10 1 20 4

(a) What would bo the distribution of number of breakdowna per unit longth
{which in this caso is 10,000 foot) if tho manufacturing process is in atatistical control?
Btate roosona for your answor.

(b) Using the data givon to you, obtain suitable control limita for the number
of breakdowns por unit length and examine if the process is in control.

(o) Discuss any modification which might bo noodod in the construction of
oontrol limits if the aize of the unit varics from sample to samplo.

8



5. You aro givon bolow the matrix of intorcorrclations of four tests,

toets 1 2 3 4
1 - 0.4 0.4 0.2
2 0.4 - 0.7 0.3
3 0.4 0.7 - 0.3
4 0.2 0.3 0.3 -

Given that there aro two common factors, determine tho factor loadings of the
principal factor, .

6. In atwo-stage pling with repl t scheme, tho varinnce of tho eamplo
mean is givon by
0,1 | 0y?
Voot

where m is the numbor of first-stago unita sclected and n is tho number of second.
stago units chosen from each of the eclected first atago units, and 0,3, g;2 are the
first stage and sccond stagoe variances respectively in the populntion,
For a certain survey which is proposed to bo carried out according {0 a two etage
sampling scheme, tho following preliminary information ia availuble :
(8) 'Tho cost C of the survoy is expected to depend upon m and nin the following
. way
C(in Re.) = 5004+ 0m+1.5mn
(b) o032 = 368.5 and 0,3 = 85.5 (Theso aro the valucsas estimated from
a pilot survoy). .
For the same survoy, however, tho budgot eanctioned is only Rs. 2500, and you
aro not supposed to spond moro than this.
Find out the optimum valucs of m and n which you would recommend in such

8 caso,

Parer IV aNp V—Ecoromc StarisTics (TUEORETICAL)

Time : 4 Hours Full marks: 100

(8) Attempt any five questions.
(b) All questions earry equal marks.

1. Tho following paragraph is takon from Shri C. D, Deshmukh's recent book,
Economic Dovelopmonta in India, 1040-56: -

“The contribution of the statisticinn to national dovclopment is ‘through tho
pationt colloction and analysie of statistical and tochnical information and thoir utilisa.
tion for policy and administrative docisions in a sciontific manner’. He hus to provide
tho vital quantitative or dimonsional olomont of each qucetion or proposition, both the

“orders of magnitude of the facts or phononona undor inveatigation and thoir potential
dovelopmont through the dimonsion of time. Thus, statistical data and anulysis both
9



regarding the existing conditions and future tronds are an essential ingredient, occa-
sionally tho crucial ingredient of policy making. It is, therofore, vital that there should
be fow occasions when statistical experts themselves differ or disagrco among them.
selves, particularly in thoir basio approaches : this duly gives tho layman excuso to do
nothing about a problem or to follow a solulion according to his own personal bent.
Much of this stultification can only bo prevented by establishing statistical centres in
the country, organised in an integrated and dovotailing system.  Such a system should
provido for the planner and the policy-maker both macro-economic statistics at the
national Jovel concorning long-term and large-scalo movementa and fluctuationsin
ovorall l{roduclion, incomo, employment, population, resources etc. as well aa micro-
economio statistica which would aasist in a better formulation of local probloms and
plans to deal with them.”

Elaborato tho idcas considered in tho paragraph noting differonces, if any.

2, For working out futuro investment allocation in India, Professor P, C.
Mahalanobis used the following figures for tho total eapital (fxed plus working) per
employod person for four broad industriel eategories:

1, basic investment goods Ra. 20,000
2, factory consumer goods Rs. 8,750
3. houschold industries and agriculture Rs. 2,500
4. services Rs. 3,750

Discuss in dotail the differont statistical sources which may ho used for estimat-
ing item (2) above. Also gketeh briefly relovant sources for the other items indicat-
ing major gaps, if any.

Could data given in the Census of Manufactures be used for tho purposo in a
straightforward way?

3. Derive cxpressions for Laspoyres, Paasche and Fisher's ‘ideal’ index numbers
and establish a relation connccting the last index number with the first two.

Deseribo factor roversal, timo roversal and circular tests and ghow that the ‘ideal®
indox satisfica the firat two tests but fails to satisfy the lust ono.

4. Lot Y, S and I stand respectively for national incomo, saving and investmont,
the variables bLoing concoived as doviations from means, Also let subscript ¢ denote
timo, i.e. Y¢ gives tho valuo of nationalincomein the i—th year, Consider thoequations

St =Y, —aY,
I = bY,+C Y

S = I
and then answer the following quostions:
(i) is the systom identiablo? \Vhat are the conditions of identifiability?
(ii) prove that Y;— (a + b) Yp—y— O Yi-3 = 0. How would you intorpret
tho equation?
(iii) consider tho equation Yy — 1.8 Y3+ 0.8 Y3 = 0.
What docs it tell about tho movement of national income over timo?
5. Briefly explain the following terms:
(i) secular trond, (ii) ‘scasonal and oyclical variations, (iii) auto-correlation,
lag correlation and corrologrom, (iv) harmonic analysie, and (v) variato
difference mothod.

10



6. Show how in a closed cconomy national incomo can bo concoived either as an
aggregate of factor pnymonts or ss an aggregaio of not outputs or as an aggregate
of final exponditures. Construct a simplo numerical example to illuatrato the procees.
I thero are intornational trnnsactions, how is tho abovo scheme modified?

Briefly answer the following questions:

(i) in national incomo estimation, should a factor payment bo concoived os
gross or not of direct taxea?

(ii) explain tho diffcrencea botween (a) factor cost and market prico concepts
and (b) national and domestic concepts.

7. Write short notes on any three of tho following:

(i) clasticity of demand, (if) concontration ratio, (iii) input-output table,
(iv) material balances, (v} linear programming.

Parer 1V axp V—SraTisTicAL QUALITY CoNTROL (THEORETICAL)
Time : 4 Hours Full marks: 100

(8) Attempt any four questiona,

(b) All questions carry oqual marks.

1. (a) Explain the diffcrent situations on a Control Chart pointing to neced for
action,

(b) Stato clearly the difference, in theoretical basis, between Control Charta
when standarde (parameters) aro known and Control Charts when standards are not
known.

2. (a) Explain the ‘Scquentinl Probability Ratio Test' as applied to acceptance
sampling.

(b) Show how the scquontial test on tho basis of dota from two different operations
each of whicl results in oither & success or failure (and thereby constituting a double
dichotomy), reduccs to that for the Binomial distribution,

3. (o) Describo the AQL eampling plans, epecially from tho point of view of
their construction.

(b) Examino tho following statements with respect to AQL plans:

(i) ‘For roduced i ion change to a lower Sample Size Lotter and for
tightened inspection to a hlghcr Samplo Sizo Letter'.
(ii) ‘With acceptanco sampling plans having the same sampling fraction, the
largor the lot sizo (ho better for the purchasor’,
4. (a) Deacriby tho singlo sampling plans that aro available for industrial use
for inspection by measuremont.

(b) Show how under cortain assumptions the samplo size for tho known.
sigma plan can bo shown to be a simplo multiple of that for the unknown-sigma
plan.

8. Write full notes on any three of the following:
(i) Control Charts for individuals, (ii) Continuous sampling inspection plans,
(iii) Oporating charactoristie, (iv) lsnrrow limit guaging, (v) Rosponeo
surfaces,

1]



Parer 1V axp V—SaxrLe SurveYs, THEORY (THEORETICAL)
Time: 4 Hours . Pull marks: 100

(a) Attempt any four questions.
(b) Al questiona carry equal morks.
(c) Treatment should be mathomatical wherever possible.

1. Writo a short critical note on cach of the following as understood in the
oontoxt of sampling studics :

(i) Cluster sampling compared with eimplo random sampling,
(ii) Inter-penctruting sub-samples.

(iii) Snmpling with probability proportional to size.

(iv) Doublo sampling.

2. Work out, in sampling for proportions, the formula for tho required sample

size, n, agninst a given error margin. How would you adjust your formula if the data
are continuous?! Writo a short eritical note indicating as 1o what shoukl bo your
suggestions for the samiplo size whon information is to be collected on more than
one item. Also indicato how you would approach tho gencral problem in this context.

3. Deduco the expression for variance of tho cstimated mean for a stratified
‘random samplo, and show what the form would reduce to when ’

(i) the sampling fractions aro ncgligible in all the strata,

(ii) proportional allocation is adopted,

(iii) the variances in all the strata have the same value and sampling is pro-
portional.

4. Into a ‘lot container’ ia placed a sample of N balls, which are drawn at random
from a supply, of Mp red and Mq whito balla. In turn, into a ‘samplo container® is
placed a samplo of n balls which are drawn at random from tho ‘lot container’. Of
these n balls, r aro found to be red. Work out the variances of # whon the N balls
are put into the ‘lot container’ with repl and the le is drawn from the

P
‘lot container', (i) with replacemont and (ii) without replacement.

5. (a) Show that, with simple random eampling from e finito population, the
ratio-estimate is a 'beet lincar unbiased estimate’, if (i) the relation botween y and
z is a straight line through the origin, and (ii) the variance of y about the line is
proportionsl to xz .

{b) Work out the variance of a ratio estimato of tho population total in
any suitable form.

8. (a) Work out tho varianco of tho mean of a systematic sample and find out,
under what conditions (if at all) tho mean of a systomatio sample will be more precise
than the mean of & simple random samplo.

(b) Write out a short critical note on the comparison of systomatic samplo with
stratificd random sampling,



Paren IV AND V—Sarrre Sunvevs, ArpLIED (THEORETICAL)
Time: 4 Hours Full marks : 100.

{a) Attempt any five quostions.
(b) All quostions carry oqual marks.

1. (a) What aro pilot survoys and what aro their various uscs?

{b) \\'hM aro cost and varianco functions and how are they obuuncd from
pilot surv oys? - '

2, What ia meant by optimum number of samplo units? Illustrate with smmbto
example, the gonoral principal of detormining them. With refa to your plo,’
describe tho proceduro you would follow in answoring tho question —' what is the_
proportionato marginal decrease in varianco of tho estimate for a marginal (propomonote)
increaso in cost?’

3. What are sampling and non-sampling orrors in o samplo survey? \\'ha'.
steps do you suggest to reduce them?

4. Dnta on housohiold indobtedness and frend of sclf g t of ngri
holdings have been collected from a random plo of rural households in India,’
Desoribe the ateps and procedure you would reconumond for the analysis of data with ¢
the help of Hollerith, IBM or Powor Samas mnchme equipment. How do you onmro
acouracy of work at each stage of processing? ) .

5. Explain the meaning and uso of any four of tho followingt . .

(i) Random sampling with probability proportional to sizo, ’ o
(ii) Systomatic sampling with probability proportional to size,

(iii) Ratio and Regression estimates in sample surveys,

(iv) Cluster sampling,

(v) Two-stage sampling,

(vi) Interpenetrating enmplmg

6. It ia proposed to carry out a sorice of sample surveys l'or tho numnllou of -
area and yicld of principal coreals in India during tho next five years. What, in your
opinion, is the appropriato ultimate samplo unit for this purposo?

Diacuss, from the point of view of sampling and non.sampling errors and adminis.
trative probloms, the merits and demorits of tho following :

(i) & fixed sample for all the scasons of all the yoars with mveemgatom
pormancntly stationed in suitablo villages,
(ii) a fixed sample for all the yoars with change in assignmont of samplea to
investigators in difforont years, .
(iii) indepondont samples for different erop soasons with investigators perma.
nontly atationod in suitable villages,

Itural

(iv) indopondont samples for difforont orop with chango in assig t
of samplea to investigators,
(v) partial replacomont of previous scason’s ples with chango in assig t

to investigators. .
7. What considorations should weigh with the officor-in-chargo of a mmplo
survoy in deoiding the typo of inveatigators neoded for each of tho * following typo of
survoys to be carried out in India:

(i) a survey for studics on family planning problenis (attitude survoy),
(ii) a survey for studics on condmons of housohold lovol ofh\mg and houso-
hold indebiedneas,
(iii) a.survey for cstimating tho nmn ‘and yield of principal crops.
What proceduro would you adopt for rocruiting them? -~

) — . Lo
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Parer IV axp V—DEsioy or EXrERIMENTS, APPLIED {THEORETICAL)
'l‘in'm: 4 Yours Full marka: 100

(8) Attempt any four questions.
(b) Al questions carry equal marks,
{¢) Uso of calculating machincs is not permitied.

1. Discuss the advantages and disndvantages of Latin square Designs. Explain
how in such a dceign one can test whother the row clnssification or col Inmeifi
tion or both have led to increasod procision in tho exporimont.

In a given #xs Latin Squaro Design with the yield of ono plot missing, oxplain
how the oxperiment is to bo analysed and study the officiency of difforent treatment
comparisona.

2. Explain how eplit-plot doiagns may bo regarded as factorial experiments
with main offects confounded.

Explain the mothod of analysis appropriato to the case when wholo-plot treat.
monta are arrangod according to a Latin Square, each plot boing divided into tho
requisito number of split-plots for the split-plot treatments.

3. Explain the principle of confounding. Fivo factors each at two different
fevels require 10 be tested and in order to control heterogenoity, it is proposed that
each block should consist of only 8 plots. Show that a balanced arrangemont in §
replications ia poesible such that the main effocts and 2-factor interactions are preserved,
and ono-fifth of the information on 3-factor and 4-factor intcractions is Jost. Discuss
the appropriato schiome of analysis, '

4. Give the theory behind analysis of designs with recovery of inter block
Information. Illustrate your answer with the analysia of resolvalle balanced incomplete
block designs baving paramoters o, 8, r, k and ), * Indicato how you can comparo such
a design with a simple arrang inr Jomised blocks of size v.

5. Write short notce on any two of tho following:

(i) Rotation experimonts,

(ii) Exploration of the optimum in a responso surface,
(iii) Uniformity trials,
(iv) Covariance annlysia.

Parer 1V AND V—MaTREMATICAL TrEORY OP SAMPLING D IBTRINUTION
(THEORETICAL) '
Timo: 4 Hours ' Full marka: 100
(a8) Answor any four questions,
(b) All questions carry equal marks.
1. Show that the joint characteristio function of

1) PI xy z {¥?)

Vi
S =Pt T T(T—hae; PO T E(I—piey

in 8 samplo of sizo n from a bivariate normal population with mean of z = 0, mean
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of y = 0, variance of £ = 0,9, varianco of y = g,3 and oovarianco (z, y) = Pg; oy,
is given by
n
_pi)'f
’
{(1—=i2,) (1—it3)— P31 +ity)21)»

)
whoro ¢; rofors to ¢; and 20 on. once show that the sampling distribution of variances
and covariances has tha samo characteristic function, except for constants, but valucs
of n reduced by unity. Obtain the joint eampling distribution of variances and
oovariancea.

2. If s, ¢y and r donoto tho ple standard doviations and the product
momont correlation coeflicient in a samplo ol‘ sizo n l’mm a bivariate normal popula-
tion, show that the joint distribution of

om 2L / 21 andris given by
o3

oy
/

,u-:([-,:)";
o —— ° _drdv
(T—2Proto3)1

Putting # = ";(:%m) » where A = 14v2, i = 2Pv, and integrating over

u ghow that tho distribution of ¢ is given by

-1 ’ P L
21T ey apror y T
{ "(W’} do.

-B(?%l'!_;—l)(l_‘.pj)n—l

3. Using tho geomotrio methods or othorwiso obtain the distribution of non.
contral X3, Indicato how you would use this distribution for deriving the distribution
of the ratio of a non.central X2 and an indcpondent contral X3,

4. (o) Dorive the distribution of tho modinn of a sample of n indopendent
obsorvations from a normal population and show that the accuracy of the madian
is leas than that of the mean.

(b) Obtain the distribution of the difforence Lotwoon 1—~th and k—th values
of an ordorod samplo of size n from a roctangular population.

5. Obtain tho ron-null distribution of the eample multiple correlation coeflicient
in a samplo of size n from & multivariate normal distribution.

6. Obtain a limiting distribution of the goodnees of it X% undor tho null hypo-
thesis spocifying all the clasa probabilitica,

15



Parzr 1V axD V—VITAL STATIATICE AND PoputatioN StUprs (Turorericar) -
Timo : 4 Hours Full marka: 100°

(a) Attomnpt any four qumtions, ;
(b) All questions carry equal marks.

1. Discuss bricfly tha emontisl fuatures of Vitul Statistics data collected through
the registration agoncice in India with special referonce to the findings in recent enquirice
relating to thoir efficiency.

2. Dowcriboe a mothod of mmuc.my nulmmng the crudo birth and den!h rutes
from the consus roturns indicating brifly ths validity of the method.. R

3. \Write shori noto on the internationsl atatiatical clussfication of couses of
deaths and suggest a feasible mothod of collecting statistica on causes of deaths in
India. ’ '_ i

4. If you are to assces the vffctivonces of the execution of a family planning’
programmie, deecribe briefly the mothods of collocting necossary data and statistical ’
evaluation.

5. Dixcusa the economic cluasifications adopted in the 1931 and 1951 census
of Indis, indicating the difficultica which arise in making inter-censal comparisons,

V.
Parer IV Axp V—PaycnorLooY ANp EDUCATION (THEORETICAL)
Time : 4 Hours Full marks: 100
All questiona carry equal marks

Attention :  In this examination the quostions are of various types. Road care- ;
fully the directions given for each type of question, The directions will tell you how
to answer the questions of each type. Write all your answers in this booklet.

Directions for items 1 and 2: For the quostions that follow, you will find that
with each question some answers aro also givon Your task is to select for each
quostion the ON¥E out of the Axaw:u Gn-zx which is the correct or best answer for
that question. The questiona are sorislly nunibored and in the answor- -spaco in the
right hand col thees bors are roproducod. The for each quostion
are marked A, B, C ete. Bo in answering & quocetion write only A, B, or C ete. by the
side of the number of that question in the answer-space.-

. Anstcer here
1. Achiovement Lesl theans the samie thing an

A. Intelligenco test X RN
B. Porsonality test
C. Knowlodgo teet
D. Ability test

2" 1.Q. is tho samo a3 '

A MA—CAF100 2,
B. (M.A.—CA)x100 :
CA. e ; . i
3 X100, . Lo R .
MA. -
x 100 ———




Directions for items 3 to 113 We want to comparo tho rolinbility of two testa,

Undor what conditions such a comparison is justified? A list of conditions ia givon
below. For oach condition, writo

10.
1.

. Tho task is the samo in both tho tests.
. ‘Tha mean itom difficulty is tho eamo on

A, if it is necessary or,
B, if it is not necosanry,

dAnswer here

. Tho same group has tuken both tests. 3.
. Tho unita of measuromont of tho two tests

aro tho same, LB

. Tho distributions of tho scores on tho two

tests havo tho samo skowness and kurtosis
Tho longth of tho teata is the same.
Tho trait is tho same in both tho testa.

e w

L

both tho tosts.
Tho item-intorcorrolations aro all equal. 10.
Each teat is factorially puro. 1L

Directions for the rest of the itema: Tho questionsa that follow require short

answers. DBut the questions aro such that you do not havo to writo much, Your
answors should be brief, clear-cut and to the point. DBelow cach question you will ind
a blank space whore you should write your answer. Whatovor you write in the blank
space will bo considorod as your answer. If you write your answors olsewhoro, thoso
will not bo considored.

12,

17
18.
19,
20.
21,

[N.B.—Blank spaco for answer has not boon providod in this print)

Give tho meaning of roliability in terms of truo, orror and obsorved variance of
scores on a test,

What is the difference botweon a ‘apeed’ and a ‘power® test?

What is meant by ‘item analysis’ of a test?

. What aro the sources of crror variance in tost-rotost roliability?
. What is the advantago of using a corrclational moeasure of itom discriminating

power over that of critical ratio or chi-aquared?

Deacribo a function of roliability which is invariant with regard to teet-longth,
Dofino ‘parallel’ testa,

Why must tho validity of 8 test bo lesa than ita ‘index of reliability’?

What is the uso of ‘standard error of measurement'?

What is the difforenco botweon ‘standard error of measuremont' and ‘standard
error of cstimate'?

What is the effoct of doubling a test on tho variance of tho observed scorcu?

. Why should the ‘split-half* nisthod of reliability be uscd for ‘power’ test only?

If o teat has 50 items and a reliability of .7, how many moro items should be
added to attain a reliability of .8?

- A teat of 100 itoma has a reliability of .0 and a validity of .4. If another 100

itema are added, what will bo tho validity?
17



26. What are the factors detormining the ceiling of the validity of a test?

27. In adding the marks of different examinationa for a given group of examinees,
is thore any advantage in transforming to standard ecores boforo adding?

28. What doce Thurstone mean by ‘Simple structure’?

29, *... for a given validity rry, the smaller tho reliability rzz of the test, tho higher
will bo tho upper limit of validity whon a test is longthened.! How?

30. Civen the composite score Xj of the ith individual on a battery of tests, write
equations according to the factor theorice of Spearman and Thurstone, showing
how X¢ will bo explained in terms of factors. Dofine the terma in the equations.

31, What is ‘communality’?

32, \What is the differonce between orthogonal and obliquo rotation of axes in factor
apalysis?

Parer VIII axp IX-—Ecoxoyic STaTisTICS (PRACTICAL)
Timo: 4 Hours Full marks: 100

(a) Attempt all queations,
(b) Figures in the margin indicate full marks.
(¢) Vo of calculating machincs is permitted.
1. The following table gives some rocont national income and price data for
India:
Yoars
4849 49-50 50-61 &51-82 62-53 63-54 5i-55

at current prices (Ra. 100 crores)
net national incomo at

factor cost 86.5 00.1 5.3 09.7 08.2 104.8 06.2
net national incomo at

market price 90.6 04.6 100.3 105.6 103.4 110.4 102.4
net capital formation 4.4 5.2 5.2 6.0 69 83 7.5
groas capital formation 8.0 9.2 0.4 105 10.6 11.3 12.6

at constant (1948—49) prices (Ra. 100 crores)

not national income at

factor cost 88.5 68.2 88.5 01.0 94.6 1:00.3 102.8

indox number with 48-50 as base

indox number of investment
cost .100.0 104.9 105.¢4 107.1 110.0 115.6 115.2

The population figurca in 1041 and 1951 can respoctively be taken as 318.8 million
aod 361.2 million.
(a) work out tho following ratios for every yoar:
(i) not capital formation at curront pricce/not national income at factor cost
at curront prices,
(ii) grosa epital formation at curront prices/gross national income at market
prices at curront prices,
(iii) not cnplu\l formation at constant prlmlnel- national incomo at fuctor
cost ab constant prices, and
(iv) gross capital formation at curront pricca/not national income at factor
cost at ‘curront pricoa.
18



{b) Comparo the overall national income prico deflator and the investment
cost index.

(o) Caloulato for cach year, por capita national income and per capita eonsumor
expenditure, both at current and at constant prices. Consumer expenditure may bo
supposed to inolude government consumption and intornational transactions may
ba neglected. (30)

2, Tho following data are taken from Douglas, Tho Theory of Wages:

Manufacturing Industries: USA, 1900-20.

z = Dny's index of physical valomoe of manufactures (1899 = 100),
a = averngo number of wago carncrs in manufacturera (1809 = 100)
b = volumo of physical capital in manufacturcs (1899 = 100).

year z a b
1900 - 101 105 107
1901 112 110 114
1902 122 118 122
1903 124 . 123 131
1604 122 114 138
1905 143 125 149
1906 152 ! 133 163
1907 151 138 178
1908 126 121 185
1909 153 140 198
1910 159 144 208 *
191 153 145 216
1912 177 | 152 226
1013 184 154 238
1014 189 N 149 224
1015 189 154 206
1018 225 182 298
1917 227 196 335
1918 223 200 366
1919 218 193 387
1020 231 193 107

Fit a function x = Ka) b-2 to tho abovo data,

Work out the marginal productivity of labour in Indian manufactures for the
year 1046 on the sssumption that z = 0.0390 a'?¢ }'26 js a suitablo production
function nnd that averngo productivity of labour ie Rs, 1400. How does the mar.
gina) productivity comparo with an annual wago rato of Rs. 672 (50)

3. Tho following tablo gives population, output of electricity and output of
coal in five countrics:

population clectricity coal (mil-
(millions) (billion kwt) lion metrio tons)
USA 165 629.0 447.6
USSR 200 170.1 276.1
T 50 04.1 225.2
CHINA - 600 121 93.2
INDIA 380 8.5 38.8

Calculate por capita production of enorgy in theso countrics on tho asgumption that
1000 kwt == 0.8 motric ton of ooal. Present all the figurcs in a tablo and indicnte
major limitations of tho results. (20)
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Parer VI axp IX—SramisTicaL Quattty CoNTROL (PRACTICAL)

Timo: 4 Hours Full marks: 100

. (n) Attempt any lwo questions.
(b) AN quostions carry equal marks.
(¢) Uso of calculating machines is permitted.

1. A variablo quality charactoristio (z) is known to be normally distributed
with a cortain valuo o for standard doviation. An item is considered defective if
z oxccods tho value U, Lots containing 1.5 por cont defectives aro aceeptablo with
risk 8 per cont and thoso containing 3.0 per cent defectives aro to bo rejected with
risk 10 por cont.

(a) obtain tho values of tho constants in tho plan for cach of the following
singlo sampling inspection procedures :

(i) attribute inspection by ectting the gnugo at U,
{ii) inepoction by measuring z on each item inspected,
{iii} gauging inepection by rotting the gaugo at (U—1.5) and counting items
not passed by this gaugo.
(suitable approximations may be used in the claculations).

(b) Which of the above plans would you recommend if you know further that
the net cost of inspection por item, is 1 anna for attribute, 5 annas for measurement
and 1.6 annas for modified gauge types of inspoction?

2, A certain typo of glass tubing will function properly only if its diametor,
which is gaugod, measurcs botweon 4.7 and 5.1 mm. Any lot of tubes s considored
good if there aro only 2 per cont or fewor dofectives and bad if there aro 3 per cent
or more dofectives. Prepare either a chart for graphica procedure or a form for tabular
procedure for item by item sequential inspoction, with
producor risk 2 por cont.

Assuming that the incoming lots have quality 2 por cont, what would be the
ASN for the plant

risk 5 per cont and

3. The number of surface defects obsorvcd during inspoction of galvanised iron
shoota of givon arcas, are shown below:

shoot arca in  number of sheet arcain  numbeor of
b p iflod  dofect h pocified  dofocts
units units
1 1 15 9 3 24
2 1 0 10 3 8
3 1 12 11 3 16
4 1 22 12 3 10
5 2 13 13 4 15
[ 2 14 14 4 12
7 2 8 15 4 9
8 2 11 10 4 10

Analyso the data with the holp of & auitablo control chart.
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Parer VIII anp IX—Sayrie SorvEYS, TieEORY (PRACTICAL)

Time: 4 Hours - Full marks: lI00

(n) Attompt all questions.

(b) Figures in the margin indicate full marks,

(¢) Ube of cnlculating machines ia pormitted.

(d) No text book on sampling is allowod. Practical books may, however, be
allowed.

1. 40 pages wore sclected at random from the volumo, *Amorican men of science’
containing 2800 pages. The number of biographics, M;, por page varicsin general
from about 14 to 21, the total ber of biographics in the vol boing 50,000,
On each ecleeted page, 2 biographics wero chosen at random and the ages (v, yia)
of the ecicntists wore rocorded. Tho data are furnished below :

Ages of 80 sciontiata in ‘Amorican mon -of science’
(n =40, m=2)

unit  Mi  yu Yia uwit My oy g
no,
1 15 471 30 21 14 39 46
2 19 38 6l 22 16 371 40
3 19 43 45 23 17 38 54
4 16 B85 4l 24 17 60 55
5 18 5 45 25 17 51 51
¢ 19 30 38 26 18 39 43
7 18 43 43 27 20 49 5L
8 18 49 51 38 20 71 58
0 18 45 35 28 21 6 72
10 18 48 59 30 18 58 55
12 11 o4 31 14 62 62
1218 35 48 32 19 6 54
1319 6t 54 33 19 45 87
1419 45 87 34 10 31 38
15 18 31 38 35 18 64 58
16 16 64 39 38 18 70 50
17 16 63 47 37 20 45 59
18 19 36 33 38 18 62 56
1 19 61 39 3 19 62 60
20 19 54 3 0 15 48 35

(a) Obtain tho following estimates for tho average ago of the scientists in the
comploto volume,
(i) ordinary sample mean (unwoighted),
(ii) ratio-catimato, in tho form,
a -
I Mow
s
a M
(iii) an unbiased cstimate.
21



(b) Also calculate the variances and furnish a short critical noto comparing
the estimates. Would you recommond sampling with probability proportional to
8izo in such a caso? What will then bo ita advantages, if any? (60)

2. Data for a small artificial population which oxhibits a fairly steady rising
trond are providod bolow. We havo N = 40, K = 10, n = 4. Each column represonts
a systematio samplo and tho rows aro tho strata.

Data for 10 systematic samples withn = 4, N = Kn = 40

systematic samplo numbers

strata 1 2 3 4 3 [} 7 8 9 10
I 0 1 2 1 4 5 [ 7 7 9
1L 1 8 9 10 12 13 15 16 16 17
III 18 18 10 20 21 20 24 23 28 29
1v 29 30 31 31 33 32 35 37 38 36

Work out from the data given above the relative efficiencies of (i) systematic
‘sample, (ii) stratificd sample and (iii) random eamplo. \What happens to the relative
eflicioncics when the ordor of the obsorvations is reversed in the second and fourth
strata, and how would you account for the change, if any, obtained in the relative
efficioncies? (40)
Or,

The table givon below gives the moasured volumes of timber on 25 systomatically
located plots of 1/10 acro each and corresponding eye-estimates, The tolal arca of
the plantation was 5124 acres and tho total volume of timber, from eyo-cstimates
of all the trces was 6,110,000 cu.ft.

Measured volumes, y, on 25 samplo plots and corres.
ponding eye estimatcs, z, (cuft. por 1/10 acrc).

y x v z y z y z
160 103 104 209 152 80 182 152
46 15 254 209 215 178 T4 148
63 68 135 110 125 (1] 24 207
81 70 146 110 100 196 255 167
126 95 154 1090 287 107
140 02 110 109 261 268

87 110 112 128 169 152

(a) Obtain estimatea of the total volume of timber from the above data,
(i) based on the ta of tha plo plots only, and
(ii) by regression mothod.
{b) Calculato also tho standard orror for the total volumo aa estimated by both
the mothods, (40)




Parer VIII avD IX—SaupLe SURVEYS, APPLIED (PRACTICAL)

Timo: + Hours Full marks: 100

{a) Attempt any three questions. '
(b) All questions carry equal marks.
(¢) Uso of calculating machinea is pormittod.

1. (a) Attached is a list of tehsils along with thoir population, Point out the
defecta, if any, in this framo.

(b) Aftor corrocting for dofects that may exiat, sclect 5 tohsils with probability
proportional to population with replacemont. Give adequatoe reforonce to random
number book, page, column and row used. Explain your procedure in detail by
pr ing the putation sheot in & suitablo taublar form with proper columa
headinga.

(c) 10 villages have beon chosen with probability proportional to goographical
area with roplacemont from a frameo of 108 villages. Using tho data given below,
ostimate the avernge arca undor paddy por village and the standard error of the
eatimate. For a given villago, z represents arca undor paddy and y the geographical
area in acrea, The total arca of the 108 villages ia 50058 acres.

samplo y z sample y z
village village
1 404 273 . 6 - 2 23
2 397 147 7 541 155
3 515 272 8 333 105
4 541 155 9 240 108
5 658 230 10 229 72

2, In a sample survoy for study of economio condition of population, it is
proposed to take a two stago samplo with m villages as first stage unita and n house-
holds per villago ns sccond stago unita, both the stago unita to be chosen with equal

probability and with rcplacement.

. . . ] 1
The varianco of an cstimate is ¥ = %‘n— bk

+ﬁwhem 02 = 5.2, 051 = 11,2,

Cost. of eurvey {(in Ra.) = T = 600+ 16m+4mn.
Dotermine the optimum values for n and m and work out the minimum variance
for values of T = 4000, 6000, 8000, and 10000.

Fita function V = ¢ (T) by any suitable mothod and find oubi—:/ % at

T = 6000,
3. Draw a suitable schedulo with ad t i and headings for collocting

dota on any one of tho following subjecta:
(i) Agricul 1 hosshold indebtod:
(ii) Cost of cultivation of coreal crops. B - ==
Dofine important torms that you may uso in tho schodulo in a scparate sheet of papor.
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¢ Ina survoy for estimating the arca and yield of major crops in India, it is
proposod to tako8clusters of 10 ficlds each for arca survey, 5 samplo cuta for yiold
ostimation and 3 houscholds for enquirics on income and expenditure from each
sample villago, d
Making uso of tho data below, d ino the ber of investigntors required
and the total budgot for the survey. Montion any assumptions that you may make
in your calculations.
(i) tho ficld establishment for this enquiry is sanctioned for one ycar,
(i) threo visits will bo necessary for each villago (one for each crop soason),
(iii) enumeration of 8 clusters and § cuts can bo done in about five days,
(iv) ion of one plo houschold will take about one day,
(v) numbor of samplo villages to bo contacted in each crop scason is 3000,
{vi) the budgot should provide for equipment, printing of schedule and other
contingent exp of the establigh t
{vii) tho cost of an aparatus for crop cutting will bo Ra. 80.00,
(viii) account should bo taken of tho time required for training the field staff,
camp seotting, journey and leave rescrve, holidays ote.
(ix) for any other data such s pay, allowanco otc. of investigators, inspectors
and othor staff that you may require for your calculations, you may use
your gucss cstimate (montioning these clearly).

Data for question 1(a) and 1(b).

scrial distriot tehail population
number (0000)
1 Burdwan Sadar 80
2 Kalna 30
3 Katwa 31
4 Katwa 31
5 Asansol 76
8 Bankura Sadar 07
1 Vishnupur
8 Midnaporo Sadar 106
9 . Contai 4
10 . Tamluk 0
11 Ghatal 31
12 Jhargram 46
13 Hooghly Sadar 43
14 Sorampur 73
15 Arambag 37
18 Howrah Sadar 03
17 Ulboria
18 Birbhum Sadar [}
19 Arampurhat 43
- 20 24 Parganes Sadar 151
21 Basirhat 71
22 Basirhat n
23 Darasat 31
24 Bangaon 21
25 Barackporo 88
2 Diamond Harbour 20
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Paper VIII AND IX—Desiox or EXPERIMENTS ArpLiep (PRACTICAL)
Time 1 4 Hours Full marks 100

(a) Attempt any three questions,
(b) Al questions carry equal marks.
(o) Use of caloulating machines is permitted,

1. The results of cotton variotal trials at the Agricultural Collego Farm, Nagpur,
for the scason 1937-38 are described below. Tho experiment conaisted of five variotics
viz., (i) Vorum 434, (ii) Rosgum, (iii) E.B. 31, (iv) Verum 2062 and, (v) Lato Verum,
replicated 4 times in randomised blocks on plots of 89°%18’, thero boing 12 lines of
cotton por plot, 89’ long. The yields aro given in Ibs. por plot,

block IIT East Block IV

Vi34 Rosoum V262 LatoV E.B.J1 Late VRosoum V262 Vi34 E.B.3)

27.6 21.0 33.75 22.8 15.0 23.75 14.0 3.5 32,75 143
«North Block I Block 1I South —
V434 Rosoum E.B.31 V262 LatoV V202 V434 E.B.31 Rosoum Late V
40.5 25.25 21.0 41.5 30.25 40.75 31.0 17.75 31.0 27.5
West

Mako a statistical analysis of the data. Preparo a summary table of the mean
yiclds and record your principal findings. It wae suspected before the experiment
was started that sinco Blocks III and IV are situated on comparatively lowly-
ing land, the yiclds in these bLlocks would bo lower. Docs the oxporiment corro-
- borate thia? Is it true that both Verum 262 and Verum 434 are superior to the reat?
What ia the cfficiency of this design compared to a completely randomised design?

2. One satisfactory way known of assessing the lifo of a motor tyro is to
run tho tyre in a tcat car under normal road conditions. Tn order to oliminate the
large viarations which usually exiat betweon one car and anothor, the tyrca must bo
run on tho same car and they must bo interchanged frequonctly in order to eliminate
variations due to position, Four trcatmenta wero under study and cach tyre was
divided into three equal parts whore treatments could bo applied, and the wear on
each part was scparately assessed. Below is givon the full description :

Tyro I Treatmonts A,B,C
Tyre 1T -do- A, B, D
Tyro 111 -do- A,C,D
Tyro IV . -do- B,C, D

Road tests on tyres : Relative Wears
(arbitary units)

tyre (blocks)
troatmonts
1 2 3 4
A 238 196 254 -
B 238 213 - 312
C 279 - 334 421
D - 308 367 412




Analyso the exporiment with a view to find out difforonces botween treatments
and differences botweon tyres. )

3. Below are given the plan and yiclds of a 1/2 replicato of a 26 désign in
4 blocks of 8 plota, Idontify tho defining contrast and tho confounded contrasts,
Carry out a statistical analysis of tho dota sssuming threo and higher foetor interac-
tions to bo negligible. :

Block 1 Block II Block 11T Block 1V
(n) 740 ac 1156 ad 1184 a0 1170
ab 1008 bo 692 bd 804 be 1008
acdo 1468 do 1104 co 806 cd 1000
bedo 1100 abdo 1324 abeo 1356 abed 1292
acdf 1108 dar 860 of 1324 cdef 1001
bedf 888 abdf 1248 abcl 1008 abedef 800
of 784 acof 844 adef 1608 af 906
abef 780 beef 996 bdef 860 bf 084

4. A Latin Squaro oxporiment was carried out to test for possible differonces
botween the breaking strongths (in lbe. per 8q. cm.) of glnas made from six furnaces
using six different moulds, Six runs of each furnace were necded to complete the
36 pousiblo combinations of furnace and mould. One result was spoilt through the
cooling apparatus becoming out of ordor and is shown as blunk in the table of broaking
strength below, tho lotters standing for the moulds.

‘ furnaco
1| e 3 4 5
1 B E D c A ¥
98.8 | 111.0 | 106.0 | 118.2 58.0 | 130.5
2 D B E A F c
R 113.0 89.5 | 115.0 79.6 96.8 | 129.0
U 3 A D B F c E
N 79.0 | 107.8 | 101.5 | 104.5 | 103.0 | 118.5
4 F A C ) D B
S 109.2 8.5 | 106.2 - 103.0 93.5
3 E [ ¥ B D A
105.8 | 107.5 | 103.8 90.2 | 113.0 72.5
6 c ¥ A 3 B D
102.0 07.0 70.8 | 104.8 03.2 | 131.2

Analyse theso data for mould and furnace effecta, giving means and standurd
orrors for each mould and furnace.
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5. Tho octual lay.out and yiclds of a dosign for cortain varietal trial on 10
variotica of soynboans are given bolow:

v Y |V Y v Y |V Y| v Y
1 20 | 6 80 | 6 75| 2 60 |10 145
2 45 |1 15 | 8 65 | 6 100 | 8 60
3 35 | 7 60 | 4 45 | 0 15 | 3 30
4 40 | 6 105 | 9 10 |10 155 | 7 40
Block 1 2 3 ‘4 5

1
V = variety, Y = yield in lbs,, size of plot = — acre,
60

Analyso the exporiment with a view to order tho varictice according to their yiclding
capacities.

Parer VIII axp IX—ViTas STaTisTICB AND PoOPTLATION STUDIES (PRACTICAL)
Timo : 4 Hours Full marka: 100

(a) Attempt any three queations,
{b) All questions carry equol marks.
(¢) Uso of calculating machines ia permitted.

1. The distribution of women {(marricd only once) in two social closscs, clussified
by the duration of married life and age at effective marriage is shown in the following
tablo. Figurea in paronthesis entcred in cach cell give the total numbers of childron
born to the group of womon to which the cell corresponds.

social closa I eocial class II
(higher profeasions, higher sorvices) (the remaining occupations)
duration of ogo at offoctive marriago ago at effcctive marriage
married {in years) (in years)
lifo in
ycors <15 16-19 20 and <15 16-19 20 and
. over over
0— 4 4 (4) 8 (7) 26 (17) 8 (8) 44 (40) 37 (32)
56— 90 4 (12) 24 (52) 28 (72) 82 (134) | 100 (259) | 30 (C2)
10—14 6 (17) 23 (71) 24(7) 117 (448) | 118 (425) | 27 (86)
15—10 6(18) | 20(o7) 18 (53) 80 (300) | 65 (234) | 11(53)
20 andovor| 10 (44) 18 (74) 4(19) 52(331) | 26 (121) [ 622

Compute tho svernge fortility ratea of the two social classcs standandised for
(a) duration of married lifo, (b) duration of miarried lifo and ago at offective marringo,
Uow has tho ago at offuctive marringo nffected the differonco betweon clnss fertility
ratos
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2, In a fortility onquiry, an analysia of the period of risk to pregnancy of married

women by type of contraception practised gave the following results:

contracepted exposure non.contracepted exposure
socinl class I | eocial class IT couples who couples who
item (high pro- (remaining ovorpractised | mever practised
fession ete.) occupations) contracoption contracoption
social | socinl | social | social
clars I |class IT | class I | clasa IT
month of -
exposure to 14484 20595 3610 | 10650 5380 | 41181
tho risk of
pregnancy
numbor of n 1o
pregnancice 166 371 221 679 5 2
observed

Calculato the expected pregnancy rates of the two socinl classea that would have
resulted if none of the couples in eithor social class had evor practised contmeeptions
assuming that couples genorally resort to contraceptive practices only after attaining
desired fertility lovels,

3. In an epidemiological investigation relating to the incidonco of & certain
infectious discase 9469 individuals were selected at random from a cortain community.
It is known that an attack of this di fors lasting i ity to the offccted
individuals. A study of tho caso histories of the 0469 individuals gavo the following
rosulta: .

number reported
present ago of number of as having had the
individuals individuals discaso at any
in the sample timo till tho

dato of survey

(3] B )] 3)

0— 4 1203 ° 22
5— 9 1220 60
10—14 1128 ’ 90
15—19 1038 111
20—24 960 127
2520 802 123
30—34 722 125
35—39 640 120
40—44 562 112
43—49 484 104
50—54 399 85
55—59 311 63
all ages < 60 0400 147




A ing that non-i individuals in all ages are equally suscoptiblo to this discaso,
estimato tho incidonco rate and obtain tho oxpected frequoncies of column 3 in the
abovo tablo.

4. Tho distribution of womon in two social classea by number of childron born
and number of childron surviving the first year of life ia shown in tablo below :

TasLe
social class I social class IT
(higher professions, highor {other occupations)
sorvicos)
bor of
b-hildren namber of childron born numbor of children born
urviving
1 2 3 4 5 [} 1 2 3 4 5 []
0 8 5 2 0 0 - 48 28 (] 2 0 0
1 144 33 10 3 1] - 275 102 49 18 4 0
2 - 178 32 25 4 - - 302 142 83 24 4
3 - - 139 18 18 - - - 303 134 83 12
4 - - - 115 20 - - - - 217 M 30
5 - - - - 63 - - - - - 120 28
[ - - - - - - - - - - - 23
Total 152 216 183 161 105 - 323 402 506 456 311 07

Examine from the above data whethor infant mortality is inversely related to the
social etatus of the mothors.

Parer VIII axp IX—DPsycrorooy Axp Epvcation (Pracricar)

Time : 4 Hours Full marks s 100

(a) Attempt any three quostions,
(b) Al questions carry equal marka,
{0) Uao of calculating machinos is pormitted.

1. A group of examinoes (N «= 20) had taken 3 difforent testa. The number
of items in each tost was as follows:

Toet A—40 itoms
Test B——40 items
Teat C—50 itoms

On each test the information ilable on each i was on the numbor
of itoms dono right (R) and the number of items done wrong (W). On tho tcats A
end B, informnation was also availablo on the last itom rcached (L) but not on test C,
On test C, howoveor, an additional information was available in the form of the number
of items on which doublo answors wore given (DA). Tho data are given in the tablo
bolow :
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number of tests A B C
R v L R v L R W DA
1 M 2 31 35 2 38 52 6 0
2 20 8 37 21 [} 34 18 40 0
3 20 5 40 20 4 34 55 3 0
4 26 2 40 20 1 34 1] 4 29
5 18 [) 37 20 5 36 11 7 32
] 25 [} 40 14 12 a0 23 30 0
7 22 2 27 23 4 32 31 8 0
8 2 5 40 20 7 36 10 3 20
'] 33 7 40 39 1 40 51 5 0
10 20 9 39 33 4 33 54 4 0
1 25 1 40 26 71 3 5 6 0
12 23 1 24 20 2 22 19 4 16
13 27 5 40 23 5 34 31 24 0
14 19 0 38 21 10 37 37 18 0
15 28 4 32 28 5 33 15 n 24
16 17 12 37 18 12 3 12 1 nu
17 . 28 7 40 20 11 37 10 23 0
18 35 4 40 a5 4 39 18 206 0
19 36 4 40 335 5 40 17 33 0
20 23 4 40 21 ] 37 31 16 0

(8) Find the corroctod score for each oxaminee, whon the itoms in 'l‘eau A
and B are 3-choice and in Test C 5-choice.
(b) Find the composito score for cach examince on 8 scalo of 2 = 50 and o = 10,
equating the contribution of each test to tho total.

2, Find the reliability of the test and the dard ervor of ¢t from
tho following data on score per item:
itom
person

1 2 38 4 5 6 7 8 9 10 11 12 13 14 15
1 1 110 0 1 0 Y O I 1 1 1 1 o
2 1 011 0 1 0 1 0 1 0 0 1t 0 O
3 o1 *r¥ 1@ 0 1 1.1 0 0.1 0 0 0 1
4 1 11 0 1 0 1 1 1 0 1.0 1 1 0O
5 1 011 01 0 0 0 0 0 1 0 1 1}
[} o 1 01 0 11 0 0 0 1 0 1 1 o
7 11 0 0 1 0 1 1 0 0 1 1 1 0 O
8 111 0 1 1 0 1 0 0 0 1 1 1 1
] 11 @»r»0 1 0 1 1 1 1 1 1 0 0 O
10 1 ¢ 11 0 1 0 0 0 0 0 0 1 1 1
11 o161 6 1 11 1 11 161 0 1 0 0
12 o111 0 11111 0 0 1 01
13 1 0 11 0 1 0 1 0 0 0 1 1 o0 1!
14 o 0 01 6 0 1 1 0 0 1 0 0 1 O
15 1 ¢ 1111111 11 0 1 1 01
16 1110 0 0 1 0 0 0 0 0 0 1 0
17 o1 0 0 1 1 0 0 0 o0 1 1 1 0 1
18 11 0 1 11 0 1 1 1 0 0 1 01
10 o110 0 11 06 1@ 1 1 0 1 10
20 o 111 1»1®® 6 1 1 1 0 1 1 00
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3. Tho intorcorrolations of 7 tests are givon bolow. Thoir roliabilitica are also
givon. For each test, find the first controid factor lacding, tho communality, the
epecificity, the uniquoncss and tho error,

Intorcorrolations of tests

1 2 3 4 6 [ 7 roliability

1 .66 .88 .41 44 41 .31 .804
2 .62 .49 .34 .30 .43 .87
3 31 36 .33 .32 012
4 33 .32 .29 017
5 36 .22 .391
[ .08 .478
7 .608

4. From tho inter.correlations of 8 tests on a battery, two contriod factors
wore obtained. It was found on rotation that 4 tests had high loadings on Factor I
but practically zero laodings on tho other, wherena tho rest 4 tosta had high loadings
on Factor II but zero loadings on Factor I, Tho dala on factor loadings and the
rolevant intercorrelations for the first 4 tests are given below. Now, using the first
4 tests find the multiple regression equation for predicting tho first factor score given
firat 4 test scores.

Tests Factor loadings
1 2 3 i 1 1I
1 .608 413 -132 .80 .03
2 .481 137 .18 .00
. 3 120 .68 .03
4

- 42 =10

Parer VIII axp IX—Toeorres or INrERENCE (PRrACTICAL)

Timo: 4 Hours Full marka: 100

(0) Attompt all questions,
{b) All questionsa carry equal marks,
{¢) Uso of calculating machines is permittod.

L. z,, 23, .., 75 is & random samplo of 8 mombers from a normal population
with zero mean and varianco @2, It is proposed to teet the hypothesis ¢ = 1 against
the alternatives o 55 1. Obtain Type A; Teet (Uniformly most powerful unbiased
teat), and evaluate the powor of the test for the following values of 0:

0.4, 0.6, 0.8, 1.2, 1.4, 1.8, 2.2

2, In a cortain acceptance inspection prog , it has been docided to allow
two por cont dofoctive unita. The accoptance of a lot with 8 or moro per cont of
dofectivee is a sorious error. Tho management is propared to take a 6 per cent chance
of rojocting good lots and a 10 per cont chaneo of accopting bad ones.

(a) Construct a suitable soquontial sampling plan to moot the above situation,
Givo both tabular and graphical rop tion of tho y dure you adopt,
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(b) An inspector tcsts 40 units without finding & single defective, Under your
plan, would he have duoided to accept the lot bofore reaching the 40th unit or would
ho have to continue further before reaching a docision? Would he have como to a
decision to rejoct the lot if he had found the 10th, the 18th and the 23rd units
defective?

(c) Sketch the OC curve and the average outgoing quality (AOQ) curve and
estimate the AOQL.

(d) Sketch the ASN curve for thix plar.



INDIAN STATISTICAL INSTITUTE
STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1058

Parer I—TurorericAL STATISTICS (GENERAL)

Grotr B

Time: 2 Hours Full marks: 50

(8) Attompt any fwo questions from this group.
(b) Al questions carry equal marks.
(c) Use of calculating machines is not pormitted.

1. (a) Write a note on Fisher's ‘t’ test for pairod comparison. In what way
doee this diffor from ‘¢’ test for testing signifl of diff b moans from
two samples? What are the othor usce of ‘t' teet?

(b) If you are given two frequonoy distributions of & character = obtained from
two samplos, how will you test whothor the two samples are from the aame population?
What are the assumptions involved in the teat procedure? MHow docs the tost differ,
if you are given the froquency distribution from a sample and asked to test whother
it is from a population whose porportion of coll frequoncica aro given?

2, (a) Defino the product moment corrolation cocfficiont and show that it is
invariant under location and scalo tronsformations of tho variates. Find out the
upper and lower limita of the product moment corrclation,

(b) Givon that P is the prico index and S is tho corresponding relative stock
of gold money. The means, standard doviations and the corrvlation coefficient are
shown below :

P S
Mean 100 103
Standard deviation 8.0 4.0

rpg = .4

Using those constants, construct a lincar equation to read off the values of P for
values of S and honce find the most likely value of P whon 8 = 111.0. Test whother
this estimato is significantly difforont from 150. What are the assumptiona involved
in your test procedure?

(c) Givon all the total correlation cocflicionts betweon the variates z,, z3, 2y, 24,
describe how you will calculate the second ordor partial correlation coefliciont botween
z, and z;.

3. If T bo an estimate of tho population paramotor # and F(T) is a suitable
function of T, show that

Var F(T) = Var (T). (F’(8))2.
Cloarly state the assumptions involved.

Note.—Question papor for Group A of papor I is not available for circulation.
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Utilise the above result to obtain suitable transformations of the estimates of
the following eo as to make the variance of the transformed statistics freo from the
population paramoter.

(i) Proportion of succcss p in the binomial distribution.
(ii) The mean in the Poisson distribution.

PaPER II—APPLIED STATISTICS (GENERAL)
Time: 4 Hours . Full marks: 100

(a) Answers to different groups aro to bo given in scparate books,
(b) Attempt any three questions from Group A and any two from Group B.
{0) Al questions carry equal marks.

Grotr A

1. Describo the steps involved in organising a sample survey for collection of
data relating to the Iabour forco, employment and unemployment in India. How
would you define the terms labour force, employment and unemployment?

Do you think that the definitions which are appropriate for economically advanced
countries aro also so for the under developed countriea? Give reasons.

2. Ono of tho objects of pl 1 doveloy t in India is to reduco disparitics
among different regions. What indicators would you choose to study the lovel of
dovelopment of a region? Indicate briefly, with referonco to your Stato, availability
or otherwize of tho data you would need. (Mention the namo of your State),

3. What ia meant by consumor price indox and what is its usefulness? How
is it constructed? Discuss whethor wo should have one such indox for India as a
whole or wo should havo more than one. If you recommend more than ono, what
are your proposals?

Do you consider an oll-India consumer price index to be particularly usoful?
State your reasons. For which sectors of tho population is the construction of such
a prico indox specially urgent? Give your arguments in support of your views,

4, State whore the statistica of any two of the following are available. Also
discuss their limitations and the manner in which thoy can be improved.

(a) wages, (b) employmont, (o) consumer expondituro,
(d) capital formation.

8. If you aro placed in chargo of tho processing of data of a large scale sample
survoy, describo in detail how you would organise the work, if it is to be done
(a) on manual basis or (b) by punched card mechanised method. Vhat are tho relative
advantages of tho two mothods?

Grour B

6. Discuss briofly the advantages and disadvantages of the following experi-
tal designs: (i) plotoly domised doeign, (ii) randomised block and (iii) latin
square.
Explain clearly how the eflicioncy of the randomised complote block design
rolative to complotely randomised design can bo cstimated.
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9. Describo the general procedure of population census-taking in India, What
aro tho principal sources of crror in conaus statistics? How do you proposo to control
them? Discusa the various alternativo meothods of estimating intor-consal and post-
consal population.

8. Stato the criteria for testing the roliability and validity of a standardiped
test.

Explain how the relinbility coefficient of an intelligoneo test whon item scores are
available ean bo dotormined. Can you utiliso this coefiiciont for testing the adequacy
of o behaviour model?

9. What aro (i) mitosia and (ii) moiosis. Deseribe how ‘crossing over' takes
place in moiotio division. Explain cloarly the significance of ‘crossing over',

§
PapeR II—STATISTICAL INFERENCE (GENERAL)

Timo : 4+ Houra Full marks: 100
{a

Attompt any fwo questions from Group A and any three from
group B.

(b) Answors to tho different groups uro to be given in scparate books.
{c) All questions carry equal marks.

(8) Uso of calculating machinca is not pormitted,

Grotr A

1. Decfino tho terms consistency, asymptotie normality, and asymptotic efficiency
of an estimalo.

Stato (without proof) the formula for the asyinptotic efficiency of the samiple
median in samples of independont obLservations from a continuous population. Show
that if tho population is Nornial, tho efficioncy ia 2/m.

2, Show that if £, is un unbiased estimato of a real psrumeler @, if yisa
sufficient statistic, and if ¢, ia tho conditional expectation of ¢y given y, then ¢, is
also an unbinsed eatimato of 8, and Var (tz) < Var (#;) no matter what tho valuo of .

Uso the above result to show that if X, X, ..., Xuiaasamplo of independent
observations from a Poimon distribution with mean A then ¢ = (X, + .. + Xa)/n
is tho unbinsed uniformly minimum varianco estimato of A,

3 A plo of nine independent obaervations is drawn from a continuous popula-
tion with density f(z, 6), where @ is unknown. The samplo valuca are:

-0.2,-2.4,4.0,0.5,1.5,~1.8,-2.5, 3.7, and 0.9.
How would you cstimate @ if it is known that t

Jofor—s <z 0
Care ). f{(z,0) = { (0< 8 <)

0 othurwigo
Caae 2. f(x,8) = 17 (1+(z—6)2) (—0 < 6 < ®).

Discuss briofly the method you suggest in each case,
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Grour B

4. (a) What is meant by confidenco intorval?
(b) Givon a sample of sizo n from a normal population with unknown mean
and unit variance, what is the confidonce coofficiont of the interval

(z— —l_ R oo) for the cstimation of g ?
J/n

(c) Bring out in briof the rolation botween Neyman's theory of ‘shortest’ con.
fidenco intorvals and that of testing statistical hypotheses.

5. (a) What aro the conditions which a region must satiefy in order to give
a most poworful test of a simple hypothesis against one alternativo hypothesia?
Examine if theso conditions aro necessary and sufficient.

(b) For a normal population N (0, ¢), show that a uniformly most powerful test
exista for the hypotheis ¢ = 0o when altornatives are only of the form oy < 0,.

6. What is Wishart's distribution? Show that tho pooled covariance matrix
from two independent covariance matrices arising out of normal populations follows
Wishart's distribution, and that there ia a simplo relationship ameng the degrees of
freedom of the threo Wishart's distributions involved.

7. Write notea on:
{s) Null hypothois,
{b) Relation botween sufficient estimators and tests of hypotheses,
{¢) Reproductive property of the x2 distribution,

Parer VI—(PRracTICAL)
Timo : 6 Hours Full marks: 100

(a) Figurea in the margin indicate full marka.
(b) Use of calculating machines is permitted.
Grour A
1. The length of cach convorsation made through a telephone exchango was
recorded during 8 cortain period. With the data thus collected the following frequency
distribution was formed:

longth of convorsation froquency
(in seconds)

1— 100 6
101— 200 28
201— 300 88
301— 400 180
401— 500 247
501— 600 260
601— 700 133
701— 800 42
801— 000 1
001—1000 5
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Determine the appropriate type of Pearsonian curve to boe fitted to the above
data, Caloulate the constants involved in the euqation of the eurve and expoctod
froquoncics for all tho classcs. (30)

2. Either,

(a) In a distribution which is excatly normal, 0.1 percont of tho froquoncics
are undor 35 inchce and 5.5 por cont are over 57 inches, What percontages of tho
frequoncica of tho distribution are (i) groater than 60 inches, (ii) lesa than 32 inches,
(iii) botweon 40 inches and 560 inches. Calculato the lower quartile, and the sixtioth,
sixtyfifth and ninotyfifth porcentilea.

If the total frequency is 1000, draw the curve by calculating a suitablo numboer
of ordinatos.

(b) At the beginning of a year, a lifo insurance company had 1000 male policy.
holders of age 25, and the avernge sum assured per policy-holders ia Re. 2000.00.

A mortolity table showa that of 8382 mon alivo at ago twenty five, 84816 are
alive at age twentyeix. Find the upper and lower limits for tho eamount which the
company would resaonably be expected to pay out during the year on these policica,

o
o, (20)

{a) In ordor to tost the effoctivoness of a eorum in provonting colds, 1000 indi-
vidunls wore scloctod at random and tho first 500 randomly eolected individuals of
thia group wero treatod with the sorum and the rest wore untreated. Information was
collocted for all the individuals in respect of (i) no attack of cold, (ii) one attack of
cold ond (iii) more than one attack of cold during one yoar. It was found that the
total number of persons who wore attacked with cold more than once during one
yoar was 243, out of theso casca 140 woro untreated. The total number of persons
who wore attacked with cold only once during the year was 281, and 252 individuals
among the troated group did not have a single attack of cold. From o study of
thesoe records do you consider the sorum to be effective in porventing cold?

(b) A car-hire irm has 2 cars. A car is hired out for & full day, The number
of demands for a car on each day is distributod as a Poisson distibution with mean 1,5,

Calculato the proportion of days on which neither car ia on demand, and the
proportion of days on which some demands have to be refused.

On what proportion of days is one of the cars not in uso? \What proportion
of total domands has to bo refused? (20)

Grovur B
Angwor any {wo quostions

3. (a) The following aro broaking strongth in lb. of twolve stripa of a cotton
fabrie
160 175 161 158 1668 174
186 172 163 181 170 158
Asguming that the figurcs rop ¢ ! and indepondont obsorvations of
a normally distributod random variablo, dotormine the 95 and 99 por econt contral
confidenco intervala for the population standard doviation? (12)
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(b) Two indopendont samples of 19 and 23 pairs gave estimatea of the corrola.
tion cocflicienta 0.65 and 0.70 rospectivoly. Are theso correlation cocfficients signi.
ficantly differont from each other?

Assuniing that they aro not significantly different from one another, obtain a
pooled catimato of tho corrclation coefficient. (13)

4, Eighteen samplo unita aro d for three ch tors (), 23, y). Numerical
calculations gave the following results :

Ty = 1463; Sy? = 131,209
Try = 20506.20; I = 215
Zzr,2 = 4321,02; Izy = 03825

Sr. = 758; Iz = 35,070

Sx,z; = 11010 .
Obtain the Multiplo regression equation of y on zy and z,.

Teat the significanco of tho two partial regression coefficienta. Calculato the
Multiplo corrolation cocfficient of y on z, and 23 and test its significanco. (25)

8. Tho following table gives certain statistics rolating to the milk yields (x)
.of 168 dairy cowa classified according to manner of milking and to whother thoy have
calved bofore or not. In each cell tho first figure given is the number (n) of cows,
the socond the sum (Xz) of tho yiclds of these cows during the luctation period and
the third the uncorrectod sum of tho squares {Sz?).

Is thore ovidonce that yicld is lowored by machine milking for (i) first calvora
and (ii) otheras? In caso there is evidonce of decrease in yield for both the first calvers
and othors, ine if the t of d is tho samo in both the casca.

Do firat clavors yiold lesa milk than the other cows?

Statistics of milk yicld
firat calvers othors
band mitked n =34 n = 50
Sz = 4771 Sz = 8357
Irr = T3 Iz? = 1475805
machine milked n = 34 n = 60
Iz = 4107 Iz = 6783
Zz? = 591705 Iz? = 100,0048
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Parer VII—(PRracTICAL)
Time : 6 Hours Full marka: 100

(n)ﬁ Answer any'mAquw.iona from each group.
(b) All questions carry equal marks,
(¢) Uso of calculating machines is permitted.

Grour A

1. An exporiment to study the offect of four treatmonts on the yicld of jowar
wos conducted for a poriod of threo years with four ropliention cach ycar. A rando-
mised block design with frosh randomisation each year was adopted. The yicld per
plot of 1/40th of an acro in oz. is given bolow. Interprot tho results on the basis
of combined analysis for tho threo yoars, You are advised to preparo first the analysis
of variance tables for cach year scparately.

Yield por plot in oz.

year treatmont replications
I 11 IIT v
1 288 418 320 352
104344 2 432 544 352 528
3 320 250 400 2568
4 400 512 368 512
1 301 214 143 180
104445 2 a6t 380 266 105
3 272 156 123 162
4 878 132 73 52
1 488 258 394 324
1845-46 2 390 520 356 438
3 520 412 420 408
4 468 445 302 518

2. The table bolow gives the electricity sold (million kwh) for difforont months
during 1952-56. Assuming lincar trond, find out the monthly scasonal indices:

years
months

1052 1053 1054 1055 1956
January 410 442 478 545 622
Fobruary 391 417 451 523 622
March 303 430 483 508 651
April 303 438 504 604 604
May 413 456 516 509 609
Juno 409 450 510 578 658
July 430 471 510 583 656
August 420 469 510 574 650
September 431 464 523 687 0666
October 442 400 612 502 ‘670
Novembor 436 <450 535 697 668
Decembor 458 . 487 658 648 ns




3. Givon below are the entrice from a Lifo table whorein the missing values
bave beon indicatod by crosses :

z 1z de 10009 L; Ty el
25 91,241 x X X x 43.28
28 91,019 223 X x X X
27 X X X X X
28 90,508 x 2.50 X x X
29 X X X X X
30 X x 89,007 3,495,626 X

Comipleto the above tablo and caleulate the following probabilitiea:
(i) that a person aged 25 will attain age 30,
(ii) that a person agod 28 will dio within one year,
(iii) that a porson agod 26 will die botweon sges 27 and 30,

Grour B

4. It is propsed to carry out a sample survey by mail enquiriea for estimating
the average number of milce run by new medium aize cars prior to changing the first
sot of tyrea.

Anticipating a large non-response rate, it is propsed to mail the schedules to
a large samplo and to follow up, by actual visit, & ple of non-respondent

z = pZ+(1-p)2s

is an unbiascd estimato and ita variance is approximately cqual to

Vi) =2+ (;l - 1) -z 2

p = reaponse rate for mail enquirios (proportion of reepondents) in the sample,
7 == response rate for mail enquiries in the entire population found from
provious studies = 0,25 approx imately,
o1 variance of z in the entire population = 10,
0¢? = variance of z among non-reepondents in the population = 10,

[} proportion of non-respondents in the ple, proposed to be followed

by up interview,

n = number of sample units to which schedules were mailod.

Find the optimum values of n and # (i.0. velues which minimiso the expected
costs of the survey) such that the variance of the estimato will be samo as that of
a random samplo of size 100 from the population. (assuming the population to bo
very largo).

Given that the oxpected total cost, ¢, of the murvey is given by

0 = ¢n + eynp + cyn (1-p)o.
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whore e .
¢y = coet of mailing a qucstionnaire = Ra, 0.15

¢y = cost of p g 8 quoeti ire roturned by mail = Rs. 0.50

¢g = cost of intorviewing a person and processing tho same = Ra, 4.50
Estimate the corrceponding oost of the survey. If w were equal to 0.4, what would
the optimum value of n and # bo and the correaponding cost?

5. In the manufacture of a particular brand of baby food, the label states that
tho packet containa 1 1b. not. A packot is considered to bo defective if it contains
Jess than 15.5 or's. The packots are filled by machino and the sotting of machine
is oonsidered to bo satisfactory if not moro than 6§ per cent of the packots are defectively
packed.

Past experionco suggests that packet to packot variation in weight follows &
normal distribution.

(a) If the moan of this distribution & (oz) = 18 ozs. and a.d. o(0z) = 1 0z, what
proportion (p) of the manufactured pnckots are defoctives?

(b) The sctting is suspected to be defective and frosh adjustmonts are advisod
whenever

15.6 — 2
. >t
where 2 and # are catimated from a ! ple of n units,
Assuming n to bo largo, obtain the valuo of k such that the probability of the
hine boing ily held up for adjustments is less than .05; that is,
15.6 — 2

Prob { > l:}= .05 whon p = .05.
Hint: Note that for any X and largo n,
Prob. (2 + ka < 15.5)
can be computed using the asymptotio normal distribution of Z+ ks, which bas meon

p+ko and variance
o2 k2
7(”7)'

(6) What is the probability of the machine boing sllowed to work whon p = 10,
under tho proceduro you suggest.

8. Four testa were administerod on a group of 2560 final year boys of a higher
socondary school and the intorcorrelations ip scorcs of these testa were computed,
They are as followa:

Tablo of intercorrelations

teats 1 2 3 4
1 1.00 - - -
2 .04 1.00 - -
3 .65 W74 1.00 -
4 .52 .18 .53 1.00

It is anticipated that theso four tests have two common facotrs. Obtain the
loadings of theso factors.
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Parer IV aAxD V—EcovNoyic StatisTics (TrEoRETICAL)

Time: 4 Hours Full marks: 100

(r) Attempt any dwo questions.
(b) All questions carry equal marks.

1. The following is an extract from a speech by the Prime Minister:

I wirh to lay stress here on our approach to palanning, I mean the democratio
approach. This approach has also to bo statistical approach, that is an npprduh
basod on statistical information, not on vague idoas and ideals. Statistical data have
to bo collected, and samplo surveys and calculations mado at every stage, to calculate
our actunl resources, the employment potential of the plan, the production rato, and
tho commedity balances. For, it must bo remembored, planning does not merely
mean putting up a factory here or a factory there. Planning implies interlocking of
production, consumption, employment and a largo number of othor thinga such aa
transport, social services, education and health. The whole thing has somchow to be
brought together. Of courso, human rolationshipa in a vast country of 370 million
peoplo cannot bo doalt with in a mathematical way. There are numerous uncertain
factors, the ing of , for instance. Yet tho element of uncertainity and
error can be greatly reduced by planning.” (National Dovelopment Council, 20 January
1956).

Amplify tho idea and bring out the role of statistica in planning.

2. Describe the mothods used for doriving statistical demand curves, briefly
indicating the naturo of data utilised for the purposo.

What is the price clasticity of demand for the demand curve

a
P= i
where p is prico, y ie the quantity demonded and a, b, ¢ are constants?
3. Indicato the difforont mothods for obtaining the trend of a time series. Prove
that the logistic curve

k
¥= Tyam

in which y depicts an output, ¢ time and &, a and r are constants, has a point of
infloxion ot

tm =2, g=r

AR
At what point of the curve the time rate of change of y is greatest and what ia this
rate? .

4. Obtain Paroto's exprossion for income distribution and describe its important
proportics.

Work out an cquation for the concontration curve and prove that the cocfficient
of concontration (P) is given by

1
P—2v—-l

, whoro » is tho Paroto constant,

Write down tho equations of two other functions used for describing ircome
distributions,
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5. Skotch bricfly, tho method of estimation used for obtaining the official

eatimates of national incomo in India.
What is tho differonce botween not domestio product at faotor cost and gross

national product at market prices?

8. Indicate what is & cost of living indox number and deseribo how it ia con-
structed. What aro tho important uscs of cost of living indox numbors® Describe
briefly availablo data on working cluas cost of living indox numbers in India.

What kind of valuca of incomo elasticity of domand you would expect in India
for itoms of consumption auch as foodgraina, mitk and milk products, salt and clothing?

7. Montion threo nationwido large scalo eample surveys in India,

Supposing you want to cstimate the personal income of the houscholds residing
ia an Indian State, what kind of a survey would you plan? Give your anawor undor

.the following major heads:
(a) framo and design, (b) queationnaire, (¢) field staff and field organiation,

(d) scrutiny

Parer IV axp V-—StaTISTICAL QUALITY CoNTROL (TUHEORETICAL)

Time: 4 Hours Full marks: 100
{a) Attompt any o questions,
{b) Al quostions carry cqual marks,
1. Discuss the rolative morits of attributes and variables inspection.
Give a singlo sampling accoptance plan for variables inspection, in which the
standard doviation of tho quulity chamcteristic being not known, the mean range based

on sub-samples, haa to be used.

Derive the elements in the plan.

2, Describo the Military Standard 105A sampling plana for attributes. Examine
in what respoct theso plana aro differont from plans in which the samplo sizes aro
"pre.assigned. :

3. Compare item by itom soquential sampling with other methods of sampling,
when the purpose is (i) proccsa control, (ii) estimating lot quality and (iii) lot acceptance.

4. Comment in dotail on the following:

(i) “action is recommonded on tho basis of control charta when thero is evidence
that the improbablo has happened.”

(ii) “the menns to nascas crrors due to sampling involved in control chart
analysis is the oporating charnctoristio of the control chart.

5. Write notes on any fhree of tho following:

(i) Uso of sample range and mean range instead of standard deviation.
{ii) Dotermination of toleranco limits from sample data.
(iii) Formatiou of sub-lota and proportional sampling to achieve representative-
nesa.
(iv) C ) of positing ultimato samplo-units to form gross-sample
of bulk matorial.
(v) Tho problem of allocation of specification tolorance of assembly, betweon

thoso of components. .
-{vi) The uso of factorial exporimenta in placo of control chart analysis.
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PareR IV AND V—SaupLE SURVEYS, THEORY (TREORETICAL)
Time : 4 Hours Full marka: 100

(a) Attempt any four questions,

(b) All questions carry equal marks.

(¢) Troatment should be mathematical wherover possiblo.

1. Write a short critical note on cach of the following :
(i) Improvement over the porformance of systematic sampling in the presence
of linear trend.

(ii). Systematic sampling in two dimonsions,

(iii) Finite population correction.

(iv) Rolative procision of stratified random and simple random sampling.
2. Doduce tho varianco for the total in two-stage sampling without replacement,
Write down the expression for the variance when the sampling is extendod to three
stages.

3. (a) Show that in stratified random sampling, the variance of the estimated
mean yy is smallest for & fixed total sizo of samplo, if the sample is allocated with
np proportional to N S), whero

ny is tho numbor of samplo units of tho hth stratum,
Ny is the total number of units in tho hth stratum,
and Sp is the truo variance of the hth statum,

(ii) Show that, with a cost function of the form

cost =C =a + T ey mp,
(that is, where cost mounts dircetly with tho size of samplo), the variance of the

estimated mean y, is 8 minimum when nj is proportional to Nj S/ ,Jcr where
the symbols have their usual significanco. .

4. (i) If y; is the mean of a samplo drawn with probability propertional to z ,
show that

N
V G =% D 5 (= Tah whers E ) = Y.
f=l
(ii) A samplo of size n is drawn with probability proportional to measurcs of
8izo z¢ = M;/TM;. Tho itom totals for the units in tho samplo are y, Y1, ..,¥a where
the samo unit may appear more than once, since sampling is with replacement. As
an cstimate of tho population total ¥ we tako Ypps (probabilty proportional to
siz0), where

(v Yn
Yore iy (z_1+z—,+"+z, )

Then Yy, is an unbiased cstimato of Y, with varianco

(¥, )=liz (y_‘- );1
e n f\g :

{1
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Prove this result.

8. (i) Doduce tho variancoe of tho mcan of a systomatio sample in the following
form:

virw =3[ B0 +(n—up..] .

where
13
2
Po=%n (n—1) S2 Z Z (vy—¥) (yu—T)

fa] j<u

and S - 'N:—l z Z (Yiy— ).
i f]

(ii) If the veriates Y¢ (1 = 1, 2, .., N) are drawn at random from & eupor
population in which
eyi=p:oelyg—p) (yj—p) =0 (I £ j):
e(yi—#)? = o;1: Thon
eVyy = ¢Veqp.
In doducing the above result, it will have to be romombored that the symbol ¢ denotes
averages ovor all finito populations which can be drawn from the super-population
and that Vsy ond Vigp donote rospoctively the variances of the systematio somple
and the random samplo.
8. (i) Show that the bais of r = u/w as an estimate of R = U/I¥, where u and v
are random variables and Eu = U, Ew = I, {s givon approximately by

R (Vie—Puw Vu Vi)

(i) Write a short critical noto on the porformance of systomstio sampling es
against that of random sampling in auto correlated populations.

Parer 1V AND V—SasmrrLr SurvEYS, APPLIED (THEORETICAL)
Timo: 4 Hours Full marks: 100

(a) Attompt ony flve questions.
(b) All questions carry oqual marks.
1. Write notos on any five of tho following:
{i) Steatified random sampling,
(ii) Sampling on ivo i
(iii) Multiphaso sampling,
(iv) Systomatic sampling a{ler avitablo rearrangement of frame,
(v) Self woighting samplo,
{vi) Non-rceponso in samplo survoys.
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2, What is meant by ‘sampling frame't What are tho defects to which a
umpling frame i8 likely to bo subjeot and the possible reasons for such defects? Yhat
are the porsible steps that you can think of to rectify the dofecta?

3. You are asked to carry out a samplo survey to study the level of hvmg
of tho working class population in an industrial area. What are the various problems
which you should consider while planning tho survey?

4. What, in your opinion, should bo the nature of information to be presented
in a report on a sample survey? Give an outline of the headings of soctions which
you would include in the report.

6. Give a briof history of tho National Sample Survoy Jucted in India,
mentioning the year since it started, periodicity, subject covernge, tho likely usors
of the rexults and the nature of uso. If tho data on subjects are being collcoted
repeatedly, discuss the utility or otherwiso of such repeatitions.

8. In analysing the data from a largo soalo sample survey, what are tho different
methods of chocking systoms that you can think of at difforent stages of analysis to
onsure accuracy! Discuss thoir relative advantages and disadvantages.

7. While framing a schedulo for a survey on consumor expondituro of houso
holds, there are two views. Ono viow is that tho itema on which information is
nooded should bo detailed out exhaustively and printed on the schedulo. The other
viow is that only balnk space should bo left 80 that information may bo recorded for
such items that are rclovent to the houschold. Discuss tho relutive merita of the two
views from the point of view of data collection and tabulation, What procedure would
you recomniend, ono of tho above or a modified procedure?

Parer IV AND V—DrsioN or EXPERIMENTS, APPLIED (THEORETICAL)

Time: 4 Hours . Full marka: 100

. (n) Attempt any four questions.
(b) All questions carry equal marka.

(¢) Use of calculating machines is not pormitted.
1

1. Sovon roasts can be cut from each of 8 animals. The experimenter whisca to
etudy tho effect of 14 non-interacting troatments on tho tondernesa of ronsts, Give
the layout plan of tho experimont and discuss in detail tho mothod of analysia you
would adopt. Also, give the parametors of the design and write down the subdivision
of the degrees of freedom in tho analysis of variance, What is tho efficicney factor
of this design?

2. (a) What is the physical significance of the concept of orthogonality of two
effects in o design? When is a design said to be orthogonal? Give oxamples of
situations in which (i) a design laid out to be orthogonal becomes non-orthogonal,
(ii) an exporimont may bo suitably planned to be orthegonal though commonly non.
orthogonal, (iii) two or more effocts are inovitably likely to be non-orthogonal and

1 ly, a more plicated procedure of analysis has ily to be employed
to soparate tho offects,
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(b) In a tx¢ Latin square design, if the expectation of the yiold yijp of the
plot in the i-th row, j-th column and receiving the k-th treatmont can be put in the
form

B+Pi+vi+ T

where

] 4 3
S Pg=0, = =0, S1k=0,
Sh=02y=0 27

and Var. (yjr) 02, estimato p, P¢, y; ond 7k, stating the principles on which
your method of cstimation rests. Show that in this design, the degrees of freedom
for rows, columns and treatmonta are orthogonal to one another.

3. (a) In a symmuotrical faoctorial experiment in which each factor is at two
levels, and in which each block is of sizo 27, what is the maximum pumber of factors
which can bo accommodated so that no degrees of freedom belonging to a main effect
or first ordor interaction are confounded?

{b) In a confounded factorial design with 7 factors A, B, C, D, E, F and G at
two levels each, tested in blocks of 16 plots, the contents of ono of tho blocka are g,
bdeg, ad, sbe, bo, cdo, abedg, aceg, of, bdf, adefg, abfg, beefg, cdfg, abedef, acf.
Give the contents of the remaining 7 blocks and determine which of the intoractions
have been confounded.

If the experiment is carried out in only a single replication, discuss the method
of enalysis and give tho partition of tho degreea of freedom in the analysis of variance,

4. (a) What aro the practical situations under which it becomes necessary {o
resort to fractional replication in a factorial designt Why is tho dovico limited in
its uscfulness and what procautions have to bo taken to ensure that an experiment
with fractional replication doca not become valueless from the practical point of
view?

{b) The following ia the Inyout plan for a 1/4 roplicate of a 27 fuctorial oxperinient
with factors, A, B, C, D, E, F and G, each at two lovels:

Block I Block IT Block III Block IV
defg acfg ceg abedg
acg bdg ac abeef
abeeg cef : f fg

() abxle acdofg acf
abedl abfg beg beflg
bedofg acde abdofg adg

adf bef ab do

be cdg edl bedo

Detormine the dofining contrasta and the interaotions which have beon confounded.
;Amuming that second and higher ordor interactions are non-oxistent, give the partition
Of the degrees of freodom in tho analysis of varianco. °

8. \Writo short notcs on any three of the following :

(n) Balanced lattice aquarcs,

(b) Qualitative-cum.quantitative exporimenta,
{¢) Strip-plot deeigns,

(d) Lincar responso,
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Parer IV aNp V—ProsiT ANaLvsis (THEORETICAL)

Time: 4 Hours Full marks: 100

(a) Attompt any four questions,
(b) Figurcs in the margin indicate ful marks.
(0) Credit will be given for neat and bricf answers,

1. (a) What aro the important considerations involved in tho choice of doss
and response-motameters in biological assays? (15)

(b) Give your critical commonts on tho comparative uscfulness of tho probit
and logit transformations. (10)

2. (o) Explain what is meant by 'toleranco distribution’ and ‘median eoffective
doso.’ (10)

(b) Tho toleranco distribution for o certain ineecticido is normal and the values
of LD 30 and LD GO are respectively

LD 30 = 0,62
LD G0 = 1,58
Using the following table of Probits, find the value of LD 80. (13)
Por cont kill 60 70 80
Probit 5.253 6.524 5.842

3. k difforont dosages zy, Z3, .., 7} of an insecticido wero tried indopendently of
k difforent batches of ny, nj, .., np insocts and the numbors killed wero found to
bo £y, 74, « ., 73 respoctively. If tho expected rate of mortality at a dosage z is given by

Pz = l—exp (~z/8)

where ¢ is an unknown paramoter, devise a routine sch for puting the maxi

likolihood cstimate of & and ita standard error. (25)
4. (a) Dofine ‘relative potency’ of one insccticide with respect to another and

oxamine the assumptions under which it ia meaningful. (15)

(b) The relative potency of an insecticido A with respect to anothor insecticide B
is p and their action in & mixture is ‘similar’. Undor suitable assumptions to be caro.
fully stated, dorive a formula for the percontage kill P in terms of the doange z of
a 1: 7 mixture of the two inscoticidea A and B. (10)

5. (a) Explain what is moant by the ‘synorgistio aotion® of a mixture of two
poisona. (10)

(b) Describo soveral statistical models for synorgistic action and discuss the
problom of cstimation of tho paramotors involved in one such model. (15)

6. Doscribe the Robbins-Monro soquontial procedure for determining the impulso
which would prod a pro-dotormined resp and stato (without proof) the advant-
ogos and disadvantages of such a procoduro,

Give your critical ta on tho usoful of this p Jure in estimating
the modion lothal doso of an insecticido, (25)
7. Writo an ossary on tho uso of Probit analysis in fiolds other than that of
biological assays, (25)
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Parer IV AND V—MaTmEMATICAL THEORY OF SAMPLING DisTRrocTioNs

B , (TIEORETICAL) -
Timo: 4 Hours Full marks: 100

(a) Attempt any four questions.
(b} All questions carry equal minrks.

1. (a) Obtoin the "distribution of tho mean of a sample of n obsorvations !‘or
a mcmngull\r populunon with tho aid of charactorintic functions.
+ (b) If z and y have continuous fn‘quoncy function f (z, y), their characteristio
function is
+w teo
Slu,v) = I ]‘ erp (iua 4 doy) [ (z, y) dz dy.
. -—® -
Show that the distribution of z when y is given has a charactoristic function
+a
[ o S(u, v) dv
-

Sluly) =
+@

I e=ivo ¢(0, v) do.

2, Show that in samplea, from .2 normal bivarinte population

dF.e.rp[ ! {:—,—2”?*!” }]d.tdy

2 (I=p2)| 013 0,05 ' o032
the functions uj = J_+ sy = = -
oy ‘7:
aro distributed indopendetly and that lholr correlation cocflicient R may bo written
a—a
R ——————_
{{a+a)t — 4 aar?)
X S(z—r) . _
where a = o a= ST and v is the corrolation botweon

the obsorved z's and y'a.
Hence show that

ST T y{i=-r)as
ia distributed as student's t with n—2 degroes of frecdonu ’

3. Obtain .the joint distribution of tho mean and the standard doviation for
samplea from & normal population. llonco dorive the distribution of f and ita firet
two cumulunts.

4. Explain the rolationship betwoon Hotellings T? and Mahalapobis® D3-statistic.
Derivo tho distribaution of thoe Dai-statistic.

5. For a trivariate normal distribution, discusa in dotail the distribution of tho
maximum root of tho dotorminantal oquation.
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Parer 1V awvp V—Gevrxrics (THREORETICAL)

Time : 4 Hours Full marks: 100

{n) Answer any flve queations,
(b) All questions carry equal marka.

1. Lot the scrica of alleles at a locus be Sy, Sy, S5. Thaso are acll-sterile, i.e.
pollen grains containing allcla Sy cannot funotion on plants which contain this alella,
A plant with gonotype Sy S; can bo fortilized only by Sy and produces S; S and §,, S,
individuals in equal numbers. Starting with an initial population
20 Sy Sy + Yo 51 S + 20 8y Sy
za = J{1= (=M} +H (- =0

What will bo the composition of the equnlibri‘um population and the nature of
equilibrium?

2, (a) Describo the gonotica of 0—A—B-—AB systom. Undor conditions of
random-mating, how are the frequencice of the differont blood groups in the offspring
dotermined by the gone-freq ice in tho parontal generation! How are these gene-
froquencice cstimated from observed data?

(b) In a caso of disputed parontago, two babies were of type MN and N reepectively.
Their mothors also wore of typca MN and N but it was uncertain to which mothoer
sithor baby belonged. Tho husband of women N was of types M. To which mother
did the type N belong?

3. (a) Consider a six-linked charactor in which seloction ia practiced only in
tho homogametio sox and supposo & proportion k of the reccasives are discarded.
Evaluate the progress of the population.

(b) Suppose a receesivo triat occurs in 1 in 1000 of a random mating population,
How many gonerationa of complote solection agninst the roccssive individuals would
be necessary to reduce the proportion to 1 in 1000,0001

4. The following data rolate to threo pairs of allclomorphs 4, a; B, b; C, ¢; occur-
ring at threo different loci Scute, Beaded and Rough respectively on the sox-chromosome
of Drosophila, Numbors of cross-overs for double back-cross are given below :

show that

number of obsorvations number of cross-overs
Scute to Beaded 260 5
Boaded to Rough 450 12
Scuts to Rough 6300 450

How will you analyse tho data to find out if this is consistont with the hypo-
theeis of linear arrangemont of genea on the chromosome?! (You neced not actually
compute, but you have to formulate the etatistical hypotheeis to be tested and des-
cribe the procedure of testing this hypothesis).

5. Dofine coefficiont of inbrooding. Consider & population segregating for two
alleles A and a with frequoncies p and ¢ = 1 — p reapoctively and lot f bs the coefficient
of inbreeding in the population. Show that the frequoncy distribution of gonotypes
is given by

(p2+/pg) AA+2 (1—f) pg Aa+ (2+/pg) aa
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8. For a populntion segrotating for two alloles A and a, evalunte the effoct of
continued sib-mating in the froquencies of different mating types.

How can ono uso thess mothods of mating betweon ncar relatives to improve
yicld of plants?

7. (a) Supposo we wish to dintinguish between 4.4 and Aasiresand the gonotype
aa is lethnl, We-have Aa dams for tost purposce. How many progeny should be
obtained from each sire and what would bo the rulo of classifieation Lo ensure approxi-
mate probabilitice of 10 per cent of making either of the two possiblo errora?

(b) Tho following rceults are for the goncs Br P in 3 hack-cross tests by threo
inveatigntors

investigntors Br P Br P be P br P
1 57 77 12 64
2 51 1 kX 46
3 20 11 8 4

Do theso three *cuts agree with each other! (You need not actually compute, indicate
the procedure).

Parer 1V axp V—PivcnoLocy axp EpvcarioN (THEoRreTICAL)
Time : 4 Ilours Full marks: 100

Directiona for Examinees : There aro two paris in thia paper.  Ench part carrics
50 marks. YPart Icontaina 20 qucdtions each carrying equal marks, For each question
in Part I writo your answer in the space provided in the question paper itself. Note
that only short answers are required for Tart I. First answer Part I, thon answer
Tart II. In Part II only five qucstions are given each carrying equal marka, You
are to answer only fwo out of the five queationa. Writo your answer to questions
in Part IT on the scparto answor book. In evalunting your answers to Part 11, logical
presentation and neatness will also be considered.

N.B.—In thia print, sapaco for anawer below each question in Part Iis not provided.

Part I

1. Decfine ‘true’ scors.
2. What is ‘index of reliability’ and what is ite use?
What is moant by the ‘communality’ of a tcet?

4. What sro the sources of unrclinbility of essay-typs examination?

5. What is ‘error’ in a towt scoro?

6. Show how tho method of analysis of varinnco can be used to estimate theo
veliability of a test.

7. For [tem-criterion correlntion, when items aro scored 0 or 1 and the eriterion
is a continuous varinble, which of the following cocflicienta would you find and why?

(a) Bi-ncria), (b) Point-biverial, (¢) Phi, (d) Tetra-choric, (e} any other.
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" B Whon the validity of a test is defined -as ita corrolation againat &n external
criterion, how can the validity bo incroased if the rolinbility of tho test is held constant?
v 9, What are tlio assumptions of Kuder-Richardson Formula 20:

. o (1—:”)
I e o

‘wsed in finding the relinbility of a test?

10. Tow can tho reliability of a test bo cetimated by the uso of ‘parallel’ forms
of the same test?

T Why the aplit-half method of estimating the relinbility of a test is not
recommended for ‘speeded’ tests?

12, It is possible to-comy the standard error of mensurement of differont tests
used on difforent _groups but not thoeir reliabilitien, Whyt

13. How should tha items of a multiplo choico personality test be analysed?

14. When the validity cocfficienta of scvornl tests are known, how should the
test scores be combined 8o an to maximise the prediction of the criterion?

15. \When the criterion is complox (involving more than one dimenaion), how
would you judge the validily of a bettery of teats?

16. In any inatanco of psychological and educational meont, what
conditions must bo niet or assumptionsa mado in order to use Fisher's discriminant
function? .

17, If ono group has taken a sorics of tests in one scquence and another group
has takon the same sorics in a differont scquonce, is there any way of judging the
effect of sequence on test perfrmance? t

18, When tcsts are used for sclection and a small number of persons is sclected,
tho estimato of validity of the tcats based on tho sclected group's performance on some
critorion ia freq tly an lorestimato. Whyt

19. In vocational guidance, a psychologist gives threo tests, 4, B and C to a
person. Tests A, B and C ere already known to measure aptitudes a, & and ¢ which
dgain are known to predict successin tho vocations Af, N and P, On the three tests,
the porson’s scorcs aro at tho 75th, 70th and 65th porcontilca on national norms. What
statistical considerations should the psychologist have in giving vecational advice to
the persont )

.

20. How does sampling of pouon;‘;;\;l_.lmta affcet the factor-matrix?
Part II
Answor any heo questions.

L Propose a design of_ex riment to decido whethor instruction through the
modium of mothor-tonguo will botter in schools rathor than in colleges. Indicato
mothods of sampling, collection of data and atatiitical analysis,

2. Discuss tho problems in tho theory and methods of contriod factor analysia.

3. Discusa tho difforonces botweon tho mothods of ascaling attitudes and thoso
of objective fest-conatruction,

4. Discuss the probl in the standardization of a projoctive technique of
porsonality arsessment. ’
N SN :

b 8. Writo an canay on tho usrs of non-paramotrio statistics in paychology and
‘edluéation, ‘
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Paren VIII aAxp IX—Ecoxo1o STaTisTics (PRACTICAL)
Time: 4 Hourn ! ) Full marks: 100
(a) -Attempt all queations.: —— -~ —-- - - - ——rm e =
{b) Figuresin the margin indicate full marks.
{c) Use of calculating machinocs is pcrmiued
) 1. -'l'ho"l'allowmg tablo givu the seri dmlnbuuon of mcoma ‘omong pemnunl
income roccipients in the United Statcs in 1918: -~ - -- - (4

incoma clnss number of persons
(000)
0 — 500 1828
500 — 1000 12531
1000 — 1500 12408
1500 — 2000 5322
2000 — 3000 3065
3000 — 5000 1383
6000 — 10000 588
10000 — 25000 102
25000 — 50000 41
50000 —100000 14
100000 —200000 5
200000 and over 2

Conaidor tho range 8500 and over and obtain estimates for a and » in the
Paroto oquation y = a X-» whore y is l.ho number of ponom having i income X or
more.

Work out the expected fmquonmep. -

From tho valuo of the parameter v or otherwise, obtain an estimate of the
concentration ratio,

2, . Tho following table gives the goneral index of industrial production and |n<
index of freight turnover (net.ton kilometers) for the period 1937-1958 in India:

T year T “indox of industrial *  index of freight *
production . turnover
1937 4 . 7
38 3 78 15 .
39 a6 80
T 1040 81 86
11 87 95
42 - - - 82 - : 95 ot
R T i T4 0 = <t
44 87 06
43 " 89 - 09
43 81 o 91
47 8 73
48 87 71
19 80 86 !
. 1050 .85 02
- 51 03 03
52 08 03 !
54 100 100 '
54 107 100 .
565 115 122
1956 126 135

Obtain the coeflicients of corrclaticn between the two index numbers for tho poriods
1937-56 and 1937-50. o —— (25)

-63



3. The following table gives some facta sbout aroa and population of India s
Some facts about area and population of India, 19041

density of porcontago of
regions aroa in populution population population in
square  in million per squaré —07M8 ——————
miles milo villnges towns
NorTnwest INDIA 284342 39.3 123 9.1 20.9
Rajasthan 130207 15.3 117 82.7 17.3
Punjab 37378 12.6 338 81.0 19.0
Pepsu 10078 3.6 347 81.0 19.0
Jammu & Kashmir 92780 4.4 522 84.1 15.9
Part C States 13899 3.5 —_ —_ _
Norti INpIA 113409 63.2 657 86.4 13.8
Uttar Pradesh 113409 36.2 557 86.4 13.6
East INDIA 2010657 90.0 305 88.9 1.1
Assam 85012 0.0 176 05.4 6.4
Bihar 70330 40.2 572 03.3 8.7
Orissa 60138 14.6 244 05.9 4.1
Weat Bengal 30775 24.8 800 5.2 24.8
Part C States 15404 1.4 —_ —_ —_
CENTRAL INDIA 289390 52.2 181 84.3 15.7
Madhya Pradesh 130272 21.2 163 86.5 13.5
Madhya Bharat 48478 7.9 171 81.9 18.1
Hyderabad 82168 18.7 227 8.4 18.8
Part C States 30481 4.4 —_ — —_
WesT INDIA 140609 40.7 272 68.8 31.2
Bombay 111434 36.0 323 67.9 a1.1
Saurashtra 21451 .1 193 06.3 33.7
Part C States 18724 0.6 —_ —_ —_
Sourn INDIA 168009 75.6 450 70.0 30.0
Madras 127790 67.0 446 80.4 19.6
Mysore 20489 9.1 308 76.0 24.0
Travancore & Cochin 9144 9.3 1013 84.0 18.0
Part C Statcs 1568 0.2 —_ —_ —_
ALL INDIA 1200640*  361.0 312 82.7 17.3

¢ including Andaman and Nicobar islands, arca 3125 square miles.

Sourcea: Consus of India 1051, Part IIA, Census of India, Paper No. 9, 1052
and Census of India Paper No. 7, 1054,

{a) Check the arca and population figures and correct obvious mistakes, if any.

(b) Recompute the figures for donsitios and roplace the incorrect figures by
correct figures,

(c) Correct all othor obvious mistakes, if any, and indicate doubtful figures,
if any, where correction is not possible.

(d) Copy tho corrccted tablo neatly.

() Obtain the cstimatos of donsitiea for the aggregates of Part A, Part B and
Part C States. (30)
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Parer VIII AND IX—StamisTicAL QuaLity Coxrmot (PmacTICAL)
Time : 4 Hours Full marka: 100

(a) Attempt all the quostions,
(b) Al quostions carry equal marks.
{¢) Uso of calculating machince is permitted.

1. The tablo bolow gi\'u‘ the number of missing riveta noted in the final assembly
of twolve motor-boats,

1. 9 7. n
2. 15 8. 8
3. 13 0. 20
4. 18 10, 12
5. 1 11. 21
6. 16 12, 16

Exomine the data for statistical control. Assuming that for the assembling
procesa an average of 10 for the numbor of missing rivets was specified, cetimate
the percontage of abnormal cases that would reeult if the quality is such as ia revealed
by the data.

2. A producer wishes to control tho resistance of a certain product at ﬂlo
average level of 120 ohma. From each of 10 tive batches, a rand
of 5 unita were solectod and tested. The mean and standard deviations calculated for
each sample, are given bolow. (In some cascs all the unita in the sample did not
go through the teet.)

Analyse and interpret the data by plotting suitable control charts,

standard
sample numbor of moan doviation
itoms (x) (s)

1 8 124.6 7.75
2 [} 123.4 12.20
3 4 145.8 0.38
4 5 132.7 8.25
5 3 114.6 11.52
8 [3 131.6 13.61
7 5 107.8 12,32
8 ] 123.9 10.08
] 4 150.3 9.23
10 5 151.2 8.36

3. With the holp of necessary tables,

(i) obtain a point-cetimate of the lot standard deviation, given that in 4 aamples
each of 5 items, the obsorved ranges for & measureraont wore 8.6, 9.2, 7.5 and 9.3
cms,
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(ii) obtain D5 per cont oconfidence limitafor the.lot standard doviation, given
that in a sample of 10 packots of margarino, the standard doviation of porcenuxge
moisture, was 4.3.

(iii) oconstruct 05 per cent confidence limita for averngo number of defects per
itom in lot, givon thot in a samplo of 20 items inspected & total ber of 22 dofect
wore noted,

\

4. Sot up a chart (for graphical procedure) or table (for tabular procedure)
suitable for itom-by-item soquontial sampling insopotion by measurement, such that
lots with a mean voluo 5.8 for a normally distributed charactersitic will be accepted
5 por cont of the times and lots with mean volue 7.5 for the characteristic will be
accepted only 10 per cont of the times, it boing known that tho standard deviation of
the charactoristio is stable with valuve 2.2,

aoc

» . .

i)

Parer VI axp IX—SauwrLE Scrvevs, TneEory (PrACTICAL)

Time: 4 Hours “ Full marks: 100
(a) Attempt all questions, - . '
(b) Figuresin tho margin indicato full marks.
(c) Uso of ealculating machines is permitted,
(d) No text book on Sumpling is allowed, Practical books may, however, be
allowed. . e e

(6) Neatness in prosontation vull be an mlporumt consldomhon in awardirg
marka,

1. The table given bolow showe the total cultivated area during 1931 es also
the area undor wheat in two consectiuve years 1030, 1037 for a samplo of 34 villages
in a sub-division. Tho villages were eclected with replacement with probability pro-
portionate to the cultivated aren ns recorded in 1031, Tho total cultivated area in
1931 and tho total arca under wheat in 1930 for all the 170 villages of the sub-division
wore known to be 78000 and 21288 acres reepectively. Estimato the arca undor wheat
for tho sub-division for the ycar 1037 uaing the ratio method of estiniatich and caleulate
tho standard error of the ecatimate so made.

What would be tho standard error of the catimato if the ml‘ormnhon' l‘or the
provlous yoar wero not usod? Find out also lho increaso in omcwncy, if any, in using
the provious year's information. - . (60)
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. Valucs of mml cultivated arca and of area undor wheat in two consecutive -
yearg_for a mmplo of 34 villages in a sub-division

“* sorial ! total cultivated arca undor wheat
.- numberof -- . areain1931- - .- - . (in acres)
vlllngs {acres) —_—
—_ R . L. -0 1030 e -.-1037
1 401 0 . 50
2 630 . 163 149
3 1104 30 - 284
4 1170 - - 440 - 381 -
5 1063 230 278
] 827 125 111
1 1737 558 634
8 1060 234 278
.9 360 101 n2
10 046 . 359 355
11 470 100 90
12 : 1623 481 498
13 © 827 123 111
14 06 X 5 R [}
13 1304 427 . 339
16 377 8 80
17 259 5 T 105
18 180 45 27
10 ° 1767 ° . 564 515
20 804 238 249
A4 | 700 ° 02 83
22 524 247 231
- 23 T ) | ; TO134 tr 133
24 N 962 131 144
.25 407 120 103
26 . s 100 175
27 845 663 335
28 1010 235 219
29 184 ' 73 62
30 282 82 79
31 194 71 60
32 439 137 100
a3 854 106 141
.34 820 253 263

2, The tablo given bolow prescnta the summary of data for complote consus
of all the 340 villages in a sub-division. Tho villages wero stratified by sizo of their sgri-
cultural area into 4 strata as shown in column 2 of the table. The numbcers of villages
in the differont strata aro given in column 3.  The population values of the strata means
for the aroa undor whoat (P N, ) and thoso of tho standard doviations for the arca
under whoat (sw) and for the agricultural arca (Sa‘) are givon in tho subsequont
columna, . '

Calculate the nmplmg variance of the cotimated arca undor wheat for a sample
of 34 villagoe. -

(i) if the villagea are sclocted by the mothed of llmplo random sampling without
siratification,

(ii) if the villages are scloctod by the mothod of simple random sampling with-
in each stratum and allocated in proportion to (a) tho sizes of u:o nmu (N¢), (b) the
producul\ls and (o) tha producta Ny~ S S P (40)
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Strata Moans and standard doviations of Arcas for villages in a sub-divisfon.

stratum  eize of village Ny YN ¢ S S

numbor in bighas v ag
m 2) (3) (4) (5) (8)

1 0— 500 63 116.8 56.8 120.8

2 601—1500 108 275.6 115.8 265.7

3 1501—2500 54 553.0 105.5 274.5

4 2500 25 003.5 300.4 975.7

A simplo random sample of 30 houscholds was drawn from a consus taken in 1951
in two wards of a town. Tho population contains about 15000 houscholds. In the
table the p in each houschold are classified (i) as to whether they had consulted
a doctor in the past 12 months, (ii) as to sex.

Make a critical comparison of the ratio formula with the binomial formula in tho
oontext of estimating the proportion of pooplo who had consulted a doctor aa also the

proportion of males in the population, (40)
Data for a simple d plo of 30 h hold:
Lo bor of number of persons doctor scon in last year

number  persons males  fomalcs yos no
m @) ®) ) (s) ©
1 8 1 4 5 0
2 [] 3 3 0 (]
3 3 1 2 2 1
4 3 1 2 3 0
5 2 1 1 0 2
8 3 1 2 0 3
7 3 1 2 0 3
8 3 1 2 0 3
9 4 2 2 0 4
10 4 3 1 [} 4
11 3 2 1 0 3
12 2 1 1 0 2
13 1 3 4 0 7
14 4 3 1 4 0
16 3 2 1 1 2
18 5 3 2 2 3
17 4 3 1 0 4
18 4 3 1 0 4
19 3 1 2 3 0
20 3 1 2 3 0
21 4 1 3 2 2
22 3 2 1 0- 3
23 3 2 1 0 3
24 1 0 1 0 1
25 2 1 1 2 0
26 4 3 1 2 2
27 3 1 2 [} 3
28 4 2 2 2 2
29 2 1 1 0 2
30 4 2 2 1 H
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Parer VIII avp IX~—Sanprr Surveys, ArrLIED (PRACTICAL)

Time : 4 Hours. Full marks 100

(a) Attempt any thres questions.
(b) All questions carry equal marka,
{0) Uso of caleulating machincs ia parmitted.

1. You aro given a list of 80 tohsils in a State along with thoir population in
1951 and net arca gown in the same yoar. Draw a eample of 10 tohsils with probability
proportional to population with replacemont and estimate the 'total net arca eown'
in the Stato taking tho figures of net arca given against tho seleeted tohsils as having
been obtained by an enquiry. What is tho variance of this estimate ? What should
be the sample sizo if the eatimate ia required with a confidence limit of 98 per cent ?
Suitablo referonco to tables used should be givon.

2. A random samplo of 40 cuts, each of size 100 aq. ft. are taken from a locality
for cstimating the average yield rate of dry paddy. For a sub-samplo of 20 cuts out
of this, both the green woight and dry woight have been recorded. For the remaining
20 cuts, only the greon weights were rocorded. Estimate the average yeild rate of
dry paddy and its variance by the following two -methods.

(i) taking the sub-sample of 20 cuts for which the dry weighta are available sa
a simple random samplo; (ii) ratio estimate. Compare the relative efficiency of the
two mothods, Asauming that the cost of taking greon weight for a cut as (¢) and that
for taking dry weight from a cut as (.25¢), what will be tho percentage increase in cost
over that of the present sample, to get as good an estimate as that of the ratio esti.
mate by taking a simple random esmple of aize ‘n’ for dry weight ?

sorial green dry serial n
number weight woight nunibor vg:?;ht
of cut (tolas) (tolas) of cut {tolas)
1 187 153 21 868
2 127 119 22 115
3 189 174 23 114
4 138 126 24 145
5 114 105 25 179
[ 110 102 28 83
7 124 13 27 86
8 173 159 28 145
9 140 131 29 120
10 118 100 30 78
11 133 124 31 88
12 134 124 32 10
13 2 1% 33 120
14 138 125 k2] 104
15 145 134 35 141
16 144 134 30 120
17 170 163 317 118
18 148 136 38 154
19 114 104 39 170
20 139 128 40 107




3. Work out a suitablo schedule with appropriate headings for a'study of housing
¢ondition of industrial labourers in & locality, Indicato the scope of the instructions
which you would give to investigaros for data collection.

4. Enclored is a schedule on houschold indebtodness used in survey for studying
the indebtednesa of agrioultura]l population. Draw up blank specimen tablea with
suitable tabular and columnar headings that you would think of presenting in a short
report of the survey. Lo

Net area sown and total population in 80 tchsils of a locality in 1051
(data for question 1)

total  netarca . total not arca
tohsit population  sown tehsil  population  sown
number (000) (000 acres) number {000) (000 acres)
1 160 46 41 73 79
2 141 65 .42 75 69
3 12 63 43 03 18 '
4 00 57 44 172 © 108
5 110 85 43 170 128
8 107 87 46 135 80
7 136 03 47 125 81
8 131 72 48 65 48
9 93 65 49 . 101 03
10 169 138 50 108 56
11 08 62 51 132 90
12 132 78 52 n7 83
13 94 7 - 53 0 51
4 835 61 54 138 1768
15 103 69 55 125 153
16 s 53 - 56 49 TT 64 T
17 0 70 57 143
18 23 18 58 140 167
19 127 00 59 ' 63
20 0 - 32 S0t 92 T 10
21 20 62 81 87 128
22 : 62 62 97 150
23 188 133 63 132 87
24 131 100 64 34 48
25 i) 59 85 141 134
26 126 102 60 7 78
27 06 128 67 53 73
28 92 05 a8 &0 66
29 120 127 89 79 50
30 84 90 0 120 84
31 868 7 ! 08 £8
32 135 08 72 1o 142
33 95 29 73 82 8
34 108 83 74 41 34
35 K 71 75 20 18
K} 49 50 76 64 63
37 07 42 1 [i5] )]
38 80 43 78 72 338
ki 102 140 0 38 31
40 83 17 80 (4] 38
total 7878 6708
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e e i e Houschold indobtodness e m oo oo U

£ (Rcfcmnco Poriod :  July 1953-Juno 1954)
——(Rural) ~— ——— == —— R T oy —
(1) Identifieation pnmculnrs of plo villago and | hold
_0 mrml numbor 1. zone-n(nl‘o-nnluml division
2, stratum ) 3. state N
4. district 5. teluil.’luluk_’lhufm
6. villago 7. hoad of housohold ,
8. informant 9. housohold size
10. livolihood class® 11. arca owned (0.00 acres)
12, arca leased out (0.00 acros) 13. arca leased in (0.00 acres)

14. aren in poscasion of houuhold
(0.00 acres)

(2) Particulars of loan taken during the year and outstanding loans on 1/7/53,
(each transaction in scparate columns)

- loand during yoar outstanding loands
dotails of loan

loan loan loan loan loan loan loan loan
no. no. no. mno. no. no. No. no.

am 2 @, () (3 (B () (8 (9

1. amount in Rs, (00) (imputed " -
value if kind)

2. month and yoar in which
loan taken

3. source of laon (a)

: 4. purpose of loan (b)

5. loan : socured (1);
not securod (2)

6. if sccured, socurity codo (o)

" 1. loan: in cash (1); in kind (2)

8. rate of intorcat 9, per year
Rs. (00.0)

9. intorcat simple (l).
compound (2)

10. time interval (months) for
compounding

11. modo of repaymiont : ¢ash-1;
crop-2; sorvice-3

‘61



) (2) Q) ) | (5 ®) [ (™

(8)

12. actual use of loan (b)**
)

(ii)

(iii)

(iv)

13. amount of intercat paid
during the year (Ra. 0.00)

14. amount of interest paid
in earlier ycars {Ra. 00)

15. amount of loan repaid
during tho year (Ra. 00)

18. amount of loan repaid
during earlier years

17. numbor of instalments,
—. ropaid so far,

8. sourco of funds from which
repaymont made (d) (i)

(ii)

19. if sourco ia a secured loan,
security codo (¢)

Footnotes :
¢ cultivating owners of land-1; non-owning cultivators-2; non-cultivating owners-3;
othors including agricultural Inbourers—4.

(a)

(b)

(e)
(d)

sourco of loan : banks : scheculed-1; non-scheduled-2; insurance companice-3;
co-oporativo socictics : roglslemi-at unregistered-5; moncy londers-6; owner
of land-7; taccavi lnon-8; other government laons-9; others-0.

purposo and uso of loan : agriculturo : capital account-1; current account-2;

nmrkchng-s olhor enterprisca : capital account-4; current, account-5; mnrket-
ing-6; ion: 1 7; normal mmmennnce-s
conatruction or purchnao of romdonl.ml real agsots and other durable assota for
domestic usoe (o.g. land, building, furniture, ornaments)-9; repayments of
Joan-0.

socurity code t Jand-1; building-2; ornamonte-3; othor goods and equipments~4;
others-5.

sourco of fund for repaymont: curront savings from : agriculturo~]; other
enlorpnacs— pnsz m\vmgs from : ngnml(um—'& other emcrpnnm—A sale of
aesple ildi ; orna te~7; othor h h t4-8; new
loans: \\n.houv. muruy-D with accurity-0. o

*® Write codo number in smaller cell and the amount (Rs. 00) in the larger ccl.
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Parer VIII axp IX—DEsIoN oF EXPERINENTS, APPLIED (PRACTICAL)
Timo: 4 Hours Full marks: 100

(a) Attompt any three questions.
(b) All questions carry qual marks.
(c) Use of calculating machines is pormitted.

1. Tho table below gives the plan and yiclds in lbs. por plot of a 33 NPK
experiment on turmeric (Curcuma longa) lnid out in three randomised blocks of nine
plota each, the treatments boing all combinations of 1

o = N0 nitrogon Po = no suporphosphate

ny = 60 1bs. N/acre X py = 45 1bs. P, Oy/acre

ny == 120 Ibe. N'jacre P3 = 90 lba, P, Osfacro
k¢ = no potash

X ky = 100 1bs. Ky Ojacre
kg = 200 1bs, K3 Ojacre
Plan and yields of raw turmerio in 1bs, per plot,

(Plot size 1/06 acro)

Block I Bilock II Block IIT
mpyky nypaks . nopaky
114 79 3 '
nopaks nypoko nypoka
90 76 74
nipike ngpoky napoky
0 . 57 68
nopsky napaky napiky
68 97 108
ny pako nypaky nopoksy
105 88 (]3]
nypaky nopiks nypske
95 5 107
nypoky "o;’zl‘o nypaky
91 1 88
napoky ngprko noprko
81 70 65
nopoko napky nypiky
92 76 84

Analyse tho data as fully as you can and state your conclusions,
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2. The following are the plan and yfol-la in Its, por ]'»l'ot of 13 varioties of corn
in a yield tris), tho upper figures within brackots being the varicites and tho lower
figures the yiclds in Ibs. por plot :

(3) (6) (9) (1)
Block I ‘.’5._1 19.8 28.7 24.2
(3) (4) (8) (12)
Block II 22.7 19.4 33.2 - 22.0
(10) (1 (12) (13)
Block II1 16.1 19.0 ) 31.8 20.9
(2) (3) (8) (1)
Block IV 27.1 27.2 35.4 17.1
Block V (7 (8) (9) . (10)
23.3 30.4 30.7 32.2
. (4) (5) (6) (10)
Block VI 30.3 35 27.1 3.6 )
(1 5 (9) (12)
Block VII 34.3 31.0 25.8 30.6
(3) (5) () (13)
Block VIII 34.2 32.56 33.1 36.5
B (n (2) (3) (10)
Block IX 33.4 33.7 37.58
. (@ (1) (9) (13)
Block X 28.6 30.4 20.7 35.2
Block XI ) (4) m - oan’
30.5 31.2 31.3 28,
(1 8) (8) (13)
Block XII 31.)0 33.6 27.7 41.2
(2 6 “ 12
Blook XIII 30.)3 3(1 .)0 30.)5 2(0)8

Identify tho layout adopted, giving ita charactoristics. Analyse tho dats and
intorprot the results of analysis.

3. In a randomised block exporiment for toting the differenco among soven
variotis A, B, C, D, E, F and Q of guayule, the following tablo gives the Inyout
plan adopted and the dpta on resin percontagoe and shrub weight (gms) for a randomly
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solootod plant in each plot, tho uppor figure donoting tho rosin porcentago and the
lowoer figuro within barckots the shrub woight in gma.

B F G "E D A ¢
Block I 5.24 4.85 5.00 3.07 550 4.49 §.7¢
(6)  (84).  (80)  (34) (65  (88)  (3p)

E (¢} -A . D B c
Block II 5.71 5.18 5.15 4.8 6.00 4.49 4.15
(38) (89 (28 (67  (90) (14)  (3g)

G c. F D B A E
Block 11T 5.88  4.88 5.82 4.75 5.60 6.22 .05
. (8) (81) (125 (128)  (0%) (1)) (87)

B E A D 4] c

Block IV 6.13  5.64 7.24 6.30 536 6.20 5.17
(10) . (101)  (115)  (101)  (99) (127)  (104)

G B D A F E c
Block V 5.80 5.78 5.85 5.67 5.80 3.85 6,18

(93) (98) (8) (132) (144) (105) (169)

* ' Porform the anlysis of variance and covariance and comparo the varisties for |
redin porcentage adjusted for shrub weight. Find the standard error of the difforonce
betweon the adjusted mean resin percentagos for two varioties.

4. In an experiment on the marketing of apples, four troatments A, B, C and D
were compared in four stores on four days in each of two consecutive wecks. The
plan of tho exponmont and tha dats, pounds of apples sold per 100 customers are
as under:

first weok second weok
day of wek store number store number
1. 2 3 4 1 2 3 4

44 C 68 B 4w AN
16 A48 G100 D 84
20 D40 A28 B 32
45 B4 D6 C 25

Mondsy B 8 A 28 D 58 C 34
Tuosday G 62 D112 B 68 A 60
Wodnosdsy D 66 C 62 A 40 B 42
" Thursday A 28 B 2 C 60 D 52

> 0w b

Analyse the data and state your conclusions, pmonzmg the results in the form
of a summary tablo.



Paren VIII anp IX—ProBrr ANaLYsis (PRACTICAL)

Timo: 4 Hours Full marks: 100

(a) Attempt any {wo queetions.

(b) All questions carry equal marks.

(¢} Uso of calculating machines is pormitted.

{d) Crodit will bo givon for neat, brief answers, tabular arrangement of compu-
tations and neat graphical presontation of data.

1. The rosults of an exporimont to assees the effoot of an insocticide ere given
below, in which n stands for tho number of insocta used, v for the number of insects
killed and 2 for tho logarithm (baso 10) of the dose in milligrams of the insecticide.

E n r

control 105 11

0.648 100 43

1.321 148 80

1.680 120 70

2.148 128 85

3.805 102 B ) -

Estimnte the doso required to kill 80 per cent of a large poulation of insects subject
to & natural mortality rate of 15 per cont. Find alao the standard error of your estimate,

2. A biological assay (of the quantal type) ie to be carried out to estimate
the mean and the standard deviation of a tolorance distribution, assumed to be normal.
1t has boon decided to use only five different dosages z,, x4, zy, 74 and 75 and the same
number n of subjocta at cach dosage. From provious exporionce, approximate values
# and o of the mean and the standard.-doviation are available.

Compare the effectivesness of the following two ach of choosing the dosag:

{by computing the dispersion-matrix of the estimatce of the mean and the standard
deviation). .

acheme I schome IT
- ) z, n o+ e 4+ 150
R Ty n +050 p +08c 7
T I3 B. . L
EN B —-050 B —08¢
EN p - 0o K —1lB0

3. Two poiasons Py and Py act indopondontly, one bozing a stomach poison and
the othor a contact poison. The regrossion equations of the probit (¥) of the percentages
killod on (X) the logarithm of tho dose in milligrams for the poisons sre es follows:

Py Y =~ 3.26 + 1.26X
Py : Y = 4.25 + 0.75X . .
Write down the exprossion for the p kill when a mixture of wy mg of Py

and w; of Py is used. - .

Draw a graph from which ono can road-off the differnt combinationa of (1, w)
that would ensure on averago kill of (a) 50 per cont, (b) 60 por cont, (c) 75 per cont

[[]



Parea VIIT anp IX—MaATREMATICAL TREORY OF SAMPLING DISTRIBUTIONS
’ (PracTicaL)

Timos 4 Hours

(a) Attempt any wo questions.
{b) All quostiona carry equal marks,
(o) Ubse of caloulating machines is permitted.

Full marks: 100

1. The means of scpal longth xy, sopal width x,, potal longth g and petal width
z, of ity spocimons of flowers from each of two apecics are se follows:

Moans of specimens in ema.

variate spocimens -

1 2
'’ 5.930 5.006
24 2.170 3.428
€3 4.200 1.462
PR 1.326 0.248

The sums of squarcs and products about the means are noted bolow:

EN ES £ z,
£y 19.14 9.04 9.76 24
EN 0.04 11.88 4.62 2.47
xy 9.76 4.62 12,30 3.88
z4 3..24 2.47 3.88 2.40

Exanine as best as you can whother the difforence botwoen the means of the
two samples is signiicant or not.

2. (o) Examine whothor the corrolation cooflicients givon bolow are significantly
difforont from each other:

(1) 0.8048 (80) {2) 0.756 (60)

(8) 0.889 (85) (4) 0.834 (65)
(6) 0.507 (90) (&) 0.708 (93)

The vatuce shown in the bracket give the numbor of obsorvations on which the
correlations are basod.
* (b) Obtain the multiple corrolation coefficient and the regression equation of

the following data of ¥ on X, and X, and tost l.boir ngnmcnu by ﬁnding the prob..
bllitieas - - == -~ - - - -0 oo



A

Py

L
»
<

0.4 53 64
0.4 23 60
3.1 19 n
0.6 34 61
4.7 24 54
1.7 65 71
9.4 44 81
10.1 31 03
11.6 29 03
12.8 68 51
10.9 31 70
23.1 46 00
23.1 50 11
21.6 44 03
23.1 56 05
1.9 368 54
26.8 58 168
20.9 51 09

3. Draw 12 samples cach of sizo 8 from a bivariato normal population where*
pw= .8 0y=0;=1and f‘ = pt3 = 5 cms, and examine how many of the observed
oorrolations for tho samples lie within the 5 por cent lovel

Parer VUT AND IX—VITAL STATISTICS AND POPTLATION STUDIES (PRACTICAL)
Time: 4 Hours Full marks: 100
(a) Attompt all questions, .
(b) All questions carry equal marks,
(¢) VUso of caluclating machines is permitted.

1. The following table gives the fomalo population of TSA by ago groups and
the ago epcoifio death rates for fomales due to all causcs, T.B., and heart discases for the
years 1900 and 1940. Evaluate from tho above data the change in tho mortality
pattern with reepect to age and spocifioc causecs,

TApLE
age female ago spocifio death  ago specifiodeath  age specific death
group  population in rate duo to all rato duo to T.B,  rate due to beart
(yoars) thousands causes per 1000 {o)! forms) por diseasges por
100000 100000
1000 1940 1900 1940 1900 1040 1600 1940°
under 1
year 048 893 145.4 47.7 311.8 24.6 147.8 17.5
1— 4 3589 4103 10.1 2.7 101.8 12.3 15.0 3.7
5—14 8392 11059 .9 0.9 36.2 5.6 23.3 8.0
16—24 7616 12040 5.8 1.8 205.7 38.2 28.8 14.0
2534 5861 10818 8.2 2.7 204.3 56.3 43.4 29.7
35—44 4339 01068 8.8 4.5 2563.6 59.4 80.8 91.7
45—b4 2003 7650 14.2 8.6 215.6 66.3 173.0 279.6
55—64 1940 5163 26.8 18.1 223.0 78.1 414.1 713.5
05—14 1009 3209 53.6 41.9 256.1 80.8 057.3 1723.5
76—84 388 1187 118.8 104.8 279.3 80.4 1751.9 4233.7
85 & over (1] 217 255.2 218.1 204.8 62.0 2249.8 8313.0
all ages 37108 65606 15.8 9.8 194.4 45.9 137.4 292.5

(-3
@



2. Most of the infectious discasce which woro reeponsible for tho bulk of infant
deaths in U.K. wore offoctivoly controlled during the period 1030-1050. Select a
sonsitive mortality indox to illustrato the above fact by the data presontod in the tablo
below :

proportion of neconatal
deaths (deaths within

sooial clasa® infant mortality 4 wocks aftor birth) to
rato/1000 live births total infunt doaths
(percentage)

1030-32 1050 1030-32 1950

I 32.7 17.0 0.4 72.1

n 45.0 22.2 60.4 73.0

I 57.6 28.1 51.0 82.6

v 66.8 33.7 47.8 58.8

v 7.1 40.7 42.2 53.8

® Theso social classca aro arranged in the above order by tho registrar general
of England and Walcs ding to pational status aa follows :

Clasa X Profcasional occupations

Class III  Skilled occupations

Clasa II  Intormediate botween clasa I and ITX
Class V. Unskilled occupations

Class IV Intermediato botweon class IIX and V.

3, 4145 familica in each of which a primary case of diphtheria was reported
wero kept under obsorvation for one month. Some of thess primary casca were removed
tohospitalai diately after tho dingnosis was established. Theincidonce of diphtheria
during tho month undor observation among members of the houschold of the above
primary cascs are shown in tho following table :

TanLe
L PN Y
clasa I (primary caee not } 1 lolnu 1I (pnmn caso removed
romoved to hoapitals) to hoapita r[:
age group - C—
total primary socondary total primary sccondary
porsona  casce cnsoe porsons  casce cascs
undor 5 yeara 2528 780 238 - ' 1807 531 12
5— O years 2172 m 252 1979 003 120
10—14 yeara 1878 305 122 1221 252 57
15—19 years 1123 151 47 621 80 8
20 yoars & above 8011 344 139 4122 158 43

(1]



Evaluato the offcctivoncss of prompt romoval of diphtheria casea 88 a preventive
measure in tho oontrol of the discase. )

4. ‘Tho following tablo gives the ago specifio fertility rates and life table popula.
tions of the correeponding ago groups of the Uttar Prodesh fomalo population, In
tho computations of fortility ratcs only thefomale births have been counted.

TanLz

spocifio fortility rate lifo table population
ago group per year por 1000 of females in tho age
X to X + 5yoars fomalesin the age group Xto X + 6
group XtoX + 5 (1o = 1000).
(only fomale births

counted)
15—19 yoars 55.3 3150.1
20-24 122.0 3053.1
25-29 114.6 2005.6
30—34 95.1 2080.5
35—30 73.1 2403.0
0-44 31.2 2120.7
45-49 10.4 1841.3

If the above fertility ratcs and mortality rates continve to operate for an indo- -
finitely long period, calculate the limiting rate of natural increaso of the U.P. female
population.

70
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