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(u) Attompt any five quostions.
(b) Figuros in tho margin indicuto full marky.

. The following valuos uf u, aro given:

uyo= 544, w g=1227, u2=1775

{n) Find, correct to ono decimal place the value of x for which uy=1000 by
direct interpolation using a formula with unequal intervals und by inverso intor- -
polution using u formula with equal intervals. (14)

(6) Estimuto tho drviative of the function u, at z=15, (6)

{4) " Define mutually oxclusive ovonts and state whothor thoy ¢an bo regurded
as a spocin! caso of dependent or independont events, (5)

(b) A particular army corps consists of 24 battalions, each consiating of 1000
mon. It is to bo dividod into 4 divisions oanch to consist of 6 battalions, it boing

“equally likoly that any particulur battalion will bo allottod to any one of the

divisions. What is the probability that 100 men, known to he serving in the
army corps, who wero only oligible to enlist in 2 particulur Luttalions out of the
24, and euch of whom is equully likely to have enlisted in either of tho 2, will
all bo in tho samo division?

Which, if any, of the informnation given above havo no bearing on tho probubility
in question? (135)

. (u) Derivo tho probability distribution of the numbor of successs in *n' indo-

pendont triuls each with u constant probability *p* of succoss. (6)

() Givo two oxamplos from pructico in which tho Binomisl probubility law
can be oxpocted to hold good. )

(¢) Given a Binomiul dJistribution with p=0.5, show how to dotormine tho
number of triuls such that the probability shall be at loust 0.93 that tho samplo
relutive froquoncy p’ will not doviuto fromn 0.5 by moro than 0.03? (You may
uso the Normnl approximation). (10)

(@) How is tho medinn of n serios of observations defined? In which situutions
would you profor tho modinn as a contro of location? i (5)

(b) . Tho medinn diumoter for a lurge numbor of sphoricul balls was found to bo
8 cm. - .
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What will bo the median voluine? Justify your answor.

If it is given that thoro uro equnl number of balls in the dinmoter-intervals: (8 cm,
8 ¢m) ond (8 em. 10 cm.) show thut tho number of Lalls in the two volumo.
intervula:

o n T giee, T 89 T8 =63
(Eﬁnw'ﬁssm))nnd [OScc,os +6(8 )co]

will not in general bo the sumo.
Which of the two intervals will have tho largor numbor?

If the dinmetors uro symmetrically distributed, show that the velumo distribtion
will bo positively skew. (10)

(¢) If, for tho dinmeter distribution, tho following figures aro availublo: moun
=8 cm, standurd dovintion=2 em, 81=0, B2=4.00, what woukl bo tho moean
und standurd dovintion of tho surface uroa? (5)

(¢) Expliin clearly tho meaning of ‘marginal and  conditional distributions’
with referenco to a bivariate density function f (x, y). )

(b) For tho density function,
Sz, 9) = @—z—p)8, for 0<r<2, 2<y<d
=0, otherwiso,
obtain the marginal density for z and tho conditionul density f (y/x). (3)
(¢) Culculato:
() Pl(c+ y)<3) and (1) P (2L 1.5, y<2.5) (7}

{a) Expluin what is meant by *nssocintion of attributes,’ Describo tho roluliona
satisficd by cluss-froquencios whon two uttributes aro independont, ),

(0) Explain how the chi-squaro test is applicd to ascortain tho wsignificanco o(l
wssociution botween two attributes, from a samplo contingency tublo, | (3)

(¢) Describo un exaet proceduro suitublo for small snmplo sizes, to test tho signic
ticanco of the differenco botween two independont binomail proportions.  Dorive
1tho necessury sampling distribution. (19

(¢) Expluin fully *stundard error of a statistic’ in the context of lurge sumple
testa of significanco. (9}

(b) Obtain large- samplo standard errors of tho stundard dovintion and the co-
efticient of variation in samples from a normal populution. (3.

{¢) In a study of hoight of Indinn ndult males, u wminplo of 200 individuals gu\'t;
riso to a mean height of 5 ft. 5.1 ins. with a stundurd dovintion of 2.7 ins. In!
a similar study mado 40 years luter, on a samplo of 400 individuals, tho mean wae!
found to bo 5 ft. 6.0. ina. with a standard deviation of 2.6 ins. To what (-xu-nl:
do theso data substuntinte the hypothesis that tho height of tho adult mule iy
India had incroused? ' (1)
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Time: 4 Hours . Full marks: 100
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(¢) Attempt any five questions.
(b) All questions curry equal marks.

Suppose you aro requirsd to conduct a ramplo survey in your atate to study tho
changes in the economic conditions of tho peoplo during the Sccond Five Yoar
Plan periodd. What sampling unit will you chooso and what types of information
will you collect? What typo of framo will you use?

Prepare o xampling design with stratifieation and with selection ontho principle
of probability proportionato to sizo of sampling unit, separately for urban and
rural areas, indicating the mothod of determining the numbor of units to be
chosen in different strata.

What do you mean by cont and varianco function? How will you obtain them
cmpirically?  In a two-stage saumpling, the first stage units aro of equal sizes and
the same number of sccond stugo units are to be selectad in ench of them. Given
the varinnco function and cost function how will you dotermino tho number of
units to bo selocted in tho two stages 8o as to minimizo the variance of the estimato
of the mean of tho charueteristic under study, for a given cost?

Supposo it is desired to fix tho prices of agricultural commoditics” in such a way
that tho change in tho prices of theso articles tally with the chango in the pricea
of tho items entering into tho cost of cultivation, and you are asked to prepare
two ruitablo index numbers to bo used for this purposo. Givoe an outline of the
methods of construction of these indox numbers indicting the items to bo included
and the formulao to be used.

What do you mean by the nct output of an industry in a yenr? If you are asked
to caleulato the national income of India for a recent year, by adding up the not
output of different sectors, how will you divido the whole economy into soctors?
Deaeribo in detail how you will enlculato not output of agriculture, toxtile industry,
and tmnsport and’communication.

Givo a critical roviow of tho statistics of manufacturing industrics in India and
comment on ity inadequacien in relation to the roquirements for planning.

What are the main factora that deternine the growth of o population? Discuss
tho growth of population in India in the last decade with referonco to these factors
and suggest woys for checking this growth,

‘What do you menn by a fuctorinl experitnent?  Why aro theso types of experimental
designa preferred to signglo-factor type of experimontal designa?  Givo the layout
of a 23 fuctoriul dexign with tho highest order interaction being confounded and
indicato tho mothod of annlysia,

Explain why it i3 neceswry to dotermine the relinbility and validity of test scores.
A battory of tests is given to 100 boys of the final your class of a higher socondary
school and their scores noted.  What procedure will you adopt to determino the
relinbility and validity of thoso test scoros? ’

3



9. When aro two genetio factors aaid to be linked? Dorivo the expectod froquoncios
of tho four types of off rprings from an intorerosa involving hotorozygota for two
(possibly linked) factors in coupling.

Derive a tost of significanco for ining tho ind tonco of two factors on

¥
the basis of duta on tho offaprings of an intercross.

PAPER ITI—STATISTICAL INFERENCE

Time: 4 Hours Full marka: 100

(7) Attempt any four questiona.
(6) Figures in the margin indicats full marka.

1. (a) Defino a sufficiont statintic.

3)
(b) Show thut a necossary and sufficient condition for tho existonce of sufficient

statistic basod on independont samploa from the ramo population involving ono
unknown paramoter 0 is

¢=A+4+ B¢
whero, & é%, p is the joint donsity of the ammplo and 4, B

do not involve the samplo.

(12)
(¢) Explain briefiy the rolo of sufficiont statistica in timation and tosta of
significanco. . (10)
2. (a) Explain what is meant by ‘orrora of first and acocond kind.' 6
(6) Expluin tho uses of the powor function. (10)
{¢) Discuss critically the optimum proportios of the F-teat in analysia of variance
problems. (]

3

. Explin the tests of significancoe you will apply to the following problems, stating
cloarly the naturo of the sampling distribution involved and the availability of
the tabulated valuea of tho lovels of significance:

(a) to test the hypothasis that the population intra-class orrolation coofficient
has a givon valuo. (7)|
(6) K treatments aro tried in r comploto blocka (with & plots in each). The,
observationa from tho anmo block are nsaumed to bo oqui.corrolated, but lha-'fl

from different blocks aro indepondent. Tho problem is to teat tho equality ol¢
tho X trontmont meana. (an

(¢} Tho random variable y has a linenr regrossion on ‘
xy, T3, «», 7p of tho form .

Y =a+ B2+ .. + Bpzp. Tho problem ia to teet the
hypothosia:

B = B, .. Bp = Bp m



4. (a) Expluin clearly what is meant by confidenco intervals, in tho caso of ono
' unknown parnmotor, ™

(6) When thero aro moro than one sct of confidenco intervals, what is tho eritorion
on which the choice of thoe best confldenco interval is bused? Tllustrate by moans
of an oxamplo. (9)

(¢) A 90 percent confidenco interval for the monn of a normal population with
known varianco, of tho form:

(2+ L,2+-1)
is to bo provided where 2 is the samplo mean bnsed on n indepondent obrorvations,

Dorive tho confilenco interval of tho shortest longth. (9)

5. Measuromonts aro availablo on tho lengtha of each of five fingors on tho right aa
woll aa tho loft palma of n individuals,

(7) Suggest a suitablo procodure for testing lateral symmotry, i.e. whethor the
corresponding left and right mensurements aro equnl on an averngo, indicating fully
the algebraic formuln for the proposed test atatistio and neceswary tables to be
roferred 1o for axcertaining its aignificance. (12)

(6) Dorivo the sampling distribution of the test statistio undor the null hypothesis,
stating clearly the conditions under which this would be valid. (13)

6. (a) Stato and prove Noyman-Pearson's fundameontal lemma. (10)

(8) Lot 21, 72, .., xa bo n indopendent observations on a normal variate X with
mean 4 and atandard deviation unity, Show how you will construct the (ollowing
testa for the hypothesis u = po ngninst g7 pg at a preassignod lovol of
significance. a.

(5) tho most poworful test.
(i) the least powerful test
(ii1) tho test whoso power function is always oqunl to «

Show that teat (i) is uniformly most powerful with rospoct to ono sidod altor-
natives. (15)

. PAPER VI—PRACTICAL
Timo: 6 Yours Full marka: 100

(4) Attompt any fire questiona.
(b) Figuros in the margin indicato full marka.
{c) Uso of calculuting machines is permittod.

1. (a) The following valuea woro computed from 500 obsorvations on a charactoristic.
2=49.04; Hy=243.00; )‘;= —199.68; Hem=1062220.063

Dotormine tho type of Yonrsonian curvo that would fit the distribution of thoe
characteristic (Evuluation of constants not nocessary). ()

[
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(b) Tho marks in English abtnined by 500 cundidates of a Univorsity oxamination
waa found to follow tho Penrsony’ Typo IL distribution

[X)
g = (1._ :_’“) , =504, < r € + 694, with
[t .

origin at 38.9. Find by consulting Biometrika tubles tho first quartlo of tho
distribution. ()

{¢) Tho following duta give tho monthly average of cloctricity gonorated (in
million kwt) in a country during 1943 to 1050.

yeur 1048 1949 1950 1931 1952 1953 1954 1933 1930

eleetricity

{million 331 400 426 483 516 539 627 716 803
kwt)

Fit & polynominl growth eurve of the third degreo and ecatimato the monthly
avorage production in 1957, (10)

. Fifteon roso plunta in onch of fiwo garlens wore grouped into fire exclusive sots

of three plants each, chosen at random.  Eaeh ot of threo plants in a garden was
given different treatmenta (A, B, C, D and E). Tho t of anlnblo fl

obtained from theso planta in & rpecifind poriod aro shown below:

Number of unlable lowers from plants,

trentmont garden I garden IT
A 27, 18, 19 102, 71, 79
B 31, 52, 657 84, 76, 81
C 34. 52 33 67, 74, 83
D 38, 60, 45 1, 51, G3
E 31, &0, 45 63, 63, 61

Test whothor tho trontmenta diffor signiﬁcm\(l;' from one

another in procducing
sulablo flowoers,

(20)

. In an exporimontal field, the number of Inrvae of Lot webworm (Loxostige stic-

tiealin L) was to ho dotermined. The fivld was divided into 730 plots of which

65 wero chosen ot random and tho numbor of larvao counted.  Tho duta obtained
aro summarizod below:

Distribution of the number of larvao in 65 plots

numberoflarvwe 0 3} 2 3 ¢4 5 6 7 8

9 total
frequency 24 17 10 8 4 1 0 1 O O 65
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{a) What theoroticul distribution do you think would fit tho distribution? Calculate
tho expected froquencios bused on your model unl test tho goodness of fit,  (16)

() What is your estimato of the number of larvae in the whole ficld? Also
dotermine the standurd orror of this estimato. (5)

In a study to dotormino tho offects of fuctors which influence aecademic success,
rosdults of 450 studonta were rocordedd in respoct of Xy= murks in examination,
Xjy= gonoral intelligence, and X3y= avoragoe duily hours of study. The means,
stdunrd doviations and corrclations aro
X X2 X3

X, =185 X, =106 X; =4.5

6 =112 0: = 15.8 o = 1.12

ry = .60 ry = .32 ri3 = —.35

(2) Find tho oxtent to which exmmination murks ure rolated to general intollig-
enco, whon tho avorage hours of study remaing the same; ascertuin if this is
significant. (10)

(b)  Also obtain a formula for predicting Xy when X; und X; ure given; estimate

tho stundard error of prediction. - {10)

Tho distribution in four blood.geoups 0, A, B and AB af 150 convicts und 450
non-nonconvict fuctory-workers in Bombay ure given below.

) A B A Totul
convicts 53 63 20 9 150
nonconvict workers 180 183 62 23 430

(@) Test if tho two sets of individuals como from populutivns having the samo
blood-group composition. (10)
(b) Examino whether tho obsorved froquencics for the convicts in tho four
classes O, A, B und AB aro consistont with a model which specifies the relutive
frequencios us

r, p4 2pr, g2+ 29r and 2 pq respectively in teems of unknown para-
metors p, g, r such that p+g+r=1. [ The maximum likelihood estimatos for
thoso puramoters oblainsl from the swmo data are given by

P= .28,  g= .10, r=.62) (10)

. Tho differenco (cocrect to five docimal placos) in siderint longitudes of Sun und

Moen at 5,30 A.M. oach duy from 17th to 20th Docember 1960 aro given below:

time and dute ' diffcence in longitude (x)
5.30 AM. 17-12-1960 20.22778
-do- 18-12-1960 6.32333
-do- 19-12-1060 — 7.79611
-do- 20.12-1960 —21.95089



(a) Find by a suitublo mothod of intorpolation the date and time st which the

difforonco (x) wus zoro, (10)
{b) What uro the assumptions invelved in your procoduro? (5)
(¢) What is tho maximum likely orror in your estimato due to roumling ofl at
oach stage of computation? Give your ronsons. (5)

PAPER VII—PRACTICAL.
Timo: 6 Houry Full marks: 100
(@) Attempt all questions.
(b} Figures in the margin indicate full murks for each part of questions,
() Uso of ealculating machino is pormitted.

Note: In evalusting your answer, credit will be given for nostnoss, tabular presontation
of computations and preciso statemont of basic nasumptions and final conclusions.

Computational nceurncy ix exsentinl.  But some erodit will be given for Jning
the correct procodure oven whon answers aro numerically inaccurate. You
aro therofore advised to describo vory briofly the procedure you adopt and to
writo down tho computationsl formulae you use.

1. Tho tablo bolow gives tho furmor’s pricod and volumes produced of a number of
grains in tho United States of Amoriea for tho yours 1950 and 1935,

Computo indox numbers of farmor's pricos of grains jn 1955 with 1950 as buso,
using:

{a) woightod urtithmotic averago of price-rolutives, weights boing the

quantites produced in 1bs. in 1930, . (4)
{b) Laspoyres” formula (1)
(¢) Panscho's formula )
(d) Fishor's ‘idonl-index’ formula 3)

Volumes produced and farmor’s prices of gruins, US4,
1050 and 1935

volumo produced furmor's pricea avorngo
grains (million busholx) (dollnrs por bushel) weight in
Wsofa
1950 1955 1950 1955 bushel
of the grain
(1) (2.1) (2.2) L@ 3.2) (4)
wheat 1019 935 2.00 1.08 60
Tyo 21 2 1.21 1.06 60
buckwhout 4 2 .11 1.17 60
corn 2764 2884 1.563 1.34 50
oats 1369 1503 0.79 0.60 32
barloy 304 401 1.18 0,02 48
sorghuma 234 243 1.05 0.98 50
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Either,

An oxperiment wax condueted to exuminoe whether subjocting the sced to tempo-
raturo troatment befors plunting has any effoct on yield.  Five different lovols of
u‘mwrnl.nm, GO°F, 75°F, 90°F, 105°F and 120°F wero triod, The oxperiment
waa conductod with n Randomizod Blocks layout with ton replications of each
treatment. The averngo yiehly per plot for the five treatmonts aro given bolow,
Tho error mean square as computod was 26.57.

Averuge yield por plot based on ten replications

tomnporature 6o°F 75°F 00°F 105°F 120°F

averago yicld per
plot 28.2 36.5 43.2 2.5 31.7

(@) Draw up the blank Analysis of Variunce tuble and writo down the dogrees of
freedom for the compononts. {2)

(6) Computo the menn nquaro due 1o the treatmonts and test for ita significanco (4)

(¢} Denoting the expected yield al temperuturo ¢ by ¥y, fit a quadratic responso
curve of the form

Yi=a+ pt+ m2 (3)
(d) Computo the mean syuare duo to doviution from quadratic response and
test for ity aignificance, . (8)

(¢) Using tho cstimated quadratic responso curve obtained in (c) find the opti-

um tomperaturo for scod trontment, that is the valuoe of ¢ for which Y is a

maximum. (5)

Or,

The following table gives tho yield of cane in quartors per 1/40 acre plot from
two sugarcano varioty trinls in yours 1933 and 1934 respoctively.

Exporimont (1933) Experiment (1934)
Blocks Block
1 2 3 4 5 1 2 3 4 5
varioties
I 41 44 45 54 44 38 35 11 39 54
11 52 G2 60 66 19 51 52 50 63 o2
11t 44 45 50 Ho 60 46 38 47 49 49
v 50 50 GO &6 60 47 57 565 63 46
A\ 5l 56 (1} 64 63 43 5l E) 50 2

(@) Analyso tho oxperimental duta for the two yonrs sopuratuly to test tho signi-
ficance of difforonces botwvon variotios, (10)

i
]
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4.

(6) Examine whotlior tho residual variation is of the samo ordor in both the

yoars. (3)
(¢) Computo tho interaction botweon yoars and trontments and tosty its signi.
ficance, (5)
(d) Can you suggest tho best varioty on tho basis of tho statistical analysis carricd
out? (6)
For 20 subgroups of 5 samplos ench, tho 8 in t! Iths of an inch
on the thickness of mica discs facturod by a hino for bly in radio
parts, sro given bLolow,
samplo
subgroup 1 2 3 4 5
1 1 8 12 15 ]
2 11 10 14 13 15
3 17 12 10 8 11
4 15 12 11 12 1
5 13 11 12 12 5,
[) 13 8 10 12 10
7 1 12 10 0 13
8 14 10 12 7 5
8 12 10 13 10 8
10 10 11 9 11 13
11 10 12 13 e 7
12 8 10 12 9 12
13 13 12 14 16 10
14 7 9 11 13 9
15 8 8 15 7 []
16 7 10 12 10 15
17 7 . 8 13 12 10
18 10 10 16 12 12
19 12 12 17 11 ]
20 19 8 14 10 11
(a) By drawing control charts, ino if tho facturing procoss is undor
control. . (13)

(8) Excluding sub-groups, if any, not undor control, ostimato tho moan und tho
standard doviation of tho procoss. (6)

{¢) The specifications for tho thick aro 0.008°—0.015". Using tho moan
and the standard dovintion oblained in (b) and asswning normality, estimuato tho
long run porcontago of dises, manufucturod under controllod conditions, that will
not meot tho specifications. (4)

A plan for a forost survoy to estimato tho volume of timbor is roquired. ‘The
tochnique of doublo-anmpling will bo used. In a first sample of n randomly solucted
plots of 1/10th acre, oye-ostimatos (r) und mousurcmonts (y) of tho volumo of
4

10



timber will both bo taken and the linear rogression equation a+ bz of y on x will
bo worked out. In n second samplo of N plots, only tho eyo.ocstimatos will be
taken. Tho final estimintes will bo obtained as T'=a+ b2 whore 2 is tho average

of the eyo-estimatos in tho socond samplo. The varianco of Y is givon approxi-
mately by

. - p1 | —p2
() Vo[ _ _—]

"
chere Vg ia a certain constant and P is tho coofficiont of corrolation botweon z and y.
Tho cost of conducting tho survoy, may be taken to bo of the form
C=a+ bn4 eN
whore a, b and ¢ ure certain constanta.

If tho cost of the survey is fixed at C=Ra. 10,000, dotormino the values of n and
N which will mako V (T') a minimum. Use the following estimatos of the constanta:

Vo = 400 in suitablo units

p = 0.7
a = Ra 1000, b=Ra. 40, e= Rassb.
Find al4o tho value of V (T) for those valuos of n and N. (15)

5. The following tablo gives tho ago-specific mortality rates ¢ for x=0, 1, 2, 3, and
4 in a certain stationary population.

Mortality rates gr

z ] 1 2 3 4
qr 0.037915 0,004219 0.002314 0.001712 0.001258

(a) Given that the complote expoctation of life at birth {

e3 = 08.59 years, computo ¢g, the expoctation of life at ago 4. (10)

() Compute tho chance that of two now born babies, nono will dio before complot-
ing four years of lifo. (10)

PAPER IV AND V—ECONOMIC STATISTICS (THEORETICAL)

Time: 4 Hours Full marka: 100

{a) Attompt any five quostions.
(8) Figures in the margin indicate full marka.

. (@) The following extract is takon from *Tho Rolo of M t in E ics’
by Richard Stono: “The condition for the oxuct idontifinbility of a structuml
equation in a linoar modol is that the numbor of varinblos which appear in the
motlol but do not appoar in the equation be oqual to the numbor of equations in the
raodol lows one,” —_—e—

i



Explain the principlo consideradd and illuatrate hy a gimplo examplo. (12)

() Write out tho busic cquntoins of uny fuwo of the following oconoma grawth
models:

(i) Hanod-Domne
(i) Mahnlunobis two roctor.
(i) Sumeulson Multiplier Accelorator. 8)

)

. {a) Purchasing power of a rupeo to consumers may ho differont in difforont atates
of Indin. Deseribe the typa of data needed snd mcthod to bo ndopted for mensur-
ing such differences, ()

(%) What mothod will you recommend for comparing tho cost of living in Caleutta

with that in London? “

3. (a) ‘The mnin work denling with tho statistieal derivation of demnnd function
i8 . « . thuo to the Into Profvasor Honry Schultr of the Univoeraity of Chicago' [Tintnor:
Econometrics]. '

Dascribo nny ono of the procedures used by Schultr for obtaining a demand
function. R (14)

L 2 3
(») A demund function is given by ", pﬂ pb = 10 where rg in tho quantity

of a lity ‘a* Ind, pa the prico of thia commodity and pp the prico

of somo othor commodity *b'. Find the partinl elasticitics of demand, (6)

4.( (a) Describo tho method fullowed in Indin and obtain the contribution to natioual
incoma by any ons of the following rectors: (i) griculturo, (iVi) other commorco

and transport. . (10}
(8) Distinguish botween tho concopta of national incomo and dirposable personnl
income. (10)
5. Writo brief notes on any four of tha following: (20)

(i) distribution of national incomo by size.
(1i) dixtribution of national income by factor shares
(1) correlogram
(iv) eyelical variation in a timo rories
(r) Nationnl Samplo Survoy
(i) Rural erodit survey
(i) Tho catimato of money supply in India.

6.{ @) Doscribe very briefly tho methods waed for projocting the populution of a
country. (10)

{b) Writo a noto on tho distinguixhing featura of tho 1961 populmion census of
Indin. (10)

7. Tho following extracta aro tnkon from Chaptor II of tho Third Five Yoar Plan:
A Draft Outlino:

12



() *Tho increnso in national income ovor the second five year plan i oxportod

to bo nhout 20 percent.’

() *. o . agricultural pmxluc(.inn will bo going up by ahout 40 porcent betweon
1950-51 and 1960.61.°

(4i7) *Tho totnl irrignted nroa will inorenso from 51.5 million acres in 1950-51
to 70 million acrea in 1960.01.°

(iv) *Overall industrin] production ix expectad to rcord an incroass of ahout
120 per cont botween 1950.51 aned 1960.61.°

(v) *The inxtalled gonernting capncity will incronse from 2,3 million KWV
in 1930-51 to 5.8 million KW by ths ond of 1960-61."

(et) ‘From 91 million tona in 1950-51, tho total freight traflic originating on
the railways is expected to increne to 162 million tons at the ond of tho
second plan.”

(vii) “Thn percentago of children attending schools to all chiklren in the ago
groups 8-11 will incronse from 43 in 1950-51 to 60 by 1960-61.

Write brief criticnl notea on any four of the nbove quotations indieating the usual
sources of tho information reluting to tho base period, (20)

PAPER IV AND V—STATISTICAL QUALITY CONTROL (THEORETICAL)
‘Timo: 4 Hours Full marks:100

(a) Attempt any four questions,
. ()  All questions carry equal mnrka.
(¢) Figurea in the margin indicato full marka for each part of questions.

) A
L. (@) What is acceptanco sumpling?  Expluin tho uso of OC-curve  in sampling.

What is tho effect of inapection orrors on tho OC-curve? (10)
(0)  Describo clearly any achemo of inupection of a continuous production process
to insuro a prescribed limit on tho outgoing quality. (13)

2. (a) Bring out tho difference hotwoen multiplo snmpling and item by item soquential
aampling.

Deacribo the soquentinl procedure for toating whether the proportion of dofectives
produced by a given process in equal to that produccl hy a differont process.  (15)

() Distinguish botwooen

(i) control limits and apocification limits, (10)
{i7) toloranco limits and confidenco limits. .

3. (a) Doscribo the varioun uses of Rungo for routine control nnd tests of significance
in industry. * (12}
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(h) Deseribo briefly the various stepa to be taken in solting up control for tha

number of dofecta por unit of a product where tho defocts have to bo classified

according to thoir eoriousness, (13)
4. Dofino a run in a requonco which consista of na lottors @ and np lottors b. Donote
the number of runs of a in tho ahovo saquonce as r, and of b as ry. 1€ all permuta-
tiona of the ng lottors a and ny lottors b aro oqually likoly show that tho joint
probability distribution function of r, and ry ir given by
k(ng=1)1 (npg—=1)1 ng! mp!
P (rgom) = a
(ra. 1a) (ra=1)! (re=1)"! (ng—=ra) ! (mp—ry) ! (na+ny)!
whore k = 2ifrg = rpand k = 1if rq /& 1y,
Doduco tho probability distribution funetion P(r) of tho total number of runs
zr=rg+rp distinguishing botweon odd and even values of z.
Explain how the above distribution can bo used for proceas control, (25)
5. Writo an essay on the investigation of multivariate proceases with the aid of”
(i) multiple rogression analysis
(i7) factorinl exporimonts, and
(ii7) evolutionary oporntions
bringing out the advantages and limitations of oach mothol. (25)
PAPER IV AND V—SAMPLE SURVEYS, APPLIED (THEORETICAL)
Time: 4 Hourn Full marks: 100

(a) Attempt any four quostiona,
(b) Al quoations carry oqual marka,

1. Disatinguish botwoon

pling and non pling errors. Discuss about possible
of n pling orrors in plo survoys. Which (if any) of thoso sources

aro not of relovance in n consus (complote onumeration)?

2. What aro tho points that require apecial considoration at tho planning stago of
samplo survoyn?

With roforonco to any suitablo oxamplo (proferably survey actually conductod
in India) expluin how and to what oxtont thaso points have boon covored.

3. What are tho advantages and dis-advantages of tho mail-onquiry mothod as com-
pared to tho intorviow mothod of survoys?

Discusa whothor thoro should Lo any difforoncoe in ‘forms’ for colloction of the |
samo information by thoso two mothods.
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Enumerate aystematienlly the differont plinses of work in the actunl implomontation
of n woll-planned mail onuiry. Bring out tho inter-relationships botwoon tho
various stages and expluin in what way ouach affects the final outcomeo.

It in proposed to conduct a samplo survey in a city for mlilvynling tota) numbor
of vagrants and beggars of difforont eategorics such as those haviug difforent types
of physical deformitics, ote. A sub.smnple of sizo 300 from theso porsons will
bo surveyed, for dotailed study about their past occupation, past sosil
occupation and conditions of living.

0, |

Propare a suitablo sampling design for the survey. (Thero aro fuirly dotailed
maps of different wurds of tho city). Also discuss nbout tho method of estimation,
fiold-stafl to be omployul and tho poried of survey.

Discuss about posml)lo sources of non-sumpling error and expliin how you will
try to climinato thom in the survoy.

\\rito notes on the following:

{a) Interpenetrating sub-samplos,

(b) Pilot survey.

() Cost-function for a State-wide two-stago sumpling design.

~

PAPER IV AND V—SAMPLE SURVEYS, THEORY (THEORETICAL)

Time: 4 Hours “ull marks: 100

1.

{0) Attempt any four quostions.
(6) All questions earry oquul marka.

Defino bius und accuracy of an estimate. Under what conditions aro biussed esti-
mates proforrod to unbinssed estimutes?

From a | plo of n ol a ! 1 ple of m ol are
drawn without roplacomont nnd added to tho originul samplo. Show that the
mean based on (n+ m) elemonts is nn unbinssed esthnato of the populution mean,
and that thoe ratio of its variunco to that of tho mean of the original *n’ elements
is approximutoly

14+ 3m
n

o5)

if the sizo of the population is largo. \

State tho principle of *collapsing stentn’ wnd oxplain how and whon it is wiod.

For the purpono of estimating tho menn, u population having a continuous desntiy
function fly) is to be divilded into & strata, by including in tho é-th stratum all
individunls with characteristios botwoen yi—y and g, =12, .., k, yop = —00
SN LYyralyt = on. low would you dotormino the yi's i=1, 2, .., k=1
such that under stratified sampling’ with proportional nlloention, the variance of
the usual unbinsed estimnto of the menn is loast?
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Discuss tho wlvantagos of clustor sampling.  Dorive tho varinnco of an unbinssd
catimnto of tho moun bawuwt on clustor sampling and show that tho officiency of
clustor, pling pured to ximplo rumd pling will bo high if tho intra.
elass correlution between elements in tho cluster is negutive,

Discuxs tho problem of non-responxo in kurveys,  Show how to obinin un unbinsed
ostimato of the mean of tho wholo population by ro-surveying a pro-usigned
fraction f of tho non-reaponcdenta.  Find the variunco of this ostimute. Taking
a simplo but realistic cost-function, dvtermino tho optimum valuo of f.

Describv the circumstanees undee which sampling with varying probubilitios is
to bo preferrod to sampling with equal probability.

How would you estimate tho variunco of this ostisnate?

From a Toehsil, ono villugo ia to bo scloctod for u soci ic survey with prob-
ubility of selecting n purticulue village proportional to the population of the village

und anothoer villugo is tu bo solectod for an ngricultural onquiry, with probability
of selection proportional to tho cultivatod aren in the village. Describo a sehome
for selection which will ensuro a high probability, for 8 common village to be
solocted for both the enquiries. ‘

Expluin u method of obtaining an unbiussnl estimato of the population mean
whon two units are solectod without roplacement with varying probability from
oach stratum.

PAPER IV AND V—DESIGN OF EXPERIMENTS, APPLIED (THEORETICAL)

Timo: 4 Hours Full marks: 100

1

(a) Answor any three «uestiona,
(0) Al quostions ensry ocgual mancks,

Ton varictics of wheat nro (0 bo testad in a lnyout rvguiring sevon blocks of size
six and arrangoed in the following manner: in each block tho varictioa 8, 0 and 10
occur nlong with threo other varivtices from 1, 2, 3, 4, 5, 6, 7 such that onch pair
of the variotios 1, 2, 3, 4, 5, 6, 7 occurs just onco and unyone of them not mnoro
than onco in tho sumo block and altogethor in threo blocks. Propuro a luyout
of tho doaign.

Doscribo in dotail how you would anulyso tho dutu and ealeulnto the etimatos
of vurinncos of tho difforent variotul difforences.  Find out tho ofliciency fuctor
of the design.

,
To compuro tho offectiveness of threo fentilizers: Dung (D), Nitrochnlk (N) und
Suporphosphate (P), in experiment wius conducted with the combinations of
thoso fertilizors onch ut two lovels nnd arcangnd in two Latin squared, onch of sidv
4 in such u way that tho threo factor interaction in complutoly confounded with
tho squares.  Propare a lnyoul of this dwsign.  Dueseribe how you wonll proceod
to analyw thoso duts
fortilizors,

Wl test tha main offocts un well as internetions of tho various

16



.3. An oxporimont wus conductod to test tho offocts of 3 levels of nitrogon, 3 of phos-
phorouy, and 3 of potush on tho gernmination of lottuco scodlings.  Tho sood was
thoroughly mixed and divided into 108 pl Euch sunplo was pl lina
coppor box in A mixture of soil and sand. The boxes wore pluced in a gorminator
und at tho ond of a week tho number of scods gorminating in ench box was counted.
Thore woro 4 replications, each placed on & difforont sholf in tho gorminutor. On
a shelf the boxes wore pluced in 3 columins of 9 boxes cuch 8o that each column
ropresentod an incompleto block.  The Jayout of the design in.a balanced group
of sots for & 3 X3 x3 fuctorinl exporiment arranged in blocks of sizo 9 such that
tho three-fuctor internction is partinlly confounded. Prepapro a layout of the
design.  Expluin in dotail tho mothod of analysis to bo oinployed und tho structure
of the analysis of varinnce of the design.

4. An oxperimont was conducted to study the roxponses to differont applications of
suporphosphato (P;03) on soils of various degrova of fortility. Tho troutments
conxtitute 5 different lovels of, applications of P305 nnd aro urrangod in a 5x5
Latin square. Four regions with different typos of soil wore chosen so ns to mpm;lt
u wide range of fertility und  soparate exporimont way conducted in each region.
Discusa in detail how you would procoed to analyso these data.  Muko the appro.
printo anulysis of variunco tablo for teating tho lincar us well ns the quudratic
effocts of P05, taking into considorution the variation duo to soil fertility.

PAPER IV AND V=VITAL STATISTICS AND POPULATION STUDIES
(THEORETICAL)

(4) Attept any four guostions.
(6) All questions carry equal marks.

1. Expluin briofly how you will assexa inaccuracies in the roporting of ago data in
the Indinn Census,  What mothods can bo used to muke suitable adjustments?

2, What is the ‘componont muthod’ of working out pupulation projections? Stato
clearly the data roquired for this purposo.

(X

. What is moeant by aging of the population? Explain tho rolutive roles of the
docline of fortility und mortality in tho aging of tho Europoun populations.

4. Explain tho rolationship Lotwoon lifotuble deuth rates (g,) and age-specific douth

rates (m;). low is tho rolutionship usod in the proparution of lifo tubles?

6. White short notes on any three of tho following:

- (i) Couple fortility

(i) Cohort fortility

(fid) Stublo population

(iv) Revorso-survival mothod.
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PAPER IV AND V—PSYCHOLOGY AND EDUCATION (THEORETICAL)
Time: 4 Hours Full marks: 100

{a) Answer any four quostions.
(b) All questions carry oqual marka,

Expluin clearly tho charncteristics of individual and group tests in test theory.
Discuss the methods of standardinution of theso two types of testa.  What nre tho

-—

advantages of using standardizsed testw.?

2, Why is ‘aplit half method® not considered a suitable technique for extimating test
reliability. Discuss how it is powsiblo to modify thin method.

Givo a brief summary of the different methods which have been evolved for finding
the reliability coeflicient of any given test. ’

Why is the concept of purallel tests considered to bo important in test theory?
\Vrite a critical note on Wilks' L,yue test which is used for testing simultancously

Lod

in a parallol test buttery that all means wre equul, all variancez aro equal, all

convariancea uro ogual.

4. Starting with the fundamental equution of the multiple fuctor model, show that

(i) the product of the reduced fuctor matrix by its transpose is tho reduced
correlation matrix,

(#i) The communality of a test is always lesa than the relinbility oxeept in
the limiting cnso whero tho specific fuctor is nbsent in which caso the
communality and relinbility are equul.

Supposing the rellability of a test is known, is it poxsible to predict the number of

terms in a model?

Describe the exsentinl fentures of (i) principnl component model and (i) multiple
fuctor model. Indicate how fuctor loadings can bo caleulnted in cnch case.

[

Show thaut Spurman’s model is only u specinl cnso of multiplo fuctor maodel in all
its aapects. N

6. Writo notes on
(i) Objective tests
(i1) Cocflicients of validity
(i4i) Item analysis
(1v) Rotation of Axis.



PAPER IV AND V—PROBIT ANALYSIS (THEORETICAL)

Timo: 4 1Tour Full marks: 100

(n) Anawer any four quontions.
(h) All questions earry oqual marka.

. (a) Montion somo alternativo forma of doango roaponss curvoa and discuss thoir

relative morits and domerita,

(h) What aro tho conwsiderations involted in the choice of a doso motametor?

. (a) Explnin tho concepta of ‘tolerance distribution® and ‘molian offective doso’.

(b)) How do'you bino reveral independent parallel cstimates of ‘modinn offective
dose’ to obtain a pooled estimato, knowing the standard errora of the individual
estimates?

Fusea are teated by submitting them to a pulso of curront of 2z ampa. In such
a test & batehes of fusea woro teatodd, the dith hatch eontaining ni fuses of which
ri wero found to have been dumagod by tho eurront x; (x; being the snme for each
fuso in bateh §). If it iy assumed that each fuso indopendently has a chance
Q (A, 7) of damago by a curent x, whero Q (), 2) is & known function of x and
and unknwon parameter A, show that tho maximum likelihcod eatimate of ) i

k
= (riiop) L8P o
:'-(Oz n') Pi

where Q; = Q(\, z;) ond Pj = 1-Q;. Find the large rample varianca of tho
maximum likelihood estimate of i.

Tilustrato your anawer by considering tho expononlml reaponss law, P (3, z)=e'\-'

. () Find the expeeted kil when the lagarithms of the dosea received by the

subjects are normally distributed about a moan § and varianco y?, given that
the tolorance distribution of the logarithm of doso is normnl with mean 8 and
varinneo. 01,

(b) Supposo the mortality probit can bo nxpm«ml in torma of two dosage factors
xy and r: as
¥ =a+ byry4bary

If the doanges to which a populntion ean bo exposed nre such that r, can be
controllod but x; is normally distributed nbout {2 with variance y3, find the
mortality probit ns a function of .

. Writo eritieal notea on:

(@) Synorgintic nction, (b) Adjustmont for natural mortality and {¢) Parkor.
Rhadoa oquation,



PAPER IV AND V.—~THEORIES OF INFERENCE (THEORETICAL)

Time: 4 Hourn Full marka: 100

°

(a) Attompt any four questions.
(b) Al questions earry equal marka,

Givo an necount of tho theory of inverso probability us modifiod by Joffroys, and
Fisher's criticiam of the same.  To what extent oos the invarinnce thoory proposod
by J(\m’v)"s moet the objections lovellwd ugninat it?

Dufine unbinsed critienl regions of Typo C, nndd show how to obtain such regions.

A random saumple of size ny is taken from a normal population N (4, 1), and
a second random mamplo of uizo n, is tuken from another normnal population
N (#2, 1). Dotermino tho regulur unbiased Typo C region to test the hypothndiy
KBy = B3 = Bg (specifiod), axauming that orrors of the samo rize in 4y, By are
equnlly important.

Explain tho concept of a decinion function. Show how Fishee's theory of point
estimntion enn ho viowed as a apeciul casd of the General Decision Problem.

Ty, T2 «y Znare independent indentjenl random varinbles with range (0, 1)
and mean 6. Obtain tho minimax point estimato of 0 whon the losas function
is given by the mean square difference.

Stute Wald's fundamental idontity in sequentinl nnalyais.  Obtain a sufticiont
condition for tho differontinbility of the fundumental identity under the oxpocta-
tion sign.

Honce or othorwiso tlorive expressions for tho ASN function whon

. . o S{x 00) -
() E‘((: = l'g](.r, 0“)) 0,

and (i) E () £ 0.

. Obtain the decinion rules for teating sequentinlly the hypothesia that the stundard,

doviation of a normal distribution does not exceed u given valuo, nasuming that the
moun of the normal distribution ix known. What modifications nro nercawury
in tho decision rules when the mean is unknown? Justify the modifications.

Obtain tho fivo point OC nnd ASN curves of the above sequentinl teat procedures
when the mean is known.

Writo a crititnl noto on the advantagea and dirndvantages of non-parnmetrio
tests in comparison with paramotric teata.

Show how to ebtain distribution-frea confidenco intervals for the modian and
ther poreentage pointa of a diatribution,
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PAPER IV AND V—ACTUARIAL STATISTICS( THEORETICAL)

Timo: 4 Hours Full marks: 100

{a) Attompt {uo questions from oach group.
Altogothor six questions are to be unsworerd.
(b) All questiona carry oqual marka.
(¢) Usxe of culeuluting muchine in not pormitted.
(d) Al symbols used in this puper have their usual significanco.

Group A

1. A leass-holder of proporty, which has 30 yonra to run, of annual value of Rs. 170.756
nP wixhes to aell tho remainder of his leass after reserving to himsolf the rontal
for the noxt 10 yonrs, A purchaser wixhea to realise 5 percont on his outlay for
the entire torm, it being assumed that ho will not be able to ro-invest at more
than 3} percent. What must ho give for the property?

2. A lonn of Ra, 4, 800 is ropuynblo by 40 equal half yearly instalments of principal,
interest nt 4 percent por unnum, being puyablo half yoarly on the bulance of the
loun unpaid at the boginning of the half-year. Find tho rum for which the romain.
ing payments may be commuted at the time whon the 20th ia due, taking interest
at 3 porcout por annum.

3. Find an exprossion for the valuo of an annuity cortain for n torms, tho torms
being in geomotrical progression and represented by ¢, €2, ¢® .. e®.  Under what

conditionn eould the value of a perpetusl annuity of this naturo be ascertained
and what woulkl ba its value?

Group B
4.((4) Prove any three of the following:

. - o di .
{0 4, = [l,u,—ﬁ";‘ =1 '_;,,,

. { -
iy  P™ =P (Prtd) ( m—1 pim )
£ 2m z
" . 4
Gy py o LAnmEaPr nenbaals
T¥ [n=1a,4m
(iv) a > = whore azy = oy undor Makeham's lJaw.
5. Defino in words the torm *Forco of mortality’. Obtain an exprossion for the force
of mortality when the law of mortality may bo oxpressod by the equation
15 = Loa%. et A5
.21



Lod

‘ Show that if a mortnlity table foltows Mukeham'a law and completo tablon of

oxpootation of lifo Lo formml for combinntions of live of equal ages, it would be
powtiblo to dispenss with tubles of the values of annuiticis, .

Tnterpret and obtain integenl oxpreasions for any four of tho following:

() Af:y:z

(i) Ad:iyz
(i) :} ;v v 4 ;‘;—: z.

Givo a formula of approximale aummation that may he mado use of to obtain

—2
A and indicate the stepa of tho process,
r:oper

Qroup C
If a community consists of 1z perzons at age x, Iy, at agor+ 1 and so on down
to the extremity of life, xhow that tho totul funds to he raixod to provide

for an nssuranco of 1 on tho death of each momber will bo 1, (A, 4 Af): andl for
an annuity-due to ench pemon

|,(|+e,+iz:_$).
1]

What would bo the uniform contribution of ench individual to theso roveral ﬁm-ls.‘

Obtain the valuea of 1, m and n in the 17 term summation formula for graduation

'ﬂlfggﬂl (131 =m(n])

and enlculato socond and fourth differonco orrors.  Criticize the statement: *Thia
formula is moro accoptablo to Actunries than to Statiaticinna'.

\What data would you require in order {0 construct a Tuable represontiug the

mortality experieneo of the policy-holdera in a Life Tngurance Company?

Construct an ‘Exposed to risk’ formula for the ‘Policy.yenr Method' giving the
arsumptions you mako in clotails.

What pali

cq, if any, would you oxcludo from the investigation?

How doea ‘Reserve’ atiso under a policy in level premium systoem? Can a Life
offico pay tho whole of tho rescrve held under a policy ns surrender value? Give
your answer with reasoning.

How ia aurrender value related to paid.up value?

Shonld thers ho any provision for payment of aurronder valio under a policy isened
on *Natural Premijum’ systom?
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PAPER IV AND V—GENETICS (THEORETICAL)

Time: 4 Hours Full marka: 100

(a) Attempt any five questions.
(0) Al questions carry cqunl murks,

What aro auto tetraploids?  With two alleles (A, ¢) at un nuto tetraploid locus
and starting with am initinl gametic array

rodd+ 2ys  Au+t zpua

show that under random mating, ay number of geneentions gets indefinitely largo,
the poupulation of genotypes tonds to
(PrAA+2 py Aa+g2an):
where
P =Tot Yo, 4=Yot3 ptg=L
How docs mrringe botween near relatives incroas the frequency of homozygotos

and decrense that of heterozygotes?

Haldune saya ‘It in illogiral to tolernto marringo between double first cousing and
between unclo-niero whilo prohibiting marriugo between half-siba'.

Domonstrate the validity of this statement by computing the probubility of
appearanco of rure recessive nbnormality in tho offxpring from each ovne of tho °
three types of marriagea.

. Suppose thore are two linked loci withgenes (4, ) and (B, b) which behave according

to the two-fuctor model. ABjub is sclfed und the offspring tested by selfiing.
Genotypes with AA or BB are rosistant und produce resistunt progeny only.
Genotypes with a singlo A or a singlo I3 nrv rosistant nlko und produco some resist-
ant individuals and somo susceptible individuals, while genotypes with no A or
no B aro susceptiblo.  The testing ix presumed to bo without error and lewls to
clussifiction of the individunls of tho Iz as resistant, segregating or susceptiblo.

Obtain the maximum likdihood estimuto of the recombination fraction and
ovaluate the information on it.

For a simple Mendelinn charactor in which tho genotypo array in generation n is
pRAAL 2p g, Adatqlua

aupposo that only (1=k) of tho recessive nmurvive 1o reproduce, but other-wise
thero is no solection. Show that if & is smull, kn is approximatoly oqual to

U,.—nq+log'(—gz—)
where Un i3 givon by
_ I
Un= o
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5. Supposo thut there aro N (unknown) fumilies in a populution, with normal pacents
capablo of producing a portion p of albino childeon.
are all of sizo & und lot tho nscertuinment bo by affectod individunls only, wuy

Awiumo that the families

the probability of uny such affectod iudividual ontoring tho records biing p’,

Doscribo # procedure for estimating from such dutu the paramoters p, p’ and N
with thoir respective standard  errors.

8. (a) With referonco to ono varinble locus with
concepts of offect of gens substitution, wdiditive gonetic

varinneo.

(6) Undr suitablo axsumptions, find un expression for the regrossion of offspring
on puront for un uttribute which is controllod by any numbor of allolos occurring

ut a singlo locus,

=~

and au respoctively.

PAPER VIII AND IN—ECONOMIC STATISTICS (PRACTICAL)

Timo: 4 Hours
()

%)
(e)

1. The following tablo i tukon from Shah Khambata's Wealth and Taxabls Capacity

in India.

two ulleles (A, a) oxpluin the

Figures in the margin indicate full imarks.

Attompt all quostions.

Uso of calculating machine is pormittod.

Full marks: 100

varinneo, dominunce

For o populution segregating for two alleles A, a ovaluats the offuct of continued
puront-offspring mating in the froquencies of different muting types, starting with
an initinl population with frequoncios p?, 2pg und 2 for tho gonotypew Ad, Ada

quuntity in million tons

vulue in Ra. crores

itoms
pro-war  warand  1921.22 pro-war war and  1921.22
uverngo  pust-war wverage  poat-war
wverago averngo
(U} 2) ) ) (5) (8) (7)
1. rice 32.8 33.3 35.1 354 541 097
2. whont 8.4 9.3 10.0 80 142 207
3. barloy 3.2 3.4 3.5 21 31 43
4. jowar 6.9 7.7 7.3 49 82 117
5. bajra 3.6 3.4 3.5 24 44 68
6. maizo 2.4 2.8 3.0 23 32 41
7. rogi 3.3 3.4 3.5 16 30 47
8. gram 4.1 1.8 5.8 37 (i1} 102
9. othor 10.3 10.6 10.5 85 105 147
foodgraing
and pulsos
total 5.3 8.7 82.2 600 1068 1474
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Obtuin all tho value figures st constant pro-war priros. Compute tho percontage
contribution by differont crops to tho total value of all crops listed in the abovo
tablo, both at current and at constant prices, soparatoly for oach of the throo

poriods. Give your commonts. (20)

[War horo naturally refora to tho Fiest World War).

. The following table give the housohold consumer oxponditure in rupeos por month

on food for various lovels of housohold consumor exponditures collectod in a survoy
of Faridabad Township in 1954:

lovel of numbor of  total exponditure exponditure
h hold houshold in Ra. por on food in
exponditure houschold Ra. por
(in Ra.) houachold

(N (2) (3) 4)

8— 25 17 20.62 16.32
26— 50 61 39.57 29,31
51— 15 17 63.42 47.53
76—100 101 87.77 62.060

101—125 3 110.38 70.89
126—150 R 137.56 84.41
151—200 50 173.13 102.77
200 and above 34 201.24 147.15
Compute Engol elasticity of food oxponditure (30)

3. (a) The following table givs the prices of 11 food itema for the yours 1939 and 1946

and the weights to Lo given to oach itom:

price in Ra. per unit

commodity unit —_——  weights
1039 1846

(L)) 2 (3) 4) (5}
1. rice soer 0.14 0.40 16.07
2, atta -do- 0.13 0.34 3.24
3. fish -do- 0.57 2.10 8.51
4. meat -do- 0.60 2.96 2.20
5. pulses -do- 0.18 0.78 2.28
8. cggs Keoro 0.53 2.20 0.53
7. potatocs soor 0.12 0.64 2.08
8. othor vegotables -do- 0.10 0.30 4.28
9. mustard oil ~do- 0.48 1.43 3.42
10. ghoe -do- 1.59 5.85 4.24
11, sugar ~dlo- 0.29 0.64 1.88

Calcutta an indox number of consumer’s pricos of tho food items for 1046 with
1039 as baso using figurea in col. (5) as woights. Compute also tho indox numbor
for 1039 with 1040 ax baxo uning tho sume weights nnd compnre the rociprocal of
thin with tho surlier index. (18)
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(b) Average hourly wago rates in dollam for certnin categories of workors in an
industry aro given bolow for 1950-53 with the typical distribution of wockiy

manhours.
yours

catogorica typical bor of

1950 1951 1932 1953  wockly manhours
foremen 1.60 1.73 1.80 1.84 800
machanics 1.45 1.59 1.67 1.70 2000
helpera 113 1.23 1.29 1.32 8000
tiromen 1.13 1.23 1.29 1.32 400
grensers 1.02 1.10 1.18 1.18 1200

Calcutta the indox of hourly wugo rutes for onch of tho yonra 1951 to 18953 with

1930 us baso.

(12)

. Make froohand rkotches of tho tronds shown by the distribution given Lelow and
write out the furms of tho equation of tho curves which might give reasonably
good fits (the paramoters need not bo estimated). For cusxo (a) estimate alzo the

puramotors of the curvos.

(20)=5+5+10

(a) Value of life insurunce policies in forco in the USA in billions of dollars

1880
1890
1900
1010
1015
1920
1925
1030
1035
1940

(b) Number of hors on farms in the continontal

1916
1020
1024
1928
1032
1036
1040
1044

26

United States in millions.

21.3
20.1
17.4
14.8

1
1
1

Wi B

2.
1.
0.
9.



PAPER VIII AND IN—STATISTICAL QUALITY CONTROL (PRACTICAL)

‘I'ime: 4 Hourn Full marks: 100

(a) Answor any two questiona.
(b) All questions carry oqual marks.
(¢) Use of ealculating machino is pormittod.

1. Tho existing specifications for bursting strength on a cortain typo of paper are
105—110 pounds per square inch (psi).

The present method of testing roquires that four samples bo soloctod at random
and tested.  If any of the samples fulls bolow the minimum specifications the
lot is rejected.

Thero is consitlornblo disngreemont sa to whother theso spocifications are roason-
ablo and whother the present mothod of tosting for acceptanco is adoquato,
To investignto this prablem, results of tests muado on 25 consecutive lots of papor
according to the prosont mothod have boen rocorded and givon below.

bursting strength (psi) on sample

lot no.

1 2 3 4
1 102 104 114 8
3 104 107 112 08
3 107 108 - 113 112
4 107 109 107 101
5 113 108 112 95
[} 110 12 102 120
7 110 102 120 112
8 109 93 98 100
9 89 94 110 92
10 105 124 095 105
1 109 110 104 104
12 102 06 105 104
13 85 04 110 105
14 117 118 107 110
15 115 07 104 110
16 107 97 100 07
17 .07 108 87 14
18 110 , 1ni 109 17
19 105 111 95 120
20 115 110 112 13 (1]
21 106 102 103 08
22 116 02 118 104
23 93 108 100 108
24 105 01 93 07
25 12 112 108 00

Ts the control over the characteristic during production aatisfactory?
)

A ing that no fund al changes aro in tho pl at p ,
aro tho prosont apecificationa roasonablo?

What is the chanco that a lot would fuil to pnss tho sampling test mothod currently
usod?t .

21



T3

Every towt on a samplo gives a value of psi that could bo treated aa n varinble
or that could be troated na an atribute (insido or outsido specifications), Could

. you suggoest a botter mothod of treating theso data in dovising an acceptance

sampling plan?

. Tho folloiwng data rolates to tho number of dofoctivo insulators in samples of 200

items (n half shifts’ production) giving 12 samplea in a woek of six working days,

fimt week scecond week third weok

defectivo defcctive defoctive
T inxulntors pl inxulat pl insulators
number in 200 items number in 200 items number in 200 items

1 29 13 20 25 12
2 25 4 15 28 10
3 22 15 4 27 13
4 28 16 10 28 17
5 30 17 I 20 4
[} 27 18 13 30 11
7 30 19 15 31 H
8 29 20 15 32 ]
9 22 21 8 33 7
10 20 22 15 34 11
1n 31 23 10 35 9
12 24 24 8 k(i 13

Cortain changos wero mado in the production procosa at tho beginning of the socond
weok. Analyso the data, by using control charts, to oxamino if tho changes in
the proceas results in improvoment in quality.  Suggest a suitablo control procedure
Draw tho OC curve for this proceduro and read off from this the indifforonco quality.

. Dovise an attributo acquential eampling plan for

AQL = 0.03 and producer’s risk = 0,05
LTPD = 0.08 and a consumer's rizk = 0,10,

Draw the OC and ASN curves for tho ahove plan.

Obtain tho correaponding singlo pling attributo plan and compare the amount

of inapoction under tho two schemes when the lota submitted contain 5 porcent

* defoctivos.

PAPER VIIT AND IX—SAMPLE SURVEYS, APPLIED (PRACTICAL)

Timo: 4 Hours Full marka: 100

1.

{a) Al questions carry equal marka.
() Uso of caleulating machine is pormitted.
Either,

A family-budgot survoy will bo conducted in some solectod citios und towns of
Indin for proparing weighta for middlo-clasa cost of living indox. l"n‘pnrolauimhl(-
schodulos (for anmple solection and onquiry propor) for the survoy and write down
necossary instructions for the guidance of tho inveatigators.
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Also, prepure suitable working sheets and proforma for finul tables for compilation
and presentation of such indexes for usuul mnjor groups and all itoms combinod
{items of differont groups are to bo clearly shown in tho tablos).

Or, -

(a) Prepare suitabloe punching and sorting cdosigns for mechunical tabulation of
the data on fumily-budget mentioned in question 1.

(b) It is proposod to invostigate a sumplo of 2000 budgets in Caleutta for tho
survoy mentionod in question 1 and to preparo necessary woights for tho city.
Prepare a budget for tho survey and write u short note justifying staff and expon-

dituro. (Take into consideration tho following).

Monthly rental charges (por maching) of punching, verifving, sorting, tabulating
ann auto-reproducing machines oro Rs. 20, Rw. 30, R, 320, Ra. 2030 ann Ra. 350
reapoctively and cost por thouannd of punching cards is Rs. 11. (A punching/
verifying operator cun perform 23 thousand strokes per day).
Basio pay-scales of difforont categorics of atafl aro to bo choson from tho list of
standard scales shown in Enclosure A, .
An employco is entitlxl to get montuly allowances in addition to basio pay ns
follows:

() Dearncss allowances at the rato shown in Enclovure A.

(15} Compenaatory allowances at 10 porcent of basic pay for all scalos with

a minimum upto Ra. 53.

(1if)  Other allowances of Rs. 10 for all persons with basic pay upto Rs. 230.
. Enclosuro B shows tho avernge monthly income of fumilics residing in ton difforont
holllings of a amall urban aren.
Draw a plo of six holdings and take ples of five familics from oach solectod

holding. The rampling at oach stage ia at random (with equal probability) and
withont replacement.

From the data of theso 30 samplo familics eatimate the total monthly income of
all familica of tho aroa and also estimato its variance, Obtain also tho ‘true’
value of this variance.

Enclosure A

1. Standard scalea of pay (mor;thly in Ra.)

serinl number . scalo of pay
| 350.30-680-40-1200
2. 250-20-650-25.750
3. 130-5-150-10-350
4. 125-5-240-10-250
5, 150-8-120
8. 100-4-180-5-200
1. 80-4.160.5-180
8. 70-3-118-4.150
9. 55.3-118.4-130
10. 20-3.25
II. Ratea of Dearncss Allowanco.
basio pay learnora allowance
upto'Rs. 100 35
101-150 40
151-200 45
201-250 50
251-300 60
301-400 70
above 400 17}9% of basio pay.
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Encloxure B
Average monthly incomo of fumilics residing in differont holdings.

R averago average
holding  serinl mtmber  monthly holding  morial numbor monthly
numbor of incomo numbor o income

fumily (Rs.) family (RRa.)

) (2) (3) tn (2) (3)
1 1 120 [ 1 80
2 30 2 90

3 5 3 00

4 150 4 105

5 35 5 150

(] 5 [ 60

7 70 1 120

8 75 8 90

2 I 60 9 130
2 60 10 60

3. 60 1 150

4 100 12 195

5 70 7 1 115

8 100 2 60

7 100 3 [\[1]

8 125 4 90

9 80 [ G0

10 150 6 0

11 45 1 RO

12 15 R 560

12 00 8 1 [

3 1 40 2 80
2 10 3 60

3 160 4 60

4 60 5 50

5 20 ] 60

[ 20 7 80

7 50 8 30

8 50 b 30

] 00 10 35

1 1 60 9 1 50
2 40 2 G0

3 80 3 85

4 0 4 125

5 110 5 15

6 80 8 40

? 20 1 30

8 150 8 i)

9 80 0 100

10 115 10 280

3 1 i) 11 80
2 90 12 150

3 160 13 110

4 200 10 1 ()

5 125 2 R0

6 100 3 85

K 100 4 163

8 140 b 50

N 80 (1} 80

10 80 7 150

11 230 8 125

30

i
!
|
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PAPER VIII AND IX—SAMPLE SURVEYS, THEORY (PRACTICAL)
Timo: 4 Hours . Full marks: 100

(4} Answor all questions.
(0) All quostions earry oqual marks.
(¢) Uso of enleulating machine is permittod.

1. The following dutn refating to holding size, cultivatod nrea and contumption of
chemienl fertilizors were collected in u survey of Fertilizer practices enrried out
in one taluk. A simplo sumple of 36 holdings gave tho following information:

consumption

sorinl holding sizo eultivated area  of chemieal

number . (ncres) (neros)  fortilizora (Iha.)
(N (2) T (3) 4)
1 21.04 2.70 ]
2 12,59 1.76 0
3 20.30 1.47 48
4 16.16 1.04 54
5 23.82 1.56 0
[} 1.70 1.70 ]
7 26.91 5.44 a4
8 7.41 1.97 n7
9 7.68 2.45 [
10 66.55 3.20 0
11 141,80 3.20 197
12 28.12 3.90 192
13 8.29 1.95 0
14 7.27 2.20 160
15 1.47 0.48 0
16. 1.12 1.12 0
17 10.67 1.08 0
18 5.94 2.45 0
19 3.15 2.60 0
20 4.84 1.67 36
21 9.07 5.13 408

22 3.69 3.69

23 14.61 1.34 0
24 1.10 0.25 0
25 22,13 2,90 248
20 1.68 1.21 56
27 49.68 4.48 216
28 1.68 1.38 42
20 4.80 1.39 66
30 12.72 215 | 180
31 8.31 2,12 74
32 14,18 1.49 182
33 22.19 3.80 202
kI3 5.50 1.75 102
35 25.20 5.17 224
36 20.909 1.50 40

"Estimate the proportion of holdinga in the four holding-size cluswes
0—-4.09; 5.00—0.00; 10.00—24.09 ; 25 and abovo.
a



Also estimate for cach holding sizo class tho avoerago consumption of fortilizors
por acre of cultivated area. Obtain tho standurd orrora of all tho above estimutos.
State whothor differont holding-gizo clusios aigniﬁcn_ntly diffor with rospect to
thoir chomical fortilizor consumption per acre of cultivatod area.

. With the objoct of ostimating tho average catch of fish landod por oporating fishing

unit on certain ropresontativo parts of tho Indinn coust, the fullowing schome of
sampling was adopted:

All tho fish landing contres woro grouped under two stratn (A and B), of equul
number of centres on tho basis of goographical continguity of centres. From
among the large number of contros in oach stratum two independent samplos of

- 5 centres each wore sclectod for obrervations during ench of two time poriods

(I and II) which togethor compriso tho full fishing sonson. At cach of tho contros
80 selected undor ench timo period, an indepondent samplo of 3 oporating units
waa selocted from umong the lurge number of such units there. Tho seloction
at all stagos was nccording to a simple random sampling proceduro. The woeights
(in soors) of catchos landod by tho scloctod units aro given below:

serinl Time Period [ Time Period II
number of
soloctod total cateh (seers) of solocted total cateh (scors) of solected
contro units units
stratum A
1 810 134 618 112 124 200
2 297 400 515 56 75 58
3 1180 112 450 187 160 363
4 1297 533 1130 226 175 520
5 880 357 657 07 137 016
stratum B
1 1085 754 930 134 204 185
2 817 736 0926 160 101 290
3 900 616 109 391 505 150
4 510 320 412 420 186 617
5 900 000 735 144 36 21

The total number of operating units is the same for all centres in a given timo
period, but the number of oporating units at any contre in Timo Period I is twico
that in time poried II. Obtain an estimate of the avoragoe catch per unit for the
ontire coast and full fishing scason.

Give also tho standarl error of the eatimate.

For a given number of contros to be sclootod what is the broak up of these controa
botweon tho four substrata (2 goographical atrata X 2 time poriods) when the
number of units solocted at a contro is (1) 3 and (b) 4. Calculato the numbor of

contres and tho optimum broak.up necosiary to ewtimato the averagoe catch with
3 porcont standard orror.
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PAPER VI AND IN—DESIGN OF EXPERIMENTS, APPLIED (PRACTICAL)
Timeo: 4 Houry Full marks: 100

(a) Attompt both tho questions.
(6) Al questiona carry oqual marks.
(¢) Use of calculating machino is pormittod.

1. An oxporimont wana conductxl to study the responsos to difforont levols of phos-
phato (P) on throo vurioties (I, Vs, Vi) of potatoes.
Phosphate waa upplicd at six difforent lovels: 0, 20, $0, 60, 80 und 100 Ibs. per acro.
Tho design omployed was a split-plot arrangomont whoro the variotics are the
whole plot troatmonts und tho lovols of phosphate compriso tho nubplot treatmonts,
and the whols oxporimont boing replicated 5 times. The yiold of potatoss (in
thousand lbs. por acro) aro givon in tho tablo bolow.
Carry out tho appropriuto analysis of thess data und tost for tho linour as well as
the quadratic effects of the phoaphate.

Can you conolude from this exporiment that there is an optimum lovel of appliea-
tion of the phosphate for which tho corresponding yiold would bo a maximum?
If, 8o, dotermine this optimum levols,

Yiold of potatoos in thousand Ibs. por acre

replication Ibs. of phosphato appliod por acro
] 20 40 60 80 100
1 13.3 12.7 13.0 14.5 12.8 13.9
2 12.8 13.3 13.5 14.7 13.9 13.1
Vv, 3 12.9 13.1 13.7 4.3 14.0 12.8
4 12.4 12.9 14.0 13.8 2.9 13.0
5 12.6 13.2 13.7 13.3 4.3 12.7
1 12.0 13.5 4.2 15.1 13.4 12.7
2 12.3 13.1 4.0 14.8 12.7 12.8
vV: 3 13.2 13.0 13.7 14.0 11.9 13.2
4 12.5 12.8 13.5 13.5 12.6 12.1
5 12.1 12.7 13.9 13.7 12.9 12.9
1 4.6 4.5 14.8 15.8 14.6 14.2
2 14.3 .6 2407 4.8 13.7 14.3
Vs 3 13.8 13.9 4.1 15.2 13.0 13.8
4 13.3 13.1 13.5 15.7 13.5 12.9
5 13.4 4.3 13.9 4.3 12,7- - .13.5

2, Tho following tablo gives tho plan and yiclda (in bushola per acro) for n 5 X 5 simple
Iattice experimont on soyabeans, the treatments boing tho 23 varioities of soya.
bouns, Tho oxporiment is carriod out in four replications. Anunlyso the data
to Gnd if thoro is nny significant difforonco botwoon tho varioites. Alswo, caleulate
the oatimatoa of the orror variances for tho difforonce botwoon two treatmont
moans whon (1) thoy occur in the sumo block and whon (2) thoy do pot ocour in
tho samo block.
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Yiold of n 6x5 simplo luttico experiment on soyabonna.
(figures in brackots ropresent tho varioties)

Peplication 1

(n 1.8 (2) 1.7 (3) 1.5 (4) 1.8 5) 1.6
(¢ 2.6 (1 2.2 (8) 2.2 (9) 2.3 (10) 1.8
() 2.7 (12) 1.7 (13) LT (14) 1.0 (15) 2.4
(16) 2.8 (17) 2.6 (I18) 2.3 (19). 2.3 (20) 2.4
(21) 2.4 (22) 2.5 (23) 2.1 (24) 2.4 (25) 2.4
Replication 11
(ny 3.4 Gy 2.3 (1) 3.4 (1) 2.1 (21) 1.8
(2) 3.1 (9 2.1 (12) 2.4 Qa7) 2.2 (22) 3.3
(3) 2.6 (8) 1.4 (13) 2.2 (i8) 2.2 (23) 2.2
(4 2.7 (9) 2.0 () 4.0 (19 L.y (24) 3.3
(3) 2.5 (10) 2.5 (15 3.2 () 2.6 (25) 2.9
Replication 111
1y 2.3 (2) 3.6 (3) 1.9 (4) 2.3 (5) 2.1
(6) 2.5 (7) 2.8 (8) 3.2 () 2.1  (10) 2.5
(1) 2.9 (12) 2.0 (13) 2.0 (M) 2.0 (i3) 2.6
(16) 3.1 (17) 2.6 (I18) 2.7 (19) 1.4 () 2.7
21y 2.5 (22) 2.2 {23) 2.3 {24) 3.0 (23) 1.8
Republication 1V .
() 2.6 (6) 1,7 (1) 3.0 ° (16) 2.3 (21) 3.1
(2) 2.5 () 2.0 (12) 2.1 (17) L7 (2) 2.4
3 1.7 (8) 2.1 (13) 2.5 (18) 2,5 (23) 2.0
(1) 2.9 (0) 2.4 (14) 3.0 (19) 1.6 (24) 2.¢
o (8) 2.7 (10) 2.8 (I3) 3.0 (20) 2.5 (25) 2.5

PAPER VIII AND IX—VITAL STATISTICS AND POPULATION STUDIES
(PRACTICAL) A

Time: 4 Hours Full marks: 100 !

(4)  Attempt any luwo questions.
(b) Al questions carry equal marks.,
() Uso of calculuting machine is pormitted.

1. Propare an abridged Lifo Table from the following data on population und douth
rates. You may assume (with the usual Lifo Tablo notations) that

Lo = 0.2519+0.75 1,

1£

]

LO L i+2.1 ),
Lys = L3 xlog (153): und
for othor age groups nk X = %(1‘+ 1z24n)
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ngo lnst birthduy populntion doath rate/1000

{years) population
0 40,000 G68.3
1—4 . 100,100 0.4
5—9 197,400 2.1
10—14 208,500 1.3
15—24 424,800 2.7
25—34 416,000 3.3
35— 309,500 4.0
45—34 309,800 8.5
55—84 253,200 19.7
a5—74 167,200 48.6
75—84 65,700 122.3
83 and above 8,300 317.3

Your may uso the values given in appendix on pago 37.

3, (a) Fit a logistic curvo 1o the Consus data of the USA from 1800 to 1910 utilizing
the full materinl.

year population
{million)
1800 5.308 °
1810 7.240
1820 9.038
1830 12,866
1840 17.069
1850 . 23.192
1860 31.443
1870 38.558
1880 ’ 50.150
1890 62,948
1900 75.99%
1910 91.072

From the fitted curve, estimato the population in 1914.

(b) The following table shows soparately for tho rurnl and urban rectors of Wost
Bongal {1936) (i) the averago number of children born nnd number of children
surviving by nge of mother as estimated from two interpenctrating sub-samples 1
and 2 of a sample survey. Tho oatimatea provided by tho combined ramplo (i.e.
samplo obtained by pooling together sub-ramplen 1 aned 2) aro also shown, (i) The
ago distribution of mothors in \West Bengal ma a wholo (runl and urban soctors
combined) ia shown in the socond table.

Explain how the Intter information can bo utilikel for purposea of ‘standandization’
with & viow to obtaining comparable figurea for (1) 1 hor of child:
born. (ii) surviving, per mother of all (13 and above) ago groups. Illustrate

by actunlly computing tho etandardised figurea.

Do tha sub-sample duta throw any light on the margin of uncortainity of these
standurdised figurea?

fN.B. Tho torm ‘mother’ includea nlso married women without children]
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. Averago numbor..of. children por mother

ago of. _subsamplo 1 _ .. . sub-samplo 2 combinod
mothem
(yonrs) born living born living born living
(n (¢] 3) () (5) (6) (7
rural Woat Bengal
1317 0.32 0.28 0.12 0.12 0.20 0.17
18—22 .24 1.13 1.47 1.08 1.35 1.10
2327 3.07 2.61 2,70 2.07 2.01 2.33
28—32 4.40 3.25 4.30 3.24 4.35 3.25
3337 5.16 3.21 4.38 3.48 4.01 3.32
38—42 5.83 3.7 5.32 4.00 5.65 3.85
43+ 6.30 4.30 5.45 3.55 0.16 3.97
urban West Bongal

13—17 0.09 0.00 0.25 0.13 0.18 0.03
18—22 1.09 1.02 1.19 1.13 114 1.08
2327 2,23 1.80 2.69 2.22 2.47 2.20
28—32 3.7 2.7 2.98 2.28 3.39 2.52
33-37 4.62 3.62 3.75 2.96 4.17 3.28
38—i2 . 5.10 4.35 5.08 4.95 5.40 4.67
43+ 3.86 3.24 5.55 4.60 3.15 4.26

age of porceningo

mothers distribution of

(years) mothers in

Weat Bongnl

13—17 10.35

18—22 22,73

2327 16.82

28—32 ©15.16

33—37 10.17 -

38—42 10.91

434 13.86

100.00

3. Tho amoothad ago distribution of tho Census 1951 population for India is given

sox-wiso for tho individunl nges from 0 to 19 yoars. Tho survival probabilitics
aro alto shown. Obtain tho projoctod sox-wise population for each of tho above
individual agea 0.19 yonrs in 1032 and 1053, given the number of fomnles aged
15-44 yeara in 1951 =79,285 th 1 and bor of fomales agod 15-44 years
in 1952=80,184 thousand: genoral fortility rate (Jive birth por fonmlo aged 13-4
years)=0.185; sox ratio at birth (number of malo live births per fomalo live birth)
=1.08 ; survival probability for tho now born=0.8826 for males and 0.8886 for |
fernnloa,
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number in 1851 nurvival probability

ago last birthday {thousand)
(yoars)
malo fornnlo male fomnlo
0 5803 5097 9086 .8899
1 3967 3934 9526 9307
2 4707 4065 L8700 .9600
3 4746 4832 .0780 L0718
4 4058 1579 9804 L9772
5 4803 4720 .9833 0803
[ 4720 4591 L9842 0819
7 4635 4400 0851 .0835
8 4547 3345 9859 L0849
9 4458 4229 .0866 0862
10 4360 4117 LI872 L0875
11 4274 1010 9878 .0886
12 . 4180 3908 L0384 .0890
13 4086 3810 . 9888 .9905
14 3992 3710 L0892 L0913
15 3595 3630 L0895 L9919
18 3794 3553 9898 L9924
17 3089 3484 9899 9926
18 3587 3414 0898 0926
19 3488 3343 L9896 .0923
APPENDIX

values from Roed—Morrel tablea for abridgod lifo Tablos.

my qo Smx 5z 10mr 107z
0.068 0.000416 0.001 0.004989 0.002 0.019833
-0.089 0.061241 0.002 0.009954 0.003 0.099025
_— 0.003 0.014897 0.004 0.039334
D —— 0.005 0.048961

0.008 0.037350

m, 7, 0.009 0.0S8661
_— 0.019 0.175420
0.006 0.022967 0.020 0.183885
0.007 0.0206678 0.048 0.392518
_— 0.049 0.399020
0.122 0.737911

0.123 0.741027

PAPER VIII AND IX—MATHEMATICAL THEORY OF SAMPLING DISTRI-
BUTIONS (PRACTICAL)
Time: 4 Hours Full markas: 100
(@) Attompt any fuo quostions.

() All questions carry oqual marka,
(¢) Uso of caleulating machino is pormittod.

1. (1) Draw 12 samples each of sizo 8 from a bivarinto Normal population with
#r = By = 6,0, = 03 = 1 and p= 0.8 and computo tho corrolation coofficiont
for each of the samples.
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(b) Tsing the results of the model sampling experiments in (a) abovo oatimate
tho power of tho test for independence in n bivarinte Normal population when
the lovel of significanco is 6 percent and the valuo of the correlation cocfficiont
in the population ia p = 0.6. X

. A particlo performa a random walk on the points x=0, 1, 2, 3. Tho particlo ir
absorbed when it reaches thoe point’ 0 or 3. Tho pnrticlo atarts from z=2 and
tho prabability of a step to the right is .7 and that to the left ia .3. Find thoe
probability generating function of the number of steps beforo tho particle i

19

absorbed at z =0 or z = 1.
Exstimato E(n) and V(n) by carrving out a madel experiment to obtain 10 obsorva.
tions on n.

3. Tho observed gestation period (in days) of soveral ealfiings of 6 cowa aro prosented

below.

gestion period (in daya)

cow
1 282, 277, 279, 281, 284
2 282, 283, 283, 282, 274
3 283, 281, 284, 281, 283
4 284, 280, 289, 2902, 200
5 275, 284, 203, 303, 284
6 303, 304, 284, 284, 202

Calculnte the coofficient of intra clnas correlntion coefliciont of geatation poriod of
cows. Dectermine also the 90 porecent confidonco interval of the population intra
class correlation coeficient.

PAPER VIIT AND TX—PROBIT ANALYSIS (PRACTICAL)

Time: 4 Hours : Full marka: 100
(a) Attompt any thwo quostions.
(b) All questions carry equal marka.
() Uso of caleulating machine in permittod.

1. For catimating tho relative potency of a sample of ‘A calamus' sont by a manu.
facturer againat the apocificd standard preparation, 4 doca of each of the prepa-
rations were taken togother with a control dosa for onch preparation. House
flios wero takon in batches of 5 and aprayed on dishes.  Each concentration was
used on five dishea giving a totul of 25 flics subjected to euch concentration. For
onch control doso 20 «lishes wero taken giving a total of 100 flics subjocted to each
of tho control doncs.  Mortality among tho experimental flios was observed after
24 hours. The obsarvations aro given balow:

) number doad
concontrations

(gm. per 100 ce) . . tost atandard
proparation preparation
.3 16 2
15 8 20
075 7 16
L0375 4 12
eontrol 4 5
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Assuming that log tolorance is normally distributed, estimate tho relative potoncy
of the test proparation of *A. Culamux’.

2. Data from un ussny of insulin by mouso convulsion mothod are given bolow:

cdoro numbor of numbor
{t.u) mico convalsed
004 12 1
.0us 24 8
.000 24 15
.009 24 15
L0135 10 8

Eatimate the linour relutionship between log doso and (1) probit and (2) logit of
fruction convulnsed! sepurately. Examine graphically or otherwizo ny to which
is a botter transformation.

3. Tho duta prosonted bolow wore obtained from mortality tosts of groups of 6 subjocts
at cach of 9 dosoy of n stimulus:

log dosn numbor of numbor
(z) subjocts dend
1 (] [}
2 G [}]
3 & 1
4 ] 0
5 8 2
[ 6 4
7 [} 4
8 ) [}
9 6 5

Estimato the mean of tho log toloranco diatribution from the ahove duta through
the Spearman—Karber methiod.

PAPER VIII AND IX—PSYCHOLOGY AND EDUCATION (PRACTICAL)

Timo: 4 Hours ' Full marks: 100
(a)  Answer all questions.
(b) Al questions earry oqual marks.
(¢) Uso of calculnting machine is pormittel.
1. Tho following tablo gives the froquoncy dintribution of scores in a particular
tost of 200 boys nmd 200 girls.

frequency
avors
boys girla

N 2 1
25 9

48 27

47 i

26 43

19 40

15 20

Y 10

7 4

2 2
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() Draw tho porcontile curves. )
{ii) From tho graph, compuro tho porformances of boya and girla.

2. Fiftcen subjects are dividod nt rundom into 3 groups of 5 subjocts cach. Ono
group is tunght by mothod A, another by motnod B, and tho third by method C.
Rotontion for the materinl presontod is tosted at 3 difforont timos: immodiatoly
aftor loarning period, 24 hours after lenrning poriod and 1 weok aftor loarning
poriod. Tho sorics of rotention scores for tho subjocts in the various groups aro
given bolow:

Time of Testing

Subjects
immodinte 24 hours 1 wock

mothad A 1 28 25 22
2 32 29 24

3 36 35 27

4 45 42 40

3 46 43 40

mothod B [} 27 24 20
. i 1 29 26 22

8 36 36 30

9 42 - 43 39

10 48 44 40

mothed C 1 40 38 a3
12 36 26 20

13 50 48 44

14 45 43 35

15 42 39 30

() Analyso tho total sum of sy into its p t purtsa and tost the
various menn squares for significanco.
(ii{ Write a noto on tho rosulta obtained.

3. The following table gives tho inter tost correlutions of sevon tests.

1 2 3 4 5 6 7
1 - .685  .545 .53 G681 471 .501
2 N - ATS 450 461 404 472
3 - - - .576  .527 .318 .375
4 - - - - .280 (341 .431
5 - - - - - L3388 L444
(] - - ~ - - - .519
? - - - - - - -

() Estimate the communnlity of onch tost.
{ii) Caloulate the factor loadi and write down the equation of the factor

5

pattorn.

(i} If possiblo, obtsin & ‘simple structure’,
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER, 1961,

PAPER I-THEORETICAL STATISTICS, GENERAL

Timo: 4 Hours Full marks:100

I3

(a) Attompt any fire questions.
(b) Figures in the margin indicate full marks for each question.

. (a) State nnd prove the Bicnayme-Tohobychofl's inequality. (10)

(6) Explain tho statistical implications of tho inoquality. ()
(¢) Is it possiblo to improve tho inoquulity? Give reasons for your answer. (3)

. Explain the torms (i) probability density function, (ii) probability differential,

(fi7) mathematical expectation. (6)

A batch of small calibre ammunition is nccoptod as satisfactory if none of a sumple
of five shots fulls more thun 2 foot from the contre of tho targot at a given rango.
Assumo that the probubility density function of r, the distance from the target
centro of a given impact point, is

S = FAO<r<w).

What is the probability that tho batch will be accopted? (1)

Find also the expectod value of r. )

. Derive the Poinson distribution as the limiting form of the binomial distribution. (8)

Ansume that the probability of a motor failure on a routino flight between two
citiea is 0.005. Uso the Poisson approximation to the binominl to find approxi.
mately tho probability of at lvast one failure in 1000 flights. (6)

If x is a Poisson variate with P (z=1) = P (x=2), find P (x=3). (8)
\

. (@) Find tho form of the function uy given that ug = 8, ny = 11, uy = 68,

ug = 123. (10)
(8) Show that
2.3

I!

- {(a) How do you tost the hypothesis (i) that a partinl regroasion cocfficient of

k-th order has a given valuo » und (ii) that the partial corrolation of k-th ordor
is zorot? X (6)

(b)) Show thut if » =0, the two testa in (a) are indontical, (5)
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{c) Tho hypothosce that (i) tho population multiplo corrolation coofliciont is zoro
and (¢i7) all the population partinl regression coofficionts nro zoro, nro tho samo,

Prove this. . (9)
. (4) What uro tho advantagea of u comparatively lurge samplo over u samull
samplo? (10)
(b) Explain the uses of transformation of statistica. (5)

(¢} Derive the appropriato transformation for the largé rumple teat of thoe corro-
Intion coofficiont. (3)

7. Givo tho algebraic sot up for tho anlysis of varianco for ono-way classification,
stating clonrly tho assumptions involved. Show how you will apply it to test
the linearity of regrossion. (84+2+14)

A rundom samplo of 150 puira of values from & bivarinto normal population whon
grouped in 15 arrays of y's guve voluos r=0.4 (corrolation coofliciont) and 1y,
=0.5 (corrloation ratio). Test whother theso rosults are consistont with
the assumption of linourity of regression of y on . (6}

PAPER 1[— APPLIED STATISTICS, GENERAL

Time: 4 Hours Full raarks: 100

—

[t

(@) Attompt any five quostiona,
(8) All questions earry equal marks.
(c) Figures in tho margin indicato full marka for each guestion.

How will you preparo a plan for a 8 X8 Latin square? \Whon tho results of such
an experimont arrive, you discover thut onoe of the plot yiclds is missing. How will
you complote tho analyris of such an oxperiment? Indicato the mothod for work-
ing out tho standard error of tho difference of two trontment monns, ono of which
relate to tho miming valuo. (20)

. Discuss critically tho dotails of the presont mothod of eatimation of nutional incomo

by industrial origin in India. Draw particular attention to tho sourcos of data
usod bringing out clearly gaps in data roquiremonts for various sectors. \What
would you proposo to fill up these gaps? (20)

. What aro tho main usos of a rotail prico indox? Do we have a rotail price indox

in thia country? If 8o, givo tho ncecssary details of this indox. (20

You aro roquired to devign u fresh onquiry for collooting duta for the construction
of auch an index. Discuss tho necessury tochnienl dotails for tho complotion of

such an indox. How will you use the data from such an onquiry for tho study
of domand analysin?

» Supposo you uro required to eatimate tho rate of profit enmod und tho proportion

of profit invostod by the joint stock companics in Indin in 1060, on tho basis of
a sample survey,

42



Doseribe clearly the difforent stopa of tho samplo dowign that you will suggoet
for tho purpose, mentioning the frame to ho used. . (8)

What types of information will you colloct? (4)

How will you obtain tho extimntes of tho abovo characteristica and their anmpling
crrors? (8)

[

. What do you mean by reloction with probability proportionate to tho sizo of the
sampling unit? How will you solect 50 villagea out of 1000 villngoa in a region,
with probability proportionnto to population in the villago? 4+ 06

From anch of thess 50 villnges, 10 houscholds are soloctod at random and number
of members in the housohold and expenditures on various items in a givon month
ure rocorded.  How will you estimate por epita expondituro on an itom (say cloth)
in this region? (10)

6. Deseribo the construetion of a lifo tablo giving tho meanings of tho figures in various
cohumns,  How will you obtain g, from consus datn? (10+ 10)

7. Unider what situntion is it nocessnry to uso incomplote block designa in oxperi-
mentation?  Give a description of a balanced incompleto block design and stato
tho rolations that must holld good Lotwoeen numbor of blocks, numher of variotios
ote.  Give a skotch of tho methad of analysis of such a dosign. (4+8+8)

3. Explain clearly the basie hypothesis undorlying factor analynia and tho concopta
of communality of factor loading. Briefly deseribe tho mothod of oxtraction of
factors h_y the controid method. (104-10)

. Explain the principlo of random mating. The frequencies in per cont of the
blood group nlleles in a population were computad to bo I\, 20.62: IB, 7.56:
5, 7182, What are the expoctod phonotype froquencies in this population. on
the assumption of random mating?

The phenotypo frequencies actunlly found wero 0: 1337, A: 894, B: 309, AB : 70.
Tewt the ngr of thean frequenrios with those expectod. ({+8+8)

PAPER TIT—STATISTICAL INFERENCE
Time: 4 Hours Full marka: 100

{a) Attempt any four questiona
{b) All questions earry equal marks.

L. (a) Show that tho coofficirnt of correlntion botweon two unbissd minimum

variance estimators Ty and T; (ealeulated from a xamplo of size n) of a para-
meter 4 is unity.

1
(5)  For tho ahove Ty and T, show that tho probability in zero that | T\ —T4] >m
for ut loast ono valuo of m, m boing an integor,
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(¢) 1€/ (x. 8) in tho p.l.f. of x, find an expression for tho minimum variance attain.
ablo by any unbiascl cstimator of 6.

2, (¢) Exumino whethor the following distributions udmit of sufficiont statistics
for the parnmeters montioned: .

() f (& B 0) = -
L2

1
exp. [—(‘z;—a’;)’J,—oo &z <+ o, for the

parameter H,

() f (x, p.oa) =l:“(%. 0" zp-1, 2 > 0, for tho parameter «

(i) f (2:8) = 13 , 0 2 < B for the parameter 8.

(b) Show that if { is nny unbinsed estimator and T a sufficient statistic for 4,

thon E (¢|T) is an unbinsed estimator of  which has a varianeo smallor than
that of ¢. *

(¢) X1, .., x4 is o randora sample from a normal population N (g, 1). It in
dosired to estimato #* + 1.

(i) Show that t = l” Xz} is an unbiased estimator.

(15) Givon that 2 is a sufficicnt statistic for #, find an unbinsed estimator
of u24 1 wheh hus a varianco emallor than that of ¢,

3. Write a eritical noto on tho mothod of mnximum likelihood in the theory of oati.
mation. Describe an intorative method for solving the maximum likelihood
equations and for obtaining tho varinnce and coverniancea of the estimates.

’:\_ person ia required 10 shoot at a target till ho scores two succeases.  Suppose
ho neodod n trinls: how do you estimuto p, tho probability of success in a single

trinl, assuming that the trinla are sll indepondont and p ina the samo from
trial to trial.

-~

(8) Defino a moxt powerful test and an unbinsod tost for a simplo hypothesis.
] () Examine whother a mosxt poworful teat is nocewary unbinsed.

(¢) State Noyman-Penrson's lomma and show how it ean be used to conatruct
a loenlly mont powoerful test of a simple hypotliesis regarding a single purmmeter.

(d) Obtain a locally most powerful test for tho hypotheain # = #g where A in
- the parametor of a normal populution N (4, 1).

Givo a briof deacription of tho theory of confidonco intorvala s dovelapod by
Noyman.

Apply tho thoory to dotermine the 95 porcont confidonco intorval, based on o
sumplo of sizo n, for the mean of & normal populution whon the vuriance in unknwon.
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¢ Doseribe tho tests you would use for the following hypothesos for p-varinto normal
populations,

(1) tho partinl correlation cocfficiont p,3......p = 0,

@ = E Hp = B3, whoro @, .., #p uro tho means of tho p-variates
and p9, .., pf are preassignod valuox,

(i) B, =&, .., pp = K'p. whero 4y, .., and Kp 'y, .., g’p Aro the p means
of two p.varinte normal distributions respoctivoly,

(iv) B2 = .. =Bp = 0wheroB., ... Bp aro tho cocllicionts of regrossion of z,
on x3, ... Zp.

- PAPER VI—(PRACTICAL)
Time: 6 Hours Full marka: 100
(@) Anawor quostion 1 an:d any three of tho rost.
(b) Figures in the margin indicute full marks for each question.
(c) Unrao of calculnting machine is permitted.

1. (a) The frequency distribution of examination marka in mathematiea of 500
students suggosted that Poarson's typo III curve fits bost. Tho fitted function is

3319
=wof 1+ —= 037 —100.47 o
y !In( + 0547 ) e 09 <z

with origin at mean = 42.57 (ie. = (X—42.57)), y="froquency X=marks. [

Find by consulting Biometrika tabloa the proportion of students who havo scored
60 or more marks. (10)

(5) The cooflicient of varintion (y) of ‘proportion of area undor paddy’ as esti-
muted from samples of atraight armed lino unita of different longths (z) in furlongs
ure given below:

x 1 2 3 4

y 137 118 108 102

(1) Fit a curve of tho form y=nax? and draw the graph of tho obsorvod
and fitted ecurvo. N (10)

{ii) Using the graduated values of y. estimato the numbor of unita of size
Z to bo taken for a randomn samplo of unita to oxpect an estimate of
‘nvorogo proportion of area undor paddy' within an error of 5 percent
for z=1, 2, 3, 4. ’ (10

(¢} The following tablo gives the valuo of a function y =aF, (¢, z) for ¢ = 0.5
and z = 4 to 7 at intorvala of I.

E 4 5 ] 7
n 27.3082  43.7775 67.0801  99.3234

Using logyo y corrcet to four decimal placos as the varinblo, find logie y fur r=3.5
by a suitable method of intorpolation and hence find y=oF; (0.5, 5.5). )}
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2. The frequeney distribution of wnrks in English of a random sample of 500
studenta ia given bolow :—

score froquency RCOTe froquency

0— 4 3 10—14 78

5— 9 o 45—49 53

10—14 12 50—54 16

15—19 23 55—59 29

20—24 35 40—a64 18

25—-29 45 65—69 5

30—34 74 70—74 1

3539 72 —_—
total 500

(7) Test whether the distribution could bo assumed normal. (14)

(5) TIf 80 marka aro roquired for obtaining distinction, what percent of students
could have secured distinetion in tho entire population? (6)

»

In a public proforence survey, a number of persons wore intorviowed and their
opinions on abolition of Fnglish as a compulsory aubject in the univerity eariculn
wero recorded.

Distribution of porsona according to age and opinion

ago in yoars

opinion
10—25 2635 36—55  over 55
unconditional rupport 76 125 06 10
conditional support 69 17 1206 17
indifforent 1B 27 35 4
unconditionally opposed 60 168 210 40

Examine whethor, and in what way, tho nature of opinion changes with age.  (20)

-

The following tablo gives tho yicld of latox for 9 rubber plants under uniform
conditions in 1950 and under the threo troatmonts A, B, C, each appliod to throe
plants in 1951,  Analyse tho data for examining difforoncea botweon troatments,

(20)
Plan No. 1 2 3 4 5 6 17 8 9
Yield in 1950 15 [} 15 [} 15 10 8 4 12

Yield in 1951 and 16 23 18 17 24 25 16 29 12
treatmentapplicd — (A) () (B) (A) (©) (O (B (© (A)

6. In an experimontal study to build up a formula for predicting the yiold of dry
bark in ounces (z1) of a plant from ita hoight in inches (z2) and its girth in inchea
{%;) at a lovel six inches ahovo the ground, measuromonta wore taken on 32 plants
and tho meana and corrocted sumsa of aquares and producta wero computed a9
given in tablo bolow,
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character  mean corroctod sums of squaros and

producta
X I xy
x 21.65 0408.00 0483.8¢ 321,26
x; 166.40 102767.64  599.68
23 3.14 33.95

(a) Estimate the linear equation for predicting xy from z3 and z5. Find tho
multiple correlution coofliciont botwoon ) and xy, x3 and test for its significanco.

(10+5)
(6) 'Test the significanco of the cocfticiont of z; in the linoar prudiction cquation.
(5)
PAPER VII—(PRACTICAL)
Time: 6 Hours Full marks: 100

(a) Attempt all tho guestionx.

(b) Figuros in tho margin indicate full marks for each question.

{¢) Credit will ho given for brovity, nostness, tabular arrangoment
of compututions and briof stutement of exsontinl steps and under-
lying ussumptions,

1. The table gives the quarterly volumes of civil aviation tratfic in billion passengor
kilomoters in USA, 1954-59.

(1) Find the yearly total volumes and their unnual rate of growth by fitting

straight line trond to the totals. (8)

’ (8) Compute indices of seusonal variation (quurterly) in the volume of traflic. (15)

(¢) Using results obtained in (a) and (b) above, extimato tho volume of traftic
in the fimt quarter of 1900, (6)

(d) Compilo from official publieations the actual figure for the fimt quarter of
1960 and compare it with tho estimnte you obtained in (¢). (6)

Civil aviation trafiic, USA, 1054.50
{billion passonger kilomoters)

yenra
1954 1953 1950 1957 1958 1939
uurters
L. Jan-Mar 7.07 8.60 0.82 .22 11.64 12,71
2. Apr-June 8.30 10.13 11.56 13.02 13.02 14.87

3. July.Sopt 014 10.99 12.32 14.21 14.42 16.72
1. Oct-Doc 8.26 9.47 10.78 11.85 11.62 14.24
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2, Either,
A ramdomised block experiment was conducted in 8 blocks, onch of 4 plots, to
oxamino tho effects of two chemien! fertilisers N and P on the yiold of potatoes,
Two toses of N:ng{no N} and ny (0.5 Iba. of N por plot) and two doses of Pip,
(no P) und p; (0.4 lbs, of P per plot) wero tricd in all the four possible combi.
nations. Tho averngo yichls in lbs. per plot aro givon bolow.

Avorngo yiclds of pututoes in Iby/Plat

N
r
ng ny
Po 38.25 47.50
P 45.73 52.50

Analysis of varianco of tho experimental result gavo 10.532 an the nrean square
duo to crror.

(g) Computo tho sum of siuares due to treutments and analyso it into the threo
components (i) tuo to the main effect of N (i) duo to tho muin effect of P and:
(ii7) duo to tho intoraction betweon N and P. . (6)

(6) Draw up a table showing the structure of the complote nnalysis of variance:’
the degrees of freedom for tho different components and the mean squuare due
to us many of theso components as aro possible to obtain from the data supplicd
to you. Test the significance of tho mean squares computed in (a). 4

{¢) Given that tho prices, of equal weights, of potatoes and the chemical ferti

lizers N and P2 aro in the ratios L:X:10, what is your recommenduntion about lle
\

best combination of the two fertilizers? (&)
(d) Write a short report (for non-statinticinn) on your findings. (5
Or,

An oxporiment wad run to comparo threo similar magnesium salta L, )M, N in the
production of an antibiotic by formentation. In tho fimt ropplication, three
formontations woro startod, one containing salt L, unothor salt M, and tho third
ault V. After five duyxs, snmples for annlysis wero withdrawn from each fornmnanta
tion and likowixo nfter six duya. Tho whole operation was roponted a total oll
four times. Tho roplicationsa wshould bo regarded na blocks.

(@) Mako nn upproprinto unalysis of vurinncoe for thoso dnta, and report the
F-values, with tho corresponding dogrees of froodom, for the main offocts of salt.
ago (five days vorsus wix days) mnd their iutornction,

{#) Givoe 95 porcont confidonco limita for the following difforonces (i) snlt L—
sult A, (i) six duys—five duya, (iii) salt L—anle M, both at six duyn.
N ;
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magnesium salt

replication L M N

5 duys 6 duyn Sdaya- O daya 5 days 0 days

1 0 93 81 88

2 82 8 75 82 72 7

3 67 4 8 02 G6 70

4 69 7 5 02 13 81
(20)

. The varinnce I* of the customary extimate of the mean, in tho caso of stratified

simplo rampling is given by

1 k N2 a.
| TSI D S
N2 ,-:'. ny

where & is tho number of strata, Ny is tho membor of units in the ¢-th stratum
2

of which n; are sampled, and a” is the variance botween the unita in the i-th
L}

wtratum, § = 1, 2, .., k.

The totul cost C for the survey may be approximated
by the formula

C = cot+

€ ng

Tew

where ¢ is the overhead cont and ¢; tho cost for sampling and processing an unit from

the s-th stratum.

In a certain sumple survey, the population waa divided into k=4 strata. A pilot
survey wus conducted to determine the paramotors of the varinnce-function and
tho cost-function and thia gave the following estimatea:

, 6
% (in rupeew)
1 500 108.7 12.61
2 350 234.5 8.43
3 650 176.9 7.20
4 400 228.1 11.72

¢g = Ra. 2500

{a) If tho total cost for the survey is fixed apprixmatoly at ¢ = Ra. 10,000,
latormine tho sizes (n;) of the ramples to be deawn from the differont strata wo
that tho varinnco F of tho estimato of tho moan is minimum. For these valuon

of ni's compute tho actual cost C (to the noarest rupeo) und the variance V (to
tho four places of decimals). . (12)
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(b) 1f instead it is decided to nllocate the varinblo part of the cost of the four

" strata ns nearly

n
1 y as

totul cost € and the varinnce ¥'?

iblo (to the’

at. rupee) what would ho the actual

)

- (@) Tho following tablo gives avernges (X) and runges (R) for subgroupa of siz0 4.

To facilitato nrithmetic, dovintiona from tho specificd standard are given. Specified

tolerunces on individual items wero
control charts and give your commenta.

4+ 8 units from tho standurd.

Plot suitablo
Is tho process working according to

apecification? (15)
subgroup 1 2 3 4 5 [ .1 8 9 10
no.
X + 4.6 4 6.3 4+ 0.0 4+ 6.1 — 2.5 — 3.1 4+ 3.6 +$15.0 + 7.0 — 4.0
R 2 1 4 [ 8 5 5 8 11 10
subgroup 11 12 13 14 15 18 17 18 19 20
no. :
X + 3.4 —06 —-20—20—7.0-10.0 7.0 —6.06+ 3.0 — 4.4
R 4 15 ¢ [} 4 16 10 21 ] 11
subgroup 21 22 23 24 25 26 27 23 29 30
no.
X 4+ 46+ 464 0.4 — 3.0 — 1.6+ 0.6+ 6.0 — 8.0 — 2.0 — 2.4
R 5 ¢ 7 15 12 14 25 25 10 11
wubgroup 31 32 33 34 a5 16 37 33 30 40
no.
¥
X - 7.0 —16.0 =14.0 — 1.0 — 9.6 — 8.6 — 8.4 —10.0 — 8,4 —10.0}
R 14 16 13 15 7 11 12 10 12 13
(b) Fill up the minsing ontriea (.) in the following lifo tablo: (10)
o
z 1z d, 1000 q, ° Lg T, %’
26 78045 . 39.565 |
27 77615 440 . .
28 . . . .
20 76724 R 8.05 . . .
30 . . . . .
31 . 75531 2705310

PAPER IV AND V—ECONOMIC STATISTICS (THEORETICAL)

Timo: 4 Hours
{a) Attompt any six questions.

(6)

Full marks: 1004

All quostiona carry oqual marks.

1. You nro requirel to asdist a committeo sot up to enquire into and report ahout
tho changes in the lovels of living of poople ns nlso tho trend in the inequality of
inromo distribution in Indin.

Survoy briefly tho oxisting matorial on consumption in tho contoxt of your problem.'
What aro tho limilations of your analysist
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. What do you understand by tho term ‘balance of puymenta’t How would you

examine the bulanco of paymonts pesition for Indin in tho curront yoar?

Stuvel defines the following prico index

_ L—L J(L,—L,)’ vy
T= "2+ 05 4,

where Ly and Lg are the Laspeyre-typo prico and quantity indices, Vo and Vy
being the valuea at the baxe period nnd current period respoctively.

Fxamine whethor the above inidlox mceta the time.roversal, factor-roveraal and
tho proportionality critoria,

. What do you undemtund by ‘Lusiness cyclea’  Deseribo the 1Tarvard wmethods

of constructing economio baromoters.

. What are the ralient featares of family budget data? How would you procoed

to construct ompirical demand relationahips using such data?

Explain the terms—{¢) Engol elasticity and (ii) constant olnsticity hypothesis.
Describe Tornqvists’ threo forma of demand function and show that theso do not
give constant clasticitica.

The toat for the Paroto distribution of incomo is tho existenco of a lincar relation-
ship, with negative slopo (—a) between the logarithm of income and the logarithm
of tho numbor of persona having thut incomo or more.

What ia the density function for the Parcto distribution? Find the mean of the
distribution. In what aenne doea the paramoter @ provido a measuro of income
inequality?

. Economotricians have often been interestod in investing tho oxistenco of incroasing,

decroosing, or constant returna to sealo in technological procoss,  Givon the sample
of obrervations on

X = output

N = labour input

K = capital input, and
M = materinla input

and tho technological equation

oy @ ay
X=AN K M u

u hoing the multiplicative orrer term, how would you teat tho conatanay of returns
to senlo?

Stato the throo definitions of national incomo and explnin thoir equivalenco. Distin.
guish botween (a) gross national product und gross demestic prociuct, und (b) gross
nutionnl product and net national produet.
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PAPER IV AND V—STATISTICAL QUALITY CONTROL (THEORETICAL)

Timo: 4 Hours Full marks: 100

3

T

{a) Attempt any four questiona.
(b) Al questions earry equal marks. |
(¢) Figures in the margin indicate full marks for each queation,

. (@) Exphin tho terms (4) avorago_run length, (b) maximum allowable avorago

rango and () moditiced control limits in respeet of a control chart. Bring out
their usefulness in controlling a process. 12)

(b) Expluin what is meant by a ‘moving averagoe and moving range’ chart?  When
can such charts be used in proference to the conventional X—R charts? How
would you interpret an out of control point on such a chart? Give a fow oxamples
from any industey known to you of tho uso of such charts. (13)

. (a) From an industrinl proresa k samples ench of size n wro drawn and the quality

characteristic is mousured for each of the n x4k itoms. Write down tho analysis
of varinnce for theso dnta. Obtain the expected vulues of the menn squares duo
to different sourcos. (10)

() Exphiin clearly how varianco component analysis can ho used for (i) setting
realistic spocifications, (i) proress improvements, and (iif) process control. (15)

. Describo clearly the salient fentures of tho Mil Std 105 A or Mil Std 105 B tables: (15)

How will you select a suitablo singlo mlmplir;g plan form these tubles for normal
inspection? Whon using this plan how would you decide whother to roduce or

tighten inspection or ta continue normal inspection? (16)
. Write short notes on:

(a) Simon's Jg charts (3)

(5) Hamilton's standurd lot plot method of accoptance sampling by variahles (10)

{¢) Evolutionary oporation (10)

. (a) Describa tho precautions to bo taken in designing and conducting  plant

acalo experiment, (10)
() Explain, with the help of ono or two examples from uny industry known to
you, the uso of nosted design in industrinl experimentation. How world you
analyse the rcaults of such an experiment? (15)

PAPER IV AND V—SAMPLE SURVEYS, APPLIED (T}IEORETIC.\L)

ime: 4 Hourn Full marks: 100
(@) Attompt any four quostions.
(b} AN questions earry equal marks,

1. (@) What aro tho advantagea and dimndvantages of sampling as compnred with

complote enumeration?
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(6) Which of theso two methods will you recommend in the following casca and
why?

(1) For catimating production of opium in Tadia,
(i7)  For estimating per capita consumption of cercals in a particulnr State.

2. It is propoxed to conduct continuous sample surveys for preparing quartorly indicea

of employment nnd uncmployment for Bombny e¢ity. There are maps showing
the census blockn (1061) of the city. Prepare auitable denigna of tho surveys
necessary for the purpose.  Alzo, discuns about the reference perind, mothords of
eatimation nnd tho fiekd-staff to be employed.

Enumorate the poasible rources of error and describo tho methads of controlling
theso errors,

3. (a) Deseribo ‘Frame' and 'Snmpling unit'.

(b} Give a short account of the various typea of sampling procedure that nro
generally used in practice.

{¢) A samplo survey will bo conduetedd in Culeutta for studying the incomo distri-
bution of earner.  Discuss the advantages amd diradvantages of different rampling
units that may be used for the purpose,

4. (1) Describe the various stages of computation work of a survoy.

(6) Deweribe methods of controlling numerieal errors in large feale statistieal

computations,

(¢) Give some examples to show that defeets in tho rample may somo.times bo
compenaated by adjustment of the results.

5. Write notes on any three of tho following:
(@) Master sample
(b} Cosnt function and variance function in a double anmpling procodure
(¢) Sampling on succeasive occasions

(d) Size and density of grids to bo used for crop survey.

PAPER IV AND V—SAMPLE SURVEYS, THEORY (THEORETICAL)
Time: 4 Hours Full marks: 100

(n) Attempt any four questions.
(b)  All questions curry equal marks,
(¢} Figures in tho margin indicate full marrks for each question.

L. (a) State briefly tho relative advantages of atratifiod anmpling as compared 10
unstratified sampling. 4)
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pling with replacement whicl: ensures oqual
n u singlo draw, is more efficiont than un.

{b) Show that stratificd simplo aur
probabilities of xelection for each uni
stratified sampling with equal probability with replacement. (8)

(¢) Supposo thore aro two stratn, and lot ny and n bo the rospective numbor
of units to o sclected with equal probability with replicemont from thoso strata
to estimato tho population total. If & ix tho ratio of n)/n; to the optimum value
of nyjny for tho xumo total sampla niv.o.; viz., my+n., show that the relative
efticioney of the actual allocntion ns comparedd to that of optimum allocation is
not. loxy than. (13)

-

(@) Lot .X; cdenote the value of a given mensrure of sizo for the ith unit in the
populntion (i=1, 2, .., N). Show thnt tho following proceduro gives riso to
acloction of a unit with probability proportional to this mensure of aize: (10)

(i) select 2 numbers at randomn—one from | to N (aay, i) and the other from
1 to M (xuy, R) where M is tho maximum of the rizes Xj (§=1, 2, .., N)

(if)  xelect the 1-th unit if R  X;

(iti) reject the d-th unit if B > NX;and procead afresh starting from atep (i),

(b) Supposo one unit is acloctad with probability proportional to a given measuro
of size, and thon without replucing this unit, a xecond unit ia selected with pro-
bability proportional to the snmo mensure of size. Lot y; and yj bo the respective
values of theso units in respeet of the characteristio undor consideration, and
let p; and pj be the respective probabilities of seloction of the unita in tho first
draw. Show that the estimator.

N 1 [ v v
Y = P L=p L (1—p))
2=pi—p; L pi e
ir unhiased for the population total Y, W]
(¢) Derivo an unbinsod ostimator of the variance of the extimator given above. (R)

[Hint: B (y2) = 1" (y)+ Y2)
{a) If y and x aro unhinwnl eatimators of the population totals ¥ and X respec-
tively basedd on the anme set of samplo units drawn necording to any samplo dexign,

derive the exprensions correet to the second degron of approximation for bina
and monn squnre error of the ratio ostimator.

R=YX
x

for estimating the population total Y.
Stato elonrly the undorlying nssumptions and tho nature of the approximations (18)
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(6) Undor what condition(s), if any, in tho above ratio estimator moro ofliciont

than tho estimator ¥ in largo sumplosy (7)
4. (a) Describo bricfly tho advantuges and disudvantuges of multistago rumpling. (5)

(b) Suppose n fimt stage units are selectod with probability propurtivnul to a
given measuro of sizo with replacoment nnd from ench selected fimt stago unit
m second stngo unity aro solocted with equal probability without replacement.
Givo an unbinwd extimntor of the population total ¥ and derive an unbinsed
vatimntor of the varinnco of your catimator. (13)

{e) For n given cont €, find the optimum values of w and m which would minimisg
the varinnce of the above catimaor for the population total Y. Tho coat is given
by the formula: (7)

Coxt = Co+n Cy+nm C:

whiero Co in the fixed overhend cost, €y in tho vost per fisst xtago unit and €y i the
cost per second stago unit.

3. (@) Briefly enumerato tho sources of non-ampling  oreom in connuses  and
RUrveys. . (5)
(6) Inunuil enquiry, supposo out of n units solected with cqunl probability with
replacement, n) units respond in tho fimt attempt.  For muking apecinl efforts
to collect tho required information, let a snmplo with a wampling fraction f bo
selectod with oqual probability with replacement from the ny (=n~m) non-

reaponding units in the first nttempt.  Supposo that at this second attempt thoy |
all respond.

() Give un unbinsed estimator of the population mean Y. (5)

(i) Drivo the variance of the estimator, asxsuming '—'—’T—l ezl (8)
N

(i) Find the optimum valuea of n and f which would minimixe the varisnco
for a fixed cost C, tho cost function boing given by (7)

Cost = Cyn+Ca (1=p) n

where Cy is the cost por unit for the first attempt, C ia the cost por unit for follow.
up nnd p is the proportion of unita responcding in the first attempt in tho populution.

6. Writo short notes on tho following: (25)

(i) Optimum stratifiention,

(fi) Multi-phaso sampling
(iif}  Sampling on succersive ovensions
(iv) Cluster sampling

(v) Intorpenotrating (not work) of sub.xamplos
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PAPER IV AND V—DESIGN OF EXPERIMENTS, APPLIED (THEORETICAL)

Timo: 4 Houm Full macks: 100

53

Timo: 4 Houry

(@)  Attompt all questions.
(b)  AIl quentions earry equal marks.

23 varictios of roybean nro to bo texted in 8 blocks each of sizo 7, und ench varioty

being replicuted twice. Tho denign to ho employed for this purposo ia the ‘dual’ of
& balunced incompleto block design with parameters: =8, b=28, r=T,k=2. 2= 1.
Proparo a Inyout of thix design.  (Tho ‘dual” of a proseribod denign in obtained by
considering tho varicties ns blocks and blocks ns varietien in tho tho given design).
Doscribe how you would proceed (o annlyso the datn and obtain the estimates.of
varinnces of the different variotal contrasta.

. An experiment was conducted to study tho responses to five different lovels (10,

20, 30, 40, 50 Ibs. per acre) of nitrogen () on 3 varictica of potatoes (Vy, Vi V).
Tho design used is a strip-nrrangement (that is, a variant of the aplit plot arrange.
ment) whore the varicties nro the whole plot troatments whilo the levels of nitrogen
uro tho subplot trentmonts, tho arrangement being in strips across each replication.
Tho wholo experiment in replicated four times.  Indicato the approprinte snulysin
of tho data. How would ybu test for (1) the lincar as well as the quadratic effects
of nitrogen, and (2) the interuetion hetween the varieties nnd manurea?

To teat the effects of fivo different fortilizers 4, B, €, D, E an exporimont is to
be conductod with tho combinations of theso fortilizers cach nt two lovels.  Thero
combinalions are to ho nrranged in blocks of nize 8 auch that one four-fuotor and
two three-factor internctions are confounded in a singlo replicution. Tho whole
oxperiment id 10 Lo earricd out in such a wet of five replieations wo ns to uchiove
us much balunco ns possiblo over tho partinlly confourcled effects. Preparo a luyout
of this dosign. Duicuxy in detail how you would proceed to analyse the data nnd
teat tho different main effects and interactions,

PAPER IV AND V—VITAL STATISTICS AND POPULATION STUDIES
(THEORETICAL)

Full marks:

v

{n) Attompt uny four questions.
(b) Figurea in the margin indicte full narks for ench queation,

1.{a) Given for ench ngo x in tho reproduction span for a particular year:

F; = tho numbor of females
B.. = the total numbeor of births
I8, = tho total number of fomale births
Jipo = tho chnnce of survival from birth to ago ».

Show how to ealculato (i) female groas reproduction rate, (i7) fenalo not reproduction
rato, and (i) overall (or crude) fomale fertility rate. (s
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() How would you modify your calculntions of (i) und (i) if only tho following
information is availablo by quinary age groups for the ages 15.44 years: numbor
of fomales, total numbor of births (male plus fomale births), the overall sox-ratio
at birth, and the chanco of survival. . (10)

. (@) What uro: (i) a stablo populasion, (i) a stationary population? U]

(6) Dovolopo the Lotka formula for the intrinsia rate of natural incronso in a
stablo population. R (18)

. (a) What aro the differont typos of orrors that occur in populution consusos?

Illustruto with spocial roferonce to the Consus of India 1931, 1941 and 1951, (12)
(5) Outline a schome for a samplo chock of population census data with particular

referonce to Indin. . (13)
4. (a) What aro tho doficioncois of the vital registration systom in India? (10)
(b) Give, in briof, 8 schomo for obtaining birth and doath rates in India through
u ramplo survey, with particular emphasia on the procodure you would adopt to
control both the sampling and the non-sampling errors. (15)
5. (a) Explain briofly two important mothods of population projection with proforma
of working sheots. {15)
(6) Namo the important population projections made for Indin during the poriod
1951-60 and make a critical roviow of at lonat ono of theso projoctions. - (10)
6. Write short notes on any tuo of the following: (25)
() UN Model Life Tables
(1i) ‘Convontional’ and *True’ infunt mortality rales
(i5))  Standardized mortality indices
PAPER [V AND V—THEORIES OF INFERENCE (THEORETICAL)
Time: 4 Hours Full marks: 100

() Attempt any four questions.
(b) Al questions carry oqual marks.

State and prove the Rao-Bulckwell Theorem and point out its importance.

Lot X) < X3 < X3 € Xy < X; bo tho order statistics of a random samplo
of size 5 from tho roctangulur distribution ovor the intorval (0, §). Show that
2 Xy is an unbinsed estimator of 0. Dotermine the joint probability donsity
function of X3 and the sufficiont atutisite X5 for 9. Find the conditional expecta-
tion B (2X,/Xs) = ¢(X;5). Compuro the varinncoes of 2 Xg und 8 (Xs).

. By tho method of inverso probability obtuin tho posterior probability distribution

of tho standurd dovintion o of n normal population with unknown mean g,
usuming tho prior probability distribution P (dudo/11) & """innu show that it

oonforms to the f-distribution.
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Show that in lnrgo samples the results givon by the mothods of inverse probnbilil.y
and maximuni likelihood ure indistinguishablo in spite of any arbitrariness in the
wssumption fo prior probability distribution of unknown paramoters.

3. What do you mean by ‘bins’ in stutistical tests?  Dofino unbinsod eritieal rogions
of Typo Ay and whiow how to obtain such regions when they exint,

Examino whother it is possible to obtnin Typo Ay tost for lesting Ilg 10 = ay
agninat lle: 0 e L 0o,
for the normul population with known mean # wnd unknown 8.D. &
4. Exphin the role of the OC and ASN functions in soyuential test procedure.

Derive exnet expressions for the OC function and the ASN function of a gonoral
sequontinl probubility ratio test, proving tho mnin results you omploy.

3. Exphiin the concept of a ‘docivion function’. How will yon chooro betweon altor-
native decision functions?

Lot a singlo tria! bo mado on un ovent with probability p. Let x donote the
number of successes x=0 or 1. If the lors function is

(p—p?

p(l=p)
whore ‘;; represonts an estimate of p, obtusin the minimax estimator of p.

) 6. Show how tu obtain distribution frce consistont estimutora of the percentage points
of a distribution.

What is Wilcoxon's T-test?  Stuto its optimum propotios und discuss its asymptotic
efficiency.

PAPER 1V AND V—GENETICS (THEORETICAL)
Time: 4 Hound Full macks: 100

(1)  Attompt any four questiona.
(3) Al questions earry equal marks.
1. Deneribe how a diseriminant function for soloction with respect to un nasignod

commereinl value of an individual can be computed when multiple monsuromonts
on u wmt of individuals and their progeny are availublo.

Indiento hiow oxactly such a discriminant function is used nwnd what ure the
advantages wasocintod with it.

2. For u populntion segregating for two nllolon ‘A, a, oxmnine the consoyuences of
continued brother-sistor mating, starting with givon initinl frequoncies of the
genotypos AA, Aa nnd aa.

3. Suppuso thore sre two linked loci with gones {4, ) and (B, b). Write down the
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tho probabilities for tho four phenotypic clanwes into which the offaprings of the

mating.
Ab A h)
(n B ) X ( a B
may be classificdl.  If data for matings of the type
A u) (.4 B AB ( Ab )
(.Tb‘ X :5) ond (:ra') “\aw

ure availuble, how do you test the hypothosis that linkago betwoon the factors
in aamo in both the aituations,

. Given tho data on M, N blood groups of parenta and their children how do you
proceed to investigate tho inheritance of thin aystem of blood grousp?

Show how the data on M, N blood groups in a population enable us to examine
tho extont of inbreeding presont in the population.

v

. Suppose there is u fuctor with alloles (4, a) A being complotely dominant over a.
The problem is to dotermine whother a given individunl ia AA or Aa, nnd wo *self*
and oxamine the progony for recewsives, 1low many offuprings should be examined
to kecp the orror of cluwifying an Aa individual as A4, bolow 1 in 1000,

Given the frequoencies of the four phenotypic clarses
AB, Ab, aB, ab

obtained by the backeross mothod to study linkage between the fuctors A and B,
explain how the total X can be prtitioned into 3 individual degrees of froedom
to atudy segregntions of individual factors and linkage botween fuctors.

6. Givon the genotypic values for A4, Aa, aa aa 1, 0, -2 respoctively, compute the
corrolation of parent and offupring atarting with a population

prAA + 2pq Aa + qaa
and ohtaining tho progeny by selfiing.

PAPER VIII AND IX—ECONOMIC STATISTICS (PRACTICAL)
Time: 4 Hours . . Full marks: 100
{a) Attempt any heo questions.
(6) ANl quostiona carry oqual markn,
1. Supposo the following pr;)blem is givon. How would you roformulate it ns a
problem of linear programming?
‘Lot tho Indinn economy bo considered as conwiting of tho four soctors:
Sy ¢ banic investmont goods
8; ¢ factory consumor goods
83 : houschold industrica (including agricultnro), and

8¢ i sorvices,
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It has beon dotermined on the badis of somo studies that the income investmont
rativs in tho abovo sectors ure rospoctively 0.20, 0.35, 1.25 and 0.45. The
capital requiromenta per omployed porson in tho sectors are Rs. 20,000, Rs. 8,750,
Ra, 2,500 and Ry, 3,750 rexpectively. Tho Planning Cominsion dosires that the
ndditional employment in the houschold industrioa sector and sorvices soctor
should not together excoed 9 million. Further tho Commission has the infor-
mation that tho additional employmont that would have to bo croated during
the Plan ;'mrio.l will not exceod 11 million. Given that tho total rosourcos available
for investment during the period is less than Rs. 5,600 crores, suggoest an optimun
invostment plan for the Planning Commission.

Using tho data of Tablo 2 below estimate the constantn a, B of tho demand
function, ’

_ ak .
Q E+§'b>0'

Obtain the avorage Engol olusticition for the expenditure groups Ra, 0-15 and
Ra. 24.34,

Monthly consumption por capita of coreala in rural Indin
by clusses of total oxponditure por eapita
per month, 1955.56.

monthly population total monthly
per capita (porcontngo) expendituroe per enpita
expenditury por capita consumption
classes . por month (E) of coreals (Q)
(Ra.) (Rs.) (scors,
0— 8 15.57 6.27 12.60
8—11 18.07 9.41 14,69
11-13 - 12,23 11.97 17.35
13—15 9.30 13.96 18.83
15—18 11.35 16.52 24.78
18—21 7.02 10.59 28.78
21—24 7.03 22.36 22.85
24—28 5.12 25.73 23.58
2834 4.00 30.54 24.06
34—43 4.35 37.54 25.47
43—55 2.08 46.30 31.82
35 and over 2.24 81.05 46.60

Tho following tablo gives an estimato of tho size distribution of income in Indin
during 1955.56. Draw concontration curvea for the distributions of pre-tax income
and post-tax incomo. Study theso curves carefully and soe whother direct taxation
accentuntea or red tho in inoquality,
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Estimates of income by income groups, Indin, 1055 58.

monthly number of annual per capita incomo (Rs.)
pro-tax income porons
per eapita {(millions) pre-tax post-tnx
(Rs.) incomo income
Under 10 96.7 96.1 96.1
10—15 107.01 149.8 149.3
15—20 66.3 210.2 208.3
20—25 40.2 264.4 261.7
25—30 23.7 323.6 319.8
30—40 24.4 408.2 103.3
40—450 1.2 528.68 522.3
50—060 4.2 640.3 623.2
40—70 3.9 769.2 761.5
70—380 2.:1 833.3 802.5
80—100 2.8 1060.7 1050.0
100 and over 1 2449.0 2237.3

g
S| =
o

all classea

PAPI-.iR VIIT AND IX—STATISTICAL QUALITY CONTROL (PRACTICAL)

Cime: 4 Hours Full marks: 100

(@) Attompt any {wo gioatipna.
"7 (b) AL questions carry oqual marka.
(¢) Uso of calculating hine is pormitted

1. Work out the single sampling plan that would minimixo the averago amount of

inapection givon
N = 10,000, AOQL = 6.0 porcent
» {proceaa averago) = 3.0 porcont

Draw the OC-curve of this plan. (50)

. In order to study a filling operation the process wua visited every hour and during
each visit weights of four randomly choson empty tins (taro woight) and four

filled tins choson at random from those filled during the preceding hour (gross
weights) were taken,
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The avoragos and ranges of thew wauploa are given in tho following tuble:

Gross weight Taro wWoight
samplo X R samplo X R
number number

1 595 1 1 25 4

2 590 27 2 97 7

3 H93 41 3 1 5

4 695 16 4 03 14

5 500 18 5 95

[ H84 8 6 94 10

1 588 0 7 o8 3

8 391 23 8 94 [

9 600 8 ] 96 3
10 597 13 10 al L]
n 595 40 1n 92 11
12 596 21 12 95 7
13 592 13 13 24 9
14 588 17 14 28 5
15 593 45 15 23 3
10 592 14 i6 00 4
17 601 n 17 04 7
18 606 10 18 92 4
19 610 12 19 90 7
20 605 14 20 93 4
21 613 13 21 95 L]
22 607 17 22 99 7
23 612 17 23 23 10
24 606 21 24 01 11
25 600 14 25 04 13

Eatimato the natural variation for tho tare and gross weighta.

Tho production in chargo contends that tho filling operution noeils no improve-
mont and all the troubles horo would be solved if only he can got more uniform
tine. State with ronsona, whother you agroe with him or not.

What is the oxisting variution in the not woight of tina? If this is dosired to bo
halvod how much reduction should there bo in the avergo rango of gross woights
assuming that it is not possiblo to reduce tho variation in the tnre woeighta? (50)

. Tho outsido dinmetor of a base plug after knurling is known to bo dopendent on
tho value hoforo knurling. To study ite actunl rolationship, moasuroments wero
takon on 50 randomly cheson itoma (over a period of 3 days) before and after
knurling, which are given below in suitablo unita.
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samplo befero aftor smmple Lofore aftor

number knurling  knurling number  knurling  knurling
] 498 58K 1n 478 593
2 482 586 12 403 805
3 506 Goo 13 498 583
4 493 580 14 520 605
5 408 565 15 503 580
[ 478 560 18 408 495
7 505 500 17 510 a02
8 492 A72 18 472 563
9 482 583 19 543 G44
10 400 488 20 522 615
21 413 496 36 495 348
22 453 502 37 535 607
23 483 580 ki3 502 590
24 104 558 39 108 320
25 528 578 40 523 606
26 413 495 41 456 515
27 486 566 13 465 540
23 404 480 43 450 A0
29 508 a4 4 518 393
30 495 592 45 453 587
31 500 570 46 450 493
32 400 525 47 508 592
33 488 570 48 475 570
34 460 478 49 523 593
35 508 600 50 472 576

Tho produetion-in-chargo wishos to know: *If the diamoter after knurling is to
be contained within 5350450 units, within what limits rhould the valuo be hold
boforo knurling' t  Analyso the data and establish the required limits. Stato
cloarly the assumptions involved in arriving at your answer. (50)
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Time: 4 Hours Full

1

PAPER VIII AND IN—SAMPLE SURVEYS, APPLIED (PRACTICAL)

marka: 100
(@) AN questions carry oqunl marka.
(b) Uso of enlculating machino is pormitted.

Either,

Duta on small sealo manufucturcs and handierafts will have to bo collocted in a
sumplo of establishmonts in a given sumplo of (106} consun) blocks in the urban
arons of Indin. Propuro nocossary schodulos for difforont stagea of fiold work
and write down nocossary instructions for tho guidance of tho investigators.

Also, preparo an cstimate of field ataff roquired for tho survoy (nssuming that
tho dotailod enquiry is to be conducted in 10,000 eatablishmonta wpread over 1001
tons).

Or,

Tho object of a samplo survoy is to study some important sspects of production
in the small industry woctor. Prepure blank summary tables which in your opinion
are of fundumental importance for such a study. Dotail out the itoms of infor-
mation nozessnry for this purposo in a suitnblo schodulo.  Also write down nocossury
instructions for the computers for acrutiny and compilution of data,

Also, propure an estimate of computation-staff required for the purposo (sssuming
that tho samplo is self-wuighting) if the sample size ix 10,000 (ostablishmonts).
Enclosure I shows the populntion (in hundreds) of differont wards of the towns
in a cortuin arca. Tho twons have boen grouped into five strata, indicatod by

A, B, C, D and E in tho enclosure.

Uning wards as tho sampling unita, draw (with full oxplanatory notes) two different
random samplos, each of size 32, by following tho two mothods montioned bolow:

(4) Simple random samplo from tho whole of the urban aren

(b) Stratified simplo random aample with uniform asmpling fraction using the
steata a8 indicated in tho enclosure.

All tho samplos are to Lo drawn without replacoment.
Preparo oatimates of pupolution total on the basia of these samplos.

Computo tho varinncos of thowo eatimates and compnre the relutive efficiences of
thess mothods of nampling.

Also find out the ostimate of thowo variances from your sumplos.
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Enclosure |

Population of difforent wards of the towns in the given aron.

rorial number ward  population worial numboer ward  population
of town number (00) of town numbor (00)
(1 () (3) (O] (2) 3)
Stratum—A
I 102 Stratum—D
11 120 .
II 33 I 540
1v 31 1I 187
v 36 11 247
- IV 496
1 20 1 \Y 433
11 31 VI 674
11 28 VIl 159
v 20 VIII 637
v 47 IX 351
Vi1 28 X 313
2 Vil 34
VIIL 47
IX 48 Stratum—E
X 40
XI 62 I 5l
XII 10 1 11 41
1 67 I 24
3 I 24 v 24
11 31
1 305
Stratum—R 2 1 217
188 111 104
1 11 238
111 188 }l 97)
70 L]
}[ “3 3 I 68
2 11 151 v 0
v 106 v 145
v 53 VI 112
i I ol
11 122 I 54
4 111 303
3 111 51 v 148
v 121
Vv 45 "
fo 1 259
v b 1 49
N 5 I 23
Mmu;m—c a3 it 16
11 107
1 11 102 1 17
v 170 o I 40
v 396 ji¢ 43
T 237 v 27
11 242
2 ar 219
v 224
\ 179




PAPER VII{ AND IN—SAMPLE SURVEYS, THEORY (PRACTICAL)
Timo: 4 Hours i Fall marks: 100

(a)  Attempt all questions.
(8) Al quostions carry equal murks.
(¢) Uso of enlculuting machino ix pormittod.

1. Supposo a survoy is to bo conductod to estimato the numbor of litoratos in a town,
The following rough ostimates nro available for plunning the survoy:

total . porcontago
ity bor of of
porsons litoratos
C 60000 40
C, 10000 80
Cs 30000 60

(¢} If u stratified simplo random eumpling dosign is to bo adopted with commu.
nities as strata, suggost the ‘bost' allocation of the fixed samplo size of 200 pemons
over tho struta.

(b) Assuming the above figures us tho actual figures, caleulate the variances of
the estimutes for stratifisd and unstratified sampling and henco find the gain due
to stratification.

2. In order to got 8 quick estimate of the yiold rate of puddy in an agricultural farm,
10 paddy plots woro sclected with probability proportional to aron with roplice-
ment from a total of 25 paddy plots with a total aren of 4.00 acres and from ocach
selocted plot u eircular cut of 4’ radius was located at rand (The )

of cuta tuken from any samplo plot wag exactly tho samo as tho number of timos
it waa sclocted). Tho crop within the sclocted circular cuta wus harveated and
woighed.  \Vith results given below, estimate tho yield rato of paddy (in mdafacro)
und also tho standard error of tho estimate.

sorinl aroa in acros of

number of plot in which yield in

circular cut cu is locatod tolas
1 0.21 91.7
2 0.4 150.4
3 0.15 7.0
4 0.36 65.56
5 0.30 102.8
[) 0.18 84.5
7 0.21 9.2
8 0.12 74.7
] 0.30 108.8
10 0.17 88.1
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f
PAPER VIII AND IX—DERIGN OF EXPERIMENTS, APPLIED (PRACTICAL)

Timo: 4 Hours

(a)

Attompt all questions.

Full marks: 100

(b) Figures in the margin indicato full marka for ench quoation.

(2

Uso of ealeulating machine is pormitted.

1. Tho following tablo gives the plan and yields of an oxperimoent In turmerie with
threo ‘cquidistant’ lovels of nitrogen (ng, ny, n,) phosphorua (pe. pi, pa) and

potash (Ko, k), k).

tho blocks are xhown aa columnas.

given in hracketa,

Thero aro four replications with threo blocks in ench replicato;
Tho different troatment combinations are
The symbol (uvw) denota tho treatmont combination (ny pe k).

Carry out an approprinte analysis of tho datn and teat for the linoar as woll aa
qundratio effocts of tho fortilizers.

(012)
(123)
(220)
(202)
(101)
(021)
(000)
(110)
@1

(101)
(210)
(221)
(000)
(112)
(o11)
(120)
(202)
(022)

Yield of raw turmoric in Ibs, por acre.

Roplication I

(201) 53
(121) 41
(210) 35
(011) 49
(112) 5
(100) 7
(002)
(222)

(020)

B
o= o -

&

Replication 11T

(020) 29
(211) 35
(121) 28
(110) 38
(222) 30
(0o1) 51
(012) 39
(102) 38
(200) 36

(11
(102)
(221)
(oo1)
(010)
(212)
(022)
(120)
(200)

(220)
(122)
(100)
(201)
(010)
(111)
(002)
(021)
(212)

Carroctod sum of squares:
Total =15346.63
Replications=2001.67
Blocka (within roplications) =5#380.74

867
59
n
G4
63
48

52*

36
43

30

53

(21
(220)
(102)
(201)
(000)
(022

(212)
(o)
(110)

(112)
{121y
(010)
(022

(100)
(et
(202)
(oo1)
(220)

51
45
42
44
52
41
37

40

48
42
54
38
50
39
46
45
37

Ro})licn!ion 11

(100)
(012)
(210)
(221)
(202)
(020)
(11
(001)
(122)

(020)
(002)
(221)
(122

(001)
(212)
{200)
(101)
(110)

43
48
49
44
33
32
23
41
33

Replieation IV

58
41
25
10
59
317
49
42
41

(010)
(120)
(200)
{021)
(211)
(222)

(ov2) 2

(112)
(101)

(222)
(@n1)
(012)
(2t0)
(000)
(1)
(120)
(102)
(021)

(60)

24
52
50
33
02

51
61
40

2. ‘The following tablo gives tho plan and yiold of cotton for a PBIB dosign with
paramoters v=b=15, r=k=4,

A=

0, =1

Analyso the datn and eatimate the variancos of the differont variotal contrasts. (40)
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Plan and yiold of cotton in a PBIB Donign (varioty
number is shown in bracket)

Llocks variety ond yiold

1 (15) 24 (9) 25 (1) 26 (13) 20
2 {5) 27 (7) 28 (8) 24 ()27
3 (10) 28 ()28 (14) 24 (2) 22
4 (15) 34 (1) 31 (2) 21 (3) 28
5 (8) 91 (15) 33 4) 33 (1) 20
6 (12) 24 () 32 (3) 29 (1) 30
7 (12) 32 (14) 25 (15) 24 (8) 28
8 (o) 23 (3) 23 (14) 24 (5) 27
9 (5) 2% (1) 28 (@) 26 (13) 25
10 (toy 25 (12) 27 (13) 28 (6) 26
1n L(9) 26 (726 (10) 23 3)24
12 (8) 27 (6) 27 (2) 23 {9 26
13 (3) 30 (9) 38 (11) 32 {12) 32
4 (7) 30 (13) 28 {14) 24 (11) 25

15 (10) 24 (4) 25 (8) 32 (1) 3

Total corrected S§=2303.583
Ansocintion paramoters:
M=0 =1 =12

n =2, n

') = 1 o0y (g, N = 02
! (o l‘.’) “rf (2 9)

PAPER VIII AND IX—THEORIES OF INFERENCE (PRACTICAL)

Time: 4 Houra Full marks: 100

(1)  Attompt all questions.
{b)  All question carry oqual marks.
(¢) Une of caleulnting muchine is pormitted.

1. In a chemicul process it is vory important that a cortain solution to bo used aa
A reactant has pH losa thun or equal to 8.30 and the solution is dofinitely of
no uso if the pH oxcoods 8.33. A mothod of dotormining pIl is available wlich
for solutions of thin type ia known to give measuroments which aro wpproximately
normal with a atandard deviation of 0.02, In order to muke a sample inspection
of the quality of the product, manufncturer adopts A soquentinl pobability
ratio tost of strength (a. B) with Mo = 8.30 and H, = 8.33. Supposo that the
rojection of ono wingla conai t of tho products entails a loss of 100 rupecs,
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and that a single dotormination of the pH factor costa 0.1 rupee. Find out
npproximately tho averago monotury cost incurrod by the manufacturor due to
sumpling inspoction and rejection of consignmonts when tho real pl{ valuo is 8,20
and (z, B) havo the following difforent values:

(0.05,0.01) (0.10, 0.03) (0,13, 0.05).

Find out alxo in eich of tho above cascs the cost involved if the producer adopta
the oguivalont Neyman Pearson proccdure.

2. Tn a study which teeted ths equipotontinlity thoory, Ghiselli compared tho lonming
(in a brightnexs.discrimination task) of 21 normal ruts with tho rolearning of 8
postoporative rata with cortical lesions. ‘That ia, the number of triuls to reloarn-
ing required post.operatively by the 8 E rats was parad with tho bor of
trinls to lourning requiredl by tho 2t C rats. Tho results are given in the table
below. Uso a suitable non-paramotric teat to oxamine whothor the two groups
of animals diffor significantly in thoir rate of loarning (reloarning).

Triala to loarmning {reloarning) required by E and C rate

Frata . Crata - C rats (cont.)
20 - 23 24
A5 . 8 15
29 24 21
24 15 13
15 8 18
56 6 L]
3l 16 22
45 15 15

21 14
23
16
16

PAPER VITI AND IX—MATHEMATICAL THEORY OF SAMPLING

DISTRIBUTIONS (PRACTICAL)

Timo: 4 Hours Full marks: 100
{a) Attompt all questions.

(6) All questiona carry oqual marksa.

1. The following moasuremants have been takon on two trivariato normal distributions

Population T Population 11

x 22 zy xy N xy
121 k) 254 . 132 1 249
108 80 300 123 74 316
122 87 223 129 06 319

7 14 200 131 67 310
140 il 201 110 06 268
108 57 245 125 87 217
124 52 242 120 102 300
130 89 242 130 104 270
149 a1 271
129 2 208
154 87 244 -
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Caleculnte tho value of the statistio
33 .
D = ‘_\_:, S wil (21 —2ig) (Bj1—2j2)
=1

whero [wif] is tho matrix reciproeal to {wj;} the diapersion matrix eatimated
from the two samples togethor.

Under tho hypothasia that corresponcding population means of tho variatos are
oqual, find tho probability of gotting a valuo of D2 oqual to or larger than the
above value.

2. Draw 20 samples of nize 5 from s normal population with moean 1 and varinnco
unity. Cualounte

2—1
S

for onch sumple, B and S2 boing tho mean und sample variunce. Find tho moments
and dotormine what Pearsoninn typo curvo could be fitted to the sampling dia-
tribution of u.

PAPER VIII AND IX—PSYCHOLOGY AND EDUCATION (PRACTICAL)

Timo: 4 Hours Full marks: 100
(a) Attempt any three quostions.
(b) All questions carry equal marks.
(¢) Uso of calculating machine and statistical tables ia permittod.

1. The following data on a samplo of 40 students taking Mathematics papor of an
Engincering Admission Test is available (full marks=100)

sorinl scOres in  scores in total sorial acores in  scoros in  total
number Ist half  2nd half number 1st half 2nd half
1 23 10 42 21 20 23 43
2 40 41 Rt 22 26 25 51
3 20 35 55 23 13 19 32
4 25 28 53 24 23 39 62
5 20 20 55 25 35 28 63
6 41 36 77 26 33 47 80
7 25 23 48 27 34 32 G6
8 35 32 617 28 25 27 52
9 35 38 73 20 35 26 61
10 ki 43 79 30 19 28 47
11 30 24 64 31 25 15 40
12 35 44 79 32 40 37 77
13 45 34 0 33 25 18 43
14 30 27 57 34 20 28 48
15 35 37 72 35 33 39 72
10 38 41 79 36 35 27 62
17 34 34 a8 37 35 34 1}
18 27 38 065 38 30 38 [}
19 33 37 70 30 a8 30 68
20 26 38 64 40 23 34 57
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1t is roquirod to calculato the rolinbility cocficiont for tho total test by the split-
hnlf method uning the Spearman.Brown Correction. Computo the stundard error
of measurement for this toest.  Estimate the reliability this test would havoe if it
wero applied to a group whoro scores had n stundard doviation (u) half that of
tho originnl group und (b) doublo that of tho original group.

. Tho intorcorrolation matrix of marks of 7439 stulenty in oight major school subjocts

of the 1957-oxaminution is given bolow:

Eng. 1 Eng. Il Beng. 1 Beng. Il History Geo- Sanskrit Mathe-

gruphy matics
Eng. I —_ .70 48 4D .63 Kt .57 .50
Eng. II .70 —_ AT .48 49 .45 .h3 .51
Bong. I 48 A7 _ .49 A7 .36 .50 K1l
Beng. II 49 .48 49 — 42 41 52 .43
History .53 49 .47 A2 —_ 47 .5l 45
Geography A8 A5 .36 .41 AT - Y .56
Sunskrit .57 .53 .50 .52 .51 A9 —_ .58
Muthematica .56 .51 41 .43 A5 .50 .08 —_

Extract three centroid fuctom using highost corrolation in ench column as the
estimated communality.

Rotate the factor axes orthogonally to obtain a simplo structure and positive
manifold and interprot the factors.

(1) following dutn ropresont the rankings of threo judges (4, I and C) according
to mechanical ability of oight persons Py, Pi, .., Pg:

Judges Py Py Py P, Py Py Py Py
A 7 4 2 ¢ 5 3 1 8
B 4 2 1 7 [} 3 5 8
c 7 2 1 J 4 5 3 8

Calculate the coofficiont of concordnnce among tho judges anl test for its signi-
ficance. In caso of significunt concordunce, combino tho rankings to cstimate the
truo ranks of the porsons.

(b) At tho beginning of tho school yoar the moan scoro of a group of 65 sixth.
grido children upon an educntional achiovemont test in rouding was 45.00 with
a standard deviation of 6.00. At the end of the achool your, tho mean scoro
on an oquivalent form of tho samo test was 50.00 with a standard doviation of
5.00. Tho corrolation betweon acorea made on the initinl and final tosting was

" 0.80.

Doos toaching in the school inprove signiGeantly the porformance of studonts?
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4. (@) Tho following is u frequoncy dintribution of murks acored by 1068 studonts
of & School Final Exuminntion in English Prono: Text and Grammar, Carrying
full marks 100,

marks

froquency

00—09 84
10—19 334
2020 825
30—3Y 1560
40—48 1466
£0—59 591
060—GY 94

. 70-—-79 3
total 4908

Compute the mean and the standard deviation of the seores ebtained by

(i} the top 23 porcent of tho eandidntes
(13) tho middlo 50 porcont of the candidates. .

(b) Four probloms, A, B, C and D have hoen solved by 50 percont, 80 porcent

70 porcont and 80 pereent respoctivoly of a Inrge group. Compare the difference

in dificulty botween A and B with the differonce in difficlty botween C and D.

(¢) Considor 100 studonts taking an examination, on the rosulta of which thoy

uro to bo classified into five sub-groups P, Q, R, S, and T so that tho range of

ubility in each aub-group is oquul. On the nssumption that the trait mousured

by tho exarination is normally distributed, how many students are to be pliced
in respective sub-grups?
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