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PAPER I : THEORETICAL STATISTICS, GENERAL
Time : 4 Hours Full marks: 100

(a) Attempt any five quostions.
(b) AIl questions carry equal marks.
(€) Uso of calculating machines is not permittod.
1. Givo an idca of tho usos and tho limitations of (i) avcrsges, (ii) standard
‘rrors, in summarising exporimontal data.
An experimontor wishos to compare two mothods of feoding shoop. He finda
.hat ono group or fifty randomly solectod animals fod by the first mothod, has a moean
.tereaso in woight of 13 Ibs., with standard doviation 3 tbs. while a eccond group of
lifty fidd by tho sccond mothod has & moan incroass in weight of 29 lbs. with a standard
“oviation of dlbs,
Explain how ono can nuko valid comparisons hotweon tho two mothods on
tho basis of the above data. What is your inforenco ?

2, In a gamo of Badminton betweon two players, the ssrver scores a point and
-erves again if ho wins a rally; but if ho loscs a rally, tho score remains tho same and
tho other player sorves.

Assuming that two players A and B are oqually matched and that nc ono is
placed in an advantagoous position comparod to the othor in regard to sorvico, find .
ho prubsbility that » rallira will bo playnd beforo the scorcs changs und Lence find
ho expectation of r. .

If A is sorving, what are the probabilitios that

(i) A will bo the first to win a point and
" (ii) B will bo tho first to win a point.

3. (a) ¥ = az+by and v = axr—by whoro x and y reprosont doviations from
.h¢ means of two measuroments on the same individual. Tho correlation coofficiont
botwoon z and y is . If u and v aro uncorrelated, show that
-
Oy 0p == (u2+b3) 0z oy W1 —P2
(b) What statistical tools would you uso to tost tho significanco of an obsorved
valuo of tho corrolation coofficiont ? Stato cloarly tho undorlying assumptiona,

4. Stato what mothods you would apply to test tho significanco of tho differonco
n tho following cascs. Cloarly stato and oxplain tho validity of assumptions which
vou find nocoasary to mako about tho paront populutions. Discuss both tho cases—
a) largo and (b) small samples,

(i) Tho ifforonco of pLolwrtionu btainod from two indopendent ples,
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(ii) Tho differenco of meany of two indvpundunt samples takon from populations
of known oqual variance,

(iii) Tho difforenco of moans of two indopendont samplus taken from population
of tho sumv, but unknown, varianco,

{iv) Tho diffurenco of two sots of measurumonts made at difforent timos but on
tho samo individualy.

5. Expluin how you would obtain the significanco lovels for ¢ and X7 from ¢
tablo of significance lovols for tho varianco ratio F.

Two groups of four young mulv rats aro chosen from two difforent littors. In
ocach g;oup of four rats, ull rocoive tho eamo basic diot, and two choson at randomy
from cach group ruceivo a daily doso of a vitamin concontrato. Show how you would*
carry out an analysis of vurianco on their wuight increnses ovor a given poriod fm;
witing tho difforonco botwoon tho two diots and oxplain tho sources of variation usod(
to ostimato the orror for tost of significance.

6. (a) What is mcant by an intorpolation formula? Montion tho essumnption:
involved in duriving an intorpolation formula.

(b) Derive Nowton's dividod difforonce formula and henco obtain Nowton
Forward difforonce intorpolation formula.

(c) Undor what situation is this formula usoed ?

7. (a) J{ow and undor what conditions can tho bionomial distribution Lo approxi
matod by Poisson's distribution ?

(b) Show that for a Poisson variato tho moan eyuald tho varianco,

(c) Show that tho sum of two Poisson variates is o Poiuson variato.

PART I[ : APPLIED STATISTICS, GENERAL
Timo: 4 lours ’ Full nuarks : 10

(8) Anewer all quostions.
(b) Al quostions carry oqual marks.

1. Either,
Duscribo suitablo sampling ‘franws’ for tho following samplo survoys ;:—
(i) for a working class and middlo class family budget enquiry in a city lik
Caleutts or Bombay, and
(ii) foc ostimating yiold por acro of winter paddy in & major rico-growing stali
Give reasons for the choico of your framo in profurenco to tho othor altornative
or,

It is dosirod to luct o plo survoy to vstimalo tho extont and nntw
of unomploymont in Culcutta city. Doseribo what samplo design you would recor
meond to obtain valid ostinutos at minimum cost, What jtems of information woub
you liko to includo and what ultimato rosults would you like to prosont ?

3. Either,
Montion the nums of uny one of the Indisn publications whore statistit
rolating to (i) Industrin! production and (ii) Foroign trade of Indin are available, Swt
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also tha methot of collection and compilation, periodicity of publication, the
authorities publishing thon and broad item coverago inctuded in thoso publicationx,
o,

Doecribo tho functions of the Central Statiatical Organisation and the National
Sample Survey Directorato of ths Government of India and their functional rolation-
ship with other dopartments of Central and State Governmenta and other inatitutiona,

3. Describo tho importanco of prico atatistica in tho oconomy of a doveloping
country from tho point of viow of plan balunces, giving the soveral uses to which such
statistics could bo or oughit to Lo put to. Discuss thoe availubility, limitations and
improvomonts, if any, nrodod in such prico atatistics with referenco to Indin,

4. Either,

Dencribe  King's mothod of constructing an abridged lifo table, Deduco
approximato relation betwoen my and g stating clearly tho assumptions made.
N1,

Describo any suitablo mothod of predicting futuro population of India and
iliscuss ita limitations. Would the mothod you describo bo oqunlly applicable to the
States or to solectod citios ! Give reasons.

5. Either,

What aro the advantages of a ‘Fuctorial oxporiment' over the ‘Singlo factor
sxpdriment’t  Explain the purposo, of ‘Confounding in factorial experiments’, Tlus.
trato your point by considoring a 23 oxperiment in which tho highest order interaction
has boen confounded.
0r,

What is moant by an ‘Incomploto Block Dosign® in design of oxperiments ?
\Vhat aro thoir advantagos ovor othor designs *  Deseribo with a simplo suitablo oxamplo,
the procodure you will adopt for analysing tho data of a balanced incompleta block
-tutign and givo tho structure of tho analysis of varianco table.

6. Either,

What is genotical linkage and how docs it help ue in preparing autosomal
maps ? Indicato broadly tho statintical mothods by which wo can (i) dotoct and
(ii) estimato linkago In woll known types of genetical data.

Or,
Deseribo briofly tho method which is adopted for standardising a given tost.

How do you proposo to scalo differont individuala whoso ecores are availablo in a largo
numbor of tosta ?

PAPER III : STATISTICAL INFERENCE
Timo : 4 Hours Full marks : 100

(a) Answer Question 7 and any four of tho rost.
(b) All quostions carry oqual marka.
1. What is tho justification, if any, of the principlo of unbiased minimum varianco
oatimation ?
Dofino a sufficiont statistio. Explain briofly how tho principlo of sufficicncy
ean sonotimoa bo used to obtain unbiased estimato of uniformly minimum variance,
and giyo an oxamplo of tho mothod.



3, What is a confidonco intervat? Supy that a plo of n indopondor
obsorvations is drawn from a continuous but othorwise entirely unknown population,
Lot X< X3<...<Xn denoto tho samplo valucs arranged in asconding order of
magnitudo. Show that, for any ¢ and j with i<, (X1, X)) in a confidenco intervat

for the population median. Mow would you chooso § and j?

3. Deofine the term ‘uniformly most poworful unbinscd test of nizo a' and atate
conditions undor which such a tost oxists.

Supposo that n independent Bernoulli trials aro carried out, the probabilities of
success and failure in each trial boing # and 1~6 respectively, where @ ia unknown,
It is dosired to test tho hypothesis 8 = 1/3 againat all alternatives, How would you
construct a uniforinly most poworful unbiasod test ?

4, Show that if a sufficicnt statistics exista, it is a function of the maximum
likelihood estimate.

Vorify this property for tho cstimation of the parameter ) of the Poisson dia
tribution

Az
r\ﬁ. z=0,1,...

5. Give two examples of composito hypothescs. Stato a sct of sufficient condi.
tions on the parent distribution so that it should bo poasible to conatruct similar rcgmm
for tosting & composito hypothosis with ono degreo of froedom. Examine if these
conditions hold for tosting tho hypothosis ¢ = 0 about tho standard doviation of &
normal population with unknown mcan . In this caso how would you procecd to
chooso the best among the similar rogions ?

6. What ia a locally most poworful and unbiased test ! Find a sot of criteris
for the construction of such tosts. What would be the locally most powerful and
unbiased test for tho hypothesis s = po about a mormal population N(g, 1)?

7. A doctor at a cortain hospital asked 100 lung cancer paticnts and 100 cases
of bono fracturo whether they were heavy smokors, with the following result :—

[ Lung Broken

Cancor Bones
Jeavy amoker - 85 23
Not a heavy smokor 15 85
Total 100 100

Statistician A says that these data prove that smoking is a causo of lung cancer
Statistician B disagroes, and maintains that the above schemo should bo ‘roversed’
Ono should obtain instead a group of peoplo who aro heavy smokers, and also a grouy
of poople who are not, and then compare tho proportions of Lung Cancer cascs in th
two groups, these numbors bocoming svailablo, of course, only aftor each membes
of both groups is doad. Statistician C says that both A and B aro wrong, and that
noithor oxporiment can possibly dotormine whother smoking is a causo of Lung Cancer'

Discuss briofly tho relative morits, if any, of A, B and C.



PAPER VI : (PRACTICAL)
Time : 6 Jloura Full marks s 160

(a) Attempt all questions,
{b) Figures in tho margin indicate full marka.
(¢} Um of calculating machinen in pormitted,

1. (a) Find a polynomiul of tho minintum degree which cvincides with sin z at
z = 21° 22, 24%, 25°, Uning this, caleulsto sin 23° and compare it with the tabular

value from any standard tablea of trignomotric functiona. (loy

(b) Using Simpson's rulo with A = 0.1, evsluate o .o
}odx
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3, Either,
(i) Find out tho approximate prohability that a correlation coefficient of
0.70 or loas can ariso in a samplo of sizo 25 from a normal population in which tho trus
correlation coefficiont is 0.80. S (4)
(ii) Test tho significance of the following at 5 per cont level :—
(a) A multiple corrolation cocflicicnt ( = 0.48) of y on 5 variates xy, 24, 2,

z4, and z3 basnd on a samplo of size 20. (4)
(b) A partial correlation cocfficient of —0.38 betwoen z; and x; climinating
offocts of zy, 24, and z5 in & samplo of aize 30. (4)

(iii) Tho following corrclation coefficicnts between weight of ears of wheat as
harvestod and wuight of grains of wheat after harvesting and cleaning were obtained
from tho results of & crop cutting experimont in a certain district which waa_ dividod
into six sub-blocka.

Suh-block numher 1 2 3 4 5 6

No. of aamplea 274 179 233 54 255 50

Corrolation cocfficient 0.9035 0.8710 0.9210 ~ 0.9303 0.9508 0.9780

Teat whether tho corrclation coefficients differ among themasives, 8)
Or, ’

(a) Exporionce has shown that 40 per cent of the young of a cortain breed of
animals die of a certain discass during tho firat year of their life. Thi discovorer of a
naw vaccino claima that ita uso at least halves mortality and in support of his claim
citos an oxporimant in which out of 40 young treated with vaccine, only 8 died. Examine
how far hia claim ia justified. (10)

(b) Five thouaand candidates apprared fcr a certain examination in which there
wete threo subjects (a), (b), and (c). FEach subjoct carricd 100 marks. The means,
stanvlard doviations and corrolations of the marks ohtained in tho various subjects are
givon holow ;:—

(a) * (b) (c)
Moan 39.48 52,31 45.26
8.D. 8.20 9.40 8.70

Pab = 0.43, Ppe = 0.38, Pac = 0.29
[



On the hypothesis of a normal diktribution of marks, eatimate the number of
candidatos who obtain 50 por cont or mioro of tho aggrogata marka. Calculato aly
tho varianco of tho catimato. (10)

3. You aro givon bolow the mean chest expansion (y) in inches of a numher
of school hoys of ages (z) botwoen 8 and 18 and elnssified into two groups according
as tho nutrition ia ‘good’ or ‘not good’. Obtain tho regression coefficiont of chost
oxpansion on ago for tho two groups soparatoly. Examine tho significanco of (i) the
two rogrossion coofficionts (ii) tho differenco of tho two regrassion coefficients, {20)

Nutrition good : Nutrition not good
Agoin No. of boys Moan choat No. of boys Moan chost
yoars (r) N oxpansion N oxpansjon
() ()]
8 4 2.00 18 1.61
9 11 2.02 27 1.64
10 15 2.97 47 1.84
n 10 1.30 35 2,00
12 20 2.10 60 1.8¢
13 13 2.20 {2 2.16
14 17 2.15° 4 2.49
13 14 2.80 62 2.57
16 23 2.54 4 2,52
17 ] 2.02 52 2,24
18 n 2.27 37 2,46
total 147 520

4. Either,

(a) Ton dotorminations have beon made, cach undor standard conditions
and by the same mothod, of the eloctrical reaistance of a cortain picco of ailver wiro
and tho rosults, moasured in ohins, were 3.09, 3.13, 3.12, 3.08, 3.13, 3.10, 3.18, 3.10,
3.05, 3.13.

If tho wire woro made of pure silver, it is known that tho resistancoe would be
3.09 ohms, but tho prosonce of any impuritios in tho silvor woulit increase tho resistanco

of the wire, .
Test whothor tho abovo rosults aro consistont with tho hypothesia that the wire
is mado of pure silver. {10

(b) A manufacturoer sclla an articlo at a fixed prico of Ro. 1/.. Yo guaranteen
to rofund tho purchaso monoy to any purchasor who finds that the woight of his article
in loas than 8 chattacks. Actually tho weight of the articles mado by the manufacturer
are normally distributed with standard doviation 1 chattack. His cost of production,
Ra. C per articlo, is rolatod to the mean woight w chattack of the articles by-the relation.

0 = 0.05w+.30,

Graphically, or otharwiso, dotermino tho moan woight which the manufacturer
should aim at, if ho wishes to maximiso his expectod profit per article, {10)
Or,

Eight oloctrio lamps havo boon choson at random from cach of four batchea of
lamps, onch batch having boon produced with a difforcnt typo of filament of wire.
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The 32 lampes have boen run until they bave bumnt out and the lengtha of 1ifo are recorded
to tho nearcat 10 hours, Tho roeults in 10-bour units wore :—

Wire A 135, 180, 164, 185, 170, 168, 162, 168
Wire B 168, 172, 163, 168, 173, 160, ’ 187, 181
Wire'C 170, 172, 100, ~ 178, 165, 168, 165, 172
Wire D 162, 178, 170, 173, 189, 175, 180, 178

Test whothar thoro is any significant difforenco betwovn tho averago life of tho

lamps mado with the difforont types of wire. (20)
3. Tho following table gives tho distribution of the duration of sicknoss among
(s) omployed and (b) ployed workcre. Exaniino whother ploymont inft
the duration of sicknoss.
Duration of Frequency
el
(in wocks) Employoed Unomployed
(U] (2 (3)
0—1 639 442
1-2 218 . 208
23 47 113
3 34 3
4—5 a5 16
5—8 22 5 (20)
PAPER VII (PRACTICAL)

Timo ¢ 6 Yours Full marks 1 100

(a) Attompt all quostions,
(b) All quostions earry equal ninrke,
(¢} Uno of ealculating machincs is permitiod.

\. Either, -

Tho following duta givo tho number of hooks and journals issucd by a library
on diffuront working days in Novomber 1950, starting from Monday, Novombor 3,
1938,



Assuming lincar trend, obtain scasonul indicos for tho different working days
\fonday, Tuosday ote.) in a wock, Suggest a possible uso of theso indicos,

Total Total
number of numbor of

Dato booksa . Dato books

issuod isauod
3.11.58 188 17-11-58 107
4.11.38 159 18-11-58 228
5.11-568 246 19-11-58 275
8-11.58 169 20-11.58 a2
7-11-58 213 -11.58 238
8-11.58 178 22.11.58 258
10.11-58 207 24-11.58 220
11.11-58 2458 25-11.68 368
12.11-58 240 26.11.38 327
13.11.58 199 27.11.58 271
14.11.58 102 28.11.58 230
13.11.58 17t . .. 20.11-58 272

Or,

Givon bulow aro tho iluta relating to wholesalo prices of six itoms, Tho prices
for difforont itoms aro quoted in Rupees and relato to \\cok onding tho dates specificd
for fivo wooks,

(i) C te indox bors of wholesalo prices for different weeks with week

ondiug 28th Docember 1957, as tho base,
(ii) \lso computo tho chain baso indox numbors for different wooks.

(3ii) With tho chain bass index numbers, compute again the index numbers with
Bxod baso for difforent weeks (with week ending 28th Docember, 1957 a3 the fixed
baso). Comparo tho two sorics of fixed baso indox nnmbera by tho two different methods
and commont on thonu

Montion whothor you have usod gobm;)'irio.mcnn or arithmetic mecan in the con-
struction of tho above indox numbor and give rcasons for your choico.

Prices in Rupees for tho week onding

Itemw Units

28.12.57 4158 11.1.58  18.1.58  25.1.38
Rico (coarso) md. 24.00 23.50 23,25 23.50 2073
Wheat (C.501) md. 13.23 15.12 15,37 15.31 14.87
Bajra md, 12,25 12.37° 11.50
Coal ton 30.62 20,37 20.50 21.00
Eloctricity kwi 5,22 5,22 2
Rubbor 100 s, 152,35 152,00 130.50  151.00




2, Tho fullowing dula givo tho population of U.S.A, at each decenninl consus,
LY
Iy
»n ot timo ¢, to tho duta. Using this, cstimato tho population of U.S.A. in 1060,

yn 1800 to 1030, Fit n logistie curvo, —; = A+ B.Ct whoro Iy denotes the popula-

population population
year in yoar (in
millions) millions)
1800 5.31 1880 50.16
1810 7.24 1890 02.95
1820 0.064 1900 76.00
1830 12.87 1010 91.97
1840 17.07 1020 105.71
1850 23.19 1030 122,78
1860 31.44 140 131.67
1870 38.56 T 1950 150:70
Either,

Tho following tablo contains tho plan and the yiokis of a 2¢ ficld experiment
1 beana.  The yiclds aro given in bs. and tho fuctors employed aro as followa t—

Dung (d) : 0,10 tons per acro
Nitrochalk {n) : 0, 0.4 ewt. N per ucro
Suporphorphato (p) t 0, 0.6 owt. Py O5 por acro

Muriato of potash (k) : 0, 1.0 ewt. K, O por acro

Block I Block IX
P k d npk dp  nk  dk  pk
46 66 54 37 Su 44 43 5l

Replication I
dnk dnp dpk n dnpk (1) dn np
41 48 53 42 43 57 40 49

Block IIT Block IV

npk d p dnk nk dp (1) np
2 1l B 4 53 88 4o
Roplication IE

n dnp  k dpk ) pk dk  dnkp dn
48 53 51 43 566 52 54

{a) Xdentify tho confounded intoraction,
(b) Caleulato tho main offucts and unconfounded interactions and teat them
for significanco.
(c) Givo a conciso presentatlion of tho main offucts und two fuctor interactions
in a tubular form and record tloir standard errora,
Ir,
The following data cumo (rom an oxporimont to comparo 5 treatments (gasolinea
\.B,C,D and ¥ whoro A was tho control or slandard gaxoline, B and C woro atundard

dua two kinds of ingrediont facturod by pany I', and D and E wero standard
plus two kinds of ingredient factured by pany Q). Tho resy ohsorved
wax milongo por gallon oxy d o8 deviations from 27, Tho tents woro conducted on
wh of 5 days. Also 5 cars woro used in the oxporiment.

0
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Dadys
cars
1 2 3 4 ]
1 8(D) 4(B) —2A) 0(E) C)
2 2(A) 3(C) 2E) —NB) 0(D)
3 UE) (D) 5(C) =3(A) 5(B)
4 8(B) 5(E) (D) 5(C) =1{A)
§ 1(C) oH4) 3(B) 2(D) 4(E)

(a) Obtain tho analysis of varianco tablo to tost for tho hypothesis of no difforentis’
treatmont offoct.

(b) Teat if tho atandard, A, diffors significantly from the roat to dotermino whothe:
tho ingredicnts arc usoful,

(o) Docs tho two gasolincs (B and C) manufacturcd by P diffor among them.
solves ?

(d) Mnko an ovorall parison bot tho gasolines (BB and C) manufacturcd
by P with those manufactured by Q, namoly {D and E).

4. Either,

In connection with planning a eample survey for ostimating the proportior
of land undor jute in a particular region, it wes decided to study first tho relatior
betwoon z, tho sizo (i.0., arca) of tho samplo unit and the corrceponding varianco V,;
For this purpose a pilot survoy was undertaken in which soparate (and indopendont
random samplos woro taken for difforent sizos of tho plo unit and the correspondiz
variancos wore calculated.

1t is suggosted that tho varianco function giving tho relation between Vy au
z may bo of tho form

V= &
gz

whoro a and g aro constants.
Estimato tho constants, @ and g from tho data givon bolow and examino tb
goodnoss of fit of tho suggestod varianco funotion.

8izo of
samplo unit samplo sizo ostimato of
z n varianco Vg
(in acroa)
1,00 1756 0.1119
2.25 1377 0.0813
4.00 1161 0.00650
8.25 951 0.0377
0,00 2 0.0305
12.25 732 0.0455
16,00 o188 0.0419
25.00 476 0.0398
36.00 365 0.0342




hat should be tho optimum valuo of z and n in order to build up an estimate
f avorago proportion for a givon cost of Ra. 10,000/-. It is known that total cost T
E;mlalod to x and n, in tho form

T = 1000+ 2.1n+.7x.
Or,

The tablo bolow prosonts tho summary of data from a complote consus of all
the 340 villages in tho Ghazisbad Tohsil of tho Moerut District. Tho villages woro
stralificd by size of thoir agricultural arca into four strata as shown in column 2 of the
table. The numbers (Ni) of the villagos in the different strata (i = 1,2,3,4) are givon
in column 3.

The population valuos of the strata mecan (T’N() and standard doviations (owr¢)
for tho arca undor whoat and standard doviations for tho agricultural arca (oa;) aro
shown in the subsoquont columns.

Yy Standard deviation for
sizo clasa of No.of  Moan area
strata  agricultural villagea  undor whoat arca under  agricultural

area (in bighas) (N1) per villago  wheat (0wi) arca (0ai)

(n (2) (&) ™ (9) (6)
1 0— 500 o1 110 58 130
2 501—1500 201 279 115 265
3 1501—2500 65 560 188 278
4 2501 onwards 23 060 361 032

If a samplo of 34 villages aro takon and the average arca under wheat por village
is estimatod, calculate tho sampling variance of the estimated area undor wheat per
villago, whon tho samples are drawvm according to thoe following schemos :—

() If the villages wore solocted by tho mothod of simplo random sampling with-
out stratification,

(b) If tho villages wero solooted by tho mothod of simple random sampling within
each stratum and allocated in proportion to the numbor of villages in the strata and

(c) If the villages wore scloctod by tho methed of simplo random sampling within
each stratum allocatod in proportion to (i) the products Niowi (ii) tho products Nigas.

5. Tho following table gives tho results ol‘ a daily inspection of galvanised eheota
products in a steol mill, Examino by di itable control charts whothor the
manufacturing procoss is in control and give your commeonts.
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numbor numbor of

Data inspoctord defoctives

May 1 4,802 86
2 10,655 7
3 1,508 3
4 6,857 105
5 8,247 127
13 2,337 14
7 4,078 20
8 5,772 - 13
o 8,672 137
10 9,632 138
n 0,516 158
12 0,750 123
13 6,013 84
4 10,407 2290
15 10,138 102
16 3,832 30
17 4,811 107
18 8,490 109
19 8,004 161
20 12,036 125

PAPER IV AND V: ECONOMIC STATISTICS (THEORETICAL)

Timo : 4 Hours __Full Marks : 10

(a) Attempt any fiive quostions.
(b) ANl questions carry equal marks.

L Stato threo mothods of estimation of national income and show clearly how the
Inad to the aamo meosure of national income,

Discuss briefly the mothod usod for tho catimation of incomo from manufactu
ing enterprises in the Indien Tnion. .

2. ‘Thero aro threo types of orrors involved in tho construction of index number
—formula eorror, sampling orror and homogenoity crror.’ Discuss this statement an
miggoat how tho errors can bo minimized

3. Lot the distribution of incomo (x) be denoted by the density function f(x; u, ¢
whoro log x ia normally distributed with mean g and standard deviation o, Show the'

Elx) = ea+ie®

Var () = e2a+0® (2 =1)

Obtain equations to repreaent tho concentration curve of the distribution an
derivo an oxy ion for tho tration ratio.

4. Construct a simplo statistica) mode! from which you can obtain tho suppt
and d d functi for a dity.

Stato tho proceduro you will adopt for the estimation of structural parameter
and obtain exprossions for your estimates. Assess in this connection the advisabilit!
of using (i) regrossion analysis and (ii) tho mothod of maximum likelihood for the cati
mation of structural parametors.
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3. What is meant by the cyclical componont of a time sorica ! Briofly discuss the
various mothods used for obtaining the cyclical component of a timo serics,
6. In fitting incomo-consumption curves from fumily-budget data, explain in dotail
how you proposo to deal with the following problema : .
(i) Houschold oxpuondituro on a particular itom doponds, other than on meon\e,
on the number of porsons in tho family.
(ii) Consumption in familics of the samo sizo and i incomo d)ﬂ‘orn becauso ol' vary.
ing ago and sex composition.
7. You aro required to preparo a papor on tho relationship between capital invostod
‘and volumo of output in sclected organised industrics of Indian Union for a number
of yoars on a comparablo basis.
Stato in dotail your lino of work, mentioning tho sources of data,
8. Writo a critical noto on foreign trado statistica of India, deseribing their sourcoa
and mwin features,
State tho proceduro of compulation of tho index of trade for India,

R

PAPER IV AND V: STATISTICAL QUALITY CONTROL (THEORETICAL)
Timo : 4 Hours, Full Marka: 100

(a) Attompt any four quostione.
(b) All questions carry equal marks.

1. Is rational subgrouping nocessary for all control charta?
With the help of an illustration from control charta for variables, explain how
‘rational subgrouping is an important part of tho tlesign of contml charts, on whlch
depends vory much tho finencas of interpretation,

2. Explain how Simon's Charts are useful in estimating lot qunh(y.

In viow of statistical tables availabloe in published form, indicato tho mothods
of determining confidence intervals for (a) tho procoss mean and (b) the process standard |
doviation, using (i) tho sample standard doviation, (ii) tho sample range and (ii) the
samplo mean range. R

3. ‘Sentenco him and give tho vordict lator’, Examine in dotail the appro-
priatencss of this quotation to convoy tho purposo of lot-accoptanco eampling, aa also
to distinguish tho problem of lot-acceptanco from that of lot quality estimation,

4. Explain tho concopt of AOQL. Comment on tho statoment: *“Tho AOQL
may bo oxccoded at times.”
Show how a doublo sampling acceptance plan, for attributes, based on tho
AOQL concept, ia constructed, '
6. Commont on any four of tho following statonents :- .
(i) Tho use of 1 bor tables is idablo in practico in drawing
o valid samplo of itomsa from a lot. ’
' (ii) Ttom by itom soquontial inspoction, as d
popularity in industry duo to comploxity of thoory.
(iii) In tho idoal, spocification limits and control limits should be identical,
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(iv) Tho theory of runs is not rolovant to all control charts,

(v) Designing spocifications, exporimentation, procoss control, accoplance
inspoction, quality ostimation ote. should not bo regardod as indopondont statistical
problems, but as parts of a unifiod quality control programmo.

(vi) In using accoptance sampling plans, it is always rocommended that smallor
lots should bo poolod to form larger lots whenover possible. Tho roason is to achiove
bottor conformity with statistical theory.

PAPER 1V AND V: SAMPLE SURVEY, THEORY. (THEORETICAL).
Time : 4 Hours. Full marks : 100
(a) Attempt any four quostions

(b) All quostiona carry equal marks,
(c) Troatment should be mado math tical wh ibl

P

1. Write a short critical note on each of tho following :—

(i) Largo samplo diatribution of tho ratio y/z, whore y and Z aro samplo moans
in a samplo of indopondont obsorvation from a bivariato population.
(ii) Uso of sampling with replacement in practico.
(iii) Obsorvation of & fixed plo versus ind: lont ples at difforont

times, to study popu!nuon changos ovor & hmo ponod
(iv) 8 g in sut lated pop

P

2, (i) Dorive tho exproesion for variance of a simplo random umplo drawn with.
out roplacement from a fnite population.

{ii) Into a ‘lot-containor’ is placed a samplo of N balls which are drawn at
random from a supply of Mp red and Mg white balls. Thon a sample of n balls is
drawn at random from the lot-container, and is placed in & ‘samplo container’. Of
these n balls, 7 are found to be red.

Find the expressions for Var(r), whon the N balls are put into tho lot.containcr
with replacement, and tho samplo of » is drawn from the lot-container (a) without
replacemont, and (b) with replacement.

3. Lot Znand ys have the samo meaning asin Question 1 (i) whoro n is the sample
sizo. Show that the product moment corrolation in tho sampling distribution of
Zn and gp oquals tho population corrolation.

(ii) Dorive an exprossion for tho variance of tho mean of a systematio samplo
in any form.

(iii) Discuss situations whoro you oxpoct tho mean of a systematio samplo to
be a moro procieo catimate than that of a simplo random samplo.

4. Lot a random samplo of sizo n bo drawn with reple ¢ from o

of N idontifiablo units. Lot 2 bo the moan of the samplo and z tho mean of the »
distinct units in the sample (ignoring ropotitions of unita that happon to occur more
than onco in tho samplo).
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Lot x¢1), Z(ars 1+ +Tepy bo tho obsorvations corroaponding to tho » distinet units,

00 that ::l‘ i

(s) Show that both 2 and Z aro unbiadod ostimntos of tho population mean.
(b) Show thal, givon Z(gy , Z(g) »e+» Zems tho conditional oxpected valuo "ol'

2is oqual to 7
(0) Honce or othorwiso ostablish tht z has a smallor variance than 2. -

(d) Obtain an expreusion for tho varianco of Z and stato how you would eati-
mate this varianco.

§. (i) What is undorstood by optimum allocation in tho contoxt of stratifiod
sampling? Explain why it is callod optimum and how such allocation is arrived at.

(ii) Writo a short noto on oritical parison bot simplo fom sampl.
ing and stratifiod random sampling with proportional and optimum allocation.

6. Find out tho estimate of tho variance of a mcan of a samplo of sizo two whon
tho soloction of tho samplo units is made with varying probabilitics and thoe samplo
units aro drawn without replacoment from a €nite population. All important stops
bavo to bo indicated. .

PAPERS IV AND V: SAMPLE SURVEY, APPLIED (THEORETICAL)
Timo : 4 Hours. Full marka: 100

(a) Attempt any four quostions,
(b) Al quostions carry equal marks.

1. Writo short notos on any four of tho following torma :—
(i) Intorpenotrating sampling
(ii) Multistago eampling
{iii) Cluster sampling
(iv) Sampling with probability proportionat to aizo
(v) Sizo and sliapo of samplo cuts in samplo survoys for ostimating yiold of
erops,
(vi) Non-sampling orror.
2, Writo a noto on tho scopo and various uses of pilot survcys.

3. Discuss the morita and domerits of the threo main mothods of data colloction
in samplo survoys (naniwoly, mothods of interrogation, mail enquiry and diroct obsor.
.vation). Your discussion should be with roforence to such aspocta of a sample survey
as domain of study, itom covorage, cost of survoy, schodulos and instructions, non-
sampling errors, ote.

4. What aro cost and variance functions with roforonco to a samplo survey? What
data do you roquiro for building up thoso functions and how do you obtain them?
Deacribo, with a suitabl plo, tho mothod of dotormining tho eample sizo which ia
likoly (o givo tho cstimato with maximum officioncy for a given coat,
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5. Explain in dotail the srrangements that you would proposo for supofv mon
and control of ficld work, and for tho scrutiny of data colloctod, in a socio
samplo survoy by the mothod of intorrogation, Also, oxplain the merits (and domerits,
if any,) of your proposals.

6. Explain tho utility or othorwiso of organising training for investigators bofore
tho start of a largo ecale satplo survoy roquiring about 500 investigators who will bo
working all ovor Indna. If training is y, what p furo do you 1 for
imparting tho nocessary training to the ultimato in\oalxgn!or and by whom? Give
rcasons.

7. Tt ie proposed to organiso a samplo survoy, to bo conducted annually, for esti-
mating tho numbor of livestock in India.
i(i) What should bo tho sampling unit and sampling framo?
(ii) What stratification would you suggost ?

Note : {8) Tho data of the lnst livestock consus for Tehwils aro published and
' available.
(b) Separato estimates for tho individual states may be rcqum‘d.
(iii) Jfow should tho samplo be drawn?
(iv) What ijtoma of information would you collect ?
(v) What roforonco poriod, woulld you adopt?
(vi) What aro the likoly practical diflicultios to bo fuced whilo collucting data?

PAPER IV AND V: DESIGN OF EXPERIMENTS, APPLIED (THEORETICAL).
Timo : 4 Hours. Full marks: 100

(a) Attompt any four qucstions
{b) All qucstions carry cqual nurks.
(¢) Uso of calculating machincs is not pormittod.

L. (s) Explain what you undorstand by comploto and partinl confounding in
fuctorial designa, INustrato wur answer by giving ono examplo of cach.

" (b) Proparo a layout plan for a completely confounded design in two replica-
tions for a 28 factorial oxperiment (with factors A,3,C,D.E and F, cach at two lovels)
in blocks of cight plots, confounding the interactions ABC, ADE, and BDY. Verify
if any other intoractions are complotely or partially confounded. and if ao, which?
Givo the structuro of analysis of varianco for thia design anda brief outline of its analysis.

2. (a) What do you understand by a missing plot in a design? \What aro the

practical aituations in which such a contingoncy arises in fickl oxperimenta?

(b) Discuss mothiods of catimating missing values in a designed experiment.
Obtain tho formula for tho misaing plot value in a randomised block design when a single
plot ia missing. Show that by using tho miming? plot valie thus ohtained, tho treat-
mont sum of squaros ia ovorestimatod, and dorive tho expression for this overcatimation.
Alro, give tho oxj jion for tho standard orror of tho differenco in medns botwoon
two troatmonts, one of which involvea the miming valuo.
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a.  Thirteen littera of four rats cach aro available for an ('-xporimnnml atudy of the
romparative effecta on growth of 13 different dietary treatmients 1,2,3,..,13. Give
the randomized layout of the experiment and explain in dotail the method of analysia
vou would adopt. X

4. Conatruct a balancod confounded 3x3x2 dwwign (with factors A, B and C
respectively) in block of 6 plots, arranged in two replications, in which only tho interac-
tiona AB and ABC aro partially confounded. By fitting constants by tho method of
"ast aquaren, dorivo tho eatimates nnd wums of squares for theso partially confounded
nteractions. Also, calculate tho loss of information on cach of tho partially confountiwl
legrees of freedom and tho total loss of information,

5. Proparo a randomiznd layout for an exporiment involving 36 varictics, uning
ho triplo lattico dusign. Using intra-block information only, dovelop the analysis of
arianeo, tho eMeicncy of the design compared to randomizod blocka and the formulac
or the variances of tho differences botween two varictal mcans,

8. Writo short notes on any three of the following :—
(a) Intru-ond inter-group bhalanced designa.
(b) Hypor-Grucco-Latin squares,
(c) Inter.block information.
(1) Rusponso curvos.
{v) Fructionusl replication.

PAPER IV AND V: VITAL STATISTICS AND POPULATION STUDIES
(THEORETICAL).

Fimo: § Hourn Full marks : 100

(a) nttempt any four quostions.
(b) all questions carry oqual marks.
1. Discuss tho fuctors which had contributed to the ageing of the populutions
of cortain industrially advanced Westorn countries.
2, Discuss tho demographic trends obsurved in India during tho last 50 years in
‘slation to tho variation of social, public health and other factors.
3. Desoribo briofly tho component mothod for population projection inentioning
the dumographic data which will bo roquired for this purposo.
4. Writo short notes on tho following :— -
(a) wio of hospital data for morbidity studics.
(b) use of hounchold morbidity data for studying comnunicability of discascs.
3. What aro the vasontinl churactoristics of tho growth of urban populations in
indin, particularly largo towns and citics, nnd doscribo a mothod of studying theso from
s dnta,  What additional inforimation may bo collectod from sumplo surveys
19 aas0ss tho factors affocting the growth of towna and citics.
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PAPER VIII AND IX: ECONOMIC STATISTICS (PRACTICAL).
Timo : 4 Hours, Full marks: 100

(8) Answor all quoations.
(b) Figurca in tho margin indicato full marks.
(¢) Using of culoulating mnchinos is permitted.

1. The distribution of houscholl expendituro per porson por month in rural India
is givon bolow :—

monthly avorugo nonthly
oxpenditure per  oxpendituro per porcentago
person (Ra. x)*® porson (Rs.) populaticn
-1 6.20 15.47
8-10 9.63 17.80
11-12 11,92 12,04
13-4 13.96 10.31
16-17 16.21 10.83
18-20 19.00 8.7
21-23 22.2¢ 6.04
24-27 26.06 5.77
28-13 30.53 ©o4.82
342 30.89 3.73
43-54 48.98 1.07
55~ 89.05 1.57

*Noto: In calculating tho monthly per capity oxpendituro, only tho intogral par
of the avorago is rotained and the decimal number excluded.
(i) Draw tho concentration curve of tho distribution and comment on its mair
(0
(ii) Lot Q(z) donote tho preportion of porsons in houscholds with a monthly
oxpendituro of Rs. x por perscn or moro.  Plotting leg Q(z) against log z and 9 dofine¢
by <

foaturce.

©
Qz) = J' _l_.=. e (—4%/2) du
3 27

aguinat log z, exemino graphically if tho distribution of housohold oxpendituro pe:

porson is of tho Paroto-typo or log-normal. (B
(iii) Assuming log z to bo normal, obtain tho estimates of mean and variane
of z for tho above distribution. (=

2. Tho following tablo supplics tho paramotors of constant elasticity Engel curv
logiey = a +B8 log,n z, whoro y = oxpondituro on itom and z = total oxponditure
rupoos por month por capita, for a number of items for rural India t—

Ttoms valuos of paramotors
a B
Food grains 0.23 0.52
Milk nnd milk products —2 41 1.99
Sugur -2.28 1.55
Clothing -1.90 1.60
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Using the results obtained from thoe solutions of queation ) ahove, estimate the
expenditures por person per month for the above itenws on tho assumption that log z
is normal. (15)

3. Tho cstimatod personal oxpenditure on fuel and light in the U.K. ia given in
the following tablo.

Exponditurse on fuel and light

(in million pounds)
Quarter 1943 1048 1047
1 78 84 92
2 62 684 70
3 56 61 63
4 7 82 85
Assuming a lincar trend, calculato tho scasonal index. (25)

PAPER VIII AND IX: STATISTICAL QUALITY CONTROL (PRACTICAL).

Timo : 4 bours Full marks : 100

(8) Attempt question b and any thres other questions,
(b) Figures in the margin indicate full marka,
(c) Uso of calculating machinos is pormitted.

1. A control schomo porformed 100 per cent inspection on lota varying in size from
about 2000 units to 5000 units, & unit boing tested with respoct to two sndependent
charactoristics A and B, A unit found defoctive at any timo with respect to any one
of tho charactoristics was immediately rejected. Honce, unite founad dofective for A woro
oot inspoctod for B and thoso found dofoctive for B not for A.

Examino tho data, givon below, for control with rospect to each of A and B as
woll as for both the charactoristica and write down your inforonces. 27)

. numbor rojocted
Lot numbor  lot sizo

A B
1 4823 307 256
2 2058 125 115
3 3189 184 150
4 3257 213 145
6 2038 146 102
6 2611 177 158
7 2510 142 121
8 4012 309 248

2. Valuce of a quality charsctoristio as moasurod rocently five times on cach of
six machines aro givon below. Analyao tho dota to find out if any asgignablo causes duo
1o ago of machines woro oporatng in the production. 27
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1950 1951 1932

obsorvation
number

M, M. My M, M, M,
1 4.2 5.3 2.5 3.0 4.1 5.2
2 4.1 3.8 4.2 3.7, 3.0 3.6
3 3.9 5.0 3.9 3.0 3.7 4.2
4 3.8 4.2 3.8 4.2 4.1 4.2
5 3.7 4.3 3.7 3.1 4.0 4.3

Note : My to Mg aro tho six machine, two from each of tho yeara 1050, 1951
and 1032,
3+ A singlo rampling acceptanco plan for attributes inapection has the following
elements ; sample size n = 40, acceptanco number ¢ = 1. Making the necessary eal-
culationa (without using Probability Tablus) draw the approximato OC eurvo of this
plan by plotting at least ive pointa on it.
Uso tho curve to find out the producer's and ¢ '8 riska corresponding
to an AQL value = 2,0 percent and LTPD = 0.5 porcent, 27
4. Find out tho olementa of the acquential item by item doficta per unit plan for
which the stipulations aro :—

my = L35, my = 3.5, a= 5 por cent
B = 10 per cont.

Plot the Sve.point ASN eurve of the plan,

Assuming that an alternato plan with amallor ASN ia desired (ta suit lots of
amallor aize), meonstruct tho plan by relaxing the valuo of 8 only to tho necorenry
oxtant ach that tho resulting ASN is approximately two thirda of the original, 2%

5. An bly ists of a circular dise with a cylindrical shaft passing through
o holo at tho centro of the disc. A large number of such aro to bo made. Tho tolereance
apocified for tho clearanco betwoon tho holo and the shafl is 0.0010 cnw,  Aswuming
that tho slinfts and holes are mado on machines with cqual procision, find out what
should bo thoe telorance specifications for tho diameters of tho hole and tho shaft. (19)

PAPERS VIII AND IX: SAMPLE SURVEY, THEORY (PRACTICAL)
Tim : 4 ours. Full marks : 100

(a) Attonipt all questions,

(b) Figures in tho margin indicato full marka.

{c) Uso of calculating machines is pormittod. .

(d) No toxt book on Sampling ia allowed. Practical books may, howovor
bo allowed.

(o) Neatness in presentation will bo an important consideration in awarding
marks,
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1. Table {A) given below ahowa the number of villages and the arca under whoat
in each of 89 administrativo cireles in a sululivision in India and Tablo (B) shows the
analyria of varianco on a villnge basia. It is roquired to eatimato aren under wheat
in the sulxlivirion using en sdminirtrative circlo os the unit of sampling. Wo ahall
sssumo that a samplo of 20 circles is to bo selocted, with replicement.  Caleulato the
sampling variance of tho estimato of tho tofal area undor wheat in the sub.divikion for
each of the following procedurcs of sampling and estimation :—

(a) oqual probability; ratio eatimate

(b) oqual probability; 89X (mean per circlo in tho sample),

(¢) probubility proportionnl to the number of villages in the circlo; (89) x {tho

usual woightod average of circles in the sample).

Calculato tho expected number of villagea in tho rumplo according to schemes
{n} and (e).

Caleulato tho varianco of an equivalent ramplo with tho village aa tho unit
of sampling and comparo tho rolative efficicncy of tho various methods, [Tho number
of villages in this sumpling scheme = Fxpectod number of villages in tho sampling
schomo of (n).] (00)
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TasLe (A)

Number of villagea and tho arca under wheat in tho different administrativo
circles,

no.of  arca undor no.of  arca undor
circlono,  villagea wheat (acres) circlono,  villages wheat (acroa
(i) (Mi) (Miyi) (i) (Mi) (Miyi)
1 [} 1562 40 2 087
2 5 1003 47 3 041
3 4 1601 48 1 710
4 5 271 49 1 387
5 4 458 560 10 3518
[ 2 736 51 5 2002
7 4 1224 52 ] 3622
8 2 996 53 2 1400
9 5 475 54 2 1584
10 1 34 55 3 830
1 3 1027 50 8 187
12 4 1303 57 3 622
13 3 692 568 2 591
34 1 524 59 & 273
15 1 602 60 2 781
18 3 1522 6l 2 1101
17 4 2087 62 2 789
18 8 2474 63 1 601
19 2 481 84 3 028
20 4 846 65 4 1141
21 3 1036 68 1 1208
22 4 048 87 5 1633
23 4 12 68 4 902
24 3 438 1] 3 1286
25 5 2111 70 6 1299
26 -2 977 ke 7 1947
27 3 814 72 3 741
28 1 319 73 2 574
29 2 583 4 7 2554
30 4 1150 75 4 869
31 3 670 76 1 1187
2 2 499 77 2 852
33 4 714 78 1 51
34 4 1081 79 1 1265
35 1 389 80 8 1423
38 7 2075 81 2 794
37 - 3 868 82 1 1604
38 2 1412 83 3 1621
39 2 445 84 2 1764
10 5 706 85 6 2068
41 2 842 86 1 1076
42 4 2050 87 1 348
43 [} 2530 88 4 1224
44 1 247 89 4 1400
45 2
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TasLe (B)

Analysis of variance of arcas under whoat in villages in tho sub-division,

sourco of degrees of eum of moan
variation freodom Bquares squaro
botween circles 83 10924581 124143
within circles botwoen
villagos 210 9588011 45637
total population 298 205125902 63834

2. (i) 600 fish woro takon by nctting from a lako, marked and releod. On

a subsoquont occasion 12,329 fish wero taken up and it was found that 63 of theso woro

marked. Estimato tho total numbor of fish in the lake. Also calculato the (estimated)

standard error of your calimato. Stato tho assumptions undor which your calculations

aro valid, at least approximately. {20)

(ii) The follx.:\_ving data refor to a simplo random samplo of 30 houacholds from

a locality and givo the numbur of persons in the household as also the numbor of persons
who visited tho dentist at least onco during 1958,

numbor . number
sizo of tho visiting aizo of thy visiting
houschold dentist houschold dentist

OB WA =~ W

WANKEWhRWLOWIIWWRO
OO e O ra e st O O e D e
COm MO OO O O = b

Estimato tho proportion of persons in the population who visited tho dentist
at loast onco in 1058, and ulso the standard orror of thia ostimate, Indicato your mothod
of ostimation clearly. (20)



PAPER VIIT AND IX: SAMPLE SURVEY APPLIED (PRACTICAL).
Time : 4 Hours. Full marks: 100

(a) Attempt any three questions,
(b) ANl questions carry cqual marks.
(c) Uso of caleulating machines is permittod.

1. You aro given in Tablo 1 list of 70 villages in a tchail of India along with their
population in 1951 and cultivated arca in tho snmo year, Making uso of tho population
figures 08 proliminury information, rearrango tho villoges in sorial order, so that in effect
tho villages aro stratificd for estimating tho total cultivated arca from a systematie
samplo.

Druw five circular systoinatio samploa, of sizo 7 cach, from the rearrangod framo,

From cach of tho five omnplés. cstimato tho totul cultivatod area in the tehsil,
using tho figures for cultivated area for tho soloctod villagos as givon in Tablo 1.

Obtain a single combined estimato from tho five samplo cstimates, Also, cal.
culato a valid ostimato of sampling error of this combined estimato.

Suitablo roferenees to other tables used should be given.

2. Draw up a svitablo schedule, with appropriato headings and spacingy, for
a samplo Burvey enquiry to collect data annually for cstimating livestock numbers in
India, with stato breakdowns., Indicato tho important points, concepts and dofinitions
which you would like to etrcus in tho instructions to investigators.

3. A sclicdule proposed to bo used in a survoy for a study of housing conditions
in India, in attachod. If you aro roquired to writo a short statistical report based on

this survey, what tables would you prepare for this purposo? Draw the blank specimen
1 h iH

tablea, which you suggest, with suitable tabulur and
4. Tt is proposod to carry out a samplo survoy for estimating tho yield per plant
of cinchona in a plantation, by adopting a doublo sampling schome, using x = the girth
of tho plant 6° above tho ground as tho auxiliary charactor.
Lot N bo tho total number of plantas for which z is measured and let n bo the
number of plants (chosen out of tho N) for which measuroments on yicld of bark (y)
aro also takon, Tho varianco of tho ultimato estimate will thea bo

V=01 '_; + .(l_'";fi).] (spprox)

wliere ¢ = standard doviation of yicld of bark nnd p = corrolution cooflicicnt botween

z and y.
It has been found from empirical studics during pilot surveys that the cost of
tho survoy dopends on N ond n in tho form
T =a+4bnteN
whore @ = Re. 498/ b = Rs. 20/; ¢ = Ra. 2.60.
It iy cotimated that ¢ = 17 units and that p = 0.6353.
Calculato tho optimum values of N and n and the corresponding varianco of the
ostimatod avorago for a given total cost of
T = Ra. 10,000/-.

Show tho steps of your calculations clearly and neatly.
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TasLe 1
Cultivated area and population in soventy villages of a tohsil of India.

sorial no. cultivated scrial no. cultivated

of villago population area (acres) of village population arca (acres)
1 718 673 34 904 760
2 * 670 663 37 713 602
3 45035 1200 18 1040 532
1 1732 1170 : 39 160 438
5 2874 1390 10 2084 638
8 a2g3 1110 141 28 271
7 793 760 - 42 4877 1640
3 893 730 13 911 R
9 137 050 4 1205 22
10 3201 1700 45 1139 555
1 117 200 16 1004 347
12 1238 1169 47 114 744
13 3210 1840 48 547 372
" 843 060 9 1178 644
13 1238 1140 50 1159 732
18 1917 1360 51 a1 822
17 1800 1509 52 355 342
18 2333 1810 53 827 387
19 4396 2240 54 2869 332
20 1607 1225 33 726 836
21 2071 1250 56 633 110
22 2155 1690 57 680 427
23 7780 ' 3200 58 587 198
2 3746 1744 59 1901 936
23 2340 2400 60 2419 1226
8 1007 880 61 1258 836
21" 1567 970 2 1223 634
24 5271 1850 63 1477 078
29 650 340 1] 1314 24
30 3200 2450 85 1208 422
31 2902 1760 65 728 493
32 2035 2120 67 851 398
33 1748 1220 63 786 732
3 1045 860 69 6603 422
N 666 820 70 740 310




Houschold Schicdulo : Housing and Vital Statistica

Rural®
Urban

[1) identification : samplo villago : (1} identification : samplo Iru_-\

1. serin! no. B.Stateiciiciviecinnies| LStaterniiciaiiiaiann-..
2, zono-State-natural 0. districtuccnanecsaesn o 2odistrictie.coiiiiiiane.,
division
10 tubsi’taluk/thana kAT P
3. stratum

P N I I T {7 . 1. N

4. sub.sample

11, villageowssvvvecuenansi B, zono-Stato-natural

3. villago (S.U.I) divigionue. s ieeeianana,

6. houschold cluas I

— 12, hamdot.uras o
7. sample hausshold
(8.U.11)

B.strutum..i.oiiiiiiiiaa,,

T.sub-sample.,iieiniiaa,,

13. houso number.........| 8.samplo block.uiiessisans,
9. houschold clags.... oo

10. samplo houschiold.......

(3] classificatory charactors i remuarks 3
1. bouschld sizo \
2. ” land possessed
(acros 0.00)
[ RN industry occupation E . .
codo ' .
5. » exponditure codo I .
5. per capita expendituro codo l i
{4) houschold mombors and thoir particulars
rolation B S industry rolation L = 7 industry
to head 3 ] 5 § ocoupa. to hoad :f < 2 3 occupa
. 23532 2% tion . o2 _ % o % tion
¢ T3E S 85 » (codo) | 8 L S8 = S5 » (codo)
z 2353 3L % z 2353383
P iwridly |3 il
F g &5 3383 g g a3 £ 22 2
) @2 @ @) 66 (B (L, (2 (3G’ D B

*dulvte whichover is inapplicablo.



(5] housing condition

sl item codo or sl item codo or
no. actual no. actunl
[{)] (2) (3) (n (&) (3)
1. plinth 10. courtyard arca (aq.ft.)
3 wall 11. sourco of drinking
wator

3. roof *

12, distanco of tho nource
4. period built since

13. bhath
3. period repaired sinco

14, kitchen

8. " numbor of rooms

15. latrine
7. room arca (sq.ft.)

. 16. tenuro statua
8. covored verandah arca

(#q.1t.) 17. ownor

0. total floor arca (aq.ft.)

i
'
i
i
I

18. monthly rent (Rs.)

roasona for dissatinfaction, if any, with regard to:
10. condition 0f tho HOURG. . vavereineretiinstsecterissesnssisacrisnessssnannnss

20, local fucilitics (medical, educational, markethi.cvevasianas

. (6] living condition

al. item code or al. item codo or
no. actual no. actual
1. lighting arrangonient 6. number of persons sleeping

(eloctrie light-1, kerosene (i)}ulult male

light-2, othera-3) (ii) adult femalo

{iii) childron-malo

2. slecping arrnngoment (a) {iv) children-fominlo

(i) wintee
(ii) summor

3. numbor of rooms usrd for
Aleeping

-~

. ventilation (b)
{i) in bod room
4. total floor arca of rooma (ii) in living room
{iv) in bath room
5. floor arca available for
salecping

(0) sleoping arrangements: bed room-1, living room-2, verandsh-3, torrace.d,
courtyard-5, lawn-6, othors-7.
(b) ventilation: good.], satisfactory.2, not satiafactory-3.
(for other codos, pleaso turn ovor).



Houwing and Vital Statistica (Codo liat)

sl
block column itom description no. codo nos.

(n 2 (3) ) (5) (6)

3 —_ 3 industry occupation 1 asin industry.occupation classi
fication

3 4 houschold expenditure 2 0-25(1), 20.60(2), 51-100(3),

(in Ra.) code 101-200 {4), 201.300 (5), 301-400
(8), 401.500 (7), 501.700 (8), 701
and above (9).
5 houscholl per capita ox. 0-7(01), 8-10(02), 11.12(03),
penditure (in Ra.) codo 13-14 (04), 15-17 (05), 18-20 (06)
21-23 (07), 24-27 (08), 28-33 (09),
34-42 (10), 43-54 (11), 53 and
above (12).

4 5 marital atatus 4 never married-1, married.?,
widowed-3, divorced-4,. sepa.
rated-5.

3 general oducation b illiterate-1, below primary-2,
primary-3, middlo-4, matric.5,
intermediate-6, graduato and
above.7.

1 activity status (codo) []

(a) pgainfully employed-
(1) at work: employce-11, em.
ployer-12, own account worker-
13, unpaid family ecnterprise
workor-14.  (2) not at work but
with job or enterprize : em-
ployee-15,  employer-16, own
account worker-17.

(b) unemployed
(1) with job or enterprise at a
Juture date : (i) secking work for
tho first time- as employee.2l.
not as ewmployce-22, (i) socking
work not for the first timo-as
emiployco.23, not as employve-24,
(iii) not sceking but available- as
2g\ployoo-‘.‘ﬁ. not as cmployee
(2) not with job or enterprise al a
Juture date : (i) socking work for
tho first timo.an employeo-27
not o8 omployco-28, (ii) socking
work not for tho first timo.ss
oniployee-29, not as omployco-30
(iii) not secking but svailable
a8 omployeo-31, not as em
ployeo-32,

(c) not in labour force-

with job or enterpriso at a futur®
date, not geeking and not avail
ablo-11, student-42, housoworker
43, rentior, ponsioner-44, beggar-
45, too young-16, too old-i%
pormanently disabled-43%
othors-49.



block colunn item

description ul,

codo nos.

m

)

(3)

) (5]

(¢

4

8

(1]

13

industry ocenpation 7

plinth 8

wall L]

period built since n

period repairod since 12

sourco of drinking water 13

dintance of the sourco N

hath 15

kitchen 10

latrino 17

as in induatry occupation clasi-
fication,

muwl.l, timbor, wood, bamboo,
roed.2, brick, cement, atone-3,
others-d.

mud, hamboo, rend.1, timnber,
wooi, corrugated iron rhocts-2,
brick, cemient, conereto, stone-3,
others-4.

ntraw, grass thatched, bamboo
or reed and mul, country tiles
(khola):1, corrugated sheeta, as-
beatos, tiles-2, cement, concreto-
3, other pucea (Lrick and mortar)
-4, others.5

upto 6 monthsa.l, moro than
6 months and upto 1 ycar-2, moro
than ) year and upto 2 ycare-3,
more thun 2 years and uJago 6
yrs.-4, more than 6 yrs, and upto
10 yrs..5, more than 10 ycars and
upto 15 yra.8, more than 13
years and upto 26 yrs-7, over
26 years-8.

as under serial number 1l

tanks and ponda-1, wells-2, tube-
wolla-3, rivers, lakes and springu-4
municipal tap water-3, other
sources-8.

within the prenuscs-1, upto 50
yde.—2, 51.100 ydu-3, 101-400
yds.—4, over 400 yda.-5.

(8) no bathroom-1,
(b) bathroom: (i) in individual
uso-2, (ii) in common umo with
other houscholkls-3.

kitchen in  individual use-l.,
kitchen in common uso with
other households.2, part of living
roomn used as kitchen-3, covered
verandah used aa kitchen-4, no
apecific part of houso uned as
kitchen-5, individuals forming
& mess-8.

(a) no built up Istrino-1,
(b) built up latrine-1 (i) in indivi-
dual use-2, (ii) in common use
with other houscholds-3,



block eolumn item doscription sl. codo nos,

no.,
m (2) [0} (4) (5) (8)
5 —_ 18 tenuro statua 18 ownerof both land and building.1

owner on payment by instal.
ment-2, owner of huilding in
leasod in land-3, tenant.4, ocen.
pior of froo quarters in licu of
services-f, otheras-G.

85 - 17 owner 19 public scctor: government and
other public hodies-1 private
sector: industrinl and commer.
cial organisation having- (i) lem
than 20 workors in non.power
operatod concerns or leaa than
10 workers in powor.oporated
concerna.2, -

{ii) 20 or moro workeres in non-
povor operated concerns or 10 or
moro workers in power-operated
concers-3, private landlorda.d,
others-5.

PAPER VIIT AND IX: DESIGN OF EXPERTMENTS—APPLIED
(PRACTICALY).

Time : 4 Hours. Full marks: 100

(a) Attempt any three questions.
(b) All questions earry oqual marks.
(c) Uso of calculating machinces is permitted.

1. Anexperiment was conducted on 5 bromo grasa straina {a, b, ¢, d, ¢,) both alone
and with alfalfa. Tho two main plota {with and without alfalfa) wero lnid out ins
randomized comploto block design in 4 roplicates. Tho five bromo grass straina were
randomly aasignod to sub-plota within each main plot. Tho following yiclla (dry weight
in grams) woro obtained :—

Rep. I Rep. IT Rep. ITT Rep. IV
Strain with  without with  without with  without with  withou
of Bromo alfalfa  alfalfa alfalfa  alfalfa alfalfa alfalfa alfulfa  alflfa
a 730 786 1004 838 871 1033 844 867
b 601 1038 978 1R38} 1059 1380 1053 1229
e 840 1047 1099 1393 238 1208 1150 1433
4 844 093 990 9370 965 1308 1111 131
o 768 883 10290 1130 209 1247 1124 1239

Comploto the analysis and write an interpretation of the reaulta.

2. Tho annoxed tablo shows tho plan and yiolda in 1ha, per plot {of sizo 57°% 18

of a 23 factorinl oxporiment on paldy carriod out in o singlo replication consiating ¢
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4 blocks of 8 plota cach, the treatments being all combinations of two sced ratos (1, p),
two types of aood beds {1, 9), two kinds of manuring of eced bed (1, r) two kinda of
tran=planting (1, ¢), and two kinds of fiold manuring (L1):

Block I Block I
qt qr pars P
89,2 63.0 51.8 7.8
rat parst N pqst ra
73.8 4.0 , 567.2 50.0
pQs pt st q
8s8.0 87.0 2.3 64.3
pr 8 pri qrt
7.4 69.0 7.3 63.0
qrst prst qrs pst
84.8 82.5 68.0 65.8
" p8 r rt pra
78.2 79.8 68,2 66.4
qs t Pq (1)
82,0 87.1 77.3 76.0
rat pqr part qst
95.2 84.3 7.2 73.0
Block 111 Block 1V

Idvntify tho offects confoundud, analyso the data and atate your conclusions.
3. The yiclds of grain in grams por plot from 4 roplicates of a variotal trial on
barley with 16 varietics, using o simplo lattico design, aro given below :-

Rep. I Rep. 11
(1) (2) (3) (4) (i} (2) (3) (4)
2333 2470 2223 2394 2379 2767 2329 1906
(5) (6) W) (8) (5) (6) (7) (8)
2950 3560 248, 2087 2462 2507 2522 2421
(0) (10 (y (12 (9 (100 ubh (g2
3184 3021 2004 299l 2007 2034 3198 2950
(13) (4 (15 (19 a3 19 (3 (1)
2383 219 M52 2787 2168 2700 2010 N1
Rep. 111 Rop. IV
(1) (5) 0 (13 (1) (5) (0 (13
L1203 1850 2080 2443 2000 2360 24M0 2474
) (6) (1o (14 ) © (10 (19
1543 2884 2303 3223 1951 2138 2644 1604
(3) (1 ay Qs (3) 1y (3
1540 2310 3327 3783 1407 2238 1003 2133
) 8 12 (18 0] (8)  (12) (18
1808 2324 1471 2711 1781 1808 2658 2100
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Carry out tho anulysia of tha duta with recovery of intor-block information.
Find tho adjuated varictal mcane and the standard errors of the difforenco of two variotal
meana. Calculate thoe efficivncy of tho design in parison to randomized blocks.

4. Six variotics of wheat wore simultancously tested for quantity of yield at thres
represcentative reacarch stations in & wheat tract, the design adoptod at cach station
being five randomized blocka of six plota cach. Tho yiolds in Iba. per plot (of 1/20th
of an acro) obtained from theso experimvots aro as undor :—

Variotics

Stations  Blocks 1 2 3 + 5 [}
I 31 33 20 38 31 31

I 33 31 33 45 20 2

A I 31 31 30 H 25 n
v 30 11 10 28 31 23

. Y 34 18 28 23 15 20
I 33 23 24 24 13 8

II 20 29 27 4 23 23

B III 28 21 38 4 18 18
v 37 34 33 33 28 30

v 18 6 43 43 50 25

1 30 23 34 25 20 13

I 39 22 28 25 28 32

(o] It 68 43 43 31 49 17
v 38 13 38 33 ] 20

v 44 51 23 58 10 30

Analyso tho data and interprot tho results of analysis.

PAPER VIII AND IX: MATHEMATICAL THEORY OF SAMPLING
DISTRIBUTIONS (PRACTICAL).

Timo : 4 Hours. Full marks : 100

{(a) Attempt any three questions.
(b) All questions earry oqual marks.
(¢} Uso of calculating machines ia pormitted.

1. The following table gives tho correctod sums of squares and products for two
variables z; and r; for fivo oxporimonts cach having 10 subjects.

Exporiment IzI,? Sz, Sxizg
1 168.0 3020.5 438.5
2 102.1 715.6 102.4
3 132.1 2569.8 169. 4
4 158.1 1964.9 333.7
5 191.6 §322.1 680.6

Examine tho following :—
(8) whoether thoe variances of z, in the different experinmunts aro significantly
diffuront.
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(b) whothor the regrossion coofficicnta of z3 on z, aro significantly difforont
in the five experiments using tho mothod of annlysis of varianco.

2, Given that tho sample variance-covariance matrix for four variables 2y, 23, 23
and x, is as follows:—

95.3 520 9.7  46.1
52,0 544 1.3 35.1
S= g7 51.3 100.3 56.5
46,1 351 56.6 45.0

and 2y = 185.7, 23 = 151.], 25 = 183.8 2, = 149.2,

(a) Estimate the paranwters of tho conditional distribution of (£, z,) given
£ ‘1‘)-

(b) Calculsto the partial corrolation coofficiont ry.ys

{¢) Calculate the multiplo corrolation covfficient bolween z; and (24, %.).

3. Draw two random samplos of six obsorvationa cach, from cach of two hivariate
Nornuwl populations with tho following paranotors i—

Population 1 Populution 2

By o= 15 e, iy = 14 oma,

jg = 30 cms, Re = 28 cna.

o; = 3cns. gy = Jcma..

oy = 4cma, o; = 5.5cms.
P=.3 P = .55

Tost whother tho difforence botwoen the Lwo samples you obtain is significant
or not. Indicato in dotail the mothod of drawing the samplos.

4. In an oxporimont with a fertilisor, tho amount of fortiliscr used, and tho wuights
of grain and etraw produced, from ocach of oight exporimental plots of equa! sizo, are
totod bolow (units unapecified) :—

woight of grain 4 17 9°1s- 8 12 5 9
woight of straw 33 19 10 20 13 27 9 30
amount of fortilizer 24 I 5 12 7 M4 11 18

Test tho vffucta of fortilisur on grain yiold and straw yiold for significanov.
a3



PAPER VII{ AND IX: VITAL STATISTICS AND POPULATION STUDIES
(PRACTICAL)

Timo : 4 Hours. . Full marks : 100

(a) Attempt all qucstions.
(b) All questions carry equal marks.

(0) Uso of Calculating machines is pormittoed.

1. Theall-India crudo death rato estimated by tho 1951 consus actuary was 27/1000,
In colununs 2.3 of the tablo below are given the population by agn-sex groupa and the
corresponding apecific death rates of England and Wales for 1956, In columns 6 and
7 aro given the pOpulutiar'x of Indin by ago-s0x groups as rcturned in the 1931 census.
Computo the standardised death rate for India (1951) using the age-sex distribution
of England and Wales as the standard.

ago specifie
age-group  population of death rates per populuation of
in years England and thousand (1956) India in
Wales (19:36) in England thousands (1031)
in thousands and Wales

males  females malos  females males  females

n (2) (3) 4) (5) (6) (W}

0— 4 1687 1604 6.49 4.08 230400 237066
5—0 1883 1790 0.46 0.33 201626 223504
10—14 1633 1559 0.41 0.27 208903 195010
15—19 1366 1389 0.79 0.36 184531

2024 1386 1389 1.07 0.53 162693
2534 3089 3100 1.21 0.87 281708
35— 3119 3216 2.40 1.90 210211 105120
45—354 3129 3203 7.45 4.52 152474 136048
55—64 2200 2703 22,09 11.22 81 85107
63 and over 2043 3128 82.88 60.51 62033 64033

2. In a certain community marriage is univorsal for girls and widow remarrioge
in strictly prohibited by social cust Assuming that all girls and boys macry precisely
at agos 15 years and 23 yeara respoctivoly, compute tho net roproduction rate from the
duta prosontod bolow :—
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no. of female no. of fenule

survival number livo birtha surviful numboer  livo births
ago in ) 3 per annum ago In 1 por snnum
years —————  por 1000 .ycars ———— —  por 1000
males  femalon  Inarriod tnales  fomalea  marriod
females females
0 10000 10000 - a3 4723 4748 70
15 . 6395 20 30 4041 4633 63
16 .e 6353 27 40 4300 4519 58
17 .. 6316 48 41 4480 4400 48
18 . 6281 68 42 4309 4290 39
1 .. 6247 87 43 4319 4180 30
20 . 212 100 494 4238 4077 2
21 . 8174 11 45 4153 3968 18
22 . 6133 122 46 4064 3854 14
23 . 6088 124 47 3970 37140 10
24 .. 6039 - 123 48 3872 3628 7
23 5748 5084 121 490 3769 3511 4
26 5671 5922 119 50 3659 3396 -—
27 5600 568545 116 6l 3543 3280 —_—
28 5528 5780 112 52 3421 —_
29 5454 5700 108 53 3203 —
30 5378 5012 105 54 3182 —_
31 5209 5518 102 55 3028 -
32 a219 3318 98 08 2893 —_
33 5137 5313 93 57 2757 —
34 5054 53204 89 58 2620 —
33 4971 5002 84 59 2483 —_
36 4888 4979 80 60 2345 —_—
37 4305 4864 15 61 2208 —

Comment on tho result,

3, To eatimato the death rate of a cortain state & samplo of 20 villages, togother
comprising & population of 18051 porsons, was sclected. Information on tho numbor
of deaths which occurred within the soloctod villages during the year January lst 1056
to Decomber 31st 1030 wes olicited by two investigators A and B. The investigation
waa dosigned 80 that every houschold could bo visited twico, once by cach investigator,
with & timo lag of sbout 2 weeka. A cross-check of the data collected by A and B
revealod the following:—

Reportod by
: 1 Aonly Bonly AsawollaaB
deaths at ages below
5 years 41 43 28
deaths st ag;\l 5 43 59 70
years or above
deaths at all ages 84 107 28

Estimate the numbor of deaths which could have been missed by both A and B
stating tho ptiona involved in your y d If you could know somo of the
important reasons for ominsions on tho part of A and 1, state how you would proceed
to obtain a moro valid eatimato of tho number of deathw nisscd by both.
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4. Tha followmg table gives the population of the Indian Union roturned in th

0 & ! during tho half century 1891.1941. If tho growth of ths

Indian population during this poriod and in tho fow docades aftor 1941 can bo assumed

to bo determined by the logistio function, estimate tho populution of the Indian Union

in 1031. If the actual population returned in the 1951 ccnsus waa 3569 lakha, interpret

tho orror in your estimato in tho light of tho domographie changes which occurred during
thie period.

TasLE

year opulation
rar

1891 2359
1901 2358
1911 2400
1921 2481
1931 2755
1941 3128
—_——
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1959
PAPER I: THEORETICAL STATISTICS, CENERAL

Time : 4 Houra. Full marks : 100

(a) Attompt any fire questions.
(b) Uso of calculating mnchinea ia not pormitted.

1. (a) In »n mutually indopendent trials whore n is oven, thero is a probability of
succeas of 9, in each of tho firat § trials and there is a prohability of auccesa of 8, in each
of the remaining trials,

Provo that the mean and the variance of tho total numbar of suceesscs are
respoctively n(s,+6:) and §n{e,+6,)—{n(8}+62). Hence show that unlees §, = 8,
tho varianco of tho number of successes ia leaa than it would bo in a Binomial distribution
with the samo nunber of trials and the same number of successea.

(b) A populotion of insoeta is subjocted to successive sprayings of an insocticide,
The probability that an inseet gota an attack in ono spraying is ‘p'. An inacct will die
if it gota r attacka, Find tho probability that an indoct will die in tho n-th spraying.

2. (a) Discuss the importanco of the Normal distribution in Statistica.

{b) Tho calorific valuo of a stroan of gas varics in a normal froquency distribution
having mean of 150 units and a standard doviation of 30 unita. If soveral strcama are
mixod, the instantencous calorific valuo is the avorago of tho calorifio values of tho
wparato streams which may bo assumed to fluctuate indopendently, all with the same
mean and the samo standard doviation.

How many strcama slhiould bo mixed to ensura that the calorific value ia below
110 unita only for 0.5 por cent of the timos?

3. (a) Prove tho Bicnayne Tchobychoff inoquality that
P(lz—t1<ot) >1 -

whore { is the expectation of z, o ia the varianco of x and ¢ is any numbor greator than
1.

(b) In tho case whoro  is tho bor of 8 in 192 independent trials
in cach of which tho probahility of is 124, idor tho probability that z will
be in the rango 36 to 60. Comparo tho valus of this probability obtainod from the
normal approximation with the limit given by a Tchobychoff inoquality.

4. (8) Under tho usual assumptions of linoar regrossion theory, which ahould be
stated, obtain the least squarca estimate of tho intorcept of tho regression line of y on
zon tho y axis. Obtain tho variance of your estimato.

(b) Explain without proof how this variance can bo catimated from tho data
and hence give a procedure for testing whother tho regression line passes through the
origin.
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(e} If tente of significance aro applicd to the slopes of the regreasion lines of y
on zand ron y, docs it necessarily follow that both tho testa will show the same drgre
of significanco ?

5. (s) Two samples of sizes n; and ny respectively are drawn randomly and i
pendently from tho eame infinite nornial population and the mcan and the vuriance of
each samplo aro calculsted. It may bo asgumed that the samplo incan and the ramplk
variance are independent, .

Show that the s of tho two samplo varianees ia independent of thoir ratio.
(b) Obtain the tant for tho X? probability law with n degrees of freedor
given by

=2
P(x1) = conatant. (x?)  exp (— X:)

(¢} Indicate a fow of the important uses ‘of X2 diatribution.
8. (a) Dcrivo Simpson's rule for numerical quadraturn, giving detaila of derivation
(b) Describo a method of inverso interpolation suituble to obtain the uppe
& per cent point of tho normal distribution with zero nican and unit standard deviation
and stato the miaximum decimal accuracy which can be extracted from this table,
7. The means, atandard deviations and samplo sizes obtained from a study ona
particular characteristic on lhrco'groupn of pooplo were found to be :—

group mean  ad. aample
sizo
1 4.8 8.9 500
2 .5.8 10.3 1000
3 7.2 12.1 2000

On tho basis of the abovs data, can you concludo that the three groups differ aignifieantly
from cach other with regard to the means of tho characteristic under study?

PAPER II: APPLIED STATISTICS, GENERAL.

Time : 4 Hours Full marks : 10

(a) Attempt any five questions.
(h) AN questiona carry dqual marks.

1. Supposo that tho State Trading Corporation in your State is entrusted with thy
responsibility of supplying tho demand for foodgraina by rotail dealers in the town: sa:
citics of the State and you are required to eatimato tho volumo of such demonds i
different montha of the year. Givo sn outlino of a stratificd multistage samplo desig
that you may liko to uac for the purposo. Indicato the basis of stratification and broadiy
tho procedure for allocating a given total number of sampling units to tho various strats
and to the different stages.

3. \What docs an indox of industrial production measure ? Qive an outline of >
mothod of construction of the Index of Industrial produetion in Fndia. Taking i
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considerations tho changing position of | ies in India, what modifications in
ihe exinting method do you suggest for a more accurate index ?

3. Explain clearly tho concepts of gross national product and not national product.
peseribo the method you will adopt for caleulating net national product of agriculturo
and of cottago industrics in India for the year 105758,

4. What is net roproduction rate ?  How does it measuro the growth or docline
o8 population ?  Supposo that you are required to calculato the not reproduction rato
o Indin.  What typo of data will you need for tho purposo in addition to tho oxisting
information ? Givo an outlino of the schodulo that you will uso for colloction of the
required data.

5. Explain clearly the implications of the threo fundamental principles of experi-
wntation, taking Rundomized hlock and Latin squaro dewigns as illustrations.

8. It is desired to give vocativnal guidance at the end of primary cducation and
a0 at tho end of secundary education in India. What method will you uso for the pur-
poso ! Givo an outlino of the nature of teats you will uso and the method of deriving
conclusions from tho test results.

7. Explain systematio sampling, its advantages and disadvantages. Tho milk
yicld of & cow giving milk for a total of N Jdays is recorded on somo days, both morning
and evening ut successive intorvals of K days, conunencing on a randomly selected day
in the first interval. Two estimates of the total lactation yicld can bo obtained :(1)
by multiplying with .\ tho average yicld per recorded day and (ii) by multiplying with K
the total of tho rocordud yiclhin. Show that the formeor catinuto is biased excepting
shen .V is & multiplo of K and obtain tho variance of tho latter estimato.

8. What aro indux numbera * Describo the criteria which an ideal index number
should satisfy. Doscribo in detail tho official indox of wholerale pricea in India, com-
menting on its limitutions.

9., Dofino a stationary population and describo its featurvs. In a population,
hitherto stationary, thio birth rato begina to increaso at tho rato of twe percent per year.
Dotormino tho population at tho end of tho third yecaor of this incroased birth rate.

10. Factor paira A —a and B -b aro suspected to bo linked.  What aro tho types
of croasea which would provide information on the linkago, if any, between tho factors?
Discuss, assuming that {i) A and B are dominant to a and 8, (ii) A ia doniinant to a
but B—b shows no dominanco,

PAPER III: STATISTICAL INFERENCE.
Tano : 4 Hours. . Full marks: 100

(a) Attompt any five yuestions
(b) All quustions carry equal marks. .
(¢) Uso of calculating machines is not pormitted.
1. Defino tho torm “consistent and asymptotically normal eatinmate™ in the thoory
of cstimation from lurgo sumplos.
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Supposo that X, X: ... X is & sample of indvpendent obacrvations from
a population with mran px and variance a2, Construct consistent and asymyptotically
normal catimates of (i) p, (ii) #2 and (iii) ¢+ o and givo their asymptotic variances,

2, Provo the follawing propertiea of unbinsed estimatea :—

(a) If tho varianco of an unbiascd estimate of a paranoter tonda to zoro as the
samplo sizo tends to infinity, this estimate is consistent.

(b) If T and T* are both unbiased minimum varianco estimates of a parameter,
then

{i) the correlation botwoen T and T’ is unity;

{ii) henco, P(T 5¢ T') = 0, i.o. T and T’ aro equal at almost all pointa of the
eamplo spaco.

(¢) If Tis an unbiased oatimato and T’ & sullicient statiatic for the parameter,
then thoro oxista a function f(Ts) of Tq which is also an unbiaxd estimato of the para.
moter, and

FfiTa)} < V(T).

3. A samplo z), .., z4 of indepondent observations has boon obtained from a
population whoso froquency function f(z; a) obeys the regularity conditions necessary
for the discussion below. Considor the likelihood function ¢(r,, .., Zn; a) and the random
varinble § log f(r; a)!8e; als define 4 = I°(§ log f!8a).

(8) Do you think that the function
¢ = 8108 8lba
Vind)

i8 likely to bo distributed normally for lnrgoe values of n 2 Why?

{b) What will bo tho mecan and varinnen of ¢ ¥

(¢) How can the ahove resulia bo used to obtain large-samplo confidenco regions
for a?

{d) If £ is A Poinson variato f(r;a) = af. e~%(z!

and a saniplo z;y, .., ry is availuble, find a confidence interval for e using the above
resulta. .
4. () How aro shortest confidence intervals for a paramotor defined by Noyman?
(b) How are thuso intervals relntod to best critical regiona for testing hypothiesea
regarding the paramotor ?
(¢) Ilustrato the above by considoring tho problum of finding a confidenco
interval for tho mean of a normal population whose variance is not known.

"

5. Tho distribution of probability of a samplo z = (xy, .., z,) is denoted by P(o)
and ita froquency function by (x; @) whero o ia a paramctor. In order to test the simple
hypothenis Ho(o = 0,) againat & simplo altornative H,(0 = 0,), & “teat function”
&(x) is dofined in the following way :— Tho samploe space X is divided in somoe maaner
into threo disjoint and oxhaustive regiona R, R: and Rj. and ¢(x), which atands for the
probability of rojocting Ho when the samplo point ia z, is dofined as :—

By = Lifze Ry
=aifzeR, 0&agl
=0ifzeR,
w



The above is under the restriction that
P(rejocting Hy when it is true)

§OLIP(o)) = o,

whero o is & fxed conatant., The “power™ of the test function ¢(z) is {o(x)dP(0,).
r

A particulur test function 9,(x) in now defined as follows :—

Solz) = 1 if Jl2; ao)if(z: 0,) < e,
=aaif ” =e,
=0if " >e,

under the above roateiction.

() Show that @,(x) ia tho most powerful test function.

{b) Hlustrate the above by constructing a most powerful test for the hypothesia
Hytm = m,) ogainat un alternative H(m = m;) where m is the purametor of a Poinson
dintribution,

(¢) Defino s uniformly most powerful test and verify if the teat in (b) js such a
teat.

6. Stato and prove tho lonmma of Noynian and Prarson in the theory of testing
hypothesos.
Supposa that it ia desired to test the hypothesis that a given coin is unbiased,
ie. P("heads™) = P(‘tails™) = } in a single throw. Supposs that the reaulta of 7
indeprendent torws of the coin are to ho mado available to you. Conatruct a ruitable
critical region, auch that the aizo of the region is .05 (up to two decimal places).

7. Itis roquired to mako the following tests :—

(i) The meana of all the charactora of & p-variate nortial papulation are aqual
to one anothor. A sample of xizo n is available.

(ii) The correaponding meank of two p.variate normal populations are equal,
assuming that the two populations huvo the samo disperaion matrix. A samplo of sizo
ny from one population and a ramplo of sizo ny from the other are available.

(a) Deoscribe how best lincar functions of tho chaructera are obtained in the
two caars for the purpose of the toats.

(b) Describe in shart and procise torns how the problem of claasification is dealt
with in the situation of (ii).
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PAPER VI: PRACTICAL.
Timo : 6 Hours. - Full marks : 100
(a) Answor any fire quostions.

(b) Al questions carry equal marka.
(6) Uao of calculating machines is permitted.

1. (a) Age  1+logyops
30 0.90441
35 0.09203
a0 0.98830
65 0.98288
70 0,97407
5 0.95929
80 0.93465

Givon tho above values of 1 +log pg (bass of logarithin = 10), whero p, denotes
the probability that a person of oxact ago z years will aurvive till ho attains tho age
xz+1. determine 14 log p, for all integral values of z botwoen z = 60 and z = 70.

Hence computo the probubility that a porson who is exactly 82 yenra will survive
till ho sttains tho age 63 yoars.

(b) Approximute tho function f{z) = _'_i_: in the intorvel 2z <8, by s

polynomial of degrooe 3, using luast squaros, and comparo the values given by this approxi-
mating polynominl with tho true values of tho function.
2. Tho following tahls gives the diatribution of lifo (1) in hours, of 337 olvctronie

tubes of a certain facturing company. A ing the distribution of ‘f* to follaw

the exponential law
%.-'/9(»0. £>0) obtain an ostinute of the
paramotoer 4 from the given data. Compare the observed and oxpected frequencies.

Find the number of olectronic tubes likely to burn away within R0 hours of thoir life
and also the average lifo of thoso tubca, :

veraae Distribution of lifo in hours of 337 eloctronic tuban
life (in hours) observed
] frequoncy
0- 50 100
50-100 88
100-150 48
150-200 31
200-300 42
300~400 21
400-600 27
total 337



3. (a) An industriu! establishment uses 2564 lights, the number of hours a light
is used por day varying according to scason as follows :

January-Fobruary 8 hours
March-April 7 hours
May.June 8 hours
July-Augunt 8 hours
September-October 7 houra
November-December 8 hours

The averago lifu of & bulb is 725 hours with a standard deviation of 67 hours.
Tho mnnager wants to purchaso a larger number of bulbs which will cuffice them for
two years, How many bulba should ho atock o aa not to run a risk of more than } in
100 of running short of bulba. Calculato how far this risk will ho diminished by stocking
100 cxtra bulbs,

(b) To teat two promising lines of hybrid corn under normal conditions of farim-
ing, a ecod company solected 10 farms at random and planted both tho lines in oxperi.
mental plots on cach farm.  The yiclda for the different farma ero given below :—

furm 1 2 3 4 5 6 7 8 ¢ 10

lino A 19 27 24 23 25 2 21 23 23 2%
line B 1118 14 14 12 15 4 3 12 17

Calculato 05 per cent confidencs interval for the differenco between the mean
yields assuming that the yiclds of the two lincs in a farm are (i) independently normally
distributed and (ii) jointly normally distributed.

4. Ten condidates for a job were interviowed by a panol of threo judges A, B, and
C who indopendently ranked tho candidates in order of muitability for the job. Tho ranks
awarded are shown helow. Examine to what extent tho judges agree amongst themselves.

serin! no. of ranks as awarded b‘\; judge
cundidate A B
1 7 [ 8
2 10 ] 1
3 1 2 1
4 8 7 (]
5 [} 8 ]
(-] L) 3 5
7 2 1 4
] 4 4 2
13 3 5 3
10 9 10 Iy
5. (a) A facturing is intended to produco eloctrical fuses with no

more than 1 por cont defectives. It is chocked ovory hour by trying 10 fuses scloctod
at ranilom from hour's production. If one or moro of the ten fail, the process is halted
and carofully oxamined. If in fact its probability of producing a defective fuso is 0.01,
what is the probability that the process will needlessly bo examined in a given instanco?
How many fuscs (instcad of 10) should bo tested if tho manufacturer desires that tho
probability be about 0.05 that the process will be examined while it is producing 10
por cont dofoctives.
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of abasrvations with corre.

(b) Two independent xamples have 28 ll-nll 19 pai
lation cocflicients 7y nnd 7; renpectively, I r; = 0,75 within what limits must £, lin
in order that the two correlution couflicicnts may not be considered aigmificantly difforent
from ewrh other at the .03 lovel of significance.

8. Four varivtivs of wheat wero grown ut oach of thirteen lacationa and the yiclds
in bushels per uere ure given below,  To test tho hypothusis thut all vuristy mcans

1 1 block clasaifieation

are equal, the location varicty mueans are idered aswr
given by the mathematicsl model
Zij= a+Li+Vite
P

J=1234

i=01,2...13
whoro Z;j ia the yiolkl of varioty j at location i, e is the general mwin, Ly is the effoct of
of the i-th location (assumcd random) V is the offeet of the j-th varioty and ¢;jare the
error terms which are assumed to be normally distributed with means rero, varianees
u}. and such that the correlution between ey and epys is 2ero if § 5% L,

Carry out the conventional analysig of varinnre for testing whothor all variety

means are equal disregarding tho correlated vrrora.  Obtain estimates of o}, o3, a3,
2% and tegt the homogrneity of thews variances.

TARLE
Varicty
location ——
1 2 3 4
1 43.60 24.05 18.47 19.41
2 40.40 21.76 18.61 23.84
3 18,08 14.19 18.64 16.08
4 19.57 18.61 17.78 18,20
3 43.20 29,33 20.19 30,08
[} 23.31
7 20,15
] 18.56
9 23.31
10 22 48
11 19.70 .56
12 20.53 22 0%
13 20,238 43.05

7. In a barrage pond meant for supplying water to a powor plant the inlst
temperaturo of wator (T,) entering into tho plant and the correnponding atmonphoric
tumperaturs (T';) wore recorded for 30 days during tho month of November, 1953 und
1958, In 1936 tho hot water dischurged from the plant was recirculated in the pond.
why:reas this practico wag not followed in 1053. It is expocted that the inlet temperature
deponds lincarly on the atnwspherio temperature in both tho years, From the dats
given below do you notice any aignificant change in the linear relation owing to re-
circulation of hot wuter in 1056 ¥
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Year

1833 1950
T T, T 7,
November 1 .0 81 b3 81
2 as 3 ki) 83
3 [ 82° o 82
4 [} 83 kL 83
8 [ 80 ki 80
] 67 81 7 8l
7 (1] 81 v 8t
8 6 s 7 80
f 66 81 7 sl
10 a7 82 77 N2
] a7 83 ] 30
12 a8 84 8 80
13 a8 82 e 81
14 a8 8 ) 80
15 8 84 6 8l
18 82 80 " 8
17 és 81 ™ n
18 63 80 K] 19
19 85 81 ™ n .
20 2] 80 2 7
21 84 k] 70 ke
2 a4 ™ ) 78
0 a4 k3 70 kg
E2) 63 76 3 77
25 04 71 72 ™ .
26 (] I 7 kid
217 64 mw 2 s
28 (Y] 80 n 7
20 66 0 78
30 a3 76 70 n
PAPER VII (PRACTICAL)
Tinw : 8 hours . Full marks: 100

(8) Attempt any five questions
(b) All quostions cnrry oqual marks.
(c) Use of caleulating hines is permitted

L. Given below aro base poried production (Monthly ago production in 1851)
anid productions for the month of January 1859, Conntruot for Junuary 1959 the index
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of productions separately for differvnt groups as also the combined index for all the
groupa after making due adjustinents for number of days in the month.

ol. monthly averago produection in
no. namo of items weight  production in 1951 Janunry 1959
1. Mining and Quarruving 7.16
1.1 coa! 8.69 2,859 (th. tona) 4086 (th. tons)
1.2 iron ore 0.47 305 (th. tona) 603 (th, tons)
2. Food manufactusing industries
except dererage industries 11.85
2.1 sugar 4.27 92.9 (th. tona) 44.8 (th. tons)
2.2 wheat flour 0.20 40.3 (th. tons) 74.6 (th. tona)
2.3 tea 5.04 2.4 (mill. Tue) 10.3 (mill. 1ba)
2.4 salt 0.82 6,108 {th. tons) 1,779 (th. tona)
2.5 vegetable oil products 0.62 14,360 (tons) 27,792 (tonn)
3. BASIC METAL INDUSTRIER 8.04
3.1 Iron and steol 5,02
(i) pig iron and forro alloys 1.69 152,1 (th. tons)  180.7 (th. tons)
(ii) finishod eteol f 4.23 89,7 (th. tons) 120.5 (th. tons)
3.2 Non ferrous motal - 1.20
(i) aluminfum 0.19 320.7 (tonn) 840.7 (tona)
(ii) copper 0.34 966.2 (tons) 837.0 (tons)
(iii) brasa . 0.67 936.9 (tona) 900.0 (tons)
3.3 Gold 0.92 18,804 (ozs) 10,423 (o2)
4. Manufacture of textile 48.01
4.1 cotton textile - 36.10
{i) yamn 12.03 108055 (th. tha.) 130548 (th, M.}
{ii) cloth 24.07 330682 (th. yda.) 430092 (th yds.)
4.2 jute textiles 11.91 72.9 (th. tona) $2.1 (th, tonn)
8. Manufacturing of tranaport 2.92
5.1 automobilea 2.69 1858 (Noa.) 2,002 (Nos.)
5.2 bieyclea 0.23 0523 (Nos.) 75233 (Nos.)
8. Elretric light and power 2.18 4482 (Iakh kwh) 11,636(lakh kwh)

2. The tablo below shows tho numbers of inhabitanta in each of the 107 United
States cities which had populations over 50,000 in 1040. Calculate tho standasd error
of tho estimated total number of inhabitants in all 107 citics for tho following methods
of enmpling. (i) a simplo random samplo of size 50, (ii) a sample which includes the
5 largeat citics and is a simplo random samplo of size 45 from tho remaining 102 citice.
(iii) & simplo which includes the 9 largest citica and is a aimplo random sample of size
41 from the remaining cities.
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Prequency distribution of eity sizea

sizo closs 8izo class
(1000's) J - (1000's) !
50—100 105 800~ 850 1
100—150 36 800— 850 2
150—200 13 000— 950 O
200—250 8 950—1000 O
250—300 17 1000—1050 0
300—350 8 . ..
350—400 4 1500—1550 1
400—450 1 . .
450—3500 3 1600—~1650 1
500—550 0 . .
550—800 2 1900—1050 1
600—650 1 . ..
650—700 2 3350—3400 1
700—1750 0 . ..
750—800 1 7450—7500 1
Gaps in tho intorvals are indicatod by ......

3. The jollowing tablo gives for the 28 truincos of a waching institution, thoir
ranks (in ordor of miorit) at tho entranco oxamination and also thoir ranka in a statistics

test which was held after three ths of intensive training in Statistical Mothods.
roll no. of rank in rank in
the traince  cntranco statistics
exanination tost
1 13 7
2 27 i9
3 20 22
4 23 12
5 10 1
[ 1 17
7 17 21
8 26 (]
9 5 3
10 3 8
1 12 24
12 24 16
13 9 18
14 28 26
15 1 2
16 18 27
17 8 4
18° 8 15
19 21 25
20 ‘18 9
21 22 28
22 25 14
23 15 10
24 7 20
25 16 23
26 2 13
27 -1 1
28 4 5




(8) Examine (applying suitablo atatiatical testa if neconiary) whethor entrance
oxamination is offuctive at all in selecting potentially gooad atudenta of atatintica,
{d) Comument on tho adequacy of such data in dociding aout tho validity of the
entranco examination.
4. Tablo 2a shows, against each ago-group, the percentago of ever.nmarriod women
in that ago group in & certain population. .
Tablo 2b givea tho average number of female elildren born, on complotion of
the effective reproductive periods, to women of this population married at various agm.
Compute the gross reproductive rate (or thia population,

Tavre 2a

ago-group over.married

15—19 4
20—24 43
I} 73
30—34 K0
35—39 81
10—4 818

. 440 ¥2.1

TabrLe 2b

Averagn number
of female
Age at marringe  children born
(ycars) (completed
fertility)

1.8685
1.2067
0.9330
0.6335
0,3002
0.0602
0.0022

5. Itis known that, in a stoam-turbino type (eloctricity) generating plant the rela.
tionghip botween the quantity (I7) of heat consumied and the felectricity) output (V)
of the generator may bo deacribed fairly accurately by a linear law, over a limited range
of output, provided tho plint is otherwisn working in a controlled condition. This
rolation (the rogression of H on U)

H = atbU
is often reforrod to as tho Williun's linu. *a’ ia callod thw fixed heat conaumption of a plant.
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(a) From tho following duta compute tho values of a and b.

Monthly heat consumption and output of a gonorating station (ovor 20 months)

hoat heat
unit consuntod (1) unit consumod ()
supplied (U) (100 millions supplied (U) (100 millions
(millions) BTU) {millions) BTU)
3.17 508 13.09 1007
3.39 553 11.63 17.40
8.77 [ TR ] 13.47 1085
7.70 1248 11.58 1721
5.68 041 10.95 1812
11.10 1871 14,52 2127
11.52 1754 4.08 506
13.60 2016 H.3 2114
12.49 1823 13.32 1050
11.88 1795 13.83 2338

(b) Compute, using tho usual fortmula, the rosidusl varianco in I eftor au-
sounting for U,

{c) Draw, un & gruph papor, the Willian's lino ond tho two controt lincs, at a
dintance of 43X (residual standard doviation of H).

(d) Examine whothor tho procusa is in control and whothor it is maintained
through the following months for which tho figurus aro given below.

Y 11
13.3 1949
14.7 2130

6. ‘Tho distribution of houschold expenditury por month in rural and urban Indis
s catimatod by the N33 {th round, April-Soptemboer 1952 is given bolow :

houschold oxpendituro E;oporhon of

per month in Rs. (x) nu\hold (p)
urbun
Ra.0 and abovo 1.0000 1.000 \
Rs. 50 and above 0.7085 0.7878
IRs. 100 and above 0.3702 0.4622
Re. 130 arvl above 0.1932 73 .
Ra. 300 and above 0.0453
Re. 500 and aboveo 0.0115
Ras. 1000 and above —_

(») If log £ is normally distributed with mwoan # und ed. o, what would bo
the proportion of houscholds spending moro than Re.a per month, (Guo an algobraio
expression).

{b) Dofino ¢(p) by tho equation

o —
P"IJ.'.“’”xl'(T)‘l"'
Compute, rvforring to tables of the standard nornial distribution the valuos of ¢(p) for

oll the proportion cutrivs in the above tablo.
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(¢) Plot tho valuce of ¥ = t{p) ro obtained against tho corresponding valuos of

log z=X. 1f log z is normally distributed the relation hotwoen Y and X should Le
lincar. Why?

(d) Exuamino graphically (no test is required) if tho distribution of log X con
bo taken to bo normwl, separatoly for rural and urban India,

(o) Estimate, from theso graplis, the values of g snd ¢ (tho nwan and standard
doviation of log 7).

(f) Using the estimatos of # and o, derived in (o) estimate the mean and standard
duviation of z (both rural and urban estimates aro required).

7. A apecified dimension of a machined component is 0,05 in.  Fivo components
aro measured overy half hour, and tho following tublo gives tho resulta for 20 conse.
cutivo eamyples, as deviations from the apecified values in units of 0.0001 in, Make
control charts for tho mean and tho range, marking on them appropriuto limita,  Discuss
what ovidenco the chart gives of unstublo production and recaleulato limits for a purt
of tho avrica for which tho rango appears 10 bo in control.

Sumple No,

+10 =11 =5 47 =4 =1 +8 +11 +3 +8

17 =1 -1 +4 +1 43 49 44 46 0
-1 +10 +3 +5 +6 +12 +2 48 —4 42
-t +10 +14 44 42 <3 43 413 -3 =10

—15 49 =5 41 +7 42 —4 41l -8 =3

Samplo No.
i1 12 13 I} 13 16 17 18 19 20

-1 —4 41 -3 -5 %4 0 -—4 -2 -8
—8 47 44 ~4 44 12 -3 153 -2 =2
=1 =1 47 41 42 —6 =5 —4 =l -4
0 -1 45 43 413 45 +48. -6 -5 =2
-4 =7 41 0 41 .45 413 —4 41 0
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PAPER IV AND V': ECONOMIC STATISTICS (THEORETICAL)

Timo: 4 Houra Full marks : 100

{a) Attempt any fifve questiona.
(b) All questions earry oqual marka.

1. Discuss improvemments in agricultural statintica that have taken place sinco
1947 with particular reference to their importanco in improving the estimates of nntional
income,

2, \What arc rocial accounts ?  Indicate a system of social accounting for the Indian
economy suitablo for asscasing prioritics in inveatment for maximising rato of increase
of natianal income. ' .

3. Deseriba changes carricd out in the method of construction of Economice
Adviser's Index Number of Wholesalo Prices and the ures 1o which the index enn be put.
Discusa how far tho changes in tho method of conatruction aro justificd with reference
to tho uses of tho index. ’

4. What aro tho data availablo for projection of demand for foodgraina in India
at the ond of the Third and Fourth Five Year Plans? Describe a method of such pro-
jection using the data available.

5. Describo the main feat of Prof. Mahalanobis® four-sector model for economic

planning in India.

6. Defino what ia mcant by a stationary timo-scrics. Discuss tho various types
of modcls in terma of which economic stationary timoe-scries aro usually analyacd.  Show
bow to discriminato between tho various types of serics,

7. What data aro availablo on rural credit in India t  Show how the rural eredit
requirements of a district ean be estimated.

8. Discuss what aro mcant by identification and structural estimation in relation
to oconomic models. -

*PAPER IV AND V: STATISTICAL QUALITY CONTROL (THEORETICAL)
Timo : 4 Houra Fult marks : 100
Attempt any four questions,

1. Discuss tho importanco of the normal distribution in the theory of Statistical
Quality Control. ’
Examino tho justification for using in control charta the threo-sigma limits
without regard to the actual probability distribution of the quality claracteristic plotted.
2. Explain tho reasona for differences in tho formulas and the procedurea far
sotting up control charts for tho arithmotic mean (2) in tho two situations (i) standarla
given (i.o. paranteters known) and (ii) standards not given,
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How far ia it correct to aay that in tho latier case, the Analynin in approximate
since eatimates aro used in placo of parametera ?

3. A given product may bo either measured or gaugnd with reapact o an item
quality charscteristic having & singlo upper apecification limit U, What aro the consider.
ations for choosing botween an attributes pian and a variables plan for accepting Ints
of tho product t (Assunio the two plans will have the samo CC).

State a doublo sampling acceptance procedure for inapeetion by variables cor.
reaponding to & ono-sided apecification for item quality, and indicato how the elementa
in the plan aro derived to antinfy atipulated values of AQL. LTPD, and producer and
consumer riska.

4. Discuss tho problem of »lling.-pe.ciﬁml ion limita, Explain with illuatrations
how statistiral mathods holp in setting appropriate limita,

5. Comment on tho following statement : ‘Tho OC of an acceptanco rampling
plan, which is & function of incoming quality docs not provide an adequato pictum
of quality protection afforded by the plan, unleas tho probability distribution of incoming
quality is also taken into sccount.’ '

8, Write notes on any four of the following :—
I. Critical, major and minor defeeta.
2. Inspection levels
3. Homogeneity of lota
4. Sorecning
3. go. no-go gaugan and disl gauges
8. Specification limits, control limits and tolerance limits,

. PAPER IV ANXD V: SAMPLE SURVEY, THEORY

Timo : 4 J{ours . Full mnarks : 1000
(a) Attompt any four quostions.
(b) All questions carry equal marka,

1. From s population of N unite each of size A elonienta, a simple random sanple
of n units is chosen without roplacemont.  From cach chosen uait, & aimplo random
samplo of m clemonta are choson without replacement,

{(a) Derive an oxpreasion for tho variance of the sample mean in torms of the
varianco hotwoen units and varianco hatween elenenta within unite,  State the assump-
tions involved, if any.

{b) If the coat (T) of survey is dependent on n and ‘m in the form

T matepmtemn

whero a, ¢, ¢; 8ro cortain tants, obtain an expremion for tho optimunm values of
m and n uaing tho varianco function dorived above.

2. (a) How will you ohtain an unbiasod catimato of tho area vnder & given erop
from & samplo of n fiokla selected with probability proportional to arca of tho ficlds snd
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placement ? Also, how will you obinin an unbinsed eatimato of the sampling
varinnee of the above eatimato ¢

{b) Derivo an exprossion for an unbinsed estimate of the niean and ita actnal
varianen in A sample of 2 units asloctod with varying probability hut without replace.
ment from a finito population.

3. A population containn L atrata of equal size. If V.4 denotes the varianco of
the mean of a simple rundom aamplo of gize n and ¥y the corresponding varianco for
steatificd mndom sampling with proportional allacation, show that approximatoly

Ga=inr

L
NVyon = Sg24 8
ran AT L

nly = S;’

where Sj’ is tho average varinnee within atrata, y in the population mean Wa the mean
of the k-th atrata. .

4. A population connista of N clustera of M elemontsa cach.  Consider a aimplo
enndom rample of n completo clustors.  Obtain the varianco of the eatimated mean por
clement and henee show that for a given bulk of rample elements, if the intra-cluster
correlation > 0, tho cluster as a unit of asmpling in lesa preciso than a simple random
aample of elementa. .

5. (a) Study tho relative precision of syatematic, atratified and simple random
_sampling in the caso where the population connists golely of a linear trend.

(b) If tho variate yi(i = 1,2, .... N) ara drawn at random from a supar-popu-
Iation in which
= p
2(yi—p)ly;—#) = O(i :£ j),
Hy— )2 = ay?

then e 17y = eFpyd.

[Here ¢ denotes averago over all finite populationa which can ho dravwn from
the super-population. ¥,y and Prguq arn respectively the varinncea of ayntematic
and random ramplo meana).

#. Writo critical notes on :—

(i) ratio versus regresnion cstimate.
(ii) interpenctrating suhsamplea.
(iii) partial roplacement in sampling on muceesaive occasions.
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PAPER IV AND V: SAMPLE SURVEY, APPLIED (TITEORETICAL)
Time : 4 Houra . Full murka: 100

(a) Figures in tho margin indieate full marka,
(b) Uso of calculnting machinea is not permitted.
() Attempt all queationa from group A and any fro from group I3,

GROUT A
1. Deacribo precisely the most economical operational rule of drawing a simple
random aamplo of n units from a population of N unita (i) without replacemient, and
(i7) with replacoment. (3)
2. (a) What are the reasons which call for atratification in sample mirveys ? (3)
(h) What typo of information ia available and how you will use it far strati.
fication in & anmplo survey for eatimating erop acrcages in your State ¢ What ather

information do you requiro ? 2
3. (4) Deacriho precisely tho proceduro of drawing a ayatematic samplo of a unita
from a population of \' units, whore N need not nocessarily bo a multiplo of n, 3)
(b) How will you oatimate tho mean of a character in the population from the

esamplo ? Is this estimato unbi 1? Givo r . ()}
(¢) How will you combino tho estimates from three systematic samples of sizo

n into a singlo final catimate which is unbiased ? (2)

{d) How will you eatimato the error of the combined estinate of the mean
mentioned in (e) ? (3)
(6) Is it possiblo to get stratification liko effect from a systematic sample ¥
Given miitablo data, explain how you will utilise theso to obtain maximum advantage
from much stratification like offeet. IHustrato with referencs to a live problem, (2)

4. (s} What is meant by regreasion estimates in samplo surveys ' In what types
of gituations ean this be used with advantage ! How will you huild up tho estimates

in each casot . (6)
{b) Is tho cstimate biased or unhiassed (either conditionally or uneonditionally)
in each caso? Explain ) (3)

5. (a) What is & sampling frame ?

(b) What aro the different typea of rampling framea which ara likely to bo useful
in samplo surveys? )
{¢) Ia any scrutiny of tho sampling frame necessary ? If 8o, for what typo of
dofects ?
{d) Discuss tho poaaiblo offects of uaing such defectivo frames in samplo surveys
on the estimates.
(0) What precautions will you take to oliminate or minimiso such defeets ? (13)
8. What aro the points in favour of and against rotaining thoe sane aample units
(houscholda) in throo successive surveys in a rogion for estimating tho birth, death and
growth rates and oxtent of unomployment *  Explain with referenco 10 both technieal
nd operations uspeets of the question. (15)
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GROUP B

7. You aro askod to carry out a sunplo survey for estimating tho number of
uncmployed persons and under omployed persons in India clamifiod by age and sox.
(i) Suggest a suitablo definition for tho torms ‘unomployed’ and ‘undor-
employed® porsons,

(ii) What stratification do you suggest ! Give reasons.

{iii) What is tho ultinute sampling unit that you suggost ?
(iv) What sampling design will you r 1? Givo (18)

8. What is meant by non.responso in samplo survoys? What aro tho offocts of
non-responso on tho estimates ¢ \What are tho various ways of dealing with non.res.
ponse in samplo survoys with a viow to reducing thoir bad offucts, if any? (18)

9. Illustrato by meuns of euitablo exumples the difforent typos of checks which
you cun muko to asses tho quality of data from a sumplo survey. Also, what chocks can
you omploy at the processing stuge ? (18)

10.  What topics should bo included in a report on samplo surveys and in what
way will theso topics bo usoful to the gonoral readurs and to sampling tochniciuns?  Give
an outlino of the howlings of sections which you woulll includo in a roport on & samploe

survoy of omploy and loyment. - {18)

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

Time : 4 Hours Full marks : 100

(a) Attompt any four quostions.
{b) All quesations carry oqual marks.
{c) Uso of calculuting machincs is not permitted.

1. ‘The Latin square provides moro opportunity than randomized blocks for skilful
plunning.’ Discuss, bringing out curcfully tho advantugos of the Latin squuro design
in comparison with thoe randomizod block design, .

Givo in detail the proceduro of proparing a layout plan for teating thoe offect
of soven treattionts A, B, C, D, E, F and G in 8 7 X7 Latin square. Give tho nethod
of analysia and obtain an oxpremsion of tho efficicncy of the design as compared with
tho randomized block design in soven replications,

2, What is tho usoe cf f iong in the unalysca of data ?

Deucribe, with illustrations, the situations in which tho squarv root, tho angular
and logarithmic transforniations aro useful in the analysis of oxporimontal data .

3. Soven treatments have hoen tricd in Latin square designs in 10 difforent ervas
within a region with a viow to dotermining the best treatment for tho wholo region.
Expliin in dotail how you would analyso the series of experiments, justifying tho various
sleps involved as fur as practicablo.
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4. Explain the importance of the ‘analywis of covariunce' tochnique.
An oxporiment is arranged in randomized blocks for four matrices to test the
offect on milk yickl of cows. From the control period yivld () and the experiniental
period yield {y). we get tho following tublo of analysis of variunco and covarianco :—

bD.F. S() S(ry) | S(y?) byr bysS(xy)
Replication 3 183,50 92.30 52.69
Treatment 3 34.00 24.00 26.10 044444 10.647
Error -9 73.50 49.25 32.58  0.87007 33.00
Treutont +
Error 12 12750 73.23 78.73  0.3U5L 42.08

(i) Is it worthwhils to adjust the trutiment moans for regression ¥
(ii) Calculute the gain in procision due to mlj
{iii) Test for the nigaificunce of treatment effecta.
{Tho usual statistical tables will bo suppliod, if nocensacy],

5. Show that a 3% experiment can bo arrangod in four roplications, each of 9 blocks
of 9 plots, vuch that only the throv.fuctor intor-sctions aro confoundwd and a ph

balance is achieved over theni.  Explain the method of unalysin and give thy structure
of analysis of variunce of the design.

6. Writo short notes on uny three of tho followings :—
(a) Uniformity trials.
(b) Rotation experiments,
{c) Inter and intra-block information.
() Orthogonal sots of Latin sjuarcs.
(o) Croas-over losigns,

PAPER 1V AND Vi MATHEMATICAL THEORY OF SAMPLING
DISTRIBUTION (THEORETICAL)

Timo: 4 Mours | Full marks: 100

(8) Attempt any four questions.
(b) All questions carry onual marks.

1. Lot ¥5, Y5 --os¥n be n indvpendent obuorvations on Nornudly distributed
variablus Yy, Yy, ..., ¥ such that

Var (Y)) = o2
E(Y)) = aisty+aidat . oot timlem

ford = 1,2, ,.,0, whoro #;,2;, ... m 8ro unknown paratmetors, and || a;;]] is s
known matrix of rank 7,r C m < n

I
Lot X 1jt; bo & puracteio function which admits an unbinsed lincar estinator.
-y
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Lot /M, denoto the hypothesia that

L]
X4t m 0
[

and define
R i ; ( s )
oo y;— S agi))?
ity et F1 L4 i
sad
R ' in {i( ~ I)!}
- mi d— = an.
e ity el Li 9 o i
subjoct to
Xlt; =0
Al
ubtain the distributivn of
R;,...n:
R},

"
2, (a) Derive the distribution of ‘:.'.‘ ;1

whero the «; aro indopendent Normal variahles, the mean and variance of z; boing
#; and 1,

(b) Show that the percontage points of the central chi-square distribution srv
inorousing functions of tho degrees of freodom.,

3. Convider a ple of indupondont obscrvations from s multivariste Normel

populations.

() Without actually deriving their distributions, show that the samplo mean
vector and the rample covariance matrix are independently distributed.

4. (a) Show that if a random variable X has a continuous distribution function

F(x), then Y = F(X) hpa tho uniform distribution over (0,1).
tb) Lot X, Xy, Xx and X4 be a samplo of indopendent obsorvations from u

population having a continuouna distributions functions K. Lot Z donote the proportion
of tho population for which the variato values range from tho snallest (o the largest
samplo valuo, Dorive the sampling distribution of Z. What s PZ L ) *

A, The following aro 12 independont ohservations on a varinto, in the order in which
thoy wero obtained 3

20, 23, 18, 17, 24, 18, 17, 21, 22, 26, i3, I8,

By mplacing cach obsorvation losa than the sample median (19) by the lotfor
@, and vbservations greator than 19 by b, wo have tho following suquonco of lotters :

bb au b aubdb aa :

This soquones exhibits 6 rune, 8 of « and 3 of b,  If the ubove susiico of numerical
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valuos is pertiutod at randoni, obtain tho joint distribution of R, and Ry, whore Ry
and Ry denote the total number of runs of a and b respoctively. (In tho givon caso,
Rg = Ry = 3),
Discuss an application of this diatribution in tests of significance.
6, (a) Dincusa in dotail how tho log tranaformation

g 1P
t=logy
holps to obtain buttor tosts for tho corrolution coefliciont.
(b) Obtain the sampling distribution of a partial corrolation coofficient, and
also of a multiplo corrolation coeficiont , ia 8 un\‘_)lo from a multivariate Normal popu.

lation.

PAPER IV AND V: VITAL STATISTICS A.\'D. POPULATION
. STUDIES (THEORETICAL).

Timo ¢ 4 Hours Full Marka: 100

(s) Attempt any four questions,
(b) All questions carry equal marks.

1. Discuss briofly the trends in mortality and fortility in .\sian countrics since
World War IT and their implications on the future distribution and growth of population
of the world.

2, What in meant by ‘migration difforential't  Describo the major findings of the
more important studics on migration differontials with particular reforence to intornal
migration.

3. Expluin the pt of ‘stable’ population. Nsrrutv somo of the uscs of this

1 1 1,
BT8Y 2

n

4. Describo bricfly how lifo tables may bo constructod when mortality atatistics
aro inaccurate.  On what data will you then, have to fall back upon?
3. Write short notes on any threo of tho followings :—
(i) Demographio transition. .
(ii) Model lifo-tables.
{iii) Inaccuracios in age returns.
(iv) Asscssment of meorbidity.

PAPER IV AND V: PSYCHOLOGY AND EDUCATION (THEORETICAL)
Timo : 4 Hours Full marks : 100
(1) All anawers should bo writton on this quostion puper itsolf in tho space
provided.
Directions, Thero aro two parts in this oxamination, In Part 1, thero are 25
questions for which answors shoukd bo writton in thy spaco given below cach question,
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Necessarily, the answers to these questiona will hava to ho shart.  Tho marka for thean
23 questions are distribuled as follows :

Questicns 1—20: cach carrics 2 marka,
Qucstiona 21—25 1 cach carrics 4 marks.

A total of GO marks i, thereforo, allotted for Part 1. You have to answer all ques-
tions, there is no choice.

In Part IT, there are two sections A and B.  In each soction, thero are two queationa.
You have to answer One question from each soction You will, thorofors, anawer two
questions in all for Part IT.  Each question carriea 20 marka,  The tolal marka allatted
for Part TI in 40,

[N.B.: sapace for Anawers aro not shown in thia printed copy}

PART I

1, Write the fundamental equntion of test theory, relating ohserved acoro to
‘true’ score.

2. Show that the ‘trne’ varianco is almest alwaya amaller than the obtained varianco
of a sot of acores,

3. Show how o, = oyl —rp = oy J) —rl: where 0, = standard error of measure.
ment, 0y = standard deviation of obrorved acores, 7y = relinbility, ry, = correlation

between ‘true’ and observed acoren.

4. Show how the variance of obscrved acorea for a teat of doubled length is given
by the cquation :

0% = 20(1+ ). whore 0% = varianco of ohserved
scoren for a teat of doubled length and » = reliability,

5. Write an equation showing the componenta of an obsrrved scorn according
to multiplefactor theory.

6. Explain correlation hotween teats in terms of factor-loadings.

7. ‘Unlesa teat and criterion have at least one factor in common, the teat will have
mro validity for predicting that criterion'—Why ¢

8. What aro tho atatistical eriteria of ‘parallel’ teata?
0. What ia the aplit-half mothod of eatimating the relinbility of a test ?

10. Show how thn following formula yiclda an eatimnte of relinhility :
1.3
ms(.l'. ("’ 'W)w)mn
n-1 ot

n = numbor of itoms in a test

o = varianco of obsorved scornn

p = proportion of correct snawer per item
q=1=p,
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11, A teat is uacd for soloction of atudonta, Tho test acoren of the selocted atudenta
are correlated to the extent of .6 with examination marka at the end of a year. Ia thore
any reason to boliove that .5 ia an undorestimate of the true carrvlation betwoen acloction
test and marka ?

12, Suggest & correction for chance sueccossa in multiplechaice teata and state
Yeur amaumption’ '

13, What am the atatiatios wsed in attitnde-aenle construction by Thurstone ?
14, What in the difference between a fuctor matrix and o correlnti=n matrix ?
15. What information ia given by the item analyris of a teat ?

18, 1low daen apeed affect itom difficulty ?

17. How ia it that the more diflicult & multiplo.choico tent for a popnlation. the
greator are the chances of ita having a lower correlation with anything clao ¢

18. What ia the relation betwoen the longth of a test and ita regression woight
in & multiple regeeasion equation?

19, Why should tho weights dorived from a multiple regression analysis on one
samplo bo usod with caution for a battery of tests for usa on another sample from the
samo population?

20, Suppoan that ten different tests hava beon doveloped for the prediotion of &
criterion. A multiple regrossion analyin showa that an‘equation can bo written with
only 53 out of tho 10 teata, and that adding moro tosta to the 5 docs not appreeiably improve
prodiction.  How ean thia happen, if all the teata aro valid ?

21, From a hattery of teata we have 1o find a woighted enmpanite geore for use in
seleetion of personnel.  JTow should this bo done ?

22, When thers are sovernl testa and soveral criteria, how can the validity of
& componito Inoasuro againkt & composite critorion ‘bu detormined ¢

23.  What are the exsentinl features of Guttman's method of acale analysia ?

24, What is the problom in estimating *communality’ in factor analysin ?

25, How can rotation help in the interprotation of factora ?

PART II
Section A

238, Plan an investigation to find the offeet of nge, sex, aducation and wealth on
intelligenes.  Give your anawer with referrnco to prohlem, method, design of atudy
and method of analysia of data.

Or,

27. A voeational gudinnee clinia is hoing aet up.  What kinda of atatistieal infor.

mation will ho necesnary for the elinic 1+ function eMiciontly t

Seetion I3

28, Suppose you want 1o find whother teachera’ ratings on peraonality traita of
achool boy» can predict academic success. Discusa the problema involved with refurence
to your deaign of atudy and analysis of data.
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r, . . . . . o e
20, °A acheol wanta to know whether ita examinution aysten in all right or it hooda

improvement, What kinds of information will be needed for docinion ¢ Discusa’
with reforence to problema that are likely ta arine in the collection and analysia of data
relevant for the purpose..

PAPER VII{I AND IX: ECONOMIC STATISTICS (PRACTICAL)
Tima ¢t § hours, . Full marks: 100

(n) Figurea in the margin indicato full marks,
(b) Use of calculating machines iz pormitted.
1. Tho following tuble gives the distribution of incomes of incomo-tax asscsscsa
in the years 1950.51 and 1055.50.

No. of Total i mmlul- No, of Total income
Grado of total 0 lin
income in 1950-51 Iﬂ :0—.)! in 1053-50 955-56
0— 25,000 6,062 4,60,08,283 | 401,57,81.681
25,001— 40,000 17.480 54,25.30,147 63.88,15.503
40.001— 145,000 5.734 20,54,34,514 34,80,568,502
55,001— 70,000 2,876 17,88,07,148 3,363 20,70,48,870
30,001— 85,000 1.839 12,59,17,009 1,782 13,89,69,519
85,001—1,00,000 283 0,08,47,872 1134 10.43,89,004
1,00,001—1,50,000 1,729 21,09,08,034 1,791 21, 80 16,204
1,50,001—2,00,000 746 12,84,40,862 73 12,55,85, OOI
2,00,001—3,00,000 603 14,70,80,050 739 17,90,33
3.00,001—4,00,000 aie 10,77,48,961 378 13,00,59,22
4.00,001—5,00,000 208 6,33,45.159 243 10,84,58,253
3,00,001 and over 729 119,48.84,903 877 1.61,77.74,257
Total an,107 313.10,43,940 527,937 7.84.00,77,789

Fit Lorenz curves of concentration for the above data relating to 1950-561 and 1955.58
and interpret the changes in concentration of incomen during the first Five Year Plan

period. (40)
2, Using monthi-end wholerale price duta for wheat at Hapur, analyse seasonal
variation in wheat prices. . . (30)
Month
Year

Janu- Fob-  March April May June July AugustSept- Octo- Nov. Dee-
ary ruary ember ber  ember efuber

1952 16.00 16.75 17.00 17.00 16.50 17.00 19.25 19.00 19.25 19.73 19.50 21.00
1033 22,25 23.00 20.50 16.00 15.87 16.12 17.00 16.50 15.00 16.37 13.50 17.00
1954 16.25 16.25 15.50 15.00 14.50 12.50 12,50 12,75 12,62 12,75 12.25 13.37
1955 13.37 14.00 11.87 0.12 0.62 10,62 11.60 11.50 11,75 12.50 12.682 14.25
1036 14.62 15.00 14,00 13.00 13,64 13.50 14.31 15.00 14.75 15.00 15.75 13.81
1057 16.12 16.37 16.00 15.50 14.31 14.50 18.00 15.75 13.60 13.75 15.75 15.74
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3. Supposs that the income elasticitics of demand and the percentage ratea of chan.
go of income in the rural and urban scctors, and also the ratio of urban to rusal incomea
are known. Obtain a mathematical exprowmion for deriving the income elasticity of
domand for tho two acctors taken together.

Uso tho data given below to ealeulate the income elasticity of demand for all
India :—
(i) incomo elaaticity of demand in urhan acctor is 0.23 and that in rural sector,
0.45,
{ii) percontago increase in rural incomes, urban income and total incoms are
4.79, 6968 and 5.8) respectively ,  and
(iti)urban peg capita consumption ia 0.8 of rural per capita conmumption and
urban population is 21.58 per ennt of tatal population. {am)

PAPER VTIIT AND IX: STATISTICAL QUALITY CONTROL (PRACTICAL)

Time : 4 Houra Full marka: 100
{s) Attempt all quentions,
{h) Figures in the margin indicate full marka,
(0) Uss of calculating machines in permitted.

1. Either
The atandard deviation of the error in measurement ¢f a characteriatic ia deter.
mined to be 5 units. The standard deviation of moasured values of the characteriatic
under a state of control is 40 units. FEatimate tho true standard deviation of the
characteriatic.
Tt is bolieved that the standard doviation of the error in messurement could he
reduced to half if the averago of four micasurements repeated on each itom is used inatead
of taking only one nwasurement on the item. If thia is done. what reduction ean be

expocted in the standard deviation of tho measured values. (18)
Or
In an accept pling plan & plo of 43 items is inspeetod out of a lot

of 1000 items. If thero are no defectiven in the smnpla tho lot is aceepted, otherwiae
rejocted. If a ot with 1.5 pereent defectivo is submitted for inepection, find out the
probability (using Tablea of Poinson distribution or otherwine) that it will he accepted). (18)

2. Find out the clemwenta (n and ¢) for & known-aigma single samipling variahlea

plan for acceptance, for a one-aided apecification, such that tha OC of the plan will
mateh approximstoly that of the aingle sampling plan havingn = 13and ¢ = 2,
For thia plan what will ba tho prohability of accepting & 3 percent defective I?;)
3. (i) Obtain 93 percent conficlence limits for the lot standard devistion given
that in a sample of 12 piccoa of coal, the range of percentage ash content waa 16.5,
(ii) Obtain a point-ostimato of tho lot standard doviation, given that tho mean
rango baand on 5 ramples cach of 7 obacrvations of a dimonsion, was 18.2 numg.
(iii) Obtain a 99 porcent confidenee intorval for the number of defocts por unit
in the lot given that in a sample of 15 unita, the total number of defocts waa 12, (24)
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4. A component in an eclectric switch consists of & svni-circular brass pioce with
3 teeth on it, numbered I, 2,3 in & particular ordor. The tosth on each pieco are
machinod togothor, It is desired to control the thickncss of teoth and data coliccted
for this purposo are given below :—
thickness of teoth in mmas.

piece no.  tooth 1 tooth 2 tooth 3

1 1.021 1.056 1.043

2 1.006 1.083

3 0,908 1.007

4 1.008 1.001

3 1.102 1112

6 1.088 1.093

7 1.101 1.031

8 1.003 1.082

] 1.109 1.112

10 1.052 1.063

Ltiliso tho data t sot .up appropriate control churts and i | for thick
of teath, . (33)

PAPER VIII AND IX: SAMPLE SURVEY, THEORY (PRACTICAL)
Timo : 4 Hours Full marks : 100
(8) Attempt oll questions,
{b) All questions carry oyual nurkn,
{c) Uso of calculating machinca is pormittod.

1. (8) A samplo survey was carricd out to estimato the ares under a spocifiod
erop in a district,  In each of the four subdivisions of the dintrict, villages were svlocted
vith equal probability without replacement and in each solectod villago four clusters
of eight khasra numibers each wero aclectud {equal probability and without replacement).

Obtain a suitablo estimate of the arca undor the crop in the diatrict and the

stimated varianco of thin extimate. s your estimate of erap sercage biamd * Givo
reasons.

Arca under crop in cluster (in ucres)

Villagon n 2) 3) ) &) 6)
Strata
I 1o 447 464 — —
{269:24) 237 14 439 —_ —_
134 252 0 _ —
77 130 482 — —_
I 0 0 128 a1 -
(38253) 0 100 100 132 —
0 175 20 260 —_—
] 47 30 275 —_
111 177 301 75 113 287
(41990) 16 0 30 0 [}
303 331 Y a0 0
150 20 a2 232 90
v 230 581 37 343 66¢
(104710, 132 1] 327 22 32 38"
143 319 193 28 378 99
27 15 255 1] 332



‘Total numbor of wurvey numbors have been indieated in parenthesis under the
numberod strata. .
(b, If tho villagen are selected with probubility proportional o survoy numbers
und with replacement, give u broad outline of tho analysis.
2, (a) Tho following dals show tho stratification of all tho farnw in a district by
farm sizo and the averago urea under Maize (in acres) por farm in cach stratum,

standard
avorago area  deviation of
Farm sizo  number of  under maize  arcs under

{acres) farms (acros) maize
0— 40 394 5.4 8.3
41— 80 461 18.3 13.3
81—120 nl 2.4 15.1
121180 I 34.5 19.8
181—=200 169 2.1 4.5
201—240 113 30.1 28.0
Mq1— MR q3.8 35.2

For a samplo of 100 farnw, computo the samplo sizes in cach stratum under
(i) propurtionnl sllocation, (ii) optisnum allocation. Compare the procision of theee
methods with that of simple random mampling.

(h) If the sirata in the above yueation aro to bo combined into s lexsor number
of niruta, say, two, what ia the best point of division for proportional allucation ?

PAPER VIII AND IX: SAMPLE SURVEY, APPLIED -(l'R.-\(,“l‘l('g\L)
Timo : 4 Hours Full mnrka; 100

(8) Attompt ull questions,

{b) All questions earry oyusl mucks,

(c) Uso of calculnting machines is pormitted,

{d) All workings should hw whown in neat tabulsr furow

1. You are given in Tablo 1 (given on next pugy ) a list of villagen in a Tolwil of
India slong with their population in 1931 and cultivated area,

(i} In the tabla '—' moans that the figures aro not available. State clearly
us to what action you will tuke in respect of camwa whuoro population figurce aro not avail-
able, if you aro asked to chonso 10 villages frons thia list with probability propocrtional
to population.

{ii) Aftor taking necewsary action a4 in (i), choono s wsinplo of 10 villages with
probuhility proportionnl to population and with repl t. Stato cloarly the rubo
of provedure adoptd by you snd reforence to any tublus used.
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(iii) Entimate the total cultivated arca in the Tchail from this sample (using
the figures of cultivatod area given in Tablo 1, for tho eclected villages aa having been
btained from a plo and ing that figuros for other villages are not available),
(iv) Estiniate tho standard crror of this estimate.

2, I is proponnd to list tho h holils in a village and colleet the following auxili-
ary information with A view to uning them for eampling of houscholda or for other
purposcs i—

(a) bor of p in the b hold
(b) tho group to which the houschold belong lo solf-cmployed in mgmlor«i
ing ostablisl t.1;. self-omployed in g | facturing mlnb-
lishment-2; others-3. '

(o) principal means of livelihood of houschold which is self.cmployed in unregia.
tored manufacturing ostablishment (group codo 2):

Class 1 ¢ manufacturing as principsl means

clugs 2: othora na princips! moans.

Note: Ah hold is regarded as solf-cinploywd if at loast ono of ita mombora
in solf omiployed usually, This sclf-employment may bo in & manufacturing cetablish-
ment or olsowhiere.  The establisl may bo a registered factory under the factorics

act or nay bo an unregintorod fuctory.

The principal meana of livelihood of the hcumhold is decided on the busin of the
source of mujor incomo.

From the list thus constructed, it is propsosed to conatruct for vach of the following

enquirics suitable sampling franies by ssaigni: itab) pling serial numbers to overy
houschold and draw samples of houscholds according to the following gehemes :—
(i) For penditure achedule : Sampling sorial numbers are to bo

assigned in mich & manner as to give cffect of 8 rearrangement of the lint of houscholdx
such that housohokla of sizo less then 4 get the earlier serinl numbers and the rest will
get tho subsequent sorinl pumbera,  From this frame of houscholdy, 4 are to bo selected
syatematically,

(ii) For enquiry of houschold enterpriso : Mouscholds with ggup codo 2 and
¢laas codo | will bo given the earlicr sorinl number and those with group codo 2 and class
code 2 will be given the subsequent scrial numbers.  From this frame of houscholds,
3 aro to bo solocted systomatically

Draw a auitable schedule with adeq apucing and heading for the purpose. With
reference to this schedule, write the instructions 1o the inveatigators oxplaining aa to how
ho szhould proceed to conatruct tho frame for aampling of hourcholds and how he
should procced to draw the samples. The schedule and instructiona ahould be so framwd
a8 10 make the work of tho invoatigator as simplo and light as possiblo.

3. Kither,

{a) Liat tho items on which you should collnet data on a sample basis to cstimate
the total coat of cultivation of paddy por acre and per 100 maunda of paddy produced.
{b) Indicate tho appropriate roforenco period for ecach item. ’

{e) Define tho important torms used, if any.
(d) What ia tho beat possible source of information —the unit of cnquiry. Give
roasons.
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Ur,

It is proposed to collect data from a samplo survey in your Stato to know (i)
tho extont of litoracy among male and fomalo population of different honschoeld income
groups, (ii) reasons for low standard of education, if any, (iii) educational facilitics avail.
able to them, (iv) oducational facilities and assistancoe neoded by them.

Propare a list of important Tables which will throw light on the above oapects.
‘The structure of auch tabloa should also be presonted.

Tasrs 1
List of villagos in & Tehsil of India along with their population and cultivated
arca in 1051
sorial no. cultivatod eorial no, cultivatod
of village  population arca (acros) of village population aroa (acros)
1 231 40 43 79 08
2 242 123 44 350 215
3 214 184 15 172 43
4 185 155 48 805 210
5 — . 47 9000 2570
[ —_— —_ 48 240 137
? 226 145 19 — 20
8 35 33 50 91 317
9 76 31 sl 15 191
10 370 70 52 440 198
1 671 - 313 53 333 403
12 84 — 54 201 416
13 1004 1027 55 tio 225
14 554 246 56 192 a32
15 m 100 57 186 175
16 — 48 58 222 211
17 . 235 389 59 79 101
18 553 401 80 199 254
19 740 505 81 1199 T 853
20 123 9 62 876 726
21 199 84 63 164 228
22 5 .13 84 — 18
23 127 62 85 — 31
24 111 123 66 200 160
25 e 148 234 87 . 108 220
26 1500 1384 68 161 279
27 2448 1016 80 1152 389
28 760 442 70 302 520
29 19 3 7 H21 —
30 143 13 72 281 240
al 24 11 73 — 258
32 100 13 K] 182 369 °
a3 2 40 5 3700 3437
34 7 5 7 264 158
35 38 ' 5 - n 202 —
36 558 . 221 78 556 303
37 1090 250 79 117 241
38 731 284 80 131 117
39 123 125 81 87 137
40 79 63 82 113 105
11 1684 105 83 70 06
42 80 58 84 — —
grand total 38774

‘~' mcans that figuros ars not available,
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PAPER VIII AND IX : DESION OF EXPERIMENTS, APPLIED
(PRACTICAL)

Timo : 4 Hours, Full marks 100

(a) Attompt any three questions,
(b) All quostions carry oqual marka,
(¢) Uss of ‘caloulating machines is permitted.

1. A(3x2x2) factorinl oxporiment was carried out on wheat in blocks of six plota,
the treatments being oll combinations of three lovels of nitrogen (ng, ny, 1), two lovels
of potash (kq, k) and two lovols of super phosphsate (po, py).. The layout plan and yislia
in Tba per plot of J4th of an acre are givon below :-

Replieation I Replication 11 Replication 11T

Block 1 Block 2 Block 1 Block 2 Block 1 Block 2
nkp nkp nkp nkp nkp nkp

a0l 20.3 000 24.8 000 23,3 001 28.8 000 30.7 001 38.7
010 22,7 o011 34.1 . 011 258 010 23.4 011 28.9 010 31.1
100 40.3 101 52.3 101 52.2 100 41.0 100 61.8 101 75.0
111 £2.1 110 40.4 110 40.5 111 45.1 1M 73,17 110 58.3
200 37,0 201 45.8 200 41.0 201 48.4 201 54.6 200 63.1
3211 48.6 210 48.2 211 43.7 210 39.8 210 53.8 211 83.1

Find out, giving roasons, what offocts have been partially confounded. Analyse
the data and interprot tho Ita of analysis. Also caleulate the loss of information
on the confoundrd offcets.

2, An entomological trial was carriod out in five randomized blocks on four plota
rach for touting tho offect of four insocticides 4, B, C and D on control of Grundly bery
of paddy. Tho table bolow shown tho layout plan adopted and the data on total number
of adults before the application of insccticides and two days aftor the application for
fve randomly sclectod plo arcas of 2’X% 2’ in each plot, the upper figure denoting
tho total numbor of adulta beforo the application of the insecticides and tho lower figure
the total number of adults two days aftor the application.

Block 1 Block 2 Block 3 Block 4 Block §
A C B D B
] 22 10 24 23
1 2 1 18 3
D B C A C
10 19 18 21 24
9 2 3 3 1
(4 D A B D
10 19 13 26 18
1 16 1 2 15
B A D C A
4 16 22 31 23
2 1 1 3 1

Obtain tho porcontage mortality of adults for cach plot. Analyso the data aftor
wansforming tho porcontagos by using the appropriate transformation and interprot
%o rosults of analysis, Qive tho summary of rosults for both tho tranaformed and
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original. varintes, Btote with reasons, whether or not it is pawible to obtsin from the
analysia the critical difforence for tenting the signiflcanco of difference between treatmony
meana for tho original varinte (percentage mortality).

3. A 5x0 Latin square experiment was carricd out on the sugareano crop ta tent
tho offect of five munurial treatmenta A, B3, C, D and E, of which A wax control (or no
manure).  Thoe layout plan and the yiclda of plant in secm per plot of 11010 of an acre
are given in the table below :— .

A E D C 1)
1119 1840 1438 1281 1439
D SR TA E C
1782 1878 1200 1761 1720
B A C D E
1904 1322 1600 1837 1876
C D E B A
1482 1521 1875 1802 1400
E . C B A D
1883 1482 -_ lang 476

One of the obscrvations for treatment B in the fifth row (or third eolumn)
is minsing. Analyso the data and atate your conclusions, presenting the reaults in the
form of & muminary table,

Indicate the procedure of analysis when a value corresponding to another treat.
nient is misving.

4. A 33 fuctorial experiment was carried out on paddy to atudy the effect of phos.
phatic fertilizers at different levels in conjunction with different lovels of niteogen, the
trentmenta being all combinations of @

Ir{_, = On.lacre ] {2 = triple super. " fp.. = Ofw'nere )

i phorphate
n, = 2Ulhs./acre g X } &2 = Lone meal b x ‘p. = 201bu/nero >
Ln: = 40Mha./acre J 71, = {triplo supor- r (P2 = 401w acre |
phorphate +§

L rock phosphate )
Tho layout plun and the dry weight of grain of paldy in s, per plot {of 1/60th
of an acre) are given below:—

Block I Block IT Block 111
BR3Py 31.7 nAsPy 30.2 [V 32,2
Apsp; 31K namp, 327 nagp. 30,2
By py 32.8 - nypy 20.8 LILSY . 40.3
LYY 23.0 nya3p,y 28.1 ny42pg 32.2

nya psy 32.8 nyaypy 30.4 naap, 41.2

nyayp, 30.2 N8P, 20,2 nyeypy 39,2

neaypy 2400 naaypy 22.7 n,s3psy 38.2

nie1po 28.3 N8y pu 17.3 nod Py 4.2

nayp, 35,2 LY 26,9 Ry, py 40.8
Analyso the data and draw somo conclusions.
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PAPER VIIT AND IX: MATHEMATICAL THEORY OF SAMPLING
DISTRIBUTION (PRACTICAL)

Time : ¢ Hours Full marka: 100
Anawer all queationa.

1. (a) Tho following tablo givea the aunw of aquarea and product moments of two
varinbles x, and x, in five oxperimenta with 10 subjocta in each experiment, Teat
for tho heteragenoity of the correlutionn observed in the five experimenta.

Iz Sxy - 7z,

Experiment | 168.9 2020.5 458.5
2 12,1 715.6 : 102.6

3 132.1 2860.8 189.4

4 158.1 1064.9 333.7

5 191.68 AT22.1 839,68

(b) Asanming x, to bo the hody woight in kilograms of a cat and z4 the heart
weight in grams, the relovant data for two samples, 47 fomalo and 97 malo cats. are
summariscd as follows t—

nox of no. in the mean values uncorrectod product matrix
the cat aample

xy EX EH F2 3
fomale 47 Ho.n 432.5 265,13 1020.42  4064,71
male 97 281.3 1008.3 836,75  3275.55 13056.17

Teat the difference hetween the above two samplea.

2. The corrected sums of aquares and produrt momenta of four variablos z,, 15,
zy and y aro given below :-

xy N Ty y
z, 18.68 .03 0.82 1.51
x4 0.00 0.3 0.60
ED 0.22 0,18
y 0.13

Caleulato tho regresaion coofficients dyj.zs. byr.1a and bys.yy snd test tho
significance of these regresaion coofMeionts, given that the above data aro based on 44
abservations.



PAPER VIIT AND IX: PSYCHOLOGY AND EDUCATION (PRA CTICAL)
Time : 4 Houra ’ Full marks : 100

(a) Attempt any three questions.
(b) All questions carry equal marks.
(c) Use of statistical tables and calculating machinea in pormittod.

1. A teat waa given to four different groups of studenta. The frequency distri.
bution of acores for cach group is given below. Make relevant analysia of the data
and suggest what conclusiona can we draw about differencea between the groups on the
ability measured by tho teat:.

Froquencies in four groups

Teat score clana

intorvel A B Cc D
2729 3 24 4 26
2426 7 24 [] 34
2123 12 41 ] 57
18—20 17 83 20 101
15—17 27 03 13 119
12—14 22 101 16 81

8—11 25 69 ] 40
6— 8 8 24 2 8
3—35 R 10 ] 4
0— 2 o 3 2 2

2. Normalise the distribution of scores given below and expreas the normalinsed
distribution on a scalo of X = £0 and §.D.= 10:

) Score  Froquency S8core  Frequency

0 3 18 81
3 4 17 59
4 L3 18 87
5 15 19 49
[ 30 20 53
7 22 21 37
8 30 22 a3
9 39 23 18
10 49 i 21
1 47 25 17
12 64 26 [}
13 80 27 1
4 a8 28 4
15 62 29 1

3. TIs there any reason to beliove that more than one common factor i involv - :n
the sot of intor-correlations among ability teata givon below?

Teats

1 2 3 4 5 [} 1 8
)
2 49 —
3 59 45 —
4 43 40 ) -
5 R A6 4T .87 —
6 .40 .43 .33 .80 .51 —_ -
1 .46 .41 .34 .82 .58 .59 —
8 .46 40 .40 .67 .08 .66 .65 —_



4. From tho data given bolow make an estimate of the validity of Mechanical
'scoro with the effcot of Intolligence partialed out: -

Person No.  Intelligence Mechanical  Criterion

score score acoro
1 4 15 30
2 60 25 4
3 34 12 25
4 a5 18 40
5 72 27 a7
8 50 20 25
1 61 23 28
8 3 18 19
9 54 17 37
10 53 14 23
1 63 19 32
12 1 12 15
13 5 15 17
14 N 9 1
15 53 18 35
16 47 10 18
17 59 24 32
18 20 8 10
1 - 4 15 2
20 15 13 12
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