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Parzr I—ToconericAl StaTisTics (GENERAL)

Time: 4 Hours Full Marks 1100

(a) Answers to the difforent groups are to bo given in ecparate books,
(b) Al questions carry oqual marks,

Grour A (60 Marks)
Attempt ANY THREE queetions

1. An um contains w white and b black balls. All the balls are drawn out at
random one by one without replacoment.

(i) What is the probability that the first and the laat ball drawn are of difforent
colour ?

(ii)\Vhat ia the probability that among tho first three balls drawn there is at loast
one black ball ?

2, Write a short note on tho pt of correlati fully distinguishing
wtweon the concepts of corrolation ratio and correlation cocfficient. Explain the
neaning of total, partial and multiple correlation coefficionts, Dorive an expression
»r multiplo corrolation coofficiont and show that the multiple correlation coofficient
~~vascs as tho numbor of independont variables i

3. A farmer solla boan sceds in packots of 100 scods and agres to refud tho price
f the number of seods (in & packot) that gorminate is lees than 75. The farmer has
. largo number of packets of scods to soll and his coat of production has boen Rs, 2/.
wr packot. From past exporicnco, tho farmor knows that tho average numbor of
-+0ds that gorminate por packet ia 80. How should tho farmor fix the price of a packet
5 that in the long run ho may expect to earn a profit of eight annas por packet sold ?
You noed not actually computo the price. Only explain how you aro going to find
. You may assume that the numbor of socds that germinate in & packet of 100 is &
“inomial variable).

4. (a) Prove Nowton's Backward Difforonco Intorpolation formula.
(b) State Stirling’s Central Differonce Inwrpolnuon formula and the Threee
ighth rule of numerical integration.
Stato the assumptions involved in both theso cascs.

Grour B (10 Marks)

Attompt ANY TWO questions

5. (a) Writo a short note on the measuromont of strongth of association betweon
+0 attributes 4 and B.



In a samplo

(AB) = 07 (48) = 68
(aB) = 44 * {ap) = 40
Are tho two attributos indopendent If oach of the above froq ica peore | d

Gve fold, would your conclusions bo altored ?

(b) Show that if x} and x} aro two independont x2 variables with n, and n,
8! of frood poctivoly, thon u = x3 4+ x? oboy tho same distribution with
(ny+n,) dogrocs of freedom.

q

8. Givon k univariato samples of sizo ny, ny, ... np with mwoan values 2,, 25, ... 2}
and standard deviations ey, #3, ... 5 supposod to have beon drawn from k univariate
normal populations with mean niy, my, ..o 10k and standard deviations @;, 02, ... o

Discuss the procoduro you would adopt to test tho hypothesia that
(i) my = my == mp
(i) ¢1=03=u.=0}
Montion the assumptions involv_od in your test procodure.
Discuss with reasons whether you can tost (i) and (ii) irrespectivo of each other.

7. (8) If z,(s = 1,2, .., n) is a random samplo of size n from a normal populatior
with moan p and varianco o2, starting from the joint distribution of 2 and e, obtain
tho distribution of : .

Ct e MIE=B) hore
[

n
n2='S z; and (n—1)s2 = 2 (x;—2)2,
1 1
(b) What aro tho difforont situations in which the t.distribution is used for
drawing inforenco from etatistical data?
Montion tho assumptions involved in each situation.

(¢} In what situation con we uso tho F-distribution ‘as an altornative to +
distribution for drawing inforonco? Givo rossons.

PAPER II—ArpLIED STATISTICS (szi:mu.)
Timo: 4 Hours Full Marks ; 100
’ (8) Answers to tho different groups are to bo givon in scparate books.
(b) All quostions carry equal marka.
Grour A
Attompt ANY TITREE questions.
1. Doscribe tho administrative organisationa engaged in India in the ecollectio

and publication of egricullural statistics, giving briefly thoir functions and content
of thoir publications.
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How aro survoys for cstimation of crop yiclds organisod in your State ?

What are tho cropa covered by theeo surveys and over what arcas of the Stato?
Can you suggest any imy te in tho y duro ?
2. What does an index numbor of industrial p

Tand i, ™

2. Pt to !
Doscribe tho scopo and mothod of connruel.ion‘of tho official indox of industrial produc.
tion in India. What aro its limitations, if any, and what steps would you suggest for
its improvement ? '

a ]

3. You are roquired to t & samplo survey in & medium sized city to ascortain
the economics and difficultics of a fow solocted small scale induatrica. Doecribe briofly
how you would orgnniso the survey, giving tho samplo dceign, tho items of information
you will put in the schedulo (proforably in the form of a schedulo), the organisation of
flold work and check, scrutiny and tabulation of fillod up schecules, and tho types of
results you will like your final tables to show.

4. What are tho basic compononts of a time serics ? Describo ono mothod
oach of (a) oliminating the offects of trend from a timo scrics, and (b) measuring scasonal
variations.

In moasuring soasonal variation, can cyclical and erratie influoncce be elimi.
nated and if so, how?

Grour B
Attempt ANY THREE queetions.

5. (a) What is a Latin Square ! Explain its uscs in agricultural et‘perimmu,
In what aituations is Latin Square proforred to a randomised block ?

(b) What are tho advantages of factorial design ! Explain the utility of
confounding and partial confounding of some interactions.

6. (a) Yrito notes on (i) stationary population,

(ii) atablo population.

(b) What is a lifo tablo? Explain how you would proceed to eomimeg -
life tablo from consus returns only.

7. Discuss the different mothods of estimating the reliability of a psychological
toat.

To dertormine tho reliability of a mathomatical aptitude test containing 50
iterns, it was dividod into two parallel subtceta each containing 25 iteme. Tho subtests
give validity 'cocfficicnta 0.65 and 0.08 reepoctively with somo criterion whorens the
coofficiont of corrclation botwoeon the two subtocsts is 0.73. Find the roliability cooffi.
ciont of the total tost as woll aa its validity coofficient with the criterion. State procisely
the assumptions on which your computations are basod.

8. (i) If you are told that a man who was badly burned had, aftorwards, children
with bluish spota of skin, do you accept this as proof of inheritance of acquired characters?
What inveatigations would you mako ?

(ii) YWhat is moant by linkage in heredity ¥ Xow is it detocted ? Give dotails
of a mothod for its dotootion with roforence to a back-cross involving two factors,



Parer III—StaTisTICAL INTERENCE (GENERAL)
Time: 4 Hours R Full Marks : 100

(a) Answors to the difforont groups are to be givon in separate books,
(b) All quostions carry oqual marks,

Grour A (40 Marks)
Attompt ANY TWO questiona,

1. Doscribo tho mothod of maximum likelihood. State tho advantagea (if any)
and disadvantages (if any) of this mothod of cetimation. Is there sny rolation botween
this mothod and that of Bayee' ?

2, State and prove tho information inequality (Cramer.Rao lower bound)
concerning the variance of an unbiasod cstimate of a real parameter.

Give examplos to show how this result can sometimes ba usod to verify that
& particular unbiased ocstimate is of mini variance. No dotailed vorifications or
proofa aro required in answoring this part of the quostion. _

3. What is a confidonoo intorval ? Aro such intervals useful in practics ?

Suppose that X, Xy, .., Xa is & sample of indopondent obsorvations from
s continuous but othorwise entirely unknown population. l.oz Y;<Y:<.. Y,
be the samplo values arranged in ding order of magnitude,

Show that for § < 4, (Y, Y;) is a confidence interval for tho population median,
How would you chooso § and j?

Grour B (60 Marks)
Attempt ANY THREE questiona,

4. What are tho errors of first and socond kinds ¢ How are they controlled in
testing a simplo hypothesis with respect to a particular alternative t What modifice-
tion is nocessary in coso of & composite hypothesis ?

5. What is a discriminant function in relation to problems of classification!
Give a mathomatical solution to tho problom for the caso of two groups of multiphk
measuroments ?

8. Explain cloarly the iroportance of Hotolling's T'2 Statistio in multivariste
analysis, Discusa tho various situations whore it ean be used.

7. Write notos on:—

(i) Locally moat poworful tosts,
(i) Fiducial distributions,



. Parzr VI—(PRACTICAL)
Timo: 6., Hours Full Marks : 100
(a) Figurea in the margin indicato full marks.
(b) Uso of caloulating hincs is pormitted

1. Samples of sgricultural houscholds wore drawn from two localitice and thoir
total oarnings (z) in & month were sacertained. The following summary data is supplied

locality n Zg I2
A 16 441.7 19795.05
B 10 260.7 19178.57

(i) Tost the hypothosis thate 4 = Rs. 20.00 in locality A.
(ii) Can we idor the two ples as ing from populations with the
same standard doviations ?
(iif) Are the avorage oarnings in the two localitios significantly difforent from
one anothor ? (10)

2, The following table gives the rceults of an examination of a samplo of 20
ears of corn:

Standard
Moan deviation
Ear weight—e¢(gma) 1068.55 27.68
Grain weight—g (gms) 90.986 24.68
Cob.weight{e—g) = ¢ 15.69
g = 0.994
Test whethor cob-woight obtained from the plo i aignificantly different from 12 gma.
(10)
3. The following summary results are supplied to you from an investigation of
data relating to inv and production of t and stoel in a country.
y = per capita net investment in unita of (p) Re. at 1948.49 pricce.
z; = por capita production of comoent in units of (g) ton
z4 = per capita production of steol in units of (r) ton.
n=14, Zym=2.0432, Iz, = 115530, Xz, = 3.9048
Xyt = 0.3006, Iz} = 10.2038, Iz} = 1.1320
corrolation matrix
y 1 3
y 1.0000 0.8003 0.9082
E Y 0.8093 1.0000 0.8726
EN 0.9082 0.8720 1.0000
Work out the values of Ry.x; z; and b,,‘. 5, and tcet for thoir significanco. (20)



4. Ench of tho 42 cultivators in fivo villages tried a spocial manure recommonded
by an agricultural oxporimontal etation for growing paddy in one plot of size 7°x7’
and also local manure in anothor adjacent plot of the samo sizo, Tho gain in yicld
(in tolaa por plot of 7°x 7°) duo to uso of spocial manure was analysod and tho following
aro tho summary results :—

Sum of
Villago n Sum of aquaroce of
: gains gnina
Iz Sz
(1 2 (3) (1)
A 17 1353 277480
B 12 1220 132578
C 3 360 81720
D 7 150 9250
E 2 30 890

(i) s the averago gain significantly difforont from villago to village ?
(ii) Estimato the overall average gain and its standard error.

(10)

5. (a) Compute the first and socond dorivatives of f(x) at z = 304 from the

following table of valuos of f(z):—

300
301
302
303
304
303
306
307

Jiz)

5.70378247
5.70711020
5.71042702
5.71373281
5.71702770
5.72031178
5.72338510
5.72084775

(18)

(b) Using suitablo intorpolation formulao, obtain the § percont pointa of 4!

for the dogrees of frcodom » = 27.33

23
26
27
28

Five porcont points of x?

£
10.5107
11,1603
-11.8076
12.4613

L2
30
40

0

x?
13.1211
18,7867
20.7083
27.9907.

(10)

6. In a study published in tho American Journal of Sociology, children of difforent
soclal groups wore olassifiod according to thoir participation in organisod group activities



Group A conaista of childron from upper-middlo class and upper-class familics, group
B from lower.middle class families, group C from uppor-lower class familics and group
D from lowor-class families.

Number of Numbor of

children non.
studied  participants
Social group 3 g; ; ;
c 67 24
D 43 18

Teat whether the proportion of children not participating in organised group activitics

ia different for children of different social groups.

Test also the difforenco in the proportions botwoen groups A and D. (15)
7. The following data relate to tho average monthly production of bicycle in

India during the ycars 1948.1955 (in hundreds) ~—

1948 46 1052 164
1049 54 1033 220
1950 88 1954 810
1051 05 1955 410
Fit a cubic to the data by the mothod of orthogonal polynomials. (10)

. Parer VII (PnacTicar)
Time : 6 Hours Full Marks : 100

(a) Figures in tho margin indicato full marks,
(b) Use of calculating machinos is pormitted.

1. Given lp, = 871 and

dyy dos doa dog dos dog dor doy dyo dyoo dyoy
206 200 144 03 68 34 18 10 5 3 1

where I3 and dz have the ususl moaning as in a lifo table,
Find the probability that
(a) o porson aged 03 will dio in 3 yoars ;
{b) a porson agod 02 will survive ago 06 ;
(¢) 3 porsons agod 02,03 and 04 will survive 4 yoars ;
(d) of 3 persons agod 03, 94 and 05, at least two will aurvive 4 yoars.  (10)
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2. Tho following table gives yiolda of throo variotica of Alfalfa (in tona per acre)
in 1944 following four succeasive dates of final cutting in 1943. Some of tho necessary
computations have also beon dono and shown.

Brocks

total  Squaro

Varioty Dato 1 2 3 4 6 [} + 4+ of total
A 217 1.88 1.62 2.34 1.58 1.66 11.26 126.5623
B 1.58 1.26 1.22 1.59 1.25  0.04 7.84 61.4658
Ladak C 2.20 1.60 1.67 1.01 1.39 1.12 9.98 09,6004
D 2.23 2-01 1.82 2.10 1.68 1.10 10.92 110.2464
Total++ 8.27 8.75 6.33 7.04 5.88  4.82 39.90 4068.8749

§q. of
total  68.3020 45.5625 40.0080 63.0430 34.5744 23.2324 274.8747

A 2.23 2.01 1.70 1.78 1.42 1.35 10.59 112.1481
B 1.38 1.30 1.85 1.09 1.13 1.08 7.81 60.6961
Cobnek C  1.86 1.70 1.81 1.54 1.67 1.88 10.46 109.4118
D 2.27 1 2.01 1.40 1.31 1.08 9.86 97.2196
total+ 4 7.84 6.82 7.37 5.81 5.53 5.35 38.72 370.7754

8q. of
u;lml 62.4656 46.5124 54.3160 33.7561 30.5800 28.6225 255.2544

A L7 1.95 2.13 1.78 1.31 1.30 10.22 104.4484

B 1.52 1.47 1.80 1.37 1.01 1.31 8.48 71.9104
Ranger C  1.65 1.61 1.82 1.56 1.23 1.13 8.00 79.2100
1.58 1.72 1.99 1.55 1.51 1.33 8.66 03.3156

total+ 4 6.38 6.75 7.4 620 65.06 5.07 37.26  348.8844

Sq. of
total  40.7044 45.5025 59.0076 39.1876 25.6036 25.70490 '236.6706

Grand
total4++4 22.49 20.32 21.44 20.01 16.47 15.24 115.97

N.B. Rows and columna marked with 4+ are totals,

Sum of squares of 72 primary obsorvations = 193.4663
Sum of squaroa of 24 cell totals of Block X date table = 578.0015
Analyso the data and write a roport basod on your analysis. (25)
3. Tho following table prosonts the data from a complete census of 340 villages
. 8 tehsil. Tho villages are stratified into four strata by tho aize of the agricultural
area. Hore
Nj = tho numbor of villagos in the {-th atratum,
i’,-‘ = gtratum meoan for tho area under whoat,

SW‘ e= stratum standard deviation for the area under wheat,

Sy, = stratum standard deviation for tho agricultural aroa.

¢
8



Sizo of agricultural

Stratum aron in bighsa N _Y’!. Sw; Sug
1 0— 500 63  112,1 56.3 120.6°
2 501—1500 100 276.7 118.4 267.0
3 15601—2500 53 538.1 180.0 276.1
4 > 2500 25  060.1 301.3 082.2

A samplo of 34 villagos is taken, Find the sampling variance of the cstimated
aroa undor whoat (1) when the villages aro solected by simplo random sampling, (2)
(2) when tho villages aro solocted by stratifiod sampling and allocated (n) in proportion
to thio sizo of tho strata Ny, (b) in proportion to N Swy and (c) in proportion to MS,I.
Calculato 1ho rolative officienct pared to pling with proportional allocation.
Comment on your rosults, (30)
4. Tho following aro the quarterly index numbors of wholesalo prices in cight
sucoosive yoors

QUARTERS
Yoar I I I v
1 122 125 118 117
2 110 114 14" 1oo
3 105 09 03 89
4 88 00 83 84
5 85 80 80 18
[} 77 80 81 80
7 82 81 83 82
8 83 84 83 80
Find tho trond and compute tho indices of soasonal variation. (13)

5. Tho following gives tho woights in gmins of consccutivoly producod pollets
rom two machines in a factory, during tho same poriod of timo.

Machino 1 Machincs 2
Samplo Woight Sampla Woight
No. No.
1 122.0 1 121.0
2 122.0 2 120.0
3 117.5 3 123.5
4 110.5 4 128.0
] 112.56 [ 120.6
a 121.6 [ 122.0
7 125.5 7 118.0
) 121.5 L] 118.0
] 121.0 0 128.5
10 122.0 10 121.0



Machlno 1 Machino 2

Sample Weight Samplo Weight
No. No.
1 123.6 11 120.5
12 118.8 12 118.8
13 122.0 13 128.0
14 123.0 14 119.5
15 121.5 15 125.0
18 122.6 168 122.0
17 124.0 17 120.0
18 127.0 18 128.0
19 125.0 19 124.0
20 122.8 20 120.0
21 124.8 21 124.5
22 122,86 22 122.6
23 123.6 23 123.9
24 125.0 24 125.0
25 125.5 25 125.5
26 128.6 26 123.0
27 122.5 27 128.0 «
28 122.0 . 28 123.5
20 123.0 20 121.8
30 124.0 30 123.5
31 124.0 31 123.0
32 127.0 32 126.5
a3 124.0 33 123.0
34 125.0 34 125.0
35 125.5 35 120.5
36 124.8 36 14.5
37 128.0 37 118.5
38 128.0 38 118.0
39 127.5 39 115.5
40 117.6 40 121.5
41 119.0 hd 41 123.0
42 118.0 42 123.5
43 121.0 43 120.0
44 118.0 - 4“4 115.5
43 118.0 . 43 117.0
40 123.0 46 122.0
47 120.0 47 121.6
48 116.0 43 116.5
49 124.5 49 121.0
50 119.0 50 121.56

By examining the moan and rango charts

(i) dotermino if stablo oporating conditions wore in existenco for both the
machines during tho timo data were taken.

(ii) can tho samo limita bo usod for both the machines ?

(iii) supposs tho purchasot of the material imp o mini woight tol
of 115 grains. Tho producer is willing to take only 1 in 1000 risk of
violating this. Rocommeond a oontrol proceduro, (20;
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Parzr IV AND V—StaTisTicat Quanity CoNTROL (TREORETICAL)
Time: 4 Hours Full Marka : 100

{a) Attompt ANY FOUR questions.
(b) All questions carry oqual marks.

1. What aro '3-sigma limits' and ‘probability limits'? Examine their uses in
itho analysis of data by tho ¢c-chart.

A control chart for dofocts per unit 4 uscs probability limita corresponding to
probabilities 0.073 and 0.025. The coentral line on the control chart is at u’ = 2.0.
Dotermine the position of the U.C.L, and L.C.L. when tho aumber of unita (\) in caoh
area examined = 8,

2, Explain what aro meant by :—
‘Tolorance limits' and ‘Confidonce limits’

Describo a practical mothod of obtaining the “Tolorance limits’ of & controlled
production of a measurable quality. Stato tho oasumptions and spproximationa

involvod and derive tho necessary equations.

3. Write o critical mathematical reviow of the methods, on which ‘(Dodge—
|Romig) Sampling Inapection Table® for single and doublo sampling are hasod.
Indicate a fow situationa in which thess tables can bo usod.
4. Discuss tho meaning and uscs of OC.curve and ASN.curve in Acceptanco

a

Sampling. Explain their signi in non-technical terma to a busincas executive,

For a soquential sampling plan by attributes (for proportion defective),
Jndicate how the five-point OC-curve and the five-point ASN-curve can be obtained.
8, Write short notes :—
(i) The p-chnrt
{(ii) Multiple sampling
(iii) A.0.Q.L.
(iv) Rational sub.groups
(v) Variables Inspection

Parer IV aAxp V—EcoNowmio StaTisTics ('l‘u:nnmcu)
fitimo + 4 Hours " Full Marka : 100

(a) Attormpt ANY FIVE queations.
{b) All questions carry oqual marks.

1. What sro the difficulties in comparing tho coets of living in two countrice ?
What mothod will you r 1 for paring tho cost of living in Delhi with that
in London ?

2, What do you moan by corrologram analysis ¥ How will you uso this type of
nnalysin to find out the nature of a stationary timo sorics ¥

n -




3. Jlow will you foreenat the domand for food-grains in India in 1057 ¢ Donerit
the proceduro that you will adopt and tho naturo of the dala you will require for t,
purposo.

4. Expliin what is meant by adult equivalont -cn!ol Describo liow and &
which situation auch acales aro used. Givo an account of somo methods for obtainir,
such neales.

8. What is socinl accounting? Givo an outlino of a condensod form of soci
accounts which you would like to uso for Indin. IowZwill you obtain tl.0 estime,
of national income from such accounts?

6. Write a critical note on the statistics of industrial production in India indicx
ing the sources and the nature of the data with respoct to oxhaustivoness and accuracy,

7. Supposo that you aro asked to colloct data which can bo used for tho purpe i
of rchabilitation of a group of familica who are going to bo ovacuated from an arca
bo used for construeting an iron and steel factory. Give dotaila about tho dota th
you will collect indicating the purposo to bo served by such data.

. —
N

PAPER IV AND V—SAMPLE SURVEY TREORY (THEORETICAL)
Time : 4 Hours Full Marks : ¢

(a) Attompt FOUR questions.
(b) All quostions earry equal marks.
(¢) Troatmont should be mathomatical wherever possiblo.

1. (a) For a fixed total ple sizo, T the procisions of
(i) stratified samplo with proportional allocation,
(i) stratifiod samplo with optimum allocation and
(iii) ordinary random sample, ignoring tho finite population corrcctions.
(b) Write a note on tho construction of strata for stratified sampling, includia
a doscription of tho rulo of Daloniua for proportional allocation,

2. (a) Work out tho approximato expressiona for variance and bias of tho rati
ostimato for tho population mean of tho variate undor enquiry in the caso of a randoc
samplo., .

Compare tho precision of the ratio cstimate with that of tho lincar regressio
estimato and the simple samplo-mean of the variate undor enquiry.

(b) Discuas tho difforont ratio ostimatcs of the population mean in tho caso 0
atratified random samplo.

3. (a) Work out tho varianco of tho moan of a systomatic samplo drawn from
finito discrete soquonco, in trme of (ho correlation coofficiont botweon pairs of unit
that aro in the samo systomatio Also paro the procision of tho aysteinuti
samplo-mean with the mean of a strnhﬁod random samplo with one unit per stratur
* (All tho strata aro of oqual sizo, and togothor over tho wholo soquence, tho total sampt
8izo of the two casos, systomatic sample and stratificd samplo, must bo tho samo).
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(b) Discusa the problem of rstimating from tho aample.data the standard orroe
of 8 aystematic samplo drawn from a finito discreto soquence,

4. In tho caso of aampling with replncement with probabilities proportional to
\sizea" of units, derivo tho expressions for (i) a auitablo catimate, T, of tho population
total, (i) tho varianco of T, V(T), ond (iii) nn estimte of this varianco, ¥(T). Further
comnparo the precision of this estimato, T, with that of tho ratio cstimate (for the
population total) uxing tho sizo of tho units as tho auxiliary variato (Ignore finite.
population-corrections in tho latter case).

"

5. Writo a noto on tho planning of surveys on successive occasions, discussing
particularly tho problem of matching tho ive 1

6. (a) Tho variate y has a probability density function fly) =e¥, (0<y)
Thia population is divided into two strata at tho point y, and a stratified random
camplo of sizo n is taken with proportional allocation. Find tho varianco, V, of the mean
of the stratificd snmplo as a function of y,. Further find out tho value of ¥y which will
minimieo V.

(b) Writo a brief noto on surveys for the purposo of mapping.

PapER 1V AND V—SAPLE SURVEYS APPLIED (Taroreticar)

Timo: 4 Hours Full Marke : 100

(a) Attempt ANY FIVE quostions.
(b) All questions carry oqual marks.

1. How do you proposo to detormino the size of samplo required to attain a
given accuracy when the somplo is fully random t Stato at lcast threo genoral rules
which may bo of valuo in incroasing tho accuracy of estimation from sampling;proco.
dures.

2, Explain what is meant by (i) Multistage sampling, (ii) Multiphaso sampling,
(iii) Systomatio samples, (iv) Lino sampling and (v) Interponotrating samplee,

3. Give an account of the various phasca of work which you may have to think
of, right from tho sotting up of the goneral administrative organisation upto tho pro-
paration of tho roport, if you are placed in chargo of exocution and analysis of & samplo
nurveys

4. What aro the common sources of error_to which a comploto census may be
subjoct. Indicato what stops you would liko to take to control thom.

6. If you aro requirod to evaluate, through a samplo survoy, the success of the
Grow Moro Food campaign in so far as its distribution of manurcs and fertilisora is
concorned, state what should constituto your samplo and indicato how far would tho
collected duta be ablo to throw light on tho problom.
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8. If ostitnates of acresges of an important crop of n atate aro 10 ho obtaiced
through samplo surveys, stato
(i) what ehould be sampling framo,
(i) how should the samplos bo taken and
(iii) what essontial particulars of information should bo provided for
in the achedulo.

7. Describe, with roforence to any sample survey in which you might have takea
part, tho stups that wero taken in training the field staff,

8. Give an account of the advantages, if any, of combining a completo census
with a emaplo survey.

Parzr IV AND V—DesioN or ExPERniENTs ArpLiED (THEORETICAL)
Time: 4 Hours Full Marks : 100

(a) Attompt ANY FIVE quostions,
(b) All quostions earry equal marks.
(o) Uso of calculating machines is not pormitted.

1. Write an essay on tho principles underlying tho theory and applications of
modorn experimontal dosigns.

2. Ina randomised block exporimont having b blocks and ¢ troatmenta the yiolds
of two of the plots got mixed up and only thoir total is known. Estimate tho individual
yiold for each of the t:vo mixed-up plots for ench of tho throo poasibilitics namely, the
two plots bolong to:—

(1) difforent blocks and difforont treatmonts,

(2) same block, and

(3) same treatment.
Dorive tho exprossions for the moan varianoco of all treatment comparisons in tho three
cascs. '

3. Explain the principlo of Generalised Interaction with roferenco to a 2m aymmetri-
cal factorial exporiment.

A 24 oxporimont is to bo carried out in blocks of 4 plots cach without confound.
ing main offoots. Give a suitable design in 4 replications partially founding every
intoraction in some roplication or other. Write down what effocts are confounded in
each roplication.

4. Explain the parametors of a partially balancod incomploto block design having
two associato classos and prove the rolations botween them.

Dorive tho values of thoso paramoters for the following examples of these
p.b.Lb. dosigas (i) simplo lattice, (ii) triple lattico.

14



5. In the following dosign of 8 3% 2x2 experimont in blocks of six plota each,
“6ind out what offocts bave boon partially confoundod. Givo details of tho method of

analysie of this design. -
Roplication 1 Roplication 2 Replication 3
Block 1 Block 2 Block 1 Block 2 Block 1 Block 2
000 001 001 000 001 000
011 010 010 o1l 010 o1
101 100 100 101 101 100
1no m 111 110 110 m
201 200 201 200 200 201
210 211 20 21 211 210

8. Write notes on any three of the following ;—
(1) Hidden replication
(2) Youden square
(3) Double confounding
(4) Inter.block information .

7. A strip-plot deeign was employed for comparing tho effects of 4 lovels of irri.
gation (14, 15, 15, 1;) in combination with 3 frequencies of irrigation (), f1./s) on the
yield of an agricultural crop. Tho' levels and froquencies of irrigation wero spplied
in strips along rowa and columna respectively within cach of 4 randomized blocks.

Indicate tho atructure of tho table of analysis of variance of tho yield per

ultimate plot. Derive expressions for the standard orror of tho differenco botwoen
mean yiclds of :—

(i) two froquencics of irrigation under the aame lovel of irrigation
(ii) two lovels of irrigation undor tho samo froquency of irrigation
(iii) two froquencios of Irrigation undor two different lovols of irrigation.

Parer 1V ANXD V—GESETICE (THEORETICAL)

Time: 4 Houra Full Marks : 100

(a) Attempt ANY FIVE questions
(b) All questions carry oqual marks.
(¢} Uso of calculating machines ia pormitted.
1. If cuch of tywo fuctora shows comploto dominance, what ure tho types of crossos,
which yiold information on linkago, if any, botwoon thom ?
15



Factor A—a with A showing complote dominance ovor a, and factor (B~}
showing no dominance are known to be linked. Tho progeny from a cross

AB _aB
ab %ab -
turned out to bo as follows :—
Phonotypic class . .
A(BB) A(Bb)) A(bd) a(BB) a(Bb) a(bb)
- Froquency 24 30 5 8 36 28

Obtain the maximum likelihood ostimatae of the recombination fraction (nsaume
the samo for both thoe soxos) and its standard error. ’

2, In two crosses of a crop plant, the following rosulta wore obtained in m[;ocl
of a trait in which improvemoent was sought :—
Crosa A Cross B
Variance botwoen plants i in F, 5.5 o.s"[s
Regroasion coofficiont of solfed Fy progeny
moan on F, parontal value 0.51 0.10

. Assos tho relative potontiality of tho two crosses for improvoment by soloction.
Eatimato approximatoly the improvoment that may bo oxpected to be achioved by
solocting tho best fivo porcent of plants in cross A.

3. What aro tho methods of etudying single factor segregations in human traits

that you know ? 18 familics of fivo children each woro found to be segrogating for
vorious numbers of albinos as follows :—

No. of albinos 12 3
No. of familiecs - 7 6 4 1
A i lota ascertai t, test whethor albinism can bo regardod as a simple

uu'.osomnl rocomu 0. .

4. Explain Tlardy-Woinborg law of oquilibrium undor random mating. Discuss
the disoquilibrium duo to linkage between two sutosomal gonce. If the recombination
fraction is 0.2, how many gonorations wouldjbe roqired to halve a given amount of dis.
equilibrium ?

5. Discuss the equilibrium in the {roq y of a gono undor the forcos of seloction
and mutation, assuming random mating.

6. Explain briofly Bornstoin’s explanation of tho mechanism of inloritance of
ABO blood groups in man. Outlino the procoduro suggestod by Stovons for obtaining
maximal likolihood ostimates of tho gono froquoncics.

7. Explain tho utility of the lincar discriminant function tochniquo in plant solec-
tion. Indicato in outline tho proceduro to bo followed in arriving at a suitablo disori-
minnnt function and in judging tho offoctivoncss of tho tochniquo relativoly to straight

soloction.

8. Discuss random chr id sogrogation for autototraploids and find tho roour-
ronro rolations botwoon tho gamotic proportions of two consocutive gonorations.

18



Parer IV AND V—MATHEMATICAL THEORY O SAMPLING DISTRIBUTION
{TOEORETICAL)

Time : 4 Hours Full Marks: 100

(a) Answor ANY FOUR questiona.
(b) All quostions carry equal marka.

1. Dofine a hyporgoomotrio distribution and indicato the rolationship, if any,
botwoon hyporgeomotrio and binomial distributions,

Obtained the first four cumulants of the hyporgeomotrio distribution.

2, Dorive tho distributions of tho mcans of samples of sizo n from Cauchy's and
rectangular populations by characteristic functions.

3. Dorive the distribution of the multiplo and partial correlation cocfficients.
Indicate tho rolationship, if any, Letweon theso distributions and non-central chi-
square,

4. Explain the rolutionship botween Hotolling's T3 and Mahalanobia's D
statistic. Dorive tho distribution of the D3—statiutice.

5. Diecuns in dotail tho distribution of the roots of the doterminantal equation.
Also dorive tho distribution of the largoat root of the doterminant equation for throo
variablos.

8. On a lino of longth a, n points are takon at random. Obtain the distribution
of tho distance botwoen tho r.th and (r+1)th points from the origin. Got tho first
four cumulants for this distribution and discuss tho limiting form of the distribution as

::wnds to finite limit when r and n are vory largo.

ParEr 1V AND V—P8YCHOLOOY AND EDUCATION
Time : 4 Hours  Full Marka : 100

(s) Answor ANY SIX‘qumions’ -
(b) All quosations carry equal marks,

1. Presont four mothoda for ostimating teat roliability whoro the tcat consists of
a number of quostiona nnd has boen administored only onco. Give formulas, arsump-
tions, advantages and dinadvantages of oach.
2. Proposo a mothod for ostimnating the roliability of an easny oxamination.
Deoscribo both the mothod of collecting the data and tho mothod of data analysis.
3. Conparo spoed and powor tests with respoct to :—
(a) intorprotation of tho ecorcs
(b) cstimation of tost roliability
4. Difforontinto and comparo aptitude and achiovonent toats with reapect to :=—
(n) definition
(g) effoct of learning
{¢) norms
(d) intorprotation of sooros



5. Compare projoctivo and questionnaire mothods of asscasing porsonality fron
the point of viow of :— .
(a) roliability (b) validity

Giving an example, discuss tho methods and probloms in oach caso.
8. Doscribo and comparo two mothods of factr analysis.

7. Present an oxperimental design for tho following problom, indicating how th
principles of design have beon incorporated, the naturo of tho data to be collected, and
tho tests of significance to be used.

Problom : an oducationist wants to dotermine which of tho following mothods
of teaching mathomatics is best :(1) lecturing to large classes, (2) lecturing plus discussiot
in smal! classos, (3) seminar or group discussion in small classcs.

8. Discusa the vocational guidance techniquo in torma of the following twy
probloms :—

(a) uso of paychological tests

(b) ita application when thore is a restricted job market, TL.e. tho numbor o
jobs is limited.

Parer IV AxD V—TnEORIES OF INFERENCE (THEORETICAL)
Time: 4 Hours Full Marks : 100

(a) Attempt ANY FOUR questions.
(b) All quostions carry equnl marks.

1. Random samples of ny and n, obscrvations havo been taken from two normal
populations whoso variances may bo markedly unoqual. Discuss, in dotail and eriti-
cally, tho logio of using the Fishor-Bohren's distribution in testing the evidenco against
tho hypothesis that tho means aro equal,and in assigning fiducial limits to the difference
botwoen tho moans (dovelopment of mathomatical details of tho distribution is not
required).

2, Discuss tho Neyman.Poarson thoory of siatistical tests, indicating in what

ts you idor it inndequato

Explain tho importance of similar regions whon thoro is a nuisance parameter.

3. Explain the torm ‘bias’ as used in tho Noyman-Poarson theory of testing of
hypothosia, and discuss briofly its rolovanco to practical situations.,

Doscribe Pitman's method of obtaining an unbiased teet for a location or a
scalo paramotor, and deduco that Bartlott's tost for thy homogoneity of a sot of variance
{s unbinsed in tho Noyman-Poarson sonso.

4. Show how tho mothod of inverso probability leads to the poaterior probability
distribution of the unknown parametors of a distribution, and point out its relution te
the methed of maximum likelihood.

-18



¢ in the unknown paramotor of tho roctangular distribation
1
Jiz,0) = r wgz<e)
Assume that tho probability donsity function of the prior probability distribution of

¢ is proportional to l'_ Givon a randorm samplo x,, #;, ..., 74, obtain tho posterior
probability distribution of 8. What is tho maximum-postorior-probability cstimator
of #?

5. A random variablo z has the probability donsity funotion f(r, #) and a sufficient

statistic exists for tho unknown parameoter 8. Dovolop a soquential tost for tho hy.
pothasis # = @, ngainst tho altornative § = ¢,.

Obtain approximato oxpressions for tho OC function and the ASN function
for tho tost you have devoloped.

Apply the gonoral results obtninod.nbo\'e whon tho random variablo z has
tho density function
1

Bahy

faoy=les 0Kz w)

6. Givon two populations 7, and 7, charactorizod by tho probability donsity
functions .
Jiz, 0.) and f(z, 03)
reapoctivoly, which aro known oxcopt for the valucs §, and @, of the unknown paramotor
§. Dorive a soquential procoduro to tedt tho hypothosis §; < ¢ sgninat tho alternative
0 > 0a.
Obtain thoe powor of tho proposed test and tho averago numbor of pairs of ob-
sorvations roquirod to reach a decision.
Uso tho abovo rosults to obtain tho eoquential test for the problom of dis-
criminating botwoon variances of two nocmal populations whon the means aro unknown.
7. Prove that tho zoro-sum two porsons gamo ia strictly dotormined when tho
players havo finite number of puro strategios and are using mixod stratogice.
Expliin tho booring of tho thoory of zoro-sum two porsons game on Wald's
Decision Theory.
Skotch the mothod of proof of tho complotoncas of tho olaas of Bayos's Docision
Rules.
8. If » is tho population modian, obtain a distribution—freo tost for testing
» = »y againat altornatives » > #q .
\What is meant by tho propoerty of consistonoy of & non.paramotric test t
Describo tho Wald-\Wolfowitz Run Teat for testing the hypothesis that two givon samples
have como from tho same population and show that the test ia consiatent.



Parka VIII anp IX—STATISTICAL QUALITY CONTROL (PRACTICAL)
Time : 4 Houre Full Marks : 16,

(a) Attompt ANY TWO questions.
(b) All questions carry equul warks,
(¢) Uso of caloulating machines is pormitted.

1. Beolow is given X, R for 20 rational sub-groups each of sizo n == 5, from a pro.
duction process in the ordor of manufacture,

{X is oxpressod in units of 0.0001 in. in excess of 0.4000 in. R is oxpressod it
units of 0.0001 in.]

X 34.0 3l.6 30.8 33.0 35.0 32.2 33.0 32.8
R 4 4 2 3 ] 2 5 13
b.4 33.8 37.8 35.8 38.4 34.0 35.0 33.8 31.6
R 19 (] 4 4 14 4 7 5
X 33.0 28.2 31.8° 35.8

R 5 3 9 (]

(i) Chock thess for control on X —R charta.

(it) Con you estimate tho inhoront variation of tho procesa? If so, give
that estimato.

(iii) Commont on the prospocts of this process meeting the spocification limits
of 0.40374.0013 ins.
What furthor romarks would you offor in this caso ?
2. A Double Sampling Plan is given by 1—
N = 1000
n; = 50
¢ =0
ny = 100
¢g =2
(i) Draw the OC-curve, calculating at least 7.suitable points (Justify any
approximations that may bo usod).
(ii) Undor an accoptanco/roctification sch whore rojected lots are dotailed
and all dofootives found are roplaced by good ones, obtain tho A.0.Q.L.
(iii) Give the A.Q.L. and L.T.P.D. of this plan, if tho producor's risk (a) and
consumor’s risk (B) are respootively = .05 and .10.
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3. Tho ts of the di s of a part producod on each of six spindlea

of an automatia screw machine are given below in unita 0of0.0001 in. in excees of 0.4000
in

Diamoter . Diamotor

S:‘gngrl?;p ;Emb:r a b nm‘u;borl ;\'xmb:r a b
3 1 65 67 4 1 G e
1 2 44 89 4 2 571 50
1 3 87 43 4 3 48 47
1 4 48 40 4 4 45 36
1 [ 57 45 4 & 55 44
1 [} 37 51 4 8 48 63
2 1 55 &6 5 1 4 60
2 2 59 59 4 2 46 35
2 3 52 58 5 3 87 82
2 4 48 45 5 4 [}] 42
2 5 48 62 5 5 72 64
2 8 64 52 5 6 48 09
3 1 52 81 [] 1 52 45
3 2 63 85 [} 2 59 47
3 3 50 &3 -~ 8 3 39 65
3 4 54 63 [} 4 65 60
3 5 51 53 ] 3 50 54
3 (] 56 60 [} [} 60 51

Analyse tho above data on a group control chart and write a roport on your ﬁhd}ngu.
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Parer VIIT axp IX—EcoNoMic STATISTICS (PRACTICAL)
‘Time 1 4. Hours ' Full Marka: iy
{a) Attompt ALL quoations,
(b) All quostions carry oqual marks,
(e) Uso of calculating machines is pormittod.

1. Tho following tablo gives the disposable incomo in billions of dollars and th
consumer prico indox in US\ from 1923 to 1052,

disposablo  consumor dirposable  consumor
incomo  prico indox incomo prico indox
Yoar (billionsof (1047—49 Yoar (billionsof (1047—49
dollars) = 100) dollnrs) = 100)
1928 68.9 72.9 1038 65.5 60.3
1924 00.9 73.1 1939 70.2 50.4
1025 73.7 75.0 1040 75.7 69.9
1928 76.1 75.0 1041 92.0 62.0
1927 76.3 74.2 1042 116.7 69.7
1028 78.1 73.3 T1943 132.4 74.0
1929 82.8 73.3 1044 147.0 75.2
1030 73.7 1.4 1045 151.1 76.9
1031 63.0 65.0 1040 158.0 83.4
1032 417.8 58.4 1047 169.5 05.5
1933 45.2 55.3 1048 188.4 102.8
1034 51.6 67.2 1049 187.2 101.8
1035 58.0 58.7 1950 205.8 102.8
1936 66.1 59.3 1951 225.0 111.0
1937 71.1 8l.4 1052 235.0 113.5

Analyse the important movmonts in the roal income of USA and writo a not

on theiss movemonta. i

2. Tho table bolow gives monthly por capita exponditure in rupoes on som:

qroups of itoms, of urban families in India in 1951, calssifed by monthly por capitt
total exponditure,

monthly per eapita expondituro (Ra.) on

Monthly por No. of food othor food non-food total
capita total housoholds  grains itoma items
oxponditure
(Rs.)

0-7 13 3.22 1.20 1.83 6.31
8-10 22 4.61 2.48 2.84 0.83
11-12 24 4.04 3.58 3.04 12,16
13-14 15 5.70 4.16 4.02 13.94
15-17 36 5.58 8.48 5.056 16.11
18-20 25 6.46 8.00 6.33 19.73
21-23 25 5.90 7.93 8.79 22.68
24-27 35 7.30 8.73 n.64 25.07
28-33 20 7.53 10.28 13.32 31.11
3442 37 7.90 13.83 17.24 38.09
43-54 30 10.36 16.00 23.26 49.71
65 and above 63 0.39 26.01 69.69 105.00

Obtain tho income olnsticitica of thoso groups of items, interproto tho sign
ficanco of theso olasticitica, and indicate some of tho ways of using thom.
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Parer VII1 axp IX—SasrrLe Surveys Tueory (PRACTICAL)
Timo: 4 Hours - Full Marke : 100

(a) Figuros in tho margin indicate full marka.
(b) Uso of calculating machines is pormitted.

1. Tho data given below aro tho number of scedlings for cach foot of bed in a hed
120 foet long.

scrialno. no.of sorialno. no.of  ecrialno.  mo. of
(inft.) scodlings (inft) sccdlings (inft.) socodlings

1 8 41 26 81 31
2 (] 42 26 82 23
3 6 43 10 83 41
4 23 44 41 84 18
5 25 43 30 83 15

6 16 40 55 86 21

7 28 47 34 87 8

8 21 48 56 88 22

9 22 49 39 89 11
10 18 50 41 00 3
1 26 51 27 o1 4
12 28 52 20 02 5
13 1 53 25 93 1
4 16 54 39 04 9
15 7 65 24 95 25
16 22 56 25 00 16
17 44 57 18 07 13
18 26 68 44 08 22
19 3t 69 &5 09 18
20 28 60 39 100 9
21 20 61 34 101 24
22 19 62 21 102 19
23 23 63 27 103 28
24 1 G4 25 104 18
25 31 65 32 105 29
26 26 66 43 106 H
27 20 67 33 107 33
28 19 63 15 108 37
20 17 69 23 109 32
30 28 70 27 110 26
3t 16 71 37 1 36
32 9 72 2] 112 20
33 22 73 14 113 43
34 26 4 H 114 27
35 17 75 18 113 20
36 39 70 17 116 21
37 21 77 4 117 18
38 H 78 38 118 10
39 40 79 36 11y 24
10 30 80 20 120 30
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Find tho variance of tho monn of a systomatio samplo consisting of overy
20th foot, Comparo this with the variance for (i) a simplo random sample, (ii) a strati.
fied random samplo with 2 unita por stratuin, oach stratum boing 40 foot long, and
(iif) a stratificd random samplo with 1 unit por stratum, each stratum boing 20 foot
long. (Tho total sample sizo in all the casea will bo 6). (10)

2. Try eithor (a) or (b)

(a) For tho plo of 30 1 holds, the following tablo shows the number

of porsons in a houachold and tho numbor of porsons who visitod a dontist.

family no.

(sorial) 1 2 3 4 5 6 7 8 9010
no. of

persona 5 6 3 3 2 3 3 4 4 ¢
no. visiting

dontist 1 0 1 2 0 0 1 1 1 o0
family no.

(sorial) 11 12 13 14 15 16 17 18 19 20
no. of

porsons 3 2 7 4 3 5 4 ¢4 3 3
no. visitin

dontist 1 0 2 1 0 I 4 1 1 o
family no.

sorial) 21 22 23 24 25 26 27 28 20 30
no. of

porsona 4 3 3 1 2 4 3 4 2 4
no. visiting

dontist 1 01 0 0 0 !t 1 O O

Eatimate the variance of tho proportion of porsons who saw a dontist and
comparo thia with the binomial estimate of the variance.
(h) A population consista of 6 units, with tho following values of y and x.

unit no. 1 -] 3 4 5 (]
v 2 4 5 8 10 12
x 0 1 3 4 ] [
By working out all possible cusos, pare tho procisiona of tho ratio and
tinoar rogrousi imates for simplo rand ple of sizo 2, (30)




Parer VIII AND IX—SAMPLE SURVEYS, AFPLIED (PRACTICAL)

Time ¢ 4 Hours Full Marks ;: 100

(a) Attompt any TIIREE quostions,
(b) All quostions carry oqual marks,
(¢) Uso of caloulating machinos is pormitted.

1. In tho absonco of villago (mauza) maps (Cadaatral survey maps) you aro
roquosted to furnish estimatos of tho acroages undor difforont cropa of ono district
of your State through a samplo survoy of familics. ¥or tho purposo of such a survoy,
draw up a simple schedulo and writo out instructions for tho ficld staff. The instruc-
tions shall have to bo divided into two parts, (i) Goneral instructions, and (ii) Dotailed
instructions for tho schedulo. Tho genoral instructions should contain a note on tho
limitations, if any, of such a survey with rofuronco to tho purposo in viow,

2. In oonnoction with the construction of parity Indox of tho recoipts and oxpen.
diture of tho cultivating fumilics of a district you aro roquirod to cstimate tho pro-
portions of cost undor difforont items of Agricultural oxponsos, such as, on Labour,
Soods, oto. from a survey of tho familios in the rural arons of tho ‘district. Draw
up a schodulo, a3 comploto as possible, for tho purposo.

3. Proparo a budgot estimato of tho cost of fiold work for the survoy as indicated
in quostion no. 1 above. Tho following particulars may bo utilised for tho purposo
of culculations :—

(i) The district may be supposed to havo 20 polico stations.

(ii) Tho avorago number of villagos (mauzas) of a polico atation may bo
taken as 150.

{iii) Tho avorago number of familics of a villago (mauza) may bo taken aa
123, .

(iv) Tho contont of the scohdulo may bo taken as such that a primnry
worker (primary investigator) will bo able to enumerato 8 familica per
working day.

(v) Consolidatod pay may be provided for the primary workers as woll as
the auporvisory staff.

4. Tho following tablo showa the moeasurod volumes of timbor of conifor on 23
systematically located plots of 1/10 acro and cyo eatimates of tho volumes por 1/10
acre in tho stands in which they occured. Tho total area of tho conifor stands was
5124 acres and tho total volumo of timbor, from eye catimates of all theso stands, was
6,110,000 cu. ft. Obtain an unbiasod cstimato of tho total vclume from thoe data
by regroszion mothod. What will bo tho difforenco of this eatimato from the estimato
obtained from the mean of tho od vol on tho plo plota ?

Measurcd volumos, y, on 25 samplo plots, and oye-oatimates, x, of
corregpoding stands (cu. ft. por 1/10 acro).

y x y x
170 102 112 128
47 14 153 79
64 57 210 177
91 70 125 65
126 05 100 108
148 02 287 167
87 110 261 268
105 208 169 152
256 208 182 162
135 110 74 148
148 110 24 207
154 110 255 107
110 110
26



Parer VIII axp IX —DEs1oN or EXPERIMENTS, APPLIED (PRACTICAL)
Timo: 4 Hours Full Marka: 1

(o) Attompt any TWO qucations
(b) Al quostions carry oqual marks
(¢) Uso of calculating machinos ia pormitted.

1. Tho following table gives the layout plan and mean hoight in inches of one
yoar old plants in & 23 factorial experiments conducted using & aplit-plot desic
in two roplications, each main plot boing assigned ono of tho 4 combinations of tx
lovels ( (I and 1,) of lime and of two lovels {ho and h,) of ITamus and the 8 sub.plo:
within & main plot boing essigned all combinations of two levels cach of N, P and B

Analyso tho data confining attontion to only the main cffects and two-fact
intoractions so far as the treatmont offects are concerned ond find out which of the
aro significant. Write a roport on tho rosulta.

Iho Yohy

npk  n k P L n  npk
27’.6 26.5 | 24.6 28.7 30.4 33.8

1oh 1sh
[ nk np gt | mp mk gk () '
21.1 25.0 20.7 29.8 | 20.3 28.3 32.6 26.7

n k p npk | pk np (1) nk
25.3 20.4 33.0 33.1|30.5 20.0 20.2 28.8
1;hy

0

Iib,
y pk nk | npk n P k
.2 34.4 20.4]31.0 20.1 28.8 30.1

7

p npk n (1) »np ak pk
8.6 39.6 20.5 | 27.3 34.9 31.5 34.0
1;hy Lihe
. np () pk nk P k n npk
32.5 29.5 35.9 30.3 | 31.7 33.6 31.5 34.9

. p k nk
307 404 372 32.5 | 30.1 38.0 2003 20|
! 16h
oht wp nk (1) pk | n napk p  k o
34.8 35.6 32.8 37.0 | 31.6 33.3 21.5 28.4

15hy 1oho

Point out any poculiaritics or dofocts you notice in the design. .

2. The following tablo gives tho data of an oxporiment conducted to study th
rosistance to insect attack of bamboo treated with 13 different insocticides (includin:
control) numbored serially (1) to (13). Each culm of bamboo was cut into 4 picce
and numborod serially 1 to 4 from bottom to top. 13 culins of bamboo labelled A, P
. ..M wore used. Tho 62 picces wero assigned to tho trcatments according to+
Youden equare design. Tho degroe of attack was moasured in torms of x e numbx
of succosaful holes bored by tho insocte.5?
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Analyse tho valucs of y = logyo (14x). Obtain ostimatos of adjusted troat-
ment monns of y with and without recovory of inter-block information and also thoir
standard errors, Calculato tho critical diﬂ'omncoo_ at 5 per cent lovol of probability
and proparo the bar diag of signifi botwoon tho various troatmont mesns
of adjuatod y.

Pioco number

Culm 1 2 3 4
Troat Troat Troat Troat
no, x no x no. x no. x

A (1) 0 (10) 0 (6) [ (13) 80
B {7) 0 (6) 0 2 0 W] 0
C Al 0 (13) 125 (9) 0 (3) 0
D (12) 0 (11) 0 [4)] 0 ()] 0
E ) 0 (3) 0 (12) 0 (8) 0
F 9 0 (8) 0 {4) 0 {11) 0
Q (6) 0 (5) 0 [1}] 0 {8) 0
H (10) 0 9) 0 (5) 0 (12) 400
I (13) 150 (12) 400 (8) 450 (2 0
J (3) ()] (2 0 (1n 150 {5} 0
K {8) 0 {n 0 (3) 0 (10) 0
L (2 0 n 0 (10) 0 [} 0
M () ] () 0 (13) 250 (1) 413

3. Tho data tabulated bolow belong to an oxporimoent conducted using a partially
balanced incomploto block design. Find out the values of thoe paramoters of the design
and verify that it eatisfics all tho parametric rolations of a p.b.i.b. design.

Black Troatmont numbors and yiolds
(n 15 0 1 13
2.4 2.5 2.8 2.0
(@) 5 7 8 1
2.7 2.8 2.4 2.7
@) 10 1 14 2
2.6 2.8 2.4 2.2
) 15 11 2 3
3.4 3.1 2.1 2.3
(8) 6 15 4 7
4.1 3.3 3.3 2.9
(0) 12 4 3 1
3.4 3.2 2.8 3.0
) 12 n 16 8
3.2 2.6 2.4 2.8
(8) 6 3 14 [
2.3 2.3 2.4 2.7
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Contd.

Block Troatmont numbors and yiolds
(9) 5 4 2 13
2.8 2.8 2.6 2.5
(10) 10 12 13 8
s 2.5 2.7 2.8 2.6
(11) 0 U 10 3
2.6 2.8 2.3 2.4
(12) 8 [ 2 9
2.7 2.1 2.6 2.0
(13) 5 U 1 12
3.0 3.6 3.2 3.2
(14) 7 13 14 1
3.0 2.8 2.4 2.5
(15) 10 4 8 1 c
2.4 2.6 . 3.2 3.1

Tho analysia of varianco appropriate to this design has beon partially don
in tho tablo givon bolow. Comploto tho table and ealculato the adjustod moan yeil:
for oach treatmont without and with rocovory of inter-block information. Also cal
culate tho standard orrors of difforonces botween pairs of adjusted means.

Source of variation Dogroces of Sum of Moan
froodom aquaros Bquare
Blocks (Unadjusted) T 4.4923
Trootments (adjusted) 14
Intra-block error 31
Total 69 0.3733
- Troatmonts (unadjustoed) 14 3.1383
Blocks (adjustod) 4
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PArz.n VIII anp - IX—GeNETICS “(PRACTICAL)
Timo : 4 Hours . Full Marke : 100

(a) Attompt any THREE quoations.
(b) Al questions carry oqual marks,
(o) Uso of calculating machinos is pormittoed.

1. Brunton obsorved the following scgregation in Fy's for alcurono colour and
palo green scodling in maizo. Tho factor for seodling colour is known to be linked
with ono of the two complomontary factors for alcurono colour. C and R donote
the complomentary factors for aleurono colour and P is a factor for palo groon soodling :

CR Cr+oR+or
r 1907 1053
P 300 086

Estimate tho rocombination fraction (assuming equal croasing ovor in male
_and fomalo) by the maximum likolihood mothed and obtain ite standard error {Tho
linkod factors wero in coupling phaso).

2. An F, family of swoot poa showod the following segrogation for the two gones
purplo-red flowor colour and long-round pollon shapo, indicating linkage in coupling
phaso : ' .

Purple long Purple round Red long Red round
206 19 27 . 85

An Fy also indicated coupling linkage s:—
Purple long Purple round Red long Red round
583 26 24 170

Do the data agrco in showing tho same recombination fraction for the two
gones

3. Haldano givoe data on 28 familics on the segregation of the ive achro-
matopsia t .

Family numbor

1 2 3 4 5 6 7 8 9 10

Normal 1 1 2 2 1 2 0 8 2 o
Male
Affectod 3 [} 1 2 o 2 1 2 1 []

Normsl 4 2 3 3 1 1 1 1 o0 2

Fomale
Affectod 0 2 1 ] 2 0 1 1 [}




Family numbor
11 >l2 13 14 15 16 17 18 190 20

Normal 2 1 1 1 (1} 2 [} 2 0 3
Malo

Affocted 2 2 0 3 0 3 1 1 0 0

Normal 1 06 8 o 0 1 o o0 o0 2
Formale

Affoctod .4 1 1 0 2 0 1 4 2 1

Family numbor
21 22 23 24 25 20 27 28
Normal 0 0 0 2 0 1 0 5
Malo

Affectod 1 2 [} 2 0 2 2 1

Normal 2 1 2 1 0 0 4 3
Femalo

Affocted 0 0 1 1 2 0 1 0

Toat for sox linkago of achromatopsia and ostimate tho crossover value,

(a) ing plote ascortai t end (b) by employing a method indepondent
of tho mothod of sscertainomnt.

4, Tho following data on blood group froquoncios were obtained from an examina.

tion of 6000 Chinoso :—

Blood Group
AB A B o
No. 607 1020 1627 1846

Assuming Bornatein’s oxplanation of throo allolos of a single factor, obtain
tho maximal likolihood estimatos of the gono froquoncics and thoir standard error.
5. In a variotal trial on whoat carriod out in randomisod blocks, in addition to
grain yield tho number of cara por plant, tho grain numbor por ear, tho wieght pet
grain and the wioght of etraw woro obsorved. Tho following tables give the ostimatcs
of phonotypio (tg) and gonotypio (g¢) variancos and covariancos of tho characters
Fit & discriminant function for soloction for improvemont of tho variotics with respect
to yiold of grain, oo o
x; = logarithm of yiold of grain por plant
x5 == logarithm of ear numbor por plant
x3 = logarithm of avorago numbor of graina por ear
x4 = logarithm of avorago woight por grain
~ x5 = logarithm of woight of straw por plant
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TABLE 11 108 x ty; for moans of 8 plots.

] 2 3 4 5

2 8311  —1810 —1391 385
3 1535 1209 218
4 2087 488
5 859

TABLE 2: 108 xgg;

i 2 3 4 8

1 —48 940 1003 013
2 3086 —1743 —13902 252
3 1363 1326 171
4 2059 400
5 654

8. (a) Given tho following pedigroe, compute how inbred are E, B, D, C and
A. Also find how closely rolated aro I and B to A.

L b

o
o
44»[:

(b) How intenso is the inbreeding of animals inbred full brother and sistor
for 3 gonorations. ?

How closoly rolated are brothor ans sistor thon ?



Parer VIII AnD IX—MATREMATICAL- THEORY OF SAMPLING. DISTRIBUTION
(PRACTICAL)

Timo : 4 Houre Full Marks : 1000
(a) Attempt any TWO quostions.

(b) All quostions carry oqual marka.
(c) Uso of calculating machines is pormittod.

1. Tske 20 random samples of 6 obsorvations each from a normal population
and oxamino whothor thoir vaiancos aro in accordance with thoss from a norma
population by tho following mothods :—

(a) Bartlott’s method
(b) By examining the proportions in throo oqual groups

2, Taking any distribution othor than normal, show by Monto Carlo’s method
that the usual t-distribution can bo applied without any adjustments. Thirty sample
may be used to prove your statoment.

3. Draw a random saraple of 10 obsorvations from a trivariatio normal population
whoso parameters aro as follows =—

pr =10, py = 15, pz = 30
Oy =0y=0;m 1
Pry = .9, Pz = .8and pp = .7
Test whothor the samplo means are in statistical agreement with tho values

of the means in tho population assuming the variances and covariances in the popu-
lation to bo (i) konwn and (ii) not known. ’



INDIAN STATISTICAL INSTITUTE
STATISTICIAN'S DIPLOMA EXAMINATION—SEPTEMBER 1057
Paren I—TuxonreTicaL StatisTics (GENERAL)
Group B only
Timo: 2 Hours Full Marka ; 40

(») Attempt any TWO questions from this group.
{b) Figures in the margin indicate full marka.
(c) Uno of caleulating machines is not pormitted.

1. (n) Givo somo situations whero tho X2 test is useful.
(b) If x} and X3 aro two independent X2 vairables with ny and ny dogroes
of freedtom reapectivoly, sliow that

.
> - ;—; and v = X§ 4 X1 aro also independently dintributod.

Honca obtain the disteibution of
X
X

"=

: (20)

2, (a) What are tho assumption underlying tho analysis of varianco teat usod in
the analysia of & randomiscd block design?

Givo some mothods of taking eare of any violation of theeo amsumptions.

(b) If yg (i = 1,2, ..., n) is normally distributed with mean a + 8 x; and
variance 02, obtain tho best n.limnlel of a and g and devise the test for # = 0 whon
ri's aro fixed. (20)

3. (a) Ifzy (i=1,2;7=1,2, ... ng)are random samples of sizes n; (i =1, 2
from normal populations with moons pg (i = 1, 2,) and variances o3,
show how you will teat the hypothesia gy wm g, :
(b) In a feading exporimont on rata the folowing results wore ohtained :—

Diet Gain in grama
High protein 13, )4, 10, 1), 12, 16, 10
8 11, 12 9 12
Low protoin 7. 1, 1o, 8, 10, 13, 0
Jtho Investigato if thero is any evidonco of tho suporiority of ono diot over the
ther,
Tho & por cont values of t for different values of degrees of freedom aro —
d.f. 16 17 18 19
- (20)
value of t 1,75 L. 1.73 1.73

Note : Quostion paper for Group A of this papor is not available for circulation.
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Paren  1I—ArprLiep  STATISTICS  (GENERAL)
Timo: 4 Houra Full Marka: 1y

(a) Answors to tho different groupa aro to bo given in separate books
(b) All questions carry equal marka,
(¢) Attompt any THREE queation from euch group,

Group A

1. It is desired to conduct a sample survey to ascortain tho extont of run
indobtodncss in your State. Dwecribo what kind of sampling dosign and questionnair
you would suggeat. Also give blank spocimens of threo tables which you would consid
most easential for prosontation of tho statistical results of tho survey.

2, Give a brief account of tho nctivites of the Dircctorato of National Samy
Survey of the Government of India.

How aro theso activitics eswential for policy making 1
3. What publications of tho Govornmneat of India would you look up to fin:

information on the following ? Indicate brioflly tho main foatures of tho informatix
availbale (on tho items ) and give your comments on its qulaity :

(1) Agricultural production

(2) Wholosalo prices

{3) Employment

(4) Annual balunce of payments
(3) Plon oxpendituro

4. Describe the various mothods of moasuring seasonal variation from tic
scrics data.

Explain the rolative merits and domerita of cach of theso methoda.

5. Describo a mothod that you recommond for computation of national incor
of Indin with tho available data. Show tho details of items that you would incle:
for coinputation of national income.

Qroup B

6. What is a *balanced incomploto block dusign ' What i the uso of such dusiy
in agricultural exporiments ! Indicuto tho structure of onulysia of vairnace for su
a design and mention the important stopa in the caleulations involved.

7. What ia meant by ‘comfounding ’ Explain its advontagos in factoriul expe
monts. Derive a confounded design for five fuctors at two lovola each in blocks
dizo 4,

8. (n) Explain what is moant by (i) linkage, (ii) scgregation. (iii) indupende
assortment.

{b) In a Dbuck.cross involving two factors, suppese ono parent is doubt’
hoterozygous Aa Bb and the other is doubly recossivo aa bb. 3ow docs oach of ¢
two factors scgregato according to Mondolian oxpoctation ijn this caso and wb
statistical test do you proposo to apply to duteet linkage t
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9. What is a ‘logintio curve’ and what aro ita uscs ?  Illustrato tho usss by
describing the proceduro and ateps you adopt with referenco to population data for
India.

10. (a) Writo short notes on :—
(3) Two factor theory, and
(ii) Multiplo factor theory in a connected account.
(b) FExplain how you will combino the ranks of 8 number of subjects by
roveral judges.

Parer I1I—STATISTICAL INFERENCE

Timo : 4 Hours Full Marke : 100

(a) Answors to tho difforent groups are to bo given in aeparate books,
(b) Al questions carry equal marks.

Group A
(Answor any TWO questions)

1. What is a maximum likelihood ostimato ?
Supposo that longth of life (in days) of a cortain mechanical part is known
to bo distributed according to the probability density

(1/g)e—zit>, 0Lz,

whero @ is an unknown paramcter, 0 < 9 <. Supposo that in a given caso ten
parts wore installed at the samo timo. It was lcarnt ono year later that soven of
theso parts wore still in servico, while three had failed, after 62, 70 and 238 dayn of
servico respoctively. What is tho maximum likelihood cstimate of ¢ ?

2. Dofine a sufficiont statistic. .

Show that corresponding to any unbinscd estimato of a paramotor thero
oxists an unbiasod catimato bosed only on tho sufficicnt statistie such that the variance
of tho latter estimato nover oxceeds the varianco of tho given eatimate.

Explain briofly tho utility of tho above result.

3. Supposo that in a corlain city thcro are N pnssenger cars, with serial licenso
numbers 1, 2, . . N. A visitor to the city notices that the licenso numbers of the
firat n cars ho hias soen are xy, 23, . » . 24 8ay. How should lio catimata N from this
data ?

Expluin tho basis of tho mothod you euggest.

Group B
(Answor any THREE questions)

4. How aro the classical and studentisod D? statistica defined ! Stato clearly
tho assumptions and hypotheses underlying the test.
Doscribo different practical situations where tho abovo statiatica may bo offiot.
ivoly used,



5. What is a ‘Likclihood ratio test't A samplo of sizo » is drawn from cach of
k normal populations with the samo variancoe. Derive the likelihood ratio criterioe
for testing the hypothesis that tho menns are all zero.  Show that tho eriterion i
a function of a rutio which has the F distribution.

6. What is & power curvo? 1low ar power curves usoful in comparing teats:
How will you construct power curvo of F statintic for testing tho equality of varinnes
of two normul populations ?

7. You arc asked to build up a reliable lincar formula of prediction of performane
(y) of workers in a factory using their scores in as small a number of tents aa possible.
Observations nro availuble on y and scores in a large number of tests. Describo 1h
test procedure you will adopt to sclect thoe sot of tests roquired to build up tho formula,

Parer VI—PracticaL
Timo: 6 Hours Full Murka : 1y
(1) Figures in the margin indicate full marka.
(b) Uso of calculuting muchines is permitted.

1. (n) Tho following tablo gives tho values of a function f(r) for x = 3.0, 5.,
«eay 8.0
(i) Find the valuo of f(z) for z = 5.34.
(ii) Also determino tho valuo of z for which f(x) = 3.38.

z Jix)

5.0 3.3551

5.1 3.3048

5.2 3.3742

5.3 3.3836

5.4 3.3928

3.5 3.4018

5.6 3.4107 (9)

(h) Using a suitablo quadraturo formula, ovaluato

3
J£2 loge x dx
1

given tho following values :—

z log.x
0.1 —2.30259
0.2 —1.60044
0.3 —1.20397
0.4 —0.901629
0.5 —0.69313

©

and log, 10 = 2.30259
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2, Fit a eurve of the form y = arf to tho following data:—

z 0 2 4 [ 8

Y 114.5 130.1 150.1 171.0 196.7

x 10 12 14

y 237.0 205.2 (3)

3.(n) Tho frequency distribution given below relatcs to 300 oxperimental ohsor.
vations mado on the specific gravity of a liguid : .

Bolow B0
+R00—. 801
.801—,802
.R02—, 803
LR03—. 804
.804—. 805

moea = 803

atandard
duviation = .0013

Above .H07

Toat the hypothesis that the errors of observation follow a normal law. (12)

(b) In an epidemic of & cortain discase, 927 children contructed the discase,
Of these, 408 recoived no treatment and of them 105 suffured from after-cfocts. Of
tho remaindor who did receivo treatment, 168 suffered from after-cffecta.  Teat tho
hypothesis that tho treatment waa not effectivo and t about the tusion. {5)

4. (a) Tho coofficient of correlation botween the harvest prices of rico and jowar
was found to bo 0.87 on the basis of 60 pairs of prico quotations in a cortain ycar. In
the following year tho cooflicient of correlution was found to bo 0.58 based on 70 peirs
of quotations, Test for tho signifi of tho diff botween the correlation
eocflicients. %)

(b) A survey of 250 gample tribal houscholda containing 1408 persongin a cor-
tain Agency tracts in an Indian State showed that there are 1036 fomales to 1000 males.
In tho wholo Stato according to tho 1051 census, thiero aro 986 fomales to 1000 males.
Apply an approprinto test to find out whothor the tribal pooplo in that Ageney tract
differ significantly in their sux composition from the peoplo of the State, (5)

5. Tho mean and standard doviation of carning per month por head in rupces
eatimated from samplea of workors in two factoriea aro given below (—

ny =13 2,=27.92 . 8 = 0073
ny= 0 2, = 32,13 a; = 1143

Test the suggestion that the averago rato of oarning diffors botween the twe
fuctories. Stato clearly the assumptions underlying your procedure. {10)
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6. Tho mean, standard dovintion and correlation coofficients botweon ‘heu.
variabloa catimated from a sample of 28 are givon bolow :

n =28

2, = 113.6 s =15.2 rys =0.240
2, = 00.2 o = 14.9 ryy = 0.860
2ym= 1.6 o= 2.0 799 = 0.007

Note: Valuos of s are caleulated by dividing tho corrected suma of squares by (n—1).

(i) Find ry5. and teat for its significanco.
(ii) Set out the multiplo regreasion equation of zy on x; and 73.
(iii) Test for tho significance of Ry.s. (25)
7. In a drought resistanco experiment on Aman paddy, the yield in grms. from
oqually sized plots with different intervals of watoring wero aa shown holow. Carry
out tho analysis of variance and test whother thore is any significant difference in
yiolds duo to intervals of watoring.

Yicld of paddy in grams.

Intorval of watoring

8 10 12
1.180 0.910 0.910
1.420 1.200 1.900
1.350 1.600 1.480
1.210 2.830 3.81n
1.440 1.740 0.750

2.630 1.700 1.110
2.780 (13

PAPER VII—PRACTICAL
Timo : 6 Hours Full Marks : 100
(a) Figures in the margin indicato full marks
(b) Uso of calculating machinos is pormitted.
1. In an exporimont on tho growth of teak plants after ono sonson, two planting
mothods A, B and three root longtha P. Q. R wore usod, theso being

A: Pits . P: 4in. root
B : Crowbar holes Q: 6in. root
R: 8in.root
Tho layout of tho oxporimont in four randomisod blocks is shown below, togother with
moan hoight in inches of the G0 plants grown on cach plot.



Analyso theso data in full, and writo a roport on your conclurions contnining
tablea which summariso tho ossontial features of the data,

BR AR AQ
10.8 24.8 23.0
Block 1
BP BQ AP
12.7 153.4 18.2
AQ BR AR
22,7 17.0 23.4
Block 11
BQ AP BP
16.8 18.2 11.9
np AQ BR
13.4 4.7 19.5
Block 111
AP BQ AR
10.4 18.3 25.5
. BQ BR BP
18.9 17.4 10.2
Block 1V '
AP AR AQ
12.3 21.8 2.4 : )

2, An extract from the Lifo Table of malea (nl! Indin) from the consus of 193t

is given bolow :—

Ago x 20 2] 22 23 24 23
Numbor living at

ago z 51203 50354 40880 40202 48502 47787
Agaz 20 27 28 29 30
Numbeor living

at age r 47037 40310 45543 {44751  4393)

Starting with 10,000 persona of age 20, construct a mortality table up to the age 30,
using tho extract given above. Obtain from it (1) tho probability that a porson aged
20 will livo for 8 ycars more and (2) tho probability that ho will die () in his 30th year,
(b) before his ago ia 30, (10)
3. (a) An enquiry into the budgoets of middlc class familics in a city gnve tho fol.
ing information ;:— :
Expenso on Food Ront Clothing Fucl  Miscollanoous
33 per cent 135 per cent 20 per cent 10 por cent 20 por cont
Pricea (1928) 150/- 30/ 75)- 25). 10/-
Prices (1920) 145/- 30/- 05/ 23/. 15/-
Dotermino tho chango in the cost of living of middlo clasa fumilica from 1023 to
1929, . )
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(b) Tho following figurca show the imports of cotton picco goods into a country
in 1913-14, 1929-30, 193031 and 1031-32 from snother country. Ignoring the changr
in exchango rates find the index numbers of (a) quantity (b) value and (c) price of imports
using the figures of 1913-14 as bare.

(13

Quantity in million yarda

Value in million pounds

storling
year
groy white colourod groy  whito coloured
(bleachod) (unbleached)

(M (2) 3 (4) ) © O
1913-14 1534 793 832 17.0 3.5 1.9
1920-30 026 14 483 15.% 10,0 Nd
1930-31 363 272 246 5.2 4.7 5.1
1931-32 249 280 223 2.0 4.0 3.3

4. The following gives tho measurements of capacity of containors taken from a
production process. Samples of 4 containers each wore taken at regular intervals of
time during two periods. Specifications wore sot at 47.040.5 c.c.; meassurcments
are recorded a8 deviations in unita of 0.1 e.c. from 46.5 c.c.

Period I

Sample
number

—

capacity
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Period I1

) Capucity

Number 1 2 3 4
1 3 1 1 4
2 2 3 [ 3
3 4 2 5 1
+ 3 2 7 2
5 1 5 5 8
6 1 2 1 3
7 2 q i 3
& 2 3 5 ]
0 1 7 3 8
10 5 1 8 1
1 1 2 1 5
12 5 8 3 4
13 1 3 3 2
14 1 2 2 4
15 2 3 5 3
16 ] 1 2 6
17 1 4 3 4
18 3 2 1 6
19 3 ¢ 1 2
20 2 3 5 2

(i) Deaw control charts for mean and range scparatoly for tho two periods.
Examine if tho process was in control during both the periods.
(ii) Can tho same limits bo used for both tho periods ? (23)
5. Tho following tablo of intorcorrolations of four emotional traita is obtained
from a record of 172 normal chilidren aged nine to twolve.

Intercorrelations of four emotional variables

Variable 1 2 3 4
1. Socinbility 1.00
2, Sorrow 0.83 1.00
3. Tonderness 0.81 0.87 1.00
4. Joy 0.80 0.02 0.63 1.00

It is oxpectod that thero is a genoral emotionality factor common to all these
emotional traita, Find out the loadings of this factor by controid methed or Hotelling's
method of principal componenta, (23)

Paren IV AND V—STATISTICAL QUALITY CoNTROL (THEORETICAL)
Timo : 4 Houre Full Marka: 100

(a) Attempt any FOUR questions.
{b) All questions carry equal marka.
1. Discusa tho basis for X—NR charts. Tho dimensional tolerancea for an nssomblod
product C is apocificd as mid. Tho componcnts aro two sepnrate manufactured
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parts X and Y. Explain, step by step, iow you would proceod 10 atuly *the natut
tolorances’ of the assembled product € anid comparo tho production poxsibilitica witk
tho apecificutions,

2, On what considerations you would base your choico of sizo of tho sample (s
and the frequency of rampling for current control by p—chart,

A production procewa in in control with process averogo at 0.03, Obitain th
probability of deteeting n sudden shift in the procews averngo to 0.06 (on tho current
control chart for p), if,

(i) 800 wnits aro saampled daily

(ii) 400 units aro sampled twice every day—oneo in tho forrnoon aml one
in tho afterncon.

Commont on tho resulta,

3. Explain the salivnt features of the single anmpling plan and the double aampling
plan by attributes .

Indicato how you would obtanin the 0C—curve and tho A4.0.Q.L. of them
sampling pluns, and tho ASN curve of tho doublo sampling plan.

Discuss how theao holp in the comparixon of the two plans,

4. Write a mathematical cesay on — :

*Tho uso of varinbles sampling pluna in accoptanco inspoction for loy per cent
defectivo.’

5, Writo short notes on :—

(i) Sequontial sumpling (ii) Theory of runs
(iii) Tho e—chart (iv) Modified control limits.
(v) Tho objoectiven of statiatical quality control

Papkit 1V AND V—DESI1GN oF EXPERIMENTS—APPLIED (THEORET!
1CAL)

Timo: 4 Hours Full Marke : 10

(8) Attempt any FIVE quustions
{b) Al questions carry equal marka
_{e) Uso of calculating machines is not pormitted.

). What is meant by the design of an exporiment ' What aro tho purposes
seeved by (n) replication, (b) randomisation, and (¢} loral control in tho deaign or lay-
out of an agricultural ficld oxporiment t

Givo somo oxamples of local control generally used in fivld experimentation.

3, A balanced incomplete block design (v, &, r, D, A) is modificd to inculdo s
new sot of a treatments by inercasing the block sizo to £+ a plota so that cach of the
new treatments occurn onco in ench of tho b blocks. Show that tho resulting design
ia special caso of intra-and intor-group baluncod disigns and prove that tho vairance
of difference between effectn of any two of the original sot of v treatments is

2 (k+e)o?
tA+tra

whoro g is the intra-block varinnce for blocks of sizo, k+a plota.
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3. In a nxn Latin sunro oxperimemet with wheat, tha theeshod yickls of two
adjacent plota insido ono of the rows got mixed up and only their total is known.
Estimate (ho individum! yield for oach of the two mixedup plota. Derive the
expremiion for thoe mean varianco of ull pairs of treatment comparisona and hence
the average loxs of information. What difference docn it make in the losa of informution
if the two mixed.up plots wero treated as miming plots,

4. Mow many factors cach at threo lovels can ho tried in blocks of 9 plota with.
out confourndling any main effect or two-fictor interactiont Obtain such nn acrange.
ment using the maximum number of factors in two replications partially confouncding
some of the tlirco-fictor interactions. Indicato which seta of degreea of freedom have
been partinlly confounded.

3. (a) For a two-associute p. b. i. b. design prove that

nyplyr = N2 pn
ny plzz = Ns Py
{b) Show that tho duual of the unreduced haluncwl incompleto block design
for v treatments in blocks of 2 plots each is a.two-replicato p. b. 1. b. design with two
associate classes. Prove that the efficicney fuctor of tho lutter is

vkl
24302
6. Write notes on any three of the following :
(1) Quasi-Latin equares
(2) Uniformity trials
(3) Efcioncy of a design
(4) Interaction as error
(3) Recovory of inter-block information
7. Tho actual design (before randomisation) of a § replicate of a factorial experi-
ment involving sex factors :

a, b, ¢, d, e, f oach at two levols, arranged in 4 blocks of 8 plots cach,
is given holow ¢

Block 1 Block 11 Block 111 Block 1V
) ac ad ae
ab ©obe & be
acde de ce o
bede abde - ubce abed
acdf df o edef
bedf abdf " nbef abedrf

e acef adef af
abef beef Wlef of

Dotormino which of tho interactions havo bwen confounded snd which main
offocts ond interactions form alinars whilo being cstimated from this design.

Asgsuming three-factor and highor interactions to be non-existent writo down
tho partition of the degrees of freedom in tho tablo of analynis of varinnce agninst cach
aseribablo source of variation.
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Paren 1V AXD V—Samrie Surveys, Tueory (Tueorkricar)
Timo : 4 Hours Full Marks : 100

(a) Attempt any FOUR questions,

(b) All quostions carry equal marke.

{c) Uso of calculating machincs is not pormitted.

(d) Treatment ahould be mathematical whorever possible.

1. (a) Describo the uscs of (linear) regression cstimates with suitable illustrations,
Work out the approximatoe expression for the biag and the variance of tho above noted
estimate for the population mean dorived from o random sample.

(b) Discuss tho different regression eatimates of the population mean dorived
from a etratificd random sample.

2. Dereribo tho usca of doublé sampling for ttratification with suitablo illustra.
ticna. Dorive for this caso the expression for (i) the variance of the estimato of the
population mean of tho variate under enquiry, and (ii) an estimate of tho above noted
variance ; also considor the problem of an approximate optimum allocation of the
various samplo sizes using a simplo cost function. (You may ignoro the finito-popula.
tion.corroctions).

3. Writo a noto on tho mothod of inter-penetrating samples discussing its various
uses (0.g. for comparing different mothods of enumoration or difforent teams of cnumera.
tors, for ostimating the margin of error of tho estimates, etc.). Illustrate your answer
with suitable oxamples. R

4. (a) Discuss tho studies which have been mado to describo tho varianco of the
sumplo units in arca sampling as a function of the eize of the samplo-unit. Discuss
in a genoral mannor the problom of dotermining the optimum shape (including orienta.
tion) of tho sample units in area sampling. :

(L) When the sample unit is a clustor of a numbor of elements, derivo the
expression for the variunce of the sample units in torms of the intra-cluster corrolation.

5. (a) Describo the structurc of various types of systematic samples in two
dimonsions with suitable examples.

(b) Describo any suitablo sampling mecthod of cstimating tho total number
of fish in a lake. (Only approximate formulao necd bo used).

6. (u) In sampling for an attributo that is raro, ono mothod is to continue
drawing a random samplo until m units which possess tho rare attributo have been
found, whore m is decided in advance. If tho finite-population-corrections can bo
ignored, show that tho probability that the total samplo requied is of sizo » is

(n=1)1? .
(m=n)t (n—m)! Pm Qn-m, (a>m),
whero P’ is tho proportion of the raro attribute, and Q = 1—P. Further, show

m—1

that the average sizo of the total samplo is .I':', and that p = = ia an nnbiasd
H—

ostimato of P,
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{b) Dincuss tho following statement :—

‘It is oxpeeted that in a sorics of random sampling numbers thero may
occur patches which are not suitablo for uso by themselves. But such patches should
Do preacnt in a sufliciently long acries, and may bo used in conjunction with precoding
anl/or auccomding portions of the serics for drawing a fairly large samplo’.

Parer 1V aNp V—8axrrr Surveys, AreLizp (THEORETICAL)
Timo: 4 Hours Full Marks : 100

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

1. Expluin what is meant by 'bius’ in soloction as undorstood in thoe context of
samplo survoys. Enumorate a fow instances to show how faulty soleetion may give
rino to bins, stating in oach caso as to how it could be avoided. Montion at least one
caso when a bias, if it exists at all, will bo of little consoquence.

2, Writo short notes on (i) Systomatio sample, (ii) Stratified samplo, fiii) Non.
responso, (iv) Pilot survey, and (v) Ssmpling fraction.

3. What is a 'sampling framo’ ? Givo an account of tho broad clasification of
defects to which a sampling frame may bo subject, and oxplain how those dofecta
gonerally creop in.

4. (a) What are non-sumpling orrors ¥ What precautions would you like to take
to control them ?

(b) Draw up tho plan of an experiment to dotect invostigator-bina,

5. Givo an outline of tho main features which you think should bo incorporated
in @ report on a samplo survoy.

6. You are required to conduct a family budget enquiry in a big city of your State.
Dixcuss in this contoxt briofly the problem of

(a) finding out sourcos for the framo,
{b) soloction of ramples,
(c) chocking tho fiold work and scrutinising tho ficld records.

7. Describo with reforenco to any samplo survey the imporiant nleiu which you
would liko to take to train up tho feld staff.

8. In connection with thoe proparation of a schomo for the colloction of statistics
in your Stato regurding handloom products and their atock, discuas briefly the following
probloms :—

(i) tho lovol, that is, whothor dintributors or producora at which it will be
reasonablo to colloct the information
(ii) whother you would like to d pl ion or a
eurvoy
{iii) whother it would bo r

Ll f

to prop to ish fortnightly figurea

N.B~Tho State may be taken to have about 2 lakhs of handlooms.
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. Parer 1V axp V—Ecoxomtc STATISTICS (Tnrorrricar)
Timo : & Hours . Full Marka: 100

(a) Attempt any FIVE qucstions
(b) All guostions earry oqual marke

1. What aro the various types of orror to which a cost of living index numbey
is aubjoct ! What mothoda do you suggest to reduco theso various types of crror?

2, \What is autocorrolation in a time sorics ?  Why ia autocorrelution suspected
in most of the economic timo sories ?

Given a time series, how will you test for tho oxistonco of autocorrelution ®
How will you tost the significance of corrolation hetweon two mutocorrolated time
scries ?

3. What oxplaining variablen will you consider to obtuin the demand function
for food in Indis on the basis of time scrics data ?  lHow will you dotormine the form
of the function to be fitted and what mothod will you adopt to obtain the cstimatce of
tho paramotera?  Give illuatrations of somo uscs that you would like to mako of the
above domand function.

4. Supposo you sro asked to prepare & achemo for payment of children allowance
to government employeve drawing a monthly pay not exceeding Ra. 500/-. Tho schems
is to show tho dotails about tho allowancea to bo paid for the first child, for tho second
child and so on, to different groupa of employoea with different scales of pay. The
object ia to reliove the parents of the burden of maintaining children below 14,

What typo of data will you roquire for thia purposc ! How will you uso the
data in prepering the scheme ?

5. Writo a critical note on the prico statistics of India.

6. (a) Explain tho following concopts :—

Grosa national preduet, net mmonal producv, at mnrkct price, net national
product at factor coat, porsonal i bl tio i , nationsl

income.
(b) How will you compare national income of India for tho years 1948-49
to 1954-55, with a viow to investignto how far real income has inereased ?

7. What ia Lorenz curvet How is oncentration of income mensured from this
curve? Derive the equation of tho Lorenz curve for an incomo distribution following
Pareto's Law and obtain tho value of tho concentration ratio for such an income dirtri-
bution.

Parer IV ANp V—PsvcuorLooY AND EpUcATION (THEORETICAL)
Time : 4 Hours Full Matks : 100
(a) All questions carry oqual marks
(b) Answer any SIX questions

1. Prosent tho equations defining parallel testa which aro based on tho definition
of rendom orror uscd in teat theory. Explain tho dofinition of random orror and the
moaning of eymboels usod.
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2. Describo the tent errors of measurement, nubstitution, and prediction, giving
tho cquations dufining them and their atandard dovintiona. Fxplain the meaning
of nymbols uscd in tho otyuntions,

3. Defino and compare item difficulty and itom discriminmion. Givo ]
of statistical mensures uacd and their interpretation in each cane. )

4. Deoscribo the method of conputation, proportics, and interpretation of any two
of tho following methods of standardizing test acores :—

(n) standard or z scores
(b) percontilo ranka

(r) normaliscd scores
(1) McCall's T score

5. Explain how each of tho following moaaures interprets test validity : expec-
tancy tables, validity cocflicients and thoe standard orror of estimate. Give formulao
where appropriato. A genoral definition of validity ahould also be given.

6. Proposo an experimental design to mensuro the cffectivoness of tho regional
languagoe as tho modium of inatruction at threo lovels ; primary, secondary and university
lovel, Indicate treatmonts, design, and mothod of analysis.

7. Dencribo Spearman’e two fuctor theory of fuctor annlysis and compare it with
1l multiple factor theory of Thurstone. Since genoral intelligenco tosts aro based on
Spoarman’s theory, and differential aptitude teats aro based on Thurstone's theory,
oxplain how thoso different theories of fuctor analynis affect teat design and the intor-

pretation of scorea on theso tests.

8. Givo the formulu for Spoarman’s rank corrolation method and explain how and
why it i# used in preforenco to the product-moment correlation for most paychological
snd educational data.

Paren IV AND V—GENETICE (THEORETICAL).
Timo : 4 Hours Full Murke ; 100

(a) Attempt any FIVE quosations.
(b) All questions carry equal marks,
(¢) Uso of culculating machines is permitted.

1. Ansuming that the maximum likelihood estimator is employed in ench caso,
dincuss tho information provided by F duta as compurod with tho doublo backeross
for ostimating tho recombination fraction for two linked loci undor difforont situations.

2, 340 familivs of five children wore found to bo scgregating for what is belioved

to bo u nimplo autosromal receasivo character s follown :—

Numbor of receasives ascortained indopedontly

Numbor of
rocensives 1 2 4 3
140 — - — —
2 H0 62 —_ —_ _—
3 35 12 7 —_ —_
4 4 1 0 2 _
h 1] 1 0 0 0
Stating tho neccssary ptions and oxplaining tho proceduro you adopt,
test whother tho hypothesis of simpl t 1 ivo holds,
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3. Discuss tho principal mothods of cstimating tho genetic and non.genetic
compononts of variation in tho caso of charactors showing continuous variation in
planta and snimals.

4. It is dosired .to propagato an inbred live whilo maintaining scgrogation ia
respeot of four factors cach with two alleles and located on distinct chromosomes, the
individuals bieng diploid. Thia is proposed to bo dono by mating botwoon rocessives
and hotorozysobes for oach fuctor. Find tlio mean numbor of individuals which are
needod to ho raised in order to sccuro at least one ‘oligiblo’ mating (between roceasives
andhotororzysobes for cach factor).

5. Explain Hardy-Woinberg Law of oquilibrium., Deduco what happens under
random mating in the absonce of soloction whon a factor ia sox-linked.

6. Assuming that the averago numbor of offspring por mating is 2 and that the
numbor of offupring ie distributed in a Poisson sorics, obtain tho chanco of survival
of a singlo mutant geno which is neithor beneficial nor harmful to tho individuals
carrying thero.

7. The following tablo gives tho resulta obtained in a largo number of oxporiments

on mice :—
Number of offaprings
Parents
yellow non-yellow
Yollow x non-yollow 2378 2398
Yellow X yollow 2396 1233

Further it was found that tho littors born from matings botween yellows ore
smaller by about ono-fourth than littors from yellow X non-yellow,

Explain tho gonotic basis of theso results. If a largo population of mice is
allowed to mate at random, pormitting matings 'only among tho mombers of tho same
goneration, what would be the expocted rolative frequoncy of yollows and non.yollows
in P, to Fy gonorations ?

8. Writo notes on any two of the following :—
(1) Mapping of chromosomes
(2) Blood groups in man
(3) Solf-sterility alloles
(4) Segrogation in autotetraploids.

Paren IV AND V—VITAL STATISTICB AXD POrvLATION STUDIES (THEORETICAL)
Time : 4 Houre . Pull Marks : 100

(a) Attompt any FOUR questions.
{b) All quostions carry cqual marka.
1. Explain the torm ‘truo rato of natural incecaso’ and show its relation to the
age distribution of tho stable population.
2, Discusa briefly tho mothods adopted by tho consus actuarica for tho construe-
tion of Indian lifo tables.
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3. How will you uso tho availbale migration statiatics from conaua and samploe
survoy data to study the important aspeota of migration in relation to population

growth,
4. Suggret a schomo for a population survoy to study the following demographio
aspocta of the population, broadly indicating the methods of statitical analynis.
(a) Birth and doath ratos by socio-conomic classcs
(b) Trond in fortility over a poriod of forty yonrs terminating with the date
of survey.
8. Writo notes on any two of tho following :—
(a) Application of ‘Intornational Statistical clasification of causos of death’
to Indian mortality data.
(b) Application of morbidity rates to public health probloms,
(c) Difforontinl fortility as studied from samplo survey data.

Parer VIIL axp IX—S7aTi8T1CAL QUALITY CONTHOL (PRACTICAL)
Timo: 4 Hours Full Marks : 100

(a) Attempt gany TWO quostions,
(b) All quostions carry equal marks.
(¢) Uso of calculating machinea is pormitted.

1. A samplo of 5O piecos is drawn evory two hours from the production of a
singlo epind! t tic scrow hine and ouch item is chocked by go and no.go

gauges for sevoral possiblo sources of dofoctivea.
The number of defuctivo itoms found in 20 euch successive samples wore —

1,2,563521,10,1,00,20,1,21,1,1,

(i) Analyso tho data on a suitable np~chart
(ii) Suggest a suitablo projection of the np—chart for uss in the future (Arsumo
assignablo causos have boon found far out of control points).
{iii) Skotch tho OC—curve for this projoctod np—chart.
2, Tho onginooring tolorance for a product is 80 units. This is an uppor limit.
In lot by lot inapoction of this product for propoction dofective, tho A.Q.L. and tho
L.T.P.D. aro specifiod reapectivioy as 0.001 and 0.08 with the producer’s and
consumor's risks reapoctively as 0.05 and 0.10.
(i) Dosign an Accoptance Critorion for singlo sampling by variables, using
tho samplo moan and the samplo standard deviation.
(ii) Doviso a singlo sampling plan by attributos for tho samo Accoptance
Inspoction,
(iii) Which of tho abovo two plans you would profor if tho cost of inspoction
by moasuromont, por unit, is fwice that of examination by attributes ?
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3. Evory liour 5 itoma aro taken ws & samploe from a production proccss anil
ench itom is moarunxl. Tho X and R for the samples aro as bolow (in cortain unita) :—

Samplo numbor -
-{In the ordor of X n

production)
1 0.7540 0.0011
] 0.7542 0.0014
3 0.7542 0.0009
4 0.7546 . 0.0010
5 0.7550 0.0008

. Machino roadjusted

[ 0.7530 0.000Y
7 0.7541 0.0012
8 0.7543 0.0011
9 0.7547 0.0007
10 . 0.7549 0.0015
Muchino roadjusted
11 0.7541 0.0017
12 0.7542 0.0010
13 0.7545 0.0011
14 0.9548 0.0009
15 0.7551 0.0012

Specifications aro 0.7538 and 0.7333. R
(i) Sot up an X -chart with modified limits and an R.chart,

(ii) Mako a suitablo analysis and write.down your findings in tho form of
a report to tho Foreman.

Parer VIIL axp IN—DanioN or EXPERIMENTS, ArPLIED (PRACTICAL)
Timo : 4 Hours Full Marks : 100

(a) Attempt any TWO questions,
{b) All questiona carry oqual marks.
{¢) Uso of calculating machines is permitted.

1. An oxperiment was conducted to tost 04 variotics of corn using a 8 X 8 simplo
squaro Iattico design.  Tho tablo bolow gives the individual plot yoilds, in pounds, of car
corn in tho random arragnoment of blocks and plots within tho blocks.

Analyaea tho dnata with recovery of intor-Llock informaton and writo a report
on the results,
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Block Roplication 1

1 (40) (33) 37) (30) (34) (38) (35) (39)
42.0 41.4 48.6 338.0 39.1 39.2 320 40.0
2 {36) {32) {35) . (49) . (31) _(54) {50) (33)
41.1 42,0 33.1 35.2 38.9 41.0 41.4  34.0
3 {12) () (9) (15) (13) (10) {(n (16)
30.3 37.7 38.7 39.8 42.56 38.0 43.2 344
4 25 {30) (20) (29) 27 32) (28) 31
33.7 33.3 34.0 335.3 32.0 39.9 34&.5 39.0
5 (6 (59 (84) (38 (63) (60) (57 (02)
. 33.4 32.8 '38.0 31.7 340 37.7 3.8, 33.3
[} (1) (#4) (47) (43) (41) (46) (48) (43)
- 34.0 20.5 - 35.2 35.0 37.2- 40.2 32.,7--40.2
7. . -(19) (22 (17) - (24) 2 (18) 20) {23)
v 31,3 32,0 33.2 20.5 30.5 30.6 30.8 33.1
g8 ® ® @ M @ Mm@ (5
37.7 30.4 32.8 50.5 43.2 41.4 41.7 30.8

Replication 2°
17 (23 @m) 0D (9 6D @) (D
40.8 37.2 27.0 37,1 .37.2 36.4 44.8 38.0
e~ (11) (33) (5)) {59) (19) ,(13) 27) (3)
T 4401 31.4 34.7 39.4 33.2 28,9 33.1 36.0
3 @) G 2D @) 6y ay @ @
- 36.8 33.9 29.8 285 30.2 33.6 33.0 3.6
4 ; (14) (38) (22) {62) {(54) ] (8) (46) (30)
' 35.0 37.6 33.53 37.8 3.2 31.9 30.9 30.1
i (4 (8] (560) (26) (18) {38) (34) {10)
o 38.8 31.8 35.2 33.5 26.9 -34.8 32.5 28.4
6 . (24) (40) (66) (8) (48) . (32) {64) (16)
. 32,7 37.6 326 37.0 34,2 33.3 337 33
7 WD amn 6 @) (39 (23) (@3 (1)
32,0 33.0 3_‘.!‘.0 37.2 36.3 38.0 27.5 39.8
8 28 () G2 @0 (13 _ (200 (48 (60)
34.8 36.3 39.6 33.5 325 34.9 31.8 38.4

N.B.: Tho figurcs in brackets aro troutment numbors.
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2, An oxperiment to stwdy tho offect of Jiff lovols of diff typos of
nitrogen fortilizora on sced ratoa of Jowar as given bolow, was tried in a 33 confounded
design in one replication with 3 blocks of 9 plota each.

Levela of nitrogen

Ne —XNo manuro

Ny —25 lba. N/acro

Ns —80 1b. N/acro

Forma o) nitrogen

a —Ammonium sulphate (21 per cent N)
™ —Ammonium Nitrate (30.0 per cont N)
u —Sodium Nitrate (15.5 per cont N)
Seed rates

Sy —20 arafacre

Sy —30 sra/acro

Sy  —40ersfacre .
Annlyuo statisticelly tho data of groon wioght and dry woight in noarest pounds
given in the table below and summariso the results.

Block Treatment CGreen weight Dry weight

. NjauS; 304 143

Nyu§, 320 141

NaS, 238 110

N,aS; 282 125

1 NeaSy 340 144
NgnSs 348 143

NouS, 367 143

NaonS, 291 112

NynSs 359 152

NoaSs 301 124

NonS, 258 120

NyaSy 304 140

© NS, 276 112

2 NuSy 327 131
NnS, 212 95

NnS; 318 139

NouS, 231 107

N,uSs 333 132

NynS, 334 138

NonS; 251 76

NaSs 261 83

NjuS, 201 84

3 NynS, 191 80
NeaS, 145 53

Njau§, 426 150

NouS, 242 02

NjaS; 302 120




3. Physical propertioa of samplos from 10 balos of particular brand of synthotic
rubbar wore measured in ordor to dotormine valuce of the proportics for the lot and
to measure tho uniformity of tho matorial throughout the lot.

Two compoundod balches were propared from samples of each of the 10 bales.
Sinco thero was not sufficiont material from any one bale to make moro than two tests
and sincs it was not poasiblo to test all the bales in a singlo day, tho following schome
was used. -

Allocation of bales

Bale numbors
Day
1 1 2 3 4
2 1 ] [} 7
3 2 5 8 9
4 3 [} 8 10
5 4 K 9 10

Show that if ‘days’ and ‘bales’ donoto ‘blocks’ and ‘treatments’ respoctively,
this iu & p.b.i.b. design obtained by dualising the balanced i plete block design

v=08 k=2 r=4,0=10,)\=1

The table bolow givee the values for ons of tho propertics, namoly strain at

400 psi. Each valuo is the modian for 3 spoci from a vulcanisod sheot.
Day Strain (percontago) at 400 pai
1 333 320 3 325
2 316 318 321 327
3 310 303 320 315
4 326 324 337 331
5 321 318 320 317

Analyso the data with recovery of intor-block information end write a report
on the rosults,

Parers VIII anp IX—Samurrk Sumveys, THEORY (PRACTICAL)
Timo : 4 Hours : Full Marke : 100 |

(a) Figures in tho margin indiento full marks,
(b) Uso of calculating machince is pormitted.
1. Try Either (s) Or (b).
(a) Tho following tablo shows tho numbor of inhabitants {in 1000's) for two

years, 1920 (z{) and 1030 {y;), in ench of a random samplo of 40 ¢ities drawn from a
population of 108 citios,
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Talbo of I{a). Sizos of 40 cities (in 1000'a) in 1020 (x;) and 1930 (y,).

=i v xq i - 7y vi
76 80 . 2 . 50 243 201
138 143 507 03¢ . 87 105
87 67 179 260 30 m
20 50 121 13 7 70
381 464 - 50 .64 236 288
a3 4“ 44 . 68 43 ol
31 63 17 . 89 25 57
120 13 64 63 o4 83
61 6 54 71 43 30
387 450 . 56 142 .. 208 317
03 104 40 60 T 38 46
172 183 40 64 161 232
78 108 38 52 74 o3
PR | 56 - 136 139 4 53
60 57 116 130 © 36 64
{6 63 46 . 63 - 50 58
48 75

The problem is to estimate tho total number of inhabitants in the 196 citivs
in 1030, and to estimate tho standard crror of the above noted cstimate for 1hie total.
Tho true 1920 total for the 108 citics is known to bo 22,019 thousands. Tho following
four methods are to be used in this connection :— In method (i) y;~values are to be
usod only; in mothods (ii), (iii) and (iv) the information regarding z-'s is also to o uti-
lised Ly using tho ratio mothod of estimaion (mothed ii), the regression method of
cstimation (method iii),, and tho modified regression method of estimation {method
iv) in which tho value of the regression coofficient of y; on z; is arbitratily taken to Lo
1. Work out tho different solutions to tho problem by using all the four methods,
(i), i) Gii)'and (iv).: - 0 T - a o 30)

(b) In a social samplo survey, a samplo of n individuals was sclected at random
out of a population of very largo aizo, and questionnaires wero mailed to the sample.
individuals. Lot ny be tho number of individuals who responded, and ny the (number
of non.respondents. (Thus n,+4n; =n). Thon, a sub-samplo of ry was randomly
selected out of ny non-respondents, and tho questionnaires were fillod up Ly personal
intorviows of theso r; individuals. Lot ny = kra, (£>1). Thon a suitablo estimate
T of tho population mean (of somo variato) derived from the samplo-results was used,
tho varianco V(T) of which, undor cortain simplifying assumptions, comes out as

. s “

THT) = — {|+(" L)) Q} .
" [ R :

whero S2 is tho variance in the population, and Q ='1—P, P boing the expected volue

of tho proportion of respondonts. Tho precision desired is that which wald bo given

by a random samplo of sizo 1000 if thoro were no non-responso. Tho coat of mailing
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a qustionnairo is § 0.10, the cost of proceasing tho completed questionnaire in § 0.40,
and tho coat of earring out a porsonal intervicw i § 4.10, tho othor coate hoing negli.
gible.

Work out tho optimum valuca of n and & and the coat of tho optimum survey,
for the following three values of P = 0.2, 0.3 snd 0.8, Further, for the same values of
of P work out the coat of an alternative survey in which 1000 cqueationnaires are mailed,
and all the non-reapondents (out of 1000) are interviowed. (70)

2. The following tablo shows tho data derived from a stratifixd random samplo

of tire doalors, in which Np and ny stand for the population sizo and samplo aizo respoct-
tively in tho h-th atratum, and ya and a1j stand for tho mean and tho variance

respoctively of tho samplo in the A-th etratum. (Tho variato ia tho number of now

tirea). .
Table
Steatum No. Na ny M Ty

1 . 19,850 3,000 4.1 348

2 3,250 600 13.0 2.2

3 1,007 340 25.0 174.2

4 0ve 230 38.2 320.4
Eatimate tho. gain in precision by using the stratified random sample rolative
1o ordinary (unsatratified) 1 pling. Furthor paro thia result with the
min that would have been attained from proportional allecation of the stratified samplo.

(30)

Parer VIII aAxp IX—SaupLe Stnveys, APYLIED (PRACTICAL)

Timo: 4 Hours Full Marks : 100

(n) Attompt any THREE questions.
(b) All quostions carry oqual marks.
{e) Uso of calculating machinca is pormittoed.

1. Draw tho proforma of a simplo schodule and tho nocomsary instructions for
feld staff to bo engagod on s sample survey of landlooms to furnish statistics of
monthly production and stock of handloom products.

2, Draw up a schodulo, e ploto aa possiblo, for an enquiry into family budgots.

3. Supposing that Rs. 1.3 lakhs have hoon sanctionod for oxponditure for ths
mrposo aa indicated in question No. 1 abovo, proparo within this amount the detailed
‘udgot ostimate for tho above survey including fiold work and analysis. If instead
A monthly roports you are roquired to furnish quarterly roports, indicato to what extent
the oxpenditure could bo saved. Show also in this latter case tho picture of tho
wvised budget.

4. Tho tablo bulow shows the numbor of workors (including absontecs), z,
‘elonging to 43 factorics from a random samplo of 323 fuctorics of a district and the
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i boe of absont

cor y- Estimate the porcentage of workors absont
from tho worlung force, tho numbor of workors bolonging to the working force and
the number absent from the working foree. Eatimate also tho sampling error of the

'H 1ed b t S—
ost per 8 :
z y z y z y z y
05 18 89 7 3 12 150 36
70 14 87 9 69 16 B4 26
30 [ 132 26 a3 ] [13:] 27
43 .3 47 1 83 14 [1} 2
28 bH 43 17 124 25 164 6N
142 15 116 24 31 3 132 41
125 18 [N 16 08 45 82 10
81 ] 103 18 42 25 a3
43 12 52 1] 83 33 86 22
53 4 87 27 01 28 1] 19
148 31 64 12 73 13
Parer VIII Axp IX—EcovoMic StzTisTics (PRACTICAL)
Time: 4 Hours Full Marke: 100

(s) Attempt ALL quostions.
(b) Al questions carry equal marks,
(¢} Uso of calculating machines is permitted.

2
1. The following table gives the disposable income in billions of doMars and the
consumer prico index in USA from 1923 to 1032,

consumer consumer
disposable  price disposable  price
Year income indox Year income indox
(billiona (194749 (billions  (1047-490
of dollars) = 100) of dollars) = 100)
1023 68.0 72.9 1038 85.5 0.3
1024 9.9 73.1 1030 70.2 59.4
1925 3.7 75.0 1040 5.7 59.0
1028 76.1 75.8 1041 92.0 62.9
1927 76.3 74.2 1042 116.7 69.7
1028 78.1 73.3 1043 132.4 4.0
1020 82.5 73.3 1044 147.0 75.2
1930 3.7 71.4 1045 1511 76.9
1031 63.0 65.0 1046 158.9 83.4
1032 47.8 58.4 1047 169.5 05.5
1033 45.2 65.3 1948 188.4 102.8
1034 51.6 57.2 1040 187.2 101.8
1935 58.0 58.7 1950 205.8 102.8
1036 6.1 69.3 1051 225.0 111.0
1937 1.1 61.4 1052 235.0 113.6
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) W\nalyso the important movomenta in tho roal incomo of USA and writo a noto
on theso movements.

28. Tho tablo below gives monthly per capita oxpenditure in rupeos on some groupa
of itoms, of urban famitics in India in 1951, classificd by monthly per capita total ox-
penditurco.

Monthly per capita oxponditure (Its.) on

Monthly por

capita total numbor of  food othor  non.food total
oxponditure  houscholils  grains food itoms .
{Ra.) itema
-7 15 3.22 1.28 1.83 6.31
8-10 2 4.61 2.48 2,84 9.83
11-12 24 4.04 3.38 3.04 12,16
13.14 13 6.78 4.16 4.02 13.04
15-17 36 5.58 5.48 56.05 16.11
18-20 25 6.48 0.08 6.31 10.75
21-23 25 5.96 7.03 8.79 22,68
2427 35 7.30 8.73 9.04 25.67
28-33 29 1.63 10.26 13.82 ann
342 37 1.90 13.85 17.24 33.00
42-54 30 10.36 16.09 23.26 49.71
55 and above 63 0.30 '.’0.01_ 69.69 105,00

Obtain the income olasticitica of these groups of itema, interprote the siymi.
ficance of thess elasticitics, and indicate some of the ways of using them.

Parer VIII axp IX—DPsvceorooy axp EpucatioN (PRACTICAL)

Time : 4 Hours Full Marks : 100
(a) Answer any THREE questions.
(k) All questions enrry equal marks.
(¢) Use of caleulating machines is permitted.

1. By the uso of the mothod of tetrad differences, dotermine whether a einglo
common factor oxiats for tho corrolation matrix. Caleulato all required scta of totrad
differcnces and write tho conclusion on the basia of tho rosults.

Test

« b’ ¢ d e
a - .60 27 =1 .48
b 50 - 48 .13 .48
¢ .27 .48 - .28 .20
d -.11 .13 .28 - —.08
e .48 .40 20 —.08 -
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?

An orthogonal factor matrix, consisting of two fuclors, is given bolow, Writo

two paragraphs, ono interproting Fuctor I and the other intarpreting Factor 11, on the
busin of tho factor loudings and tho descriptions of the tests given below.

w

(2]

Teat Factor Factor
1 I
1 39 .77
2 47 .4
3 7 .20
4 44 .63
5 .43 .07
] .1 .31
7 05 52
8 1 .44
] 64 .00
10 .69 .30
11 .80 20
Teat deacription

Bnglish Usago I. A test of English grammar. Tho task is to locato gram-
matical orrora in sentonces. Tho scoro is the number of orrors correctly
locsted. .

English Usago. II. A teat of English grammar designed to bo parallel to
English Usago I, and scored in tho same way.

Matching. A test in which pairs of words or numbers are given. The task
ia to chock whothor tho two mombors of each pair aro identical or different.
‘The scoro is tho number of pairs correctly idontificd as idontical or difforent.

Sentenco classifMication. Six topic hoadings aro given, e.g. educational, politi-
cal. Tho task is to classify difforont sontences under tho various headingy.
Tho scoro is tho numbor of sontonces corroctly classified.

Following directions. Simple instructions based on common knowledyge
uro givon. Tho scoro ia tho numbor of instructions followed correotly.

Porcoption. In thie test, four altornatives follow each item. Each item
consists of a word or sorics of numbors. Tho task is to dotormino which
altornativo ia identical with tho original item. Tho score is the number of
alternativea corroctly identified.

Doxterity. l-n_ this test tho task is to mako tick marks as fust as possible.
The scoro ia tho numbor of tick marks mado in one minute.

Gonoral knowledgo. A tost of gonoral information about geography and
political situntions, Tho scoro is tho numbor of right anawors,

Numbor Sorivs.  Arithmotic and goometric progressions are given, with
somo members of tho sories miseing. Tho task is to £ll in tho missing
mombers, Tho scoro is the numbor of memboers correctly Slled in.

Greator and lessor numbors . Sots of four numbors are given . Tho task
i to check the largest numbor and tho emalleat number in cach sot. The
scoro is the numbur of lurgest and smalleat numbers corrvetly identified.
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n Simplo arithimotio, A test of aimplo additions, subtractions, multiplications
and divisions. Tho scoro is tho number of correct answors,

3. A acloction board conninting of 4 members intorviowod 13 candidates and rated
each candiduto on 8 churactorintics. Tho reeulting duta ean be interproted as a thre-
way factorial denign without replication with varintions over interviawors, teaits, and

eandidates,

Sums of scorcs and suma of squares novemary for computing all varianco onti.
wtes are given bolow. Caleulato the vairanco emtitmatea for all mmmary tables and

omputo the F ration.

Candidate no. L‘".\'

@IS CT eI
-
-

Trait no. X
te

164.5
139.5
130.9
150
297

LN I

Interviewer no. :_.‘i.\'

188.4
202
209.5
2]2

- W e

Sums of suarcs of totals :
»(xX)? = 33,876.61
e

2(xX)? = 13,330.61
[N

=(xX)? = 10,833.71
i

550.23
519.23
372,41
400
855

X2
e

5901.06
488
733,23
T44

whero

Notation t

o

a4

A

ol4

§ = intorviowers 1, 2,3, 4
¢ = candidatea 1,2, ..,13
t=traital,2,...8

summing over intorviowors and
traite for onch candidate

summing over interviower and
candidatos for oach trait

summing over candidatos nnd
traita for oach interviewer

X total over ¢ candidates for
fixed ¢, ¢

total over traitn ¢ for fixed 5, 0

total ovor § intorviowors for
fixod ¢, ¢



4. The following sot of numbers represonts scores on Part A and ParyQs of o
of coding. Parts A and B roprosont aplit halves of the test, and woro givon at tho sa:
timo, Calculato tho roliability estimate, correcting for length, of tho toat.

Par'.u APnnu ‘\Pun
17 18 16 12 1B 20
1 19 17 18 8 I3
9 11 1718 18 20
15 16 18 17 o 5
17 18 17 19 18 18
n 2 13 17 16 18-
15 16 1818 T
15 18 20 20 noo12
20 20 1 19 10 10
18 19 17 19 1518
131 o 20 20
19 20
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