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INTERNATIONAL STATISTICAL EDUCATION CENTRE, CALCUTTA
Thirtconth Toxm (July 1959 - April 1960)

Poriodical Examinntion

Gonory) Principlos
Date: 14 Soptembor, 1959 Full marks - 100 Timo: 10.10 AWM,
12,40 P.M.
inswer any FIVE oucaticoms
1. Explain tho fol1owing toermg:-
1, statistic 14, stuatasticul data 111, samplo
iv, population v. attribute vi. mitivariatecdtia

6.

With thc halp of an oxamplc, show how a sorios of two~attribute data
ean bo condonsed into a two-wny frequency table, without loas of
much infermotion, What typos of information are lost in this process
of tabulation,

Explain with the help of a simple i1llustration the main differonce
botwoen the ordinary graph and thc scmi-logarithmic graph.

State i) purpose »f Tabulation
ii) different parts of a Statistical Table
ii31) principles te be followed in the proparation of tublas -

_a) Whon should you prosent data in bar-diagrams and whon in lino-

graphs?
b) Bricfly indicate hcw tho f~llowing arc uscful in the study of
relotionship betwoen two variables
1) 1ino curves
i1) scatter dlagiama,
In not more than SO linos writo a doscriptivo noto explaining how

modorn statistica ovslwed and what rolc statistics plays in
governmontal, businoss, scl:ntific and othor activitics.

Examinor: A. Matthoi



INTERNATIONAL STATISTTCiL EDUCATIOM CENTRE-CALCUTTA
Thirteenth Term (July 1959 - ;pril 1960)
Periodicnl Examinntion
Probability 'nd Mathematics
Full weric 100
Dates: 16 Septembher, 1959 Time: 10.10 L.M.~12.40 P.M.

Figures in the mergin indicate full marks.
1. Carefully define each of tho following termsi-

a) The 'node! of a random variable.
b) The 'mean' of a random variable ,
¢) 'Indeperdent events' .

d) tBxclusive eventa',

(20)

2. a) Suppose ¢ symmetric die is rolled twice. Find the probability distri-
bution and the mode of the totnl score. (10)

%) A beg contains : talla of which 2 are white and the other 2. are
black. If 2 talls nre drawn one by one without replucements and

A = the cvent that toth are white
B = the ovent that both are bLlack

then find the probatility of each of t).le following three events
1) A, 4i) a+B, 4i1) A B (15)
3. Differentiate

2
@) P& (@) xgx (3 _e:_:i . 15)

4. State olearly the procedure to be followed in finding the maxima or
minima of & function f(x) of n single variahle. (125)
5. Let (x), )'1). (%5, yz). .z y“) be n-pairs of observations of two
randon quantitics X and Y. . statistical procedure for prediction of Y
when X is known is the following '
Y = afX
where @ and B nre the values at which the function

3 2
£(u,v) =El (v~ - vx,)

"is @ minimim., Find « and 8. (15)
6. State the rule for difforential coefficient of prodyct of two functiona,
Hence find the differential coefficiont of f(x) = @ (x-1). Deduce the

vnlue of

fx e ax: (10

Txaminera' D. Basu and R. Ranga Rao



INTERNATIONAL STATISTICAL EDUCATION CENTRE, CALCUTTA
Thirteenth Term (July 1959 - April 1960)

P:riodical Exaniration
Statistical Aralysia
M1l morks - 100
“~te: 70 Soptomber, 1959 Time: 10.10A.M. - 12.40 P.M,

Fleures in the marmin indicgbe ful) morks

“ha £ .2ovin, 1ist givos the sex (mole/fenale), the blood proup (A, B,
e ) and tho obility (+) or inability (=) to taste PIC of 40 individuals *
irecesosgat-l in a genetical study.
qe cho infommatisn in a tablo, with a sultable title, colurm and
rou haadings end other cssential dotulls to make tho table self-explanatory.

soriol  rox blood taste roac- gorial sox bloocd  taste rone-
N RTOMp to PTC no, group tion to PTC
i malo AB + 21 female A +
2 fermalo piic) + 22 nale o] +
E la B + 23 nale o] -
4 fomale B + 24 nale (4] -
£ naln B - 25 femalae o] -
5 nale A + 26 mnle B +
7 nele A - 27 rule B +
3 fealo A * 28 feoale o] +
2 aole A + 29 fonale [\] +
10 forale 0 + 30 fenale A +
1 fenale [¢] + 31 fomale A -
i Loralo 0 * 32 nole A +
13 oalo o + a3 fenalo [+ +
14 ferale A + 34 fenalo [+] +
i5 -nalo A - 35 fonale A L3
15 nale B - 36 fenalo 0 +
2 nnle B + a7 nale .0 +
13 Zendle A + 38 nalo [+ +
13 nolo AB - 39 nale A -
29 fermzlo o] + J fennlo B -
. (15)
Certein data obtained fronm a study of a group of 1000 enployow:s in
¢ cntuan £ill as to thoir religion, sex and marital status wore reported
e follows: . .
525 Hindus H 312 nalea
470 marricd ; 42 Hindu nales
147 narried Hindua ; 86 narrlied oales
25 aarriod Hindu
nalos 3
T~ wae this for intornal consiatenoy. (15)

PoT.0.



. (2)

3. (a) Find by linoar intorpolation the modian of the distribution of narks
obtained by 80 studonts as givon bolou:-

Marks Frequongy
o- 10 3
10- 20 9
20- 30 15
30- 10 30
40- S0 18
50- 60 s

Draw olso tho cummlative frequancy curve (ogivo) of tho above dis-
tribution and read off the veluo of tho nodian, (15)

{(b) Por a cortain group of carnors thoir anmual income fipuros (in
rupecs) in 1957 and in 1958 are available. Tho median incomo in
1958 was found t¢ bo 15 rupecs mope than that in 1957,

Mr. X concludes that on the averago peoplo wero earning more
in 1958 than in 1957. Corment. (10)

[Hint: Show by constructing an oxaiple that this meed not bo so.
In fact, the ncdian incomo ear br nnxo ovon though most of the

pooplo oro carning lcss.]

4, (a) What aro nocasurce of dispersion of a diatribution? Why ia tho
standard deviation nost conmonly used as a musurc o.l‘ diaporsion
in statigtica? (15)

(b) For two sanpilcs of sizes 10 and 15 the noan valuos and the variances
woro conputod as followa:w
firat sanple socond sanple
sizo 10 15
nean 67 ) 64
vn:rltanca 12 15
Find the mean and the varlance for the conbinod sanplo of slzc 25.

(1s)

(e) For a froquuncy distribution of narkas in histery of 200 candidates
(grouped in intorvals 0-5, 5-10, ... etc.) tho nean and standard
doviation worc found to be 40 and 15, Lator it was discovored that
the acore 43 was nisroad as 53 in obtaining tho frequoncy distribue
tion, Find tho sorrected noan and standard doviation corresponding
to tho cerrocted froguency distribution. (1s)

Exarninors: 8.K, Mitra, R. Krishnarmrty and
S. Hrishmrty



INTERNATIONAL STATISTICAL EDOCATION CENTRE-CALCUTTA
Thirteenth Term (July 1959 - April 1960)
Periodical Examination
Statistical Methods and Sample Surveye
(Theory)
Full marks - 100

Date: 28 Novomber, 1959 Time: 10,10 A.M.-12.1C P,

1.

3.

4.

What ara the considerations in support of the product moment
coafficient of correlation as a moasure of the degree of corrcla-
tion between two variables x and y.

or
Describa methods you know of judging how far a regression function
estimated by the least square method, fits the data.
Write down the "normal equations" for fitting a second degree poly-
nomial regression to bivariate data.

or

x is a random varinble having expectation 20 and variance 16 ; nothing
further is known about its distribution,

What can you say about the expectation and variance of ;, the mean
based on n independant obaservationa of x in a random sample. State
what could be sald further about the distribution of X.

Write short notes on -
(a) level of significance in a test procedure
(b) power of a test
From a normal population with variance 100 two samples of size 100 and
300 were drawn. What is the probability that the varliance in the

first sample will exceed tha varioance in the second by more than 10,
(Use large sample approximations).

Explain briefly what you understand by -
(1) population, (i1) random sample, (iii) sampling frame,
(iv) bias of an estimator, (v) variance of an estimator, and
(vl) mean square error of an estimator.
Suppoge 2 fanllies are selected with equal probabllity without replace-

ment from a population of 4 familles for estimating the income per
porson in the population.

famdly mmber of family

peraons income
- 1 4 800
2 2 1000
3 3 600
4 1 500

Find out the yalne. of blas, variance and mean square error
of your estimater.

Examinera: A. Matthai, 3.K, Mitra, and M.N, Mirthy



INTERNATIONAL STATISTICAL EDUCATION CENTHE, CALCUTTA
Thirteenth Term (July 1959 - April 1960) s
Periodical Examination
-t Statistical Methods & Sample Surveys
(Practical)
Full marke - 100

Date: 27 November, 1959 Time: 2 FM - 5 PM

Figures in the margin indic-te full marks

Obtain a frrmula frot the following data which will enable one to

1,
forecast yleld of rice irom awount of manure,

Yield of rice in bushels per acre

15 17 80 190 2
0.5 12 3
farm-marurey 1.0 7 24 15
in cart- 1.5 13 38 15 3
loads per 2,0 6 17 27 20 1
acre 2,5 5 11 7 12
3,0 2 3
3.5 1 3
4,0 1 1
4.5 2
or

An economdst wanted to derive a formula for predicting the national
income in money terms (y), in terms of the money supply with the pub-
lie (xl) and national income in real terms (xz). He decided to use
a linear relation

. Y'—"""ﬁux.?g,_-»z_

Given the following totals and uncorrected -uma of aquares and sums of
products, estimate the constants o "' /3
AT <N

uncorrected 3.s. and s.p.

Totals x
1 *2 v
x; 137,59 2731,1055 11970,60825 13963,9650
x, 605 .57 68795.390C 70218,9200
¥y 708.10 71862,4900

Note: Data ‘rere obteined for 7 sots of observationa

2(a) Find as accurately as possible the value of o=2+25 making use
of the following table only:

-X

x [}

2.2 .120803
2,3 +100259
2.4 .090718
2,5 .082085

(30)

(8)



(b)

4. (a)
(b)
(e)

(2)

The average number of deaths from street ascldents per yeaxr in
a certain locelity is 2.25. Find the probobllity of (1) at loast one
death, (1i) more than one death in a yecar from street accidents, (12)

A company sclls seeds of a certain flowering plaent in packetas
containing a dozen seeds. It is known that 80 porcent of these
geeds germinate. What is the probability (exact) that at Least
10 out of 12 seeds in a packet will germinate? Find the same by
ony approxinate formla that you know and the percentage orror
in the approximation

or

Examine on the basis of the following data collected from the
attendance register of an office on a certain day whether it 1s justified
to assert that there is some assoclation between distonce of office
from residence and late attondance N

punctuality in Distance of office from resigenc
coming to office within a more than
mile a mile
in time 28 40
lata S 21
(20)
Select a sample of 10 stores with equal probability sdthout re-
placements from the population of 28 stores given below (6)
Estimate the average sales per store and the standard error
of the estimate on the basis of the sample. (12)
Estimate also the proportion of stores with sales greater than
Rs. 100 and the standard orror of the estimate on the basis of the
sample (12)
Store Scles (Rs.) Store Sales (Rs.) Store Sales (Ra.)
1 252 11 138 21 179
2 405 12 102 72 401
3 234 13 112 23 190
4 150 14 32 24 112
5 103 15 as 25 119
6 287 16 344 26 128
7 240 17 152 27 186
8 278 18 85 28 a9
9 €5 19 89
10 20" 20 61

Examinere: .. Matthal, S. Krishnamurty, P.K. Bhattacharyya
and M.N. Murthy



TNTZRNATIONAL STATISTICAL EDUCATION CENTRE,CALCUTTA.

Thirteenth Term
Final Examinetion
Paper I

Full Marke : 100
Date 1 19 Pebruay :950 Time + 10 A.M. to 1 P.M.
1. Answer ony five of th following questions

2. All nweations cerry equal merks.

STATISTICAL ANALYSIS

1, Horse raoing fans of ven maintain that in a race around a circiular track
asignificant sdvantn(s8 accrue to the horses in certain poat positiona. Any
horse's port pcaiticn is his assigned post in the starting line up. Position

1 is closest to the rail on the inside of the track; position 8 ie on the outside,
farthest from the rcil in an 8-hourse race.

New York Powt (August 30, 1955) gives the following race roesults for
the firat month of =ecing in the 1955 season at & particular circular track

WINS ACCRUED ON A CIRCULAR TRACK
BY HORSES FROM EIGHT POST POSITIONS

Post positions 1 2 3 4 5 [ 7 8 Total
No. of wins 29 19 18 25 17 10 15 11 144
Let us otart with thc null hypotheais H which states that thc suapicion of

these hcr—se racing fans i3 basaless i.e. poaz position in no way influences the
results of tho race.

(1) Aseuming thia null hypothesis to be true and that the horees are assigned
at rendom t¢ the virious post positions before the race is run, what is the proba—

bility that in a singla rece the win will be registered at a particular post
positian?

(11) Bence compute the number of wins which are expected at warioua post
poaitiona in 144 races, if Eo is true.

(i11) Compu=c t-:-- =xpcoted frequencies with the observed frequenoies as given
in the date by conputing the Goodness of Fit Chi-square ond on the basia of the
comp=ted value suggz=3t whether it would still be reasonable to assume that H°
is true or whether there are positive indications in the opposite direction.

2. Tne following tnble gives the correlation coefficients between stature

;and si¢ting height of Muslims in 4 districts of Bengal and also the siza of the
eamples fro. .lich ‘hose coefficients were computed.

district sample size oorrelation
coefficient
Barisal 13 0.719
Dacca 337 0.824
Mymensingh 299 0.547
Nadia 170 0.793

Deacridb~ tcat procedure for testing the homogeneity of those coefficients

givir~ complete dotails of the computational layout and stating olearly the
nssumptions under which the procedure is valid. No computations are required.
Pxaminer : S.K.Mitra Plense turn ovor
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’ DESIGN OF EXPERIMENTS

3. Show how the following three conceptions: (1) Replication, (ii) Randomi-~
zation and (iii) Local control, are introduced into tha randomized block design,
and explain briefly what kinds of role they ocould play.

4. (a) A split-plot experiment on corn is being conducted to try 3 rates of
ﬁlsnung (sf.ands) with 3 levela of fertilizer in irrigatud and non-irrigated
plots. The design ia randomized blocks with 4 replicntions. The whole plot
(the first unit) carries the irrigntion treatments. Show one example of the
field arrengements corruaponding to this purpose (with randomizatinm).

(b) Por & six-month course in Statistics, 6 teachers (1,2,3,4,5,6) are
available for the tutorial classes. The students sre divided into 6 groups
(A,B,C,D.E,F). Each group of students is to work under the supervision of
each teacher for one month. Prepare a tutorinl programme for the six montha
(1,11, III, IV,V,V1) in a Latin equare with randomization.

Examiner ¢ T. Okuno.
SAMPLE SURVEYS

5. (i) What i1s cluster sampling? (ii) Is oluater sampling more effiocient
in practice than a simple random sample of elements if the same number of
elements is covered in both the cnses? Giva reasons for your answar.

(411) For the same fixed cost, would you prefer cluster sampling to
simple random sampling (of elementa)? Give a suitable example to support your
anewar.

(iv) To estimate the average number of persons per household (household
aize) n semple of villages is to be drawn and total number of households and
persona in ench sampled village is to be oounted. Write down a suitable estimato:
you will use.

6. (a) (1) Yhat ie stratified sampling? Why is it used? What is the maximum
number of strata you cen have?

(i1) If from each siratua, a eiuple random sample is to be drawn and the

ordinary unbiased estimate i3 t~ be used, how will you group the unita to fom
atrata?

(i11) Will you change the method of stratification if you intend to
use a ratio estimate? Illustrate your answer with an example.

(b) Write down the expression in a etratified simple random sample for

(1) the estimnte of the mean,
(1i) the variance of the eatimate of the mean
(11i) esmplc sizes im different strata under optimum (Neyman) allocation
(iv) the variance of the estimate of the mean under optimum (Neyman)
allocetion.

(Proper explanation of the symbols used should be given).

Examiners: N.S. Nenjsmma and D.N.Ghoseh.

Please turn over
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ECONOMETRICS

7. Show how nntional income is deturmined by the aquality of eaving and
investment. What is the effect of an increase in investmont on national inocome?

or,
Give three definitions of national income and demonetrate their

equivalenca.

8. What do you understand by the term index numbar of seasonal variation
in economic time eeries? Indicate *w~ Smportant mcthods of computing anasnal
indices. Describe the various ateps involved in eany one of the methods,

or,

Defina clearly the concept of Engel clasticity. How do you compute it for a
given commodity such as sugar? Whet type of data do you require? In your
calouletion of such elasticities from household budget data, what adjustmente
will you make for the size and composition of the household?

Examinerss A.K.Biswas and N.S.Iyenger.

STATISTICAL QUALITY CONTROL

9. Distinguish between the terms 'statistical oontrol! and ‘economic control!,
State how & control chart may be defined.

Or,

Examine how, when & quality characteristic may have any unknown distribution,
the use of three-sigma limits Aare justified in A control chart. Why not use
exact ‘prokability limite' on control charts At leest when the form of the distri-
bution is kriown?

10. Distinguish botween the two aituations in each of th: following pairat=

(1) ocontrol charts when standerde are given and when standards are not
given;
(11) contrnl charts for small samplea and for large samplesj
{111) control charts for individuals and for samples of individuals

Examiner 1 A. Matthai.
oooDooo



INTERNATIONAL STATISTICAL SDUCATION CENTRE, CALCUTTA.
Thirtesnth Term
- N Final Examination
Paper IT
Full Marke : 100

Date 1.19 February 1960. Time : 2 P.M. ~ 5 P.b.

1. Answer auy fivo of the following questinne.
2. All questions carry equel marke.

STATISTICAL ANALYSIS

1. Somples of different sizes were selected from lots supplied by five
different manufacturers A, B, C, D, E and the number of defective articlea
detected are tabulated below.

Manufacturer A 3 c D E
Sample size 100 200 150 250 150
Number of defectives 20 4’5 25 48 23

Do you consider lota supplied by the different manufacturers to ba of the
same quality?

2, In A feeding experiment, a number of animals were paired up according
to initiel weight. Ten such pairs were taken and one animal in each pair was
given ration 1 and the other ration 2, The g1ing in pound at the end of the
feading period are given below.

Pair Ration 1 Retion 2 Pair Ration 1 Ration 2
1 12.3 10.9 6 10.5 94
- 2 1.4 10.2 7 7.2 7.2
3 8.2 8.4 8 8.6 7.5
& 13.5 11,3 3 10.8 9.2
5 10.2 8.3 10 11.0 1.3

Do the results of the experiment provide sufficient evidence to indicate
that retion 1 is better than ration 27

Examiner t P. K. Bhattacharyya.
DESIGN OF EXPERIMENTS

3. The following data come from a randomized block experimenti-

variety blook
I 1x III v
A 12 14 14 14
B 10 12 10 13
c 8 10 15 19
D 15 16 20 23
5 23 20 25 24

(1) Carry out the analyeis of varianca.

(Lig Show that variety E differs signifioently from A,B, and C.

(1141) Set 95% confidenco limits on the difference between varietiee
A and R.

Pleaso turn over
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4. Tho fol%mri'nk data ehor the trentment totsls of averaso daily gmins
of awine in 27 factorial experiment. The design wna randomized blocks with
7 replications.

Lys/i ne Pr/;t»in Sax Trontment totals
o] 12 L. a.s5
F a.6
14 M 1.0
F 10.7
0.6 12 M 10.2
F 9.1
) 14 M 10.3
F 9.6

Computae the mean effects and sums of squares for main affocts, two-
faetor intoractions, and throe-factor interaction, and then, test these
effacts against thd orror mean aquare of 0.0224.

Bxaminer ¢ T. Oluno.

SAMPLE SURVEYS

5. The table below gives the area (in acres) under rice in 1936 and 1937
for a et of 18 villages. Seloct a semple of 6 villages with probability
proportional to the area under rice in 1936 and with replacement. Estimaete

(i) the total ares under rice in 1937
# (ii) the varience of the estimate in (1)
(iii) the coefficient of variation of the estimate in (i).

Aren under rice in acres

sl. no. of 1936 1937 sl. no, of 1936 . 1937

village village
1 80 50 10 130 135
2 160 150 1M 130 145
3 130 110 12 130 105
4 100 110 13 190 180
5 110 100 14 70 60
6 80 80 15 60 80
7 80 105 16 70 60
8 50 30 17 140 100
9 90 85 18 200 140

6. A set of 100 tehsils ia grouped to form two strata such that stratum 1
containa 40 tehsils and stratum 2, 60 tehsila. A sample of 8 tehsila hns t
drawn with equal probability without replacement from stratum 1 and a sampl*
10 tehsils from stratum 2 in A similnr way. The total population in stratu=
1 and 2 are 3,675,000 and 4,155,000 respectively. Tha tnble below gives thé
data on agricultural population and total population in ench of tha 18
sompled tehsilsa.

“‘Y CI (Q) I % ’z‘ A'A— “. Pleagse turn over
- bhs neD) <. }‘::' - 7Y j ]




Pnge 3

(n) Eotimate the total ogricultural population using

(1) a genarnte ratic vatimator
(i1) e combinad ratio estimator

and ueing the total population as aixiliary ohcrncieristic.

(b) 4lso ostimate the variances of the pPbove estimates.

Stratun 1 Stratum 2
tehsil neo. Agricul tural Total Teheil no. Agricultural Total
populntion population populntisn population
(in .000) (in .000) (4n .000) (in .000)
1 15 135 1 95 110
2 55 80 2 65 80
3 125 185 3 55 70
4 65 95 4 85 125
5 €0 110 5 60 70
6 60 95 6 95 135
7 70 a5 T 40 70
8 75 90 8 90 100
9 50 80
10 90 125

U3 § (e e

[NE l-»(""f"l)
\7( My (N -n " o
"2 4'%-_. *—‘%T%’é 2: Jont R X‘ILXTL 2R ):L; %

Exeminers : N.S.Nanjamma and D.N.Ghosh

ECONOMETRICS

7. The numbers (in hundreds) of letters posted in a certain city on
each day in a period of five consecutive weeks are given below. Calculate
the indices of evarage fluctuations from day to day within each week.

Number of letters ponted in a certain city

z_ ‘a 4t R E‘)L-:T,‘_"?-Izk%?;r

week Sunday Mondny Tueadny Wodneeday Thursdny Friday S-turdey
first 18 161 170 154 143 161 76
aecond 18 165 179 157 168 195 85
third 21 162 169 153 139 185 82
fourth 24 171 182 170 162 179 95
fifth 27 172 196 180 170 202 120

Please turn over
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8. The following tuble gives the distribution of peresonn by per capite
monthly income and porcontage consumption of cereals In different groups for
rural and urbnn arens of West Benml.

per cnpita number 3f persons consumption of cereAls
income, (Re.) - (thousands) (p.c.)

rural urbun mrnl urban
1 -7 463 61 2,64 5.66
8 - 10 915 38 5.02 5.29
11 - 13- ‘- : 1098 151 -t 6.2 2,08
14 - 16 -« 2320 387 13,23 5.05
17 - 19 R 1663 45 9.51 5.45
20 - 24 ' 2329 912 13.28 : 9.47
25 -29 2855 1200 16.28 15.71
30 - 39° 2996 802 17.09 12.61
40 - 49 : 1366 698 779 - 10.85
50 and ahove 1526 1022 8.70 ° 37,65

Draw concentration curves of consumption of cercals and study the
difference batwaen rural and urban aerenrs, if there ia any.

Examiner : N. S. Iyengar.
STATISTICAL QUALITY CONTROL
9. Semples were taken from 8 different consignments of A product in order
to find out if any nssignable causea of variation exiated in a quelity charac-

teristic (x). Examine the results given balow, for ocontrol and write a
brief note giving your conclusioéna.

consignment average standard deviation
1 33.5 4.20
2 32,7 4.35
3 33.9 4.38
4 40.6 4.56
5 . 35.6 4.51 °
6 33.2 4.39
7 34.5 4.90
8 35.7 4.86

10. Interpret the following control chart constants indicating clearly when
they are to be used 1 o,, dS' Ays Dyy By.

Examiner 1 A. Matthai

000000000



INTERNATIONAL STATISTICAL EDUCATION CENTRE, CALCUTTA.
Thirteenth Term
Final Examination
Paper III

Special) 3ubject s SAMPLT SURVEYS

Full Marks s 100
Date t 20 February 1960 Time 3 10 A.M.- 1 P.M.

Figures in the margin indicate full msrks.

1. (1) Prove that the sample mean is an unbjased estimate of the population
mean for a simple random sample drawn without replacement.

(ii) Derive an expresaion for the variance of the sample mean for a
simple random sample drawn without replacement. 15

2, A forgetful statistician, in charge of a sample survey, used the formula
NSt
A
to obtain the allocetiona for the different atrata he had constructed. What
was the mis:ake he committed? Wnat would be the variance of his eatimate for
the total of the characteristic he wants to meagsure? (A1l it be more or less
than what he would have obtained if he had allocated proportionally? (It
is supposed that samples are to be drawn with equal probability and without
replacement from each stratum). 12

ny = n.

3. A sample survey is to be conducted among 1200 persons to estimate their
total monthly expenditure. The error that can be tolerated is 10° percent
of the true value on either side with a confidence level of 90 percent. The
coefficient of variation of the distribution of monthly expenditure is known
to be 60 percent. Calculate the sumple size required if the sample is drawn
with equal probability and without replacement. .

probability lavel 50 percent 80 percent 90 pe;‘cant 95. pe;‘cane 99 percent
Hormal deviate 0.67 1.28 1.64 1.96 2.58

4. The authorities of a college decided to conduct a sample survey to
estimate the no. of smokers among the students. A random sample of 110 Asian
astudents from the 600 Asian studenta and another random sample of 25 Buropean
students from the 100 European students were selected. The selection in both
the cases was done with equal probability and without replacement. The table

below gives the results obtained in the enquiry. 16
stratum amokers non-smokers total
Asian students 33 m 110
Suropean students 15 10 25

Estimate (1) the total no. of smokers in the college, (1i) the variance of
Your estimate.

Please turn over
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5. 7The following table gives the population of 36 villages of Bihar

State, India.

18
8l. no. 8l.no. 8l.no. sl.no,
of the population of the populatinn of the population of the popula-
vilisge village village village tion
1 823 10 412 19 289 28 281
2 1% 11 576 20 273 29 167
3 710 12 507 21 250 30 149
4 616 13 367 22 252 31 134
5 574 14 320 23 259 32 129
6 530 15 328 24 284 33 164
7 551 16 304 25 231 34 95
8 480 17 345 26 315 35 87
9 414 18 293 27 325 36 69
Draw two systematic samples of size 5 and obtain (1) the best unbiased
estimate of the total population of the 36 villages and (ii) an unbiased
estimate of the variance of the estimate.
6.(a) Mention in brief the important steps to be takert at the central
office in planning a survey.

(b) It is proposed to conduct an Agricultural Labour Enquiry all over
India concerning the debt and employment position of agricultural labourers.
Suggest what type of data you will require to construct your etrata,

(c) From the investigator variability and error considerations it ie
thought that a sample of 10 villages per investigator for each season .

( ~ senson being a thrzs manthly period to be ccnsidered as one. smbround )
will be suitable. ‘T'ne time requirements are as given below

Schedule Description Time require-

ment

0.1 Listing of households 3 days./ village

10.0 Buployment and Unemployment 3 hhs./2 days

7.0 Household indebtudnesas 3 hha./ day

3.01 Price collection 1 day/village
To estimate the seasonal variation in employment position, Schedule 0.0
i8 to be canvassed among the same set of houssholds every & months and
Schedule 3.0l every month from- the same village. Construct a work pro-
gramme assuming that in each subround of 3 months there are 70 working
days so that for the whole of the round period of one year the inveatiga-
tor will work for 280 daya. 25

Examinerst D. N. Ghosh and G. Parthasarathy.



INTERNATIONAL STATISTICL E,'DUC_-‘\TION CENTRE -~ CALCUTTA
Thirteenth Term

Final Examination

Paper III
Special Sudbjeot : Punched Card Accounting

Full parks 100.
Date:r 20 February, 1960 Time: 10 A.M.-1 P.M,
Figurea in tha margin indicate full marks

1. How many holes can you punch in a column of a card ? Why is the
corner of the card cut ?

2. How many keye are there on a key punch machine ? What is the diffe—
rence between a key punch and a verifier machine ?
3.(5) How many pockets are there om 2 sorter machine ?
(b) If you are to sort a pack of cards to columns 12 to 16, from Which
cojumn should you start sorting ?

(c) Ia it poesible to select all corde punched '5' from a pack of cards in
column '10' on a sorter without disturbing the sequence of the other
cards ? If 8o how ?

4.(a) Wnhot is the azoed of a Reprodmcer ? Is it possible to Gang punch
information from columns 15 to 18 of card to columna 1-4 a set of
cards ?

(b) Prepare plug-chart for the following jobs :e=
Reproduce from Cols. 10-14 \\ to Cols. 20 - 24

‘v 30-35 to 't 30 - 35

' 41-42 to ' 41 - 42

5.(a) How many printing Bars are there on & 416 type tabulator ? What are
the basic steps in plugging for accumulation ?

(b) Prepare & plug—chart for the following job on 416 type tabulator ?

Card design
1. C.D.I Col. 1-4
2. Zone ' 5
3. State L] [
4. Qty. v .19
5. value t 10-12

You are to prepare & atatement showing the totals of value and Qty
by atate for each zone i.e, zone x state.

6.(a) How many Banks and adding counters are there on a Hollerith Senior
Tabulator ? What ie the meximum number of adding wheels in a
counter ?

(b) Ia it possible to subtract on it ? What 1s the adding speed of it
(Hollerith Senior Tabulator) 7

1. How many feeds are there on a Collator ? Can you print on it ?

Examiner: N. C. Dutta.
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INTERNATIONAL STATISTICAL EDUCATION CFNTRE, CALCUTTA.
Thirteenth Term
Finnl Examination
Prper III

Full Marks : 100

‘

Spaecial Subjest 1 Flood Eastimntion
Dates 20 February 1960 Times 10 A-M.-1 P.M.

1. Dufina the terms 'flocd intunaity' nnd 'flood run-off! stating tho
tho unite in which they ere gencrally expressad. What are tho major fao-
tors affaecting floods? State briofly how some of these factors ere
intoraonnectad and some are constant for a partiocular catchment.

Disougs thn applicability of Diokena' formula

Q- 6253*

{Q = maximum intensity of flood in oubic feet per second and 'a'
= ares of the catchment in square miles). Mention alsc the main limitations
of such flood formulas.

2. Deacribe briefly either {a) Probability method or (b) Unit Hydrograph
mothod for ostimation of floods.

3. The following table gives the obsaorved daily gauges at two sites A
and B of certain river, during the period August 1 - 15, 1955. Geuges
are observed at a certain fixed hour on each day. The river flows from

A to B.
Date River gauges (in feeti at
A B
Angust 1 78.50 22.00
2 78.50 20.20
3 76.60 21,50
4 77.00 20.60
5 76.60 19.70
6 76.60 17.60
7 76.60 17.90
8 76.60 17.30
9 82.40 16.90
10 80.40 24.40
11 79.30 25.50
12 78.50 20.60
13 77.80 19.20
14 78.00 20.60
15 77.80 21.10

Can we .otimate the time-lag bstween the occurrences of the gauges
at the two pleces from the above data? Obtain 8 linear regression of
'Gauge at B! on the 'Geuge at A' with one day time-lag.

0000000
Examiners s N.K.Bose sad A.X.Sinha.



INTERNATIONAL STATISTIC:L EDUCATION CENTRE - CALCUTTA
Thirtcenth Turm
. Finnl Exawination
Paper ITI

Special Subjucts Econocmetrics
Full marks 100

Date: 20 February 1960 Time1 10 A.M.- 1 P.NM.

Develop the procedure of construction of input-ocutput tables for an
open cconomy .
on

Given the inveatment fund aveilable for planned oxpenditure how would
you decide to allocate it to producers goods and consumers goods
Bectors ?

[Sugiested timer 30 minutes]
Moking suiteble assumptions, to be statad clearly, show how you would
use the Lorenz curve and concentration curves together for computing
the Engel elasticities.

R

HRow would you determine the likely increase in consumption of cereals
per capita by the end of the Third Plan, given that the avera @ income
per person would increase by 100 @ percent os compared to that in .
1955-56 while the inequality of incomes would fall by 100 B percent ?
What ossumptions would you make use of in solving the problem ?

[ Sugpested time t 30 minutes)
Describo the procass of increasing the rate of saving in the moat
generel case and then procecd to suggest some waya in which it could
be done in India.

OR

That is ‘the prime facie reason that we should expact tha capital coeffi-
cient to be lower in o plenned economy than in an unplanned economy ,
when the two uconomies are at the same technological level.

In this connection, Juggest aome way of reducing the overall
capital coefficient while not relenting on the question of introduocing
the most modern techniques of production in the heuvy industries.

Suggostad time: 30 minutea)
Suppoge the following problem is given. How would you reformulate it
as a problem in linear programming ? ’ - "

Let the Indian economy bo considered 8s conagisting of the four
sectors:

S1 H basic investment goods

5, ¢ factory consumer gooda

3t household industries (including agriculture) and

t servioes.

It has haen determined on the basis of some studies that the income-
investment ratios in the above aectors are respectively 0.20, 0.35,

1.25 8nd 0.45. The capital requirements per employcd person in the
sectors aro Rs.20,000, Re.8,750, Rs.2,500 and Rs.3,750 respectively.

P.T.0.



The Planning Commission desires that the additional employment in the
household industries seccsor and scrvices scctor should not togwther
sxceed 9 million. Further the Commission haz the informntion that the
additional employment thnt would have to be created during the Plan
poriod will not exceed 11 million. Given thet th: totnl rosources
nvailable for inveatment durirns the period is less than Ra.5,600
crorce, suggest an optimum investment plan for the Planming Commiesion,
[ Suxzeated time : 30 minatzs]

5. Using the data given below draw (i) Lorenz curve for total expenditure
and (ii) thu specific concentration curve for the expenditure on
clothing. Making suitabls assumptions compute thc Engel elasucity of
demand for clothing items.

Table: Consumer expenditure in rupees per person
. por month £11-Indie (rural and urban) 1955-56.

Expenditure claosses in rupees per person Pr month All
0v8 _ 8-11 11-13 13-15 15-18 16-21 21-24 24-26 26-31 34-43 43-55 g5 ana classc:
ove

average

expendi- 0.21 0.53 0.79 1.03 1.43 1.92 2,19 2.60 3.86 4.93 4.33 10.24 1.71
ture on

cloth=-

ing,

total

expendi-

ture

per

capita 6.26 9.41 11.98 13.96 16.49 19.54 22.51 25.79 %0.68 37.72 47.24 83.29 18.7;

p.c.of
populs -
tion 14.01 17.31-11.74 9.14 11.55 8.21 7.04 5.53 5.17 4.85 2.59 2.86 100

N [ Suggeated time ¢ 1 hour]
Examiners:- A, K. Biswas and N.S.Iyengar.



INTERNATIONAL STATISTICAL EDUCATION CENTRE = CALCUTTA
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Final Examination
Paper III
Special Subject : Denogra phy
Full marks 100

pates 20 Februery 1960 Timo: 10 A-M.~1 P.M.

4.

The crude demth rates in two groups of male labourers (groups A and )
are 6.2} and 11.39 per 1000. 1In tha following tadle are given the age
apecific death ratee in thw two groups and the age distribution of the
-gtandard population compriaing of all mele labourers. Determine the
relative value of death rates in group A and group B after eliminating
the effect of age-composition on the crude death rates.

Age Leath rate per 1000 Standard
Group 4 Group B population
20 - 24 2.65 4.13 1651416
25 - 34 2.68 4.46 3029176
35 - 44 4.04 7.68 2489703
45 = 54 749 14.50 2277821
55 - 64 16.45 28.93 17362175

The following table gives the enumerated number of children in the
census taken at the end of 1950 in a caertain area together with the
completness of enumeration and survival rates from birth to mid-point
of specified age. Calculate the total expected nmumber of births which
should have occurred during the five-year period, 1946-50.

enumerated number completeness of gurvivel rate frowm

age in 1950 enumeration birth to mid point
(in thousands) of apecified age
malc femzle male female male female
0 year 274 262 6335 6623 .868815 290163
1 year 268 259 -6958 =1327 «73521 -15595
2 year 298 291 .8776 .9440 67303 69344
3 year 301 300 9740 1.0440 64049 65867
4 year 307 305 1.0280 1.0581 62194 .63885

From the following table calculate thc gross and net reproduction rates
agsuming that the proportion of female births to all births is 0.48.

age female population number of births survival rate of
(1951 census) 1951 females from birth to
apacified age
15 = 19 16545 183 66769
20 - 24 15080 2333 -62601
25 = 29 13968 3617 57884
30 = 34 13910 3915 +53235
35 -39 10269 3179 . 48820
40 - 44 9122 2148 +44656

Briefly diecusss (1) defacto and dojure enumeration; (ii) incidence and
prevalence rntas;(iii) ad-hoc and recurrent surveys.

Examiner: M. V. Raman



TVTERNATIONAL STATISTICAL EDUCATION CENTRE ~ CALCUTTA
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Final Examination

Paper III

Full marks 100
Special Subject: Crop Surveys

Pate 1-20 Felugry 1950 Timet 10 A.M.-1 P.M.

1.

3.

.fures in tho margin indicata full mnrks
Name the important orope of your country amd sive their sowing amd

harvesting time. Give & suitable sampling Jesign nnd draft a schedule of

"investiga” - for a samples survay to ostimate the area umder the cropa and

tha production >2 crops. Also indicate the method you would adopt to
astimate the area and produntion of crope. 50

Deacribe briefly the mathod of orop-outting experiments conducted ky
the Natioral Sample Survey (NSS), to eatimate the yield rate of
crope dealing in particular with the followings .

a) for two tric circular cute
b) tha problem of bias due to border
plints and the method of minimieing it, 30

Give some of Ll various estimation procedures which can be used {n

large scale orop surveys to estimate area under and productiom of

ocrops, ‘@ design being similar to that of the 15th round 20
National Sanple Survey.

Examinor:s R. P. Saha.



INTERNATIONAL STATT STVCAL EDUCATTON CENTRE

Thirteen Term
Final Examination
Paper IIT

® ary 1960
February 19 1 merks : 100

Time 10 A,

Specfal Subject : Cunsus of manufacturing industri.s.
M¢ =1 PUM.

Ful
mestion No.l is compulsory . Attemdt any two of the following

1. Design & schedule for the nurpose of studying wages dnd employment
structure in the manufacturing scctor, carefully stating the it-mc

of information to be Bollocted.

Write the instructions {(clearly fifining the items) for filling up
the schedule. Draw a tabulation program. for the report,:

2. In order to estimate the'valud added' by the manufacturing sector,
a sample survey of ractories is to .bc_a andertaken,

employed by each of them is available.

The toval sample size is

Industry-wise list of factories %{ving the number of workers -~

fixeds

(a) Give a suftable sampling déssgn,-indtcabinf the method of
e

allocation &f samples to different industr

the estimation procedure.

(b) What more informatison vou will 1like to have in‘order to
improve the allocation procedure -and the sampling ?

State reasons.

s, Also glve

3. (a) Differenciate between Ex—factory price and Market_: price,

(b) Give the different positive components that are included
i

n the Sx-factory value of output.
(c) Explain the terms
1. Gross value added
2. Net value added

(d) The records of a certain factory is given below , ‘Caleul ate

1, Ex-—factory value of output

2. Gross volue added

3. Net value added

Records

1. Sole proceedw of the total output

2. Salcries and wages paid to workers
engaged in production

3. Value of raw material ete.
4o Discount to pruchasera
5. Tnxes on total sales

6. Transport and deltvery charges
at customers 'destinstion

50.00 crores of Rupees

10.25
15.00
0.60
1.05

2.00

"



—2—

7. Insurance charges for the output 0.05 crores of Ru--
""a. frofits of the .f‘actory 3.15 "

9. Other input items 2.00 [N

10, Deprieiation charges 5.25 te

4L, (a) .mat is meant by index of 1ndust,x_jta_1 production ?

Give a suitable method of computing one, How will you
adjust it for seasonal variation ?

(b) The genersl indices of ¥ndustrid production for the years
1957 and 1958 are 1_36 and 137 respectively. _
‘Mzt more minumum informstion (if any) you will roquire in
order to compare the production in real terms for the two
years, State reasons.

Examinerg: K. K. Kar and S. P, Sangal.
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Paper IIX
Special Subject: Psyzhumetry and Educational
Statistics
Full marke 100
pates 20 February 196 Time: 10 A.M. - 1 P.M.
1. Give brief definitions of the following termsa:

(a) limited response answer
(b) reliability
(¢) standard acore
(d) percentile score
(e) wvalidity
2. A test is to be chosen for selecting candidates for admission to the
University. Several tests have been tried out to see which one would

be best for thie purpose. Their reliability and validity coefficienta
are aa followst

Test Reliability validity
A Split-half correlation = 480 Correlation with high school
marks = W72
Be Equivalent forms
correlation - .76 Correlation with Gniveraity
final examinations = .61
C. Split-half correlation = .84 Correlation with University
. final examinations = .52
D. Bquivalent forms corre- Correlation with high Bohool
lation = .78 maris - .68

Which teat should be chosen for selecting studente, and why ?
Explain briefly.

3. Briefly anawer the following:

a) Explain what is meant by itom analysis
b) Indicate the purposes of item analysis
(c) Describe the two major types of item indices.

4. Suggest some ways in which psychometric concepts and methods may be
usefully appliad in the educational field in Japan.

Examiner: Rhea S. Das,
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Thirteenth Term
Finol Examination
Papur III
Full Mnrks 1 100
Spacial Subject : Dosign of Sxperiments

Date 20 Fedruary 1960 Time 10 A.M. - 1 P.¥%,

Q.1. Suppose the following dota arc obtained from A rendomized block experiment

Treatmant Blocke (1) Expreas eamch obaervation ns
L 1L 1IL v a sum of the following 4
1 4 3 6 7 jitems -
2 18 19 18 13 A
3 26 25 24 21 /‘4- = estimate of gonaral
4 38 35 28 31 mean
5 44 43 39 38 A

aestimate of the i-th
n treatment effect

2

. = egtimnte of the j-th
6 block effact

é-- = residual

corrzgponding to the
mathmatical model

xij-/u {-d“l;} +E

(2) Celéulate the sum of squares for residuala.

Q.2. Here is a Latin squore with onc missing plot. Treatmente are indicated
Ay B, C and D.

Row Column

1 2 3 4
1 Ay B, Dy o Cg
2 B 42 4 49 Cq2 Dy
3 C 45 D 494 Basy Ay,
4 Pe Sy oag By,

(1) Estimate the miasing velua.

(i1) Annlyse the veriance

Q. 3. State briefly the advantages and dieadvantages of the factorial experiment.
Qe 4. Conaidur tha following dusigns for comparing 4 treantmonts A,B,C,D with one
anuther in tha following manners, ench having 12 nbscrvations. Show tho partition

of degress of freocdom and axpected valuos of muan squarus in annlyeis of variance
table, corruaponding to esah onse

Plaase turm over



ordax of trentments

1 2 3 4 5 6 7 8 9 10 11 12
(1) A D ¢ D B _ B [ A B D A c
{complntaly
randomized)
1 2 3 4 5 6 7 8 9 10 " 12
oy B c A D A B D c [+ B D A
(randomized
within each replic-
tion)
(131) 1 2 3 4 5 6 7 8 --9 -10 11 12
A A D D c c B B

(each treatment given
only once, with 3 readiwy

Q. 5. Here is a split-plot experiment for easy computation. Annlyse the vrricnce

and zive a brief comment. The whole plot oarries the factor A end to the aplit-plots
the levels of factor B arec assigned.

Block
Preatment T IT pess
1
AO Eo o] 2
B,‘ 1 2
B, 2 4 3
Ao By -4 -2 -3
B, -3 -1 -2
B, -4 -2 -3
32 BD -1 1 o
B1 (o] 2 1
B, [¢] 2 1
A} Bo -1 1 [+]
. B1 o 2 1
32 1 2
9,6. The total yields for 5 spacings obtained from the Latin square experiment are given
bolow

Please turn over
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spacinge treatment co:fﬂcicnts/?;thnmnal polynsmiels
totals linaar qurdrntio cubic qu-ortio
A 2m 349 -2 +2 -1 +1
Btgv 314 -1 -1 2 -
c 1 6" 262 ] -2 ] +6
D : 8" 191 +1 -1 -2 -4
B : 10" 188 +2 +2 +1 +1
Divisor 10 13 10 70
Ay 1 1 s/6 35/

where, the orthogonal polynomiale are given as follows, n showing the number of
levels of treatment.

N AG-D
—2 n" -1
u, -A.(x-x) - T]

(1) Test each regression comparison againat the orror mean square 1,056,
and give A brief comment.

(1i) Fit the orthogonal polynominl of 2 degreas to the treatment means .

0000000

Exeminer ¢ T. Okuno.
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Special Subject: Statistical Inferance

Full marka : 100

Dates 20 Pebruary 1960 Time: 10 A.M.-1 P.M.

1_(‘) Define the terms 'unbiased eetimate!, !sufficient statintic', and
tefficient estimatal. R

(v) Xy» eesy X, 8re m independent raendom samples from a population with
variance O . Show that

. n
is an unbiased estimatc of 02 where X = 5 )(1 /n. Can you recommend
. 1

a as an unbiased estimate of d ? Give reagona. . i
2. T, and T, are two unbiased estimatas of 6. V(Tl) - ui, V(Tz) - di

and Cor (T, Tz) = 0. Show that it is always possible to form a linear

combination T of T, and Tz which will be an .nbiased sstimate of © and

1
will havwe B variance less than that of Tl or of Tz.

3.(a) Explain the maximum likelihood method of estimating a parameter ©.
(b) State what you knew about the large sample properties of this mothod.
(¢) The following 8re independent samples from a Poisson population with

unknown meag §
. 1, 0 2, 3 1.
1) Write down the likelihood function , and
(1) £4nd the maximum likelihood ostimate of W, ssy M.
(1i4) Obtain an estimate of the variance of % .

4.(a) Explain the following termss
) level of aignificance of a teat, (ii) Power of a test.
(b) X has Poisson diatribtatién with unknown mean W, The hypothesis H
By (B = 1) is to be tested, Consider the following test based on four
indepondent rendom samples (xl' Xy x}' xa):
ot T-X1+12+X5+x4
Reject H  1f T >5
sgcept H_ if T < 5.

Find the level of significance of this teat and its power whon U = 2,

P.T.0.



5(a)

(v)

State and prove the Noyman-Pearson lemma in teating of hypotheses.

xl' aeen xm are Lndsp:ndAant‘mndom samplos from a8 normal population
with mean O and variamcu & (unknown). Find the most powwrful teet
baving type one arror = 05 for the hypotheais l!o(o2 = 2) againat *
By (o2 - 1).

Thare are } normal populations with means “1' 112, “5 and a common
variance o2 - “1' ‘12, "‘3 and 02 are all unknown. Independsnt
random samples of size 5 are taken from each of the three populations.
Derive the likelihood ratio test criterion for testing the hypothosis
Ho(“l W, - p,) agd with the help of this criterion give the tost

procedure having typs one error = ,0Ol.

Examinerss J,. Roy and P.K.Bhattacharya.



Indian Statistical Institute
Ressaroh end Training School

Short-Term Course (Junior) s February 1959 - Angust 1959
LIST OF EXAITINATIONS

Sl.no. Dete Subject o r/n

A. Preliminary Bxacnination

1. 7. 5. 59 Presentution of bata &

Eoonomic Statistics A, x
2. 21.5.59 Probaoility, {umericsl Mathemetics,

Descriptive Statistics JB, C3R, FKB
3. 18.6.59 Descriptive Statistics, Sample

Surveys ana Vital Statistics IR, 2, YR

B. Finel Exmnination

4. 14.8.59  Paper I JB, VPG
5.  #8.8.59  Paper IL JR, SKM, PX3, 8J
6a 20.8.59 Paper IIT JR, MNM, NSN .
7. 22.8.59 Paper IV AM, SK

8. 16.8.59 ¥aper V (Practicale) 3ession 1 JR, PEB

9. 16.3.59 Paper V (Practicals) Seseian 2 31, SJ, FKB

10. 23.8.59 Paper VI (Practicalsg) Session 1 IMC, SK

M. 23.8.59 Faper VI (Eracticals) Session 2 Abi, MBI, N8N, PEB



Indian Statistioel Instituta
Besearch and Treining School

Short-Temm Course (Junior)s rebruary 1960 - Juxsh August 1960
LIST OF BAALINATIONS

Sl.no. ate Subject Breminer/a
A. Prelicinery Exnminntion
1. 5.4.60 Data Proceesing; Numerical
UBthematics DB, AM, PRB
2, 17.5.60 Descriptive Statiatios; Proba-
bility; Economic Statistics B, JR, RSI
3. 28.5.60 Eoonomic Stetistics, (s4)
. Vital Statistice (Practical) NSI, MVRaman
4.  28.5.60 Descriptive Stetietics (S;) Js
5a 2.6.60 Algebra and Sample Jurveys 4, SRR
b, Pinnl Examination
6. 29.7.60 Paper I (Sp) ARB
7. 1.8.60 Paper IT 4 au, JR, NSI
8. 3.8.60 raper 11X JR, DilG, NSX
9e 5.3.60 Paper IV AM, NSI
10. 31.7.60 Paper V. Sesaion 1 Js
1. 7.8.60 Paper VI. Seasion 1 NSI, DNG, NSH

12. 7.8.60 Paper VI. Sesmsion 2 JS, AM, UVR

Short-Term Course (Junior) t Auguet 1959 - February 1960

A. Preliminary Fxaminatian

1.7 15.10.59 Probability 1B

2. 15.10.59 Pregentetion of Data &
Mumerical Mathemntios A¥, PKB

3. 26.11.59 Docoriptive Statistiocs &
Zconomic Statistica JR, NSI

#. Final Exeminstion

4. &0 Paper I s

S. 60 Paper II JR, AM, NSI
6. 60 Paper IIT JR, NS¥
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INDIAN STATISTICAL INSTITUTE
Rusearch and Training School

Short-turm Statietician's Course - Junior

Firat Pariodical Examinntion

DATA- PROCESSIRG AND ECONOMIC STATISTICS
3 .
Date &t 7 Mry 1959 Time s 2{ hours

4

Group A

1. Oive two illustretions each of typical statisticel data rolating on
(1) one disecrete variabl:, Qz) two continuous variables amd (3) two variables

and two attributes.
2. Enumerate, giving short examples, thresa of tha usual methods available
for .scrutinizing statistical data.

3. Mention with brief description tho main types of (1) design, (2) data-
sheot and (3) observation methods that era uszed for data colloction.

Oroup B

4. Explain the factor reversal test and the time raoyersal test for index
numbers. Do you or do you not think that the above tests are reasonable?

Substantiate your view.
S. ¥hat 1s meant by the trend of & time series? How will you fit a logistio

ocurve to given time series data?
6. From the following price-data,

Commodi tiee ____ prices
958

price relativeg

1951 1951
rice Re.18/= Rs.27/- 150
K per md. per md.
cloth Rs.1.70 - R8.0.85 . 50 -
per yd. par yd.

ono concludes that as the mean of the price-relatives is 100, the price level in
1958 48 the same 28 in 1951. Comment.

You may essume that the above two commoditiae are the important ones.

. .

ooo0oo0 .

Examiners t LA.Matthali and 8.Krishnsmoorthy



INDIAN STATISTICAL INSTITUTE
Resvareh wacd Truindng School

Short-term Statistician's Courga {(Junior)
Soeond Periodicanl Test

PROBABILITY, NUMERICAL MATHEMATICS AND -
DESCRIPTIVE STATISTICS

Full marks 100 o

Date 1 21 May 19559 Time s 3 hours

Pigures in the margin indicate full marka.

1. 'Two dice with faceo markod 1,2,3,4,5,6 are thrown, what is the
probability that the sum of the marks is 7? - (10)

2. Box number one contains 2 rod balls and 3 whitej box number two
oontains 5 red balls and 4 white. One ball is transferred from box cne
to box two and then one ball is drawn from box two. v

() What is the probability that this ball ia rea? *° -

(b) If it is known that the ball finally drawn from box two is red,
what is the conditimlml probability that the ball trensferred from box cne
ta box two is red? (10)

3, (a) What is a random variable? Define oxpectation eid variance of
a random variable and ocovariance of two random variablea,

(v) x11md'x2 are two random varisbles with z(xi) ="mg, Var (x’_) ";’u

and Cov (X, X;) = 0450 Let Y =X, + X, and 2 = Xy~ X;« Find the covariance

betweon Y and 2.
‘(o) X,» X5 +eny X are n independent random variables with x(xi)- m,
vgr(xii = o2, Find the oxpectation and the variance of
X o HAX+ Xy + e+ X ). (10)
4. If X ie a rondom vurioble with E(X) « p and Ver(X) = az,_ show
that for ty O

. - .
b - .. ¢ o e R
Prob{ | X -u }-<0t] 31 )
holds. R . : (10)
. &

5. The National Incoma of India in 1951 ia Re.99.7 abja {abjn = 1000
millicn), ap estimated by the National Income Committee end the Central
Statistical Organisation. The population of Indin according to the census
(1951) ie 361 million. Compute 88 acourately es possible the per capita
national income. Indicate its reliability, mssuming that the offiocial
figures are correct to the given number of significent figurea. (10)

6. The populstion of & town in the last four cenauees is given below.
Estimate the population for 1961,

1921 1931 o4 1951
82,984 86,686 89,547 93,091 (10)

Ploase turn over



7. From the following series, eatimate the miseing index number of
cost of living of labourvurs in a town.'

Year 1931 1932 1933 1934 1935 .
Index 149 145 ? 3 141 (10)

8. (a) If ‘the mean and standard deviation of n ‘observations, x,, «..
x are m ond 0 respoctivoly, and if uy.= (xi- n)/ o , show that '
D «

Uy oses un-hava zero mean and unit staniard deviation,

(b) The following tcble givos the distribution of lengths of
1000 telephone oalls through a certein exohange.

time (in seconds) number of calls
0 -99 1

100 =199 20

200 -299 88

300 -399 181

400 =499 N 248

500 =599 262

600 -699 134

700 -799 42

800 -899 11 N

900 =999 5

Shifting the origin at the mid-point of the class-interval
400-499 seconds and taking 100 seconde a8 the unit, we get from the

above table (10
Stu = 280, 3 fu’-2278.
Find the mean and the stendard deviation of the distribution.
9. Give an examplo frum practice to which the Poisson distribution
is & suitabdle model, Show that for the Poisson distribution the mean is
equal to the variance. (10)

10. (&) The telephone cxchange referred to in Q. 8(b) ie going to put an
upper 1imit of 10 minutus to the duration of telephone calls and they
want to know the percentage of calls which may bo cut short when this
upper limit is introduced.

Assume that tho lengths of telephone calls are normally distriduted
with the mean and standard deviation as obtained in 8(b), and find, the
required per centege.

(b) With the“&bove aseumption, find also the time imit that should
be introduced such that only one call in a hundred is .cut short. (10)

ooo0oo0

Bxaminers ¢ J. Roy, C.S.Ramakrishnan and P.K.Bhattacharyya.



LAVIA S0 aCTACAL LHSTITUT S
Researet and Trainin~ School
Short-term Statisticlan's Treining Course (Junior)

Third Vericdienl Uxarinntion
Descri v Statistic o, Sunple
Survey nnd Vitul Staeivtica.

patos 1 June, 1959, Sisjures on the marzin indicate Timo: 3 hours
full uarko

1. For the joint distribution of two variates X and Y, let E(X) = A,
E(Y) = 11, S(YIX = x) = u(x), B = Cov (X, Y)/Var(x) and & = 1 ~ @A,
8how that

2
By - w2 = B[Y - w0 + s(u(x) - a« - pxT° + E{a + px - uJ?

and discuss the significance of this result.

OR
For nach student completidg a certain technical course in thd past, *
the score in the 1.3c. examination (X), the score in an admission test
(Y) and the score in the final test on completion of the courge (Z)
are available. This time there are three hundred applicants for
admisaion to the courae from whom only fifty have to be selected. For
each applicant tho acore X in the B.Sc. examination and the score Y
in the admicsion test are known. Describe how you would utilise the
information to make & rational selection. :

2. Discuss dbriefly tha relative merits and demerits of

(1; complete enumeration survey
(1i) eample onumeration survey ,
3. FErite short notas on the following explaining clearly the concepts
involved:
(1) random sample (ii) unbiased estimator
(4ii) standard error.

4. Describe the selection procedures for the following sampling schemes

(1) einple random sunpling without replacement
(i1) oircular systematic nampling.

S« Suppose in a sample of 100 pergons drawn with equal probability with
raplaocement 7O persons were found to have a particular diseuse.
Estimate the population proportion of persons having that disease
and estimate its sanpling variance.

6. Definut=

(a) the groes and net reproduction rates
(b) the true rate of natural inoreasa.

OR

The age distribution and th- apo gpecific death rates at a certain time
are avhilable for the whole of a country aa woll as for a particular
city in that country. “hy is it not proper to compare the general : ~. -
mortality conditions experienced by the population in that city with
the generel mortality conditions oxperienced by the entire population
of the country on the basia of crude death ratea ? Sugrest a -
suitable mathod of comparioon.

T« Dofine the essential columna of a life table and explain briefly the
concept of 'life table population'.

Fxaminera: J. Roy, M.N.Moorty and P.K.lhattaoharyn.
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INDIAN STATISTICAL INSTITUTE
Research and Training School

Short-term Statintioinn'a Course (Junior)

Final Examination, August, 1959.
Papor I

Date:r 14 Aug'u_nf., 1959. Times 6 P.M.~9 P.M.

From a box containing 3 white and [/ black balls, 2 balls ars drawn.

L.
¥hat ia the chance that none of the balla drawn is black when the
drawing is (1) with replanement (b) without replacement ?

2. Baox X contsaing 2 white anl 3 bluck balls and box Y contains 4 white
and 5 black bdalls. One ball iy takon from box X and put in box Y
and then a ball is drawn from box Y. I[f thip ball is white, what is
the conditional probability that the ball transferred was also white ?

3, What is a random variable ? If w is the expactation and 02 the
variance of a randoa vuriable X, rhow that for any given positive
number t 2

Prob "I X=p1l 3 0t)g It
4. The joint probability distribution of two random variables X and Y
is given below:
(a2) Find the probability distribution of Z = X + Y.
(b) Find also the’conditicnal probability distribution of Z = X + Y
given that 1-84!2-5.
[<} 1 2 3
+05 «10 .02 .08
15 (4] +05 [o]
o .08 .07 .05 .10
1 ~02 04 «04 15
. .
S let x be a random variate such thut
E(x) = & *
Purther Xy o X, denote n obmerved values of x. Then define:
(1? A linear estimate of 6.
(i1) A linear unbiasged estimate of O.
Prove that of all the linear unbiaased estimates of & the estimate
Xl + + Kn
has the omallest variance.
6, How would you justify the use of An unbiagsed estimate with smallest

variance?

Exaginerar J. Roy and V.P.GCodambe .
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3.

_Date 18 August, 19593. Timet: 6 P.

INDIAN 3T,TTTTICAL INSTITUTS
Renearch and Trairing School

Short-tera Ytatiziiciun's raining Course (Junior)
Final Ixamination, Auzuet 1959
FAPSR II

EITHER. Write a nwall note (not exceeding 300 words) on the
ptatiutical system in Incic.

OR. writ: the nanos of at l:ort Lwo offleial publicationa,
(Tepatner witn 1ty fregiene, of pu-lication and the ranoe
of “the 1..btliahing onthori ty) giving statiztics relating
to each ~f lne foi'~wins “<pless (e) sgriculture (b) trade
and (¢) odycation in srdi .

Fifteen experimentr wera perforacd tc date)nina the Loiling point of

p certain oil. The observaticns were In Fuhrenheit Scale. The
arithmetic mean in Centigrade scale wav computed in two differant ways,
{a2) th2 arithmetis mean of the original observation: waa computed and
wae then converted to Centigrade Scile by the formula C = 5/9 (F - 32),
whore C and F are neasurewenta of the same tenperature in Centigrade
and Fahrenheit reazpectively, and (h) each observ:tion was convertad

to Centigrade Scile and their arithmatic rean was computed. Thae two
methods gave tho s:me result. But the geometric menn of Fahrenheit
cbgervetiona converted %n Centigrade was differont from the geometric
mean of the observations in Centigrade.

Explain why the two methods of computation gav~ the same result for
arithmetic mean but differcnt rensulta for geometric mean ? Can you
sny whether the medians obtained by the above two methods will be the
sone 7 Give reasona. k

A manufacturer of Shuttlecocks haa Tound that one percent of his
products are defective because of inproper distribution of weight.
The shuttlecccks are sold in dozen boxes. What theoretical diatribu-
tion would fit an observed distribution of number of defectives in
dozen buxes. W%hat is the probability that inZdozen box (a) no defecs
tive (b) more” than one defectives ? .

The following statictical constanta vore obtained for the joint distri-~
bution of the yicld of dry bark in ouncas (y) and the age in yaears (x)
of Cinchona plantsi

Linear rograssion 'aquatinn of y oh ¥ ; y = 2.5 + ludx
uoefficxem: of l:orrelatinn r = 0.6 corralation ratio 2 = 0.7 varianca
of y s 0% = 16.0. .

Write a amall note in non-technical language explaining thv sipnifi-
cance of thess consztants. Yhat eutinate would you give for the yield

of dry bark fron a 5 year 014 Cinchona plant and what is the margin of
uncertainty of your eatinate 7

P.T.0.
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Te select computers for appuintuent in n statistical institute, the
applicants wery. giver two pay~hological tests. The scores obtained

in these tests by computers already w#orking in the institute and their
efficiency-ratings ure also availeble. How would you make use of

these data scores in thesc tws tests in selecting the best applicants ?

Give a large samplu test for teating whether the standard deviation
of onc normal population ig C times that of another.

What arc the conditions under .ll.l the chi-squars test of goodness

of fit {or th. frequency chi-square test) can he applied 7 Explain

how you will determine the degree of freedom of the chi-square
statistic, and discuss why a frequency chi-square test is not aAppropuwe
priate in examining the goodness of fit of a logistic curve describing
the growth of 2 population.

Examiners:- J. Roy, S.K.Mitrs, P.K.Bhattachuxya and S. John.
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INDILN STATISTLT L THSTITUTE *
Regearch and Training Schosl
Shore-tnm Statisticiin'rs Truining Course (Junior)

Finnl Exunination, . luu.lt 1999
Paper IIIL

. -

tes 20 August 1939. . Tives 6 P.M. = 9 P.M.

¥Write short explanstory notes on earh dne > the following three basio
principles in desirn of experinmunto:

(1) rendomisation, ({1) replication, (i1i) error control.

Why is ths use of Latin aguare designa advouated -:* timos in preference
to simple randooized block lay cute 7 Draw ap a Latin Square lay out
for B comparative trial ¥ith 3ix trectmenti. (lassribe how you
randomised). Give the (blank) anslysis of vari~nce table for the above
lay out showing the degrees of freedoaz for the different componanta.

Suppose in the analyeis of the nbave lay out the treatment effect
comes out signiricant. If you are further interested in the difference
between any two particular treatment effect, how would you proceed.to
teat for itas mignifioance ?

what is a factorial experiment ? Define the terms 'main effacts' and
‘intoractions' as wsed in this context. What is the usefulneass of
such experiments ? Draw a (bln.nk) analysis of variance table for a
factorial experiment involving 3 f=ctors each 2t 2 levels in four
randoniaud blocks aach of eight plots. :

Tick the best fitting definition noons the 4 givon nfwr azch atatement,
(n) A purposive senmpling procedure is onc where
4 _ (1) thera 1is some purpose buhind the sampling procedure adopted)
(i1i) tho wunits are purposiv.sly divided into o number of groups
and sanples nre drawn nt rendoa frou each group 3
(1i1) dany purposum aré satiaficd 2t the scae times
(iv) the units ara scleoted purposively without any recourse to a
rrodon mechanian.

(b) An estimatu caloulnted frem & snnpla of a given siza drawn according
to a given mothod is call.l unbicsed, if

- (i) it is expeatud that thce value of the estinate obtnined from
.axy such sample will be olcee to thc truw value, you wish
to as'.i.natc 3

(11) the 2verage of the differunt valuss,the estinate can tcke
weighted by the corresponding probabilitice is equal to
thy true wvalueyg

(111) on drawing snnples of larger and largor siza, the value of
the cstinttu tonds closar end nloser to tho time valuej

(41v) tho value of th. estimatu obtained from any such sample
ia oqual to the truec valuw.

P.T.O.



(a) Proporticnal nllooaticn in o stratified ainplu ramdon enople-
consists in
- (1) sclecting units in cach stratun with ‘probability
propo-. “ional to the alzeg
(i1) nlloctting thu mumber of unita L6 1 etratun in proportion -«
to the totel number ¢i unite in that strntuny
(411) ssicetine one otratun with prolability proportional to the
nuaber of unitg in that stratung
(w) alloeating the ruunk.r f '.nltl' tc 2 stratun in proportion
to the tesal in liv.v o ..u o aupplundntary variable.

(4) A simple randon atmple of size n dream »ithout ruplacemont ia one
whore
(1) evury unit has an cqual chan:: of occurrinz in the samplej
(i1) every possible sample of #{ze n (all oonbinationa of size
n) has an equal chanc: of oceurruncej
(i11) tho chnnce of any unit conini in thu s:nple is randon;
(iv) Every unit in th- populntion haa sone chance of oecurring
in the sample.

5. (a) Deseribo bricfly the mothod of sampling sxactly n units systoma~
tically whenK, tho total mumber of units,izinot a miltiple of n
and givo an unbiesad gstiuntor of tho population total.

(b) How do you make use of the infornntiun on a supplementary .
characteristic nvailnable for ¢ach unit to get better estinmatos
when edopting ¢ systematic saupling schuae ?

6. (a) State the prineiplas ¢ be followed in stratification ond 1lloca-
tion.

(b) What do you coneider t~ ba tho Mf‘fﬁ.mnca, if any, batie on
M atratified sanpling and sgsteuatic memplingy

Examinerss J. Roy, M.N.Murty and N.S.Nanjommi.



INDLAN STATISTICAL INSTITUTS
Researeh and Training School

Short-torm Statistisian's Training Course {Junior)
‘Pinal Zxamination, August 1959.

Dates 22 August 1959.

1.

2.

3.

7.

Paper IV.

RCUP_ A Time: § p.m. = 7 p.m.

Answer any two questions.

Interpret the control chnr‘-_ conetanta:, dz, d), oy D4, 51‘ and A,.

Explain in what different vays could an item quality chu'rschzriehc,

which is a variable,

be specified.

Explain the uge of statistical principlasw-iving example, in determining

specification limits.

Explain, giving an illustration, the principle of rational subgrouping

for control charta.

Write notes on s 1.
- 2.
3.

4.

Control chart for individuals.
A0QL .

Acceptance sampling procedures .
Group coritrol charts.

CROUP B

Anewer any three questions

(a) ¥hat is a chain

index ? Whst are its adventages and disedvantages?

(v) Explain the conatruction and uses of cost of living index numbers.

Describe the main pro
an "index number serie
number serics to be ¢
Five Year Plan. You
difficulties.

(a) Vhat arc the mai
(b) Mow will you tde

(2) Comment upon the
the different co:

blems that ¥ill have to be faced in constructing
8. You may consider for this purpose an index
onatructed to dizplct the progress of the Second
should also indicate how vou will overcome the

n comrononts of o tire series 7

seasonalize' a ¢iven time series ?

multiplicativo model explaining the resultunt of
mponerts of a time series.

(b) Given the monthly data relating to the passenger-miles operated

by the Indian Ra.
procedure of for
passenger-traffi

ilwaye for the past five years, discuss the
ecasting the demand on Indian Railways for
c in September 1959.

Exoafiners:t A. Matthai and S. Krishnamurty.



. INDTAN STATISTICAL INSTITUTE
Reozarch &nn L ada g Tehoal

Short-term Statiaticaan': Ceurse (Junior)
Final "xaminstion, .ywust 19959

Paper V Seasion 1.

pate:. 16 August 1959 - . Timat 11 AM.=2 P.M.

1. A frequency distribution of the scorss of an unoclectud group of 150
candidates in an examnination are given belor ‘=

Score Mumbew of candidntes
11 - 20 3
21 - %0 16
31 - 40 29
41 - 50 51
51 ~ 60 26
61 - 70 14
71 - 80 4
8 & - 3% 1

(a) Find the mean and the standard deviatich of the goores.

(h) The pass mark in this examination wa: }0 and those who passed got one
of three grades, A, B,C aceording toc ticir performance. The candidates
scoring 60 or above got grade A, tncs® scoring below 60 but not leas
than 50 got grade R and al) otharc (7ho passed) got grade C. Find the
percantage of atudents in the four groups (4, By, C and fail) assuming
the scores to be@ normally distributed vith the mean and standard deviation
as calculatad in (8).

2. The following table gives the diatribution of length in em (x) and
weight of dry fibre in gms (y) of 350 jute plants.
Obtain an appropriate formula for predicting y on the bacis of x. Find
the correlation coefficient and also correlation ratio of y on x.

length of plant in cme and weight of dry fibre in gma
of 350 Jute plants,

(in em ) 106.5- 118.5- 130.5- 142.5- 15d.5- 186.5- 178.5- 190.5- 202.5-
118.5 130.5 142.5 154.5 166.5 178.5 190.5 202.5 214.5

Weight

(in gmo)

0.255 - 2.255 15 17 33 31 15 3 1

2,255 = 4.255 1 1 5 19 60 33 10 2 1
4.255 = 6.255 1 5 23 23 5 1
6.255 - 8.255 1 4 10 14

8.255 =10.255 1 4 4 1
10.255 ~12.255° 1 5

Examiners: J. Koy and P.K.Bhattacbaryn.



IUDIAN <TATISTIV b LOSTITUTL
Resaar~h and Troining & hool

Short-term itntinticiin'a Courae (Junior)
Final Sxaminstion fugust 1759,
Paper V. Sosajion 2.

nter 16 August 1959. Time: 2.30 P.N.=5.30 P.M.

(2)
(v)

(2)
O]

In Quustiocs 1, 2, snd % apply anpropriat: testa of mieniticsace.

In 1953 1 large Cirm annlydvd recarda for 2 random s'umple of carp
puechagcd in 1952 nd opor-.ted during 1352 by cowpuny azrlaamen. For
each enr oper—ting axpenaci = 9il, rapairs etc., during the months
of Febrisxry, Iny,. July und Dnccml ry, 1952 werc nscertnincd from the
galesarn'a reportz. The totsl wxponad. 7as then divided by the totnl
mileage dwring thes: month:, T r _.liing {Xpinousd por nmile for 12
Fords, 1C Chevrolet .nd 8 Flymculh arc giv:n lows . .

Opernting coats par mile (in sents) for three
mikea of car.

Bhovrolet Fori Plymouth
5.93 4.0 2.43
3.45 4,415 . 2.98
. 2.00 4.55 3.04
2.28 3.31 4.94
3.49 2.13 B 3.15
A 4.25 4.69 2.46
2.38 2.60 3.34
3.02 2.5 2.38
3.26 3.93 .
4.08 1.5
4.29
1.74
average 3.214 3.341 \ 3.09 - .
standard
devintion 0+783 1.152 0.8

Examine, whother thore is any differencu in the three mokes of car,
eo far 19 oper~ting coats are concarned.

Do you think the oxpiriment was proporly planned¢? If not, what other
observationa would you nsk for ?

Wnen it was found that (or a particular treod (Breed 1) of cnttle the
weight (x, in lbs; of zalvoa at 1ge ont wis A good prcdictor of their
weight (y, in 1lbs) =t ~ge trrec, 4t == decided te investignte tho enme
for two other breeds (breads 2 nnd 3). Accordingly data @erc colhctqd
and some stntistice wer2 computed, wnich are prosontcd below:

Bre:d

7 T 2 3

Samplo size 48 56 31
‘ X . 95.10 84.41 98.49
. y +. 186.34 152.50 192,32
var (x) . 4915.28 3598.14 5004.31
cov (x, y) 6012.31 4601.26 5492.67
mr (y)- 19648.42  14391.45 20051.42

Examine, for breeds 2 and 3, whother it 10 posaible at all to prediot
y from X.

Do you think, x is aqunlly effective in predioting y, in all tho threa
breeds ?



-2

3. The rclative sonsitivity of four uxoleaiven A, B, C and D word tuated
under controllon conditions. Hundr:d cirtkridges of oxplooiva A, 65
of B, 85 of C and 40 of D wura firud ui ure in a standard gas ohamber
and a record wug mad: of wh=ther erch shot resulted in an ignition or
not. The resulta wore ae foilows: )

lgnjtion ion—

ianition Tot=1

Explosiva A 1t 2 100

. - Exploaive B w 55 N 65
Explosive C 1 78 ’ a5

Explosive D b n 40

Ia thera clear avidence of a difforence bLetwoon the four explosives in
liability to cnuse ignition ?

4. The following vnlues of x nnd 10(110 X are givun.
_ x logm x

1.2%0 .0969100

. 1.260 1003705

1.265 +1020905

Pind by lineer interpolation the vzluce of logm x for x = 1,257 and
.

x w 1,262, Round off your answers suck th-t in 2ach case the error

in the last digit rulained is lozs th:n half A unit.

Se Pind by iterntion the positive root 3T the vjuation
x =31 =c™)
corront to two places after decimal. [You oan etart with x = 3 8g a
first approximate.)

Examiners: S.K.Mitra, S.John and P.K.Bhattnchnrya.



INDIAN STATIGTICSL THSTTTUTE
ltesearzh 2nd Tralnin, 3School

Short-term Statinticiin’s T:riinuig “ourse (Junior)
Finol Examination, Aumat 1359
PIPSR VIe Sespion 1,

Datei1-23 Auruat 1959 Times: 1) Ai.M.-2 P.M.
1. A randomiged block desion was used to ronmpare four treatments in an

agricultural experimont. The yielda are reccrded below.

(a)
()

(a)

(v)

treatnunt

block 1 2 3 4
-~ 1 8.5 16,2 1.4.1  13.0
2 11.7 12,9 4.4 16.9

3 15.4  15.5  20.3  18.4 -
4 16.5  12.7  15.7  16.5

Make an analysis of variance of the above data to test for the signi-
ficanoe of differonces between the traatments.

Suppoac the four treatments aro composed as followai
treatment nitrogan phosphorus
1 = {10 1bs per plot, 15 lba per plot - -
2 = (25 lbs per plot, 15 lbs per plot
3 = (10 lbs p~r plot, 20 lbs pui plot
4 = (25 1bs 'per plot, 20 lbs per plot)

Sub-divide” the aun of squares duc to treatnents into main effects
and interaction sums of squares and test for their significance,

Quarterly averages of the index nunmbers of ‘Covernment and Semi-
government Spcurities' (base 1233=100) for the J years 1948-1951
are given in the following tabl:a. Obtain the seasonal index by the
method of link relativen, assurning n linear trend.

Index numbers of Sucurity prices (!.938-1005

Quarter 1 Quarter 2 Quarter 3 Querter 4

1948 103.2 1¢2.0 102.3 101.7 .
1949 101.4 0L.5 - 101.1 101.2
1950 100.9 10G.8 100.6 99.8
1951 90.7 0.3 98.2 95.6

(Sowrce: Monthly ibstracd of Statistics,)

The tabla below gives the indiven of Seasonzl Variation in
Atacntceiasm of Textile Mill workera in various centres in end for
the State of lhdras. Sxamina the dnata and prepare a brief note
bringing out the snlient featuraa.

Indicea of Sensonal Variation.

Jan. Feb. March april May .June July dug. Sept. Oct. Nov. Dec.

Madras City 97 95 96 101 105 107 10t 100 107 100 98 94

Madura

Coimbatore
Tnnevelly

State

loo 111 114 111 111 107 94 93 91 90 90 89
93 106 112 10y 1% 113 94 92 90 58 98 a7
10 118 111 100 1llo 101 Y1 87 97 91 95 91

98 106 106 109 109 los 94 N 96 93 97 93

Sourcos Indian aconomie Journal, Volume 3, page 84.
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3. The index of Bualnoss Activity is coiawructed by taking thu woighted
avorage of 'activity rsolatives! in the differ.nt businens sectora of th,
economy. Tho sectors, their activity levels in 1946 and May 1949 as
alao the weights for the Aifferont sweturs arv shown in the table below,

N 117.4. Cnlesulste the indax of Busineas hctivity
(1948 = 100).
Ttom Shuathly average
in 1340
T. Industrial Frodnction -
I1. Foreign Trodc -
Exporta (Value in %3.) 1%$12539
Inports (Valus in :9.) 1046115
III. Shippings Activity
Tonnage entcrad 13376
Tonnara picared 13068
IV. Pinrncinl Sctivity
Cheek clearance (Rs.croresp) 137.8
Note Circulation (Re.crores) 341.9
V. Inland Trade )
Tons liftod by Roilways 5588

Thoe indox of Industrial Productiun in May 19490 with 1746 as bose ig
in India in May 1949

Bueiracs Aetivity in India

My
1949

1221671
2902524

27848
38536

127.1
315.4

7102

‘Examinerat I.N.Chakravnrti and S. Krishnamurty.

Weighty
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1. Tha means and ronges fur 6 aamples of rroluct, with respoct to a dimcnaion,
ench sampla relating to 2 difforont shift, rre givun below. Examine
whothar the proocss is in A state ot cuntrol.

sample no. no. of itums oy mur |imneiong range
product iy saople (in inchus)
1 5 2.3.326 0.4216 -
2 4 2.8625 0.5628
3 5 2.5321 0.3713
2 5 2.4962 0.3596
5 4 2.5716 0.4862
3 5 2.8212 0.3953

Table of control chart constants.

no. of chart for nverages chart £or gtandnrd deviatiosnas
sbserva-  factors for ¢ontrol factors {or
tions in limits central line factors for contrml limita
scmple

n A Ay Ay [N e, B, Ez 133 BA

4 1.500 1.860 0.729 0.7972 1.2533 0 1.808 0 2.266

5 1.342 1.596 0.577 0.7407 1.1694 0 1.756 0 2.089
no, <f — chert for ranges chart fur individusl
sbeerva- factora for frciors for ¢-ntr'l limits factors for cuntrol
tions in  cenvtral line limits
sample

- a 173, i B, B, 5, 5, E] g

4 2.059 0.4457 0.080 0 4.698 0 2.202 3,760 1.457

5 2,326 0.4299 0.864 0 4.918 0 2.115 3.568 1.290
2. The f>llowing toble contadng informatisn on 8nles for two months for 28

atores in Cnloutta. Suppra: you know the figures for M~y 1957 before
the survey for Mny 1958, this inf.imetisn oen be used as 'size! for
drawing - pps. sacple to incrensa the efficiency ¢f tho estimato.

1) Dusoribe briefly the steps inwolvad in selecting n sample ~f size
5 with probability proportional to size with replacement, by arch
of the fnllowinyg methodsy

i) Cumulative m~thod o
i1 Inhiri's mothod

2) Draw 2 samples of size 5, nne by anch of the nbove mothnda.

3) Estimato tho averege sales in M.y 1)58 por store and obtain an
eatimats »f its viariance - from ench of the twn snmples.

4) Comment on the obsurvod Aifference Letween the twn entimates, and
betwoon the two wetimntes -f variencu.

P.T.O.



Salos-of Groaury stiref ia Calcuttn for Mey 1957
anl My .57 in RB.

M=y 1957 Mry 1958 Mey 1957 May 1958

252 333 a8 104
405 229 344 393
234 219 152 154
150 - 189 85 91
103 0§ 89 102
287 . 413 61 81
240 261 179 206
278’ 304 N ot 485 -
65 61 19¢ 213
207 152 1z 127
138 14 119 142
102 107 128 155
182 203 196 186
32 29 ac 105
3. The following tabla gives the ~yn Air tribution of woman botween 12 and

A6 and fomale birthe (duxir;- ne yoar) clnssifisd by mnther's nge na
obtrined from n swunple us vell As tho probability of survival up to
exch pivatil age in the female life-table of the populntion fraom which
the sample was trkeon. .

Age~group Pivotal we Femnle ponulation Female Rirths Life-t-blc

(x) (+000) (r000) probability of
survivnl upto
850 X

12-16 -13.5 15068 242 0.5928
17-21 L 19.5 - 12799 1605 0.5700
’ 22-26 24.5 - 13603 1615 045455
27-31 29.5 10660 1069 0.5110
32-36 34.5 8569 574 0.4661
37-41 39.5 1366 395 0.4165
42-46 4.5 5900 129 0.3667

(2) Pind the spicitic femnie fwrtility rate for onch of tho zbove:
quinquonninl age-groupa.

“(b) In the life-tabla roforred to -ibov., tike 1000 =8 rodix and find the
1! valuoa at the pivotal ajas.

(6) Find the nat ruproduction r-ic, “asuming the denths aver each five-
yoarly 153 interval to be unfrar@l: ‘Wstributed avor the whole inter-
vl and the Age spucific fertility rato to be constent over each
five-yedArly ago intorval.

~.

Examiners: A. Mitthal, M.N.Murty, N.S.Yanjaamn.ond P.K.Bhattacharya.
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1.(a)
(v)

2.(a)
(v)

3.

(=)
(v)

INDIAN STATISTIC'L IRSTITUTE
Research and TrAaining School

Short-term Statistician's Course (Junior)
Periodical Examination I
Praseniation of Data and Numerical Mathemutics

State the pranciples to he obsarved in drawing up 8tatistical Tables.

®With referenca to statistical data consisting of two characteriatice
obgerved on n individuals, examine what types of inrformntion are lost
and what types of informetion are preserved in doing th: following:
i) forming & frequency .able ithou: class intervalsj
ii) forming - frequ=ncy table with class intervals:
iii) forming wo or.-way ‘requency tables, one for tha first
—acteristic and the other for the second characteristicj
{v) forming a two- -y friequency table.

State tha importanc = of scrutinising dxta collected. Giving an illuatration
in each cese, ment! a fouc methods av: ilable for scrutinising data.

write a note ¢n ea : of auy four of tl.. following typos of graphical
presentation of da.a, bringing out it. wpocinl features:

1) bar diagcam v) romponent parts chart
11) line curve vi) aumi-lerarithmic chart
1i1) scatter diagr 2 vii) pictograph.

iv) Z-chart

The following expe:.mant was conducted to study the effect of subjecting
the seeds to differ+nt tecperatures on the yield of a certain plant. A
large number of seods were dividod into three groups and these groups
were subjected to tempersturea GOOF, 90°F and 120°F reaspectively. The
resulta of the expuriment. are given below.

Temperature Average yield per plant

{in OF) (in pms)
(1 15.7 .
o9 22.5 .
12¢ 16.4

Find Wy interpolaticn the average yield per plant from seeds subjected to
a temperature of 80°F by making the bont use of the above table.

For. what temperature in the range covered by this experiment is tha
average yield a maximum ?
The valuea of the furetion ~

o) -1 ot/2

ara given below for t « 0, .05, .10. Evaluate
0.1
/ r(t)at
o

as accurately as possible, using only the given values of ¢ (t).

t £{t)
.60 39894
.05 439844
.10 +39695

Examiners: Al Matthai amd P. K. Bhattncharya.



INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-term Statisticiants Training Course
( TON1O%)
Feriodicnl Exumination II
Dascriptive Statistios and conomic Statiustics

Dates 26 November 1959. GROUP A Time: 6 P.M.-9 P. ‘.

Anewer any three guastions

The mean (m) and the variance (v) of n = 100 observations were computed
as @ = 10.00, v = 25.00. It is luter discovered that an observatinn was
wrongly recorded as x' = 15.00 while its correct value is8 x = 5.00.

- Find the correot values of the mean and the variance.

A sample of 1000 fawilies, sach with 5 children, is taken. Write down the
expected frequency distribution of the number of male childrem in the family.
Explain in not more than three sentences why you expect such a diatribution.
What would be the mean ani the va-ianca of this distribution ?

The average number of deaths per year from street accidents in a certain
locality is 2. Pind the chance that in a particular year there are 3 or more
deaths from street accidents.

The quality characteristic of a manufactured product is distributed Noramally
with mean 20 and atandard deviaetion 5. The lower specification limit of
quality is 124 that is, an article is unacceptable if ita quality characte-
ristic is 12 or laas.

Pind the percentage of unacceptable articles.

If changes Are made in the production process so that the mean is
raised to 22, standard deviation remaining the same; what would now be tha
percentage of unacgeptable goodsi

GROUP B

Anawer all the three questions

How do you eliminate the trend from a time series when it is given

(a) annually ror fifty years and
(b) monthly for five years ?

Degcribe briefly the method of compiling a monthly index of industrial -
production in India. Row can a seasonal induetry such as the sugar industry
be included in such an index ?

Graduation by the leost square method leada to the same results as by the
method of weightad moving average. Illustrato this by fitting a quadratic
to five consecutive items in a time series.

Examiners: J. Roy and N. S, Iyengar.



INDIAN STATISTICAL INSTITUTE
. Recsench and Training School
‘ : Short-term Statisticiant's Course, Junior
Final Examination. February, 1960

: Pupor 1 C ..
N -

pates 8 February, 1960. Timet 6 p.m.=9 p.o.
1.(a) State and prove Chebyschaff's Lommn. .

(b) Iet X'be o random variabl: with mann # and the 14th contral moment A, .

Indicate how you would us> Chubyscheff's lLomme to get an upper bound to
the probability of the evant ‘X differa from U by at least 20'.

2. Suppase we go an toasing nn unbinsed coin until wo et two consecutive
hesds. Let bYJ .bo the numbur of tosses required for the event to occur.
a) What is tha ranpgo of the Tandom variable ) 7
b) What 48 P(Y « 5) 7
o) What 48 P( VD 2) ?

3.(a) State the Law of Lorge Numbers .

(b) Discuss the bearing of the Law of Large Numbers on the Method of Moments
Tor Estimation.

4e(a) Exploin carefully the Maximum Likelihood and the Minimum l\’ methoda of
Batimation.

(b) .Suppose a coin i8 tossed n times and let p be the probability of gatting
o head in a single throw. Show that tho Maximum Likelihood Method and the
Minimum - ¥* Method lead to the samo astimntor for p.

.

Se Lat Xl, xz, e x“ boe n 1independent obacrvations on € reandom variadlae
X. Lot EX=A and v(X) =0V, ILet i-%(xl‘i-...'d-xn)ﬂnduz-
1 22 . ‘
n -1 b (%1 - . : .

a) Prove that 32 15 an unbiasod ostimator of ¢ > and that s is a
negatively binsed catimntor of & . .

100 s

b) Indicate how you would prove that is B consistent estimator

of the co-~efficiunt of variation of X.
6. Carefully explain ench of the following expressiona:
a) Cumulative Diatribution Function . "
b) Sample space‘ .
©) Unbiesed Estimator .

d) Statistic.
e) Varinnce of tho sample mean .

Examinaers D. Basu



' INDIAN STATISTICAL IRSTITUTE
. Research and Training School

_Short-term Statistician's Course. Junior
Final Examination. February 1960.

Date: 10 Pebrusry 1960

Paper II’
Timet 6 P.M.=9 P.M.

Answer the two groups in separate books

GROUP A

Attempt any two questions

1. A variable X takes the values x with relative frequencies

£ = (2~ p)p" (oxrp<1)

for x =0, 1, 2, ... o». @ ., Find the mean, median, mode and variance of

this distribution,

2. (a) Write down tha expression for the pdf of a Normal distribution with

mean W ‘and ad d.

(b) The frequency distribution of the monthly income of individuale in a
certain town is available in about ten classes, It has been Buggested
that the logarithm of income follows the Normal distribution. Describe
how you will examine this point.

(c) The distribution of heights of rwales is Normal with mean | and

standard deviation O.
is Normal with mean '

The distribution of heights of females -
and standard deviation 0'. The ratio of males

to females in tha population ie p t (1 = p). For the combined distribu-
tion of heights of males and femalea find the first four moments.

3. (e) Consider the joint distribution of two random variablea X and Y.
Show that D = E(Y - a - B X)° is minimised if o = E(Y) - B E(X) and
B = Cov (X, Y)/V(X) and that the minimum value of D i

Dpyp = V(Y)Y - [Cov (X, Y)]Z/V(x).

(b) wWrite ten sentences to explain the etatistical significance of the
above result, introducing the concepta of regression, best linear formula
for prediction, correlation coeffiecient gnd correlation ratio.

GROUP B

4. Disouss with the help of examples, why scrutiny of data is neceasary and
how far data can ba improved through socrutiny.

OR

What are the essential parts of a statistical report. Mention the important
principles to be obsarved in report-writing.

(Do not spend more than 30 minutes on thia quution).
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5. Deacribe the role of the Central Statistical Organisation in the current
atatistical system of India.
.. OR
Information is required on the items given below:
(1) Overall bvalance of trade in merchandise and treasure of India.
(i1) India's defence expenditure during the last few years.
(1ii) Central Govermnment employment in any recent year.
(iv) Production of cotton yarn and cloth variety-wise and state-wise.

Indicate where they are primerily published and mention, if any, their
Limitations.

OR
Name two important enquiries collecting statistics on a voluntary basia
with an all=India coverage. What types of information are collacted in
these enquiries and how are they collscted?

(Do not spend more than 30 minutes on this question).

Examiners: J. Roy, A. Matthai and N.S.Iyengar.



INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-term Statistician's Couras. Junior
Fina}l Examination, February 1960

Peper III

patet 12 Pebruary 1960 Timat 6 P.M.-9 P.M.

1.

2,

3.

: Anewer tha two groupa in separnte hooks
GROUP &

Explain the roles played by Rendomismation, Replication amd Error ocontrol.
in planning an experimont.

[Do not write more than fiftewn sautancaa]

Describe the randomised block and the Latin Squere layouts. In blank
tablas of analysis of variance, show for each layout the partitioning of
the degrees of fraedom.

Write not morc than five sentences to deacribe the diamantagss of
these two layoute.

Defina the temm ‘interaction' as used in oonnecticm with & fnctorinl
experiment involving two facters, msach at two levele.

Given thats main effect of A = 10, main effact of 3 = 16 and inter-
action ‘AR =~ 4 units; complete the following table of average effecte for
each of the four factorial combinatione:

- levels of A
b2 . 2 .
-
by | 80
levels of 1
B [ . T
. b, )

(The higher levels of A and B are denoted by 8, and b, respectively).

’ -

GROTT B

Enumerate the advantages and disadvantages of sample surveys as compared
to complete censuses, explaining the reasons for your points in brief.

(a) The number of persons snd total expemliture on food for each of the

4 families is given below. If a sample of 2 families is drawn with equal
probability without replacement, devise a suitable estimator to estimete
the per person expenditure on food for thie population. Calculat -
(1) the vias,(ii) the sampling variance and (111) the mean square Fifor
of your estimator:

Family serial number No. of peraons Total exp. an food
in the family in Re.
1 5 . 80
2 -1 ; 40
. 3 3 60
4 4 100

{b) Write short notes on (i) sampling unit, (1i) sampling freme,
(1i1) random number tables.

. ' " P.T.0



6, Prova that for a sample of n units drasn without replacement
the sample cean is ar unbiased estimate of the population mean.
Derive an unbiased estimita ol tuu variance of this estimate.

7. Is atratified sampling a case of purposive sampling ? - Explain.
What is meant by optimum allocation. For stretified simple rendem
sampling with replacement, derive the formula for the optimum
allocation when the total cost is fixed and the cost of enumeration
of a2 unit varies from stratum to stratum. In most ceses the within
stratum variances for the characteristic under comsideration are
not known. What then is the practical utility of this allocation ?

Exaniners: J. Roy and N.S.Nanjomma.



° INDIAN STATISTICAL INSTITNTZ
Research and Training School
Short-torm Stntisticiun's Course. Junior.
Final Examiaution, February, 1960.
Paper IV

Date: 13 Pebruary, 1960. Time: 3 P.M.-6 P.M.

1.

6.

Answer the tvio groups in separate books

GROUP A
Answer any three qQuestions

Explain how 'process capubility® and ‘condumer roquirement' are concerned
with fraciéng specifications. -

Distinguish betw:en the terms ‘astatistical control' and ‘econamic control’
State how a control chart may be defined or described.

Examine "how , whon & quality characteristic may have any unknown distribu-
tion, the use of three—sigma limits are justified in a control chart.

Why not use exact ‘probubility limits! on control charts at least when the
form of the diatribution is known2

Distinguish between the two situations in each of the following pairs:

1) control charts when standards are given and when
atandardas are not givenj

i1) oontrol charts for small samples and for large samples)
111) control charte for individunls and for ssmples of
individuals.

State the problem in lot acceptance sampling and indicate how acceptance
esampling plans are genera.ly constructed.

GROUP B

Ansewer ony iwo queations .

what i meant by the trend of a time series ? Give an acacount of the
different methods of obtaining the trend of a given time series.

Compare the Fixod-base method with the chain-base method in celculnting
an index number. What are the considerations in favour of tha lattor
method ?

Explain what is meant by tho Index-number of eeasonal variation in
economic time saries. Describe the Ratios to trend method of construc-
ting such indices.

Emmineray 4. watthei and 11.5.Ilyengar.



TNDIAN STATISTICAL INSTITUTE
Resu=rch and Trnicing School

Short-term Stotisticinn's Course

Junior

Pinal Exsminaticn . Fobruary, 1960 .
Paper V. Seasion 1.

ates 7 Pebruar‘;' 1960.

Time: 1l a.m.~2 p.m.

la The following table gives the froequoncy dietribution of the annual
incomys of the membors of a curtain profession (bosed on a aample)s

annual income

in runes

balow .

4001
5001
8001
10001
15001
25001
above

4000
5000
8000
10000
15000
25000
40000
40000

frequency

163
435
600
198
176

a6

30

15

*

It is proposad to introducs a professional tax on the incomes at the

following elab rates:

annual income

in rupuas

. balow
4201
6001
8401

12001

18002

above

4200
6000
8400
12000
18000
24000
24000

Tate of tax

{percent)

(a) The total numbor of members of the profession is eetimated as 25000,
Estimate the amount that would be renlised from the tax.

(b) Also exnmine to what extent the variation in the incomes is diminished

bacause of the imposition of the tax.

. [Dnly approximate answers are required; but ymu sbould clearly axplain
what agsumptions you are making in ynur computations. Do not spend

mora than 45 minutws on this question

2.(a) A purchaser usea the following rule: From aach lot eontaining a very large
number of articlas, he tnkes ¢ snmple of 5 articles and accepts the lot
only if therc is no defectivo nrticles among these five. If the proportion
of defoctives in a lot is 0.15 what is tho chenca that be will accept the

lot ?

(b) The average number of misprints nor page in a book of 1000 pages i8 1.5.

In how many pages would you expect the number of misprints to be 3 or

more ?

(¢) The distribution of scor-s in 6 certain axamination was foynd to be
Norms) with mean 51.2 and standard deviation 7«4. Find the percentage
of etudents scoring not loss than 45 and not exceeding 60.

[Do not spand mare than 45 wmirmtea om. this qmtthnj. !

Prteo.
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The following tablo givus the distribution >f 100 casts of steel by
the percentag: of iron in the form of pip iron (x) mnd the lime consump-
tion in hundradweight per cast (y).

Obtnin th: linear ragression aquation >f y on x. Comnuta the
coefficiont of correlation and the correlntinn ratino of y on x.

Eatimnt2 tho lime csnsumption for a caat for which the percontage
of iron in tha form of pig iron is 35.

Frequency distribution of parcentog: of
pig iron and lim» consumption

lime consumption parcentage of pig-iron
in owt. por oast. 20-24 25-29 30+34 35-39 40-44 45-49 50-54

100 - 124 1
125 - 149 2 1 7 1

150 - 174 1 1 6 6 1 2 2
175 - 199 6 12 3 6 5
200 - 224 3 8 1 3
225 - 249 1 1 2 3 1
250 - 274 1 1
275 - 299 1

300 - 324 . 1

Bxaminer: J. Roy.



INDIAM STATISTICAL INSTITUTE
Research and Training School
Short-term’ Statiatician's Course. Junior.
’ Final Examination. February, 1960.

Paper V, Session 2.

yates 7 Februkry 1960. . Times 2.30 p.m.-5.30 p.m.

In the 400 digitv occurting in a page of certain random number tables
the frequency of integers O, 1, ..., 9 were observed na follows.

integer [} 1 2 3 3
frequancy 47 41 38 35 48
integer 5 6 7 ‘8 9

frequency 41 42 30 46 32

(n) Do you consider thiz to be sufficient evidence agninst randomnesa?
(Hint:-If the integers were really drawn at random what would be
their expacted frequencies ? Test zhether the observed frequenciles
differ significantly from the expected frequencies).

(b) It was suspected that the method by which these numbers were genoratad
would lead te a preponderemce of even integera. Can the obsarved
exceas in the frequency of even integers over odd be explained by
chance? Apply suitable test.

An eye Bpecislist wanted to determine whether eye defects are hereditary
smong males., For that he examined pairy (father and aon) and classified
the eye defects in 3 groups:normal, slight and verioua. The following

3 x 3 table givea the distribution of the 278 paira dlagsified according

.to the degree of geriousneas of eye defects in father and in son. What

type of distribution i3 expected if eye defects ure not hereditnry ?
Annlyoe the date and apply suitable teat to determine £f .there is any
indication as to the hereditarinues of these defecta.

eye defect in father

normal alight serious fotal
normal : 84 24 9 17
eye 8
derect o |clieht 1 3 61 18 110
in n ,serloun ) 11 18 22 51
=T
) totad ) 126 . 103 49 278

A factory manufacturen bullets with a diameter apecification of 0.2 inches.
Howaver although the mean diameter of bullejs manufactured was 0.2 inches
the vuriance was as high as 0.0008 (inches)”. The production manager of
the factory wanted to incrensce the efficiency of the production procesa
by reducing the variance in diameter. He tricd a new process and from a
sample of size 100 estimated the variance as 0.0004 (inchen)2. Teat if the
spparent improvement can b3 duw to random chuses or duse to actual improve-
ment in the quality, (State the &asumptions involved in your teet).



@-(A.) )

(v)

5.
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.
Twenty samples were taken from & oontainer of a particular brand of
Vanaspati, Four anilysts ware given five differant samples each and asked
to determine the melting point. The results are given below.

Examine, by suitable test if the analyste are conaistent in their
determinations of the melting point.

Nelting point of Vanagpati in degrees Fahrenheit

analyst individual determinations of melting points
1 93.60 94.64 96.30 93.62 93.51
2 96.44, 96.53 98.38 97.00 97.63
3 92.57 94.01 92.49 93.29 90.87
4 95.55 95.90 94.25 95.80 96.21

The analysts 1 and 2 learnt their techniques from two different laworatories,
Do they agree in their determinations ? Apply suitable tost.

X 1s a random variable with

x>al=(+ £)%2, a0,

Find as accurately as possible the upper 5 percent point of the distribu-
tion of X with the halp of the following tables- R

a (1 +a)e"®
4.6 05629
4.7 05184
4.8 04773

Find the values of the function

f(x)-zx—logmx-7

at some pointe of X lying butseen 3 and 4 and with the help of these
find an approximation to the root of the equation f(x) = 0 lying in

this interval. Taking this ae a first approximate, apply any suitable
method of iteration to arrive at an aocuracy of 4 places after decimal,

Emin.rax,s.x.litrn_, 8.R.Srinivasa Varadhan and P.K.Bhattacharya.



Indian Statisticnl Institute
Rosearch and Training School .
Short~term Stotistician's Courss. Junior
Final Examination. February, 1360

Poper VI. Session 1.

pates 14 Febmuery, 1960 Time: 11 A.M.- 2 P.M.

1.

2.

3e

Prepare 3 randomised layout for a factorinl experiment involving thred
factors wach at two levals in four blocks ench of uight plots.

Draw up the blank nnalysis of variancu table and show tho dogrees of
fraedom for cach comporent. -

The following teblo gives tho rosults of an expcriment with four treatmente
Ay B, C, D ina 4 x 4 latin square. Carry.out the analysie of variance
and ‘arrango the troatments in incroasing order of yield.

B 154 4144 " p137 c 132
D137 c176 ° B 1T7 ‘A 129
C 138 D 139 A 121 ‘B 171
4 98 B 173 c 133 D 128 )

Compute the genmernl index nmumber of wholesale prices for the week ended
12th Decomber 1959 from tha following tabla:

Table 1. Index pumbor of wholesale prices for sub-groups of

commodities.
(Basos 1952-53 = 100)
group and sub-group weight index nmumber for week
onded 12.12.1959,
I food articles (504) oo
(Ag cereals 382 100.9
(b) pulses 84 91.2
5‘2) fruits and vegetables 45 120.8
4) milk and ghee 167 110.4
(e) edibla oils 93 128.3
Er fish, egg and meat 34 112.8
&) sugar and gur 95 150.9
(h) others 100 187.9
IT 1liquor and tobacco (21) 101.4 Je
III fuel, power, light and lubricants (30) 116.5
IV industrial raw materials (155) vee
(ng fibres 393 119.6
(b) oil sceds 388 130.4 hd
(¢) minerals 14 95.2
(a) others 205 130.4
V manufactures: (29) 112.6
A. Intermediate producta 141 118.2
B. Pinichod proddots 859 111.7
(a) Textilen . 506 108.3
(1) cotton 313 116.3
(1) Jute 126 93.9
(111) woollen 12 104.2
(iv) silk and rayon 55 96.3
(hg metal products 71 144.6
o) ohemicals 70 106 .9
d; oil cakes 33 145.2
@) machinery and trenspcrt aquimment 106 106 .0
(f) others 103 113.7

P.T«0.
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4. Uaing the dnta below onlculate the indices of seasonal variation of

quarterly revenue receipts by the mathod of moving averages
(] Table 2. Quarterly revenue raceists in a treasury.
Yyear 1st qunrter I1 quartor III quarter 1V quartor
Jan=-Maroh April<June. July-Sapt. Oct.~Dec.
1950 80.8 159 102.0 93.5
1951 122.6 103.5 138.1 119.9
1952 136.3 96 .8 118.1 113.5
1953 101.0 92.2 111.0 96.0
1954 107.4 85.0 117.4 109.3

Note: The figures are in units of Rs.lo—.,

Examinara: J. Roy and N.S.Iyergar.



INDIAN STATISTICAL INSTITUTZ

Reeearch and Training School )

Short-term Statisti~ian's Course. Junior
Final Examination. Fabruary, 1960.

Paper VI, Seasion 2.

pater 14 Pebruary 1960. Time: 2,30 pem.-5.30 pun.
A survey is to be conduotad to estimate the total income of a group of
100 persons within Rs.1000/~ of the true value with a 19 in 20 chance.
For this purposa find the samplo 9ize requir:d when the semple is drawn
with equal probability withoui replacément.  the population standard
deviation for income 18 known to bu Rs.25,

1.

- Probebility lavel 50 80 90 95 99
Normal deviate 0.67 1.28 1.64 1.96 2.58

2. To study the reaction of cmployees in a factory to the question, 'Are

you willing to work in the night shift ?' a very quick sample survey was
undertaken by selacting 180 out of 500 regular employees and 80 out of

600 casual cmployaes with equal probability with replacement. The following
table given the distribution of the omployees by the type of answers given.

Answers Totol

Stratum . Yoo Yo

Regular amployeas 80 100 180
Casual employees 60 20 80

Estimate thc number of employees (regular and casual combined) in the
factory who are (i) willing to work in the night shift, (ii) not willing
to work in the night shift.

Eetimate the coefficients of variation of the estimates obteined.
Which of the estimates do you think is more reliable ? Can you explain why?

3 The following table conteins information on sales for two months for 28
etores of Ontario. Suppose before the survemy you know the figures of salos
for May 1958 (Col. 2) and you are to estimctoe the total sales of thoso 28
stores for May 1958 through a sample sBurvey.

Sales of Grocery stores in Ontario for
May 1958 and May 1959

el. May May H 8l. Moy Mey
_no. 1958 1959 no. 1958 1939
1 252 a3s3 15 88 104
2 405 229 16 344 393
3 234 219 - 17 152 154
4 150 189 18 85 91
E3 1G3 108 19 89 102
[ 287 443 20 H 61 81
7 240 264 21 179 206
8 278 304 i2 401 485
9 65 61 23 190 218
10 207 152 24 112 127
11 138 144 25 119 142
12 102 107 26 128 155
i3 182 203 27 186 186
14 32 29 28 89- 105

. Potece



4.

-2
Anayer aithor A ox B .
(x) (1) Crov a simple oystematic samplo of S5 stores, profitably using
Moy, 1958 esales.
(11) Obtain on unbiascd estinutc of the total sdos An May,1959.

(411) Con you ostimato tho atandard error of your eatimate using only
the samplo draw» ? Obtain an estimato of the standard error
of your astimato by a suitable mothod.

(B) (1) Draw ¢ samplo of S stores with probability proportional
to the sales in May,1958, with replacement.
(41) Obtoin an eatimata of the totil salas in May, 1959.
(111) Obtain an ostimate of the standird error of your estimate.
Om spocimon of a chdnical in lieuid form waa collected from cach of 10

congsocutively producod bulks, and inspocted for a cuality charactoriatic
(x) ond tho Tosults arc given delow.

bulk Ne, 1 2 3 4 s 6 7 8 9 10
value of x: 12,3 13.8 12,7 14,6 13.5 12,6 140 14,9 12.3 15,6

Set-up suitabls control charts and interprot.
OoR

Sarmplas wore taken frea 8 different consignnonta of a product in order to
find out if;any sssignable causes of variaticn oxisted in a quality charac..
toristic (x). Exrnine the results glven bolow, for control and write a
brief ncto giving ycur conclusi ns.

s standard
consignmont avorage ng! tion

1 33.5 - 4.20

2 32,7 4.35

3 33.9 4.38

4 40.6 4.56

5 35.6 4.51

6 33.2 4.39

7 34.5 4.90
__8 . 35,7 _ 4,86

(Do not spend more than 45 mimutos on this quoation).

For tho lifo table of a population, the follawing aro givon

x 20 21 22 23 24
% 10.49 10.76 11,09 11.40 11.67
{per thouspnd)
1,0 =82M2, T, = 2,733,007

Gomplete all colums of the 1lifo-tablo for x = 20 to 24.
(Do not spand more than 45 minutos on this quostion).

Examinors: N.S.Nanjomma, A. Matthol and P.K.Bhattacharya.



INDXAN STATISTICAL INSTITUTE
Reseerch and Training School
Short-term Statistician's Treining Course, Junior.
Periodical Zxzmination I
Probability, Date Processing and Numerical Analysis.

Dete: 5 April 1960. Timet 6 P.M.~9 P.M.

1.

3.(e)

(v)

(c)

Define very carefully tha following terms:

(a) sample space, (b) The favourable cases for an event
(¢) Mutually exclugive events, (d) The range of a randonm variable
(e)’ The modal value of a random variablo.

Pind the probability distribution of each of the following three random
verisbles (no proof ruguired). In each of the three cnses the rendom
experiment is that of rolling = synnetric die twicc.

(2) X 1is the absolutc difference between the two acores.

(b) Y is tho product of tha two scores.

(c) 2 is the lerger of the two scores if they aro unequal ond is the
comnmon score if they arc equal.

Stete the different principles to be observed in the framing of a good
data-~ehcet. Give illustrctions.

Prepare a blenk layout of a statlstical table and indicate its different
prta.

Why scrutiny of data ? Mention the different methods you know for
scrutinising data. Give examples whenaver pogsible.

Write down the exprossion for the polynomial function f(x) passing
through the points (xo,_yo), (xl, yl), cees (xn, yn), and explain
briefly how it comes useful in inverse intcrpolation.

Give an example where it is very difficult to evaluate a definite

integral analytically but numericol integreticn provides o rough
and ready cnawer.

Derive Simpson's One-third rule for numerical integration.

Examinerss D. Bseu, A. Matthai and P.K.Bhattacharyr -



INDIAN STATISTICAL INSTITUTE
Research and Training Sochool
Short-term Statistician's Course, Junior.
' Periodical Examination .
Probability, Desoriptive Statistics and Bconomic sutlstics

pate: 17 My, 1960 Timet 6 P.M.=9 P.M.
Figures in the margin indicate full marks.
- Anawer groun A and group C in one answer book

and group B in a scparate answer book.

P _Group A4__
R4
Do _not apand more than 1 hour on this group.
Answer all quostions.
1. Aesuming that E(X+Y) = E(X) + E(Y) for all X amd Y, prove that
V(X=Y) = V(X) + V(Y) - 2 Cov (X, Y). - e}
2, How often must a sysmmetric die be rolled in order to make the proba-
bility of getting at leaat ome six equal to at least ¥ 7 Give
reasons. * [s]
3. Given that the random variable X takes the four values =1, O, 1 and

2 with equal probabilities, find out

(1) E(X); (1) the probabuny distribution and the
mode of the random variable X2. [8]

4: Given that the random variable X takes only the two values O and

1 with equal probabilities, can you find the distribution of X ?

If not, why not ? If you are given the further information that the

mode of X is zero, can you find the probability distributién of X 7

What if you are told that E(X) = 0 ? (8]

- Group B

Da not spend more than 1 hour 15 minutes on this group
Attempt as many questiona &s you like, The maximum that

. You can scops on thio group is 40.

5. ¥hat clase-intervals will you take for preparing & frequency distri-
’ bution in each of these cases ?

(1) heights of adult Bengali males recorded to the nearest
ineh [ min. ht: 567", max. ht: 74", no. of individuals:
5001

(ii) monthly axpand.itur‘e per person in households in India
{min. exp. Ro 0.83, max. exp.Re 5256. 70, no, of house-

holds: 50001}
(111) age returns suspected to bo rounded off to multiples
of two or five in many oasas. [2+242]
6. Lot x)5 X5p onuy Xy be N values of a variate. Write down the exprea-

sions for tho arithmetic mean A, the geometric mean G and the harmo-
nic me&n H of these values. For N = 2, prove that A > G > H and
that if any two of them are equal, all the three of them must be
equal.

Statoc without proof if the above inequalities hold genarally for
any N. [2+5+1)



8.

9.

10.

11.

2.

13.

14.

15.

-2-

What is meant by the cumulative distribution function (cdf) of a
variate ?

A population conaists of five studenta,and the characteristic noted
for oach is hia acore in a certain tust. The ascores are 75, 50, 60,
75 and 80. Find the cdf. [2"
Vhat is a modian ? Find the medisn for the distribution of scorea

in question 7. (2

.Ovfife down the expression for the variance of N values,

Xl, ‘2' sssy X“. N 2 N N _
Show that = (x; - ¢)“ is minimum when ¢ = ¥ Z X (243
. iml i=l

If the probability of success im & single trial is §, write down
(without proof) the probability of getting x muccesszs in n
independent triala. 'Writc down the mean and the variance of the

numbexr of succesmes (proof not required). (22

If the aworage number of misprints per page in a book is |, and if
tho book has in all N pages, how many pages would you axpect to be
free of mimprints ? Write two sendences to justify your answer. [2.2]

Write down the expression for the frequency density function of a
Normal distribution with mean Y and standard deviation O.

x »2
et P(x) = [ ‘E— .8 dt. The life in hours of an elec-

tric bulb is Normally distributed with mean 1000 and standard devis-

tion 80, If you buy a large mumbar of bulbs, what fraction would

you expect to live for not less than 900 hours but not more than

1080 hours ? Write answer in terms of the P(x) function =

numerical value 48 not required. [}.5]

_Bhow that for a Normal distribution Bl =0,8,=3. [8)

For a bivariste distribution of (X, Y), write down tho expreasions
for

(1) the least-aquares linear regression coefficient of
Y on X

(41) @1 the coefficient of correlation of X and Y
(111) V‘ t+ the correlation ratio of Y on X . (34343
Prove that as defined in qudation 14.

. 129 2 9% 20 : [10]

P.T.0-



16,

17.

18.

-3-

Group C
Do not spend more than 45 mimutes on this group.
Answer any two,
(a) Explain the construction and uses of coet of living index

numbers .

Dascribe the procedure adopted in India for constructing
waeokly indox numbers of wholesale prices.

(v)

What do you undorstand by the scasonal index of variation in
economic time series 7 How would you determine such indices from

quarterly time sories data ?

Write short notes on 1-
(a) chain index numbers
(b) variate difference method
(c) factor reversal test.

Examinerss D, Basu, J. Roy and N. S. Iyengar.

[143

(14]

(14]



INDIAN STATISTICAL INSTITUTE
Resaarch and Training School
Short-term Statistician's Troaining Course, Junior.
Periodicnl Exomination

Desoriptive Stutistics - Practical

‘Datat 28 May 1960. Timet- 3 P.M.-5 P.M.
Neatness in computation carry some marks.

2. The data in table I gives the frequency distribution of the diameter
of 534 wedding rings.

(a) Find the oxpeoted probabilities in each clase interval assuming
the distribution to be normal.

(b) If a jJewellor wants to manufacture 10,000 wedding rings how
should be distribute them in these class intervala.

(¢) Find the actual third decile of the distribution and the
theoretical third decile 85 computed from the normality
agsumption.

2.. The following table gives the biverinte frequency table of the ages of, :
the husband and wife among 100 couples. (Refer to Table IT).

(a) Compute the correlation coefficient between the ages of the
husband and the wife.

(b) Obtain tho linear prediction formula for predicting the age
of the wife on the basis of the age of the husband.

Examiner: J. Sethuramen.

P.T.0.
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INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-torm Stutistician'a Trainine Coursd, Junior.
Poriodicnl Examination

Economio Stetistios and Vital Statistics, Practicol.

Pate: 28 May, 1960. Timor-5.15 P.M.=8.15 P.V.
Figures in tbo margin indicnto full marks.

1. The following table gives index numbers of wholesale prices by groups
end sub-groups of commodities for the weck ended March 19, 1960, with
Mzrch 1953 = 100. Pill up thu gavs where nicassary and compute the '
overnll index of wholesale prices for the givun week. Write a short
summary based on your calculati-ns.

groups and sub-groups weight index for week
ended 19.3.60.
I food articles (504) even
(a) cercals 382 103.1
b; pulses 84 89.5
¢) fruits and vegetablos 45 127.0%
d) milk and ghee 167 113.5
(e) edible ocils 93 136.2
(f) fish, eggs and mer > 34 115.9
(g) sugsr and gur 95 140.1
(h) others 100 156.4
IT liquor and tobacco (21) 96.1
(a) tobacco 941 93.8
IITI  fuel, power, light and lubricants (30) 117.7
IV industrial raw materiale (155)
a) fibre 393 126.5
b) oil seeds 388 141.2
(o) minerals 14 98.1%
(d) otheras 205 . 131.8%
V  manufactures (290)
A. intermediete products 1_417 1211
B. furnishad products 8537 eveen
(a) textiles 506 115,0
(1) cotton 313 124.4
3 (11) jute 126 97.9*
(411) woollen 12 104.2%
(1v) 8ilk and rayan 55 102,9%
gh) metal produots 4 148.2
o) chamicals 70 105.2
(d) oil cakes 33 141.4
(e) macninery end transnort .
equipment 106 108.5
(f) others 103 113.8
Al) commoditios (1000) -
* - estimatea

N.B, Piguros in brackets indicate the weiphts assigned in combining the
five groups into n aingla all commoditios index. Weights attached
to various sub-groups within groups aro shown without brocketa. (10)



year

1956
1957
1958
1959
1960

The following table gives monthly average spot nrices of gold in the
Dombay Bullion Markat during January 1956 - Februnry 1960.

mable: Spot pricea of »sold in tha Bombay Bullion Market

Conatruct
guiteble indices for the monthly variation in nrices of gold.

per tola).
Jan. Feb. Narch April May June  July Aug.  Sept. Oct. Nov. M.
96 98 104 104 104 103 101 104 103 104 105 104
106 108 106 106 ¢B 106 107 108 108 107 109 108
110 113 112 143 112 102 106 107 108 109 113 114
117 118 120 122 fe2 2 120 1721 122 124 125 125
130 13

3.

4.

Source: RBI Bulletins ard CSO Monthly Abstracts of statistica.

In the three departmenta of a large factory the number of days lost
by sickness por worker per annum were: Dupartment A, 9.03; Department

B, 8.68; end Departmant C, 9.42.

The following tabl: gives the nge-

distribution of the workers in tho above threc departments and the

number of days lost on mcecount of sickness in & yoar,
standerdized rate for each department using the totel population of the

factory as tha standard. Examine the pattern exhibited by the crude

end standardized ratea.

Calculate a

Age in Department A Department B Depertment C

yoars no. of days no, of days no. of days
_ workers loat workors lost workers logt
20 - 100 650 350 2450 50 300
30 ~ 220 1540 400 3400 70 455
40 - 420 3570 100 1000= 120 840
50 = 300 3000 50 600 300 2850
60 - 140 1890 50 800 250 3000
total 1180 10650 950 8250 790 7445

A total of 567990 children were born in o particular year in a country
which had its female population in the ago aroup 15-44 years distribu-
ted as shown in table below.
by age of mother ns obtained from a samnla study is also given in column
Assuming that the rntio of femnla babies to all births is 48 <4 N

(3).

The praportional distribution of birthe

calculate the gross reproductinn rate.

female population

proprrtion of births

nge (+000)

(1) 2) (3)
15 - 19 789 +2305
20 - 24 765 «3355
25 - 29 717 +2474
30 - 34 642 .0978
35 - 39 540 0635
40 - 44 435 +0253
all agea 3868 1.0000

Exaainore: N, S, Iyenger ana and M.V.Ratin

(15)

(15)

(10)



TND[A} STATISTICAL INSTITUTE
Roagearch and Training Sghool
Short-torm Statistician's Training Course - Junior

Final Examination, July - August, 1960
Paper 1. Session 2.

Dutes 29 July 1960. Time: 8 P.M. - 9 P.M.

1.

Disoussvery, bri :fly the reasons for requiring that an catimate be
unbiasad and of minimum viriancae.
State without proof the Cramér-Rao inequality, and give an

example ulusirating ita use.

Define the term 'random sampling without repJ.'acqment' in the context
of sampling from a finite population. Show that, for such a sample,
the sample mean 1s an untiascd cetimate of the population mean.
State without proof the formula for the variance of this estimate.

Describe the method of maximum likelihood.

Suppose that in a random sampls of 900 households im a certain
large city, it was found that 100 householda possesaed at least one
mugical inatrument. What ie the maximum likelihood estimate of tha
fraction of such housoholds in the city ? #hat is the (estimatad)
standard deviation of this estimate ?

Bxaminer: R. R. Bahndur.



pates 1 iuguat 1960.

(a)
(v)

©)
®

3.

INDIAWN STATiSTICAL INSTITUTE
Qeararch 283 T fa oz sehaol
Short=term Statistician's Prwining Course - Junior
Fincl Bxamimasien, ,uly-August, 1960.

Paper IL.

Times 6 P.M.-9 P.r.

Anawer questions 1, 10 apd aix of the rest.

You are adviscd te A vot dnutes oach for quustions
1 ant 10 w20 .dmatas eneh for “ho other eix
qucestions thiY yuu uiswer.

Asnawersmust oe kri £ rnd to the point.

EITI'SR

Discuss the importince of scrmtinising statiatical data.
State the important principles to be obsarved in the drawing up of
statistical tables.

OR

“nurerate the differont parts of » typical atatistical report. Briefly
indicate the requiroments of = zood report.
Explein bri:fly (i) questicnnairc,(1i) echedule,(iii) mail enquiry and
(iv) cemsus.
*

Suppoge you are given thue froquency distribution of the incomees of housa-~
holds in Calcutta., “xplain clearly how you will compute from this table:

(a) the total incory of all houscholds in Celcutta

(b) tho total incormd of tie poorest 10 percent, 20 percent,
vesy 90 poreunt of th: housvholds in Calcutta. (You B
may use interpcl~€ion, if nccessary). .

congpiats of i inlividunls with charactoristic values

£ population
;(". ‘Irite down tho aexpr.oastona for

Kys Xy vee
(n) the arithmotic mean
(b) th. variance
(¢) the third and the fourth momerts
() B, uand B, coufficicnts

for this distribution. -
The arithmetic mean of the scores of 100 students in an cxamination was

48 and tha otandard dovintion was J. Show that tho numbar of students
who gcored betwoon 40 and 96 could not have boen losd than 75.

For & certein frequency distributinn, a computuor obtainod for the beta-
coofficienta ’Bl. = 1.8, pz = 2,5. The supervising statistician said

thet his computations wers wrong. ‘Mmnt do you ey ? Cive roasons.

Explaining the symbols used, writu down the probability laws for the
Binomial, Foisscn and Hormal distrihutions.

P.T.0.
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The lincar regresaion cquativn’of wiight W in 'Kg on height il in ea for
Adult Bunsmlee miloa 783 fouud to b

. o 2 W
Convert thiz for use wh o »Light - {0 muagqurcel in 1ba and hoight h is
maoured in inche. [ ) kg » .z 1bs, 1 fnch = 2.5 em, approximit.ly?,

A

“xplain the terms* corrvliaticr ra {0 ‘., and correlation coufficivnt Q.
w thout goinr {nto alga>wzis -+ bt~ 1u, shiw that
120712 9120

Vhon can wu get squalitiss in tk Aabov: rolations ?

Discuss how tha scorss («) In thu B.Sc., exsnination and (y) in the
apocial paychologierl teat of can:iidataa sovking admission to the
Short=torm Stutistician'a Course :ould by used to scluct the nost suitable
studunts For the coursc. [Ycu ma- mike usc of the scoran (x), (y) an tha
aeuras (2) in the final gtatigtics examination of students who had previ-
ously gonc through this eouray:l.

SITIER

Montion somy of the apecinl fuatuces of the 1951 population census as
compared to the provious cungus.

OR
Describe the multiepurposc charnc.ar c¢f the Indian Hational Sample Sur:y.
\

on

Trite a note on tho availabl: ata.ieties rogarding the Indian manufac-
turing sector,

Examiners: A. Matthai, J. Roy and M. 8. Lyengar.



INDIAN ST .TIS"T¢ \I. INSTITUTE
Qedcarch &nd Tr nung ‘school
Short-term Statistlcian's 'raininz Course: Junior
' Final Bxarination, July-Aug. '6O.

ianer 71
Date 3 August 1960 X Thee: 6 P.K.=9 P.i.
Answers should ba yief and to the point
CROUE. A

AnsW or ans _three
1. 2x2mina tho rolo of randomisation, replication and error conmtrol in
planninz an axperimont.

2.(a) Describe a Latin square layout anl explain how the fundamental principles
of randomisation, replicaticn amd asrror comtrol aro made use of in this
design,
(b) Draw up a blank analysis of variance table for this case ard show the
degrees of freedom Tor cach of th: components. .
3.(a) What are the advantages of a fact:rial experiment over 2 one-factor-at-a-time
type of experiment ?
(b) Two factors A ard B were tr:ed, ot~h at twe levels 0 ard 1 and the average
effects My for the factorial <. ibination Ay Bj (4, J -0, 1) were fourd,
From these.'ihe main offects and intoractions were found as:

A= 10, B=8, AB= -4

units. Oiven that the lower lev.s). of the factors is indicated by the
symbol O and that j+ = 20 fil1 up the follow table of averige effects

A,) Al
BO 20 1
By ? ?
4, Design a simple oxperiment to find out whicl of two teachers of statistics
is more succeesful.
GHOU: B
Answer all questions
5. Comment in dotail on the rollowin;, statemunts:

(4) Stratificd sampling i3 a typc of purposive sampling.

(11) The main objecction to ion-random sclection in a sample survey is
not that the sarple mey furnish luss precisce results, but
that thure i3 no scientific moeans to ascertain its precision.

(3141) Samplo survoy oxperts alwayi advocate retaining of periodical

cansuses.
6. For a simple rardom sample of sizc¢ n drawn without replacement, X is an
urblased estimate of X,
- N - [l N -
V(x) = —gr'l 82 amd V (X) - T‘ 2, in the

usual notation. Using these =csult -, for a simple random s.imple of n units
drawn without roplacement, fird an unbiased estimats of th. proportion of
units in the population in a speci‘led claas. Find also the varlance of the
estimale and an unblased estimatc of thu variance in terms of tho proportions
An the population and sample respc-tively. Explain clearly the notations

you use.



-

The task of a statistician does nol end with stratification, - he has 7

allocate wisely. o

(1) Explain the dangors of unwise allocition. '

(11) Has provortionul allocution niy spezial advantage over all
other nllocationn 7

(111) When does ovtimua nllocation oecome equivalent to
proportionnl allocation 7

g

Examiners: J. Roy, D. N. Ghosh and N. 5. Nenjammu.



INDIAN STAVIST (AL I ISTITUTE
Reaearck and Training School
Short-term Statistician® Traininye Course : Junior
Final Examinntioi, July-August 1960

_Puper IV
pata: 5 Awgust 1960. Time: 6 P.\.-9 p.p.
Anewor all qu stiony
.

1. Explain the terms: Statisticnl Control end Bconomic Control.
2. Distinguish between control cherts using given standards ard thoee using

no stundards.
3. Justify the use of 3-sigmu limite 13 control limita. Which are the

situations in which you may not uss %-sigma control limits ?
4. Explain with the help of an oxemply the meaning of rational sub-grouping.

OR

Write notes ons (i) the percentage defective, (1i) the u-chart
(iii) mean-rung:, (iv) the control chart conatant D 4.

5. Discuss the guneral problem of business ‘orecasting.
Briefly describe some of th: methods comuonly employed and consider
their validity.
OR

What do you understand by tho term busincsas cycleas ? Describe the
Harverd mothods of constructing economic barpmeters.

6. Explain bri~fly tho method of compiling an index numbar of production.
fAow con a scnsonal industry like the sugar industry be included in such an
index even though it is monthly ?

OR

Stuvel defines the following price inder (Econometrica, 1957)

L -1 L oL \2
1- -2 ‘L*\/.,P ﬂl,v_‘
7 "2 ) 7

where Lp and Lq are the Laspeyre-typa price and quantity indeces,
V, end 'V, being the valuea at the bese period and current period
respactively. Examine whother the above Index satiasfies time reversal
and factor raeversal tests.

Examiners: A, Matthai and N. 5. Iycngar.



INDIAN STAVISTIC L INSZITOTE
Research a'd Pro.ming ..chool
Short-term Statistician's “‘raini g Course = Junior
Final Exwnination, J.ly-Awust, 1960 .
' Papar V. Ses.ion 1.

pate: 31 July, 13960.  Tima: 11 AM.=2 P.M.

1 sITHEL.

The fcllowing ~sives the d_otrib tion «f doaths per day of aged women
(sged cver 9C yoars) frem the Tises otitusry over . pariod of three
congacu live years

X - deaths per day f « number of days _
x o 1 2 3 . 4 5 6 7 8 Total
£ .222 262 339 151 79 2 6 4 1 1096

Z xt = 1937, man = 1.7673

ke Assuming that the muobor of dea-hs per doy follows a’Poisson distribu-
tion, calculate
(1) the theoretical probakility of 4 deaths
in a day,
(11) the oxpected number of daye with 3 deaths in the
next year of 365 days.

OR
The scores in English of students follows a normel distribution with
mean 45 and standard deviation &.

(i) If 3 is the proe uark what is the proportion of
students that will pasa? .
(41) Wnat should be the pass mark if [O percent of the students
should pass?
(i11) 7het is the fourth central moment of this distribdutions

2. The following resulte are available fror & sample of gize 50 on (X, Y)
-2 2
Zx, =200; Ty, =400s ZLx = 16003 Ty, - %305 L xy = 190;
(1) Calculate the correlation coeffioient betwean x and y.

(41) Caloulate the beat linear prediotor of Y based on X and
predict Y when X = 4.

(411) What interpretation dc¢ you give to thia predicted value ?
3. Compute (i) the miltiple correlation coefficient of X, on X, and X, and
(11) the best linear predictor of X, on the basis of X, and X, from the
following data

oorreated sum of aquarca means
X 54.76 21.7
X, 3.64 18.23 6.3°
X 23.86 4 1.79 15.12 10.6

0
Txaminer: J. Sethuraman




INDIAN STALISTICAL INSITUTS
. Rea.areh uni Tre.onéng i-choul
Short~term Stutintician's ‘rainirg Course = Junior
Final Tewminotion, uly=Aguet, 1960

Paper V. Scsolon on 2

Dater 31 July 1960. GROUD Tinme: 2.30 F.M.=5.7%0 ‘.,
Answer 11! quecstions, Suparated tine: 2 hr. 15 min,

1. The stnndard ieviation of stoturc (in 'n.chas) of two groups, of boyi, n
of ages 11=13 nnd the othor of ages 14-=I6,cntimatod from two semplsg ot
pizas 10 and 15 respectively,tra 1.15 and z.3%. Dous this provs th-t {-n
respect of stature, adolescent bore (agis 14=18) are mor: hatorogancims

2. A potential buyer of 2luctric bults (40 #, 220 V) btought 100 such bults
of each of 2 Aifferent brands. On testing the bulbs, he found that
brand A had a moan 1life of 1232 hcura with a standard deviation of 80
hours whers¢as,brand B had a menn life of 1200 aours with a standard
deviation of 94 hours. Can the buycr bc quite certain that the 2 btrands
do differ in quality ?

Se The coafficiant of correlation beiween two characturs ostimatad by two
investigators from samples of giz.s 20 tnd 25 were 0.318 and 0.253
respectivelv. Would you regard tre diffarence as due to fluctuation of
sampling? . .

4. My friend Cheatercock and myself contributed equal amounts towards the cost
cf cultivating a land in & village near Calcutta. Our land almost recton-
gulur in shaps (160 yds. x 40 yds) was divided by ails and bunds into 16
square plots (20 yds x 20 yds each) in € rows and 2 columns as shown in
the plan below.

When tho crop was almost ready for harvest, my friend, who was hard-pressed
for money requasted for his shara of the crop. Since I didn't thank it
wise to harvust the whole crop imrwdiately, I usaid that he can have the
yields froa eight of the sixteen plots. To be fair, I insisted that the
choice of 8 plots he would immediately harvest should be donz in an unbia=-
sed manner. A statistician to whon the problem was referred suggested the
following random selection %hich ho claimed secures an equitable distribution
of the totel yield. Firat, tho eight plots should consist of one from each
cow. Second, to select a plot from each row an unbizsed coin hag to be
tossed (independently for cach row) nnd if head appears the loft hond sidce
plot is chosen end otherwise the right hand side plot.

I asked Cheatercock to follow this procedure and select 8 plote and I

could mot be actually preaént when the sclection was made. He agreed to
supply me the figures for individuil pields of the plots. A fow days

later I harvested the reaet of the plots. The following table gives the
relevant informations—

The plan and yields of tho 16 plots (units unspecified)
(The plots selonted by Cheatorcock are marked aa C)

Rouw No. Plot No. Plot. yield Plot No. Plot yield
1 1) 10 (¢) (2) 11
2 () 7 (4) 12 (¢)
3 (5) 9 (6) 8 (c)
4 (€3] 10 (C) (8) 6
5 (9) 10 (10) 10 (C)
6 (11) 7 (c) (12) 5
7 (13) 13 (¢) (14) 9
8 (15) 14 (¢) (16) 10




5.

7.

(a) Show thot whutivar wiy be,tie ylclds of tho individunl plots the
expected difference in the townl vicdl.e betwein 8 plota clogen in the
suggcsted marncr anl the rest in zero. (itvesll oxpactation of 8 variablo
is ¥ PyXy where xg denoty: "he po si%) valueo of x amd P the probability

attachsd to it). .

. fb) Compata the probebility of obt-ining 1 total yiold of & plots highor

than what Oheataccock actuslly got undur the suggested random salecticn,

(c) On the banis of this compuled probability do you think I howe ru.gon:
to suszpoct thit Choatorcod acioctiun wie pot atrictly ~acording to L
agrevmert. Did he deliternte)y choova. plots which he thought would pive
him a highur yi~ld ¥

(4)  “hen Chantercock wes coamerad by me, he declared that he did not try
to choose ona plot from each row 18 sugguosted but that he numbered the
plots from 1 to 16 as indicatel {n the plan and chose B8 Wos. from ) to 16
giving equel chence to all pocsille sclectionuof 8 and harvested the :
corresponding plots. Comp t. the probability that by following the proca-
dure he indicated,one gota 8 plots with évery row represented by ome plot.
On the basia of this compu‘ed probability do you think he ia telling
another lie to covor up hiz provioua lie ?

GROUD 3
L ]
Answer any two. nivated ddine: 45 min.
Find the values of 2(t) = \/21_ e b e o0, 0.5, 2.0, 1.5, 2.0.
n

2
Hence cvaluate / Z(t) dt applyirg 3 suitadble formula for quedrature.
=2

X
Meking uso of the folluwing tabl: of P(x) = / 2(t) dt find tho valus of

-0
x for which P(x) = .90 applying Lagrange's formula for inverse interpola-,
tion

S — ™

1.27 +89796 .
AREL +89973
1.29 490147

Find tho root of th¢ oquation
)r5 -2x =Y =0

lying betrwen 2 and 3 correot co 3 placae of Aecimals ueing any
suitable mathod.

Examiners: S.K.Mitm, 5.D88 Gupta and i .K.Bhuttashnrya.,



INDIAN STATTSTICAL INSTITUTS
Yescurch and Preining School
Short-torm Stntistician's Training Courss. Junior
Final Examination, July-August 1960

Popur VI. Siyssion 1.

Date: 7 August 1960. Timer 11 AM. - 2 P.*.

2,

3.

Answor sli guusationa

Thy following trble giv o the uxports of two variatics of cotiton yarna
and fivs varietiug of cotton manulacturws from thc Unitud Kingdom duriasg
1938 and 1743 by quantitics rnd values :

gquantitive valucs

133+ 1943 1930 1945

Cotton yarn (mm lbs.) (mm lhe.) £(000) £(000)
X 110.00 16.37 8397 2817

Y . 12.93 2.82 1278 531
Catton manufactures (1000 aq.yds) (1000 sq. yds) £(000) £(000)
A 235.3 69.32 3841 2854

B 421.6 83.15 1776 3319

c 281.9 102.90 752 5805

D 368.8 90.86 10628 6381

E 78.58 28.08 2564 1922

Calculate a quantum index 01,”3' 1943 for tho British export for 1943
using 1938 na base. Show also that ’ Q_‘ 8, 1 R B
93 943 01943' 1938

computing Q9,3 1938,

The following table gives tho estimated peraonal expenditure on Fuel
and Light in the United Kingdom.

Quarterly £ (million

1945 1946 1947

Querter 1 18 84 92
2 62 64 70

3 56 61 63

4 n 82 a5

'Aaauming 8 linear trend, celeulato the seaaonal index.

Forccast the oxpendituros for the first three quarters of 1948.

For the population of 5 persons, givan in the table, it is prooosed to
estimate the total cxpenditure of tho vopulation from & simple random
sample of size e 2 drawn without replacement. If information on income

cen also be callectad from ench indiv‘dual nt the time of _3urvey 11 is
proposed to use the bissed estimate Y. =(y/X) X where ¥ and X are
the samnlo means of expenditure and Xngome respectively and X ia the

total income for the population. Calculate the bias and mean square error
of this estimate by enumerating all possible samples of mrize 2.

Person no. 2 2 3 4 5

Expends ture 7 9 14 10 [:]
(in Rs.)

Income (Rs.) 9 12 . 19 15 10

P.T.O.



——

Pha folidn ane table gives 4 V1t of 51 wrbun blocks of Keralu Stute
divided into two strata. Draw one samnle of 3 blocka from stratum 1
wmad anothes a2mnle of 6 blocks r'rom strutum 2 and catimnte tho total
number of unomnloyed nersons in this population fros the samoles yon
Tav. drewn. Also estimat: the variance o vour astimate.

Sreutuam 1 H
'
i
Block Mo.of unem-  Ulock Fe H
No. ploysd prr- e H !
aaT .
1 12 9 7
2 10 10 12 The poge and random number
3 15 " 12 colun us.d nre to bs given.
4 5 12 6
5 19 13 11
6 11 1 11
7 13 15 12
8 1 16 "
Stratum 2
Block Wo. of uncmployed Block No. of unemployed
No.. . personsa No. personsa
1 11 19 10
2 2 20 2
3 13 21 15
4 11 22 15
5 9 23 8
6 9 24 11
7 10 25 1
8 1" 26 10
9 7 27 7
10 10 28 10
11 14 29 1
12 12 30 10
13 14 31 11
14 7 32 1
15 10 33 6"
16 14 34 1
17 10 35 12
18 13

A sample survey is to be oonducted among 1200 faotories to estimate their
total monthly productién. Thy error that can be tolerated is 10 % of
the true value on either side with & confidence level of 90 %. The
coefficiont of variation of the distribution of monthly production is
known to be approximotely 60 %. Calculate the samole size required if
the sample is to be drawn with equal probability without roplacement.

Prob. level 90 % 95 % 99 #
Hormal deviate 1.64 1.96 2.58

Examiners: N.S,Iyangnr, D. M. Ghoah and N.S.Nanjamma.

Usu of practical records is not allowod.



INDTAN ST'TTSTICAL INSTITITE
Resanrch .no ‘lruining LUohool

Short-term Stntiotic’an's Traininge Course, Junior

Date r { Ausunt 1960.
o of practicnl r.cords is not allowad

1.

Finnl Exumanuticn July- Aug.'60.
Paper VI. Jesaion 2.

Times 2.30 P.M.-5.30 B.A.

EITHEP

In order to cumpira the errora of measurem rts in shoot haiyhts nr.n:

€ semplce, the following experimert was conducted 6 areas wure salecten
and the € samploa were allocadud in 6 diffarent orders to the arens gn
that no two sumples work in t.w sbwr cugion at thw vawe Liumv. The
results of such a latin square arrangement are given below,

Samplera! errors ir. shoot heights (cm.)

aracs
order 1 2 s 4 s 6 Totala
P B A D c E
1 + 3.5 =+ 4.2 + 6.7 + 6.6 + 4.1 + 3.8 + 20,9
B F A E C
2 + 8.9 + 1.9 + 5.8 + 4.5 +.244 + 5.8 + 29.3
[ B F B D A
3 +96 + 37 =27 +37 +60 +70 + 27.3
D c B B A F
4 +10.5 + 10.2 + 4.6 + 3.7 + 5. + 3.8 + 31.9
o] [+] P B D
5 + 3. + 7.2 + 4.0 - 3.3 + 3.5 + 5.0 + 19.5
A D 3 c F ‘B
6 +5.9 + 7.6 - 0.7 + 3.0 + 4.0 + 8.6 + 28.4
Total + 41.5 + 34.8 t_l?.T + 18.2 + 25. + 31.0 + 171.3

z

Analyase the data

2
Y3y = 124473

for the aquality in capacity of the samples. If they

are mot equal, rank them according to their ability.

R

Three factors, Vitamin (V), Protein (P) and another nutritive substance
(x) were used each at two levels, to form eight treatmunt combimations.
All the treatments were given to the rabbits in aach lilter were rando-

mised bafore the

treatmanto were given. The following table gives the

increasea in weights.

P.T.0.



2.

Lirter Increases in weights (;ms) of individual rabbite.

(©) (P) (k) (vkY (V) (PK) (VPK) (vP) Total

1 3715 49 110 % 60 53 60 528
(v)  (0) (k) (r) (P) (PK) (VP) (k)
2 ilo 50 109 51 90 102 61 63 662
» (F) (k) (o) (k) (VRK) (V)  (VK)  (VvP)
3 60 42 4 a7 60 105 110 53 562
I (vP) (vPK) (P) (VY  (x) (w) (0) ()
65 59 9% e % 103 32 15 511
Sygy 2R3 Dyl - 107405.
Analyase the resulta in detail and write a short report.
(Suggested time: 1 hour)
k. Obtain the values for the upper and lower control limits for the follow-

ing, given that from each of 10 bu:tohus ® sample of size 4 waa taken and
that the overall mean was 14,2, the average of standard deviationa was
2.1, and the mean-range was .;.3.

(1; X = chart using range

(1i a = chart
(441) R = chart

(Suggested time: 30 minutes)

3. Examine the following data for (1) statistical control and (ii) control
with resprct to a standard valuv of 2 end-brecks par yard.
Piece No. No. of yds. No. of end-breaks
1 10 2
2 B U 3
3 10 27
4 10 23
5 0 24
6 12 21
7 15 18
8 15 32

(Suggested time: 30 minutes)

P.T.0.



4. Phe following tuble given for a c¢ertain district the nze diatribution
of populntion and dentha from all erwoen in 1940 and 1950.
(n) cCalculate thu crude ené npe-apccific death rates for tho two
yanra. Mention the fartorr which micht account for the time
change in the crude de:th r~te in ;*eneral.

(b) Coleulnte for each calundir ycor % tot1l death rate, adjusted
for &g difforencus in L popul~tion..

e i 1950
Popul.tion Dunths Population Denthc

(yesrs) estimated estimatod

July 1 July 1
Under 1 65000 4426 52610 2484
1- 4 284810 1428 229087 480
5- 14 770218 1217 658729 539
15 - 24 712233 1631 155223 979
25 - 34 646096 2318 669385 1412
35 - 44 631898 3531 615807 2678
45 - 54 500021 5513 56439 5625
55 - 64 356864 8502 402077 9180
65 - 74 196588 10351 259122 13435
75 and over 77804 10416 109852 14344
Total 4249614 49333 4316721 51156
(Suggested times 1 hour) .

Exaninern: J. Sethuramcn, /- Matthai and M. V. Raman.



! Indian Statiatical Inetitute
Beseerch and 'Training 3chool
Short-Term Course (Senior) : Feoruary 1959 - August 1959
LIST OF EXALINATIONS

Sl.eno. Date . Subjoct azin
A. Periodicel Zxamination
1. Ts 9« 59 Algebrs and Cstimation VPG, SK
2. 24.6. 59 Bample Surveys . SRR, AN
3. 29.7. 59 8.%.C. K
4e~—-25+8v-59---—- Papor-T
‘B. Pioal Examination
4. 25.8.59 Paper I K
5. 27.8.59 Paper IX KB, DR, VPG
6.  12.9.59 ¥Yaper IIT (Practical) Session 1 ;e
7. 12.9.59 Paper III (Practical) Session 2 SK1
8. 9.9.59 S.7.C. (Paper 1V) AM, SRC Unit
9. 10.9.59 Paper V. Sample Surveys SHR
10. 29.8.59 Faper VI. S.Q3.C. Session 1 S, Unit
1. 29.8.59 Puper VI, 8.i.C. Session 2 AM
12, 23.8.59 raper VII. (rractical) Session 1 SKR, M
13. 23.8439 Paper VII, (Practical) Session 2 SRR, MNX

Short-Term Course (Senior) : September 1959 - February 1960

A. Prclim Exay tiol

1. 17.12.59 Boonomiec Statistics AKB, l{ukherjee, NSY
2. 24.12.59 Algebra and Sstimation KM

3. 31.12.59 8.3C. AM

[ S V- -] Papew-I Slly-JR

5. B B. Final Examinntion

4. 16.2.60 Paper 1 S, JR

5. 18.2.60 Japer 1I BRB, SRR

6. 27.2.60 Paper ITI (Praotical) Session 1 [, ST

T. 27.2.60 Papor III (Practicel) Seesion 2 JR, SRR

8. 23.2.60 Paper 1V (S.<.C.) A, SJC Unit

9. 25.2.60 Paper V (Econometrios) AEB, Lhuxhorjee, KSI
10.  14.2.50 Papar VI (3.3.C.) Sesaion 1 an

M. 14,2.60 Paper VI (S.2.C.) Sesaion 2 5% Unit

12, 20.2.60 Paper VII1 (iconometrics) Geseion 1 NSI, AKs

13.  20.2.00 roper VII (Loonuwstrios) Sesoion 2 AXB, w(ikherjoe

Y. 20.2,60 reper Y1I (sSample Surveys) Sessian 1 SxR

15.  20.2.60 Poper VII (Sample Surveys) Seesion 2 SAER



Indien Statisticel Institute
Research and Training School

Short-Term Course (3enior) 1 Haroh 1960 - August 1960

LIST OF EXANINATIONS

Sl.no. iate Subject Exsniner/s
A. Periodical Ixmaination
1. 24.5.60 Planning & Sconometric Statistica B
2. 26.5.60 S.2Ce S3° Undit
3. 2.6.60 Algebra and Semple Surveys Sk, SRR
. 40vdvbl Bapow-i D y-dSy-KRS
Bb. Final BExumination
4. 10.8.60 Paper 1 SKd4, J3, KRS
5. 12.8.00 Paper II Dy, JS, SRR
6. 7.8.00 Faper IXI. Seesion 1 =44, JS
7. T.8.00 raper 1II. Session 2 KRs, SR
8. 17.8.60 Paper IV (S3C) A, S3C Unit
9. 13.8.60 raper V (34C) Sesaion 1 An
10. 13.8.00 Paper V (S3C) session 2 S3C Unit
". 19.8.00 Paper VI ($concmatrics) AXB, NSI
1. 20.3.60 reper VIL. (Zconumetrica) Seesion 1 NSI
13, 20.5.00 Paper V11, (Zconometrics) Seseion 2 AKB



INDIAN STATISTICAL INSTITUTE,
Rogonrch end Trsirman, School

‘Short-torm Stntisticlan's Coursa - Senlor
First Psriciical Examination .
ALGEBRA AND ESTDL.TION "

Date & 7 lla.y 1959. Time & 3 houra.

Group A
1. *hat is meant by'a subspace of a vector aspace V'? Conaidor the veotor
apace v, of 4 tuples (xl, Xy X x4),
(1) Pick out from this collection V, all vectors whose first co-ordinate
- 1 and form a subcollectisn 51- 1e 81 A subapace? If not, why not?
(i1) Pick out from Vaall vectoras whoso firat two ao-ordimtae.xlrand x, satiefy
the_ oquatiqn.
2)(l + 5&2 =0 '
and form A subcollaction sz. Givo an exanmple of o vectoer which‘belongu to 52.
Is S, a subspace? If 8o, what is ite dimonsion? Datermine its dimenaion by firat

obteining a basis of this 3ubspace. You are required to find a basis whioh
contains (3,-2, 1, O) and (3,-2, 0,1) as members.

(xu) Also obtain a normal onhnﬁgal baais of this aubspng 32.
(4v) Expross both (3, -2, 1,0)/(3,-2.0,1) a8 linvar combinations of the vactors
in the normal orthogonal basis which you obtain in (ii1).

(v) Thz equation in (ii) ocan also be interpreted as implying that tho vector
(xl, X1 Xy x4) is orthogonel to some fixed vector (sl. 2y By 54). Obtain

numorical values for a)s 8y u,, and 54.

2. let A apd B bo the matrices given below

1 3 7

A= 2 3 2
6 1 5
2 9

B=ls ’
PR

(1) Evaluate AB, (ii) ¥hat 48 tha rank of A? (iii) Consider the
equations
xl + yz + ’]x3 -

2x1+3)(2+2X5-5 .
6x1+x2 +5‘x’-2 .

Using tho matrix A given ahove and defining two othor matrices suitably, ocan
you express these equations in o compact form? You nay use the definition of
product of maetrices given in your class.

Group B
3« For a distribution of a rand... variato, ~hich is completely specified
9xospting for one unknown p-rampter, dafino the following termss-

l. An unbiased catimate of the parameter
2. An unbinsed estimato with minimum variance
_5. An unbiansed esbimate having varianov oqual to thu Cramor-Rao lower bdbound

Ploase turn over



" Bogo 2
4. Explain the role of tho maximmm likelihood method of estimation i.r-x
(3) above. -
5. Under what situation would you wuso an unbisacd estimate with minimum
variance? Cive tho justification. : -

0000000

Examiners! S.K.Mitra ani V.F.Cod-mbe



INDIAN STATISTICAL INSTITUTE
Reszarch aml Training dchool

Short-term Statisti:

Mid-term class teat.

Sample Surveys.

pates 24.6.59. ’ - Timss 3 hours
N.B. (i) Pigures in the margin indicate full marks.
(ii) Only Brief and Precise anawers are gxpected.

'1_ What are the stagcaof work invnlved in planning & survey ?
(List tke points only).

2.0 ¢ (1) What is a sampling frame ?
(1i) What are the likely defects in a sampling frame ?
(iii) How do these defects in a sampling frame affect the estimate
from a sample ? .

3. Explain briefly anv four of the following: -

. (i) Simple random sampling with replacement.
(ii) Stratified sampling. .
(41i) Multistage sampling.
(1vg Double samplirg.
Cluster sampling.
(vi) Systematic sampling.
(v.'\i; Sampling with preassi;med unequal probabilities.
Ihterpsnitrating sampling.

4, - (1) Wnat is the difference betwsen cluster sampling and
B systematic samvling ?
(11) In a samplc survey for estimating the total of a charactsr x
in a population, the sampling frame is sometimes rearranged
according to increasing order of an auxiliary character, y
(known for all unita fn the population). Onder what condition
is this advantageouys ?

5. Either

Under what conditions is mystematic sampling better than
simple random sampling ? (Derive the necessary z:ondinnn).

or .
Explain how you would estimate -the gain due to stratification
from a semple survey data obtained from a stratified sample
(simple random sample with replacement).
6. A village consists of 15 households. The list of 15 houssholds along

with the number of persona and value of cereals cogsumed by the house-
holds in March 1955 is given.
(1) Draw two samples of 5 households each with probability
proportional to numbar of persona in households systematically.

. [Noze: If you cannct draw the sample systematically

draw samples according to PPS random sampling scheme.
But, the marks will be reduced by 50 percent].

P.T.O.

ian's Training Course - Senior (March-Sept.39)
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(11) Eatimate thc total value of cereals consumed by the households
in tho village unbixarz~ily from both the samplas separately
and also show that tle estimator used i3 unbimssed.

(111) Build up an undajlted 23timate. of total vulue of coréald -
consumed in the village by suitatly combining the Qgtimf,e.
from the two samplea mentiomed in (i1).

(4v). Prom the two samplo vrilmates obtaircd In (i1), work out
the estinate of varicnce of the combinid estimate mentioned
in (1ii).

Note: All ateps shauld ba sh:owu rnd axclatned cloarly. Computationa
ehould be done in ncat tabular form na far as possible. '

Complete list of 15 households in the village.

eorinl nymber voluce of serial number value of

number of  of cercals number of  of cercals

housaholds persons consumed households porsons consumed
(Rs.) (Rs.)

1 5 43.75 9 5 45.75
2 5 36 .25 10 ] 33.00
3 4 43.25 11 3 21.88
3 3 21.56 12 10 86.75
5 3 .50 13 Z 63.75
[ 9 106.25 14 44.50
7 5 31.50 15 6 55.15
8 5 43.25

Bxaminsri- S. R. Rao

he)

4
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INDIAN STATI3TICAL INSTITUTE
Research und Training School

Short-term Statiastician's Course - Senior
Periodical Examination
Statistical Quuality Control

29 July 1999. Times 6 P.M. ~ 8,30 P.M.

Dagoribe in detail any typical AQL plan, paying attention ¢o principles
of construction of plan, presentation of tables and method of using of

the plan.

State 8 single sampling acceptance plan for variables for a one aided
spacification limit and for unknown lot otandard deviation.

Perive the alementa in the plan.

Explain any four of the terma: (1) AOQL, (2) Reduced and Tightened
Inspection, (3) Inapection levels, (4) Narrow limit gesuging
(5) 8nap reading, (6) Components of variance.

The standard deviation of errors in messurement of a characteristic

is determined to be 5 units and the standard deviation of the measured
values of the characteristic 30 units., Obtain the valua of the true
standard devistion of the characteristios

Examiner: A. Matthai.



INDIAN STATISTLCAL INSTITUTE
Research and Training School

Short-term Statistician‘s Course (Senior)

Pinal Examination, August-September 1959

“~ Papor I

25 August 1 6 P.Ne= 9 P.

1. Let A be the matrix

o o 1
A= 1 2
1 0 2

Compute (a) T = AA' and (b) '(M')_l-

2. Solve the following linear equationst
. Xy o+ 2%, + 2%y =2
2x) + 5%, + 4%3 = 4
2%) + 4%, + SXB -3

3. Compute 52-1 a' , where a s ths vector (2, 4, 3).

4. State reagons why no vector other than the null veotor can be orthogonal
to (a) each row of A(b) esch row of Z.

5. (a) What is meant by a nultivariate normal population? State at least
two properties of suchadistribution.

(v) Do you have reasons to suspect that (2,4,3) oould not have been
drawn in random sampling from a trivariate normal population with mean
values zero and variance covariance matrix ¥ (as given in 1(a)).

6. Explain the following terus ¢ (a) estimable parametrio functions,
(v) best linear unbiased estimate, (e¢) zero function in the contoxt of linaar
astination theory.

7. Stating clearly the problom (aseunptions and the hypothesis) derive
the analysis of variance for oneway clasgification fron appropriste theorems
l_wh.lch you are required to M’-nte) in the theory of least squares.

0000000
Examiner 1 S.K.Mitra.



INDIAN STATISTIC/L INSTITUTE
Resenrch and Traising School.

Short-term Statistician's Training Coursa (Senior)
Final Exanination, Augunt-Scpt.1959

Papur II
patesr 27 Auguat 1 Tine: 6 P.M.-9 P.N.
- CROUP A
Angwur any two questionse
1. (a) Let X be a Poisson varin'l¢ with mvan W and lot Y take the two values
0 and 1 with equnl probasiliti:s .X€ X and Y bo indepondent thon what
are tho prob. distributiona of
(1) X+ Y and (ii) XY ?
(b) TIf X and Y are dofined as before theon what should be U in order that
X + Y and X = Y are incorrelated ? .Can they be independent ? (Give
reasons.
2, (a) Let Xy» Kys eee X, be independent nofmal variabloa with means W and
s.d.'8 O. Briefly sketch how thc saupling distribution of
X -8 45 obtained. .
3, J_n -
(b) If the X's ba defined ;s abovo thon what is tho distribution of
2
S X)) Xy X7 .
3. (a) Describe the Reta and the Gamna distributionz. Find the probebility
distribition of the watio of two indepondeut Ganmma vn.rmblaa with the
sane scalc parameter . .
(b) If X and Y bo independent stendard normal vnnubles then what is the
daiatribution of Xz ? -
)(2 + Y2
CROUF B
Anawer. " Loth gqu. quastions
4. Xis esey X ‘are n indepondent ohscrvations on a random variate x,
1
having the fmquency distribution plx | 9), which is completely specified
but for the unknown valu2 of the pnramotor 9.
Definet
(1) An unbiamed: ostiuntv of 9,
(11 A unifornly minioun v:iriance, unbiased eatimate of .
5. With the above notation, writc the oxpression for the Crammar-Rao lower

bound for tho varianco of an untiazed catimato of €. Give an illus-
trativce exanple, showing that an unbitsed estinnte may have uniformly
minimum variance, but ita varience may not attain the Crammer-Rao
lower bound.

P.T.O.
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GROUP C
Answur both gu:i ‘uns

Stato and prove the lanma of Neyuan tnd Pearson ocncurning teeting a
sliaplo lypothesis agninot a simple alternative,

Show that if a'= (xl, Xys weey x") 18 n eamplo of n indepondent

observativns from & noranl h\pu'lnuon with unknown noan Y and known
variance 0(2’ y nd it g roanirt $o 239t W e O gvingt u ) O, then
thore oxists a unifornly =ost soworful test of sizo &. GOive an

explicit dusoription of thio tust.

Define tho term 'unbiascd tust'. Stato (without proof) eufficient
conditions for tho existence of 2 uniformly aoat poworful unbiased
size & test.

Given thu outoom: of n indenendunt ruvrnoulli trinls each with succuss
probability ©, dumarihe how to conctruct a u.m.p. unbiased lovcl «
teat of © = 1/4 agrinot @ 4 1/4.

Examiners: R.R.Bahadur, D. Basu and V.P.Godambe.



IMDLAt 8T TISTIC'L INSTITUTS
Roseareh an’ Tralnin- Scheol
. Short-torm Stotistician®s Trainin - Courec (Scnior)
- Pinrl “xamin-ti n, _wmat-Soptumtor 1959

Papur IIT Souszivn 1.
Datosr 12 Soptomtuers 1959 Timus 3 P.M. = 5.30 P.M.

Pi,ur:a in the wr in_in'ic t. full arks

1. The rosults “f 2 pulic 2pind n mu~.y in Cel:utta revoalel from nmon-at
Hinlu ocleg, elwwaific! in § a—e .~ uea e 1 .11o%in~ frequuncios for the
difforent typas 4 wpini‘ns o ¢% o ction CF witlow parriaca,

Opini.nc of Hirlu malca on widow oarrin-o.-

Opiniuvn =T oups
- 25 3 -35 % -55  owrss Total
uncondi tional
auppert 49 79 69 9 206
conliticnal
support 149 296 297 43 785
oppesiti-n 7 . E) 1 2 32
uncondftional .
oppusiti.n 18 59 95 23 195
Tutal 223 443 475 ke 1218

(a) Bxanino whether tho 2w fect.r influenccs the type of opiniun expressad.
(b) A sociclorist 7ho wae 1.okin: tEms@ECRimdxtx throuch this data
comoumted that it was ncelless to hive 4 classes for opinion ani that
Just tws clagscs 'eurgort! ! 'uprosc! weul! hawe shown the snmo
amount -f ‘Yscriminaticns Do you aireo ?
["unti Coomute the Az for heter.ouncity with 2 classes only anid
1ts cifforcnce from the A2 ctteinel in (). Tost the sirnifi-
cance f this Affor.ncc. (H.w many 1.0 2)]. (30)

2. The follewini- rivas the weirhtas >Ff tho naterior musclus of both hind
legs of 10 nurmnl r=hlits.

RabMit "Muscle wed hts ( rams) Ratbit Muscle wel hts

M . Fo., left Ri *ht Ho. rrans
"\ "2
1 5.0 4.9 6
2 4.8 5.0 7
3 4.3 B 4.3 8
4 Sl _ 5.3 9
5 4.1 4.1 10
(a) Bxamine if thore 18 any Jifferance )otweon the two 1o;s in reepect
of : (1) the avern.o wes ht of tho anterior muscle (ii) the variance

in weisht of tho antericr ouscle.
{b) .y 1a the varinncu rativ tust not apuropriate for a(i1) ?
fint for a($i) Compute tho currelstin coeffiaiont botween ey and
'l -, and tost 1if this io simificantly d.u‘fo{'ont from sero. How
ie it o test for the uwqunlity °f vnriancus]. : (20)

Examiners S. K. Mitro.
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3.

INDL'JY ST.TIST’C L IUSTITUTE
Regenrch +n' Troudning Sehool

Short-term Stotistidants Peninin- Courns (Scnior) ©
Final Examinati n, iumat - Soptunber, 1959.
Popur 111, Jcoci-in 2.

 Pigures in the_n.r dn inlicnte full oocks

The followin~ table ~ivos the owans and the correctul sum of products

(SP) matrix for fuer vari-.tos .
X1 = erude oil sravity
x2 - crulu 0oil vapour prusnure
x’ - eru'v ©il 10 percent point  ASTM.
xc - a8uline yiol” content

based on 3 samplas of crule 2il.

SP atrix - Maan

X % X3 %
X, 984 284 -4592 461 39.25
X, 213 -2763 334 4.18
Xy < 33467° -3931  241.50
X, 3564 19.66

&

(a) ontain by tho methul of lonat squaras the multiple regression eguation
xo -a+le1+92x2+65x3

for prc'iotines xo on tho tasic of tho othur throe moagurements and nlao

the valuc of thu multiploe corr.lation courficiunt Ro 123

(b) @ost if R is si.mifionntly Ufforunt from zern,

0.123
(c) ©xonino if it is noueessrv to Include X, in tho prolicting equation,
when it his alrealy teen fecided that )(l ant xz should be inciuded.

(Hints Test if thu copputu! valuo of ﬂ) is eimificantly differant
from zoro). . .
Let Yyr Yy Yy and Y, bo 4 oheorv..di- ne’s en rantoa variabloa Yl' Yz, Y

3
and 14 respectively which ero saoh that

E(Y,) = 2 ©) + 8, v 0y
5(Y,) - 18 426, 420,
B(Y!) - 9 + 6+ 9’
E(Y)) = 20, +20, +20, .

m T v) - (1ae1,2, 3 4).

Time: 5445 PuM.~8.15 P.M,

(35)
\
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(u) Can 61 be gatinnte! fron ¥y ’2' yy y»,, ? ©Givy runsons,

(v)

{c) 7Tith numcricnl viluus fur tre
* “the nornal equnti‘ne wore writton lown.
followine particilar scluti.n wis ~'tninu!

civ_c ‘n oxanple ~f 1 non gstimable paraactric function, showin~
oloarly that it eano>t be uvstimated.

‘y'cs which were ectually ohserved
Solvin- these the

. A A -~
91 = 2.5, 62 = 1.0, 63 - 0

with the c~rresponline pavuds variance covariincu natrix as

2 10 9 3}
1 9 10 [o]

o o oj

Tho rosidual sum of squar.:s wes conputu?® 2o

2
RU = 1.20

ra Tost the hypothesés
. 1) 91+<;2+ej = 3.0

(11) e, =6 =6;,= 10 . (15)

Examiner 3 S. K. Mitra.



I i Indian Statistical Institute
‘ Research and Training School

Short-tern Statistician's Course (Sonior).
. . Final Examination - Aujust-Soptenber, 1959

Paper IV

Date: 9 Septomber, 1959 Timer 6 P.M, - 9 P.M.

1.

2.

3.

— Answer any four quostiona.
(a) Explain ths peaning of 'Capability of a machine' or 'proceas', How
does the knowledge of capability help in planuing production?

A contrel chart naintained on a muchino showed a perfect stato of
control, Tho eatinatos of ¥ and K obtained froo the chart are
.9995'' and .001'' respectively. The specification on the charac-
teristic is 1.000'' # .002''. Connent (valuo of d, = 2,326),

(b) Write a brief note on Quality Control on short run jobs.

Bxplain the uso of the addition thooren of a number of independent variances
in setting tolerancos for products going into an assemhly.

Two.pating components forming an assenhbly have thoir tolerances apecified
o8 + ,001'! and + .005'' rospectively.

If the tolerance for the assonbly is * J006'! what will be your recommenda-
tion to the production department?

A Capping machine gives a torque of 7 unite with a standard doviation of
1 unit, If the broaking strength of tho Caps has pean of 11 units with a
8,d. of 2 units what proportion of Caps aro expected to bronk at the
Oapping operabion?

In a rolling nill, the following foctors were considered to be important
in on investigation mado into the causes of hot rolling cracking defccta.
Each factor is decided to be oxanined at two levols, Only inteoraction of
factors C and D given Wwlow 1a annsidarmd inpartant, Prepare a suitable
layout for the exporimental design with minimun of oxperioenta,

Enotors Levelg
A. Compoeition of cast 1, 2
B. Holding time in hours 1, 2
C. Level of metal in nould
(inches) 1, 2
D. Cast teoperature (°C) 1, 2
E. Pouring tine in ninutaa 1, 2

It i1s required to instal control ovor tho machinc utilisation in a machine-
shop. How would you plan colloction of information? Explain with the help
of suitable forms the rolevant data to bo collected and the type of analysia
that you would nako, What precautions or any moasures would you take to
engure validity of the data?

State Dodge's eanpling plan for continuous production and derive the values
of the conponents in tho ADQ formmla, State how plans are providoed for
practical uasa,

Doriva tho Soquontiel Probability Ratio Test criteria from tho acceptance
sanpling point of view., Illustrate tho test in the Binominl case for
testing p = Py againet p = p,.



{2).
7. Write notes on: i) OC of oontrol charts, ii) narrow linit gauging, 11i) group
control charts, iv) controi charta for individuals, v) inspoction levela,

8. Compare Attributo inspection with neajuranent inspection.
State and derive tho olenonta in 2 ain.lo sanpling variahles plan for uase
vhen lot standard doviation ia not known and whon itcm quality is mpecified

by a lower one-sided linit.

Exaniners: A, Matthai and §.0.C. Unit .



indion Statisticai Inetitute
Qage~reh and To-anirs Stheal
Short—tere Scatistic an's Tmaniig Course (Senior)
Mol Txonination - Augu -‘—zopieubor, 1959

Papor V ‘
w0l sunks @ 200 .

Date: 10 Soptonhor 1959 - Tino: 8 P.M. = 9 P.M.
£33 gueat;ona sar oquad nrtka

1, What ero srcplln; cnd ron-.oopling oiro~e? What precantions do you
suggeat to contrcl 4he PO e G cenmsd i
2, (o) What are piiot curveys t¢nd how aro they uaseful?
(b) What a=o tho difforent 1.ethols of data collection? What are their
advantepos a=d disadves: 2gca?
tho
3. 8tota whether/roilowing sbtetepents are truo or false and give reasons
for your answers,
(1) Symtematic eaanling ir alwmy; more nfficient than sinple random
[ 2ng.

(11) Clucter sarpling iz.aivmya lose afficient than ainple randon sampling,

(111) To groater the rumber of str.ta, She leas will be tho varlanne
of 4ho esticator, . I

(iv) Two st>ge sampiing ‘s aiwnys lnes af D) o_iahnt than uni-stage sanpling.

r
(v) Dep huj‘s ontimator for a pra seLple . mithout roplacement ia
norc efficiont than the usual ezt mator for a pps sanple drawn with
replaconent. .

{vi) Stratiled rronorifonel allocatirn nanpling with oqual probabtility
with rplaconent 1: ncxa efffsion. Lhan unatratifiod sra with
replacanent

(vi1) Doc Raj's catinator in case of pps sinaling without roplacoment cannct
bo irpovod upon,

(viii) It is irpoacitle to ortimate the blaa ir a ratio ootinator,

(ix) In ors vith mcplasenert. the sarplo mean is the minioun variance

unbiased ostinator,

(») Lahiri's nc:hed of selecling n somplo with pps with roplacement is
mre oconon~oal thon tha cummlativa total nethod,

4. Bither

For estinating +ha wron cnler prddy in Madras State, a strotified

deBlgn iE suggozicd wiozo the ~oopllag undts (plotss aro to be selected

from onch giratan ALl protabilily proportional to aroe and with replacemont.

(1) Obtain an unblaa~d avv.ator of area undor paddy and an unbiased
astinator of vorsance for your vstimator.

(41) Under wh:t cupditions, if any, ia tno allocation of tho sample rilota
to tho stravr projortional to g ./ T, dg the opttmun? (g is the
geograpnica' nioa, p Lo the proportion of arca under paddy, q = 1-p

and tho mubeciipt ' sta: As for tho sth atratun,)



(2)

4. Oz
Suppose there aro 2 strata and N, ond N, arc tho nunbor of units in them,
Let Xy be tha size of u”, the = Jth vRit in the 1th stratun, Ore unit

) 1a salocted with probability preporticnal to its aizo fron the
pulation of U +N, units. Ono unit fron tho romaining (Ngl) units

{82y uisa
tod with

whole
in the ith stratun ani 2 unite fron the oshor stratun are soll

equal probobility without roplacanont.
(1) Find the probability of sclccting the sanple

Ugys Yggs Maer Yz
(411) Show that the ostinator of tho pomulation total y

,y\= N!yl + Noyy © x
Hyxy + N5
is unbiased. (Whero X 48 the sun of the sizes of all the units and
§, and ¥, are tho sanplo noans in ith stratun for the oharastor in question

and the size rospectivoly.)

(141) Obtain an unblased estimator of the varianco of ’y\.

5, (1) What 1s a self-weighting dosign?
(1) What are its advantagos and d.‘lnadvnntnbes?

(411) Indiocate how to make a two atage sanpling design whore tho first atage
units are to be selected with pps with replaccnont and the ascond
stoge units are to be sclected systenatically solf-weighting such that
the expected mumber of sacond stage unita to be solected per ssnple
first stage unit 1s a Jiven mnbor (8ay n).

Examiner: S, Raja Rao



INDIAN STATISTICAL INSTITUTS
Rasearah ind Training Scheol

Short-tarn Statistici-n‘'s Training Courae (Senior)
Final Txemination, August-Sep.1959%
Paper VI. Seeaion 1.

pate: 29 iuguat 1959 . Time) 3.30 P.M.-6 P.M.

1.

. Ti\u following dat= arg obtuinced froa an exiorinunt conducted to tcat

the alkali rceistance mumbor of wrayping pr.«r for packing n detergont.
Four Chamists (C) fron two litoratcrien (T) tested namjplea from each

of 6 renlonly eeluctud ahcets (¢) from a lot. The rvsults werv recorded
as devintions from the standirdi. It is dosirable that thu resistance
nuaber should nut wxcecd.the standard value of 10. The data arc given
bolows

Tovao
c, c, Cs C, Total
T, 3 2 2 5
- S
10T, 2 1 3 9
Ty -2 2 1 -1 [
s ,
2 T, 4 1 -2 -2 -7
Ty [ 1 1 -2 o
s
3 T, [+% 1 [¢] 4 5
T 0 2 [} -1 1
s
4 T, 1 [} [} 2 3
T 2 1 -2 5 6
s,
5 T, ] 1 3 4 n
Ty 4 1 4 -4 5
S
6 T, 4 1 -1 5 9

Analysa the data and estimatu the variation in the alkali resistance
number of th: lot aftar eliminnting the various érrors that ooy be
introduced in testing.

Tha following data wore obtained on un autounntic lathe producing an
outside dicmuter without any change whntgoever in the setting. B
indicetes changoe of raw materianl (%ar). Thus samplos 1 to 3 are from
the same raw metorinl whervas : 4 and 5 are from another and so on.

Eatimate the contribution of difforcnt factore to the overall
varianco., If it is known that it is not possible to secure better
raw material and an overall average of 40 unito is satisfactory
prepare 8 suitable scheme for control of this dimeneion.

P.T.0.



Bamrlae - obsurvations
ao., I 2 4 5
1 42 42 42 43 44
2 40 41 39 39. 42
3 40 39 40 42 41
B 4 43 42 .43 22 42
5 45 45 15 44 5
B ' 6" 40 Eh) 41 pry a0
7 39 40 40 10 39
8 %) i 39. 0 39
B 9 39 39 40 39 41
10 40 40 40 42 a0
B 1 4 45 a3 44 39
12 44 46 46 44 44
13 43 41 44 40 5n
s B 14 41 39 41 37 38
15 30 38 36 37 35
B 16 10 42 39 40 40
B 17 42 42 a3 44 41
18 41 43 41 41 g2
B 19 42 41 39 41 39
20 38 39 40 40 40

Exaniner : 38QC Unit.



INDIAN STATISTIC ‘L INSTITUTC
Resoarch nnd Trainin~ School

Short-tern Statistician's Praining Coursc (Senior)
Final Sx2ainatidn, Au,nust=-Sopt.1959
. . Papor VI. Sossion 2

Dates 29 August 1959 Time: £.15 P.M.-8.45 P.M.

1. Set up & Tabular Scheme for sequuntial inspuction for mabor of
defects so that lots containing an averace of 2 defucts per iten
will be accepted 95 porcunt of th tinea and thos: containing an
averare of 5 defects only 10 percent of the tines.

Plot the 5 point OC and ASN of the fFlan.

2. Uaing Probahbility Tahles chooge the eleaents in the single sampling
attributes plan which will acceprt 95 percent of tho timsa lota
containing 1 percent defectives and 10 percent of the tines those
with 4 percent defectives. N

3. Set up 95 percent confidence intervals for the following:

i) lot standard deviation, givan in a sample of 10 observetions
the range was 6.253%.
11) lot mean, given thu sample nean based on 12 ohservations was
3.253 and the sanple range 0.623.
111) 1lot percentape defective, given that in a sample of 300 items
21 wer> defectives.

Bxaainer: A. Matthai,
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LNDIAN STATIS WCal (USTITUTS
Remrearch and Meainitg 3chool

Short-t x-m Ttatistician's Iraining Course (Sentor)
Pinal £xomination Awuat-Sept. 1959
Paper VII. Seseion 1.
Time:z 11 A,

25 Auguet 1999. Full rarks 73
Notes Pigures in ths mrpin indionte full merka. -

In order to entiunte the avercece pwe of the sodentiusts, 20 pares were
selected at rindor from the volume ‘'Americar men of Sciencea's The
nuaber of %id-rapLive "‘i jor ~ng~ variaes in 1. ...l from avout 1§ to
éX. On en~h scleected pagisy, 2 biopraphies wero chosen at rancon and
the age of the sciontist vam recordcd. ‘the data recorded is givaen
balow. .

Total nwaobor of pagun = {I = 2823

N
2 M, = 50000

iml
unit Ny ___A\pes unit [ _ \ges
nugber 75y Y52 nusher Y o Y5

1 15 a7 30 1 20 66 59
2 19 38 51 12 20 37 19
3 19 42 45 12 19 60 53
4 16 ) 44 14 18 a5 83
5 16 55 40 15 18 30 37
6 19 39 38 1S 16 60 35
7 18 40 40 3T 15 60 44
8 18 44 46 ;] 19 36 33
9 18 40 0 19 19 60 38
10 18 46 59 2¢ 13 50 30

(1) Estimate the avera:a ag: of scientints and also ite saupling
error.

(11) Assuming the coat (in rupeas) of the survey (T) ie representad
by

T ern + 2nm

where n = number of pagen selected and m = nunber of biographies
selected p2i pase,
find the optimum values of n and m that may be used for the’
subsequent curvers in order that the average age of thn.
acientists way bc estinnted ®ith atrndard error of 5 yecars At
minimun cost. What is thu =inirmum cost ? [15)

Notet You may cstimnte the neccasary componants of variance function
fron the senple data givaon abuve.

The following table shn7a the geog.saphical aren and cultivated area for .
48 semple villr~red in n ragicen of Ind.a divided into 4 strata. The
eamplc was obitcined oy snlecting syst-matically two independent sub—
snaples of 6 villngzuo ench with aqual vobability within each atratum,

Calculate the total cultivated area for the ntate using the Geogranphical
area as the nuxiliary variables and v : suituable ratio estimator.
Estimate the variance of this cstioata. [20]

P.T.0.
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Geographiesl orez end ocultivatad arca ot sample villages in 2 state.

sub= aample geofrnphicnl cnltivetod  anb- s‘:\mple xeographicil cultivataed

sample village =reu (sQ. area aanbye villa;e arven (sq. arca
no. milen) (x (ac E__-_i)_ milea)(x acres
[6)) (@) G ) B YR () @ (8
gtrotum:lj total villepes = 2034 Storeuas 25 totad villages w 1250
geogrnohicnl arca = 2955 gencraphical area =29C0
8q.uwiley 5q.oiles
1 1 1.24 520 s 1 0.80 71
2 5.31 105 2 1.30 740
3 5.01 1230 3 1.38 1380
4 .32 3% 4 2! 600
5 1.2% 475 5 2.50 605
3 1.40 223 6 0.17 19
z 1 3.20 1160 2 1 4.30 9
2 0.60 175 2 5.52 1410
3 2.8% 1070 3 2.45 1510
4 1.35 24 4 4.82 95
5 1.02 400 5 5.90 817
13 1,01 * 6 0.07 20
Stretum 3) total villages = 1264 Stratun 4; lctal villages = 4250
geoprephical area = 2430 g2ographical area=5142
ng.njles Aq.milos
1 1 2.05 1015 1 1 2.14 380
2 Q.60 165 2 0.12 &
3 3.90 617 > 0.40 62
4 0.0 176 4 3.72 2008
9 0.72 426 b 1.27 52
6 1.23 622 A ©.57 109
2 1 .70 37 z 1 0.35 106
2 1.11 34 2 .57 90
3 1.52 %0 3 0.3 60
4 4.10 1629 4 V.10 | 24
5 4.33 1554 5 .55 192
[ 1.24 £z 3 .21 21064
3. Propar: & fira. yoar's budeet cscimate for the cost of ficld work

on crop cutting cxperinunts for 10 Babi cropa of a Ktatoe. The
followins pointe anould be tuken into considecation in praparing the
budget .
(1) One investisator sen take 2 cuts per dayj
(ii) Therc are 240 police stations (adminjistrative units) in the
Statug .
(4i4) 1In cach police staticn, 30 sanple culs should be taikon for
each of the ten orupsg .
(iv) Lahour chargs: will have t¢ Lo paid 4% the rate of Re.l/-
par cutj
(v) Thern anould bu provision for suparvieory staff, printing
cf r'orna end stationory cte.
. . (vd) You my assume appromriai~ ‘lrxéntdnnal estirnstes of pay
alloxavcus o tc., that has to Lo paAld to the staff.
Kontion thesu figuras clonrly.
(vii) Uention other ascunptions which you oay make, if any. [15]

Exaniners: S. R2je R20o nnd ¥. N. Murty.



INDIAN ST'TICTICAL INSTITUTE
R28oarch  nd Trainin: School

Short-turn Statisticizn's Troining Courvo {Sonior)
Final ExtninationtAucust-S<pt. 1959
Papvr VIt. Sceaion 2.

Datez 23 ) 8t 1 . Full =nrke 50 . Tines2.30 P.K.-5.30 P.M.

Notc: Figures in thu morgin indieata full narks.

1. BEnclosed i8 a List of sub-divisions in Yest Bongal along w‘ith their
population figurca for 1351 (tzble A)s
Point out tho dufects in thie fram, [10]
2, In a sanple surv.y, the investig=tcrs are nskcd to visit a nucber of

ancple villapes, tnke a omnpls of houseiolds accordins %o o rulo of
procedure and carry out sone Sociu=uoonounic Investipntiona. Vrito 2
salf containud instruction for drawing the sanple of hauauholds in a
ganple village naking uec of thu following inforontion.

(1) The sanple villages arc the viliarss as dcfined !‘ar the purpose
of 1951 censua. :

(41) 4 household ie defined@ as 'i group of porsons rormally living -
together 2nd ordinarily toking foud from tha snne kitchent'.

(1ii) Thd houscholds of thc willw-s ar: to bu orranged in such a
nanner that all households of sizes lesa than or equal to 4 are
to be given the gnnpling serial number first and the others should

- follow loters

(iv) A ‘sanple of 8 housuholds are to be sc¢lécted in a asystunmatic onnndr
froo this list aftur rearrmngenvnt. 4 randon rumber table will
. be supplied to the Investigator. You should nlso edplain tha
aetion to be takan when the total number of households is less
then 8.

(v) The enclosed schedule (0.1) mas hoen preparcd for this purpose. [201

3 A sonple survey of lnnd holdin(s was conducted in India and moume
characteristics of operational holiings ~ru given in table (1) anclosoa.
Present the duta in a suitable grsph anéwrite your technical corments
and inferunce from the table. 4lso ;ivs your sugiwstions, if any, for
improving the presentation of table (with reauvona).

The following basio concepte are givun to faclliteto easy understand.ug
of the tatles.

(1) in operationnl holding consists of all land put to agriculturanl
as wall as to non-agriculturnl aa:s# under tho manngunent of one
district technicnl and econosic wnit. An oparationnl holding
nny be nnaged oither by »n iudividuil unit or jointly by more
than one unit.
(41) The estimatcs for each size class are based on the total nunmbor
of gonple villages and total numhber of houswholds (the 1st and
the 2nd stace units in 2 two staro pamplin: deaign). For the
houacholds which do not bilong to a particular aize class, the
valuw of ths character estimatad is tnken as zéro. [20]

Exnminers: S. Rajn Rno and M.N.Murty.
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Table (1) Curmulative percentage of vatinmated number of operational
holdin.a.and of ares opardted by aime leval of operationn)

*holdinge. . -
erea of -sub—sanole 1 R aub=srnple 2  both samplesconhiined
operational curmlative curml-tive cunulative curmlative cunulative oummlative
heldings p.c. of p.c. of pac. of p-c. of p.c. of p.c. a&f
(acras) operational area oparational  aroa oparational Area
holdinsm opor.-xtad' holdings opcratod holdings oporstecd
[6)) (D) (3) (3] (53 (%) @
0.00(1) 6.02 - 1%.51 - 10.96 -
0.01=0.99 - 41.19 1.20 42,58 1.20 42.08 1.20
- 2.49 55.24, 5.57 56.61 5.57 56,15 5.58
- 4.99 70.79 15.94 T1.39 15.40 71.23 15.60
~7.49 79.97 26,21 79.93 25.06 79.99 25.46
-9.99 85.86 - 35.07 85.29 35.65 05.42 34.16
. 14.99 90.97 47.24 90.97 46.36 $0.99 46 .64
=19.99 94.20 57.22 94.03 56.c8 94.11 56.55
-24.99 95.90 64.44 95 .69 62.86 95.78 63.38
~29.99 97.05 70.22 96.85 66.66 96.93 69.17
-49.99 96.88 83.07 93.28 82.65 98.9C 02.92
50 and
above 100.00 100.00 106 ..C0 10w 26 100.00 103.00
actual £3876000 348151000 60916070  33C-4200. 61780000 335711060
eatimatos acres neros acres
average
sime of 5.45 5.42 5.43
operational (5.80) (6 26) (6.10)
holdings
nunher of
sample 1410 3021 4431
villeges
number of
scaple 34366 51354 75720
households
(1) 1includes operntional holdings of sizc leos than 0.0)5 acrea.

2. Figures in brackots are obteincd by vnitting holdin,; of eize less

than 0.005 acrea.



Tatle At List of Tehail in “ost Benpal

gerial

populntion in

Y, = -

no. district our-1ivisi.-ng 1951 (0ueG)
1 Burdwan Sadar 80

2 Knlna 30

3 Kntvra 31

4 Ketvra 31

5- Lennsol 76

6 Bukurn Sy ¢ 97

7 Vishnupur

8 Midnapore Sadar 106

9 Contad T4
10 Ta~luk 79
11 Chatal 31
12 Jharrran 46 -
13 Hooghly Sadi.r 45
14 Seraeipur 3
15 N sty 37
16 Howrah sndnr 93 ‘
17 Olutwria

18 Birbhum 8adrr 64
19 ‘ranpurhnt 43
20 24-Pargonae Sadar 151
21 Bagirhat T1
22 Bagirh t T1
23 B ragat 3
24 Bangtaon 21
25 Barrackpore as
26 Dinpond Harbour 90
27 Nadia Sadar 70
28 Ranachat 44
29 Murshidabad Shanr 54

30 L:1'2 h 39

31 B Jangipur 43

32 Kandi

33 Halda i Sadnr. 93

|

34 West Dinajpur Balurchat 33

35 \ Rati,anj 39

36 Bulurrhat 33

51 Jalpniguri Sadar 54
38 Alipur Duars 31

39 Darjeoling Salnr 17

au Si){nurt 12

41 Cooch Bihar Sadar 17 - .
42 TufnnFang 10 _
43 Dinbata 16

4 Methabhinga 15

45 Mokligany 9




Schudule 0.1 s Listin~ of housvholds

1 identification of samplo village

1.
2.

gerial numbor of sample villago .

zone~gtat =natural division ...

2. emmpling interval ..

12 cortain particuiars of az\mn.,u\‘gg

nuaber of houscholds in village .

3. random BEATE csiacaianicrirnniinnnen,.,

3. stratum number ........
4o Btute .cecevreciiecsisianeceinariasannsen Ae rendol PG esessssases aannaresssiti..
5. AISErict seereerrececsacss-crsrsorsesses [ 5o TANAOM COLUMN .4 viieeiiaiisiieiinaan.,
6. tEh8L) .s..ecisvcssossnsnancnccnnss-nonne | 6o CHNAOM FOW o toeiicniacasanensonisa,
7. VIllBBO sevovssc-cronssasasroacasarnoan
[31 1ia% of hruscnel? Ln:l ro=-r1 of sulection
house | house- *nama of hend |[nam. of r=ther/| relatisn| housorl sanpling serial ord:r of
number| hold of hcuschold mat.hur/husbcu\d. to hee? [ hoeld nwiber for house- | gelection
al.no. of head of (~) size |hold size
hcuachnld 14 ¥ nvove 4
(1) (2) 3 [©) (5) 9] (2] (8) (9)

I
code nunbort (u) ralation ta hend : father-1l; octhor-23 hushand-3,



Date:

1.(a)

()

INDIAN STATISTICAL INSTITUTE
Renaarch and Training 3chool

Short-term Statiotician's Training Course (Senior)

Periodica’ Examination Y.
<conomic Statistica

17 December 1959 Times 6 P.M.-9 P.NM.

Construct a simple numerical cxample to show how national income can
be conceived as an aggregate of (i) income payments (1i) values added
and (iii) final expenditurea.

Construct a aimple production account of an enterprise and a consump-
tion account for houschold wi+r ~=hitrary figures.

What is meant by an artioulated system of accounts ?

Distinguish between the concepts (i) net national income and gfosa
national income (u) national income at market prices and national
income at factor cost (iii) national income and domestic product and
(1v) national income and personal income before tax.

or

Describe briefly the method of estimation of national income in India,
giving details about any two industrial sectora.

Gcive a brief account of the procedure of construction of inter-
industry tables with explicit reference to the two methods of taking
account of foreign trade.

or

Construct a simple inter-industry example to illustrate the method
of obtaining imports and domestic production requirements, given
capacity limitations and targets of consumption in different soctors
of the economy.

'Increase in consumption in tho long run is attainable at the cost of
consumption at present or in the immediate future by means of larger
investment in the producers' goodsa sector'. Explain the statement
on the bagis of an appropriate pianning model.

or
Show how the rate of increase in gross output con be expressed as the
product of the proportion of gross output invested and the overall
output-outlay ratio for the aconory .
Explain what is meant by price elasticity and income elasticity of
demand. Give an account of the data needed and the methoda nsed
for eatimating these elasticities. Describe some of their uses.

or

Describe how income elastiocity of demand can be estimated from.
family budget data. Mention ite iuportant uses.

wa o Pxniinorasi- A.K.Biswas, M. Mukherjee, N.S.Iyengar.



INDIAR STATISTICAL INSTIT'TE
Research and Trining School

Short-term Statisticiants Training Course (Senior)
Periodical xsmination II.

o
Algebra und Estimation
Dates 24 December 1959. Time: 6 P.M.-9. P.M.

1.(a) Examine the four veators’ .
o = (220, 5) C ey = (36,2, 1)

ay = (1, -10, -1, 3) @, = (5 1, 3, 0)

for linear dependence

(\3) What is the rank of the vector space V(x), oy oy a4) generated by
cﬁ, %, -13 and ad.

(¢) Obtain a Normal grthogonal Basis of this vector epace V(«x., %y a},%),

(4) Examine if the vector B = (10, 0, 4, 9) belongs to v(a.l, L az %)
or not. -

(e} If not expreas £ as BD + ﬁl such that Bo is in v(nl, Gy Oy, q4)
and B, is orthogonsl to v(al, Tyy &y a4).

2. Consider the matrix
2 3 1
A=3 é 2
1 2 5

(8) Compute 1"} and also solve the equations ~ 77 ° o o

x Amg
whare C = (2, 1, 6)

(v) Compute JAl (the determinant of A)

(¢) compute c a7t cr

(d) oObtain a tremsformation y = x B under which the quadratic fom *

x a7t X' ie reduced to sum of squares of the y's (tbat is y y')

(e) If A is the variance covariance matrix of random variables Xys X,
B a8 in 2 (d)) what would be the

and Xy and ¥ = X B (same
and Y)‘i

variance oovariance covariance metrix of Y;, Y,

P.T.O.
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3.(a) Explain the terms (1) unblased ectimate (1i) uniformly r‘nimum
variance unbiased estimate, ae they ocour in -the theory of estimation

. ., N

(b) If p 4is the uniformly minimum variance unbiased estimate of a para-
metric function as computed from certain sample observations and Z
is another function of the sample observations with idaenticai.s zero

expectation and finite variance, show that U is necessarily uncox=
. N i

lated rﬁ.h' Z. State the converse of this pivpcaition. 18 the

converse 8lso true ?

Exaainers 8. K. Mitra,




INDIAN STATLSTIC L INSTITUTE
Fosc 'rch wnd Troinirnz School
Short-torm S%.itistici n's Troining Cluss (Senior)
Pariodic.l Examinstion ITI
Statistical Muulity Control.

Date: 31 Docomber, 1959, Time: 6 p.m, = 9 pelia

Anaswer anv two quastions from Croup A ond ¢ny Qpo
from Croup B.

Q0.2 A

.

1. Cl.99ify lot cceptcnce sumpling pluna by typo of stipulation,
Give - brisf .ccount of ouci. vype of stipulution,

2. Montion the different stops in Dodga's plan for sampling from a °
continuoua production atreom, Dorive the terms in the A0Q of the Plan,

3. Darive the Sequentic) Probability Katio Test from tho acooptunce sumpling
point of viow. Show ‘ow tho problom of tasting difforonee betwoon two
proyortions cun be reduced to u seouentiul test for a single binomial
proportion.

4, writc notes on:(1) Confidence intorvals; (ii) tolerance limite;
(1i1) Control charts for individu.ls; (iv) ASN.

GROUP B

1.(z) Tho means and rangos in S botchos of itema inapccted aro givon baiow: °

Obt .in viluce for tho Ceatrel line .nd Control Jimits for setting up
ocontrol churts : (1) for the mo.n; (4i) for tho range.

batoh po. of jtomg mogn _IDNRQ
1 5 © 3.28 1.1
2 4 3.33 1.3
3 4 3.61 1.7
4 ] 3,40 1.2
5 5 2.98 1.8

(b) By plotting at least six suitublo points druw tho OC curve of tho singlo
samoling attributes plan hcving for its olemonts n =30 and o =1
(T.bles of Binomi.l or othor probubility nood not bo used).

2, 8et up . tabular procodure for -: soouentiil defests-por unit plan by
which lots having an avorage number of 1 dofnct per unit will be
«ccoptod 95% of the timos .nd loti with -n .worago of 2.5 dofoects per
unit will bo .ccepted only 10% of tha timoa.

Plot the S-point OC and ASN of the plun.

Examinort A, Mctthal, .



I!MIAN STATISTICAL INSTITI'TE
Rescarci: and Training School
Short-torm Statistician's Course. Senior
Final Examination. February, 1960

Papor I
Dater 16 February, 1960, Time: 6 p.@e = 9 pom.
Answox the tuo groups in separate bookp
GROUP A

1.

(a)

(b)

(e)

(a)

(v)
(e)
(d)
(o)

(a)

(b)

R

Under the usual lincar estimation set up(which you are required to state)
define the terms: estimable linear parametric functions and best lirear
unbiased estimate (ILIE)

Show that the best linear estimate ia neccesarily uncorfelated with any
linear functi-n of the obse=z*1-nz which has identically a zero expec-
tation and that the converse of this result is also true.

Hence or otherwiss show that any solution of the normal equations when

-‘substituted for the unkmown parameters in a linear parametrie funection L

always leads uniqucly to the BLUE for L if L 1s estimable,

Deriwe the variance of this HLUE and show how it can be estimated from
thas observations.

o8 .

%15 Xps ees Xy 8nd ¥y, Yy e.. ¥, are two samples from two normal

populations W(4, o) and N, dy). Uslng the theory of least aquares

derive a test of the h:pathauis/ux -{(ly =2 when it is known that *
2 -

o, = Sﬂy

Consider the following equations .

x 2y txy v 2x‘ ] R ,

xy +xy = 0 - o

x:.. v x, xg x4- = 0 ~
Show that the collection C of all solutions (xl, X539 X3, xq) of these
equations is a subspace of the vector space V (R) of all 4-tuples.

Is (-1, S5, 1, =5) a member of C ?
What 18 the dimension of C ?
Suggest any 4-tuple (&, ay, 03 04) which is orthogonal to every vector C,
Obtain a basis of * C and a normal orthogonal basis,

OR
If ¥ is the varimnce covarimmce matrix of random variables (ll, X5 Xy ) and
B 1a a square matrix (3 x 3), what would be the variance covariance matrix /\
of (Y;, Yo, ¥y) whon Y' =B X' ?
Show that if both £ and /\ nre non ningulnr

xs ey = Y A .

(You moy use the l‘nntlt.ha inverse of a pmduat of non singular matrides
is a product of their inverses taken in the reverse order).

peteo.



{c} Let

(@)

I—z ) [
. =4 0 2 4
6 4 20

Obtain a matrix 3, sich that the corresponding Y's, desined by X' = BX!,

.K mitually uncorvelated and have individually unit variance (Ehnt ia,
= I).

If the distribution of X is miltivariato pormal and the X's have zero

mean values what would be the d:z.atribution (i) of Y a= obtained in (o)
(11) of Y ¥ (iii) of X T X'. -
> GRDUP B

Describe o Balanced Incomplete Block Design and the randomisation proce-
dure used in such a design.

Explain how the intro-block analysis is carried aut for this type of
designa.

OR
¥hat is meant br confounding in a factorial experiment ? Draw up a
balanced partially confounded dasizn for a fac-orial experiment invol7ing

three factors each at two levels, in blocks of four plota in four
replications.

v
~ 3

~

Examinera: 8. K. Mitrg & J. Roy



pates 18 February, 1960

1.

INDIAN STATISTICAL INSTITUTE N
Resvarch and Training Schoul
Short-term Statiatician's Course. Senior
Final Examinntion. Fcbruary, 1960

Paper II
Time: 6 P.M.=9 P.M.

Answer the two groups saparats books

GROUP_A
(Suggostad time : 2 hours)

Pind the probability distribution of Y = )(1 + xz if x1 and )(2 are

independent and identically distributed variable in the following casess
(a) Xy 18 uniformly distributed over the interval (0, 1); (b) xl 18
normally distributed with mean zero and variance l.
Let xl, )(2. eeey xn be a sample of indepandent oi:narvationa from &

n
normal population with mcan M and variance . et in - 21"1 /n

n -
and 82 = (x, - ©)2. show that % am 8% are independent random

. wvariables.

Stato without proof the density functions of sdmpling distribu-
. B o
tions of (i) T =/m ( X, - BY/ /sz/n-1 and (11) U = 8%/0°%.

Define the terms 'unbiased eetimate!, sl 'sufficient statistic', and
vefficient estimate'. . -

Show that corresponding to any given unbiased estimate there exists an

unbinsed estimete which is a function only of the sufficient statistic
and such that the variance of the latter estimate never exceads that
of the given estimate, Explain tho utility of this result by means

of an example.

Let X ba a variable with a uniform distribution over tha interwval
(0, ©) where © is an unknown parameter, 0 < © < ©, i.e. the prova-
bility density of X ds f(x, 8) = 1/6 if 0 < x <6 and f(x,8)=0
otherwise. let S = (Xl, Xyy eees xn) e n independent observations

on X.

Given a sample S, (a) write down the likelihood function, and
(b) find the maximum likslihood egtimate of @, say ©(S). (e) Find
the prodvability distribution of ©.

State and prove the Cramér--Rao inequality concerning the variance of
an unbiesed astimate.

Give am oxamples whore the lower bound to the variance is (a)
attained, ond (b) not attained. What cen be said in cases where the
bound is not attained ? N

State and prove the Heyman-Pearson lemma in the theory of tosting
hypotheses .

let 8 = (xl, Xpr eees xn) be a semple form a normal population

" with unknown mean } and known variance 02. It is desired to test

B t U = O against the alternative that 1 > 0. It is required that
the probability of an error of type ono be £, whero € 1is a given’
constant. Show that there exists a u.m.p. test, and desoribe this
test in convenient form. Is the test unbiased ¢

P.T.0.
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GROUP B
(Sugpested time 1 1 hour)

T. Explain any two of the following sempling schemes and mention thoir
advantagea 2nd disadvantagces.

(1 Sampling of units with varying probabilities.
(ii) Cluster sampling.
(111) Multistege dompling.

8. Derive the condition under whidh eampling clusters of ultimate units
(cluster a-a.mpling) will be more efficient than aimple random sampling
of ultimate units.

OR S

What are non-sampling errors ? How do they affect lthe estimates from’
sample surveys 7 What are the possible sources of such errorss

Exaninerst R.R. Babadur amd S.Raja Rao.



INDIAN
Resenrc

STATISTICAL IWSTITUTE
h and Truining School

Short~tera Statistioilan's Courso. Sgnior.
Final Sxumination. february, 1960
Papor IIX.Sossion 1.

Detes 27 Fedbruary 1360

1. The density function of =

K.

Obtain the following:
(1) v(x)s (11)
(4iv) The recression 1

2. Data regarding the heights

Times3 P.M.=5.30 P.M.

certain bivariate population is given to be

o 4 5% - axy 4 2x 4 25y)

(~=<x 5y ¢)

v(y)s (244) cov (x, ¥)3
ine of y od x.

of 35 individuals at the ages of 5(x1),

10(X,) and 25(x5) are sumarized bolow:

%) - 4240 K,

- 51.7%, ;3 - 66.6Y .

Estimated variances and covariances (in 8q. inches)

X

. 20,9

% X
8.4 11.1 = .
435 5.8
- 20.2

Examine, in the light of these dnta, thse hypothesis that on the average

peopla grow hy 10" batwoun
10 and 25.

ths agos 5 and 10 and by 15" betwean the agea

OR |

%*hat 1s meant by an error ﬁ.umtion (zero mnction)? Let yl. ’2‘ y, be
three indupendent random varhblen having the amme vhriance 02 but

expoctation given hy

B(yl) =ty -2t + 3ty
E(y,) = 3t - 2ty

E(yy) = 2ty = t, + 4ty

where tl' t; and t, are threo unknown parameters.

(n) How many linearly indopendent error functions aro thero in this model.
b) Obtain an error functisn under this model.

sc) Without obtoining the best linear unhiassed astimator of 5!1 + 505

how will you conolude that Q(y2 + :w,) 18 not the boat linesr unbiamed

estimator of 3&1 - 5:,

?

(4) calculate the efficiency of {,(y2 + )y’) as an estimator of 3t + Sty

relative to the BLOE ?

P.T.O0.
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3. In an experiment exploring the pussibility of estimnting the gasolens
yleld from certain crude oil properties, the following observations
. (suitadly coded) were mnde on 32 samples of crude oil.

X ¢
X2 '
%4
Yt

orude oil gravity

gasclene end pt.

:—:ruda oll pour prusaure
crude oil 10 p.c. poj.t ASTM
geaolene yicld percent

The following figures computed from the sample are available.

Total

Sun_of products (uncorrectcd)

X2 X, X4 Y

Xy .12.560 5.0

33 4.1319 5.5357 2.9673 2.5154
3.6000 4.2746 2.5999 2.2582 T(Y-¥)2=0.3564

X, 10.627 .

x, 13.360 7.7222 2.9550 2.9649
X4 T.728 3 1.9100° 1.4800
Y 6.291.

(a) oObtain the best

linear function of (1) X, and X, (1) Xl"‘z'xyx4

for predicting Y.

(b) Test whether the second ::udiction formula is & real improvement
over the first (i.e. Test whother the drop in the residual sum of
squares could nst be attridbuted to chance.)

(o) Test #hether the following observations on & sample of oil taken
a .few months later ere in agreement with the predicting equetion (1)

*1

= 0.400, x, = 0.365, y =o0.162

‘Examiners: S.K.Mitra and S.John,
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INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-term Statistician's Courase. Senior
Final Bxamination, February, 1960

Pnper III. Session 2.

27 Fobruary 1960 Time: 6 P.M.-8.30 P.M.
Figures in the margin indicatv full marks
The layout and tha yielda in a variotal trial involving 7 varieties in
a 3alanced Incomplite Block Design are yiven hulow.
Analyea the data and write & report.
A [ G D
60 12 18 51
] P C G
26 35 61 83
F 3 A D
39 24 53 41
Z G F A
18 80 36 59
[4 F D E
65 39 44 18
B E A [+
30 20 58 14
D [ E B
48 12 16 30 [25
Explain the operational procedure of drawing a semple of n units with
replacement Wwith probability proportional to a given measure of size by
lahiri's method from a population of N units. n
You are given a list of 30 villagos and their population. Draw a
sample of 5 villagas with replacenent with probability proportional to
population oithor by Lahiri's mcthod or by cumulative method. Give
sujtable reference to random membors usod.
BI.N0,0 popula—~ SI.no.of Popula- 5I.n6.of  popula-
village tion village tion village tion
1 165 n 199 21 70
2 226 12 1159 22 a7
3 55 13 876 23 261
4 el 14 240 24 3700
5 310 15 1152 25 556
6 79 16 200 26 131
7 350 17 108 27 113
8 1604 18 261 28 127
9 554 19 182 29 146
10 111 20 556 30 19 {81
The ylald of green weight of Juto plants on ths corresponding weights
of dry fibre obtained from five rundom sample cuta of 100 =sq.ft. each
(arawn with replacement) are given below,
greon weight (tolns)
X 86 31 51 43 B8l
dry weight (tolas)
Y 57 24 31 22 46
Tho total gruen weight of juta planta from the entira rogion under study
waa 2149 toles, Estimate tha yleld of dry fibre from the entira rogion
and nn estimate of its arrar by ratio method of estimation. [10]

Examinere: J. Roy and S.Raja Rao.



INDIAN STATISTICAL INSTITUTE ‘

Research and Training School
Short-term Statistioian's Course. Sanior.

Final Examination. February, 1960

Peper IV.

pates 23 February, 1960 Times1 6 P.M.-9 P.X.

1.

2,

3.

4.

Answer the two groups in separate books
GROUP A .

Attempt any two
State Dodge's sampling plan #ar ~entinuous production.

Derive the terme in the AQQ of the plan. Indicate how the plans
are presented for use in industry.

Enumerate the different important acceptance sdmpling plans available
in published form briefly indicating, the type of imspection, the type
of stipulationa behind the plen, the situation in which 'the plan ie
mostly applicable, in each case.

Describe the circumstances in which control oharts for individuals are
set up, State also how auch charts are set up under the two situationa
(1) standards given, (ii) atandards not given. .
GROUP B
Attenpt any two
Explain the usee of range in Quality Control work.

The woight of a criocket ball is required to lic within 5.50 + 0.25 c.a.,

What is the maximum value of the mean rénge in samples of size of 4 with
which it would be possible to ensure that et least 99 p.c. of the balls
would conform to specifications - state the assumptions.

Following data gives the volume of fuel in ¢.c. delivered through
three types of nozzles in a given time.

Nozsle type
A B C
96.6 96 .6 97.0
97.2 96 .4 96 .0
96.4 97.0 95.0
97.4 96.2 95.8
97.8 96.8 97.0

Examine by the use of renges whother the nozzle types are ugnu‘i-.
ocantly different, M

Explain the use of the addition theoreu ol variances in s¢iting trlerancas
for products going into an assembly.

It ia knusn that pisces of 10 yda. of sliver are distributed with
a mean of 100 and standard deviation of 2 in some unita. Arsuming that
weights of consecutive ricces of 10 yda. length of sliver are distributed
independently of each othar derive tho range of variation for pieces of
sliver of length 100 yda.

Two mating components form an assembly whioch has tolerances of
+ 012", Determine the tolerances within which the componsnts are to ba
made assuming aqual tolerancas for both.

' P.T.0.



It is known the efficiency obtianed on + lo. 4 d_zeads on che

following factors:

Batch of 3. w
0il contint of yarn
T=ist cof yarm
Sizing mediuvm used
Spzed of tae loonm.

WY Qw e

Only interaction of ractcrs A and B is censidervd ipportant.
desired to conduti an experiment vith 2 lévels un each of ¢
factors. Propare & suiteblce lerrut for ¢»- axparirenial des
Indicate your reasoning for tho choice cf the dasign sngg2stad
and discuss the :~ lyses you will eirry oui to exnmine wh. trn.v thy
experiment has been carrdied out urder controllad coréiti~nu,

It is
2

Exapiners: A. Matthai and 5.Q.C. Unit.



INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-term Statistician's Coursv. Senior.
Final Examination. February, 1960
Paper V.

mtet 25 Pebruary, 1960 Twe: 6 p.m.-9 p.m.

1.(a) Indicate the adjustments necossary to obtain personal income after tax
from net national output at factor cost. 1Is personal income tax a part
of the net contribution to national income ?

(b) Distinguish botween net domeatic product and net national product,
OR
Discuss different methode of estimation of national income and indicate
wriefly the proscedure feollowed in India to obtain the contribution to
pational income by various sectors.

State clearly the Pareto law of income distribution and obtain the mean
and the coefficient of variation of the distribution. Derive the equation
of the Lorenz curve and hencu obtain an expression for the area of concene-
tration.

OR
In deriving relationships between expenditures on various items and income
(total expenditure) from family budgets, what procedure will you adopt to
aelininate the effect of tha variation in family compoaition ? Describe a
method for estimating adult equivalent scale from family budget data.

3. Show that in a two-country model, a rise in investment in one country °
inoreases the national income of both the countries anc makes the balance
of trade unfavoureble to the country which initiates the increase in invest

ment expenditure,
OR
* Set up appropriate national income model to examine the comparative afficacy
of the following typea of fiscal policy in improving national income:
(1) increase in government expenditure matched
by an increase in taxesj

(li) reduction in taxes, govermment expenditure
remaining cogstant.

4 Reconcile the following statuments:

(1) saving and inveatment are equal Yy dufinition;

(11) saving is brought into equality with investment
by appropriato changes in national income.

Construat an arithmetic examplo to explain the nature of the two proportions.
OR
what is the relation between increase in investment and marginal propensity
to save ? Does this relation apply to underdeveloped countrics ? Explain.
5 Develop a suitable prosedury for comparing the anplayuanc potential of dif-
ferent sectors of an econamy .

OR
You are required to estimate the oonsumption expenditure on different iteme
in Indic in 1960, asauming income will rise by 5 p.c. during the period,
' 1955-1960. What type of date do you roquire for this purposs ? Explain how
you are going to obtain thu eatimates if the required dats aro supplied.
Indicato some of the limitations of your estimates.

Irainuras A.K.Biswas, M.lukherjco nnd- N.S.Iyengar.




INDIAN STATISTICAL INSTITUTE
floscarch and “raining School
Short-tcrm Statistician'a Coursa. Sonior
Final Examination. Fabyuary, 1960

Paper VI, Scasion 1.

Dato: 14 Fobruary, 1960. Timo: 11 aeme-2 p.m,

1. Sot a tabular proccdurc for goquintisl attributo inspoction by which
lots having 3 porcont defectives will bo accoptod enmly 10 porcant
of tho timos and lots with 1 pereont dofoctives will be accoptod
95 porcent of the tinmos.

FPlot the OC and ASN Ourves for the plan. .

2. (a) Sketch tha procedurc, glving necossary formlae, for setting
up a control chart for rango whon standards are nct given and
when samples which arc small are all of not tho same siza.

{b) Find cut tho values of the olemontsa n and k of a aingle
sampling variables plan {s.d. kn-wn) which will accepts lots
v baving 2 percent defectives with probability 0.95 and lots
having 5 percent dofectives with prcbability 0.10.

Examinoer: A. Matinad



Date: 14 Pebruary, 1960.

1.

DAY STATISTICAL INSTIT TE
Rosoarch and Trzining School
Suort-term Statisticlan? - Cursa. Sonior.
Finyl Examdnaticvn, Fubruary 1960
Prywr vv, Sesslon 2.
Time12.30 pan.«=5,30 p.m.

From past experiince it 18 knewn thut tho porcontnge yield in a choemical
renctin dopends on throe factnra: T, the bomporature of tha bath; o,

tha phosphoruua centent of tha raw nrterial aad G, the percentage inpuritias
in the catalyst. A 39 oxperimont was corductod with T nat thrac lovols
(130°¢, 1357°c, 14076}, P at threo levcla (1 %, 2%, 3%) and G at throo
lovels (2%, 4%, 6a}e Tho oxpnrimontal datacke given bolow

By Py B2 .

T, 79 76 75

K ¢ Ty a4 82 v 80
1‘3 79 76 . 75

T, 78 74 77

cz 1‘2 88 80 83

T3 79 75 17

'l'l 78 17 75

6, T, 84 82 83

Ty 78 77 76

Test whetlicr the three lcwols of tumpor:ture give significantly different
yields. Also dotormine the optimun level »f temperature.

Assuning that this optimun lovol 18 adopted by the factory givo a
aeontrol procedura, In giving the control wrocedure you mhould note that
1t is nnt possiblo to change thc phnophorous content or the impuritios
in catalyst.

The following daia pertains tn the waight ol certain rendomly cheson
typoo of fan bults observed aftcr the skXiving oporation. Data on each
typo of bolt conmist of sovernl snoples of eize 3 drawn at regular
intervals, The analysis ie summarised below.

typo of avoragc re. of within sanples Betweon sarplos
baolt

weipht sanples d.f, S.8. 4.8, 8,8
Vv - 234 325 35 70 5318.00 3¢ 8639.39
V- 415 297 17 34 2255.33 16 7720.08
Vv -1001 262 s 30 2686.00 14 11672,80
V- 18 193 43 86 3601.33 42 5457.66
VvV - 110 184 16 32 1201.33 15 2263.,17

Classify tho fan bolts into homogenorua grrups. Suggeat a asntrol schome
for ono of the groupa.

Exaniner: S.0.C. fnit.
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I INDIAN STATISTICAL INSTITUTE
Rgaearch and Training School

. Short-term Statiastician's Course. Senior
Final Examination. February, 1960
Paper VII. Seseion 1.

Special Subject: Eoonometrice.

20 February, 1960 Times 3 P.M. - 5.30 P.M.
Fipures in the morgin indicate f-:11 marks

Estimate the conatanta of the Pureto curve which fit the data below
and discuss to what extent the Pareto law is verifiad. Also find the
concentration ratio.

Number (n) of income recipients earming
more than Rs x during 1948-49.

Income (R8s x) Number (n)
15,000 9,100
10,000 21,700
5,000 62,500
1,500 176,000 @s)
2. Fit a Tornquist demand curve T = & x/(x + B) for cereals from the
data given below. Eatimate the expenditure elasticity of cereal
consumption for the olasaes (0, 15) and (15,24) aond also for sll
groups together.
Coonsumer Expenditure in rupees per month per person
all-Inaia (1955-56)
Expenditure classes in Rs per person per month
item 0=-8 8«11 11-13 13-15 15-18 18-21 21-24 24-28 28-34 34-43 43-55 55 and
.over
per capi-
ta exp.
on cere- ;
als (Re) 3.49 4.69 5.89 6.35 G.>5 7.56 B8.26 8.42 8.71 9.33 10.08 13.98
per capi-
ta total
exp. (Ra) 6.26 9.41 11.968 13.96 16.49 19.54 22.51 25.79 30.68 37.72 47.24 83.29
percen—
tage of
persons 14.01 17,31 11.74 9.14 11.55 8.21 7.04 5.53 5.17 4.85 2.59 2.86
(25)
3. Caloulate the inflationary sop from the following datas
Income paid out = Ra 10000 crores per annum
indirect taxes ~ Rs T0O " e
Government expenditure - Ra 1500 '* "
Private investment - Rs 5000 't tr
Consumption expenditure - 90 peof disposable income
If taxation is used as a weapon for curbing the inflationary gap,
obtain the amount of tax-inorense that will be required for the
purposae., (10

Examinerss N.S.Lyengar and A. Biswas,



pates 20 February, 1960
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INDIAN STATISTICAL INSTITUTE
Research and Training Scnvol
Short-term Statistician's Coursa. Senior.
Final Examinutiior, february, 1960

Paper VII. Session 2.

Special Subject: Econometrics

Figures in the anrgin indicate full wmarks

The table below gives sore date on wage rates, pricee and population
in India:

Times 6 P.M.-8.30 P.M.

year mge - aeem umi yenT) Price &ndel Dopei-uoo..
agricultural skilled Base 1948-49 (million)
workers workers
—m (@) [63) D) (5)
1875 62 162 14 188
1880 R 72 181 16 189
18%0 76 207 17 205
1900 83 203 21 210

F.J. Atkinson gives the following data on national income in India
for 1875:
no. of adult males national income

(million) (Re .croree)
agricultural class ... 36 313
other classes .ee 21 262 ¢
total ves 57 575

Obtain average income per adult male for both classes, carry these
formard by index numbers of appropriate wage ratesj obtain es‘imates of
adult male for other years by using the population estimates and assum-
ing statistica of 1875 proportions and prepare estimates of national
income end per capita income at current and at 1948-49 prices for all
the years.

The following tablo supplies the elasticity (i.e. percentage change.in
per capita expenditure on item expresged as a ratio to percentage
chenge in per capita totsl consumption expenditure) for a number of
items in rural India.

Items of expenditure Elssticity N
1. foodgrains 0.52
2. edible oil 1.02
3. milk and milk producta 1.99
4. meat, egg and fish 1.14
5. sugar 1.55
6. clothing 1.66
7. education 1.82
8. medicine 1.53
9. conveyance 1.24
10. footwear 1.13

Aseuming that the rural population increases at the rate of 2 percent
per annum, obtiin estimates for the percentays increase in demand for
the ten items for (1) 3 pc inorease in per capita consumption expenditure
over a period of 5 years and (ii)10 we.incrense in per capita consump-
tion exponditura over & period of 10 yeaors.

P.T.O0.

(20}

()
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The following table surplies capital and labour requiremente per unit
of net volue added in four sectors of the Indian economy 1

. .
Parameters of capital and labour requirementa

sector capital labour
(Rs.millions) (man-years)
1 5.00 250
2. 2.86 327
3 0.80 320
4 2.22 593

Out of a total investment fund of Rs.56,000 million, Rs.18,500
million is allocated to sector 1 (producers goods induatriea) on the
basis of considerations of long-run growth. The planning authority
fixes the employment target at 11 million man-years, and wants to
maximize natiténal income (which is given here by ths sum of the net
value added in the four sectors).

Present the planning problem cited above in the framework of linear
programming.

Examiners: AXK.Biswas and M.Mukharjee.

(19



INDIAN STATISTICAL INSTITUTE
Research and Training School
Short-term Statiaticiun‘'a Course. Senior
Final Examination. February, 1960

Paper VII. Session .
Speoial Subject: Sample Surveys
Dates 20 February, 1960 Time: 3 P.M.-5.30 P.M.
Figurca in the margin indicate full marks
1. The following table shows the number of inhabitante (in 000'8) for the

years 1920 and 1930 in each of a random sample of 20 cities from a
population of 187 cities.

::: population (000) in :‘l,: population (000) in
1920 1930 1920 1930
(x,) (vy) (x,) ;)
1 16 80 11 121 113
2 67 67 12 M 58
3 381 164 13 64 63
4 37 63 14 56 142
5 61 69 15 40 64
6 93 104 16 13% 139
1 18 206 17 46 53
8 60 57 18 243 291
9 2 50 19 30 111
10 179 260 20 256 288

Estimate the total number of inhabitants in the 187 cities in 1930 and
the standard error of this estimate by the following methoda:

1) simple random sampling
1i) ratio method of estimation
11i) regression method of eatimation

The total number of inhabitanta in all the 187 cities in 19520 was 22000.

2. The following table showa the data derived from a stratified random
sample of tyre dealers.

stratum tyre dealers numbar of average number of variance

(b) in stratum sample tyre tyrea in hand per
Nh dealers dealer 2
™ Yh Yy
1 199 30 4.1 34.8
2 33 6 13.0 92.2
3 10 3 25.0 174.2
4 6 2 . 38.2 320.4

Batimate the gain in preciaion due to stratified sampling compared to
that of simple random sampling.

Bxaniner: S, Raja Rac.

(33)

(7



INDIAN STATISTICAL IMNSTITUTE
Reavarch end Training School -
;N Short-term Statiatician's Courso. Senior
R Final Examination. February, 1960
Paper VII. Sesaion 2.
Special Subject: Sample Surveys

Istas 20 February, 1960 Times 6 P.M.-8.30 P.M.

1. It is proposed to oArry out = sample survey to study ths extent of

indebtedness of scheduled cast and scheduled tribes in India.

(a) ¥hat sampling plan do you propose ? .
(b) Draw up a suitable scheduls for enquiry.

(c) Define th. important terms thzt you have uscd in the
schedule end also stats all the important concepts
which an investigetor should keep in mind while
collecting data.

OR

It is proposud to carry ocut 2 samrle survey of landholdings in 1960.
The schedules proposed to be used and some notes on these schedules
The puruose is to study the distribution of

arc supplied to you.
Draw up the

holdings of diffarent catugory and their utilisation.
important tablee with suitablo tabular and columnar headings that

you wish to present ss end producta of the survey.

Exaniner: S. Raja Rao.



INDIAN STATISTICAL INSTITUTE
Reaearch &nd Training School
Short-term Statistician'as Training Course, Senior
Periodical Examination

Plonning and “cononde Statiatice

Date: R4 MRy 1960. Time: 6 P.M.-9 P.M.
swar four .

1, Give three definitiona of national ingome and demonstrate their
equivalence.

2. tWhereas investment in building, say, & textile mill hae a once
for all effact in enlarging final (consumers') output when the
mill goes into production, investment in a steel plant, by
increasing the annual rate at vhich new textile mills etc., can
be built in the future, has an effect on the future growth-rate
of final output'., = Develop fully the ideas contained in thiae
statement.

3. Row do you analyse the effect of an increase in the final
demand for a product on other sectors of the economy 2 What
+ are thc basic assumptions in your analysis ?

- 4(1) Develop two methods of dealing with imports in an inter-
industry table.

(11) State the procedurae of analysing trade and transport mergine
in the construction of an inter=-industry table.

5. If you take a certain rate of increase in per capita income
as your objective, how would you procaad to obtain investment
requirements 7

Examiners A. K. Biewas.




INDTAN STATISTICAL INSTITUTE
Research and Trrining School
Short-torm Statistician's Truining Course, Senior.
Periodicel Examination

Statistical Duality Control

Date: 26 Moy 1960 . Timer 6 P.M.-8.30 P.M.

2.(a)

(v)

(c)

A proceass is producing 6 percont defective articles,

(a) Obtain the chance of obtaining 3 defectives in a sample of
size 25.

() Obtain '+ such that the probabdility of a sample (n = 25)
containing or morc derectivesa is less than 0.05 under
controlled conditions.

(o) If the process deteriorates to 10 percent it is desired to be
detected by 90 percent of the samples. Also if there is ne
change in the process level it is desired that the process
should not be stopped in more than 5 percent of the casos.
Suggest a suitable control scheme.

The range in a sample of size 5 is 0.006". Obtain an estimate of
and the 95 percent confidence limita of the standard deviation.

The average range in 10 sanmplaes each of size 5 is 0.002" on machine
1 and 0.003" in 15 samples of size 5 on machine 2. Are the varia-
bilities of the two machines different ?

5 samples of 8izo 5 each takan on tho same machine at different
timos gave the following

Average max. ] 30.6 units
min . ' 19.4 units
Range Average t 5.6 unita

Aro the sample averagas homogceneous ?

How can [2 tost be used to obtuin achievable standards ?
Indicate the Qifference, if any, of analysing attribute data Yy

[2 test and control charts.

How can we overcom2 tho disadvantages of a amall sample in an
attribute control chart?

Examinor: SQC. Unit.



4 INDIAN STATISTICAL INSTITUTE
Research and Truining School
P Short-term Statistician's Training Course, Senior.
Periodicsl Examination

Algebra and Sample Su;'vsyu

: 2 June 6 P.M.~!
Date: 2 1960 Anawer the two groupe in separate answer b'l;%??al. PM.-9 Pulte
Group A
1. (a) What is meant by a fveotor epace! ? (five an example of a vectar

apece.

(b) Define ‘linear independence! of vectors. Give examples of
t1linearly independent’ and 'linearly dependent' set of veotors
in the vector space which you have considered in (a).

(u) pefine a 'basis' and a 'normal orthogonal basis!' of a veotor
space and discuss their usefulness in vector algetra.

(2) what is meant by the tdimension!' of a vector apace ?
Show thet in a n-dimensional vector space any n+l vectors ara
necessarily dependent.

2. Consider tho matrix

: T_z 2 -1 2 T
. A= 1} 3 1 2 o
o] -4 7 . -6
(a) Compute AAY,
b) Evaluate the rank of A A's
0) Examine if the equations X A A' = (-7, 8, 43) are

congistent, If so, determine a partioular
solution of these equations. .~

Group B
Anawer any two of the following.

3. Write notes on tl.e following sampling schemas explaining the operational
procedure of drawing the sample, advantages and disadvantages in large
scale sample surveyd and the method of eetimation of the population total
of & character and the estimate of its variance.

(1) Sampling of units with probabdlity p-oporuonnl
td a given measure of size,
N N (ii) Cluster sampling.
(141) mMultistaga sampling ,

4y(a) *NIv L. ~2uplés can be regarded as a particular case of syetematic sampling!,
- Explain.

(b) Derive a condition under which a systematio sampla is more efficient than
. simple random sample for amy given sample size.

What are the stages of work in eucceseion, involved in exeouting a
large ecale sample survey ?

BXaniners: 8.K.Mitra and S.Raja RAo.



INDIAT STATISTICAL INSTITUTE

Research and Training 3chool
Short-term Statiaticinn's Training Courss, Senior.
Final Examination, July-Aug.'60

Paper I
Dntes 10 August 1%60. P Times 6,00 P.N.=9.00 F.'r,

N.B. Figurvs in the wargin indicate full marks.

1. Congider th: equatlons N
xl + 2x? - 7x, - 0
2x1 > x5 - 3:4 - 0
-5 - -
4!2 575 \r» Q

1) Show that the collection € of all solutions of these equation
formo A vector cjpace. You should dlearly define vector additioen
and the produot of a vactor by & réal number and demonstrate that
the proparties roquired or a vector space are satiefied in this

case. (&3]
1) Is (1, 1, O, -1) a mwmder of C? [3)
ii1) What is ths dimeneion of C ? . (3).
. - N
iv) Suggest & basls of C. [4]
v) Consider the matrix ¢
2 -1 () o
A= -3 2 o ¢}
[ [ 2 -1
o [ -1 2

Ir x = (X)5 Xy Xz Xy) and ¥ @ (¥)0 Xpe Fys ¥y)-
Show that X A y*' can Lo taken to b a valid definition of inner

product betvaen x and y . 5]
wi) Accepting this definitio: of inner product
(a) find a vector y which is orthogonal to (6, -3, 0, -4) 5]
~(b) find a normal erthogonmal basis of C. . [41
2. Lot X = (X . K.k) be a rendem variable with variange covariance

matrix A. Let Y-(Y ...yk)- XT where T 4isa k x k matrix.
1) Show that the varianc. iovariance matrix of Y 1a TIAT = B (5]
11) Show that X a”1X' = vy p7ly'. (51

444) If X hava s normal distribution with mean zero and variance
covariance :na‘rix A, ghow that

X 4™ X' 1is dietributed os o )( with Xk d.f. [5]

[Hi.ntl Use the fact thnt thore exiats a matrix T with the property
T/AT = I, end use {i1)].



3.

4.

2~

1) State tho gonersl problem of iincar ostimation. . 51
41) Whet 1s a BLUW for a pirémetric function? . 3
44i)  ®hat is a sero function 7 {21

iv ) Show thit the nuceaastry and sufficicat condition -thu.m
estimate is o PLUE is that 1t ia uncorrelatad with «l) zero
functions. : (L3
v) Show that tlere connot ba twe (differunt) estinmates which are .
BLIC for the nAme parameirlc functiom. [4)

ZITHBR

i) Lxplein what i3 me'nt by o Linple Lattice designYou are given

16 trectoants tl‘ t2’ vee Bygr bPropara a simple lattice lay-out ao

ag to enable you To curry out the combined intra the inter-block

analysigé. Give full dotnils of you randomisation procedure. . 251

i1) oObtain *nc astimitee of troatment effects using the genaral
equations. Prepire a blank lay-out for your computation=l procedure.
Give a blank loy-out for the ANOVA table. , [15]

OR
1) Explain the gonernl moti~utlsa for inocomplete block designs and
the spacial imporinncu of tho balanced incomplets block deaigno.,
Bxplain briofly what is :.2an’ by raecovery of interablook informd-
tion, shoving its advantnges and objoctions to it, if any. [20]
i) An incomplot® block deaign in which v treatments are applied
to b blocks of k plots each such th~t, each treatmont
occurs r times in the desiga, and any two blocks have n
troatoenits in comuon ia etlled 1 Linkod block dosign.

UVaing thu gorernl sguations for getting the intra-bloek
estimites of treatment cIfects, ¢iven in the lecture notes, obtain
the solutions foo troutment etfocts in the oase of a Linked block
decign.
How will ycu computie treutment sum of aquarvs adjusted for
blocks ?
[20)

Hint: Use tho P-wethod of annlysis.

Examiners: S.K.Witra, J. Sethurnman end K.R.Shah,



IMDIAN STATISTICAL INSTITUT-

Researck und Training School
Short-term Statistician's Training Course, Senior
FPinal Txaminition, August. 1960

faper II

12 August 1360 Timer 6 P.M.~9 P.M.

3.

H.B. (1) Figures in the margin {ndicste full marks.
(2) mrewers for the two groupy should be written
in two separate anawer books.

GhOP A
(Sugzestad time 2 hours)
Sampling Diatributions, !stimation and Teating of Hypothesis.

Ne.B. Answar any f{ive questiona. Of questions 1, 2, and 3 ut leaat
one should be anewered. Questions 7 and 8 are compulsory.

@onajder the following procedure for testing the mull hypotheais that
a given coin ig unbiased.

Frocedure: Taus the coin n times. Reject the null hypothesis 1f
the n tosses are all heads or all tailas.

Briefly answer the following questionsi-

(a) “hat is the probability of the first kind of error 2

(b) Wnat is the powar function ?7

(¢) FHow large should n be in order that the probability of the
first kind of error (for the above test procedure) is not more
than .05 ?

(d) TIs the test uniformly unbiaced? Give reasons.
An urn contains a very large rnumber of balls, each ball being green,
yellow or red. It is known that the relative propottions of green,

gollow and red balls are either (Hypothesie B ) .8, .1 and .1
reepncnvely or (Hypothesis H ) .1, .5 and .4.° In order to determine

the composition of the urb, the following experiment is proposed.

Fxperiment: Draw one ball. If this ball is green or yellow,
no more balls are drawm, but if red, one nmore ball is drawn,

a) let X be the sample (outcome of the experiment) carefully st
the sample space (f.e. the met of possibilitics for X).

b) carefully tabulate the probability distribution of X under
both 'Ho and Hl'

o) Vvhat iz the most powerful test of the null hypothesis (in the
present case) for which the probability of the first kind of
error is .01 ? Briefly give reasona. .

Let l' )(2, »( be n independent observations on a random

variable X whose fraquency function is of the form a(e) u(x)eb(e)'r(x)'
@ being the unknown real valued paramater.

a) Write dom the likelihood function for .
b) How would you prove that b(@) is a monotonic function.

@) Obtajn the uniformly most powerful test for the null hypothegis
H(® = eo) againot one sided alternativea,

d) FHow would you prove that no uniformly most powerful test can
exist against both slded altarmatives ?

P.T.0.
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Let X w7 te two indcpsndent random varizbles esch having the
uniforr Muiribution over the unit interval. Find the promability
cistribution ¢f XY.

Lat Xpr Nye oee X ba n indogéndent normal variahles with equil
ataudar: devic tion 6 (the .wane may diffor), If Yys Yo eun Y,

2 o
arc ohtasnsd Yron the ‘(i'u Ly wsans of fn ortiogunal linear trenc-
foeration, th 1 ~rove that the !i's ar? aleo indupendont normal
variahlan. 0

saya
Jtute and srove & result worisl oyz/ thet under certain codditions the
yatio of t=c awA varial ;lu.—“ < Jeta variablkr.

“Yeato o leifhy Hao-Blackwell theorem in tho 'Maory of estimifion. '

ar:me out ¢learly, how thic theorem cnn \b uned in practice to
ebtair ninimua voarienge unbitzed estimataes.,

Illustrate your-nrbwrit_ Wy oeana of an exaorle.
State and provi: the Craacr=itao inequality in tha theory of unbiazad

estimation. Under what conditions will the equality sium of the
Cramer-R20 incqutlity bte attajned.

Conside- & sampls 3 h (xl. ves xn) of n indepvndent observa-
tions from the normal distyibution N(®, 1). Find the Cruger-Rao
lower bounds for the variance of unbiased estiuation of (i) # and (14)
02. State whether thege loeer bounis are attained.

. . T Gione n
. Lo =

'sugao—.tm time L hour) e

. TN . . am‘pla .mrvoyn . . .
SITPER T R e TR
4 simple n.mlon um:le of mn \m&ts from a population of N units
are drawn ‘vithout replacerx:nt. Two characters, x and y, are measured
* for oach of thé n sazm;le units.

x - T X 15 known.
=1
(i) How do you estimate the total of character y for a1l the ¥
x .
units (= $y,) by the ratio method of estimation ?
1im=) .

(ii) I3 the cctimate tiesed ? If 8o, derive the expression for the
bias in tha ratio estimate, mentioning clearly the asaumpticms 1r|vo).-
ved (if any). .

(3i1) If the ratio nt.tm.\tu' is generally biased, ?hat is the condi-
tion ror tha ratio cotimate to be unbiased ?

. (1) Doyive an Aprro:dmt\. oxprepeion for tha variance of the ratio
aestimato.’

P.T.0.



INDIAN STATISIICAL.INSTITUTE
Resenrch and Training School

Short-term Statisticiun's Training Cours:, Semior.

pates 7 August 1360,

Final Sxnamination, July-Aug. 1960.
Paprr ITI, Sesmion I

Use of practinnl racords is allowed.

Times

11.00 A7 -2.00 .7,

1. The following ware computed from date relating to 200 American women and

160 Dutch women.

XO = Veight

X2-

(xg. )

Results from tho data rolatinz to 200 Amcrican woman

X

39.690

Meoana 160.43

wvariancs covari?tnece matrix

% X3 %o
7.685 1.127 15.711
5.570  1.430 é.260

9.610 24.668
128,768
38,02 34.01 60.55

Rusults from the data relating to 160 Dutsh woman

variance covariance matrix

b

42.250

means

EITHER

162.05

% X3 %o
7.047 1.950  16.055
5.664 1.618  8.795

8.352  20.327
119.028
36.59 36.40  66.80

X, = Stature (cm.)
Back langth (cm.) Xy = Back width (cm.f)

Test whether American women and Ditch women are similar as far as the

mean values of the four characteristics X.l, Xz, X, and Xo

State clearly the assumptions.in your test,

OR

are concerned.

Conesidering only the data relating to 200 American women

(a  Compute the multiple correlation coefficient of Xq on

Xl. Xzand X

(v)

Test the officacy

3

basis of X), X_z end Xl.

(o)

Test wheather the mean of the characteristics
and Xy 8re 162, 39, 35 and 60 respectively.

Variance covaeriance matrix

of linear prediction of XD on the

X X Xy

= (sum of squares and producta matrix)/degrees of freadom

P.T.O.
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r.

EITHER .
- Consider thbh following observational equntions
S(y,) = 26 + 30, + 505
E(y,) = 8, - o
S(yg) = 40, + 56, + 116,
B(y,) = 8 + 9, + 30,
1) Are all linear functions of o, D » 0} estimable?

i1) Give as many linenrly. indapnndnnt linsearly estim‘\ble functions
. of 0 02, Q} AR you can.

i1ii) Suggest a uneur function of 91.02.93 which is not estimable.

iv) 1Is the linear function + 50, -’05 estimable ?
v) If so, give the beat linear unbilsed eatimate.

vi) + is the variance of this estimate, under the Assumpuon that
all the y's are independ‘.nt and have vanance G * 2

vii) On taking observnuons we get, yl -5, ¥y = s y} =9, v, -
3 T:at whe ther 9 + 992 - 93 =0
viii) Test simultl:mooul.y the hypotheses
6, + 50, - 05 -0

1-403 =0

OR
The following is a rec.ord of replicated measurements of profile distences
of three subjecta (Sl, Sy 3}) taken by two obaservers (01. 02).

Mesaurements of profile distance e

gbserver subject

51 52 S}
01 9.88 9.22 9.60
9.84 9.26 9.66

9.23

02 10.08 9.10 9.82
9.98 9.24 9.54
10.02 9.60

Lot P".J be the expected value of the measuremant taken by the ith (£ =/ 71)

obaerver on the jth subjact (j =1, 2, 3) and write
2

bro =32 vy o by H2 P
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The main offuct of thy ith obaerver is dofined aa v('.' = kl..‘,\-._

Similarly the muin affect of the jth subject is defined by (53 = P"J ‘[‘..
The interaction batween tho ith obaurver nnd the jth subject is dufined
by

boj = B b T
(1) Estimuty o(’,‘/}‘ and )'1,l cnd their standard arrora.’

(2) Test if )’“ = 0.
(3) We say therc is no main uffict of nbservers if &, = 0, O (= - Y=n

Similarly th: hypothusis of no int.urcction b@t‘e«n obaervers and
subjects implies. .

)’i'J =0 for all 4,

s which is nctunlly oguivnlint to
Ho{y11'°' 712‘°f
since )’15-- i1 = Yo

Yos == hr Yoz = - Y2
yzs Vs

Analyse the data to examine whether there are eignifionnt obacrver
differences, sibject differences and observer X aubject interaction.

Bxaminera: S. K. Mitre and J. Sethuraman.
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IJDIAN SrarIJTICAL INSTLLUTE
Research and Training School
Short-taym Statistician'as Truining Course, Senior
Final Examinetion, July-Aug. 1960.
Papsr III Session II .

MUY Mmes 2,30 P.M.-5.30 LML

N.B.1.PFiruree in the marsin indicato full marks.
e 2. Anawer all qu.stiens.
3.Usc of practical rccords ia ullowed.

_DEST OF FXPERDMENTS

Bxplain the general motivation ror incomplote block designs and the
apecinl importance ofz{}hmcd incomplute block designs. Explain

briefly what is meant by r:cov v/ of intor-block infomnt1o-, nhavin~

{t'a advantag.s and the objections to it, if any. (15)

An incomplets block design, in which v truatments are applied to b
blocks of k plota asach such that, each treatment occurs r times in
the design, and any two blocks have ;. troatments in common, is called
a Linked block - design.
Using th: general oquetions for getting the intra-block estimatea
of troatment effucts, givon in the lecture notes, obtain tha eoclutiones
for treatment effects in th> case of a Linked block dosign. (13)

Hint: Use the P-method of analysis.

In an experiment to compar: four Baed troaotments on three manure varie-
tice, split-plot technique was adonted. The manure varioties demoted
by 8gr Oys 8y were allotted at rondom to the whole plote independantly
in each replicate. The four seed treatmente denoted by bo. bl' bz, \:3
were allottod at random to the four su®-plots independantly in each
whole plot.

The fullowiné table givee the number of plants germinating from
100 seods for each of four seed treatmonts with each of three manure
varieties in three replicates.

Analyse tho data.

Repl. I Repl. IT Repl. IIT

Bobl nzb) B‘Abl albz aoh3 azbl °2b2 "Obl nlbl

12 10 26 5 12 16 29 13 18

aobz Azbo albo ulbo aobo azhz Azbl a°b5 albo

13 51 77 47 63 30 14 7 66

3

aobo asb, n1b2 n1b1 "obz 32"0 52b5 aobo ab,

. 66 8 27 11 13 81 10 70 | 11
Jneb’ 32\:2 a‘h’ e, b3 aob1 Asz azbo nobz f ay b}

| s 20 5 | a4 10 14 63 1" 15

197 89 125 ;67 98 ", 116 101 110 (24
. H : (2

Correction term = 25813.778
Total S.S. = 19652.222

P.T.0.
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SAMPLE SURVEYS

3. You are given n list of 32 fnctories anpaged in producing mrchineri.e used
in Industrios and tha nvernge @umbuv of porsons cmployed per day
ara also givan (plense soe atatem-nt in the rowerse pege).
(1) Draw a enmnle of 5 fnctori~a with probability pronontional to
the averng: number umnloycd ver day, with ruplacoment. Exoluin olearly
the steps that you follow. ’;

(11) You will notice in the statemmt thnt She averee numher
2mployed nare not givon for two factories, State oluarly how beat 1
you have derlt with thosa two factories for the purpose of drawing
the sample. 1.

4. A Sample of 20 fnotories was drown with probobility pronortional to the

total number employcd (x) with roplacement from a pooulation of 325
factories. The numbur wmployed (x) and the number obsurved (y) on a
day in each of thecse 20 factories arc given below. :

(1) Estimats the perountage of workers a‘bsent in the population
of 325 factoriee.
(41) Estimaty the percontage error of this estimato.

x y x y x Y x y
148 3 103 18 91 28 96 45
86 22 53 4 . 125 18 52 16
64 12 42 25 51 19 82 10
81 9 61 27 65 16 85 35
3 13 33 8 43 12 142 15

List of factories producing machineries used in Industry
(in greater Calcutta).

el. factory numbor avernge number Bl. factory number average number
.« of peraons emp- of porsons
loyed employed
1 23b 2402 19 17 29L 2532 359
2 2404 930 18 2533 9 !
3 2415 .14 19 2534 )
4 2435 45 20 . 2535 104
5 2436 25 21 2537 187
[3 2440 187 22 12539 126
7 2451 e 23 . 2540 | 85
8 2462 61 24 2541 716
9 .t 2464 41 25 2547 207
10 2466 225 26 2555 293
1 2467 813 27 2556 46
12 2474 275 28 57 2625 2809
13 29b 2505 53 N 29 62 2630 578
::g :2;5 1501 30 2631 617
3 8 29 H 31 i 2632 2
16 2529 i78 32 : zsi, 1542 (20)

Examiners: K.R.Shah and S. Raja Rao. '



I:DIAl STATISTICAL INSTITUTS

teoeerch and Training School
Short~term Statistician's Training Course, Senior

Finol Txami.ation, August 1960

N Ppaper 4 Theaury SeC.
Date: 17 August 1960 Time: 6 P.M.=9 P.lM.
CROJE A
1. rito acie” notez on the following: (1) control Wy gauging (“) oC of
a control chert (iu) cost of inapecticn (Lv) 9stimation of mrocess
avurago .
2. State Dodgv'a Continuous Sussling Plau. “hat are the assumptions in

the plan? ~xpliain how the plin will be prasented four practical use ,

3. State a sin.le samplins anceprinee precedure for variables inspection
for the situation “hen lot swundard deviation io not known and mean~
range »ill be used.

Derivy tho elenments in the plan.

GROUP B

1. Explain the terc: 1oss in utilisation and loss in efficiency as applied
to a production process. Under what conditions are theee two equal ?

Driefly descrite some of the techniques that are useful in estimating
the loss in utilisation.

In a workshop consisting of 32 drilling machines, 15 lathes and 16 heavy
machines, describe how you would organiee the collection of data for
eatimating the loss in utilication. Indicatc elgo the statistical
analygis that you would do and the mannor in which you would mrescnt
the reusults in order to cnable monagezwnt to teke action.

2. Explain how proccss capabllity studies arc helpful in plamning produc-
tion in a job-shop taking many short-run jobs.

3. Enumerate some of the points to be takcn into account in deeigning
an industrial experiment and interproting the resulto.

Examinera: A. Matthai and S.Q.C. nit.
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IMDIAY STATTSTITAL INSTITITS
Qesedrin aua Mraining School
Short-term Stati.-ticisn's Training Course, Senior
Finnl xerdustion, sdeust, 1960

13 Avzcuat 1560. Time: 3 P.![.=5.30 P..i.

Paper V Seasion 1

Practical 3S.uU.C.

Giver trnnt #n i sample of 20 itemm, the mean was 12.5, ¢Ye atandard
deviation 1.2, the range 3.3 and the mean-range besed on cuh-sunplea
of 5 dtums 2.7, (211 in the wane units) obtasin interval agtimutes for
the folloring:~—

1) the process mesn (using a.d)

i1) the pricuss mein (Ueorg fLIye OF mesn-ran)
iii) tho procus= atandird deviation (uaing s.d)
iv) the process gtandird deviation (using range).

Plot by takimr u. laest 7 points the OC curve of a single sampling
variables acceptance plan (2.d. uiknown) having elements n = 60 and
k = 1.262. \

Explain(with an example tut vjthout deviation or actual calculationa)
how a gequontial inspection procedurs will ve carried out by the
Tabular procedure, for defects per unit inspection,

Sxaninert 4. Matthai.



Date t 13 August 1)00.

1.

ODIAN STATISTICAL INSTITUTHS

Regxarech and Truining School
Short=term Statisticinn'n Truining Ocureé, Jenior

rFinal 2xaminaiion, Lucurt 1960

Paper V Session 2
Prustical &€,
Timas 6 P.lM.=s.20 F.ii,

pata collacted h'am; Aruwing frame in a cotton mill at the Llhird
is given belcw. . sanmpls Lieces of 6 1bs. lunmth of gliver wera ru
6 rimes in 3 dy for 5 deys snd Lhoir veishie are given dn goue anats

Dnte Pariod —_.arienbn nl annple pleces
1 2 3 1
3.7.60 7=3%0 12 10 12 16 50 4
10-30 10 11 22 16 59 12
12-30 30 20 30 20 100 10
3a45 15 22 16 22 15 7
6=% 18 20 10 15 66 10
6.7.60 -0 108 ;] 16 16 60 10
10-30 21 20 19 11 71 10
1z--30 13 23 13 30 79 17
315 10 8 10 14 @2 6
6-30 9 14 8 15 46 7
7.7.60 7=30 o o 6 4 10 6
1p-~30 10 10 Ed 7 b3 3
12-30 15 15 15 15 60 [
B-45 16 9 19 12 56 10
é-%0 22 20 15 15 T2 1
8.7.60 7-30 4 16 13 16 49 12
10-30 20 24 20 20 84 4
12.30 10 10 12 13 45 3
2045 15 15 12 10 52 5
6-30 10 10 10 10 40 0
9.7.60 1-30 14 19 2 11 46 17
10-30 10 13 10 7 20 6
12-%0 10 12 10 9 41 3
3-45 13 2 12 10 47 /3
630 15 15 15 1 56 4

Antual sum of sguares of all ohservations is 22302.
(1) Analyse the data and describe briefly the working of the process.

(2) "hat is the variability in pleces of 6 yds. length under the present

working conditions ?
If it io possibloe to control the process average atrictly, what will
be the process copabllity ?

(3) The specification limits on this characteristic ere 115 s 25,
Pescrive 1n detail how control charts should be setesp by assuning
that the sampling procedury ig to sclect samples of size 4 severel
times in a day.

PuT.0.
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1t is roquired to conmpure the machinc capubility of two Herbert
Automats which nre used to du the turning operation for outpide
diamater of fan notor shaft. 5 ganples of aize 5 were selactad from
each machine sroduction and the outside diameter measured correct to
a thou. The dAviation from some origin ars given belows

Aut‘.nmat 1 . Automat 2
1 8 5 8 0 7 1 6 8 6 9 6
2 5 7 5 8 9 2 6 8 7 5 6
3 5 8 71 8 0 3 8 0o 7 5 o
4 8 9 1 5 2 4 5 9 6 6 o
5 6 7 5 0 5 5 3 8 5 8 7

Compare the machine capabilities.

Examiner: SQC Unit.



IHIAN STAT(GTICAL IRSTITUTE
Rearwreh Al $haining School
Shert-term Ntatintic/an's Training Course, Senior
Final Bo.minaticn, . Ausust 1960

Datar 19.8.60 Faper VI. Times 6 PuXo= 3 P.M.

Se

All quasticns ety equdl mArks.
; Tive out of the fcllowing.

Anatyne ohe tect of the following types of fiscal policy on consumr:i
el ircomor

(1) balznced budget methol

(ii) tax reduction nmethod.

Dueacribe the Yornquist's system of dumand curves. In vhat way do thecn
curves differ from the double logarithmic forms of demnnd curves ? How
would you prooeed to estimate tha constante of the Tornquiat system 7

Examine the following propocitionat

(1) sn increase in the propenaity to save leads to a reduction in
nstional income,

(11) planning for economic development implieas a rise in the rate
of saving.

Are the two statemants contradictory? ECxplain.

¥hat do you understand by o concentration map used in the study of
consumers’ behaviour ? How would you uce such & wap in deriving the

+ Engel elasticity of a given cormedity ? What are the basic assumptions

and how ure thcy tosted in actuel rructice ?

Ontline briefly the procodure of construction of an inter-induatry table
¢istingutuning domestic inputs from imported inputs.

Asauming that imported inputs ar> fixed per unit of output in
different branches of thd econumy, anAlyse the effect of an increase in
the final bill of goods on import requirements.

Explain briefly any two the following propositionsi

(1) saving and investment aTe always equal,

(1&) national income is the agaregute of net value added in
diffarent nectors of the econowy,

(1i1) 4f govornment oxpenditure ie increased by one million rupees,
naticnal income will incrcase by some multiple of one million.

Zxaminerst: A. K. Bisvas and N.S.Iyenger.



THDIAN STATISTICAL INSTITITE
Rurasrch and Training School
Short-torm Statisticinn'y Training Course, Senior.
Final Pxemination, August, 1960
Papur VI1, Soseion 1.

patas 20 Auguat, 1iX0. Time1 3 PM.~5.30 P.».

1. Using thu infora “ion contained in table 1 fit a 'quality equution'
of thwe forn

RIS L S Y Qe

where p is thu averago pricv obtained as the ratio of the value of
consumption to tha quantity of censumgtion, B being ths totel expen-
diture per capita. Obtain also 95 peroont confidence limits for your
estimates and intorpret your results.

Tabdble 1. MWonthly consumpticn per capita of cercals in
rurel Imlin by classes of total expenditure
per capita per month.

sl. monthly yer pup;l/xtion total ex- monthly per capita

no. oapita exr pondi ture consumption of careals
pendi ture pur capita quentity vnlue
clagaes (Rs.) per month (svers) (Re.)
(Ro.)
. 1 o- 86 15.57 6.27 12.66 3.39
2 8 - 11 18.07 9.41 14.69 4.66
3 11 - 13 12,23 11.97 17.35 6.03
4 13 - 15 9.38 13.96 18.83 6.3
5 15 - 18 11.35 16.52 24.78 7.09
6 118 - 21 T.%2 19.59 28.26 7.79
7 21 - 24 7.03 22.36 22.85 8.60
8 24 - 23 5.12 25.73 23.58 6.91
9 28 - 34 4.66 30.54 24.9 9.31
10 34 - 43 4.3 37.64 25.47 10.18
11 43 - 55 2.08 46.%0 31.82 11.45
12 55 and abovae 2.24 81.05 46 .66 14.31
2. Using the data of tzble l-astimrtu the oonatants of the following
demand equation
Q= .-:*E ’ £>0

Obtain the averago Sngel elasticitias for the expenditure groups
Re. O = 15 and Ra. 24 = 34.

Gxaminer : N. 8. Iyongur



INDIAX ITATISTICAL INSTITITS
fKogeerch ené Praining Schocl
Short=torm Statisticta's Tratning Course, Senior.
Firal Txrmio:tion, fuguat, 1960.

Paper VT, Soggion 2.

Dotes 20 August 19°0. ’ Tice: 6 Pulte = 82350 ra 't
Lot tho Indisn Lconomy be considorad as consisting of the

following 4 yuctors: S ¢ Basic Investmont goods, 52 ¢+ Factory

Consumor goods, s’ : Rouschold Industries (including agriculture)

and 34 1 Services. It has been determined on the basia of some

studies that the income-investmont ratios (income por rupee worth of

investment) in the above 4 aactors are rcspoctively 0.20; 0.35;

1.25 and 0.45. The ocapitel ruquircments per employed person in the

sectors are Ro.20,000: Rs.8,750} R0.2,500 and Rs.3,750 raspactively.

The Planning Commigsion desires that the additionnl employment in

the Household Industries Suctor and Services Sector should not toge-

ther excecd 9 million. Further the Cosmission has the information

that the ndditionul omployment that would have to be creatad during

the Plan pericd will not exceod ll.minion. Given that the total

resourcos availeble for investment during tho poriod is lass then

R8.5,600 crores, suggest an opticum investoont plan for the Planning

Commission, 80 that it oaximises national income. (Uase the simplex

technique of linear programming).

Exeminer: A. K. Biswas,
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