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¢.B. (s) Answers to tho difforent groups are to be given in scparato books. |
(b) Attompt any three questions from each group.
(c) Al queetiona carry equal marka.

Grocer A.

. r
1. (s) If W, =Enu.-( . Wo -‘:‘:_, g and @

-8
W =2 uw
-7

‘obtain tho value of uy in terma of 1W's.

(b) Obtain the approximats formula

]' 1%,' _ 13w +u.-)l—2(u- +u.)

nd indivato the order of difforence to which it holds.

2\,(61[ for z» 20 tho probability that a man aged z years marrica at time £ from
15 dt
(¢42)?

woa of A and B a8 20 years and 30 yeare rospectivoly.

hie present dato is find tho probobility that 4 marrica before B assuming the

(b) On the averngo how niany times must a coin be towsed in order that a

ticcessionZof threo taila may be obtained ?
4 .

3. (a) If in a population of N units a particular charactoristic is present in m
thom and if a samplo of n units is drawn without replacoment, obtain an expression
 the standard deviation of tho numbor of unita in the samplo with the particular
aracteristic,. Comment on the utility of this result,

/ (b) Stato tho Weak Law of Largo .\'\lﬂlbt‘l:! and discus it3 utility in statintica,
4

. (8) Bhow that if u normal distribution is grouped in intorvala with total
tquenry N and § is the sum of the squarea of tho froquencies, nn_estimato of popula-
"a standard dovintion ia given by )

Ni

0.282 5 approximately.



s (b) In a l"oi;mn distribution obtain the following rocurronce formula fo
the momeata By,"A being the usual expected valuo. R

. -

dn,
Booy = P\ Bpoy A 'le'

Grour B.

3. (n) Briefly state tho different types of problens for which Student'a ¢ PR
the u}q)mprinlo test of significance. Also stute the sssumptions under which the
teat 18 valid in each case.

(L) Writs a critical note on tho fallowing stutement of R, A. Fisher:

“The confitlence to bo placed in a result depends not only on the magnitud.
of the mean valuo obtained but equally on the sgecement between parallel oxperi.
ments, Thus, if in an agricultural experiment a first trinl shows an spparent advantng.
of 8 bushels to tho acro and a duplicnte oxperitnent shows an advantage of 9 DLushels,
wo havo n=1, 1=17 and the results would justify some confidence that a real offect
hnd been observed.  But if the sccond experiment had shown an advantago of 1y
bushols, although tho mean is now higher, we should place no more but less confidence
in tho conclusion thut tho treatment was beneficial.”

6. (a) Explin why the entries in the lust line (correaponding to n=e) of the
{-tublo are the same ns thoss in tho tablo of tho standardised normul devinte ?  Can
you supply a proof for it ¥ How would you ninke use of this fuct in actunal practico 3

(b) Under usual ossumptions (to be stated) how do you test for equulity of
two variances ! What is the reason for placing the lsrger varinnce in the numerat or
of tho Statintic wlien a test is applied ?

7. (a) Distinguish botween correlution and regression. In what senso i3 the
Corrclation Cocfficient a micasure of asdociation hetween two  varintes 7 Comment
on the following statements :

“In a certain country it ia observed over a largo number of years that
there is strong correlation between the pumber of sun stroko cases and the
amount of wheat produced. This shows that tho two varintes are influenced
by each other.”

(b) A number of persons wre measured for their height (r), weight (y) and
cheat expanston (:) and the product-monient correlation cocficienta are caleulnted.
Prove that )

Toy Tt e — 1}

8. Give o mcthod of obtaining the lurge sample standurd errors of functions o
sample moments, Apply this method to find the standard error of the cocfficient of
variation in random samples of sizo »n from a normal populstion with mean m and
variance ¢2.  What is it valuo whon the population cocfliciont of variation is zero !



STATISTICIAN'S DIPLOMA EXAMINATION, 1954,
Parer Il : AppuiED BtaTISTICE (GENERAL)
.

Time : 4 hours ) _ Full marks : 100
N.B. (a) Answera to the diﬂ‘emn: groups aro to bo g-iven in separate bookas.
: «w(b) Attempt l\n>; threo questions from each group,

{¢) Al questiona carry equal marks, -

Grour A.

1, Explain muhisméo sampling. Undor what circumetances would you adopt
it and with what advantages t

%nllino a design for cstimating the yield per acre of paddy in the State of
Went Bengal. }ow would you obtain the sampling error of tho estimate ?

2. Indicate tho various stagea in the planning, execution and tabulation of
yosulta,_of a sacio.cconomic aample survey. :

What are the various types of orror in such a survey, and how would you
study the differences due to investigatora }

3. Describo the official sources for statistica of einployment and unomployment
and state their main limitations and gapa.

What steps should you suggest for obtaining the size, composition and the
oxtent of uncmployment of tho entire labour force in India ? ’

v, 4. Defino National Incomo of a country. Describe briefly the method of eatima-
tion of tho National Income of India employed by tho National Income Committeo.

What ere tho scctors which are particularly weak from the point of view of
reliability ! Indicate how far the National Samplo Survey could bo utilised to improve
them.,

5. Deacribe tho various mothods of constructing Index Numher of Prices.
Describo in detail the official index of wholeaalo prices in India, the mcthod of com-
putation and its defects. ‘\Would you uso it for deflation of national incomo with
reapoct 10 pricos ?

8. Explain tho various components of a time sorics ond show how you would
catiniote scasonol variation, if any.
If you are given annual rainfall data at a particular place over a long period,
oxplain how you would analyse them for any cycles.

3



Gnour B.

(/Dex-nbo the direot and indiroot methods of llM\dl\rduu\uou.nf doath taln
and give an oxample of & situation wherse the latter, and not the former, “could ho used.
Discuss tho possiblo reasona for inaccuraciea in the computation of the age spccmo
death rates. .

Deacnbo any method of atandardisation of death ratea \\hcrem thu weights
for the age spocifie death rates are not arbitrary but are functions of tho specifie dnmh
rates themsaclves. --

Define the not reproduction rate and show how it is related to the growth
of population.

9. Layout the deaign of an experiment to asseas the effect in growth of body
weight of children duo to the addition of a particular prmcmuun food to tlm diot of
childron classificd aa vegetarian and on-vegetarisn.

. How can the efficionoy of the design bo enhanced by taking account of the
relationship botween rate of growth of body weight and variables like sex and ago ?

10. Explain the principle of confounding and ita advantages in fuctorial eXpori-
ments. Derive a confoundod design for 3 factors ench at two lovela in blocks of sizo
4. Give tho analysis of variance tablo for tho design.

11, State Mondel's law of inheritance and calculats the expected phonotype fro-
quency ratios in the Fy generation for two independent genetic factors, each having &
dominant gene '

If the two fuctora aro linkod in one chrontosonie calculato the phenotype
frequency ratios resulting from tho crossing of an Fy femalo with a double recessive
male assuming that 209, of the gamctos of F; woro crosa.overs,

12, Describo Sposrman’s two-factor theory end show how the criterion of pro-
portionality of the inter corrclations betweon difforont teata in a battery can bo used
to test this theory. !

. In & battery consiating of threo tests it is known that thoro are two independent
common sbilifies involved. Give a graphic represontation of thoe factor pattern and
establish therefrom that en infinite number of factor patterna can give riso to the samo
correlation matrix, 1



'sTATISTlC!A;('s DIPLOMA EXAMINATION, 1934,
Parzn Il : STATISTICAL INFERENCE

Timo : 4 hours Full marks : 100

v.B. {8) Answers to tho different groups aro to bo given in separage books,
¢ ) Attempt any threo questions from each group.
() All questions carry equal marks.

Grour A.

1. Describo the method of Maximum Likelihood for eatimating s parameter.
l\'hao useful proporties, if any, does auch an estimator have '
Give an oxamplo whero the Maximum Likelihood eatimator is identical with

}he estimator obtained by Least Squarcs mothod.

Vi‘ind the Maximum Likelihood estimators for the limits of the range of a
rectangular distribution.

2, Defino the pta of unbiasednens, i y and sufficiency for an estimator
bf a parametor.

- Show that the averago ber of in n ind di trials, each

hoving probability p of success, is both unbinsed and sufficient for ostimating p.

Find the nccessary and sufficiont condition that a distribution admita a
jufficiont statistic for a single parameter 0.

3. (a) Show that if T; and T; aro two unbiased estimators of a population para-
hmoter, both with minimum variance, thon T and Ty are essentially identical.

(b) If on unbissed mini variance eatimator T of a population para-
'meter ¢ exists and if a sufficient atatistic T’ exista for @ , then 7 is & function of T
alona, .

4. Discusa clearly tho theory of estimation of a purameter by confidence intorvals
Give & method of obtaining confidunce intervals and use it to obtain the same for the
mean g of a normal population with unknown variance.

How will you find the number of obscrvations y to get a Ad
interval for #  of a specified length I, the confidence coofficient being a 1.

Grour B.

8. Dofine ‘similar regions’ and explain how a best critical region could be con.
structed for testing a composite hypothesia. Tlustrate with the test for equality or
variances in two normal populations,

Explain how the test of a linear hypothesis is equivalent to the above teat.
[



8. What is maant hy biaa in statistical tests ¥ When there are two teta of ty
same statistical hypothesis, show how you cun compare them with' respect ta hiy
and say that ono is less biused than tha other, . .

Describo the diffc types of unbiased critical regions suggested in th
Jiterature. Find & Typo A unbinsod test of ‘the hypothesia that the variance of 4
normal population is 03, Show that it is also of the A; Type. |

7. Write down tho sampling distribution of the partial coreclation coofficien:
Tayotygrgee -rp when 2y, 22, ..., ¥p OQ0 normally distributed and obtain tha tc:';t. of
significance of a samplo partial, correlation coefficient whon ita population value i
(i) zero, (ii) equal t0 Prirazs... .sp

Indicate how the teat of significance of the multiplo correlation cocfficient B'
hetween z, &nd Zg, 23, - ..., Tp i8 similar to that of the corrclation ratio 7. If thy
test shows that R is not l'igniﬁcunt at a pecific level, ean you infor that the individug
correlations between pairs of z's are alwo insignificant ?

8. Explain carefully, s'uning uny' mumptim{n. the wacs of the D2 slatistic &
a measuro of group distance and as providing a means of testing whether two observed
samples belong to tho same multivariate normal population.
. If wo have k p-variate normul populations having the‘same diapersion matrix.
.>blnin Wilk's critorion for testing for equnlity of means of the p variates, Give s
argo samplo test of thia hypothesis. :

STATISTICIAN'S DIPLOMA EXAMINATION, 1954,

. . Parer VI : Pracricar
Fime : 6 hours . . Full marks : 10

N.B. (ni Figures jn the margin indicate full marks.
:(b) Use of caleulating machines ia permitted.

1. From tho following tablo of values of the l‘uncliorm. Cos z with z in rodias

ot intervals of 0.1, calculato Cos x for (i) x="5.138 and (ii) z=3.330. (1
z Cos z x Cos z
5.0 0.283602185 5.4 0.634692876 )
5.1 0.377977743 5.8 0.708609774
‘5.2 0.4685160671 5.8 0.775505879
*T 5.9 0.554374320 5.7 0.834712785
© 2, (a) Bolow aro givon Hs,Hy#¢ for four frequency distributions. Indicate whict
type of Pearson's systom of curves is suitable for each of these distributions, {#
R S u mo W
: By 1.44 2.25 4.00. 1.00
I 0.95 3.22° 1.38 2.19
BT A T 8.07 17.27 08.20 - 13.02

. ()



(b) A frequency distribution of woights of malo studonts in a university
w given bolow. It ix found thul. Pearson’s type VII curve of the form

-,

/=yo(l + 472) with origin at mean fits the distribution and the constants in this
I'(5.1)
T(.5) r($.0)
wing Incomplete g-Func(ion tables or otherwiso and teat for goodness of fit, (Tako

w are a?=1007.5, m=3.1, yo=35.8 Culculato the expected froquencios

- correct to two placea of decimuls only). . (18)
Class intorval * frequency
()
below 77,5 63
77.5— 02.5 270
02.5—107.5 503 Mcan=102.67 .
107.5—122.5 387 - .
122,5—137.5 o1
137.5 and above 23 o
Total 1437

3. {n) Daota relating to the acreage of lund posscasel by houscholds were colleetod
irom two randont samples of houscholds in two districts as given below,  Test whother
the averago sizo of Iand possessed per housshold is the same in the two districts.  (10)

sample 1 0.01, 0.02, 0.12, 0,23, 0.58, 0.89, 1,12, 1,36, 1.28,
L 4o, 1,52, 2,11, 2,59, 4.00, 7.19.
saniple 2 0.14, 0.32, 0.41, 0.83, 0.57, 0.76, 0.62, 1.25, 3.79,
7.48, 10,56, 12,19, )

(b) In a public opinion survoy on a political proposal, the nttitude of the
interviewees waa recorded under three groups : “Favour™, “oppose”, “‘undecided™,
A total number of 3759 individuals wero interviewed of whom 1872 were mon and
the rest women. 2237 individuals wero in fuvour of the proposal snd 017 wero
opposed to it. 243 men were undecided and 442 women wero opposed to the proposal,
Do you justify or contradict tho hypotheais that there is no associntion between sex
and attitude? (12)

4. Correlation Cocflicicnts wers calculated from 100 scta of observations of
21, 23, 23, 16 ¥12=0.701, y;5=0.036, y25=0.782 calculuto Ky.75 and yy,.y and test
their significance. (12)

3. Tho following duta relate to the yiclds in suitable units of six varictios of
potntocs in a randomizod block experinient.  Test whether tho varieties are significans

tly different among themuelves, . (22)
. Block [ 11 111 Iv \% vI
Varioty \
A . 3% 282 384 . 323 432 250
B 527 450 422 384 411 328
C 504 413 483 439 466 500
D 416 415 334 448 432 368
E 033 488 481 505 ° 504 420
r 652 571 * 7 646 620 017 305




BTATISTICIAN'S DIPLOMA EXAMINATION, 1054,
ParER VI!‘ : PracTicar
Time : 6 hours Full marka : 10§
N.B. {a) Figurcs in the margin indicate full marks.

(b) Use of calculsting machinos is permitted. - *

1. Tho following tublo shows tho production of wheat in U.8.A. during the
poriod 1900-1938. Fit a polynomial trend of suitablo degreo to the data. Repressn
the data and the trend valuce on a graph.

Year  Wheat production in U.S.A. Year  \Wheat production in U.8.A.
(million bushols) {million bushels)
1000 603 1920 833
ol 789 21 815
02 725 ’ 22 808
03 664 23 97
04 597 ot 24 803
03 - 721 25 877
06 757 26 83¢
07 638 27 875
08 843 28 213
00 700 29 822
1910 635 1030 890
11 621 31 032
12 730 2 40
13 763 a3 529
14 801 34 526
15 1026 33 626 N
10 6360 36 627
17 630 37 876
18 637 33 032 :
19 068 (20)

2. A factorinl experimont involving threo fortilizers N; P, K cach at two
lovels waa carriod out in 12 blocks, earh of 4 ploty, the luyocut being a confounded ono.
Analyso tho data and write o non-techmicul report explaining tho conglusiona denwn
from the reaults of the experimenta . {20)



Layoul and Yialds for a Confounded 2% 2x 2 Factoria

Exporimont.

' Block } DBlock 2 Block 3 Block 4
NK 150 P - 153 (o] 145 K 189 .
3] 170 NPK 202 PK 191 P 272
PK 135 N 153 NK 300 . N 160
NP 130 X 182 NP 240 NPK 305

Block b Block 8 Block 7 Block 8 ™
NPK 153 0o 1569 P 260 NK 300
N 101 PK 210 NPK 240 PK 233
K 151 NK 138 K 159 o] 228
P 188 XP~ 129 N 278 NP 1

Block 9 Block 10 Block 11 Block 12
NP 119 NPK 128 NPK 173 K 213
PK 130 N 115 K 03 [} 170
NK 77 P 154 N 200 PK 224
0 02 K 143 P 186 NP 245

" 3. A producer of electrie bulbs, in his dosire for putting only good bulbs for sale,
rejects all bulbs for which & certain quality charncteristic z of tho filament is below

65 units. Assuming that the quality characteristic x nnd the life of the bulb in bours
y ATY )omlly normally distributed with

(16)
z y
mean §0 1100
standard dovmtlon 10 100
correlation coefficient 0.60

find :

(1) the proportion of bulbs produced that will burn for lexs than 1000 hoyr,
(2) the proportion of bulba produced thad will bo put for snle
(3) tho averago extra lifo of bulbs not burnt out beforo 950 hours of burning
(4) the avorago lifo of bulbs put for sale,

® 4. It is known thet tho quality characteristio of a manufactured product is

normally diatributed with an initia} mean of 113.7 unita and a standard deviation

of 8.8 unita. Samples of four are taken ovory hour and a three-sigma control.cliart

of the ramplo noun is minintained at this lovel. If becavso of tool-wrear tho mean

continuously falls off at tho atoady rate of 0.085 unita per hour, afier how many houre

will 1he probubility of point on the X control clmrb going below the Jower control lino
bo > 059, 1 (15)

w



5. Fill up tho missing ontrics (*) in tho following life table : . 15

z Iy dg 1000¢, Ly Ts s
23 78,0408 . M . . 39.60
28 7014 440 . . . ¢
27 . » . » . .
28 76,723 . 6.08 . . .
20 . . . . . .
30 . . . 75,632 2,705,310 L

8. The following tablo gives tho intercorrclations of scores for a battery of 5

tests nd_ministcmd to a group of porsons: (13)
1.000 0156 .830 018 .892 .
1.000 .009 031 .030
1.000 .870 .922
1.000 040
1.000

On the n‘ssumplion that thero exists only a singlo common factor eatimato the fuctor
loadings either by Hotelling's method of principal component or by Thurstone's cen.
troid mothod.

Also find out the residunl matrix.

STATISTICIAN'S DIPLOMA EXAMINATION, 1054,
Parens IV & V (SreciaL SuBJecT) : THEORIES OF INFERENCE (THEORETICAL)
Timo : 4 hours " ’ Full marks : 100

N.B. (a) Attempt any four questions.
(b) All questions carry equal marka,
(c) Use of calculating machines is not permitted.

1. Describo Noyman and Pearson's method of dotermining similar regions for
testing & composito hypothesis and of selecting from nmongst them a best eritical
region with regard to a family of altornative hypotheses, Following this method
derivo tho best test for equality of means of two nornal populations, assuming thoir
variances to be the sante,

Whero uniformly miost powerful testa do not oxist, do you consider unbiasod
locally most powerful tests as next bost ! Show that for a composite hypotheais p,
with one unspocified parametor 8 and for which @'=A+B@ @ being _?loag—‘p. the
unbigsod locally most powerlul critical region is formed by combining eections of
the ¢ surfaces within which a—;:: —k % = Ipo 20 k and I boing suitably choson
consiants.

10



3, Dofino the information litnit to varianco for tho estimation of ¢ () whore ¢ ia

(ho single, parametor occurring in the probability density function f.

Show that distributions adinitting oatimates with the information limit to
ho varianco should satisfy

J=/, exp (1©1102)

where / and ¢ aro funetions of tho observations only and ©1s @ nro functions of ¢ only.
Minstrate on tho distribution. '
= P og 291
IO = ¢
p boing the paramotor to be cstimated.

Prove that minimum varianco cstimates are necossarily functions of sufficiont
statintios, !

3. Defining a scquential probability ratio test, show that the probability that
tho test torminatea is 1. If in a normal population with unit variance, Hy and H,
specify #o and #, for tho moan, write down tho expreasion for the probability that
tho test for Ho against H, will terminate after tho nth obsorvation, Explain how
it ia possiblo to know approximatoly tho averogo numboer of observations required for
terminating the test y dure. . .

Dovelop a sequential teat of tho composito hypothesis that the moan of a
normal population is Ko, - )

4, If 2y, r3 ...., 7p are p variotos distributed in & multivariate normal form,
obtain Fisher's linear discriminant function of these variatos on the basis of two
samplea from two p-variato normal populations having the same disporsion matrix,
Show that this is tho same as Mahalanobis’s D2,

What critoricn would you uso for testing the hypothosia that thore is no
difrnmﬁce in tho mcan values of the p variatea in the trio populations? Obtain
the distribution of this statistic.

5. Describo Wald & Wolfowitz'a run test for testing tho hypothesis that tho
distribution functions of z and y are identical. Can you suggest any improvemont
by using tho lengtha of tho z. and y-runa,

Outline the following non-parametric lcf‘lls for the same hypothesis :
1. Wilcoxon's Test
2. Dixon's Tost
3. Statistical Sign Tost,

Explain how tho concept of power in tho Neyman-Pearson's sonso could bo
applied to non-paramotric tests. Can you uso this concopt to compare the officioncy
of 8 non-paramotric toat with that of a paramotrio tost of a hypothesia whon a para-
metric teat is possiblo. Defino the proporty of istonoy of a P trio tost
and atato which of the above four tosts are consistent.

8. How will you tost whether a sample median diffors aigniﬁcnmiy from a given
population modian »y ! If , is not known, how would you find an intorval cetimate
for it ?



Doscribe briclly tho nedinn tests for a linoar hypothenm doveloped by Brown
and Mood.

If 7y, 72, ..... Ty bo obscrvations on N chnnco varinhles X'y, Nuo ..o, Xy,

Obtain a test of the hypotheses that X's are independent and indontically distributod

7. Define a randomized decision function and show how it can bo used to dotor.
mine uniquely a procoduro for making exporinmentaiion and selecting . a terniinnal
decision, ' .

Define tho risk function and show how-Wald usced this function to dovelop

Boyes and Minimax solutions of tho decisi problom. Sur 0 confnins two
¥ \

elementa Fy and Fj with probability density functions f, and f2 and D! contnins trio
clenonta d,f, d2f and that experimentation is porformed in ono stago with tho observa.
tions on X;, X3, ...., Xy. Show that the following is the neci&-wry and suflicient
condition for § to be a Bayes solution relative to an a priori distribution £ on F:

Jelry T ey zy)
verinnzy)=0 wh | R
8(x, zy) w e >
and 8(z(y s zy)=1 whenever Jalzr, .o zy)

l
Dl ooy Zy) <k

h buing a function of ¢y, £, the components of tho vector ¢ nnd the weight ﬁmc! iona
W{F. dif), W(Fa, dl)

STATISTICIAN'S DIPLOMA EXAMINATION, 1954

Parcns IV & V (SreciaL Scpyect) : SanrLe Survrys I (Tn éOlUTl‘l(‘.\L)

Time : 4 hours Full marks : 100

N.B. (a) Attempt any four qucstions.
{b) All questions carry equal marks.

¢) Treatmeant should bo mat} ical wherever possible,

1. Find the expectation of tho smnple variance for o simply random samplo
from & finite population,

Also obtain tho cocflicient of variation of the estimated varianco (you may
restrict to sampling with replacement only). Derive an approximato expresgion for

tho coofficient of veriation of the estimated standard deviation. Are these results
of eny practical importance ?

2. Writo a fairly dotailed note on tho problem of allocation of samiplo to atrnta

in a atratificd simplo randoin sampling schomo. (Restrict to tho case of tho usual
simple unbiasced estimalo of the population total),

Explain how you would ovaluato tho gein in preeision duo Lo stratification
from tho resulta of sn actual sampling enquiry with a stratified randomn numplmg design.
Do stratification always give riso to gain m precision ?

12



3, From a random samplo of n ol s a 1 b plo n” el ts are
inplicated and nddded 1o the original sample. Provo that the mean based on theso
(n4 n*) cloments is an unbiused estimnto of the population mean and ila variance ia
wrenter than the vurianco of the meaa based on the original n clements by the appro-
ximate “fuctor, " -

. . M=)
. . VM gy

where M=9, What is the effect of elimination instead of duplication of theso n’
n

olements ?

In the tabulation of the results of a multi-purposo survoy with a stratified
simple random sampling schemo it is desired to obvialo tho trouble of weighting
separately tho strata means (or totals) by hiaving recourse to the principle of randora
substitution or elimination of sample units. give the nccesssry theory which will
holp to approach the optimum extent of substitution or elomination;—use of simple
cont function. (Restriet to 2 atrata only).

4. Obtain an approximate expression for the slnndard error or a ratio estimate
(for tho caao of simple random sampling). Under what conditiona is the ratio estimate
niore preciso than tho simplo unbiosed estimato ' What ovidence is there to show
that the bins of the ratio estimato decreases faster than tho standard error as tho size
of tho sample incroases? -

Comparo the two ratio estimates which aro usvally associated with's nlmhﬁcd
simplo random sompling schemo in respoct of (a) bias, {b) sampling variance.

5. Discusa cnrefully various aspecta of the problem of sampling on two successive
occnsions with particular referenco to ths question of estimating (l) means, (2) change
and (3) means und change jointly in the following caso : .

A simoplo random sample (srs.) of n unita is selocted on the first occasion nnd
a a8, of fn of theso units aro retained for tho socond occasion and these are asupplo-
mented by (1—f)n independently solectod units. Uso linear unbiased estimatea of
tho form a,X, +a",Z’y +a:T2+a’.T's whero T; ia the mean per unit for the i-th occasion

for tho unita conunon to tno two m\mp)ea and I’ is the one corresponding to units

which aro not comnion (i=1, 2). Also for the sake of simplicity pling to
be with replacement.
6. Writo a note on pling without rep) { with variable probabilitics

of slcction. Explain various alternative mothods of obtaining unbiasod estimates
of the population mean. *Find tho sampling variance of such cstimates and derive
methods of estimating these from the ramplo. Do you consider Yates and Grundy’a
eslimnior of tho sampling variance to bo better than that of Horvitz and Thompson ?
Restrict to the caso of (unistago) stratified sampling whoro two unita aro selected from”
each stratum,

7. TFind tho variznce of eimple unbiased eatimato of a total for two-stago sample
design in which tho units in hoth the stagea aro selected with equal probability, the
primary sampling tnits (psn) being of unoqual gizo. Discuss the effoct of variation
in 5i20 of tho paw on tha varianco. Explain the rolo of a«lection with varying pro-
babijity in “'‘conlrolling" tha siza of psu and compare it with other mothods available
for tho purposo. .
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STATISTICIAN'S DIPLOMA EXAMINATION, 1054,
"Parens IV & V {SpECIAL SUBJECT) : Ecoxoio S8taTisTIcs (THEORETICAL)
Timo : 4 hours : Full marks : 100

N.B. (a) Attompt any six questions.
(b) All questions carry equal marks, .

1. Doscribo tho additional information that haa been mado availablo by the
1951 Census of population in India as comparod with the 1041 Consus, How far is
thia information useful in gotting an occupational pattorn of the rura and urban
populations.

2. Describo the present official statiatical organizations in India both at the
Coentre and in the States, Suggest improvemonts in them, if any.

. 3. Compare the Fixed-Baso mothod with tho chain method of calculating a
sories of indox numbers. Docs the Chain Indox have a cumulative error ? '

4. What aro the difficulties raisod by government expenditures and taxes in
tho "estimation of national incomo? How aro thoso dificultics overcome ?

5. State somo of the difficultics that have to bo faced in conatructing an indox
number of industrial production and explain how they may bo edlved. What apeeial
techniquo haa to be adopted in tho caso of o seasonal industry such s sugar ?

6. Graduation by the least square mothod loads to tho sameo resulta as by tho
mothod of woighted moving aversgo. Illustrato this by fitting a cubio to five con-
socutive items in a timo scrics and showing that thia is in effoct a moving average with
woighta—3, 12, 17, 12 and—3 respectivoly.

7. Discusa tho genoral problem of busi fe ing. DBriofly doscribo some
of the methods ly employed and idor thoir validity.

8. In calculating domand elasticitics from faniily budgoet data, state and justify
your proforonco bolweon the altornatives given below :
(i) quantity va. oxpenditure ns dependent variablo
(ii) incomo ve. total expondituro as independent variablo.

9. What aro tho assumptions that have to be made in deriving statistical demand
curvea from Maryhall’s demand curve for an individual speciully with regard to (a)
stability in “othor conditions” and (b) transition from individual to market demand ?
What expenditure have been adopted in order to mako the assumptlions valid t

. )




STATISTICLAN'S DIPLOMA EXAMINATION, 1034,
Parers IV & V (SpecraL SussecT) : STATISTICAL QUALITY CoNTROL (THEORETIOAL)
Timo : 4 hours Full marks : 100

N.B. (a) Attompt any five questions
(b) All questions carry equal marks
* (e) Uso of calculating machines is permittod.

). (a) In a manufacturing process tolorances epecificd on technical grounds
wo found to be tuch widor than the 3« control Jimits, Explain how you would modify
’(ho control chart for varinblea in this caso 8o as to avoid taking unnecoessary corroctive
action.
(b) Explain tho applications of the theory of runa in (1) standard control
charts and (2) control chart for moving avoragos.

2, (a) Discuss tho rolationship batween the range and tho standard deviation
in samples from a Normal population. Examine the officiency of tho rango of samplo
as an estimate of tho population standard deviation; for what samplo sizo is this efB.
ciency & maximum,

(b) Explain the uso of range in control charta, Why are the uppor and lower

limita for the range chart not equidistant from tho central lino !

3. Give dutails of any variablo inspoction plun for accoptance inspection for
percent dofective. What are tho advantages of such a plan over inspection by
aitributes ? ’ .

Discuss undor what conditions would you reduce or tighten inspection under
such a plan.

4. "Prove that the probability is unity that the svquential probability ratio test
proceduro will eventually terminate, ’

Derive a scq\mnt'inl tost pmcodhm for discriminating betwoon two valuce
of the standard deviation, ¢; and ¢, of a normal population with a known mecan. Draw
a skotch of the OC eurve for this tost of strongth o,

6. Explain how you would build your own sanipling acceptanco plans baving
resource to tho standard sainpling inspection tables.
Explain tho use of the control chart for vuriables for accoptance purposes.

6. Examine oriticnﬁy tho follwing statemonts :
(i) “The Coatrol chart is & mechanical formn of apalysis of variunce”,
(ii) “Corresponding to any etatistical test of signiGeanco one can sob up a
Control chart,"

7. Write short notoes on tho following :
(a) Simon Charts ’
(b) Percontago sunipling inspection
(c) Control chart for defocts whon samplo sizo varics
{d) ASN curve,
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STATISTICIAN'S DIPLOMA EXAMINATION, 1034,

PAPERS IV & V (SPECIAL SUBJECT) : MATHEMATICAL THEORY OF BAMPLING

DisTRIBTTIONS (THEORETICAL)

" -
Time : 4 hours Fnll marka : 10

N.B. (n) Attompt any five questions.
(b) All queetions carry cqual marks,

1. Tho distribution of the 2 dimensional random variable (X, Y) is a bivarintg

normal. Find tho distribution function of the ratio -)\

2, X3 denotes tho random variable with chi-squaro distribution with n (I--ém-n

of frocdom. Show thut for suitably choscn constants an and by (,>0) tio character.
2

istie function of .x_.b:“.’l tends to tho characteristic function of the norial

distribation, From this what do you conclude about the behaviour for argo n of Prob

(x_'B.:_a_"é z)? Give realons for your nlnlomolma. . :
3, Xi, X3, +..., Xy aro indepondent random variables oll having tho ramo fre-

quoncy function (probability density)

h
“Mz8) = r-fl(%) for 0<z<s
(l_ 0 otherwise
Horo h(z) 20 and H(#) is o suilablo constont.

Find the valuo of ¢ as a function of the obsorvalions z;, z1, ...., 7, for which tie

A
product f(2y,8), ..., f{zn,0} is A maximum. Donooting thia value by 8, nand tuking
Mz)=1 if0<z< e and 0 othorwise, find the lititing distribution of

A
én
n ( 1_7) N8 1= o
.

4. Dorive tho distribution function of tho corrolation cocflivient of a samplo
giza n from a bivaristo normal population in which the eorrclation coeflicient pEU
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5. X is a random variable having the (conditional) Poisson distribution with

ko-a
probnbililim -‘-’k—‘l— (k=0,1,....,) where the paramcter a is itsolf a random variablo

with the froquency function ‘:)‘) ax+t o-" (a>0)
S.how thot

-1
mb(x=x)=( ) ( A (1+.;:(’“‘°"2' ........ )

Find the moan, varionce and the generaling function of X,

8. Show that tho mean z and varianco St of & sample of sizo n from a normal
population are indepondont. State and prove the analogous proporty for a multi.
variate normal sample,

7. Obtain the distribution of the Studentized D?.statistic for two samples from
two p-variato normal populations with the same disporsion matrix.

STATISTICIAN'S DIPLOMA EXAMINATION, 1054,

Parens 1V & V (SeeciaL Supyect) : DESION oF EXPERIMENTS 2—CONSTRUCTION
or pesioNg (TAEORETICAL).

Time : 4 hours Full marka :

N.B. {s8) Attempt any six questions.
(b) All questions earry oqual marka.

1. Prove that if S=p» whore p is any p;ime and n any positive integer, thoro
exists o Bet of (S—1) orthogonal squares of side S.

2, Show that tho maximum numbor of foctors that can be accommodated in a

symmetrical factorial experiment in which cach factor is at $=pn lovela (where p is
o prime integer) there being S7 plota in avery book, subject to tho condition that no
main effoct or two-factor interaction ig confounded is {87—1)/(S=1).

3. Explain the Principle of Generulised Inkcraction with reference to a symmetrical
factorial expuriment involving m factors ot S lovels each. Illustrato its uso in construct-
ing confounded designs for an experimont where m=S=3.

4. Define arrays of strength d and h_/pucubu of atrength d. Discuss a gonoral
mothod of eonstructing the latter.

5. Using tho theory of finite Abolian groups, give an account of the prineiplos
of fractional replication with particular reforonce to tho 2 and 37 factorial oxperinionts.

8, Show that it in impossible to construct a balanced inconiplote block llcmgn
w ith 1le peromcters i—

v=18, k=5, p=17 b=2l, A=2
17



7. Define s Youden aquaro. Show that such a equare can aluuys be constructed
from a set of balanced incomplete blocks in which tho number of varioties is equal
to the number of blocks,

8. Show that n 4 partially bal d i pleto block design with just
two associnted classes and two roplications must belong to one or other of the following
80rios i—

I : o=p,’ k=p
) § G v={§plp=1) k = (p-1)
{1 v=23p k=2p

\

STATISTICIAN'S DIPLOMA EXAMINATION, 19534,
Parers 1V & V (SPECIAL SUBJECT) ! SAMPLE SURVEY-APPLIED (THEOBETICAL).
Titno : 4 hours © Full marks : 100

N.B. (n) Attompt any five questions,
(b) All questions carry equal marks,

1. Discuss how will you plan a pilot survoy for collecting relovant information
regarding cost and varianco factors, which information will be used later in planning
o large-scale sample survey for cstimating tho acreage under wheat in a particular
stato (or provinco) of Indis. :

2, Describo a suitable plun for 8 sample survey for eatimating the yicld-rato
of wheat in n stato (or province) of India, and prepare a rough budget of tho expendi.
ture to bo incurred. A brief note on the budget should also bo given justifying the
differont heads of expenditure. (Tho total expenses, inclusive of the preparation
of tho sampls dusigns, forms otc., tho Buld-work, and the finul processing of the data
und submission of tho report, should not exceed sixty thousand rupees).

3. Write a note on the observational errurs in samplo surveys, including tho
following points :—{i) geéneral naturo of nuch errors, (ii) any suitablo probabilistic
moxdel approximately representing theso orrors, (iii) experimental evidenco in support
of thu medel in (i), (iv) the effcet of thero errors on tho extimato (say, of tho average)
and its standard error, and (v) methods of controlling such vrrors, if neceasary.

4. Dircuss tho problem of * P " in a soci ic survey, and the
methods for solving tho problem. .

5. Write a noto on thy problem of constructing the strata for stratified samspling,
including tho following pointa:—(i) suitable charucteristic for tho construction of
strata, (i) detormination of tho number of strita, and (i) dotermination of tho boun:
duries Lotween tho strata,

Discuss also tho method of etrutification after snmpling when it is not possible
to stratify beforo
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6. Describo und discuns any largo-realo samplo survey recontly conducted in
Indin, or in any part of India.

7. a) Writo out sn inatruction sheot (in English) for an enumcrator oxplaining
the usca of “random aampling numbers™ for selocting randomly 10 por cont of the
familica in a village, and to solect randomly ono mbor from each solocted family.

) There is a region consiating of 1000 villages and thero aro 100 familics in
cach village. Supposo 20 fumilies are selected from the region in oither of the following
fous nltornativo ways :— i) 20 familica aro sclected at random from all the 100,000
familics (ii) a villuge is sclocted at random and a family is solected randomily from
the village; this procedure ia npcaled 20 times; (iii) 10 villagea are selectod randomly,
and 2 familics aro sclected randomly from each solected villago; and (w) 10 villages
aro relected not randomly, but uubjccli\-cly. and 2 familics aro selected randomly from
each nelected villago.

Discuns and compare theso four types of sampling. (Tho distinction between

pling with repl t and pling without replacement may be ignored),

8. Try any fwo of the following :—

(a) “Usunlly the two major objectives of forestry survoy (by sampling) are

the estimation of timber volunf and the construction of a contour map. It has boen
-froquently urged that tho latter (map construction) loave no practical alternative to
tho systematio pattern of tho sumpling units”, Discusa tho statement quoted above,

) (b) Discuss how to cetimato by pling either tho nuinber of aquirrols in
a small closed forest, or the number of fish in a tank, using the capture.recapture
mothod,

{c) Suppose you aro required to samplo from a number of villages with pro-
babilities proportional to their geographical arcas, and a map showing the boundariea
of theso villages is availablo, Discuas whether tho location of “points’* at random
on the map (say, by random choices of rectangular eartesian co-ordinates, x, y) will
bo useful “in this connection.

STATISTICIAN'S DIPLOMA EXAMINATION, 1054,

Papera IV & V (SPeciat Sunsect) : VITAL STATIsTICS AND PopurATION STUDIES
R (TREORETICAL)
Time : 4 hours Full marks : 100
N.B. (a) Attompt any four questions,
(b) Al questions corry equal marks,

1. Describe in detnil tho method adopted in ealculating the survival probabilities
10p; and pg in the different ago runges for tho Censns of India 1041-50 Lifo Tables :
discuss ita comparativo merita in the context of the mothods npphed in construction
of the earlicr Cenaus of India Lifo Tubles. X

If a curve of the typol = A +Hr+Bc® +—— u+| is used to ex\mpolau: for the
lifo teblo valuea of survivors at ages 0K, <5 wtilising supplementary information
about infant and child mortality, auggest how the constanta should be determinod,
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2, Show that in n atablo population wilh conatant husband.wife ngo difforonee

d ab marringe, the conaistont female not rof

ion rato Rop=Rye-" where Roy
ia the male not reproduction rate and r the rate of natural increaso of the populution,

Also show that a first approximation to r isgiven by __ loge Rop where @p ia th
(4 - .

fomalo mean generation intorval.

®
Can Lotka's fundamental equation I etz xpobrdxr = 1 be applicd to
. ° .

soctions of a population like population in working nges {14 ~59) or in old ago (80+) ta
obtain tho natural rate of increaso of tho rections? Give illuatrationa and reasons,

3. Dcfino infant mortality. Why is the infunt mortality rato linble to be more
inaccurato than either birth or death rates when derived from tho same saurce of
defectivo birth and death registration dota ?

The proportions of children dying in tho fist year of lifo out of overy 1000
childron born to eouples classifled in marriago cohort groups, taken from hy a recent
samplo survey on an all.Tndia fmmo. are given in tho tablo below :

marriage period of couplo

- type of couple
before 1810 1010-1010  1020-1929  1030-1939  1640-1951
1. couplea with total 04 126 0t 118 127
chnl(lmn born 1 or
2. All couples 88 102 126 134 143

Information was collected by the interviow method for all sample couplea with at
- loast one partner alive on the date of survoy.

Comment on tho aalient foatures of the results; with what official statiatios
would you compare them and in what manner?

4. Sot out tho principles and facts on which the Registrar General relied ta draw
the lino of ‘improvement maternity” in hia Report on Census of India, 1951, Keeping
in view tho genoral exptenienco of demographic behaviour and probable developmonts,

t on the ] in the Report that by putting an end to improvident
maternity, o8 dofined, tho excoss of births over deaths will bo reduced and a substen:
tially etationary population achieved.

B. What statiatica of international migrations are available for India t Indicate
broadly tho defcets and the gaps. Give the dimensional mignitudo of the total net
migration from India during tho present century and rank tho principal roceiving
countrira, List the brond standard categorics into which mtemnuonnl migrations

have been clasvified, soparately for arrivals and dopartures.

Study of internal migration in India with particular reforonce to urbanisation
is under contemplation. Suggest a basio structure for an ad hoo internal migration
survey to specifiedd regiona mentioning the principal classifications with respoct to
type and causo of migration that you would recommend.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1054,

pParens IV & V (SPECIAL SURIECT) : DESION OF EXPERIMENTS I—APPLIED (THEORETICAL)
Timo : 4 hours Full marka : 100

N.B. (s) Attempt any five queations,
* (b) Al questions carry equal marks.
(¢) Usa of caleuluting machines i not permitted.

1. In tho cnso of a randomised block experiment on o variation in r blocka (of
o plota each) repeated over p places, conatruct a mathematicnl model to show how
the yiold data ean be analyscd into various componenta (the p places being regarded
aa a random sample from a population of places). Exhihit also the expectation of the
mean square (a) for error, (b) for variely and (¢) for internction between variotics and
places,

2, (a) Discuss tho occasions for and tho advantages of tho use of hiararchal

olassification in statistical practico, a8 applied to design of experiments,
(b) Explain the idea of local econtrol and orthagonality in tho design of oxpen
monta.

3. What is the nfain difference botween the “awitch-over design” and the “long-
term experiment” in the caso of treatments applied in seq 1 Consider the
following pettern for testing 3 nutritional treatments on the milk yield of dairy cows
in which the total experimental timo of 3 months s divided into 3 perioda cach of one
month :

Cow

M 1 2 3 The treatments are denoted by a, b, ¢, If
r sots of 3 cows are used, with a random
Poriod Y " a b c square for each aet, and if the error variancoe
is homogencous ovor tho scts, show the
11 b e a onnlysis of varianco resulting from a
reasonablo mathematical model to bo sugges.

11 [ a d ted by you.

4. (8) Put a caso for the uso of Factorial oxerpiments as against comparable
exporimonta in which all factors except one are kept constant, and a sorieca of oxperi-

" ments is performed for investigating tho effect of difforent factors,
(b} Givo tho plan and the method of analysia of 8 3x3x 3 Factorial experi-

ment in 4 replieations in which a set of 2 d.f. of the triplo interaction is totally con-
founded.

6. (a) “A suitably choson sub-sot of the full factorial sct can provide worthwhile
information"—Comment fully on the above atatoment.

(b) What are Affino Rosolvablo B.L.B. dosign?
) 2



Show that in tho designs b=v+r , whero b is the number of hlocka, v 1,
number of variotics, and v tho replicution of each variety.

Examino whether a deaign with paramoters b=18, v=10, r=9, k=5, \ =
can bo a resolvalte deaign, where k is the numbor of varieties (all different) in a block
and X the number of times a pair of varictics occurs togother in a block. t

8. (a) In a balanced incompleto block deaign if the modol for the intra-block
comparisons as taken us yy=a+dit+vjteij .
where tho suffixes § and j refer to blocks and variotica respectively; and y, #, b, v and
¢ refer to the plot yicld, mean yicld, effect of block, effect of treatment, and random
fuctuations (with zero mean and a conatant 8.d.), show that tho efuation for eatimating
treatnient differences are : .

LA T iy
(‘V»;_=' El\'.-. Y E \.- Y= 0 =121
. i i :
whoro njj is tho number of times lilo treatment j occurs in block ¢,
Ny— E tn,—,, and Q).=Yn1_.2 :—”L Y
. - N, °%

Clearly stato the aasumptions underlying the mathomatical treatment.,

(b) If from a given symmotrical B.I.B, design one block is omitted as also
tho varioties confained in this block, show how the parameters of tho original design
are changed to form the now design. In the caso of X\ =2, show how thia new design
is changed if it is “tr ted"” as above.

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

() Analysis of mixed vp yields in a randomised block experiment zuro yields
having been mixed, 8o that their sum only is known).

(b) Relative efficiency of an ungrouped randomised exporimont, randomised
block experiment, and a Latin square design under comparablo circumatances

(c) Analysis of non-orthogonal data resulting from disproportionate numbers
of items in the classcs in & randomisod block experiment.

(d) Covariance analysis in a Latin aquare design,



STATISTICIAN'S DIPLOMA EXAMINATION, 19534,

Puzns; VIIL & IX : Tneonrirs or INYERENCE (PRACTIUAL)
Tine : 4 hours Full marks : 50
.

N.B. () Attempt any two quoestions.
* (b} All questions carry equal muarks.
(¢) Uso of calculsting mnchines is pormitied,

+ 1. Blood Plauna Chlorides in e.g. (x(), Free Acid in c.e. (z;) and Total Acid in
c.c. {z3) obtained from gastric analysis wore recorded in tho following table for 17
normul hoalthy persons, twentyfour hours before und after the Percoten Intra-muscular
injection. Exaniino whether tho injection haa produced any cffect on the charactom,
x,, 23, and zg.

24 hours bofors injection 24 hours after injection
ul,
no. I Zy xy EN z4 x3
1 358.0 43.0 58.5 0.0 64.0 3.5
2 38.0 2.0 42.0 60.0 26.0 4.0
3 58.0 4.0 89.0 62.0 4L.5 8.5
4 52.0 00.0 18.5 gu.0 20.0 1.5
5 54.0 00.0 22.5 538.0 00.0 10.5
¢ & T 80.0 86.0 6.0 79.0 91.5
1 58.0 11.0 20,5 60.0 20.0 41.0
8 6.0 17.5 35.0 62.0 33.3 33.5
9 58.0 67.5 83.0 60.0. 00.0 8.5
10 55.0 20.0 47.0 38.0 6.3 0.9
‘11 56.0 14.3 62.5 38.0 . 45.0 60.5
12 560.0 00.0 10.0 56.0 35.5 52.0
13 52.0 00.0 7.5 58.0 62.5 8.5
4 58.0 00.0 4.0 60.0 00.0 7.5
15 48,0 0.0 29.5 62.0 44.0 66.5
1§ 58.0 325 52.5 64.0 00.0 23.0
17 50.0 00.0 15.0 62,0 85.0 102.5

2. The following figures relato to observations in two independent samples :—

Samplo 1: 23, 30, 24, 34, 24, 20, 13, 32, 22, 34, 31, 35, 7, 10,19

Samplo 2 : 40, 34, 22, 8, 47, 31, 40, 30, 23, 30, 17, 21, 27, 29, 20
() Test whether the twa eumples have como from tho sume population by
applying the following non-paramotrin tests.
Wald-Wolfowitz Run Tt
Munn & Whitnuy's Test
Statistical Sign Tost
Wilcoxon's Teat.
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{b) Test tho hypotheais that the niedians of the two populations from which
tho abovo samples aro drawn aro oqual. If tho hypothesis is not rejocted at 59 lovel
obtain point and interval catimates of tho commen medinn. If it is rojectod, obtain
gimilar cetimatos for cach median,

Given .
Wald-Wolfowitz Teat : m=n=15
U 10 11 12 13
P{ULUg) 0180 L0457 L0974 1740
Wilcoxon's Test : Number of paired comparisons n=15 *
Sum of rank numbers
+ or —, whichever is} 16 19 23
lvea.
Prob. of thia totul or  .0103 019 034
lesa:

3. Conatruct the OC curvo for the sequentinl probability ratio tcut for testing

Ho(p=.1) aguinst H,(p=.23) whero H specifics
Jiz, p)=p for z=0
=l-pforx=1.
Take a=f=.05
Also construct the ASN curvo for the same teet. Compare tho avorago sizo

of sample required by the above soquentinl test when tho true valuo of p is .1 witl;
the samplo size required for the corresponding nol i\ ial test  with cach of the
two types of error oqual to 0.05. (You moy use the normal approximation to the
binomial for finding the sample sizo in the non.scquential case).

STATISTICIAN'S DIPLOMA EXAMINATION, 1954.
Pareny VIII & IX : SaurLe Survey-Tueory (PRActicAL) ¢

Timo : 4 hours - Full marks : 50
N.B. Uso of caleulating machines ia permitted.

1. You are given tho Census (1051) Handbook of a dixtrict.

(1) Draw a random samplo of 30 villages.

(2) Also draw a samplo of 30 villages with probability proportional to popula.
tion (with replacement).

N.B. Givo sufficicnt dotuils 80 that tho correetnens of the procoedure followed by you
may bo vorified.

{3) Eetiinto tho proportion of “‘eultivators of land wholly or mainly owned
and their dependents” (i.o,, those belonging to tho livelihood cluss I) to the total poputa-
tion of the district by using () tho ratio method for samplo (1) above, and (b) on un-
biased method for sample (2). L.

(4) Caleulnts tho standurd orrom of your catimatew,
(5) Comparo your ealimates with the actunl vuolue nnd muko any usoful
ta which you ider worth mentioning.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1054.

Parrrs VIII & IX : EcoNouio STATISTICS (PRACTICAL)
Time : 4 hours Full marks : 50
.\'.B: (a) Answer question No. 1 and any two of the reet.

(b) Use of calculating mnc)xincs is permitted.

1. The following table gives the prices and quantities consumod of food articles
per family of 3.27 units at Detroit (U.S.A.) and Copenhagen (Denmark). -

- quantity consumed por - price por unit
) family of 3.27 units - (Ore)
food urticlea (Kg.)

Dotroit Copenhagen Detroit Copenhagen

m (t2) @ (4) ),

1. Beef fresh (steak) 17.4 371.0 3 181
2, Beef fresh (roaat) 22.5 273
39.9 208

3. Veal 1.4 29.2 276 194
4. Pork (fresh) 30.2 15.9 21 194
5. Pork (salt) 24.7 18.5 247 200
6. Cookod mcat 7.8 12,5 258 248
7. Fish (fresh) 1.9 20.2 238 115
8. Fish (salt) 1.8 1.4 229 88
9. Mik 507.0 389.5 52 32
10. Buttor 30.0 30.3 414 204
11, Checso 7.3 10.9 279 243
12, Lard 22.1 10.4 135 158
13, Eggs 55.0 29.17 248 178
. Flour (wheat) - 87.0 51.3 40 34
15. DBread 236.1 67.0 88 71
18, Sugar 88.8 14,5 54 42
17.  Potatoos 268.3 275.8 20 13
18. Tea 2.3 1.2 603 000
19. . Coffoe 4.8 15.8 322, 428

Culeulate any indox you think suitablo for tho cotnparison of cost of living
at tho two places. Write a note on the limitationa of the formula you use.

2. Estimate tho constants of tho Pareto curve n=Ay"9 which fit the data below
and discuss to what extont the Parcto Law is verified :—

Number of incomos n more than Rs, z during 1948-49.

Income (r) Number (n)
15,000 9,100
10,000 . 21,700

5,000 62,500
1,300 1,768,100
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3. (o) From tho following data test whothor infant mortality ia eignificantly

different from one State to another. .

State No. of = Deaths
infunts per 1,000
) 65,457 60
1I 33471 72
111 60,644 70.
1v 40,477 6l
\Y 62,041 58
Vi 57,183 68 *

{b) Draw up a Lorenz curve from tho following duta of 1048-49 incomes in
India and comment on tho incquality of tho distribution :—

Gmde of total No. of assessco Totul income
incomo asscssed -
- (Rupecs) (In hundrmla) (In Ra. lakhs) .
0— 1,500 32 28
1,501— 3,000 555 1341
3,001— 3,500 258 823
3,501— 5,000 325 1349
5,001— 7,500 261 1605
7,501—10,000 147 vo12968 -
lo 1001—12.500 S 810
12,501—15,000 47 642
15,001—20,000 427 710
20,001—25,000 25 361
25,00!—30,000 . 1] 287
30,001—40,000 8 257
40,001—50,000 3 126
50,001 and over 2 . 137
Total | 1793 10041

4. In a certamn budgot inquiry of working claas fumilics in Bomlmy, (ho following
Engel cquations were obtained, E boing the total exponditure :—

Food (e)) 0.459 E +0.31
Housing (e3) 0.009 E -+2.70
Clothing (es) 0.062 E +0.72

Fuel & lighting (e4) 0.055 E 40.78

The price relatives for all the constitucnts viz., Food, Housing Cl;uhing, Fuel
& Lighting and Miscollancous were respectively 131, 100, 120, 112 and 115, Yind
tho index numbors of cost of living when the income is (a) tho averago incomo Ra. 43.98.
(b) Ra. 27.60 and (c) Res. 88.75.



STATISTICIAN'S DIPLOMA EXAMINATION, 1034.

_PaPERS VIII & IX : STATISTICAL QUALITY CONTROL (PRACTICAL)
Timo : 4 hours : : Full marks : 50

N.B: (a) Attonpt any throo questions.
(b) Figures in tho margin indicate full marks.

(¢) Uso of calculating machinos is pormitted.

1. “The following table g.ivos avernges and rangos for sub-groupa of aize 4. To
facilitato arithmetic, dovistiona from the spocifiod standard aro given. Spocified
tolorancea on individual items wero + 8 unita from tho standard. Plot a suitable

control chart and givo your comments. Is the hi working ding to

specifications Y 17
Sub- . Sub. Sub- Sub-

group X R goup X R goup X R group X R
No. No. No. No.

1 445 2. 11 436 4 21 +4.56 4 3 —7.0
2 6.5 12 12 —0.5 14 22 +4.5 6 32 —16.0 17
3 0.0 4 13 ~2.0 © 23 40.5 8 33 —14.0 15
+ 6.0 6 4 -2.0 6 24 -3.0 18 34 —1.0 15
5 =25 8 15 —-7.0 5 25 —1.5 13 35 —9.5 8
6 -3.0 6 16 —10.0 15 26" 40.5 14 8 -7.5 30
"7 435 5 17 +7.0 10 27 46.0 20 37 ~8.5 12
By +16.0 8 18 —8.6 10 28 —8.0 28 38 —10.0 10
9 +7.0 11 19 +3.0 10 20 ~2.0 10 30 —8.5 12
10 —4.0 10 20 —4.5 8 30 —2.5 11 40 —10.0 13

3

2. Tho standerd doviation of the spocifio gravity of bricks being manufactured
‘m 0.0132 unita. The following sampling inspection schomo is suggosted: 17

Tost 4 bricks at random from each lot; if the averago specifio gravity of thesa
4 bricks is lesa than 2,305, accopt tho lot, otherwiso rojoct it.

Undor such a schome, considor the chanece of accopting lota with true mean
as (i) 2.355, (i) 2.365 and (iii) 2.373.

Draw a rough skotch of the OC curve.
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3. The following tahlo givea the daily number inspeoted, number dofective and
percent defective for two machines working on the saame product. By plotting auitablg
control charta, atate whother this two machinca are producing tho same lvvel of dofee.
tiven. Givo roasons. Commont on the control charts,

(18)
Mochine A Machine B
- S8ample
No. number  number  porcent number  numbor pereont »
innpocted  dofective dofoctive inspocted  dofcctive defective |

1 130 ] 4.3 144 17 11.8

) 149 8 5.3 132 13 10.0

3 153 9 5.9 139 13 9.3

4 151 1 0.7 113 [] 5.3

5 140 ] 8.0 136 12 8.8

8 151 3 2.0 127 12 9.4

7 1o 0 0 127 9 71

8 120 5 4.2 133 10 1.5

9 153 6 3.8 42 [:] 4.2
10 150 3 2.0 144 10 6.9
1 124 2 1.8 133 7 5.3
12 90 8 8.9 11 10 2.0
13 107 I 5.8 135 4 3.0
14 141 4 2.8 181 10 8.2
15 130 4 2.7 148 7 4.7
16 4 4 8.2 122 10 8.2
17 160 13 7.8 139 7 5.0
18 155 7 4.6 160 12 7.5
19 142 5 3.5 130 8 5.7
20 143 5 3.5 140 16 11.4
21 69 1 1.4 128 3 2.3
22 100 4 3.8 144 12 1.5
Total 2945 113 2997 214

A 4. A standard gun ia to be compared with an oxperimental gun on the basia of
hits on a target under specified conditions. If the ratio of hits to missca for the experi-
montal gun is 3 or more tinios as largo as for the stanlard gun, it is important to decide
in favour of the exporimental gun; but if tho ratio is 1.2 or less timos as larga for the
oxperimental as for the stdndard gun, it is important to docide in favour of the standurd.
five a=,02 and §=.05, sot up graphically a suitable soq ial inspoction p 3
Draw a rough ekoteh of tha OC curve.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1034,
parens VIII & IX : MaTnexarioat THEORY OF SAMPLING DISTRIBUTIONR '(l‘mc-rlcu.)

Timo : ¢ houre Ful) marks : 50
.VB {a) Attompt any two questions.
(b) AN questions carry equal marks.
=" (¢) Use of eatevlating machincs is permitted,

’ 1. Draw 20 random samples of sizo § from tho Cauchy population
dr
dF = — _ — ___
P ==

and show that tho sample nieans follow tho same diatribution.

2. Draw 23 random samples of size 4 from & normal populatian with moan zoro

and standard doviation unity and calculate u = ?.for cach sample, Z and w being the

w
mean and the range. Find the momenta and determine what Pearson Type curvo
could be fitted to the sampling distribution of u.

8. The following measuroments were taken on two (ri-variate normal eamples :—

Sample ! Sample 2

N
N
-
R
-
X
8
”
N
“

L
T R RIS ARG
OO DROR D~
LWL WL WKW WL
AN morADOROO
e e e e e
PSR SEFEES
e N Y L]
c~cvonacwaROOAD
Nlawu»nwlcu'?u.:“??
oAU R WEEW =N
[ S N X A ettt
P A e Y

Calculate the value of the statistio
. D= Z“El '”‘J(E(x“ i) (Bn—Z5),

where (uAf) is the matrix reciproeal to (wyj), the diepersion matrix eatimated from the
two samples togother, .

Under the hypotheais that eorresponding population moans of tho varistos
are squal, find the probability of getting a valus of Dt equal to or Inrger than tho above
value,
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STATISTICIAN'S DIPLOMA EXAMINATION, 1034,

Parens VI & IX : DesioN o EXPERINRNTS 2-—CONSTRUCTION OF DESIGNG (PRAC'HOAL)

Timo : 4 houm . Full marks : 80
N.B. (a) Attompt any four questions. . .
{b) All questions carry equal marks, N

1. (e) Using Galois fiold, conatruct a ploto sot of orthogonal sq of aido’D,

(b) Construct the arrays (23, 6, 5, 2) and (12, 11, 2, 2).

2. Tltustrate on a 33 experinient in blocks of 3 plota the punched eard technique
developed by Runo, using tho power cycle of a Galois field, for the construction of con.
founded designs.

1.‘ Write down the 18 possiblo alisa sub-groups, auch ns

1= ABC!DE = ABICD2E?

for which no pair of degreea of freedom hus moro than ono alias that is & main offoct
or two-factor interuction in the ono-third roplicate of a 33 factorial oxpariment.
Construct an arrangomont of the 1/3.replicato in mnine blocka of nine plota

in which only two degrecs of freedom from one two-factor interaction are lost under
sny of their aliases.

4. Construct a 8 x 8 Quasi-Latin Square for a 23 oxperimont in which it is desired
to confound tho following cffocts in the rows and columns: *

ABC; ADE; BCDE in rows 1—¢
ABD; BCE; ACDE in rows 5—8 .
ACE; BCD; ADBDE in columns  ]—4
ACD; BDE; ABCE in columnr  5—38

5. Construct the balanced incomplote block design :
* o=b;10. r=k=86, A=2,
and the corrosponding Youden squaro.
8. Construct the n.ple roctangular lattico for which
v=plp—1)  k=(p=1) ran, b=wp  2<n<p
for the following valucs of p ;md n -
p=8 n=2, 3 and 4.
Show that the latticoa for n=2 and 4 are partially balanced inca.mplele block

designa (in the scnse of Boso and Nair) with 4 and 3 associato classos rospécti\-aly and
that the lettico for n=3 dooa not bolong to this class of design.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1054,

Papers VIII & IX : SAMPLE SURVEYS—ATrPLIED (PRACTICAL)

Timo : 4 hours Full marks : 50

T N.B. (a) Answor question No. 1 and two othera from tho remuining queetions.
(b) Al questions carry oqual marks, :

"> (c) Uso of calculating machines is permitted.

* 1. Drow up a quostionmairo form for a family budget enquiry in any largo city
of India and writo out instfuctions for tho onumerators-in this connection, (The form
and the instructions aro to Lo given in English),

2, For a particular typo of two-stugo sampling survey it is stuted that the variance,
V', for the estimate is given by
. ‘ y =9l ot .
m - mn )
where 1 is the number of first stage units solucted, und u is the number of second stago
unijts selected in each first stago unit in the sampls, and o3, o} are the two stago vari-
unces in tho populution. Further,-the total cost, W, of the survey is given by
II'.=u +bm+emn
Tho following numerical valuea are also suppliod :—
0! = 4.2, and o}=12.1 in somo convonient unite and a=Rs. 500, b=Rs. 17, and
¢=Ra, 3. .
(a) For a total’cost, I¥, of Re. 5000, work out the optimum vatues of m and n
and the corresponding valuo of V; and
(b) For any othor pair of valucy for i and » (i.e., difforent from their optimum
" values) with tho samo total cost, W, (i.e., 8, 5000) work out the valuo of V. :

3, To estimato the yicld-rate of a crop in a region consisting of six villaged oaly,
the followipg sampling plan was adopted : all the villages were sampled, three plots
being sclected rundomly in each village, and two *‘cuts” being nwde randomly inside
cach selected plot. Tho data for tho yield-rate, measured in a particular unit, are
shown in the Table below. (Simplifying ptions of h icity, oqual-si
in tho populution, ote., may bo mado for both the #tages, and no ‘finite population
corrections” nced bo nmado in any of the two stages).

TABLE SHOWING TIE YIELD-RATES.

Cut No. st 2nd Ist 2nd lst 2nd
cut  cut cut cub cut  cut
Pl No,
Villagono.1  Villageno. 2  Villagono. 3
lst Plot 187 87 67 57 187 87
2nd Plot 267 317 57 167. 37 107
3rd Plot - 17 137 167 57 187 207
Villagano. 4  Villagono.5  Villago no. 6
lut . Plot 137 137 177 157 127 157
2nd Plot L1767 17 217 n7 117
3ed Plot” 7 on L1771 257 87 107




(a) Work out the snalysia of variensco of the given data, and find out the
standurd error of the samplo-mean; and

(b) Instcad of the sampling plan actually adoptoed, would you rocommong
an altornative plan in which two plota are taken por villago, and four “cuts" from
cach sclectod plot ? Assume that tho total cost involved, W, in Rupees, is givon by

I¥ = 300+46x(20+4m+2mn),

whore m is the number of plots tuken per village, and n is the numbur of “cuts’ taken
per aolected plot.

4. (a) Thom_ is a circular region of radius 10 miles and you are required to locate
in it 50 “points” randomly with the help of polar co-ordinngu y and o (0<y<10
milce, and 0°<#<300°). The y co-ordinatea are to bo choson randomly from equal
otepa of y1 (nor y) of 1 eq. milo, i.o., from tho valucs of y2=1,2, 3, 4,...., 09, 100 aq.
miles; ) s to bo choaen randomly correct to'a degree. (You are allowed the uso of
“‘random sampling numbors™; the method of random sclection ia to be cloarly indicated),

{b) Divide the circular region into eight parts of equal nro;a by means of tha
circunifercnces of threa suitably cliosen circles, concentrio with tho circular region,
and any (one) arbitrarily chosen diameter of tho circular region. Test now tho hypo-
thesis of equal probability of occurrence of the “points™, chosen by you in (a) above,
in all the eight parts,

N.B. You nced not draw any diagram for either (a) ot (b)

STATISTICIAN'S DIPLOMA EXAMINATION, 1054,
Parers VIII & IX : VitaL STATISTICS AND POPULATION STUDIEZS (PRACTICAL)
Time : 4 hours : N Full marks : 30

N.B. (s) Attempt quostion No, | and any ona of the romaining qucetions,
(B) Use of calculating machines is permittod,
(¢) Census of India 1931 Report, Vol. I, Part 1, will ba provided for uso at the
oxaniination. .

1. (a) The ago distribution of the population of u certain sector of India on
1.3-1052 is given below:

Age group Population Age group Population

5— 0 2,834 - 40—44 088
10—14 2,337 45—49 148
15—19 1,708 30—5¢ 108
20—24 1,705 55—30 434
25—29 1,489 60—64 469
30—34 1,324 - 05—60 " 224
35—39 1,063
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Assuming that net migration offocts in any of tho age groupa are negligihle
and the 1031 Census all-India Female Lifo Tablo mortality, will bo experienced by
the population during the deeado, estimato tho total population in working age
(defined as 14—58) that the sector will contribut to 1061 Census enumoration,

- (b) If the mortality actually experiencod during the whole of the decade by
the population in tho 10—19 sge range be 10% lower than tho 1931 Consus all-India
Femnle Lifo Table mortality, the experience in other age range heing as expectod
(i.0.; 1931 Census all-India Femalo Lifo Tablo mortality), catimato tho oventual incroaso
in tho working age population at 1961 Census cnumoration. Stato tho sssumptions
that you have to mako.

2, For tho population distribution given in question no. 1 above, find out the
graduated pivotal values of tho population at individuol ogea 17, 22, ote., so fur na the
data permit, using the osculatory intorpolation formula

10,000up = 80wn-yo~— 344wy_g 4 2550wy — 34410psy + B61cp. g

whore 105" reprosents the population in quinary age group n—2 to n+2.
Dovelop a formula to obtain the graduated pivotal value of the population at
ago 12 and computo the valuo, !
3 A ing that the ineid of illegitimato births is negligible, work out the
patornal and motornal not reproduction ratee and generation intervals for the popula-
. tion (assumed stablo) particulars of which are given in the table below :

Number of marriages in the Number of

Wife's ago Husband's . generation of 10,000 maternitics Mean dura-
At MArringo mean sge a4 ——————————  per MAITIAO tion of
groups ., marriago men women of women marringe
_ - ————— — aged x At matemnity
z ] 10 X upiz,y) 104 X uy(z,y) Folz, y)
15—10  23.4 597 528 3.383 1.3
20—24 25.6 2,080 2,102 2.238 6.8
25—29 28.17 1,203 1,208 1.512 5.5
30—3¢  34.0 397 300 1040 ¢ 4.2
35—39 40.8 188 100 510 3.2
4044 48.0 13 115 .128 2.0 .-
45—49 53.0 82 84 .025 2.8

The not roproduction rates envisaged are thoso derived from formula of the l.ype

J
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STATISTICIAN'S DIPLOMA EXAMINATION, 1954,
Parers VIII & IX : Destav or ExpreriMeENTs I—APPLIED (PRACTICAL)
Timo : 4 hourn ’ Full marks : 5y

N.B. (s) Attempt any three questions,
(b) ANl questions carry equal marks, .
() Uso of calculating machines is permitted. :

1. A 3x3 factorinl experiment with two factors A and B was laid out in two
replicationa according to the following plan:

Replieate 1 : (00, 11, 22% (10, 21, 02); (20, 01, 12).
Replicato 2 : (00, 21, 12); (10, 01, 22); (%0, 11, 02).
(Tho first figuro represents tho lovel of A, ond the second figuro tho levels of B).

The yicld data in the two roplications are shown, classified, in tho following

tablo :
Replicate 1 Replicato 2
B B :
0 1 2 o 1 2
. 0 18 18 13 0 19 13 19
A 118 18 17 A 1 181715 -
- 2 12 14 14 X 2 13,16 18

Analyso the data, construct the yield tablo corrected for block effects, and examine
the significance of the difforence betwoon the treatmients (00 and 11), (00 and 02),

(01 end 02). . N
2, In the table bolow (1) represents the lay out of an incomplete block design
and (2) ref the corresponding yields :
(1) 1378 1,4,8,10 2,4,8,90 2,567 3,5,9,10

2 10,7,11,13 8,8,9,15 14,0,12,8 18,10,14,6  8,7,10,12

Analyso the data and celeulato the efficiency of the design, clearly indicating how
“eMiciency" is definod.

3. In a rondomised block oxperimont with 8 treatments and 4 blocks 3 ylohh
(my, my, my) aro missing as shown in the yicld-tablo below :

Treatmonts
1 2 3 4 ] ()

1 18.5 15.7 18.2 .1 13.0 13.8
. 2 11.7 my 12.9 my 18.9 12,3
Blocks 3 15.4 16.6 15.5 20.3 18.4 21.8
4 mg 18.8 12.7 15.7 18.5 18.0

Analyss the data and compare the treatmonts (8 and 3); (4 and 2); (3 and 1).
M



4. The table below indicates yiclls of tea in pounds of cach yield.figure boing
a total for five plots.

Treatment
- Your  NoKo NoKi  NKo MKy, NiKe  N:K,
w- 1033 254 251 251 257 259 203
T 108 139 m 85 478 512
1035 286 201 ae s 308 381

The exporiment was dexigned to test tho effect on the yicld of tea of sulphato of
ammonia (N') and muriatoe of potash (K) alone and in combination. The former was
applied at the rato, 0,1,2 ewta and the latter ut 0,1 ewt per acro por annum. The lay
out waa on the randomised block principlo with 5 hlocks (of 8 plota each). Tho yiclds
for individual plots are not recorded, but it was found that the tota) §.8. {xum of squares)
for tho individual readings was 30,406.3; tho Block S.S. wax 1,630.0; and the Block x
Year Intcraction §.S. wus 009.1, :
Analyse and interpret the data. . -

STATISTICIAN'S DIPLOMA EXAMINATION, 19054, :
Parers VIII & JX ¢ ProBIT ANALYSIS (PRACTICAL)
Timo : 4 hours Full marka : 50

N.B. {a) Atutempt both questiona.
(b) Use of ecalculating mochines is permittod.

1. The following tablo shows the resulta of an experiment in which rotenone,
a deguelin.concentrnte and & 1 : 4 mixture of rot and degueli rato

woro tested.
. n=total ber of insccts Bubjected to poison.

ranumber affoctod.

concenes coneen- concon-
tration n r tration n r tration n r
Rotenono Deguelin concentrato Mixturo
10.2 b0 44 50.2 48 48 235.1 50
1.7 49 42 40.8 50 47 20.4 46 43
5.1 40 24 30.2 40 47 15.1 48 38
3.8 48 16 20.4 48 34 10.0 40 27
2.8 50 (] 10.0 48 18
49 0 .

(a) Estimate log LD 50 and ita standard error for rotcnone.
(b) Fit the probit regression lines in the three cases.
() Teat tho hypothcais that tho threo regression lines are parallol,
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2. Tho following table shows the total number of inscota (n) and number killeg
(r) under different concentrations of Pyrethrin with different woights of spray deposil
(mg./sq. cm.); each combination of concentration nn_d deposit being used, on separat.
batches of inscets, both aa a diroct apray and s a Alm on which the insccts wero aftor
wards placed.

Pyrethrin Deposit Pyrethrin Doposit

concen-  (mg.feq.  » r concen- (mg./aq. n r

tration em.} tration cm,)

Exposuro to direct spray Expoaure to film

0.6 .2 21 1 0.5 0.29 29 3
1.0 0.20 29 15 1.0 0.20 30 10
2.0 0.29 30 27 2.0 0,29 29 24
4.0 0.20 28 28 4.0 0.20 29 29
0.5 0.57 20 4 0.5 0.57 27 4
1.0 0.57 29 19 1.0 0.67 28 14
2,0  0.57 27 28 2.0 0.57 28 27
4.0 0.57 30 30 4.0 0.57 29 29
0.5 1.08 30 8 0.5 .08 28 8
1.0 1.08 24 15 1.0 1.08 28 17
2.0 1.08 31 31 2.0 1.08 28 28
4.0 1.08 19 19 4.0 1.08 17 17

It is known that 4% of !ML-Auhjec]a would dia even without any poison,
(a) Find out the equations of the two probit planes for direct spray and film
(b) Test for parallelisam. of the two probit-planca.
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