INDIAN STATISTICAL INSTITUTE

STATISTICIAN'S DIPLOMA EXAMINATION, 1033,
Parenr 1 : THEORETICAL STATISTICS8 (GENERAL),

me t 4 hours ’ ) Full Marks—100
1

3. {a) Answers to the different groups are to boe given in scparate books.
(b) Attempt any threo questions from ench group.
(¢) All questions carry oqual marks.

Grour A

1. Givon a lot of size m containing # itoms of & spocified kind, If itoms are to
drawn without replacement until § of the » items have beon drawn, show that on

:g:)l)d'"i"g" will bo nocessary.

jo avorago

In order to check a box of 144 Acrows, serows woro drawn until 4 good screws
t0 obtained. In o’ particular caso only 20 drawings wero nocegsary. Estimate
o number of good serews in tho box and find the atandard crror of the catimato.

2. In a scrics of independent trinls, an even E has the constant pmbnbiiily p.

‘hat is tho probability of having a run of ¥ E'a in n trinls ?

Find the mathematical expectation of m—np where m is the number of
Jecesses in a series of n independent trals with tant probability of P.

3. (i) The function 1N is tabulated at unit intorvals from 1 to 1000. Find the
pasible error in lincar interpolation of this function when N=050,

(ii) Using Evorett's formula for intorpolation, or otherwiso, dorive tho quadra-
lre formula : .

17
5760

i
! yl2)dz = o + $8%. — sy, + R
-t

4. (i) Show that the sum of two independent variates is normally distributed,
thé two variables are normally distributed.

(ii) Writing

. F(:)sq:—”] et'h dt, r>0
R

show that

1 21
1-Flr) = — ¢ {._ LI }
Nam ’+z+';-+....




Grove B

5. (n) If u and v posscas indepondent X? -distributions with n, and .n, degrocs
of {reedom respectivoly, obtain the distribution of
n, u
n, v
(b) Given two random samplos of sizes n, and r, from two normal popula.
tions with the samo varinnce, draw up tho analysis of variance toble for tosting the
equality of tho moans of tho two populations. What is the rolation botwoen the
Fstatiatic obtained in this case and the correrponding t-statistio 1

6. (a) Given a pxq contingoncy tablos for two variates, oxplain how, by res-
tricting yoursolf to samples of a particular typo, you will teat the indopondence of the
two variatos. State the conditions, if any, under which your toat would be valid.

(b) The ocutrics in @ 2X¢ contingoncy tabloe are:

a ay ag a
b, by by b
non, . l n

I pi=aijni, p=afn, wi=ni/pg, g=bln,
Show that Xt for testing homogeneity ia

é“ wl (p1—p)t

7. (a) What are the advantages of Fishor's transformation of the correlation
cooflicient from r to Z? .

(b) A numbor of corrolation coofficients between two variates based on diff-
eront samplo sizea aro ovailablo, MHow will you test whether these corrolations have
arisen from the samo population ' Give a schemo of computations for this purpose.
If it is found that these corrclationa have como from tho samo population, what is
tho best cstimato of the population corrolation cocficient ?

8. (a) What does the multiplo corrolation cocfliciont between y and 2, Zy,...-
75 measuro ! Explain how this cocMcicnt may bo usod for prodiction purposcs.  With
the plausiblo assumption that thoro is & closa asrocintion botween the yield of paddy
for a particulur aroa and tho mecteoroological fuclors over that arca, indicate what
rocorda you would ask for and how you would proceed to construct the actuul relation-
ship.

(b) If £y, =y, ru=—7y, show that r), wi!l lio betweon —1 and 1—2y,



STATISTICIAN'S DIPLOMA EXAMINATION, 1033,
Parer Il : Arpriep StaTisTICS (GENERAL).
Timo : 4 hours Full marks—100
N.B. (a) Answors to tho different groups aro to bo given in scparato booka.
(b) Attempt throo questiona from cach group.
Grour A

1. It 1s desired to make a rapid ¢t of the i tion of the Hand.

loom industry in the country. Bring out the relutive merits of a woll-designed samplo
study in this context. . '

What are the problems that would arise at the various stagea of such a survey
and explain briofly how you will proceed to tackle them.

2. Discuss the conscquoncos of Partition on the comparability over time of
Indian Official Statistica with particular reforonce to foroign trade and industrial pro-
duction.

If you are asked to dotermine the extent of scasonal variation in the output
of the Indian Sugar industry, to what publicationa will you turn for obtaining the
basio material for the purposo ! Do you think any preliminary scrutiny is
or desirable before the data are actually analysed ! If so, give details,

y

3. Name all the official sorics of index numbors now in existence and point out
thotr himitations. In what way could tho different serics bo improved ?

Describe in detail the CAPITAL index of industrial activity and suggest
suitable modifications in its constitution with a view to its improvement.

4. What are the principa) cloments that go to make up tho current and capital
accounts of Balance of Payments; and how are they computed ?

Point out tho gaps an tho published estimates of India’s balance of paymontas
and make proposals, if any, for 8lling them in some order of prioritica of your choice

5. Trace the historical dovelopment of rescarch work in the field of correlation
of oconomio time serica in tho United Kingdom, tho United States of Amorica, and
India respoctively with apecial roference to wheathor conditions and crop yiolds,

Grour B

8. Describo the logistio curve and discuas various mothods of fitting it to popula.
tion data. For what purposcs is this curve usuully fitted to euch data.
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7. Deseribo the important componenta of & Lifo Tablo and oxplain tho uses of
this table.
Defino Expoectation of Lifo and describo a mothod of calculating it from consus
- data.

8. Describo various mcthods of dotermining rolinbility of test scores. Discuss
the relative advantages and disadvantoges of these mothiods.

9. Explin tho theory of multiple-fuctor analysia in psychomotry, Discuss
in particular tho single-factor mothods.

10. Deacribe tho major blood-groups and blood-types of man and explain their
modea of inheritance and practical importanco.

In a caso of dizputed parentage two babics were of typo AN and N, respoc.
tively. Thoir mothors also were of types M.V and N, but it waa uncertain to which
mother either baby belonged.  The husband of woman M.V was of type N; the husband’
of woman N was of type M. To which mothor did the type N baby belong,

11, Deacribe the various statistically doveloped methods for inceeasing the accuracy
of agricultural Golds oxperiments,



STATISTICIAN'S DIPLOMA EXAMINATION, 1053.
Paren III ¢ STATISTICAL INFERENCE.
Timo ¢ 4 hours Full marks—100
N.B. (s) Attompt any 6 questions.
(b) All qucstions carry equal marks.

1. Describo the mothod of maximum likelihood for estimating unknown para-
motors from a givon body of data. What is the justification for this mothod t
Show that if z,, 7,,.... . ia a samplo of n independent observations from
a Poisson distribution with mcan XA, the maximum likelihood estimate of )\ is
(EBtzt..; +2)n ’
2, Let z, z), .... Z. be n indepondent obsorvations each having the donsity
Jlz,0)de .... 020,

where 8 13 an unknown paramoter, and let

L-li log f {z1. 6.)
=1
Show that if #(xy, 21,....2,) is an unbiasod estimate of 8, then
L 1
Eo (t—0)'>, YjE .3_)
# (t—0)'>, 1] o( s

Uso this result to show that in samples from a normal population the sample
mean is the officient eatimate of the population mean,

3. Defino a sufficient statistic. Stata whethor or not the following statements
are correct, and give reasons for your answor in each caso :
A

(i) Every function of a sufficient statistic is also a sufficiont statistic.

{ii} If T is a sufficient statistic, and T ia a function of a statistio U, then U is a
suflicicnt statistic.

(iii) A sufficiont statistic contains all the availablo information concerning the
unknown paramoters.

4. Supposo that 100 crop cutting experimenta wero carried out in & certain dis.
trict to dotarmine tho mean yield of paddy (in maunda per acro) for the district during
tho soason in question. Let tho (unknown) menn yield bo denoted by 8. It ia assumod
that tho sampling schemo of tho survoy was such that tho 100 observations obtained
could bo rogarded as a samplo of independont obsorvations from a normal distribu-
tion with mean # and somo unknown variance ¢*

Supposo that you are suppliod only with tho following information concern-
ing the results of the suvey : 30 obsorvations wore losa than or oqual to 10 maunds
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por acro, 60 woro groator than 10 but loss than or oqual to 20 maunda por acro, and
10 woro groater than 20 maunds por acre. Doacribe how you would cstimate A with.
out actually carrying out the computations,

5. Give a vory brief account of tho main idoas of tho Noyman-Pearson theory
of testing statistical hypothesca.

Lot, zy, Zj, ++ .« Za bo o eamaplo of n indepondent obsorvations from a normal
population with mean § and variance ¢, both # and ¢® boing unknown. Let H,
be the hypothesis that ¢ is zero. State without proof tho optimum propertics of
(i) the ono-sidod ¢ tost of H,, and (ii) tho symmotrical two-sided ¢ tost of H,. State
which of theso two testa you considor to bo the more useful ono, and give your roasons.

6. . Show that the maximum of a samplo of n obsorvations indopondently drawn
from a rectangular population (o, §) is a sufficicnt atatiatic for 6.

Construct an unbinsed cstimalo with minimum varinnce for the parameter
Give also a consistent estimato of #°.

7. In an oxporiment with four difforent type of flours and threo mothods of
manufacture, two characteristics (variatos) of broad aro measured. If for each come
bination of flour and mothod threo samples nro taken, how do you analyso the data to
dotoct differences in flour types, mothods and possibly intoraction botween the two.

If difforonces aro noted what furthee considerations are necossary to sclact
the best combination of flour and mothod, best in tho sonso of providing maximum
isfaction to the ?

8. Doscribe how a discriminant function for classification is constructod in the
caso of multiplo messurementa. What are ita uscs ?

How is the diseriminant function usoful in tests of significance ?
9. Explain the concept and significance of intraclass correlation.

For k members in a family find the limita within which the intraclass correla-
tion Jies.

How do you tost the hypothesis on the basis of computed intra-class correla-
tion from a givon eamplo whethor the population value is zero.



STATISTICTAN'S DIPLOMA EXAMINATION, 1953,
Parer VI : PRACTICAL
Timo : 6 houra Full marks—100

N.B. (n) Figures in the margin indicate full marka.
(b) Uso of Calculating machincs is permitted.

). Tho following data rolato to domestio demand for motor fuol (monthly average
in thourands of barrel) in tho U.S.A, Estimate the missing figurca for 1925 and
1927, (10)

192210059, 1023—13062, 1924—15417, 1926—21818, 1028—27374.

2. The froquoncy distribution of lifo in hours of certain kind of electrie bulba

is given below.  Fit an appropriato Pearson’s curvo to this data and test tho goodncss
of fit. Also drnw the histogram and the fittod curvo on a graph paper, (Tho appro-

priate formula for the constanta will be supplied on request). - (30)
Lifo in hours froquency Note : Mako uso of the following data.
501540 4] Meon = 590.34
541—580 180 . e '
581—620 101 Hy= 1009.57
621—0660 73
661—700 . 24 By= 58071.68
701—740 7
741—780 2 A= 13804427.52
500
3. *Tho numbers of livo malo and fomalo births (in thousands) in England and
Walcs for the years 1010—1919 woro as shown bolow : (15),
Year yale births Femalo births
{in &} 1=) {in th 1a)
1010 457 440
1911 449 432
~ 1912 445 428
1813 440 433
1914 4147 432
1915 415 399
1018 402 383
1017 341 327
1018 339 324
1019 356 336

Do thoe above data support tho conclusion that tho sox-ratio romuined the
vame throvghout tho poriod covored ?

4. (i) In a 2amplo of 380 mon from a certain city, 254 are found to bo amokers.
In another samplo of 689 from a comparatively bigger oity, 342 aro amokers. Do
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tho data indicate that the citics aro significantly different with respoct to tho prevalonce
of smoking, )

(ii) Samploe readings for the rato of diffunion (in suitablo units) of carbondioxide
through two types of eoils aro givon below. (5)
Through soil A : 20, 31, 18, 23, 23, 28, 26, 26, 27, 26, 12, 17.
Through soil B 1 19, 30, 32, 28, 15, 26, 35, 18, 23, 27, 35, 34.
On tho available ovidenco do you infer that tho rates of diffusion for the two soil typoes
are difforent t

(iii) The following corrclation cocflicients betweon weight of cars of wheat as
harvested and weight of grains of wheat aftor threshing and g, woro
from tho results of a crop-cutting exporiments in the district of Shahabad of Bihar,
the district being divided into 6 sub-blocks. Investigate if the correlation diffora

from sub-block to sub-block. (8)
Sub-block No. 1 2 3 4 5 8
Number of samples 274 179 233 54 256 50
Corrolation co- 0.9055 0.8710 0.0210 0.9305 0.9508 0.9780
efficiont.

(iv) The following table gives the fund tal tants obtained from the
measurements of (n=450) eggs. (8)

correlation coefficient with

Mean 8.D.

z, z, y
length in m.ma, 1.0000 0.5751 0.5797 56.3222 2,3862
bulk i::).c. 0.5751 1.0000 0.9804 51.8400 4.2438
weigh:(.:i;n) gm. 0.5797 0.9804 1.0000 55.2400 4.5923

Note :  Square of 8.D. ia cqual to the sum of squares of deviations from tho mcan
divided by n.

(a) Calculate the ltiple corrolati cooMcient Ry.z,Xs, and test its signifi-
cance,

(b) Caleulate ryr,.xs and tost its significanco.

5. Tablo bolow gives tho froquency distribution of marks in mathematics obtained
by students at the Matriculate ination in threa i yonro A i
that the distributions of marks in the threo years are norroal with a common slnndnrd
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doviation, test whothor thore is significant difforenco in the average marks of students

in tho threo yoars.

Frequency
Rango of

marks 1937 1938 1039 total
0—10 4 1 20 31
10—20 22 25 87 104
20—30 31 109 140 326
30—40 178 181 202 561
40—350 191 179 135 505
50~—60 105 120 94 328
60—70 43 3 67 183
70—80 26 32 40 08
80—90 14 30 22 (1)
90-100 1 15 29 51
Total 667 780 806 2253

(20)



STATISTICIAN'S DIPLOMA EXAMINATION, 1053.
Parea VII : PracTICAL.

Time : 8 hours " Full marke—100

N.B. (a) Figures in tho margin indicato full mnri(s.
(b) Uso of Calculating machines is permittod.
(e) Credit will bo givon for neatness and proper arrangement of coulations.

1. Collect rolovant atatistics from official publications and write a short report
on the presont food eituation in India. (15)

2, Using tho data tabulated below computo an index-number of prices of agri.

cultural commadities in 1948 with 1039 prices as base. (15)
Quantity
produced Prico por unit
Commodity Unit in 1939 (in dollars)

(in million —M ——
unita) 1039 1948
) (2) 3) .1 (4.2}
Corn Bu 2679 2.682 5.72
Colton Lb 5705 M 2.20
Hay Ton (sh) 76.59 10.3 85.85
Whoat Bu 052.1 4.28 9.57
Oats Bu 1107 1.40 3.25
Potatoos Bu 207.3 3.18 6.92
Sugar Lb 4371 .20 .63
Barley Bu 131.1 2.43 4.12
Tobacco Lb 1444 .18 2.51
Flax seod Bu 8.77 8.78 17.52
Rye Bu 78.7 2.68 4.18

Rice Bu 42.69 5.33 9.83

3. Samples of four articlos are taken and tested for quality every hour in a factory
producing acticles of specifiod quality. As past ples show, tho production process
was under control for a long timo with doviations from specification having a moan
+0.01 and etandard doviation 0.08. A now sorice of obsorvations aro tabulated
bolow :
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8nmplo No. Daviution from epecification

1 —1.59 -0.54 —0.21 ~0.60
2 +0.32 +1.53 —0.74 +1.82
3 +0.27 -0.73 +0.58 —-1.17
4 +0.08 -0.40 +0.50 +1.13
5 +1.74 ~0.20 +1.44 +1.62
] +2.35 +1.97 —0.78 —-1.07
1 -0.67 +0.91 —0.06 +1.21
8 +0.22 -1.41 +0.08 +1.27
9 * —0.48 +0.42 —-0.53 ~0.20
10 +0.84 -0.70 +0.88 +0.88
11 +0.31. +0.20 —0.40 +1.29
12 +1.09 -0.17 +0.22 +0.63
13 +0.22 -~0.40 +1.29 +0.54
14 —0.21 +1.08 +0.48 +0.48
15 +2.17 +1.26 —0.28 +1.03

Apply tho control.chart techniquo to annlyso the material and report on  the
poculiaritics of the production process.

4. In a two-atage pling with repl b ach tho varianco of tho sample
meba is (15)
L ax?
e

whore n, is tho numbor of first stago units and n, the number of second stago unita
por first stage unit. The cost of carrying ont such a survoy is

T=a+bn,+enn,

The values of the constanta o,, g3, a, b, c as estimated from a pilot asurvoy are as
follows :

a1=86.2, ov=90.4, a=Rs, 513, b= s, 8.4, e=Ra. 1.4,

Find tho optimum value of ny, n, whon the cost of the survey is fixed at Rs, 2000.

8. Tho distribution of marka in a certain examination was found to bo normal
with 239 of the eandidalos scoring nbove G0 and 219 bolow 40. Find the mean and
the standnrd doviation of tho distribution of marks. Also compute tho moan and
tho standard doviation of marks obtained by candidates scoring ovor 60, (15)

8. A fortilizor oxporimont involving three fortilizers N, P, K cach at two lovols
was carried out in a latin-equaro arrangomont. The layout and the yiclds aro tabulated
below,  Analyso the data and wTite a roport on your findings. (20)
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YIELD OF WLEAT IN AN 8X 8 LATIN-3QUARE FERTILIZER EXPERINENT

P N NP K NK O NPK PK
18 12 18 13 1 1 19 18
: NK PK XPK P K NP 0
12 7 17 17 19 12 19 15
NK NP N r 0O XPK PK K
10 17 10 18 9 16 17 N
PK K NPK O N NP P NK
18 12 14 12 11 4 16 16
NP O KK N PK P K NPK
17 12 13 11 16 15 10 16
K PK O NP NPK N NK P
4 18 12 17 15 .9 8 20
NPK P K PK NP NK O N
10 18 1 17 17 8 10 i
o NPK P NK K PK XN NP
17 20 20 16 16 18 13 23

12



STATISTICIAN'S DIPLOMA EXAMINATION, 1953,
Parers IV & V (SpEcIAL SussecT) : Ecoxouic Statistics (THEORETICAL).
Time : 4 hours Full marks—100

N.B. (n) Attempt any fivo questions.
(b) All questions earry equal marks.

1. In what respect and to what extent doea the 1951 Census of India diffor from
the 1941 Consus t  Argue tho case for a quinquennial in pluce of the present deconnial
consus,

2, Describo tho main sources of Labour Statistics in India, mentioning some
of tho Acts under which thoy are collocted.  Are there any gaps and defects ?

3. Discuss briefly the problems, both theorotical and practical, that eriso in coo
nection with the construction of an index number of prices. , What special difficultica
hava to bo contendod against during a period of price control and rationing ?

\ .

. 4. Obtoinan equation for correcting an indox nurmber of cost of living for an income
group other than the group earning the. average income. What assumptions aro to
bo made and how are tho in tho equati p 1? :

5. (a) Why is tho ordinary theory of errors not applicable to time scrics data ?
(b) How would you eliminato the “trond™ from &' timo serics when it is given
(i) annually for fifty yoars and (i) monthl for fivey yoars ?

.(e) Deacribe tho method of comparing two timo sorics expressed in dis-similar
units, say maunds and rupces, 80 far aa thoir (i) long-period trend and (ir) short-period
fluctuntions are concorned.

6. How is a “Gallup Poll" taken ? \Why do the predictions made by it somotimes
prove falso ?

7. Doscribe the importance of multi-purpose samplo survoys at short intervals
of a big country like India, mentioning tho uscs of neccssary internal and extornal
chocka,

8. Deoscribe the social accounting mothed of estimating national incomo, IHow
fur is it applicable to Indin ?

13



STATISTICIAN'S DIPLOMA EXAMINATION, 1953.

Parens 1V & V (Srectar Sussect) : VITAL STATisTIcs AND Porurarion STUDIES
(THEORETICAL)

Timo t 4 hours Full marks—100

N.B. Attempt question no. 1 end any threo of the remaining questions,

1. (o) Describe the broad nature of preforences for particular digits in age records,
oxperienced in tho past censuses. \What other factors aro suspocted to contribute
to mis-statemonts of ago in census returns ! How could the mis-statements bo located,
and what treatments could be applied to the original data to approximate to the real
age distribution of tho population in sge.groups? Mako particular mention of any
specinl fonturcs botrayed by the 15—25 age-group in tho general run of population
by age distribution, in 1911, 1921 and 1931 Indian ccnsuscs,

(b) Indicate (i) how the rolative sex-proportions, in the th;-oe'mngu of lifo,
childhood, adultage and old age, wero scon to vary in 1931 census rocord, and (i) the
probable reasons for the obsorved variation and their effect on future growth of populn
tion. )

(c) What additional statistical information, besides tho ccnsus count, is
required to produco ago-specific birth and death ratea ?  How far auch atatistics obtain
in India? .

2, Explain what gross and not reproduction ratea mean: What variants of
the rates, to allow for sox compositions and marringo pmporliohs, aro curtent ! What
offecta changing patterns of marriage rates aro likely to have on the 'emergihg series
of not reproduction rates ?

A statistician advances the view that for the purpose of determining popula-
tion trends, analysia of fertility by ‘cohorts’ or by the size of average ‘cornploted
fnnulm is moro suitablo. Discuss tho viow, and indicate whm. gaps still remain,

3, It is proposed to conduct an independont sample aur\t\y to estimato the
specifie fortility and mortality of tho population in India in ago- groupa, for acnontlﬁo
forecnsts of births deatha and futuro populations in ago-groups.

Givo your detailod comments on the proposal and l.ist. tho itoms of informa-
tion under tho major events like births deaths and marriages that you should like to
bo colleeted for tho purpose. 1ow would you provide for the incidenco of polygamy ?

4. Differential mortality and sicknoss expericnces of (i) coalminors working
undorground and {ii) of others omployed in conl industry including office and
wollaro workars, aro proposed to be m\cshgutod soparately in connochon witha

contributory benofit schomo.

14



(a) Discusas and suggent a definition of “sickneas™ that you would rocommend.
Do you anticipate that tho character of tho oxpericnce will chango on inception of
tho proposed schemo ! Givo your reasons.

(b) Yow far would you expect tho differontial mortality rates to refloct
relative occuptional hazard ! Indicate tho difficulty in comparing oecupational
mortality ratea gencrally.

{¢) Do you consider that standardised death-rates will bo suitable for com-
parison of doaths by various causcs of death ¥ What alternative mothed of presenta-
tion could you suggest !

5. In a recent article in a tochnical journal, an cconomist estimated the adult
population (ages 20 and above) at tho end of the planning period in 1077 by assuming
an averago rate of population growth of 1.59% per annum, and applying it to 1051
censua population agod 20 and abovo. Mo arrivod at tho growth rate adopted by
arguing that tho ovorall population increase during the docade 1941—51, aa dotermined
by tho two census counts, was 13.4% : this worked out to an sverage annual rate of
incronse of 1,349, and a slightly highor rate was appropristo in view of improving
public health standards ete.

Draft a briof note for publication in the journal eriticizing the crude mothod
of population forocasting adopted in the articlo and outline o moro scientific but practical

line of approach in estimating the adult population in working ages in India at the
ond of the planning period.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953,
Parens IV & V (Speciar Supsect) : Promit ANALYsis (Treory),
Timo : 4 houra Full marks—10¢

Attempt sll questiona.

1. (a) Explain thy mcthod of dircct assay and point out its advantages and
disadvantagea from theoretical and exporimental points of view.

(b) How do you calculate rclumo poloncy from data on diroct assay and
find tho confidonco limita,
(o) Discusa the possibilitica and methods of climinating concomitant variation
in obtaining rolative potency in tho caso of diroct assays.
2. (a) What are the considerations leading to a logarithmio transformation of the
dose in the annlysi.s of a biological assay. . .

[0} Explum nny melhad of obwunng the probn. rogression line mcnnomng
and justifying if posaible the n.uumphons on which the calcuh\uons are based,

3. Writo an account of the various choices of dosnge responso curves and mothods
of eatimation employed giving your own viows on the subject.

4. Explain the principles of tho design of assays basod on quantal responses
with specinl reference to (a) choice of doses, (b) balancing of inheront difforonces in
experimental matorial, (¢) soquential sampling and (d) control charts of a routine
charactor during experimontation.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953.
Parens IV & V (SpeciAL Supsrcer) : STATISTICAL QUALITY CoNTROL.

Timo : 4 houra Full marke—100

N.B. Attempt any four queations.

1. Show how ta sot up X and R charta in statistical quality control. Explain
their ugo in industry.

’ In a factory, cortain toloronco limits have boon specifiod on tho weight of
items produced by a machine. Each item is automatically woighed as soon aa it
comes out of tho machine, The oporator of tho machino haa beon instructed to
adjust tho machine as soon as an itom is found to have its weight beyond specifica.
tions. Proliminary observationa have showa that the machine docs not produco more
than six consccutive items within spocifications and after tho machino has boen adjusted,
it givea at loast 4 consceutive itoms within specifications. Stato, giving roasons, how
you would solect rational sub.groups in order to ostimate tho natural limits of varia.
tion of tho machine. Would you include obsorvations fulling boyond speeification
Limits in your computations ? You aro allowed to take any number of observations
but you are not allowod to interfero in the working of the machine in any other way.

2. What idorations should inf} the aclection of an accoptanco sampling
plan ¥
Of the 3 sampling plana given below, which would you profer and why ?
(i) ¥N= 100, n= 5, c=0
(i) N= 500, n=25, c=0
(i) N=1000, nw= 50, c=0
“A view ly hold by prod is that if the consumer is willing to

tolorate a stated porcentago of defoctives in tho lot, he should bo willing to tolerate
the same percontage in tho samplo.” Comment, giving reasons,

3. Describo tho three important typea of control charta gonorally used in industry,
giving the fielda of applicability of cach type.

4. Explain the construction of Dodgo and Roming table for (1) single samplng
and (2) doubling sampling.

Compure the relative merita of singlo pling and double eampling

8. Derive a soquential test procedure for standard deviations ¢y and ¢3, whon
the true mean is known, the populations boing normal. Draw a rough skotch of the
OC and ASN curvee.

6. Write short notes on :

" (1) Average outgoing quality limit
(2) Modifiedcontrol charts

(3) hoory of runs

(4) Producer's and consumer's risks,
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953,
Parers IV & V (Seectas Supsect) : Psvcnorooy & EDUCATION (TREORETICAL),

Time : 4 hours Full marks—100

N.B. (a) Attompt sny fivo questions,
(b) All questions carry equal marks.
{c) Uso of Calculating machinos is pormitted.

1. Give a critical account of tho uses and limitations of tho factorial mulhodn
as appliod to the Paychological and Educational problems,
2, (a) In what rospocta the 'Multiple Factor® thoory cen bo mgnrdod ad an
improvement over tho ‘Two Factor' theory ?
(b) Describe briofly tho ‘Principal Compononts’ mothod of factaring and
indicat oita advantages over tho 'Centroid’ method of solution.
3. (a) What is “9'? How is this estimated for an individual from his scores
in sovoral tests ?
(b) For a pattorn givon by Zj=a); Fy+ajy Fata) T)

§=1, 2, .... n, the numbor of tests, dorive oequations for the
estimation of common factors F, and Fy, by tho moethod of minimisation of the sum
of square of the unique factors.

4. (a) State the guneral principlea of the solection and arrangement of items
for thoe construction of a test of Intelligence.

(b) Explain tho procedure you will adopt to standardize sn Indian languago
adaptation of the Binct-Simon scalo.

5. (a) Why it is noceasary to convort scores in an examination into so-called
standard scorea? Define porcontilo score and T-score and discuss their relative
advantages.

(b) Marks of a certsin studont 4, for two subjects lie at the 75th and 45th
parcentile, while thoso for another studont B, lio at the 60th percontile, Comment on
theie porative perfor

8. (a) Dcbne ‘roliability' and \'uhdn.y of tests, and cscribo bncﬂy the aveilablo
statistical methods of estimating thom, with special mfcmnce to a suitablo paychological
teat.

(b) Inercasing tho roliability of a test improves ita validity only whon the
improved roliability moans an increase in varianco contributed by factors that the
tost has in common with the criterion—Explain this romark by etating relations that
aro known to exist botweon validity, tost length, and roliability ; also give a suitable
illustration of tho situation.

7. (a) Describe the suitability of Kendall's 7- coom“ont 08 8 measure of rark
corrolation stating 1ts advantages of spplication over Spearman's p.

(b) How would you tho agr in (1) pref botween paire
of n objects providod by each of m obsorvors t Dodcribo tho significance test for the
statistic proposed for this problom,
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953,

Parens 1V & V (SPECIAL SUBJECT) : MATUEMATICAL THEORY OF SAMPLING
DISTRIDUTION,

Tims : 4 hours Full marks—100

N.B. (a) Attempt any four gquostions,
(b) All questions carry equal marks.

1. Show that the ratio of two indopendent normal variablos has frequency
function

.o.'+M.u.’v .y (my—m, )?
so= V("T Tor o)t "P{ I c.‘+a.'u'}

whore m,, ¢, are tbo mean and the standard deviation of the firat v.arinm, m,, 0y
thoss of the socond variate, and it ia assumed that m, is 8o large compared with
o, that the range of the second variate is effective positive.

2, A stochastio variable is said to be distributod in a Cauchy's distribution with
& paramoter ‘a® when its probability donsity function is given by

fo=21 (~0<2<c0)

d'+.‘:'

Lot (z,), (k=1,2, .... n) bo a sot of lly ind, dent stochastio vari-
ebles, each z, being assumed to be distributed in a Cnucbyl distribution with a
paramoter a,, (k=1, 2, .... n) respect vely.

Find the distribution functior of thoir sum s, =z, 42,4-....2,.
3. Lot z; and zy be two indopendont and normally distributed stochastio vari-
ables, If z is dofined es the greater of tho values |z,],|z,| that is,

zmmaz (|2],|2,] )
fiad the mean value of z aa woll as that of 22,

4, Let {z,) bo a random sample of size n from a population whose froquoncy
donsity function f(r) is continuous and haa a continuoua dorivative f(z) in somo noigh-
bourhood of the quantilo of ordor p of the distribution, t.0., the root (assumod unique)
of the oquation

I

§ Jade=p
w0

whore 0<p<1 2

Find the asymptotio distribution of the samplo quantile when n bocomos
to
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6. Find tho first two moments of a stochastic variablo w dofinod by
w=az,3+br,*
where z,% and z,% aro 1 to bo indepondently distrib 1 ling to the chi.
square; distributions with the degreea of freodom f, and f, rospoctively, a and b boing
assigned positive constants. :

Show that the distribution of w is approximately of the Typo III form,

8. Obtain the distribution of the sample regression cocflicionts, in a random
samplo of size n from a bivariate normal distribution.

7. Find the distribution function of the ratio dofined by

where 2, 2,, «... Za, Zasys Zmeg +o:« Za-y BNd Z, 8re indepondent normal variatea
with moans a,, @,, .... Gmesy Tmeq +«++ Gary and G, respectively and common vari.
ance unity.
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STATISTICIAN'S DIPLOMA EXAMINATION, 19053.
Parers IV & V (Sreciar SusJect) : Sawpre Surveys (Tmeory).

Timo : 4 hours Full markse—100

N.B. Attompt any five questions.

1. Express tho variance of n obsorvations in a scquenco in torma of the auto-
correlation coofficients,
Uso this result to deduce the varinnce of the mean of random, stratified and
syttematio samploa.
How would you compare tho efficiences of tha three types of eampling when
pomerM Ul
2. Explain tho non.responso problem in samplo survoys.
How would you obtain an unbiassed estimato when this problom is scrious
in a survey,
Calculate the varianco of the unbiassod ecstimate in the above caso.
3. Explain the various aspects of sampling on two or more successive occasions.
Dorive tho estimate of tho moan and its variance when sampling is carried
out on two succeasive occasions,

4. In a multistage sampling survey ach obtain tho expoctations of the different

stago variances in the analysis of varianco table. Derive the variance of the mean
for finite sampling for the general caso. .
5. A single soction of length ‘a’ of a line possema tho attribute A and ia repre-
sented by the function ;
He)=1 (0€=<a);
Jiz)=0 elsowhere,

Obtain the variance of the totals of random and systematic samples by taking one
samplo cach at intervals of longth d randomly located with refe to the scction
poaseasing tho attribute A for the following casca

ald and a>d

8. Explain the torm Intorponotrating checks (I.P.C.). Discuss critically the
advantages and disadvantages of I.P.C.

1. Write short notes on —

(a) Balancod samplos
(b) S8ampling with probability pmporuonnl to size of unit.
(c) Multiple stratification.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1053.

Parxns IV & (SpeciaL SussecT) : SANPLE Sunveys (APPLIED),

Timo : 4 hours » Full mn_rkn—loo

N.B. (a) Attempt any five questions.
(b) Al questions carry equal marks.

1. Describo and discuss the differont typos of “framoa"” suitable for consuscs
or surveys of human population.

2. Discuss in genoral torms tho difforent sampling mothods for market rosoarch
and publio opinion surveys. What is your'opinion regarding tho “‘quota method” of
sampling? What wero tho Possible causes for tho failure of publio opinion polls to
predict the rosult of the 1948 Presidontial eloction in U.S.A. ?

3. Try either (a) or (b).
{a) Give a genoral description of the “first round™ of the “National Sample
Survey" (India), and indicate briofly the doging of tha survey.

(b) Discuss the prescnt position of agrioultural statistics in India with regard
to the eatimation of acreage and yiolds of differont crope by sampling methods. Do
you wholly agroe with tho roview of this topic made by the “United Nations Sub-
commission on Statistical Sampling” at its fifth scssion in December 1051 ?

4. Describo and discuss with suitable illustrations the following alternative
wothods of pling on ive ions (i.e., poriodical surveys) :—

i) & now ple ia sclected on each jon without regard to provious
- S p

samples;

(ii) the survoy is ropoatod on tho same sample;

(iii) part of the sample is roplaced on each occasion, the remaindor being
retained;

(iv) a re-mrvey of a sub-sample of the original samplo is mado.

5. Distinguish between the different types of bias arising from tho following
causcs :—(i) faulty method of selocting tho sample, (ii) faulty mothod of estimation,
and (iil) obsorvational and computational errore.

Doscribo with suitable illustrations in what ways faulty mothods of soloction
of the sample may givo rise to bias, and how to avoid suoch bias.

6. Write a noto on “‘rand pli b soriea™, incl g the following
pointa :—definition, methods of conatrucuon, tests for randomness (of the sorics),
and usos of the scrios in drawing random samples from various types of population
{bypothotical, existont eote.).
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7. (a) Suggest a mothod for obuumng a rnndom samplo of words from the

English languogoe by the uso of pling bors and a dictionary,

(b) Con.exdor a possible source of bias in repliea to the following onquirics :—
(i) porsons aro asked to atato how often thoy attended o placo of ontertainment during
tho provious year; and (ii) porsona ero asked to etato how many days have elapsed
ginco thoy last attonded a place of entert i t. Also ider how far the angwera
to (ii) may be used as a check on the answers to (i).

(c) Criticize the following plan for a proposed survey of social workers :—
“Since it has not been possible to provide as much publicity for tho study as is desirable,
it is boliovod nccossary to send out questionnaries to all social workers in the state
80 68 to insure an adequato number of replics within a relatively short period of time,
wescesnsss No fold recalls are to be mado but we plan to sond out a short note about
a week aftor the origina) mailing to all those to whom the original quostionnarire was
sent, to remind them to send in their replics.”

8. Supposo that in a sample mrvey for yicld estimation for wheat the ultimate
sampling unit is to be a rectangular “‘cut” of size 30 ft. by 20 ft. in a whoat-plot. Write
out instructiona for the flold-enumorator indicating clearly (i) how to locate the “cut"™
randomly inside a wheat-plot, and (ii) how the boundarics of the *‘cut’ should be
demarcated with the help of any suitablo sppliance (e.g., rope, chain, tape, wooden
rod, etc.). Emphasize particularly the precautions to be takon, assuming that tha
ﬁold»e_numemwr has not much previous experionce of thia type of work, or of the use
of 2 m h

pung

Do you think that there is a possibility of bias if tho “cut'.sizo is taken to
be oo large or too small ?



STATISTICIAN'S DIPLOMA EXAMINATION, 1053,

Parer IV & V (SreciaL Sussect) : Destox or EXPERMMENTS—APPLIED
{THEORETICAL).

Time : 4 hours N Full marks—100
N.B. (a) Attompt any five questions,
(b) Al questions carry equal marka.

1. (a) Define inter-block information in incomplote block dosigns, Show that
it can bo extractod for svery treatraent comparison in a balanced incomplote block
dosign, Ionce or otherwiso show that y>, K in the Intter design.

(b) Dorive tho exprossion for the efficiency factor of & balanced incomplota
block dosign. Undor what conditions will the efficicncy of this design, using only
intra-block information, excced that of the corresponding complete block design.

2. (a) Explain tho paramctors of a partially balanced incomplote block design
and prove the well-known relations botween them.

(b) Give a fow oxamples of partially balanced i plote block designs baving
two associato classcs and involving only two roplications of each treatment. Also
calculate tho paramotora for these examples.

8. Using tho inter-block nformation approach, or otherwiso, show that for a
partially balaneed incomplote block design with two aasociate classes and K>y,

(Y=AY=24) = Oy =M {y=N)pta—~(Y=12,)p},)

4. (s) Show how randomized lay-outs for an experimont involving p2 varietics
con be proposed for the following alternative designa:

»
(i) Triplo latticen

(if) Balanced lattices

(i) Balanced lattice squarca.

(b) Show the method of analysis for (iii).

5. Indicato tho mothod of analysis of a split-plot experimont involving y ran.
domizad blocks each of which has p main plots, and each main plot has g sub-plots,
if accidontally eithor of the following situations arises :

(i) ono of tho main plots is missing, os,
(i1) one of the sub-plots is mismng,

6. (a) If g, and o, aro the thoorotical standard errors por main plot and sub.
plot rospectively, both calculated on a sub-plot basis, in a split-plot exporiment, give
roasons why it is expoctod that o, will bo greator than o* .
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(b) If thoro aro ¢ sub-plota por main plot show that the varianco of the diff-
eronco botween means of any two treatmeonts not sppearing wnsido tho samo main plot
involves the weighted averago of ¢,' and ¢,*, the weighta boing in the ratio 1 : {g—1).

(c) Discuss how you would test the swgnifi of the difl referred to

in (b) when ¢, and g,* aro replaced by thoir estimatos obtained from the experimental
data.

7. Tho actual design (beforo randomization) of & § replicato of a fractorial experi-
mont 1volving six factors, a, b, ¢, d, ¢, /, coch at two lovels, orrangod in 4 blocks of
8 plota each, is given below : .

Block Y Block 1I Block 1T Block IV

(1)) ac ad ae

ab b b bs

acde de ce od

bede abde abce abce
acdf daf of edef
bedf abdf abef ahedef
of acef adef of

abef beef bdef b

Dotermine which of tho interactions have been confounded and which main effocta
and interactions form aliases whilo being estimated from this design.

Assuming three-factor and higher interactions to be non-exiatent, write down the
partition of the degreon of froedom in tho tablo of analysis of variance against eacn
ascribablo source of variation.

@
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STATISTICLAN'S DIPLOMA EXAMINATION, 1053,
Parens VIII & IX : EcoNowics STATISTICA (PRACTICAL),
Timo : 4 hours Full marks—50

*N.B. (a) Attompt any four questions,
{b) All quostions carry equal marka.
(¢) Uso of Calculating machincs and statistical and mathematical tablos ia
permitted.

1. Fit a parabola by the mothod of least squarea ti the following sories of
SAUERBECK'S Index Number of Wholesalo Prices and plot two curves for obsorved
and graduated values on tho same sheot of graph paper :—

Year Index Year Indox Year Indox
No. No. No.
‘1881 83 1885 72 1880 72
1882 84 1886 69 1890 72
1883 82 1887 @8 1801 72
1884 76 1888 70
2. Tho numbers (in hundreds) of lotters posted in a certain city on each day
in a period of five consocutive wooks woro as follows t— .

Week  Sunday  Monday Tucsday Wednesday Thursday Friday Saturday
First 18 161 170 154 143 161 76
Socond 18 165 179 157 168 195 85
Third 21 162 1890 s 130 185 82
Fourth 24 171 182 170 162 179 85
Fifth 217 172 100 180 170 202 120

Calculate the indices of averago fluctuationa from day to day within each
weck and state how they may be utilized in adjusting the raw data.
3. (a) In 183 amalgamations, tho number of companics in each such amalgama.
tion ia distributed as follows :

No. of companics in '
each amalgamations 2—3  4—5 -7 8—9 10—11 12—13  Total

No. of amalgamations 74 50 32 17 8 2 183

Obtain tho number of amalgamations each with 4, 5, 8 and 9 companics res-
pectively.
26



{b) Find tho rank corrolation coofficiont botweon longth of sorvice and order

of efficioncy of twolve sal A to L as reportod by their manager below :
Saleaman Years of Servico Ordor of Efficioncy
A 5 [
B 2 12
c 10 1
D 8 9
E 8 8
.F 4 5
G 12 2
H 2 10
I 1 3
J 5 7
K 9 4
L 3 11

4. (a) Out of & large number of dividond-paying companics listed in a Stock
Exchango Year Book, a random samplo of 400 companics is solectod and tho averago
dividend paid out by them works at Ra, 4.74. Tho selected companies are then divided
into 40 sub plos of ton ponics each by somo random process and the standard
doviation of the average dividonds of the 40 sub-samples is found to be Ra. 0.775.
Calculate the limita botweon which tho averago dividend paid by all the companiea
showm in the Year Book is expected to be.

(b) In o eample of 1,000 workors in a certain factory the moean weokly wage
is found to be Rs. 17.5 and the standard deviation is Re. 2.5. In anotcher sample
of 800 workers in another factory the mean wago is Ra. 18/- and tho standard doviation
Rs. 2.7. Discusa whothor the wages in the two factorice have the same mean and the
standard deviation.

B. Give that z,, the supply of jute, z, the price of raw jute and z, the price of
manufactured jute (in suitable units) are connectod by the equation z, =5.42—0.34x,
+1.33z, and further that r,, =0.78 and r,,., =0.79, calculate the value of R,.,,
and describe ita usea. (Tho symbols used have thoir usual meanings; r=correlation
coefficiont (total or partial); R=multiple corrclation coofficient; X, ia the expocted
value of z,; db=partial rogroasion coofficiont).
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STATISTICIAN'S DIPLOMA EXAMINATION, 1053
Parers VIII & IX : ViTAL STATISTICB AND POPULATION STUDIES (PRACTICAL),

Time : 4 hours Full marks—100

N.B. (a) Attompt question no. 1 and any ono of the remaining quostiona,
(b) Use of Culculating machines is pormittedl.
(¢) Census of India 1931, Vol. I, Part 1, will bo provided for uso at the examina.
tion,
1. (a) Starting with I, ,="74,879, computo abridged lifo tablo values of Iy, 1,,,
12,40 i Ly by and 1,4 6 for a population of femalea in the child-boaring ago-range
(particulars of which are given bolow), using the approximato formula L.,

=1~ Dx.z+n—1 )l.
Pr.z4+n—1+{Dzz+n=1 '

whore I, donotes the life-tables numbors living at age z, Pzx+n—1 the population
actually enumerated botwoon ages z to z+4n and Dxx.+n—1 the related deaths in
the age-group during a year.

Female births,

population, P deaths, D fomales

* 12—18 295,039 3,300 14.35
1721 278,547 3,342 68.24

22-26 251,190 3,768 75.71

2736 421,235 8,531 47.05

311 153,211 3,877 35.60

42—48 | . 149,703 4,490 24.49

47—51 126,858 4,742 0.87

(b) Assuming that the formula Ly. e, = % (% + L«s) holds for all the ago.

groups, whore L,.s.,_s is the life-tablo population living botweon agoa x and x+n,
work out tho not reproduction rate for the population. The ratcs of female births
per 1000 femalcee givon above, are appropriato for the respoctive ago-groups as a whole.

2. Employces in a certain government aro compulsorily rotired and pensioned
off on attaining age 565 : voluntary rotirements on full pension at oxact ages 53 and
&4 are also permitted. The numbers rotired during tho last 7 ycars at tho various

ages aro given bolow :

Year Ago 53 Ago 54 Ago 55
(voluntary) {voluntary) {compulsory)
1948 57 126 2113
1047 32 341 1958
1048 25 289 2071
1949 22 3 2065
1050 18 103 1007
1051 20 85 082
1952 19 64 2060
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Estimato the number of pensioners between ages 60 to 05 on first January
1958, assuming that the following lifo-tables applied to them: .

Voluntary rotirements Compulsory retircmonta

Age, Ageo,

53 21,387 55 14,013
54 20,425 56 14,001
65 19,476 .- .e

60 14,033 80 10,084
6l 14,069 61 10,254
a2 13,221 82 9,543
63 12,389 83 8,851
64 11,673 84 8,178
65 10,773 (1] 7,524

Assume that desths and retirements aro uniformly distributed.

3. The existing population distribution in sge-groups, in a certain constiluency
in an industrial area, ia given bolow: .

Apo Population
(last birth day)
16—25 4,453
26—35 3,604
36—43 2,604
4653 1,751
56—60 817
R 81.65 392
66—70 259
71.75 1268
76—80 . 38
81 & above 21

For & general oloction with adult franchise (oach individual aged 21 or sbove
eligible to vote) exactly five years® hence, estimate the number of voters in the consti.
tuency, assuming that 1031 Census Punjsb life tablo for males applics to the popula-
tion. The combinod net offect of migration and immigration could be ignored.

State the assumptions that you may have to make in working out the estimato.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953,
Parers VIII & IX 1 PuobiT ANALYSIS (PRACTICAL).
Timo : 4 hours Full marke—§0

Attompt any one question

tand

1. The following data give direct resf ta for d and tost
proparations togother with tho woights of animals used. Estimato the rolative potoncy
corrocting for the body weight and find its standard error.

Doso of standard preparation Doso of tost preparation
.25 .50 1.00 0.025 0.05 0.10

Res- Weight

ponso .
@) (W) (R) (W) (R) (W) (R) (W) (R) (W) (R) (W)

3B 47 50 48 140 55 3 850 50 48 80 83
0 50 100 50 80 47 35 48 45 46 65 45
445 42 75 46 80 48 40 5l % 52 70 51
60 48 80 50 55 41 60 49 50 49 120 55

2. Assuming that the tolerance distribution is of the form

Const. &~°*~04; (0<z<®), obtain the estimatos of a and ¢ from the obsorvations
given bolow.

Find the standard errors of estimat Also estimato E\D, 50 with its standard
error,

an



STATISTICIAN'S DIPLOMA EXAMINATION, 1053,

Pargrs VIII & IX t STaTisTICAL QUALITY CONTROL (PRACTICAL).

Timo 1 4 hours Full marks—50
Attempt all questions.

1. The head offico of a hig industrinl concorn reccivos payroll checks (rom ite
various branches at tho end of cach month, The payrolls are prepared on sheets of
30 lines and in each shect there are about 300 putations. It is v to investi-
gate into the accuracy of theso computations ro thot at least very bad offices can bo
improved. Trepare a graphical plan of action for a scquential sampling plan which
wonld give only a 69, chanco of condemning an office ging 5 or fewor crrors per
ghoot and 2%, chance of approving nn office averaging 6 or more crrors por shoet.

2. Results of 60 observations on end Lreaks in 100 yard-lengths of yarn are
given bolow, Plot a suitablo control churt and give your comments.

Oba. B',;Arn Obe, Bp“:'ka Obe. B?Z-“e“ ob. B;';h Obs. B;:-k‘ Ohs. Bpmearks
No. 1000 No, 1000 No. 1000 No. 1000 No. 1000 No. 1000

yarda vards yarde yards yards yarda
1 7 u 85 21 4 a2 4 3 8 3
2 9,12 4 21 & 4 4 o 62 4
3 9 1B 1 ;s 33 6 4 1 3. 2
4 4 M B 24 8 M 2 4 2 K 3
5 7 15 5 25 5 3 2 4 3 6 3
6 13 18 6 26 5 3 2 46 4 66 4
7 B 17 5 21 65 81 4 41 4 51 10
8 6 18 6 28 4 38 2 48 4 88 11
5 2 19 7 20 4 30 3 4 3 60 1
10 4 2 2 30 1 .40 3 5§ @& 60 7

3. A manufacturor producing rollod motal sheets wants to run a risk not more
than .02 of a lot to be rojocted. His bmducz is undor statistical coutrol, the process

go for Rockwell hard bor boing 72 and variance 28.04. A buyor doos
not want to run a risk of moro than .01 of receiving a lot with average hardncss numhor
loss than 68. Yow many shoots should bo tosted frim cach ot and what ia the sample
averags which will differentiate b ptable and rejoctod lots ?
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If the buyer wanta to run a risk of .01 of rocoiving lots with moro than 39
of tho items having hardness number less than 60, how many sheota should bo tosted
from each lot and what should be the samplo averngo difforentiating between aceoptable
and non.acceptablo lots ?

4. Inafactory it was known that tool wear and trends duo to other causea oxsited.
But it was uncconomical to attempt by froquent re-sottings and replacomonts to
correct for the consoquont departures from profect statistical control. It was necos-
sary to maintain a control of the process that was suflicient but short of porfect control.
Tolerances of 8,150 ,0.200 inches wero found to ho satisfactory for individnal itema,
The following table gives the averages and ranges of 25 sdmplca ench of size 4. Set
up a modified control chart which may bo used by the factory as a basia for corroctive

action, .
Sample X ‘R Semple X R Sample X R
No. No. No.

1 6.000 0.080 10 6.034 0.098 19 6.288 0.134
2 6.018 o0 1 6.129 0.122 20 6.307 0.0‘Clll
8.139 0.157 12 6.226 0.117 21 6.234 0.125
6.084 0.108 13 6.187 0.103 22 6.264 0.121
8.055 0.121 14 6.2M4 0.132 23 8.245 0.138
8.068 0.135 16 6.109 0.100 24 8.270 0.085
6.177 0.008 16 6.101 0.099 25 8.205 0.15v0
8.153 0.124 17 8.160 0.113

8.041 0.092 18 6.118 0.128

© @ 3 e o e o«
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STATISTICIAN'S DIPLOMA E.‘{A.\[Itz\'ATXON. 1053.
Parens VIII & IX : MaTuEMATICAL Tueony oy SaMpLE DISTRIDUTIONS (PRACTICAL).

Tirao : 4 hours Full marka—50

N.B." (a) Attempt any 2 question.
(b) Al qunstions carcy oqual marks,
(o) Uso of Calculating machines is permitted.

1. Conduct the following experimont with tho aid of a table of random numbers
arranged in digits of four. :

Obtain 10 'samples of size 5 from tho normal population with.
moan 1.60 and the variance 2.25. B

¢ Calculato tho statistic ¢ dofined by
1= VEiz-2)e ' -
for each sample ) 0. (21, Tayeeee T), [ !
whore ’ B
T=(r+x34.... +75)/5
: e, -
Y ‘=Nh|§| {z1—2)*

. .

Obfain from tho ¢ tablos tho 10 probabilities of the t's exceeding the calculated values.

How do you combine theso probabilitios in practico to judge the significance of 10
lculated ¢'s simul )

2. Conduct the following sampling exporimont with the aid of a table of random

mombora arranged in digits of fivo.

Obtain a tablo of 100 random numbers which may be considored ns distri-

buted according to the Poisson distribution with the mean 2, Tost the goodness of
Bt for the empirical distribution.

Given 672=0.13533528

3. Obtain a tablo of 50 random numbors which may bo considered as distributed
according to the binomial distributions with the individual probabilitics.

5Cr (0.20)f (1—0.20)6-r,
r=0,1,2 ..., 6

Construct the histogram for the distribution of thess 50 numbors,
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STATISTICIAN'S DIPOLMA EXAMINATION, 1853,
Pareng VIII & IX 1 Sayrre Surveys Tarory (PRAcTICAL).

Timo : 4 hours Full marks—50
e . N .
N.B. (a) Attempt sll questions,
(b) All questions carry equal marks,

1. Below wuro given tho data of crop-cutting oxperimenta on maizo for tho Shahdol
distriet in Vindhya Pradesh conducted during 1952-53. Tho district wos etratifiod
Kanungo-eirclo wiso From each strutum two villages worn solectod at random and
in each selocted vilingo tow fiulds wore 50 octed at random and from oach of tho aclected
fiolds c.c. experimonts on a plot randomly located in tho fcld of size 1/80 acre was
conducted. Yields woro noted in chhataka por plot (1/80 acro). For each circla tho arca
undor maize in 52-53 ia also givon. Culculate the ostimato of total production and

it standard eeror. Also compare the raodings of villages number 1 with those of
villages numbor 2,

. Villago Area Village Ajea
Namo of Circlo ——————— inacros  Namo if Cirle ——————  in acres
2 1
1. Boohari NR* NR 1699 9. Fastorn 381 339 3505
NR NR 318 328
2, Jaisinghpur 80 346 2767 10, Western NR 144 17210 -
102 168 NR 197
3. Amdih NR NR 1931 11. Sohagpur 236 180 4975.
NR NR 18 208
4. Baronda 87 85 1577 12. Burhar 241 195 37178
89 00 . 198 149
8. Amarpur 82 40 1778 13. Jaitpur 0 139 1924
o, 195 236 _ 189 121
8. Chandia 208 110 6669 14. Kotura 182 146 1457
a 178 ' 63 86 ' 183
1. Singhwara 80 58 369 15, Dhurwasin t32 112 1458
72 67 ’ 148 180
8. Manpur 241 120 * 9875 16. Anupur 163 189 © 2930
28 34 : 113 189

(NR®—tho oxporimental results wore not. rocelvod)
St

1. 2., The porcontagoe solids-not-fat in two successivo months for all the 16 cows in
8 hord which woro in their 2-6 montha of lactation in ono, at loast, of thess months
woro obsorved to bo as follows :

Cow 1 2 3 4 s ¢ 7 8
Novembor - 8.82 8.94 9.86 8.00. '9.00 9.13 800 9.02
Decombor 8.93 8.66  8.63 8.8

Cow ] 10 1 12 13 4 15 18
Noverabor 9.46  9.52 0.28 0.22 o
Decerabor 9,30 90.50 ©0.13 0.32 9.38 878 0.10 0.04

Estimate the change in porcontago nolids-not-fat botweon tho two months,
the moan porcentago for Ducombor, the rovised moan porcontage for Novo mbor togother
with the standard orrors for all thoso estimatos.
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STATISTICIAN'S DIPLOMA EXAMINATION, 1953.
Parens VIII & IX : SAMPLE SURVEYS, APPLIED (PRACTICAL).

Time : 4 bours  ° © Full morks—50

N.B. (a) Figurca in tho margin indicato full marks,
(b) Uso of Caleulating machines is permittod. .
() Uso of Barlow's Tables, Logarithmic Tables, Random Sampling’ Numbera
;s pornuuod .

1. Ina utrnuﬁ«! ump!u to estimato the acreago under a cmp in a region, it is
gn\en that the \nrmnco, v, of tho eaumnlo, and tho total coat involved 17, are of the
following formf . . {10)

V- f{Af' o / e :n")}.
L = b+ T lartd, a0,

whoro Ay is the geographical areca, ni= ber of pling unite and ri=eize of the
sample unit in the i-th stratum, and the other lottors ropresont some characteristio
constants. Tho numbor of atrata is only throo and the numcrical valuos of the cons-
tanta aro’ gl\en below : .. ,

-bm=Ra. § 000/ i
Ay ) o € d
v n e . e (per acro)
eq. miles Ra. Rs, 8s.
1 7,000 *0.09 0.4 30 3 8
2 9,000 0.12 0.6 38 4 0
3 8,000 0.11 0.6 32 30

Find out tho optimum values of ny's and zy's for B’ =mRa, 50,000/, and find
out the corrceponding value of V.,

2. You aro given a roctangle defined by tho roctangular cartesian co-ordinates
0& z< 90 motres, and 0y <40 motmz §¢w$ four random “pointe” in this rectangle
with their co-ordinates given c e} to 131@ only, with the help of “random sampling
numbers”, Call theso four "pomla A, B, C, and D. Supposo you have to connoct
theso four “pointa” by a “path” in such a numbor that the journoy from any “point*
to the roxt “point” in the path will bo a straight line. (Thua any “path” will consist
of threc straight linos, e.g., B to A, A to D, and D to C). i (14)

Enumaorate all the porsible “patha™ Ai:-onnocting the four “pointa™ sclectod by you
and work out tho longth of aach such path. (You sre not to uso a graph paper in
answoring this question).
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3. Try any two of tho following: (a), (b) and (). : . (10410}

{a) Draw up a questionnaire form for an investigation into tho radio-tistenors'
proference a3 regarda the radio programmo of any station (o.g., Calcutta, Bombm
Madras, Delhi, ete.). (The form hns to be drawn in English).

(b) supf:oso that thero is a pond exactly in the shape of homisphero wi()'x
a radiua of 18 feet. {Obvisouly tho uppor surfaca of tho pond forma the plane boundary
and the bottom forms the curved-surface boundary). You aro’ required to locate
six “‘points® at random insiclo the pond in oﬂlor to aamplo the water for bactoriolo~i !
examination, A dcpth of two fact from tho uppor surfaco of the pond is to be oxcluded
from sampling. (You aro allowod to use “‘rand pling bors'’, and you are
to indicato tho sslocted points by any conveniont ayatem of co-opernates correct to,

iaay, tonth of a foot. Indicata cloarly the procodure of eolection).

(e) Attach the following weights to the 20 lotters of the English alphahet :—
The five vowels (a, ¢, 4, 0, u) will each have a woight =w, the two somi-vowels (10, y)
will each havo a woight =, and tho remaining 21 Jettors ( ts) will oach have
a weight=w,. It is givon that

' Wy; Wy 03=2: 331

Furthor for oach lottor (e;xy tho first lottor) tho “capital™ and “small” symbol-
(like A and a) aro to bo considerod roparate, there boing thus 52 symbols in all. * Th
woight attached to & “capital” aymbol will bo half the weight of tho, corrospondin;
“‘small” symbol.

Soleet, with replacomont, six aymbols out of the above montionsd 52, witl
the probabilities of selection proportional to the weights. (You are allowed the ue
of “mnd.om pling bora’. Indicato clearly the procedure of soloction).
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