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INDIAN STATISTICAL INSTITVTE

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1956
. Part I (THEORETICAL)
Time : 4 Hours Full Marks 1 100
N.B. {(a) Answers to the differont groups aro to bo given in soparate books.
(b) Figares in the margin indicato full marks for the questions.
Grotp A
Note: Answer Q-1 and ANY TIFO from the rest.
Answers must bo brief and to the point.
1. Let f(z) bo a function whoso values at 2°= 0, —1, —9, ..., are known. * Lot
A be the usual difference operator defined as ,
Aflz) = flz+1)—f(z)
srive the interpolation formula
]
Jix) =0 +z Af(= D)+ 55 2=+ 1A f(=2)+...
nd briefly anawor tho following questions :— '
(a) 1fas the sbove interpolution formuhs got any standard namo?
(b) If f(x) = sin wx then do you expect tho abovo interpolution formula
to be a good one? If not, why not ?
(¢) Givo an oxpression for tho romainder term when you atop at tho nth
term of tho right hand expansion. '
(d) If f(x) wero known to bo a polynomial of degreo not exceeding five then
how many terma in tho right hand cxpansion will givo you an oxact fit ?
(0) Discuss the euitability of using tho above interpolation formula for
finding tho valuo of f(x) at & positive z. 24)

8. An um containg N tickets numbered 1 to N,
(a) If n tickets nro drawn ono by onc and without replacemont from tho
urn and if X bo tho sum total of the numbers drawn, then provo that EX = !'.(i\iL”.
(b) If tickota aro drawn ono by ono nnd with replacement from tho urn until
some ticket appears duice andd if # bo the number of tickets drawn then provo that

P2 vy N+1) =1and that

Pir=i+1) = ‘lﬁ__'lm(‘v:ﬂ'_” . d

;'\, (i =1,2....N)



{c) In tho enso of (b) indicato how you will find the modu! vatue (moto) of ».
+(18)
3. Lot X bo un arbitrary random variable. You aro required to find the pro-.
bability that X>0. Under cach of the following assumptions about X find P(X>0)
or give an oxpression from which the probability can bo computed. Ifin a particular
caso, you find that the required probability cannot bo evaluated then stato that speci.
fically and give i d the best b la (for the required probability) that you con
find.

Auumphom

(a) X3 is & continuous random vnrmblo with median greater than zero,

(b) 2X+1 is tho sum of two indepondent standard normal variabloea.

{¢) X has mcans—3 and varianco 1. )

(d) X is tho ratio of two independent continuous random variables cach
with zoro as its median,

(0) X = Y=2Z whero Y and Z aro indepondont and identically distributed
continuous random variables.

(f) X docs not take valucs loss than —4 and EX = -3, (18)

4. Let (X,Y) bo a pair of discroto random variables cach taking the three values
0,1 and 2 with tho following joint distribution,

0 40 .13 .05
1 10 . .10 10
2 00 .05 .03

Bolow wo give 8 number of statements which are sither true or falso. Indicato in each
caso whether tho statoment is truo or fulso adding a romark or two in support of your
conclusion.
{s8) Tho probg.llhili(y that X == Y is grcater than tho probability that X £ Y.
(b) The marginal distributions of X and ¥ aro tho samo.

(c) Given that X = 0, tho condkitional probability that ¥ = 2 is nil nnd
tho conditional probability that ¥ < 2 is .50.

(d) The continuod oxpoctation of Y, given that X = 1, is 3.
(0) X and Y are dopendent random variables.
{f) X and Y are ncgativoly corrolated.

(g) Tho joint probability that X = 0 and ¥ = 0 is equal to tho probability
that X+ V= 2,

(h) Tho correlation ratio botween X and Y is one. (18)
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Grouvr BB
Amwor ANY TWO quentionn

5. (a) Give illustrntions of various testa depending on tho dintribution,  (¥)

(b) Consider & 2X2 tablo containing the frequencies with respect of two
attributes obtained by one of tho following two methods of sampling. The first is
1o draw a random sample from a population and then clusify the individuals accord-
ing to tho two attributes. Tho sccond is to classify the wholo population into two
‘r'roups according to ono uttributo and tako samples of fixod size from each group and
‘lansify tho individuals in each eamplo with respect to tho sccond attribute.  Find tho
arge and small samplo (uxact) tests of independonce of attributes for difforent methods
of snmpling. (12)

8. (a) If zy, z; and z5 are throo variates measured from their reapeetive means
aa origin and of equnl variances, find the cocfficient of corrolation between z, 4 z3 and
Fa+73 in terms of rys, 7,3 and ray and show that it is equal to

ria+1

@122 ity = ry = Dor i) rp+d

4

ifry=ryy =1, (10)

Comment on the reaults.

(b) If z,, 75 and z5 aro three veriates measured from their m.lpeclivs means
as origin and if ¢, is tho expected valuo of zy for given valucs of zy and z4 from the
lincar regroasion of zy, on z; and x,, provo that

cov (1y, ¢;) = Var (¢;) = Var (z;)—Var (x1 —¢)).
Mention tho uso of tho correlation cocfficient between z; and e;. {10)

7. (a) Starting from the joint distribution of 2 and #? obtain the distribution
of the ¢ statistic

22—
L=

and show how it is used in teating the significance of an assigncd mean valuo. (8)

(b) Supposs we want to tost tho linearity of regression of the height of tho
daughter on the hoights of her futher. How do you collect the data and what tests
do you apply for examining tho linearity of regrenson '~ Givo full details of tho com.
putationa involvod in tho tesy pracedure without tho actual proofs. 12)

——



STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1056
Parer 11 (TuzoneTicAL)
L]
Time : ¢ Hours Full Marks : 100

N.B. (a) Answors to tho differont groups aro 0 bo given in separato books.
{b) All questions carry equal marks,

Guovr A
Answer ANY THREE of the following :—

1. Explagn what is mcant by a ‘framo’ for a samplo survey, and the various types
of defects to which it may Lo subjoct, Discuns how far tho National Registor of
Citizens, propared during tho 1951 consus, could bo usod as a frame for a socio-cconomio
urban survey. . .

2. Explain how tho official indox number of industrial production is compilud,
pointing out ite limitations from the point of viow of coverago, roprescniativencss and
treatment of mcasonal {toms.

3. Describo tho various methods of computing national incomo. Point out
tho nppmpnnmneu or othorwiso of theso mothods, in catimating tho contribution
10 national incomo in India from different scctors, taking into account tho lvailnblmy
and quality of data in theso -oclon.

Why and how aro cstimates or national incomo for a svrics of ycars adjusted
for price variations over timo?

4. (a) How aro foroign trade statistics collocted and compiled ?

(b) In ordor to propare & working paper on the relationship botween amount
of invostment and volume of omployment in somo of tho organiscd industrics in India
like iron and steel, cotton-textiles, juto, coal ete., stato the names of the official pub-
lications with sources, you will like to consult. Givo a schome of the roport including
skotch of tho tables you will like te include,

« Grouvr B
Anawor ANY THREE of the following :—

5. State tho circummtances in which aplit-plot designs are dod in

pr'u:t.ieu. . Prepare tho Iayout of a simplo split-plot design involving 2 irrigation prac-
ticos, 3 variotics and 2 manurcs and indicato the structure of the analysis of varianco,
scparating the orror (or orrors) against which tho significance of the different com-
parisons has to bo tested.

6. Explain what is meant by confounding and, indicato ita uscfulncss in the
dosign of Agricultural Exporiments. Given four fuotors at two lovels ecach, show
how you would preparo tho design to test tho main offocts and the interactions (of
lower ordor). Would you liko to intrgduco confoumj.ing in such @ design. If so, why ?
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7. Explain clearly tho meuning of the following tenma, aa understood in tho
context of Factory Analysis:—
¢ (i) Specificity, (i) Roliability, (iii) Ccmmu;mlily, (iv) Uniqueness
8. A doubly hetorozygous individual (da, Bb) iv croased with a doubly recessive
ono (aa, bb), Enumerato tho different poasible clumses of offsprings and writo down
the probabilitics for thom, How do you test tho following hypotheacs on tho basis
of observed data:
(a) Tho character 4 is scgregating in a 1:1 ratio
(b) Tho character B is scgregating in & 1:1 ratio
(¢) Thero is no linkago botweon 4 and B.
9. Sketch tho outlines and main compononts of a fortility table and a mortality

table and explain what data would bo needed (and how you would look for them) to
construct theso tables. To what uso can you put theso tables ?

STATISTICIAN'S DIPLOMA AE.\'A.\H.\'.-\TI.O.\'. MARCH 1956
. Parer 11X (THEORETICAL)
Time : 4 Hours Full Marks: 100

N.B. (n) Answors Lo the different groups aro w' bo given in scparato books.
(b) Attempt ANY TWO questions from ocach group.
{c) All qucetions carry oqual marks.

Grour A

1. Stato clearly tho propertics of maximum lokelihood cstimatcs.
The probability density function for the throo paramoter logarithmic normal
dietributions is given below ;—

Dorive tho maximum likelihood equations for estimating the population parameters.
Give an outlino of any mothod that should bo followed for the numerical solution
of the above equntions:

2. What is tho differnnco botween ‘point estimation® and ‘intorval estimnlior;'
in theorotical statintics ?

Givo a brief description of the mothod of computing confidence intcrvals on
tho basis of & samplo » in the following situations i—

(a) the mean of a normal population when the variance is known.
(b) the mean of a normal population when the varinnco is unknown,
(c) the ratio of menns of two normal populations,

[



3. Givo the definition of o suflicient statistica.  Stato s nocomsnry and suflidiont
critorion, in terms of the density function of a chinneo variable X, for the existenco
of a mufficient statistics. A

Lot tho density function of X bo given by p,(x). Y is un uabiosed estimate
of @ und T, a sufficient statistic for 8, Show that if

Z = E(Y|T), tho Z is nlso unbiasvd for ¢ and Var Z ¢ Var Y.

Xy, -+ Xy aro independ, rectungul, lom variables in (0, #). Obtain a sufi-
cient statistic for .
Grocr B

4. (n) Deneribo tho likelihood ratio test and stato some of ita desirablo properties
(b) X ia a random variablo which assumes tho values 0, +1, 42 with pro.
babilitica as follows :— :

Xa -2 s . - +1, °
Hy: . da {a j—a t—a, «
H: o (1=0) Ed-a =fd-a) aq=2

Hero a and ¢ aro constants such that 0 <a< b
.,_'_. & ¢<a, 8nd §isaparameter,0 & < 1.
a—a

Dorive the likeliood ratio teat for teating the simple hypothesia H against the com.
posite alternativo Hj at the level of significanco a.

(c) Show that in this examplo ono can do better than the L.R. test by simply
rejocting Ho with probability a without observing X at all.

5. (a) State and prove Noyman and Pearson lemma useful in the derivation of
u test for a specified alternative.

(b) Show that a uniformly most poworful test exists for testing tho hypothescs
thut mean ‘of 8 normal population is $ against tho altornatives excooding 4.

(¢) Develop tho concept of locally most poworful testa and give your opinion
about tho uso of such tests. Derivo such o tost for tho above hypothesia when both aided
alternatives aro connidered.

6. (a) Provo that in a bivariato normal populalion the regression of ono variablo
on tho othor ia linear,

(b) How do you teat simultancoulsy on tho basis of samplo whethore the mcans
of the two variablea havo amigned values?

What do you think of the alternative method of testing for each mean separately?

(C) Proposo a test for tho hypothesia that the variancea of tho two varinbleg
aro equal without making any sssumption avout their corrolation,




STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1056
Parer VI (PRAacTICAL)

Time! 6 Hours Full Marks: 100

N.B. (a) Figurces in tho margin indicato full marks.
(b) Uso of calculuting machines is permitted.

n.g
1. (a) Find f cos z dz by quadraturo from tho following values i—
o

cosx

1.'000 000
0.995 004
0.950 007
0.955 336
0.921 08l
0.877 583
0.825 336
0.764 842
0.606 707

L]

DWAD T O

. (13)
(b) Tho values of ¢ tho rate of mortality for ago z according to a standard -

table are given below :

Age - 4=
80 0.134
82 0.154
84 0.176 '
86 0.200
88 0.227

Find g for ages 81 and 83 by using sppropriate interpolation formulae, (15)
2. Fit a third degree polynomial by the mothod of orthogonal polynomials to t:e

following results of an experiment on the offect of time of mixing of dough on loaf

} E tho signifi of tho coefficient of the cubic term.
Mixing time in Loaf volume in cubic
minutca contimetera lens 5630

1.0 235

1.5 280

2.0 255

2.5 190

3.0 120

3.5 b5

4.0 20 .

4.5 12 (20)

3. Tho following table showa tho distribution of bacterial counta in 178 samples
of milk. A reprosonts tho actual counts (x), B tho logarithm of counts. Tho frequency
dintribution of log X in B might bo regarded aa approximately normal.  Making uso
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of tho normal curvoe fitted to this distribution, calculato tho exy 1 froq ics corroa.
ponding to tho groupings in A and apply a test of goodness of fit.

A B
z frequency log frequency
0— 28 24— 1
1,000— 20 2.6— 9
2,000— 37 2.8— 16
3,000— 21 3.0~ 19
4,000— 14 3.2— 28
5,000— 0 3.4— 36
6,000— 10 3.6— .20
7.000— 7 3.8— 23
8,000— 4 4.0— 8
9,000— 4 42— 3
10,000— 4 LA 44— 5
11,000— —_ 4.0— —_
12,000— 1 4.8— 2
13,000— 1
14,000— 2
above 15,000 10
176 176

(30)

4. A machino is designed to produce articlea of avorago length 4.200 em. Tt is
supposcd that owing to wear and tear it is no longor giving satisfactory results. The
data below givea tho lengths of a samplo of 100 articles ‘produced at the beginning of
inatallation and the lengths of a samplo of 100 articles produced recently,

Numbor of articles of length z

Longth in
cm, (x) A at now
installation

(2) 3)

1 -

1 !

2 [ [}

n 12

21 18

20 20

15 20

10 10

(1] 5

[ -

1 2

100 100

Tost whother tho machine was working according to apocification at tho begin-
ing of installation and whethor a chango has taken place in the mean porfornmance
due to posaiblo wear and tear ovon if the rpocification wns not maintained in the begin-
ing. (20)




STATISTICIAN'S DIPLOMA EXAMINATION, MARCH )056
) Paren VII (PracticaL)
Timo ; 6 1ourn . Full Marke : 100

N.B. (a) Figurcs in tho margin indicate full maorks,
(b) Uso of calculating machines is perraitted.

1. In a proposod stratificd samplo survey with 5 strata lot Ny, n; and o; bo the
population size, tho samplo sizo and tho standard deviation respectively in the ith
stratum and lot the total population and the total eamplo sizo be N and n reapectivoly
1t is known that tho sampling variance V and the cost function C aro given by
LI Nito?”

V=A\_"f g

and C = a+}‘,‘, bing

where a = 550 Ra.
The numorical values of the conatants in the equationa given above aro aa

follows :1—
Stratum No.
[ N at b; in Ra.
1 37800 28 4
2 52600 18 3
3 8200 27 1
4 41600 21 3
5 28800 16 2

(a) Find tho optimum valuca of ny and tho correxponding values of V for
€ = 5000 Rs, ;

(b) For tho same valuo of tho total samplo size n as derived in (a), find the
values of ng when tho allocation is proportional to Njog only. Also find the corres.
ponding valucs of ¥ and C and comparo them with theso obtained in (a). (20)

2. An exporiment was carried out to invostigate the cffect on wheat yield of
applying a fixod t of sulphato of in at different times during growth.
The oxperiment was designed as a 86X 6 Latin squaro and the following results were

obtainegl.

B E D c A F
28 111 114 118 58 130
D B E A F C
13 89 115 9 96 129
A D B F o] E
79 107 101 104 103 118
F A (o] D E B
100 ke 106 ns3 103 08
E (o] F B D A
105 107 103 00 13 72
Cc F A E 13 D
102 v7 7 - 104 03 121

»



Tho figures in tho tublo uro yicldain b por .1160 th acre plot, whilo the letters inllicate

tho following treatments :—

A No sulphato of simmonia spplied

B Sulphate of ammonia applicd on November 5
C —do-  —do- ~do~ Janunry 23
D -do- ~do- —do- March 13

E —do-  —do-  ~do- April 24

F ~do- ~do- -do-~ May 25

(a) Givo the analysis of varinnce as applicable to the abovo data to teat treat.
ment difference. .

(b) Test the effuct of tho application of sulphato of ammonia by comparing
tho control (A) with the mean of tho other treatments.

{¢) Aro thoro significant differences among B.CD,EF correaponding to
different dutes of nm'nlicm ion of tho manure ? :

(d) If C is truc, is thero any ovidence of an optimum data of application ?
Find that dato from tho responso time curve by graphical methods. (33)

3. (a) l-lmlcicncy of operation of a cheeso plant may bo expressed by the yield

of cheeso which is mado from 100 pounds of milk. Two observations taken cach day
from a preduction plant for a period covering nearly two months of April and May
aro as follows :—

Dato Cheeso Yield
: sample/100 Ibs. milk
I 1I

April 1 10.48 11.17

2 11.37 11.02

5 10.81 11.81

7 10.28 10.52

9 10.66 10.60

1n 10.86 10.71

13 10.89 10,58

15 10,93 11.04

17 10.83 10.74

19 10.80 10.29

21 1.n 11.75

23 10.80 10.58

25 1.4 10.41

27 10.83 10.03

20 11.60 11.12

May 1 10.09 10.62

3 10.25 10.99

b 10.58 10.06

7 10.10 10.60

9 10.63 10.50

11 10.40 10.05

13 10.43 10.36

15 10.72 10.81

17 11.03 11.51

19 11,06 10.31

21 10.44 10.42
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. (n) By sotting up proper control vhurts oxwnine whether tho process can ho
regarded as under control.
, () Givo possible oxplanationa for points going beyend the control limits.
: (25)
4. Tho matrix of inter-correlations of scores in ¢ tosts Ty, Ty, T3 ond Ty ia given
below,

Corrolation Matrix

T Ty Ty Ty
T, 1.00  0.72 0.63  0.54
T, 1.00  0.50  0.48
T, 1,00 0.42
Ty 1.00

(a) Apply the centroid mothod to determino the first factor., Examine
wheother a single fuctor is sufficient to explain tho intercorrelations.

(b) Also obtain the oatimating equation for tho first factor in terms of observed
ocrores Ty, Ty, Ty, Ts. . . 20)

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1956
Parens IV AND V' : STATISTICAL QUALITY CoNTHOL (THEORETICAL)
Time : 4 Hours Full .\lnrku_n 100

N.B. (a) Attempt ANY FOUR qucations.
(b) Al questions earry equal marks. .

1. Undor what conditions in Industry you would considor it economical to use
(i) the p-chart and (ii) e-chart, reapoctively. Examino tho basia and the approxima.
tiona involved in tho uso of thess charts.

As a routino, everyday, in a manufucturing plant all units produced aro ing.

pocted for defoctives. The number produced varies from day to day and is largo.
Show how you would plot a suitablo control chart.

2. Lot quality is apocified by proportion defuctive. An individual product is
defoctivo if quality x>v; othorwiso is non-defective. A sampling schemo is spocified

["H
‘Sampling sizo N,

2+ke §_ v—Accept
2+ke > v—Rejoct’

whoro z and # aro tho mean and tho atandurd dovintion of the sample.

Stating tho assumptiona cloarly, dorive a formula to obtain pointa on tho
OC-curvo for this plan, Uso this ta abtain tho variablea sampling plan when,
AQL = p,, and producor’s risk = a; and LTPD = p; and coaumer's tisk = g; and a
product s defective if quality z>v and otherwiso non-defective,

1



3. Defino ‘Soquential probubility Rutie Tewt', and oxpluin how that concept can
Lo used in Acceptanco Sampling.

Dovelop a soquentinl teat procodure for controlling tho minimum 'l;)\'cl of
quality in a process whoso aproad is steady and known. Obtain tho, fivo points of the
OC-curve and tho corresponding five points of the ASN.curvo for this plan,

Dovise a simplo graphical procodure to instal this soquential plan for uso by
shiop-personnel.

4. Difforentiato clearly botween ‘Toleranco limits' and ‘Confidenco limita®,

From a controlled procoss 8 Random samplo of N units givo mecasuros for a

. quality @8 xy, x4, *3, ..., Ty« For largo .V, obtain a simplo approximato formula for .
constructing toleranco limits L, and L; such that at least a givon proportion Y of the
entire production wéuld bo within L, and L; with a confidence coofficient of 8,

. 5. (n) Discuss tho situntions when ‘modified control limits' may be used.

Duscribo briofly a method of fitting a trond-lino and control limits whon tocl.
wear is present,

(b) When can the *Moving Averago and Moving Rango® charts bo used in pre-
ferenco to tho conventional X, R-.charts. Givo a fow oxamples of such cascs from
any Industry known to you.

8. Write short notos on t—
(i) Indifforence quality
(ii) Chanco causcs and assignable causes
(iii) Simon's Ia charts i
+(iv) Roducod and Tightoned inspoction
(v) Thoory of runs.

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1950
Pargrs IV aND V: EcoNosio STaTisTiCS (THEORETICAL)

Timo : 4 Hours Full Marks : 100

N.B. (a) Attompt ANY FIVE questions,
(b) All quostions carry oqual marks,

1. What is an indox number of busincss activity ! How docs it differ from
an index number of industrial production ? Deecribe in dotail, tho procedure you will
adopt to construct an indox numbor of busincas activity for India.

2, Supposo that you aro requirod to comparo tho chango in real wages of toxtilo
workors with that of iron’ and steol industry workors of India in tho post-indopendenco
yecars. Doscribe in short, the construction of tho index numbors that you will uso
for this purposo, and tho procodure you will adopt for tho above comparison.
.3 Why in it noccasary Lo decomposs a timo acries into o numbor of components ?
Supposo that monthly choquo clearance in India during tho poriod 1040-1955 and
annual production of ‘building matorinla jn India during tho period 1030-1935, are

12



given.  Duecribo how you will decolponoe theso Lwo timo serice.  How will you inter-
pret tho movements of the different components and uso them for forvcasting ?

4. What is an autorcgreasive timo serics ! Low docs an autoregressivo schemo
help in forcensting ¢ _Taking a socond ordor autorvgresdive serics, show that its corro.
logram is a damped harmonic ono.

5. Explain what ia meunt by price clasticity and incomo clasticity of demand.
Give an account of tho data neoded and tho mothods to bo usod for catimating theso
elasticitica. Describo somo of their uscs. ’

. 6. What is social accounting ? How doew it help in the computation of national
incomo? What are its advantages over tho traditional way of computing national
income ?

7. Give a critical roview of statistics of trade (domeatic and foroign) availablo
in India, Duvscribo somo of the uses of this typo of data.

8. Supposo that you aro asked to study the socio-cconomie conditins of rural
and urban arcas in your State. What type of information will you collect and how
will you uso tho data for tho abovo study ?

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1956

Parerg IV AND V : ACTUARIAL STATISTICA (THEORETICAL)

Time : 4 Hours Full Marks: 100

*N.B. (a) Attempt ANY FOUR qucstions.
(b) ANl questions carry oqual marke.
1. (8) Explain the torms
(i) Forcoe of intorest 8
(i) Effoctivo rato of intorcet ¢
{iii) Normal rate of interest fim
(b) Show by general reasoning that
Q) S u'ﬁ' = a":'l = 84 o]
(i) 2«‘-1; +2(14+40)3 n‘?’i - 45."2'
{c) If f(t) bo tho valuo of unity at the ond of # yoars accumulated at tho vary-
ing rate of i t 8 find oxf ions for - and 57' .

(d) You aro given the equation a "= 8 whore n and 8 aro contants. It is
roquired to find tho offoctivo rato of intarest J that will satiafy tho ecquation, You
have docided to use mothoid of succussive approximation (2 trials).

13



Show that il ¢ bo the value of 5 obtained by using tho expansion of a "] and

P Lo tho valuo obtained by tho oxpansi ofal__.‘thonp>c.

2, (a) Describo tho theory and assumptions undorl;"ing
{i) Census Mothod
(ii) Policy Year Mothod uscd in tho construction of mortality ratcs.
(b) Obtain the contrul Exposod to risk formula by Policy Year Method,
(¢) National lifo tables aro constructod from censu; data. Stato
(i) the principal sources of error in census data

(ii) tho other sources of crror that might vitiate your result obtained
for tho death ratea for thoe ago group -0-1.

3. (a)} Explain tho theory underlying tho summation method of graduation.
Indicato what points you should bear in mind in choosing your operator and the
operand. ’

(b) Obtain a suitable oporand for the operator,
(4115} (6]
4.5.6
Criticiso your formula.
4. Two mortality tablea are such that lli’ = p: 4 A where )\ ie a constant.

(a) Criticiso tho following atatements :—

(i) Constant additional mortality would need only a constant addi.
tional amount por annum to mect tho extra cost. Honco

Pl=P+p

whero 7’: and 7"’;’ are tho I promi payablo conti: |
for ‘'whole life assurances at ago z and p ie a constant.

(ii) Tho constant addition to tho forco of mortality will havo tho effect
of producing overy yoar throughout tho life of tho assured an addi
tional claim of X por unit of insuranco,

Thorefore A1/ = AL + \&] = 1=(8 ~aa]

L1 Y

-1
= A =
Monco Pl = — 2 L FrANE 81y W
a-ays Pl

This proves conclusivoly that the constant addition to the promium
undor table T cannot bo juatifiod if tho group of lives bo subject to
mortality tablo 11.

4



. (b) Show how tho constant » affects the premium l‘:lnn(l obtain an oxpres-
- -
sion for I’:’ in terme of Pg.
5. (a) If two mortality tables I and II produco the samo policy valucs ot rutos
of intorest €, and i, i.0., if
Fale!, 81) = Vate, 52)
then show that
.- . ‘I".'=;A’+5.i_a‘.§. _r
b b 2T ag(m, 8y)
where » is a constant ond 8; and §; are tho forco of interest corresponding to 14 and
12, Will tho mortality tablea I and II givo tho samo valucs for

(i) Annual promium Iy .

(i) Singlo promium Ay
(iii). Annuity &,
when the tables aro used in conjunction with the rates of intorest I, and 1.
A(b) If Makeham's Law holds for 4 then it is stated that the joint lifo annuity
ary = Qyw
Obtain an oxpreasion for w in terms of z and y .

6. (n) Establish the following relation by g 1r ing and press it as an
integral

Adrys, = A2pyey =867z
(b) Write down the expressions for

\
A34 . A3 ond ao:;),

wrye, ser,
! 2!

Explaio the differonco botwoon the first two oxpressions i.o.,
A3:4  and 43
w.1ys w Iy

a? al



ST,\T!STICI:\N‘S DIPLOMA EXAMINATION, MARCH 1936
Parers IV aAXD V : DrsioN or EXPERIMENTS—AFPPLIED (TWEORFTICAL)
Timo :'4 Hours Full Morka : 100
N.B. (a) Attempt ANY FIVE queations.
(b) All questions ecarry oqunl marks.

(c) Use of calculating machines ia not permittod.

1. Describo briefly tho various mothods available for incrensing tho accuracy of
agricultural field exporiments. .

2. What aro tho roasona for tho common practice of repeating tho same experi-
ment at a number of different places and/or in 8 number of years t  Discuss the diffi-
culties which vsually besot the satistician in making a combined analysis of theso
experiments and in interproting’ the reaults,

3. (n) If ¥, and P, aro the experimental error variances associated with main-
plata and sub-plota reapoctively, both ealeulatod on a sub.plot basis, in a split-plot
experiment, explain tho reason why it is oxpocted that V; will bo greater than V,.

(b) In a split-plot dosign, thoro aro p main plots for the variants a,,.. .y ap of
a factor 4 in ench of r randomiscd blocka and g sub-plots in ecach main plot for the
variants by,..., 8 of a factor B. If V), and ¥, are tho main.plot and sub-plot. error
variances, both estimated in units of a single sub-plot, prove that the variance of the
difforence botween any two trcatment means of tho type (n; by—aj br)ia given by
.E {Vl+(q—|)V,}. What test of significanco will you uso for any of these treatment
qr R
differences ?

4. What aro tho paramoters of a balancod inco.r;{plcl_o block design 1. State
and prove the nocessary relations and inequalities connecting them,
Derivo tho expression for tho officioncy factor of this design. What is the
condition under which tho efficiency of this design (using intra-block information
only) will be greater than that of tho corroaponding comploto block designa t

5. Explain the uscfulnoess of ‘confounding’ and 'pnﬂinl confounding’ in factorial
oxporiments and illuatrato your anawors with suitablo oxamples.
Give a briof outlino of tho general structuro of analysis of confounded designs.

6. Explain tho principal of rocovery of intor-block information for incompleto
block designa. Ilustrate tho mecthod in the caso 'of t=—
(1) balanced i plote block d

(2) Simplo square Iattico.
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STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1034
PaPER IV AND V : SaMPLE SCRVEYS~TuEORY (THEORETICAL)

Timo : 4 Hours Full Marks : 100

() Attempt ANY FOUR quostions.
(b) Treatment should bo mathematical wherever possible.

(c) All questions carry oqual marka.

1. How will you cstimato tho porcontage literate in different ago-groups from
a random samplo of individuals? State with reasons whether your cstimatos are
strictly unbiasod or not. Give the neceasary theory for the ostimation of tho standard
orrors of tho eatimated percentages. Do you congider it Jikely that for the same rample
sizo stratification by scx with proportionate allocation would have provided estimatos
with subataatinlly lowor sampling error ! Give reosons.

2. Comment on tho superiority or _olherwino of cluster mmpli;lg over simplo
random sampling in terms of intra-clustor corrolition. (Derive the necossary formula
in this connection). State tho considorations involved in tho choico of the size of the
sampling unit and oxplain carofully how tho optiinum size of the sampling unit may be
determined by a pilot enquiry.

3. Discuss earofully various aspects of tho problem of sampling on two Buccersive
occasiona with particular reforenco to tho question of determination of optimum degreo
of ‘matching' the samples on tho two occasions when it is desired to eatimato the
(1) means andfor (2) chango of a given character. Explain to what extent moderato
doparture from the optimum degreo of matching ia likely to affect the precision of the
estimates,

4. A population is divided into A strata with M; fist-stage units in the i.th
atratum (¢ = 1,2, ..., k). Each first-stage unit contans N second-stago vnits, A
random samplo of m firut-atagoe units is scloctod from each stratum and then a random
anmple of n sccond-stago unita is taken up for inveatigation in coch of the solectod
firat-atago unita, How will you obtain an unbinsed eatimato of the pepulation total
of a charactor from this samplo? Derive & formula for the estimation (from this
samplo) of tho differenco botween tho sampling varianco of thia eatimated total and
that of a linear unbiasod estimato of the ramo population total which could have been
obtained from an unstratificd random samplo of hm fimt-atage unitas with n accond-
stago unita taken up for investigation within ench.

5. Discuns carcfully tho rolutive merits of aystematic snmpling when compared
with simplo random wampling. What methods do you suggest for eatimating tho
variance of the samplo mean from a given systmematie samnpling ?

Find an oxpreasion for the variance of the samp'c mean in a two-stago plan.
in which s first stago unita aro sclectod wth replacement with probability proportional
0 tho sizo Ng (whero N = number of second atago wnita in tho i-th fimt.stage unit)

17



A ther & wystematic sample of the smmne wizo n is clioken from each of the selected
first -utago units.” (You wmny for tho suke of simplicity nwumo that all tho N;’s are
multiples of »). IHow will you obtain an unbinsed extimato of tho sampling variance
from your esmplo ?
6. Writo noles on uny THO of the following :(—
{n) Uses of inter-ponetruting ramples
(b} Sampling from a highly skowed population

{c) Stratification nfter sampling.

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1938
ParERs IV AND Vi SAMPLE SURVEVS—APPLIED (TuEORETICAL) -
Timo : 4 Hours ; Full Marks: 100
(a) Attempt ANY FIVE questions.
{h) All questions carry equal marks.
1. You are required to cstimato the incidenco of sugarcano borera (top, stem
and root) from a given infested plot. Discuss how you would proposo to take samples.

The eame cano in u clump may not be infested with all the threo types of borors.
( sctts aro planted in rows.)

2, Explain tho meaning, traco tho importance, and stato the in!or-et;nnectiom

(if any) of (i) Pilot surveys, (ii) Cost function, (iii) Varinnce function and (iv) Optimum
allocation, as understood in tho context of largo acale samplo survoys.

3. It is decided to tako a 0.5 por cent samplo in a family budget enquiry to be

conductod in & big city of your stato. Discusa in this context briefly the problem of

(i) Ginding out sources for tho frame,

(ii) seclecting samples,

(iii) training the field y

(iv) exercising a ‘chock ovor the fiold work, and

(v} scrutinising tho field records.

4. Discuas how you would proposo to organiso tho ficld work for price collection
in connection with the exccution of a achere of constructing coat of living index numbera
for the different strata of population of & big city. (The city has moro than 50 markets
of various sizes),

5. Discuxa the problem of enumorating the number of beggars and vagranta
in & big city. If you aro asked to carry out a samplo aurvey for an asscasment of their
oconomio conditions, iow would you propose to tuko samplea? Discuss beicfly tho
diMcultics asocinted with auch a problem whore the population under study ia not
stutionary, ° '
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6. (s) What nro non. aumplmg orrors ! What precuntions would you like to
suggest to contrul them ?

{b) Draw up tho plan of an oxperimoent to deteet inventigator.biss.

7. How does a dufoctive sampling frame contribute tn bias in cstimation
Hluxteato this with referenco to an examplo,

8. Discuss how you would like to design a survey to estimate the yicld per ucro
of a cush crop of your stato in the absence of villago mapm.  Stato in which of tho stages
of the procoduro you suspect a bias in the cstimation of acre-yvilds in eucha
situation.

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1056
Parrrs IV aNp V 1 StocHASTIO Procrsses (TneoreTicaL)
Timo : 4 Jours ' Full Marke: 100

(a) Attompt ANY FIVE questions.
(b) All quostions carry cqual marks.

1. (a) Considor & random walk on the points 2 = 0,1, 2, .,.,a, with absorbing
barriers at z = 0 and = = a, Tho probability of a step to tho right is p and that of
sstoptothaleftisg = 1 —p, Obtain a recurrenco relation for 1y, n = the probability
that, starting at the point z = g (with 0 < z < a), tho random walk ends with tho
nth stop et the barrier z = 0,

Find a recurronco rolation satisfied by uz,saml henco or otherwiso abtain
tho genorating function Py (f) = = yp.pth.
(b) In"tho above problum, if wy.y (z) bo tho probability that the nth stop
takes tho particlo to tho point x, obtain tho difference equation satisfied by wy.y (z)
and stato the boundary conditions.

2. (a) What is & Markov chain? What is meant by ‘recureent’ “trunsient’,
‘poriodic® and ‘orgotlic’ stutos in & Markov chain ? State a criterion for dotermining
from transition probabilitics the clansos to which a siato belongs.

(b) Two urns A and B contnin N balls each. Of theso 2.V balls, N are whito
and N biack. A ‘trial® consims in drawing simultancously ono ball from cich urn
and putting it into the other urn,

Deeivo tho conditional probnbility pjx™of urn A containing exactly & black
balls ot thoe end of tho nth trial, given that it contained cxactly j bluck balls bofore
tho lst trial, Show that as r—» &, pjp'™ tho probability of gutting exactly & black
bulls if N balls are selocted at random from a collection of N black anil N whito balls.

3. (a) In a ecrtnin physical procoss, tho conditional probability of a change
occurring in tho timo-interval (1, ¢+Ah) givon that s changes have ocourred in (0,)
ie h{\+e(h) ), where & (h)=30 as A~»0, whatevor n and ¢ may be; and tho probability
©of moro than ono chango in (¢, £+ 4) is of smallér order of mugnitudo than A,

Show that the probability of ly n ¢l oceurring in (04) in e=M A%/n!
10.




(b) Awsuming that an eleetron travelling a distanco h through the atmosphore
hng » probability A{X + e(h)} of boing convorted into two clectrons, whero e (A)— 0
a8 b0, show thut the probability of thor boing exactly n freo electrons at a distance
z from the origin of thy journcy of the 18t clectron is e-M (1 —e=M)n=t, np = 1, 2,3, ...

4. Consider o group of m nutomatio machines which aro secviced by ono repair.
man,  As soon na a machine goes out of order, it is attended to by the repairmaon,
unluss ho is already waiting on another machine, in which euso the machino which hag
just broken down nwaits its turn to bo ropaired. * Tho machines aro supposed to work
independently of onoe aunother, and the time required to ropair any ono machino is
suppoved to bo entirely independent of tho states of the other machines.  Tho work-
ing charactoristics of vich machine are determinod by two parametors A and A, which
aro reapectively the samo for all machines and which havo the following significanco :—

If a machino is in working condition at timo ¢, tho prohability that it will break
down during tho interval (¢, 84h) is h {\+e (h)} wheroe (h)—0 as £—0; on the othor
hand, if tho machino is being ropnired at timo ¢, the probability that it will return
to working condition in the intorval (4, 444) is A{#+e(h)).

Show that Py (1), the probability that at time ¢ » machines aro not working,
sutisfics Pglt) = = {(m=n+2)Pu{t)+(n=n+1) Puy()+EPpa(t)y 1<n<m.

Find tho limit of Pa(t) as t— «, and show that in tholimit, the oxpected
number of machines in tho waiting lino is m—(+#) (1=po)/A, where p, is the
probubility of the repuirman being idle.

5. (o) In connoction with a continuous parameter process X(!), what is meant
by (1) continuity in probubility, (2) continuity in mean square, (3) strict stationarity,
(4) wide-sonse stationarity ?

Bricfly explain the relation, if any, botween (1) and (2), and also botween
(3) and (4). Can you give oxamples to illustrato your statments ?

(b) In ench of tho following cascs, discuss whether thero can exist o mean.
square-continuous and ‘ide-scnso-stationary process whoso correlation function is
Jt), whero

(i) i)y me ¥, —alt<a,
k -
(i) fi) = ,: gjermitly, — g <1< &,
a1
whoro ¢550 for j = 1,2, ..., k, and b;, b, ..., bg a0 distinct roal numbers. State
tho rosults you mako uso of,

6. Derive tho Chapman.-Kolmogorov oquation satisficd by the conditional pro-
bobility function of & continuous-parumcter stochastic proccss, and olso the back
ward oquation, )

Discusa tho significance of theso oquations in probability theory in goneral
and Markov chain in particular.

7. (a) What is meant by a ‘process with indopondont incroments’?  What can you
any about tho probubility distributions connceted with such procerses, and their rola.
tion to infinitoly divisiblo laws }
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Discuss in detsil Brownian motion and the stochustic procces used to describe
it and other similar phenomena.

(b) X(¢) is 8 stochastic process defined for all ¢ > 0, and such that X(o) = o,
with probability 1 E {X(f)} = 0and E {X2{t)} < , Forany tand b » 0, any positive
integer n, and any 8, #3,... ¢y in (0, ¢], X(¢4h)—c®AX(t) is stochastically independ
of X(ty), ... X(¢), whore a i8 & ccrtain non-zero constant.

Obtain the correlation function of tho process. What can you eay about the ortho-
gonality or otherwise of the in croments of X{(r) 1. )

8. What is a stochastic difference equation ? Derivo an oxpression for the corro-
Intion seq of a seq of d variables satisfying a etochastic differenco
equation with stochastically independent ‘disturbances’ on the right hand side.

Discuss tho problom of least—squarcs estimation of tho parameters ; with special
referenco to tho problom of ‘super-imposod’ or observational orrors. '

0. Writo a short cssary on tho application of the theory of stochastic process to
problems in one of tho following ficlds :—

(a) TPublic hoalth atatistics.
(b) Population growth
(¢) Telo icatidn- engincering.

STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1936

Parens VIII axp IX : STATISTICAL QUALITY CoNTROL (PRACTICAL)

Timo : 4 Hours Full Marks: 100

(8) Attempt ANY TWO quostiona.
(b) Al questions carry oqual marks.
(c) Uso of calculating machincs is permittod.
1. Tho number of surfaco dofocts obsorved in tho final inspoction of galvanisod
sheots of given area aro given below :— :

Sheet No. of Sheot | No.of
Numbeor surfaco Numbor . surfuco
defocts defecta

1 15 13 8

2 0 14 24

3 13 15 10

4 20 18 9

5 1 17 10

(] 15 18 13

1 7 10 12

8 11 N 20 9

9 22 21 10

10 12 2 23

1 24 a3 7

12 16 24 23

25 8




(a) Analyso tho duta by tho c-churt. And offor your suggestiona for the
futury, : .

(b) How would you analyso tho data if sheots numberod 4, 9, 11, 14, 22 and 24
aro twico tho arcn of the others ?  Construct tho appropriato control chart; and write
down your comments.

2, A two.sided specification for a menasurablo quality z of a product is ns I'ollo\n s

=

the product is non.defectivo if 25 <z < 33; otherwiso is defective.

Discuss o Two-sided plan of pling Inapection by Variables. And draw
tho Aceoptanco Region bused on Sampio Mean z and samplo S.D. s, when AQL = 0.15,
LTPD = 0.30, producer’s risk (a) = 0.01 and consumer’s rick.(8) = 0.02, \What is
tho eamplo sizo in this caso ? -

Show also the Acceptanco Region if tho Two-sided Test is replaced by the
appropriato pair of one-sided testa, When can you uso tho pair of ono-sided tests as
& suflicient approximation to the Two-sided test considered abovo ?

3. Tho overall length of a cortain product is specificd to be 3041 units. 20
samples of 5 cach are taken in tho order of production. Thoir Avorages and Rangos
aro given below :—

Sample  Average Rango Sample  Averago, Rango ..
No. No.

1 30.70 1.1 1 3.7 0.7°
2 30.23 0.8 . 12 30.21 0.3
3 30.17 0.9 13 3065 1.2
4 30.45 0.5 14 .21 08
5 30.46 0.4 ' 15 30.00 0.5
o 30.33 1.0 18 30.72 1.3
2 3040 0.0 ' n 30.82  0.7°
8 30.08 0.2 18 30.47 0.4
9 30.4¢ 0.3 10 30.61 0.5
10 30.51 0.6 20 30.96 0.7

(a) Plot nn z—R-charl. Cheek for control.
(b) Eatimate tho per cent defective of the process whon in control at the lovol
indicated by tho above duta. Cun the per cont dofoctive be reduced by changing tho

proceas averngo t

">
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STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1056
Parensg VIII Axp IX : Ecoxosmic STaTISTICS (PRACTICAL)
Time : 4 Hours - Full Marks : 100

(n) Anawer ALL queoetions,
{b) Figurea in tho margin indicato full marks,

(c) Uno of calculating muchines is permittad,

1. The amount of demnand deposit (in billion dollam) in USA iu given below for
the period 1925-49: .

Ycar Demand Year Dumand
deposit deposit

1923 20.6 1940 33.8

1026 20.1 . 1041 37.3

1927 21,4 1942 6.8

1028 20.7 1943 58.1

1920 20.8 1944 . 64l

1930 19.4 - 1043 70.6

1031 16.3 1046 80.0

1932 15.1 1047 83.2

1033 144 1048 81.9

1034 17.5 1040 81.8

1035 21.0

1936 542

£037 2.8 .

1038 . 25.1

1939 28.8

Analyso tho scrica g0 as to atudy the important changea that have occurrod
in tho poriod. Also estimato the demand deposita for tho yoars 1950 and 1951. (43)

2, Por capita annual consumption of butter in kilograma, rotuil pricoin erown
por kilogram of butter, por eapita national income in crown and consumer price index
of Swadon are givon below for tho period 1921-39:
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Consump-  Price of Nutional  Consumer

Year tion of better incomo prico

botter indox
1021 12,10 4.62 009 241
1022 12.63 3.20 732 195
1923 13.46 3.12 719 177
1924 14.12 3.03 743 174
1925 14.94 2.94 756 176
1026 15.34 2.61 772 172
1027 15.65 2,62 780 171
1028 17.04 2.48 798 171
1920 17.62 2.31 842 169
1030 18.04 2.13 860 164
1931 18.44 1.00 816 159
1032 18.85 1.88 753 156
1033 18.77 1.94 726 153
1034 10,11 2.18 782 154
1033 19,01 2,09 858 158
1938 20.38 2.08 007 158
1037 20.44 2.30 0904 162
1038 20.20 2.42 1082 166
1039 20.44 2.53 1114 171

Uso a suitablo mothod to obtain the prico olasticity and incomo olasticity of demand

for buttor.

Also oxplain the significanco of the estimates of elusticitica.
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STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1050
Parens VIII axp IX : DEsioN or EXPERDIENTS—APFLIED (PRACTICAL)

Timo : 4 Iours Full Marks: 100

(a) Attompt ANY TWO questions,
(b) All questions carry oqual marks.
(c) Uso of calculating machines is pormitted.

1. To atudy tho offoct of sood rate and ni.t.rogcn on difforent varieties of wheat,
an oxperiment waa tried in 3 confoundod doesign with two roplications in six blocks
of 9 plots each, Donoting tho varioties as Vy, V3, Vs the threo seed ratos as 4y, 4, &3
and tho throo lovels of nitrogen as Ng, Ny, N3 tho plan of layout and yield per plot in

Iba. aro recordod in tho tablo bolow Analysis tho data istically and the
rosults,
Rep. I Rep. II
1 2 3 4 5 []
NyVsSa NoVaSy NoV,Si NyVyS: NoViS: NoV)S,
28 27 27 16 27 M
NaViS, NoVsS3 NoViS: NoVaSs N:V\S; N WS,
a8 317 20 . 30 30 35
NiPaS:  NyVsS,  NyVaSy N VaSi  NoVaS,  NoVsS,
27 17 29 8 32 41
NyV,Sy NVaSs NiVaS:  NeVsS:  NiVaSs NiVi$s
25 20 23 30 35 26
NoV)Sy N3V Sy NyVsSi N \V3Ss NyVsS: NoVi(Ss
29 30 * 30 26 20 33
NiViSs NPS; NVaSy NoViSy N8y NV,
29 21 32 27 33 33

NoV3S, NoViSy NaViSy N3ViSs  NoVaSy N\ VS,
27 24 23 a9 38 29

NoViSs  NaViS: NViS;y N, Vi8, N,V.S; N,V,S,
25 30 18 33 21 33

NiVySy  NaVsSs NoVsSsy NiViS: N,VsS; NyVsS,
26 31 32 .27 2 36




Quention 2,

Replication [

m 2 3 () By (6 () W (M
M 1B 2 2 N 2 2 25 17
(o) (1) (1) (13) (1) (15) (18) (17) (18)
23 W 27 3 N0 200 27 24 24
(M (20 (21} (22) (23) (24 (25) (20) (27)
W W 0N W25 2 2@ 23 26
(28) (29 (3m  (3Y) (32) (33 (3) (33 (36
2 2 21 2 N 23 2 23
(27)  (38) *(39) (40) (1) (42). (43) (1) (45
2 02 N N 2 23 22 24 25
($8)  (47) R)  (4D) (50) (31) (52) (53) (54)
23 23 2 2 2 2 22 20 22
(33)  (36) (37) . (38) (30) (60) (B]) (B2) (83)
24 23 W 217 2 17 % 23 21
(84) (65) (86) (67) (68) (6m) (i0) (71) (72)
21 2 2 2 20 19 20 17 17
(13) (T4 (33) (36) (1) (78) (79) (RO) (81)
21 20 I’ 15 20 17 18 20 17
Replication 11
(1) (10) (10) (28) (37) (48) (53) (64) (i3)
20 24 18 13 13 14 18 18 12
(2) (1) (20) (29) (38) (47) (30) (65) (79)
2 3 24 23 o2 24 29 23 23
@) (1) @) (30) (30) (48) (57) (08) (i)
4 25 2! 28 23 23 25 17 16
) (13) (22) (31) (40) (40) (38) (67) (7Y)
13 13 2 13 22 21 23 21 13
(5) (14) (23) (32) (41) (30) (50) (08) (77)
23 24 24 AN 22 25 2 20 21
(8) (15) (28) (33) (42) (51) (B0) (89) (78)
20 9% 2 25 24 20 18 20 18
(T)y (18) (23) (34) (43) (62) (B1) (70) (7D)
20 24 23 23 2 22 2 20 I3
(B) (17) (20) (35) (44) (53) (62) (71) (80)
22 27 4 21 24 23 21 18 22
0 (18) (27) (38) (43) (54) (B3) (72) (81)
17 4 24 23 25 22 20 10 17

Block
total

109
232
234

206

135
213

203

164

188

N.B. Tho figurcs in brackota aro treatmont (sood origin) numbors,
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The duta tabulated above give the mean height (in ft.) of treen in cach plot
of & forvet genctics oxperiment involving 81 aced origina (trentmenta) of & particulur
troo species laid out in @ simple lattice design with two replicutiona in blocks of 9 plots.

The analysis of variance appropriuto for theso datu has been partially dono
in the table givon below. Complote the tablo and eulculate tho adjusted mean hoight
for each treatment (sewd origin) and also the tard vrrors for parison of theso
adjustod means. '

Source of varistion Dogrees of  Sum of Moan
freedom squares square

Replications : 1 112.50
Blocks within replications

(unndjusted) 16 783.32
T:;a!monu (adjusted) 80
Intra-block error 84 ’ '

Total 161 1090.70

Treatmenta (unadjusted) © 80 1489.20

Blocks within replications
{adjusted) ’ 18

3. A balanced incompleto block dosign was laid out to comparo the yiclds of
2] barley variotics. Thero wero 21 blocks of 8 plata each, each variety being repli-
cated 5 times. The layout plan and data are given below, the upper figure denoting
the variety (numbered 1-21) and tho lower figure being the yicld of the plot, the block
totals being alko given against each block. .

Carry out tho etatistical analysis of the duta bolow, tewting the mignificance
of the differoncea among varfotics, Obtain tho adjusted variety means and calenlato
the S.E. of the diffcrence botweon any two adjusted variety means.  What is tho gnin
in information from tho rocovery of intor-block information (excluding losses due to in-
accuracy of woighting) ?

Block .

No. .. Total
5 4 20 18 18

) 708 1165 737 800 629 4327
8 10 18 1 7

N 824 . 606 781 7 570 3550
[ 13 21 18 1

@ . 7118 738 824 20 808 3951
B} 13 ] 16 12

) 617 802 866 615 827 2677




3)

)

(0]

®
©)
(10)
1
(12)
(13)
9
15)
(19)
)
(18)
119)
(20)

21

3 7 17 ] 19
645 512 501 628 23
4 17 8 ay 15
748 641 867 731 481

8 1 9 18 15
522 510 563 165 379

4 12 14 10 [
3 758 499 453 413
1 10 2 18 17
628 565 579 478 102
10 15 5 13 3
188 473 322 242 534
15 n 20 12
01 566 612 55 720
in 11 6 5 8
22 543 641 805 044

8 10 20 19 21
782 511 768 764 565
13 14 20 17 1
593 607 624 518 549

2 14 15 19 18
578 632 707 813 880
.8 12 17 3 18
808 658 652 1020 757

1 3 4 n 19
453 086 922 670 715
~ 7 14 3 21 18
532 653 872 765 596

1 5 21 : 12 2
458 337 642 945 748
9 6 3 20 9
435 493. 649 614 457

2 8 4 13 7
472 501 488 480 580

2908
3460
2430

2028

3388
289)
3610
3064
3508
3418
3130

2668

o
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STATISTICIAN'S DIPLOMA EXAMINATION, MARCII 1956
Parens VIII axp IX: Sawerx Svaveys—Tueonry (Puacticar)
Tiwe : 4 Hours Full Marks : 100
Uso of ealculnting mnchinos is pormittod
1. You aro given tho Consus (1051) handbook of a district.

Making uso of the villago tatistics for any suitable region (say a tuhsil) make
an osscssment of tho rvlative efficoncica of 3 or 4 diffvront sampling schomes, with
villago as tho sampling unit, for catimating tho total cultivated aroa of the region.

{You cun think of simplo random sampling with sarmplo unbiased estimato
or ratio cstimate or sclectlon with probability proportional to wizo with (geographic)

arca or population aa suppl tary variato, etc. ote.).

STATISTICIAN'S DIPLOMA EXAMINATION, MARCI, 1956
Parers VIIL AND IX ¢ SaMrLE SURVEYS—APPLIED (PRACTICAL)
Timeo : 4 Iours Full Marks : 100

(a) Attempt ANY THREE qucstions.

(b) All questions carry equal marks.

(¢) Uso of caleulating machinca ia permittod.

(d) Mathomatical or statistical tablee will bo supplied ss demanded.

1. Draw up a complete schedulo (questionnairo) for a family budgot enquiry
the main purpose of which is to dotormino ‘woights’ for tho construction of coat of
living indox numbers, Explanatory notes may bo furnished wherever thought neces.
sary.

2, You are roquired to carry out a survey of refugees (displaced persons) in ycur
stato with a viow to ascortaining the oxtent of rchabilitation needed and in this ctn-
noction it ia nocessary to prepare tho sampling frame from tho firast phase survey which
has necessarily to bo vory rapid. Draw up a schedulo for the purpose and preparo
instructiona for field staff who would bo filling up tho schedulo.

3. Preparo & budget cstimato of tho cost for field work in conncetion with tho
oconomic survoy of small induatrics in the rural arcas of a district of your State.
Advontage may be takon in thia conncetion of the following hints :—

(i) The district may bo takon to have threo thousand villages in it
(ii) Tho airo of tho schedulo and tho diatribution of the small industrica
may bo taken to be such that a villago would need on averago 4 investi-
gotor days inclusive of tho time spent in journcy.
(iii) Thoe budgot eetimate should have provision for suporvirory stafl.
{iv) Thero should be provision against printing of forms, stutionery ote.
Each item of cost should bo accompaniod with a note of justification,
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4. Out of onv thowmnd bules of greany wool from Argentina lunded in Boston,
corrvnponding woights of only 20 bules aro avuilable oa shown in tho tablo bolow:

(i) Find from tho duta given in the tablo the ratio estimato of the total
woight of the thousand bulea in Boaton, given that tho. woight of the
thonsnnd bales in Argentina was 447,000 kgs.

(ii) Find alvo tho cucfficient of varintion of 'f* from the formula,

. M—m | 2 (71 L
ot =3~ ams 17 =

nk " R
whore f = X /8 yj, M = 1000, und n = 20.
1 1

(iii) Solect also & sample of 10 balos at random from the data and find
(e.v.£)2 as in (ii). ’ ’
TABLES OF WEIGHTS

Twenty Balos of Greasy Wool from Argentina landoed

in Boston
Yy X
Balo ‘Marked® Weight an
Number woight determined
Buenos Aires by the Buroun
(kgs) of Customs,
Boston (Ibs)
m (2) (3)

1366 447 080
1367 445 233
1368 446 973
1389 448 082
1370 449 08¢
1371 447 278
1372 447 981
1373 449 082
1374 L4435 978
1375 448 050
1378 449 . 088
1371 443 981
1378 440 983
1370 440 2717
1380 447 979
1381 449 237
1382 447 070
1383 448 . 070
1384 447 970
1385 449 0283
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STATISTICIAN'S DIPLOMA EXAMINATION, MARCH 1956

Parens VIII axp IX: ActuariaL STATisTICAL (PRACTICAL)
Timo : 4 Hours ' . Full Murks: 100
(8) Attempt ANY THREE questions.
(b) Al questions carry oqual murka.
(c) Use of calculuting muchines is permittod.

1. ‘A’ purchascs an annuity of Rs. 600/- p.a. payablo for ten years, the purchaso
price boing Rs. 4331/-. Each annual payment is regarded, for tax purposes, to com-
priso of two cjementa (1) part repayment of principal and (b) interext on the principal
outstanding immediately after tho puyment of the provious instalineat. Tax is pay-
ablo at tho rato of 5 aa. per rupco on tho interest incomo alone.

(i) Ignoring tax, cnlculate the rate of interest *A’ ia carning on tho transac.
tion. .

(ii) Calculato the amount of tax ‘A’ will have to pay each year for tho next
10 years, assuming that ‘A’ has no other’income.

iv 00§ £ )=t 100 i i f -
Given 1004 (a 16‘) 004 (a'lm)-l 1005 (a lrﬂ) 1
3 117231 14 .126379 (] 135868

3% .120241 5 .129503 6} 139105

4 .123291 5} .132668 7 142377

2, A largo industrial concorn issuca on the 1st January 1957, 1,00,000 dcbentures
of Rs. 1000 cach, on tho following terms :—

. (i) The debenturo holder will receive intorest at tho rate of 5 p.c. per annum
on tho nominal valuo so long as the debenture romains unredeemed.

(ii) § per cent of tho dobenturce remaining unredeorned at the beginning of
any year will bo redoemed at the end of tho year at 102 but no redemption will take
placo during the first ten years.

All dobontures which aro not rodoomed beforo 1at January 1976 will bo redcemed
at par on the 31st Docomber 1978.

You aro askod to calculate tho issue price on tho assumption that

(a) No tax is payablo on capital gain but interest earninga will bo subjoct
to tho standard rato of tax of § as. 4 ps. per rupee.

(b) tho markot rata of intorcat is 33 por coent net.

(c) tho chanco of redemption of a debonture at the end of a yoar is tho samo
for all.dobenturos in that ycar.
3. On tho assumption that the mortulity tablo followa Mukcham's Law, obtain
the graduated valucs of ¢ for £ X 40 to x = 50 from tho following data.
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Ago Exposed  Denthn Agoe Exposod  Deatha

to rink to risk
35 1,08,056 533 43 2,409,481 1,300
36 2,08,804 607 40 2,48,700 1,320
317 2,17,862 664 . 47 2,48,776 1,437
38 2,26,441 .300 48 2,48,000 1,503
39 2,34,839 718 49 2,406,567 1,560
10 2,37,821 878 50 2,32,218 1,804
11 2,40,529 76 51 2,21,270 1,867
42 2,42,781 1,003 52 2,16,477 1,821
13 247,137 1,129 53 2,13,176 2,100
44 2,350,560 1,233 -8 2,008,507 2,110

Dotails of the working should be shown.
4. Given tho values of gy for z = 30 to x = 59, calculuto tho valuca of P30~“'€|

and P35:2-0-| at 3} per cent intorest.

z qeX 108 z grx 103 . z gr %108
30 ur . 10 388 50 764
3 216 a a3 51 831
32 233 n 430 52 906 -
23 262 a3 166 53 900
34 213 “ 105 5 1084
as 236 L " 521 55 1190
36 302 4 503 56 1311
31 320 " 604 57 1450
38 341 48 651 58 1008
30 364 1 704 50 1783

Working schedule should bo shown.



INDIAN STATISTICAL INSTITUTE
STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1058
Parer I: TuoeoreTicAL StaTisTICS (GENERAL)
Timo : 4 Houra Full Marks : 100

(a) Answers to tho differont groups aro to be given in scparato books.
{b) All questions carry cqual marks.

Grour A

(Attompt any three queations)

1. (8) An unbiassod coin is tossed until & hcads are obtained. Find the pro-
bability distribution of tho number of tosswcs required.
(b) Provo that the sum of uny numbor of independent Poisson variables is
a Poisson variablo.
2, (a) Write a short note on tho problom of inverse interpolation explaining
the different mothods available, the assumy iona involved and tho situations in which
they are usoful.

(b) Derive Simpson’s Rule for numorical integration. Uso of formula to
evaluate tho integral
1
femdc .
o

For what valuos of n will Simpaon's Rulo givo the exact value for the integral ¢

3. In an army thero are N soldiers. It is known that tho averago height of
the soldiors is 65 inchos and that the standard doviation of the distribution of heights
is 2 inches. Briefly answer cach of tho following four questions:

(s) What is the coefficient of variation of the distribution of hoighta ? Can
you mako (using only tho informations given) any statement about tho magnitude
of the fourth contrnl moment of the distribution ?

(b) If you assumo that tho distribution of heights is approximately normal
then what can you say about tho proportion of soldiors who aro moro than 5 ft. 9
inches tall ! What is tho fourth eontral moment then ?

(¢) If you assumo the distribution to- Lo only symmotric (but do not make
the drastic assumption of normality) then can you say anything about tho proportion
of soldicrs who aro more than 5 ft, 0 inches tall ?  (Hint : uso Chobyschoff's Inoquality).

(d) If you chango your unit of mensuroment from inches to ft. then what is
tho atandard doviation of tho averago hoights of 100 solidors choson at random (with
roplacoment) from tho army ?
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4. Carofully oxamine each of thoe following five sletomonts (a) to (o) and say
whothor tho statement is truo or falso adding in oach csso a fow lincs to substantinte
your conclusion,

If tho corrolation coofficiont botween tho random variables X and Y be nogative
then it means that .

(a) the corrolution coofliciont botween —X and —Y is positive.

) E(XY)<E(X)E(Y)

(c) the regression cocflicient of X on ¥ and that of ¥ and X are both nega-

tive. o
(d) the regression of ¥ on X ia lincar and the line is downward sloping,
(e) Y2 and X? are dvpendont random variablea.

Grour B
{Attempt any two from this group)

3. (a) What is meant by standurd orror ? Illuatrato ita uso in testa of signifi.
cance and in obtaining confidence intervals.
(b) Describo tho method of tosting an observod s from a small samplo against
a hypothetical # of the population and show how correlation coofficicnts obtained
from a numbor of indopondent samples can bo teated for homogenoity and if homo.
goncous can bo combined into a singlo ono as an estimate of the populi:zion corrcla.
tion. )

(c) How is the mothod mentioned in (b) extended in pnrtinl corrolation co-
officionts ?
8. (a) If u and v follow chi-square distributions which are independont with
y; and yy degrees of froedom respectively, obtain the distribution of %
(b) Show how this distribution can bo used to test the hypothesis of equality

of varioncos from sample variances based upon two random samples from a normal
population, '

(¢) Explain how tho variance ratio distribution ia usoful in probl of anal
of variance. Give somo oxamples.

Y

(d) If in tests of analysis of variance, where tho orror varisnce is used in the
donominator, the variance ratio turna out to bo small, how do you test by using the
oxisting (percentage points) tobles of varianco ratio whether the obscrved ratio is
wignificantly small, ' .

7. (8) A factory-munoger, wishing to compare tho porformunces, measured in
cortain units, of m differont typoes of a machine in a production process,
p and axgi n

ploys mn
) at rand, to cach machinoe for a specificd timo and
collocts tho results. Obtain a aystomatic method of analysing the dota of this experi
ment explaining cloarly the nhsumptions and tho thoory involved.

(b) Why will this exporimont be considerod as poorly deaigmed ! How will
you ro-dosign it ? Expliin cloarly tho mothod of anulysis of the duta obtained from
the re.deeignod oxporimont.
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956

Parer 11: THEOERETICAL
Time : 4 Hours Tull Marka: 10

(a) Answors to tho difforent groups aro to bo given in scparato books.
(b) Al questions carry oqual marka.

. QGrovr A
(Answer any fhree queations)

1. What are tho advantagos of stratification in a samplo survey t

4, Examino critically the scopo and mothod of construction of tho official indox
of wholesnlo pricos. Paint out its limitations and tho stopa that might be taken towards
ita improvement.

3. What aro tho various components of & timo sorica? If you are given the
annual rainfull data of an area over a long period, explain how you will analyso them
for any cycloa.

4. Docscribo how from family budget data, Engol's curves and elnsticitics of
differont commoditics can bo obtainod. How are they usoful for purposes of economic
planning ? :

5. (a) Namo tho official publications that give information on tho occupationnl
pattern and the availability of technical porsonnel in India. Givo a schomo of tables
you will includo for preparing a tochnical report on the topic. '

"(b) Writo a note on tho availability of statiatica on employment.

Grour B
(Anawor any three quoations)

6. (a) What roles aro played by ‘randomization' and ‘roplication’ in tho ‘Design
of Experiments’ ?

) (b) In a variotal trial with a large number of varioties, what types of design
would you recommend in practico, and why ? For ono auch design, indicate the
irﬁportnnt steps of analysis.

7. Explain tho concopts of rolinbility and validity of test scorcs. Mention a
fow avnilablo methods of cstimating tho rolinbility of a set of itoms.

What are atandurdisod scorca ? - Why is it noceasary to transform the scoros
this way ? :

8. Givo an account of tho factors that influence the rato of growth of popula.
tion. Givo full nccount of any mothod which you would like to adopt to fit a growth
curve and predict the futuro trends. :

0. (i) In the wings of butterlly, black is dominant over white. What ratio of
'blnck’ to ‘whito’ do you oxpecet to find in an Fy, und how do you proposo to test the.
significanco of the differenco of the observed ratios from the oxpocted ?

(i1) Describo how tho O, A, B, AB blood groups aro inherited. Write down
tho oxpoctad froquencies of theso four phenotypes in torma of geno froquoncies of O,
A and B undor the conditions of random mating.
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 19506

Pargr 111t TuzorericAL

Time : 4 Hours Full Marks : 100
(n) Answors to the difforent groups are to bo given in separate books.
(b) All questions carry oqual marks. .
Grour A

(Answer any fwo questions)

1. What is Bayes' thcorem ! What aro the difficultics oncountored in its practi-
cal use ? .
Explain an itorative mothod by which maximum likclihood oquations can
bo solved.

2. State somo of tho proportica which a samplo estimator should posscss.
Illustrate each property by an appropriato oxamplo, giving in each caso a
sample cetimator which docs, and a samplo estimator which doos not possess tho pro-
) porty.
3. (n) Write a critical note on the criterion of minimum variance in the theory
of cetimation.
(b) Given independent estimates Ty, T2, ..., Tk oll unbiased for the same
parameter ¢ but with difforent varianees ¢;, ..., ¢¢ independont of 4, obtain the
linear compound of Ty, ..., T} which is unbiased for 8 and has a minimum variance.

Grotr B
(Answer any three queations)

4. What are similur regions with reference to testing a composite hypothceis
Give at loast two illustrations of tests based on eimilar regions and oxplain how they
are dorived. Details of proofs aro not ncoded.

6. What is meant by bias in a statitatical teat and why i ls it domrnblo to use an
unbiased tost whorovor possiblo ?
Show that in tho caso of a simplo hypothesia involving a paramoter ¢, tho
interior of critical region of a locally most powerful test is defined by
P"(80) > kip'(80) + k2p(60),

whoro the null hypothesis spocifics 8 = 8, and ky, k; are so choson as to make the
region unbiasod and of & desired sizo.

Obtain the unbiased locally most powerful test of tho hypothesis that the
variance of a normal population is 2. Show that this test is also uniformly most
poworful overywhoro.
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6. (n) From a samplo from a k-variato normal population, explain how you will
test the hypothesis that tho means of tho variotics aro By, My,..., Bi.
(b) What ia Mahalanobis® D? statistic? Show how it is useful in providing
a test criterion for thoe hypothesis of oquality of corrosponding means in two p~'\'nrinto
normal populutions having the samo covarianco matrix.
7. What is a likelihood ratio test ? What is its status amongst other tosts in
respect of power ? .
Show how tho likolihood ratio method is used to test the following hypothescs
and indicato how the test proccdure is carried out :—
(i) In a bi-variate normal distribution, tho variances of z and y aro equal

(i) In a k-variate normal distribution, ono of the variates z, is independent
of tho sct z3, Zyy ..y Tk

STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 19568

Parer VI : PracticAL

Timo : 6 Hours Full Marka: 100

(a) Figures in the margin indicate full marks,
(b) Uso of calculating machines is permittod

1. (a) In an intorview for soloction of a candidate for filling a post, oxaminors
A and B gave marks to each of the candidates (full marks boing 100). Tho marks
given to a 1 ple of 10 candid aro as follows :—

Candidate No. 1 2 3 4 5 6 7 8 9 10
27 35 31 47 23 35 36 31 37 3
18 43 27 57 36 50 41 44 69 30

Marked by

{i) Teet whother tho variances of scorea given by A and B are significantly
difforont from ono another.

(ii) Test whother tho average of scorcs given by A and B are asignificantly
different from one anothor, (10)

{b) Tho following tablo gives the plo size, go and standard error of
tho averago of etaturo for a8 numbor of caates included in a major anthropomotrie
survoy. Construct the analysis of variance table for testing differences in stature

betwoon castos. Test the variance ratio for significance and comment on the results.

Samplo size Average + standard error
Brahmin 200 165.3 + .7235
Kayastha 300 165.2 + .5234
Muslim 200 1684.1 + .6893
Garo 350 162.8 4 .4831 (15)
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2. Tho sums of squarcs and products of threo mensurements z,, I, x3 taken

on 60 oircular cuts of 1’ radius from juto growing plots are given bolow :—

»=00; Tz = 2% Sz = 480, Txy = 4800
Szl = 1003, X2l =0020, © Tzl o= 4127285,
= x,7y = 2020, I 7,3y = 18345, S zz9 = 3829,

(i) Dotermine the lincar regrossion oquation for predicting x; from x4 and z,,

. (15)
(ii) Tost whothor it is worthwhilo to includoe zy in addition to z; in the lincar
regrossion equation of zy on zy and z. (8)
3. (a) The valuos of ¢ for different valuos of tho integral
-
P =2 Ip,o(l)dl are given below. Find by a suvitablo inter.
[

_ ‘polation mothod tho valuo of P for ¢ = 1.0 corroct to three places of decimals.

(13)
3 . R e e e -
) i::;.'lun'&,"[ 223z wsing the valuo of ¢* givon belots :—
t
z N
0 - 1.000000
0.5 0.606531
1.0 . 0.367870.
1.6 0.223130
2.0 0.135335
2.5 0.082085
3.0 0.040787
f—_— (10)



4. In a radio listenot's survoy for music profi tho adult | intorviewod
wero classifiod thus :—

Middle-agod old

Young
(Below 30) (30 to 45) (above 45)
) Male Fomale Male Female Malo  Fomalo

Prefor film music to .

classical musio 29 20 16 17 10 8
Prefor classical music o

to film music 9 . M 12 13 27 30
o preforonco. 2o 24 20 7 18

(a) Test for association boltween (i) music limfemnco. and ago of listonor,
and (ii) music preferenco and sox of listener. (15)
(b) Write a roport giving your recommcendations about the nature of musio
to bo broadcast. Do you need any supplomentary information in order to make more
dofinito rocommendations ? . 12y

STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956

Paren VII: PracTICAL

Timo : 8 Hours ' Full Marks : 100

{a) Figures in tho margin indicate full marks,
(b) Use of calculating machines is permitted.

1. Tho plun and yiells of a 2% exporiment on beans are given below, The yiolds
aro given in pounds, Tho manurinl factom employed are i—

Phosphato (p) : none, 0.6 Cwt. Py O per acro.
Potash (k) : nono, 1.0 Cwt. K4 O por acre.

Nitrato {n) : nono, 0.4 Cwt, N per acre.

Dung (d) : none, 10 tons per acre.
Bloct 1 P Kk d npk
. 47 57 55 38
dnk dnp . dpk n
43 . 40 57 44
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Dlock 11 dp nk dk pk

52 46 45 53
dnpk n dn np
46 60 43 52
Byock 111 npk d p dnk
45 44 41 36
n dnp k dpk
49 54 52 46
Block IV ok dp () np
' 45 54 50 41
pk dk dnpk dn
58 . 54 ] 44

Anawoer the following questions :—
(1) Identify the confoundod interaction.

(2) Calculate main offeds and founded intoracti and commoent
on thom,

(3) Proparo a tabloe of main offects and two-factor intoractions and their
otandard érrors.

(4) 1Is there roason to euppose that confounding has i d tho p

of tho exprimont ! If you think so, cetimate the gain in procision.
. (25
2. Given

g0 gu Qa3 @ Q33 Qs g:1 G Gw
.003 .004 .004 .004 .004 .004 .004 .004 .005

and radix 10 == 909, 999, preparo tho lifo table given both 1z and d upte ago 30.
From this tablo answer the following questions :(—
What is the probability that
{a) @& person agod 22 will survive age 25?
(b} a person aged 23 will dio botween tho agoea of 27-29 ¢
(¢) thrco persons aged 21, 22, 23 respoctively will survive four years ?
. . (23)
3. It is proposad to carry out & samplo aurvoy by intorviewing samplo house-
holds with & viow to studying tho consumer oxpenditure pattorn of agricultural and
in tho rural soctor of & Stato. Tho following particulars

non seul 1h (R

-3
are availablo (—

4
(i) Numbeor of investigators available = 60
{ii) Number of houscholds which an investigator can .
survey per day (including journoy botwoen villages } == 2 housoholds per
and within villnges) day.
(iii) Data colloction is to be comploted in & month (Monday tho st October
to 31t Octobor),.Sundnys boing the only non-working days.
(iv) Tho following particulars aro availablo for tho 80 tohsils of tho Stato :—
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Population Agriculturel Population Agricultural

Tehsil in 1061 population Telwil in 1951 population
(000) in 1951 (000) in 1951
(000) {000)
(n 2 3) M (2) 3) -

1 160 52 41 3 60
2 141 11 42 15 54
.3 112 817 43 08 74
4 80 66 44 172 122
5 100 80 45 170 T T12s
[ 106 85 40 135 07
7 138 113 47 123 88
8 131 88 48 85 41
9 93 64 49 101 01
10 168 120 50 108 04
11 99 08 61 132 108
12 132 93 52 17 100
13 o4 78 53 70 53
14 85 68 54 138 85
15 105 82 55 123 83
18 15 57 58 49 40
17 70 58 57 10 54
18 28 18 . 58 146 88
10 127 101 50 ‘63 38
2 iy 53 80 02 89
21 90 74 61 817 89
23 91 85 82 07 68
23 186 127 a3 132 102
24 131 105 64 k1 26
25 i 67 [ 141 110
26 128 93 68 70 52
21 08 59 81 53 25
28 92 15 (1] 86 70
29 128 108 67 0 (1]
30 94 13 70 120 104
a 135 18 1 08 49
32 95 70 72 119 03
33 108 86 73 82 51
34 1 55 4 m 20
33 86 17 75 20 10
38 40 21 76 . 64 417
37 06 36 77 e5 52
38 80 27 78 72 41
39 102 75 9 38 27
40 58 80 60 39

(v) The varage sizo of a houschold according to 1951 consus is equal to §
noarly.

(vi) List of villages along with thoir total populationin 1951 in each tohsil
will be available in the District hoadquarters of the State.
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(s) What sampling deeign do you rocommend and why ?

(b) Draw the requisito bor of tohsils ling to the samplning d;\xigﬁ'
and write a brief sot of instructions to the investigators (with scpoimens of nocosrary
schedulos) oxplaining how ho can reach tho samply householda, (25)

3. The following figures aro availablo for the breaking strength (in Tbs) of cb].wh'
fabric strips oach 3 yds. long and 2 inches wide. Esch samplo is taken from a soparato.
roll of fabric and it may bo assumed that tho ordor of tho sampln and the order within
the sample reprosonts tho order in which thoy were manufactured.

Samplo Brouking Sumplo Broaking
No. strength No. strongth
in Ihs, in Ibs,
1 117 10 164
178 : 181
183 . 170
180 158
2 182 . n 183
188 154
184 * 166
184 174
3 180 12 178
168 178
178 173
176 158
4 176 13 156
182 166
178 164
108 177
5 158 14 183
173 178
.18 181
174 . 170
6 165 13 142
167 158
169 171
172 163
1 172 16 176
162 177
172 - 156
164 187
8 163 17 187
178 175
161 171
164 166
9 168 18 166
174 167
108 166
173 178
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(a)

(b)

(e)

Sample Breaking Samplo Broaking

No. strongth No. strongth
in Iba, in lba.
19 157 186
167 182
161
1714 22 184
172
20 182 182
112 178
160
165 23 182
174
21 178 174
172 166

Analyso tho data to draw control charts for tho moan and the range. State which,
if any of the rolla from which tho samples have boon drawn, you would rejoct as
being ‘out of control’,

Supy that tho has sot the specification that tho breaking atrength
of tho fabric shall nowhere excoed 190 Ibs, or bo loss than 150 Ibs. Modify your
control limits for the sampling mean ding to this requi t and sco if
this modification makea any difforonce to the rolls which you would accopt or

reject.

It was known subsoquently that tho moan breaking strength of the rolls—I11th
onwards, had docreased by an amount equal to one standurd doviation, standard
deviation iteclf remaining unchanged. How is the risk of rejecting a good roll
by tho control chart you have already drawn in (a) changed ? - (25)
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1056
Parens IV ANp Vi STATISTICAL QUALITY CoxTROL (THEORETICAL)
Time ¢ l’iioun-‘“ e sove= = Full Marks @ 100

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

1. (a) Explain, ‘Why the Control Chart Works' to a shop foroman in non-mathe-.
matical torms, indicato the oxpori ts and de rations that you may perform
to make your points cloar and convincing,

(b) Also, draw up a suitablo form of directions of tho fororaan for installing

tho use of ,\‘—R charts.

2, Defino the concept of :\\ crngo Amount of Inspoction’ with reforonco to Double
Sampling and Multiple Sampling (by attrit ). A Multiple Sampling Schome for
fraction defoctive is oporated as follows:—

(i) Each sample is of sizo n.

(ii) Tho imspection terminatos with a_d'ocision of acceptance or rejoction,
at tho end of or beforo tho sth samplo.

(iii) The entiro first m;mplo is inspectod alwaye.

(iv) If a decision 'to accopt’ ia reached during a sample, the inspocnon is
continued to tho end of that samplo.

. (v) If a decision ‘to rejoct’ is ronchod during a later (than tho ﬁm.) mmple,

the inspoction fs curtailod immediately.

Obtain a formula for the Avorago Amount of Inspoction in this case,

3. In aa:op!:nnco_ inspoction of lot por cont defuctive, by Single Sampling Plans
by variables with idod eritorion, di —

(i) how tho estimate of tho procoss average from tho combined records of
Inspoction can be used in comparison with AQL to offor critoria for reducing or tighton.
ing or continuing normal inspoction.

(i) the savings in the Amount of Inspoction (N} yiolded by a knowledge
of the standard deviation of the quality (r) distribution. (Derive tho neccasary expres-
sions, stating the sssumptions).

4. Write a mathomatical noto on: 'The uso of Soquontial AJmesls (by attri-
butes and variablos) in Industrial Exporimentation and I ¢

v

5. Write short notos on :—(i} Risks of producors and buyers. (ii} Group control
charts, (iii) The OC-Curve, (iv) Tho Shainin Lot Plot Mothod, (v) Cost sspects
of Quality Docisions,
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1056
Parers IV AND V: SaurrE Surveys—THEORY (THEORETICAL)

Time : 4 Hours Full Marka ;100
(s) Attompt ANY FOUR questiona. ) '
{b) Al quostions carry oqual marks
(¢) Treatraent should be mathomatical whorover possible.

1. Describo the various uses of ‘double sampling’. Why is it also called ‘two-
phase’ sampling?  Givo tho details of this mothod (nupplymg proof whorover
necossary) as it is used in problema of non-responso,

Further work out the formula for tho standard orror o(' tho estimato when
the suxiliary variate (z) is used to give a regression catimate of the mean of the variate
under onquiry (y) is doublo sampling.

2. What are tho morits of a multi-stago eample as compared ugainst "uni-stag
samplo ?

Discuss in its various aspeeta tho caso of p-stoge sampling whon tho samplo
units ore of equal sizo and tho ramplo-sizee in tho various stages are equal for tho samo
stago. (Actual formulno are to bo worked out for p = 4, whilo thoso for tho goneral
caso aro to bo indicatod without proof, the ‘finite population comluhom may be
ignored).

3. Work out the cstimate of the population mean, its sfandard orror and the
catimato of the standard error for the following two cascs of two.stage sampling :—
(i) whon tho samploe-sizes in tho sccond stago are equal and the ‘finite population corree.
tions' aro to bo usod, and (ii) when the sample-sizcs in the sccond.stago (within cach
firat-stage, unit) are unequa! and the ‘finite population corrections’ may be ignomd
(Tho units may bo assumod to be of equal size in both tho cascs).

4. Discuss in dotail (supplying the noceasary mathomatical deductions) a suitable
saropling plan for estimating the acreage under a crop in a state of India. Illustrate
your snswor with a concroto caso. Further discuss how to collect the preliminary
information for planning such a sample survey .in an optimum wanner.

5. (a) Writo a note on tho goneral prineiploa of duslgn ofa sample survoy using
suitable illustrationa.

(b) Write a noto on the frames, pointing out -pocmlly tho difficultice in their
construction.

6. (a) Write a gonornl note (wmhaut dotailed proofs) on the various ways in
which the suppl tary infe tion rogarding tho valucs of an auxiliary variate (z)
may bo utilised in cstimating the averago (or total) of the variuta undor enquiry (y).

(b) Tho populnuon moan is to bo catimatoed by tho moan of a simplo random
samplo, whoso sizo, n, is fairly largo, but the umplmg fraction is negligibly small.
Assurno that the loss 1(z), incurred by an orror of amount s in the estimate is given
by 1(z) =) 22 and that tho cost function for the samplo ia Co+Cyn, whore M Co, C,
aro conatants. Find out tho value of n which will minimiao cost plus’(cxpocted) loss,
(Assume the knowledgo of any othor constant which will be neceasary).
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956
Parers IV ANXD V& SANTLE SURVEYS—APPLIED (THEORETICAL)
Time : 4 Hours Full Marks : 100

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

1. What are tho various types of dofvct to which a sampling frame may bo sub-
joct ? Explain how each such defect occurs.

2, Writo short notes on :—{i) Investigator bins, (ii) Cout function, (iii) Non-
responso, (iv) Double sampling, and (v) Mastor sample.

3. In respoct of an aroa damaged by cyclono, you are roquired to submit to
Govornment within about 10 days of tho cyclono an estimate of the dainago to house
property. Tho area involved may bo taken to consist of 20 polico stations for cach
of which will be availublo only 20 primary ficld workers. It is furthor known that
on avorago oach polico atation haa 50 villuges, and cach villago 123 familics, }How do
you proposo to take samplea ?

4. What aro oxploratory survoys ! State, with roferenco to an actual survey
how the oxporimont gninod in such an exploratory survey was tutilised in subsoquent
planning,

' 5. What aro sampling and non-sampling errors ?  How do you proposo to estimate
the formor and control the latter ¢ '

8. What dotails of information you think it should be proper to incorporate in
o roport on samplo surveys. A broad outline of the main foatures is only necded.

7. Indicate tho important steps that you would take in training the ficld staff
who would bo entrusted with the responsibility of conducting a fumily budget enquiry.

8. How do you pruposo to control tho accuracy of fiold work of a lurgo scalo samplo
survey, and what should be your arrangomenta for rocoiving the data from the ficld 1

STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956
Parers IV AND V ¢ DESION OF EXPERIMENTS—APPLIED (THEORETICAL)
Time : 4 Hours ’ Full Marks : 100

(8) Attompt ANY FIVE questions,
{b) All questions carry equal marka.
(06) Use of calculating machincs is not pormitted.

1. Explain the charactorietics of a good oxporimental design. What is meant
by the efficiency of a dosign ?

2, Discuss the covariance method of cetimating missing values in a designed
exporimont. Apply that mothod for analysis of data of a randomized block expori-
raont involving one miasing plot. Derive tho oxpression for tho standard orror of tho
difforonce in offocts botween tho treatmoent involving the missing valuo and any other
treatment,
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3. Write notes on any tuv of the following t—
(a) Fruetionul replication.
(b) Intra.and inter.group balunced designs
(c) Internction as orror.

4. (u) In what situstions will you recommend (i) a split-plot design, (ii) strip
plot design for a factorial oxperiment, Discusa tho advantages and disadvantages of
both the designs. - )

(b) A split-plot design ia arranged in r randomisvd blocks with p main plots
and ¢ sub-plots in cach main plot. Tho main plots are allotted to p variants of a factor
A and the sub-plots to g variants of a factor B. Givo tho structuro of tho analysis
of varinnce tablo and show how you will test tho significance of the two main effects
and tho interuction of tho factors. Also, obtain the standard errors for compixrisma
between pairs of treatment combinutions.

6. (a) Write a critical note explaining the nature and utility of the concopt of
inter-block information. ’
(b) Explain the lay-out of a simple square lattice und comment on the scopo
of ite utility. Also obtain tho estimates of treatment contrasts and their standard
errors taking into account both tho intra.block and intor.block information.

6. (a) Dscuns the advantagos of a factorinl experimont. Explain the principles
of total and partial confounding in factorial exporimonts using as illustration a 23
factorial exporiment conducted in 4 blocks of 8 plota each por replication
(b) It is proposed to study the offects of two dates of sowing, two lovels of
nitrogen and three spacings on two varioties of cotton.
How will you plan this oxperiment ? Give the structure of the analysis of
varionce for the design you finnlly docido upon. Draw the lay-out plan,

7. (a) Explain tho combinatorial parametors: v, 1, r, b, A¢, ng and p‘,} of partially
balanced incomploto block dosigns and write down the rolationships thoy satisfy,
Discuss the situations in which a paratially balances design would be useful,

(b) Show that tho following arrangemont of 12 troatments in 9 blocks of 4
plota cach with 3 roplications of onch troatment is a p.b.i.b. design.

Blocks 1 )3 EE 0 ¢ SN 4 4 vV Vi viI vor Ix
1 1 ] 1 11 10 1 9 5
2 10 11 1 5 0 11 2. 3
3 ] 0 [ 2 3 10 7 [
4 4 4 8 8 8 12 12 12
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956

PapERS 1V AND Vi MATEENATICAL THEORY OF 8AMPLING DISTRIBUTION
(THEORETICAL)

Time : 4 Hours Full Marks: 100

(a) Attompt ANY FOUR questions.
(b) A\l questions carry oqual marks,

1. (a) Dofino a probability gencruting function. Iow will you obtain the
moment generating function from tho P.G.F.?

If ¢(n) in tho P.G.F. for the binomial distribution of index n, obtain the rola.
tion betwcon ¢(n) and ¢(n+1) by using the relation botwoen p(n,s), p(n+1, r) otec.,
whore p(n, ) stands for the probability of r successcs in n trials,

(b) If tho rate of changoe in the number of particles in a given space at any
instant is proportional to  find the P.G.F. for the number of particles at timo 4.

(¢) Using characteristic functions, obtain tho distribution of tho mean of
samplea from a Csuchy distribution.

2, (a) If x|, ; and zy aro three indepandont ive random variables from
a rectangular population (0—1), obinin tho probability that z; >z, < x,.
(b) Dofining & trough by three consocutive obeorvations whore z;, > z3 < z3,
find the first throe momenta of the distribution of the number of troughts in n conse-
cutive observations (rom a rectangular population (0.—1).

3. (a) Derivo the distribution of tho median of & plo of n indepondent observa-
tions from a normal population,
(b) Obtain tho distribution of the ratio of variances of two samples from &
normal population.

4. (a) Obtain the eampling cumulant k(221) for Fisher's k-statistic.
{b) If M(z, y, r) is tho moment generating function for the joint distribution
of throe variables establish the relationship between Ly, and the correctod moments.

5. Explain the rolationship botwoon Hotollings T and Frofcesor Mahalanobis’s
Dr.statistic. .
* Obtain the distribution of Hotelling's T1.
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 19568
Parens IV AND V' : "AcTUARIAL BtaTistics (Tueonrricar)

(a) ANl questions carry cqual marka,

(b) Uso of calculating machines ia not permitted,

() Attempt any ONE queation from 'Group A* and TWO from each of the
‘Groups I3 and C'. Altogether FIVE quentiona are to bo anawored

Grorr A

1. (a) What in (i) effectivo rato of intervst, (ii) forco of intorest ?

Exprcss mathematically the relution betwoen the two.

(b) The Rovenuo A t of un I o Company shows that the fund
incroased from A at tho, beginning of tho year to B at the end of the year, the net
intercet earnings wore I. Find the oxprossion for the offuctive rate of intorest carned
during the period. :

Obtain approximate expreasions for § and i,

2. A foreign Government has irsucd a loan € redeemuble by & cumulstive sinking
fund. Tho loan bears intervst nt the rato of g pee annum pnyablo p times and is redcem-
ablo at par by annunal ('lruwings spread over n yoam, Show that the market value of
the loan is

) {
a s a-
[+ ;-I-i-Cy.n—_l l——i]

“a s=q nfq

where § is the effective market rate of interest.
Interpret the meaning of the first and sccond terma of the ubove expreasions.

Grour B

3. Tho mortality expericnco of a group of peoplo belonging to pension fund is
to bo examined over a period from 1st March 1930 to 31st August 1934, each life boing
truced from lut March 1950 or subsequent entry until 31st Auguat 1954 or earlicr doath
or withdrewal, A card is svailable for each life showing

(a) date of entry and ncarcst sgo at that time

(b) date of doath or withdrawal

(¢) causo of exit

Explnin how you would proccod and give the oxpoood to risk formula you
would ndopt. How would you classify the following cuscs:—

(i) st entry into cxperience

(ii) At exit

Dato of entry Nearcet ago Cauro of Dato of exit
at entry oxit

13th May 1057 32 — —_

10th August 1012 20 Death 13th Fobruary 1053
5th March 1050 35 Withdrawal 5th Decomber 1050
8th October 1940 42 - —
14th April 1918 22 Doath 18th Novombor 1954
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4. (a) What is the purposo of Graduation t

(b) What aro the morits and demerits of the following methods of graduation?
(i) Graphical method
(ii) Formula wmethod
(iii) Summation method

,  {c) What are tho tosts you would apply to find out whethor your graduatod
figurcs aro roasonobly satisfuctory ?

(d) What advantages do we gain by graluating mortality ratos on tho assump-
tion that thoy follow Makcham’s Law ?

5. (a) In a discussion on mortality invostigation it was romarked that the com.
parison of tho vulucs of the expectation of life at birth ¢ would give sufficiently accurate
picture of tho rolative mortality ratoa of two countrics. Comment on tho above obsor-
\Btloﬂ.

{b) If you are usked to compare tho mortality ratcs of two countrios what
methods would you apply and why?

(c) What do you understand’ by mertality indox figurest Explain tho
different indices that ore wad for tho comparison of natural and scctipnal mortality
rates.

Grour C

8. {(a) A life annuitant wants to convert his lifo annuity into an annuity certain
for & fixed term of years. He arguca that the insuranco company should give him an
ennuity certain for a term equal to his expectation of lifo since on tho aversgo ho is
oxpected to live till thoe end of the term. If the company agreea to the proposition
tho company will neither gain nor loso in the transaction.

As an exocutive of tho company, do you think you can agroo to his proposition ?
If wo, why ? If not, why not ? 3 .
(b) Prove that (Id); =ay—3(fa);

7. Deduce by goneral n'.-mmng tho benefits represented by the following expres.
sion, and vorify your concl by red
terme of joint lifo annuity functions :—

ing tho exg ion to its simplest form in

[ -7 1Pobelbatt+ B Bort+ Pestll =tpoyn) dt +
¢

-
I “7| #rliizet s ypets s Pryat PadelPris+ Byt + Brad) di.
s .

8. Obtain un oxpression for A 3."" and show that the abovo contingent mu.mnc«
. can bo expressed in torma of contingent ansuranco dopending on first deaths only.

To what oxtent your computation work of tho ahova function will bo simptifiod
if the mortality rates follow

] Makcham's Law
" (i) Gomportz Law ?




STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956
PapERg IV AND Vi Econoxtc StatisTics (THEORETICAL)
Time : 4- Hours Full Marks: 100

(a) Attempt ANY FIVE quostions.
(b) All questions carry equal marka.

1. If you aro required to study tho changos in the volume of exports and imports
and tho prices of exported and imported articles, ovor the lust -decado in India, what
typo of indox numbors will you use ¢ Givo an outline of the methods of conatruction
of such index numbeora.

3, Defino serial correlation and show how you will uso the obscrvoed serial correla-

tions of a timo merics to find out the scheme generating tho serics.

3. Explain what is meant by the structural rolations among a sot of economie
varinbles. How do they differ from regrossion relations obtained on the basia of time
scries data ? Taking domund and eupply relations, show why it is not poasible to
obtain unbiassed estimates of the parameters of theso relations, on tho basis of time
sories data, by applying least square method to each relation separately. ‘

4. Describe the method that you will adopt for obtaining domand relation for
food grains in India on the basis of time scrics data.

5. Explain clearly the concepts of gross national product, national.income at
market price, national income at factor price, p 1i and disposable i
How will you calculate the national income generated in the manufacturing industries
of India in any recont year ?

6. It is expocted that there will bo more urbanisation in the second five year
plan period becauso of industrinl dovelopment. If you are asked to preparo estimates
of number of houscs by types that will bo needed in urban arcas, what typo of data
will you collect and how will you preparo your cstimates ?

7. If you aro agked to study tho causca of tho present riscs in food pricea in India,
how will you prepare the schome of your study ! Indicato the nature and source of
data that you may require for tho purpose. .

8. If you aro roquired to preparo time sories—showing annual production of
jute, cotton, wheat, rice, cotton textilo and sugnr and foctory employment from 1930
onwards rolating to the present boundary of India, what procedure will you adopt ?




STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1036
Parzrs 1V AND V: TREORY OF INFERENCE (TUEORETICAL)
Time : 4 Hours Full Marke : 100

(a) Attompt ANY FOUR guostions.
(b) ANl questiona carry equul marka.

1. Give a genoral method of obtaining Bayes' cstimates. Show that whon the
average risk associatcd with a Bayos® estimate is constant ovor tho paramoter mpace,
it is & minimax cstimate.

Honce or othorwiso obtain the minimax cstimate of ‘p’ of a binomial distribu.
tion whon loss function is given by the moan equare difforcnce,

2, Show that for a fixed samplo sizo, thero docs not exist a test for student’s
hypothescs whoso powor is independent of tho varianco. .
Stato and prove Stein's two samplo rosult on fixed length confidence intervala
for the mean of » normal populition with unknown varianco.

3. State and prove Wald's scquential procedure for testing the mean of a normal
population with unknown variance.

4. Skotch the proof of the optimum proporty of sequential probability ratio

Two gamblers A and B start playing with rupecs ‘a’ and ‘b". Winnor at
each gamb wins Re, 1/- from tho loser. The probability of A winning any game
is p. Find the probabyity that A will be ruined and the average number of games
before tho play comes to a close which will bo when oither ‘Players losea sll this money,

5. Give a gonoral procoduro for testing & composite hypolhm_againn' a sample
alternative. Hence or otherwiso find the most poworful test for testing

Ho: £t —fa b Pt oguinet Hy: (=0

whore the obsorvations are normally distributed with unknosn mean 3 A.nd variance
unity, Show that this test is consistent.

6. How will you proceod o tost a nowly propared table of random numbors for
randomncss ? :

7. An observation is known to come from ono of the two known normal multi-
virate distributions, How will you clasaify the obsorvation such that error of mis.
lagsification are the mini How will you modify this procedure in caso the para.
moters of the normal distributions are unknown but having tho eame dispersion matrix
and can be inforred from samples. Gonoraliso this to & populations,
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1054
Parera VIIT axp IX 1 STATIATICAL QUALITY CoNTOL (PRACTICAL)

Timo : 4 Hours Full Marka: 100
'

(a) Attempt ANY TWO questions.
(b) Use of calculating machines is pormitted,

1. Construct a p-chart using the following duts for 23 days. Assuming that
nasignable causes have beon found for all points outaide tho contro! limits, project
 suitablo p.chart for use for further production,

Number of defectivoa found 8, 6, 6, 5, 0, o0, 8,

{per samplo of 200) in 1, 4, 0, 1, 3, 2, 4,

tho order of production 15,- 7. I, -3,. 1, 4, .0, -
4, 4. 4, 18, :

Also draw the OC-curve for this projocted p-chart, calculating at least 11 points 'ém
the curve. (Givo reusons for any approximations you may uso in your calculations)

2, A manufacturor of plot of ition submitted his producta
for scceptanco inspoctiona in lots of 1000 cach. Muzzlo velocitica were dotermined

for random samples of fire from 25 consccutive lota, The K’. R for theso saraplos wore
(in the order of production):—

1710, 1711, 1913, 1718, 1735, 1739, 1723,
X :  Averago muzzle 1741, 1738, 17125, 173), 1723, 1719, 17335,

velocity fb./soc. 1741, 1783, 1777, 1794, 1773, 1780, 1798,
1789, 1788, 1709, 1807,

R : 42, 40, 3, 26, 10, 25, 14, 15 ‘11, 31, 23, 19, 43, 3p,
17, 81, 9, 15, 37, B4, 15, 29, 39, 30, 44.
Lots were rejected, if samplo range (R) oxcoeded 70, or if samplo mean (X}
wag less than 1715 f./scc. or more than 1785 fi.fsec. Othorwino lots wore acceptod.
(i) Mako out tho rojected lots by tho sampling schome.
(ii) Plot the X, R-charta and analyse, identify if there were more than one
Universe (i.e., grand lots).
(iii) Give estimales of the Mcans and Standard dueviations of tho grand lots
80 jdontified.
(iv) ‘Obtain the probabilitice of accoptance, by tho sbove sampling schemo
of lots of 1000 each from theso grand lots.
(v) Write a critieal reviow of your findings and comment on tho sampling
schome used.

3, A standard gun is to be comparod with an exporimontul gun on the basis of
hite on a dosignated target undor specifiod conditions. An odda ratio of 3 or more ia
sot on the critorion of supuriority for tho experimoental gun, on odds ratio of 1.2 or
leas as the criterion of suporiority for tho standard gun, That is, if the ratio of hits
to misses for tho exporimontal gun is throe or moro times as largo as for tho standard
gun, it is important to docide in favour of the experimontal gun, but if tho ratio is
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1.2 or loas times 88 largo for tho exporimental ua for the standurd gun, it is important
to ducido In fuvour of the stundard, e (the risk of deciding the exporimental ie 'superior
whon in fact tho stundard ie superior) is 10 be 0.02 and 8 (the risk of dociding the
standard is superior when In fact the experimental is suporior) is to bo 0,05,
(s} Dovelop a scquontial tosting programme and sot up
(i) » graphic proceduro and
{ii) a tabulor procedure (draw tho graph and prosont the table),
(b) Obtain the approximato Average Samplo Numbers,
{¢) In an actual exporiment, the following rewulta are obtained r—

N— the cumulative number of pairs fired
n— the cumulative numbor of paire favourablo to ono gun or the othnr
E— the cumulutive number of paira favourablo to the exporimental gun.

N: 27 40 50 81 82 53 77 B84 92 09 101 103 107 114 125 128
n 1 2 3 4 8 6 7 8 9.0 1 12 13 14 15 18
E: 1 2 2 38 3 4 6 85 5 86 6 6 7 1 7 %

\What would be your conclusion on the bnsin of tho abovo reaults ¥ At what
stage would you reach thut conclusion t
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER- 1036
Papens VIIT AnD IX : Tazorirs or INFERENCE (PRACTICAL)
Time ¢ 4 Hours Full Marka: 100

(a) Attompt ANY TWO questions.
(b) All questions carry oqual marks.
(c) Uso of enlculating machines is permitted.

I. Examine the following table of numbera for randomnecss (Asyptotic rosults
may bo used).

e e Oalde M= Al WIDDE N SR

COrt e COC) O el WL =IIN IDOWEL CSWOW mdld®
OB D DRD DO R—=DP e TIRD O
-0 136 DIC) mBNIW NWND W I 10D e s
NN e B Gkl D DWAD BRI =~V
P=OU O E=OU NIV WDAD BB DD~
NROE =0 Ne®® ~OIP VWO POTh BWISD
R WG Rl DR WAND CBWW =D
WDEX =T VPP =INR ODIN OO =D 2D
W& R oy CIOISW VWi LLOND ORI
N=oW O G ORE G VD UW NLIND NI
D ld e Qe ) e I BCIW A DD OO
DRWD =P WD O Dl =w® TWOW DR
NPXOD =he DD AN D=DD DWDD D WD O
DO TN g OISO DWEUN MDA AROS
RONG SR U AR ORAOD BNU BT
PR PR R ONDRD ADWN PORN ODO®
NOel DO ool WRAD DO~ WOO® BD®
FRWW VU Q1w INBDD =B B~ D O D
CLODR N i ® A NE RIWED OO a1

—) - -

2, Tho number of cysta per fish in a commercial cateh of white fish is known
to follow the dintribution whoso - probabiity genurating function is given by

r'(l - %)-“ whoro p, k aro parametorsand ¢ = 1+p. Itis known that & is cons-

tant from ono batch to anothor but the muan number of cysts per fish \'nrylwl:rom
batch to batch. Sot up a8 soquontiul procedure to test (Ho) that the mcan is .2 against
tho hypothosos (H) that the mean is .8. You can also assume that tho variance under
H, is 2. Tho Typo I and typo Il orrors may bo fixed each at 5 per cont.

Find tho OC as woll as tho ASN curve and comment on tho plan,

3. Find the size of the ramplo required to ensure that 99 per cent of the popula.
tion livs within the samplo range with probability 05 per cont




STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1056
Parers VIII axp IX : DusicN or EXPERINENTS—APPLIED (TRACTICAL)

Time : 4 Yours . . Full Marks : 100
) Attompt ANY TWO guestions.
(b) All questiona carry equal marks.
(¢) Uso of calculating machines is pormitted.

1. An oxporiment was carricd out in & 8x8 simplo lnttice dosign to compare
tho yiclds of 84 etruins of paddy. Tho Iny.out plan and tho yiold of grain in ounces
por plot nre given below.

Analyso the duta with recovery of intor-block information und write a roport
on the resulta.
Rc-pllcuuon I

Block 1 - (12) (15) (13) (9) (16) (10) (M)
3.0 1.3 123 8.3 118 7.8 10.0 7.0

Block 2 (50) (56) (53) (49) (51) (52) (34)  (33)
17.3 5.0 9.5 8.8 5.0 1.8 8.3 10.8

Block 3 (26) (31) (27) (25) (30) (32) (23)  (28)
. 10.8 12,0 8.8 7.0 6.8 9.5 10.3 115

Block + (20) (22) (23) (19) (18) (21) @24 an
10.3  10.3 7.0 7.8 9.3 8.8 7.8 7.3

Block 5 (47) (41) (42)  (43) (48) (40) (44) (43)
10.3 12,0 6.0 '10.5 1.5 7.8 8.8 6.8

Black 6 40) (35) (39) (37 (34) (33)  .(38)  (30)
8.5 6.3 4.0 1.0 5.5 8.0 7.3 3.8

Block 7 (62) (57) (60) (64) (61) (63) (58) (59
1.0 10.0 9.0 16.8 10.8 9.8 11.8 8.0

Block 8 (6 () ) 3) () @ ®
7.0 6.3 10.5 7.0 8.8 4.0 0.5 8.3

) Replication 11

Block 9 (64) (58) (48) (3) (24) (32) (40) (16)
8.3 6.8 1.5 8.3 7.8 9.0 6.5 9.8

Block 10 (62) (46) (38) (6) (30) (2) (54) (14)
1.0 103 9.5 0.6 6.8 11.0 .. 8.3 7.0

Block 11 (53) {43) (37) (61) (13) (3) (29) (21
1.3 10.3 " 11,0 7.0 7.5 4.0 8.8

“Block 12 - (3) 3Y) (B1)  (49) U] [£4) (10) (35)
0.3 8,0 8.0 11.5 6.0 8.8 123 143

Block 13- (31 (7) (63) (23) (15) (35) (39) @1~
120 13.3 9.9 7.3 123 0.5 7.0 123

Block 14 (44) (20) (4) (12 (28) 52) (60) (36)
6.8 10.3 103 115 7.5 8.3 9.0 3.8
‘Block 15 (1) (23] {19) (D) (57) | (38 @y
9.8 10.3 9.8 11.8 7.0 9.0 6.8

‘Block 18 126) (34) (2)  (58) (4') (18) (50) (10}
10.0 5.5 10.5 9.5 6.0 9.3 11.3  10.3




2, An urroplicatod factorial oxperimont was performed to dotermine the offocts
of 4 different lovels of each of 3 fuctors (tomporature, timo of roaction and alkali por
cent) and their intaractions on tho yiold por cont of pulp 1 from a cellul
raw matorial, Analyso tho data and tost the significance of main effects and two-
factor internctions assuming tho three-factor interaction to bo non-existent.’
Split up the varianco of cach main offect into lincar, quadratic and cuble com.

ponents and tost tho significanco of each.

Temporaturo °C 148 ’ 143

Timo of 1 2 « 3 1 1 2 3 4
reaetion

(hours)

12 5l.1 48.8 46.1 42.0 46.0 42.1 39.1 31.0
Alkali 13 49.3 48.1 43.2 39.1 43.2 40.0 37.0 35.1
por cent
18 48,1 46.2 43.1 38.2 41.8 38.5 36.0 3.2

él 47.4 435.3 42.2 371.1 39.8 3.2 3.8 33.1

Temperature °C 148 153

Timo of
reaction 1 2 3 4, 1 2 3 4

{hours)

12 43.0 40.4 38.1 * 36.0 38.4 36.4 kI ] 32.0
15 4l.t2 38.1 30.4 34.2 36.7 33.8 32.2 30.2
18 40.1 317.2 35.7 3.1 35.4 32.6 3.3 29.3
21 39.2 36.1 34.5 32.4 34.7 321 30.4 29.3

3. (a) Annlyu; tho duta given below of yield in ounces for each plot of a ran.
domized block exporiment involving 8 straina of mung. ’

Strain 1 2 3 4 5 [ ] 7 8

I 17.5 27.0 22,0 1.6 21.0 25.0 4.8 1.5
)i 20.0 15,0 21,0 11.0 220 27.0 15.0 18.0
It 15.0 20.5 13.5 19.0 5.5 12.0 16.0 13.0
v 31.6 19.5 4.5 19.0 245 20,0 1.5 1.0
v 20,0 25,0 260 240 2.0 3.5 14.0 18.5
VI 21.0  20.5 20.5 16.5 246 22,0 4.0 15.5

(b) Tho experimenter reports that tho plota allotted to strains 5and 6 in block

11 wora badly damaged by birda ote., thus deproraing the yiclds of theso plota con-

sidorably. Analyso tho data treating thoso two plots aa missing. Comment on the

differsnces you find in tho results compared to the provious analysis in regard to (i)

orror varienco, (ii) variance botween atraina and (iii) teat of significance of differencea

botwaen atrains § and 6 and between any of them and any of tho romaining six strains,
'
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1036
Parers VIII Anp IX': SauPLE SURVEYS8—APPLIED (PRacTicar)
Timo ¢ 4 Houra . Full Marks: 100

(a) Attempt ANY THREE questions.
(b) All questions carry oqual marks,
{¢) Uso of caleulnting machines is permitted.

1. You aro required to draw up a simplo schedule for the purposo of estimaing
tho damage dono by cycleno to houso property from a rapid survey of houscholds,
Show the proforma for such & achcedulo and wTito out tho inatructions for the flold ataff
who would fill up tho schedule,

2, Draw up a schedulo, as ploto as possible, for the oc ic survey of small
calo and cottage industrics, All tho important features, which should Lo common
to all types of such industrics, should bo incorporated in the schedulo.

3. Proparo tho first yoar's budget estimato for tho cost of fleld work on crop
cutting exporiments for 10 Rabi crops of your Stato. The following points should bo
taken into consideration in tho preparation of the budget catimate :—

(i) Ono investigator (primary ficld worker) can tako two cuts a day.

(ii) Thero aro 240 police stations in the State, for each of which tho number
of cuts per crop has to bo 30.

(iii) Labour chargee should bo provided at tho rate of Re. 1/- (one) per cut.

(iv) Thoro should be provision for supecvisory ataff, printing of forms, and

* stationery.

(v) Consolidated pay may be provided for the primary aa well as the supr-
visory ficld stafl, ’ .

(vi) Provision nced not be mado for thoe crop cutting uccessories or any other
contingent oxpondituro.

4. " (i) If tho values in tho tablo given below are taken to roprosent measurementa
on a rand ple of 20 abjects sclected from a batch of such objocts with a eampling
fraction of 1/23, estimato the mcan messurement of tho batch, the total of all measure-
ments of the batch, and tho standnrd orror of the estimated mean.

m 2) 3 (4)
6.2 8.0 8.2 11.0
13.8 12.0 8.7 10.3
8.0 10.7 8.5 14.6
1.0 9.1 10.1 8.0
10.3 10.4 0.3 9.0

(ii) If the nwinber in tho butch is known to bo 507, what should you suggeat
for the cstimate of tho total ?

{iii) If tho above moasurcments in tho four columns aro tuken to have been
druwn from four strata consisting roapectively of 125, 130, 140 and 112 objecta, into
which the butch might bo supposul (o havo been divided, how will you cstimats the
total of moasurvinonts ?
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1956
Parea VIII axp IX: Sauwerx Survevs—Tueony (PRacticar)
Timo : 4 Hours Full Marka: 100

(n) Attempt oither (a) or (b) of Question 1 and eithor (a) or (b) of Question 2.
(b) Figuros in tho margin indicato full marks.
(c) Uso of calculating wmachinea is pormitted.

1. (a) Tho following tablo shows the rceults of a sampling oxporimont to estimate
the yicld-rate of wheat in a certain region, tho details of which are described bolow :—

(80)
TABLE 1(a): YIELD FIQOURES YOR WUEAT PER UNIT AREA IN S8OME SUITABLE
’ uNITS

Dietrict 1 District I District IT

lst Setl 417 48 q5 1037 o3 &8 78 77 oo

lino Sot 2 : a3 51 n 82 84 78 57 " 88

nd Sot 1 67 45 % 97 15 68 9 44 84

line Sot 2 55 46 85 80 80 83 18 87 297

District 1V
p—ty —t— p—
1gt Sot 1 66 03 53 127 84 80 81 93 21 84 87 79 90
line Sot 2 73 70 &6 106 80 86 107 106 63 51 67 79 117
2nd Sot 1 64 80 83 84 63 83 135 71 50 B2 135 71 112
line Set 2 73 67 60 98 80 110 82 83 20 80 114 89 122
District V

1st Sot ) 2 43 & 60 778 &0 68 97 060 63 81
line Set 2 2) 30 63 55 109 GO 50 88 583 59 o4
2ad Sot 1 20 60 46 21 90 68 74 109 43 4'9 03
lino Sot 2 31 57 66 40 51 53 61 93 48 71 02

Fivo districts wore choson subjectivoly and a numbor of furms wore chosen in cach
diatrict, aclection of farms in oach district was not random, tho furma boing taken in
the noighbourhood of the contres at which tho investigators wero located. Ono or
two fivdds wore choaen at random in cach choson furm. Each choson flold was traversed
in tho diroction of tho rows along two lincs choson at random. Two sota of uait erea
wero token randomly in each lino. Tho yiold of grain (in some suitablo unit) is shown
in the Table abovo. Tho four valucs in cach column rofor to tho values in tho four
sots of & ficld. Ficlds in tho same furm are bracketted together at the top, tho absence
of such a bracket mecana that only one ficld was choeon from tho furm.

(i) Work out tho analysis of varianco table from tho data supplied.
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(i) Estimate tho relativo gain in efliciency by taking four lincs randomly
from each fioll (instead of only two) with two sets por lino us before,  (You may ignore
tho ‘finite population corrections' und tho change in cost).

(iii) Further work out roughly tho 85 per cont confidence limits of the estimate
of tho rolative gain in efficiency in (ii) above.

{b) The following tuble shows tho stratification of all the furms in a region by
farm size, and tho averago acros of corn (muize) per farm and the standard doviations
(in scres of corn in the furms). Al theeo are population valucs.

TABLE 1(b): STRATIFICATION BY YARN BIZE ETC.

Farm Number Averago Standard
sizo of corn deviation
(acruvs) furms acres (corn acros)
0— 40 394 5.4 8.3
41— 80 401 16.3 13.3
81—120 391 24.3 15.1
121—160 334 .6 10.8
161—200 _169 42.1 24.5
201240 13 50.1 26.0
21— 148 03.8 33.2

If ono takee 8 samplo of 100 farms (for cetimating tho avoraga corn acres in
the wholo region), compute the samplo sizce in cach etratum undor (i) proportional
allocation, and (ii) optimum allocation. Compare tho procisiona of these mothods
with that of simple random sampling.

If the 7 strata sro to be combined into 2 etrata, show that the beat point of
division is at 120 acres. What is the rclative preciaion of 2 etrata to 7 strata undor
proportional sllocation ? ’

2, (u) The following table shows the results of a ono-dimensional systomatic

samplo. (Tho variato is arca of greon land in a given unit). (20)
: TADBLE 2(a): REsuLTs OF A SYSTEMATIO SAMPLE

Serial No, 1 3 3 4 5 6 7 8 9 10
Groen land . 0.0 0.9 00 0.0 0.3 0.t 05 3.1 238 2.7
Serial No. 1" 12 13 14 13 10 17 18 19 20
Groen lsnd 2.8 26 23 3.6 2.4 3.8 4.1 49 6.0 5.4
Serial No. 21 22 23 24 23 26 27 a8 20

Green land 23 29 21 6.3 82 8.4 6.6 8.6 4.1

Estimate roughly tho standard error of the plemean by tho mothed of
successive difforences,
Estimato further the standard orror of the plo mean ing tho !

I
to be a simplo random one (ignoring the ‘finito population corroctions'). Comment
on the resulta you obtain.
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(b) In connection with planning a sanple survey for eatimating the propor-
tion of land undor jute in a pucticulur region, it wus docided to study first tho rvlution
botween o, tho sizo (i.v., Arca) of tho sampl it and tho corresponding varianco, V.
For this purposo a pilot survey was undortaken in which scparate and (indopondont)
mndom samplea wero taken for different sizes, 2, of tho sample-unit and the eutimates,
Vs, for tho corresponding varianco woro calculuted, tho valuce of which aro shown
in tho following table. (In the tablo, n denotes tho eamplo-sizo on which the estimato,

Vi v bnged).

TABLE 2(b): RELATION BETWEEN VARIANCE AND BIZE

e n Vs
Samplo-unit -Samplo-sizo Eatimato of
8izo (acroe) ) varianco .

1.00 1756 0.1119
2.25 1377 0.0813
4.00 1161 0.0659
8.25 951 0.0577
0.00 832 0.0505
12,25 732 0.0453
16.00 818 0.0419
25.00 476 0.0398
36.00 365 0.0342

From inspection of tho results it waus suggested that the relation botween
V, und ¢ (‘variunce function’) may be of tho form

V= —;— , whoro a und g are constants.

Estimate the valucs of a and g from the duta supplicd and test for the suitabi-
lity of the suggested form for tho variance function. (You may ignoco the ‘finite
population corroctions’).

STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1838
Parens VIII axnp IX : Ecovouic Statistics (PrAcTICAL)
Timo : 4 Hours “ull Marka s 100

{n) Alwl;'lpt. ALL guentions.
(b) Figures in the margin indicato full marks,
(¢) Uso of caleulating machines s permitted.

1. The tablo bolow glvt.n the valuce of machinory used and output produced
por worker in somo manufacturing industrica of India in 1930, the factorics within
an industry boing clamified according to size, as refleetedd by tho averngo number of
workers omployed per day. {20
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Por worker valuo of

duntry Sizo-cl

Machinery Output

(Rs.) (Re.)

Sugar 1000 and above 853 10609

250—009 1833 10600

below 250 142 8819

Paints and varnishes 250—200 1200 21455

60—249 1054 8014

below 60 1022 . 2651

Soap 500—1999 1660 32211

y 40— 490 728 0284

below 40 954 9709

Cement 1000 and abovo 2740 0043

~ 250—999 4912 11420

Paper and paper board 1000 and above 3341 44

500999 11326 3053

bolow 500 2247 2801

Cotton Toxtile 1500 and above 685 5059

- 800—1499 1264 5049

below 500 1688 4051

Juta Toxtile 2500 and above 530 5272

1000—2499 . 454 5032

below 1000 . 971 5390

Write a noto on capital-intensivencss and capital-output ratio of thess indua-
trios,

2. The following table gives the indices of volume of imports, import pricca and
home employment (with trond oliminated) in tho United Kingdom diuring 1024-38.

(60)
Yoar Import Home . Import

Employment  Price

1024 05.5 103.3 103.6

1025 100.0 102.9 103.9

1026 104.3 95.0 08.2

1027 105.4 104.6 89.2

1928 09.2 103.3 105.8

© 1020 103.4 104.1 105.1

1030 102.4 08.8 93.9

1931 104.6 93.7 83.4

1032 00.5 01.9 01.2

1033 91.7 9.0 94.3

1934 95.8 05.4 06.8

1935 06.0 08.5 100.4

1036 101.9 102.5 102.9

1037 107.8 106.6 110.0

1938 102.0 104.9 108.0
Obtain the olasticitics of import with reapect to home omployment and import

price and oxplain the significance of theso olasticitics. ‘

3. DPreparo a achedule that you may like to uso for a survey of unomployment
in your State, . (20)
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1056

Parers VIIT a¥p IX: MATHEMATICAL THEORY OF SAMPLING DIsTHIBUTION
(PRACTICAL)

Timo : 4 Hours Full Marks :3100

{a) Attempt ANY TWO queations,
{b) All questions carry oqual marka.
{c) Uso of calculating machines is permittod.

1. (n) Tuko a random samplo of 30 obsorvations from a known normal popula.
tion. ~Caleulato tho mean and the variance of tho samplo. Find the probability of
obtaining the mean and the varianco cqual to or greator than the observed valuce,

(b) By oxamination zf = (z; —z)/s finl the numbor of obsacrvations of your

amplo which is grester than or equal to 20 pur cent valuo of z.
2, Draw fivo random samples of lO.ol'm-n'nliona in each sampln from a bivariate

normal populntion with the following pamametem.

. mg= 5, my =0 -

or=1, oy = 1
P =.5
Determine the regression coeflicients of y and z for each of the samples and find the
probability that the regression coefficients will be equal to or greator than the observed
values, .

3. Ten obscrvations on z, y end z are given bolow :—

z Y 2
o4 21 19
60 23 35
58 35 38
57 2 42
54 23 332
[} 28 24
o8 24 20
68 34 36
o1 26 31
54 30 40

Assuming tho hypothesis #; = 55, By = 25 and #; = 30, ealculate Hotelling’s T2 and
find tho probability of T2 < the observed valuo.
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STATISTICIAN'S DIPLOMA EXAMINATION, SEPTEMBER 1936
Pargns VIIT AND IX 3 ACTUARIAL STATISTICS (PRACTICAL)

Timo : 4 Hours Full Marka: 100

(a) Attompt ANY THREE questiona.
{b) All questiona enrry cqual marks
(¢) Uso of enlculating Machinea is permitted

1. The payment under 2} per cent U.P. Zamindary Bond of the face valua of
Rs. 100 is an annual payment of Ra. 4/- per annum payshlo for 40 years. Tho annual
payment is mado to cover i t on tho out ling capital and poet repnyment of
the capitul, Tho intercet portion of the payment is subject to tho Union Governmont'a
incometax at the rato of 5 as. 4 pa. to (he rupce.
What price would you pay for tho Bond with 40 paymenta outatanding if
you want to realiso 4} por cent net on the wholo transaction

2, An industrial company issucd a dobenture repayablo at 102 in 40 years from
now carrying intercst at the rato of 3} per cont per annum payable half-yearly, The
debonture holders have recently consented to the inauo of a further. loan to runk pari
passu with the ecarlior loan i return for an increase in tho interest rato to 4 per cent
por annum. The stock is currently quoted at 05 x.d. What ia the market rate of
intorcet ?

The Company now aska that inatcad of this increaso in interest rato the dobon.
turo holders should accopt a reduction in tho term of the debentures, Coleuluto tho
minimum reduction in term that would bo acceptable to an investor (ignoro inconte-
tax). .

3. On the awumption that mortality table follows Makcham's Law, obtain the
graduatod values of ¢, from the following grouped data for ages x = 33 to z = 45,

Ago Exposod Deatha

Group to risk

2125 28,034 34
26—30 72,637 82
3133 1.06,584 124
38—40 182,900 260
41—45 1.06,020 489
46—50 1,487,428 849
61—55 L44,102 1,158
$6—60 100,223 1,303
61—65 54,746 1,183
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4. Givo the valucs of g¢ for x = 30 to x = 53. Calculato the valuea of Ayn a0t "_|

Mye : 30t ,,—l' and Pgo: 10: "—| at 3} per cent,

c& grx 108 £ gexlO® x gz %108
30 118 41 208 51 a7
31 118 42 231 52 750
32 120 43 339 33 R17
a3 123 44 202 Bl 031
34, 127 43 330 55 1035
3 o132 14 372 S8 148
36 139 47 420 37 1272
37 1438 48 474 S8 1408
a3 158 49 334 59 13537
39 171 50 ang 60 1720
40 188
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