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INDIAN STATISTICAL INSTITUTE

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955
PAPER I: THEORETICAL STATISTICS (GENERAL)
Time : 4 hours Full Marka: 100

wB. (a) Answors to tho difforent groups aro to be given in scparate books.
(b) Attempt ANY THREE questions from coch group.
(c) Alt questions carry oqual marks.

Grour A

1. What is a Contral difforenco formula for interpolation ? Discuss tho relative
accuracy of differont Central difforonco formulso.

Taking ifth order difforencea of Uz to bo constant and given wo, uy, u3, uy, vy,

ug, prove that
25(c—5)+3{a—¢)
U d=ied ==y

whoro a = ug+uy, b = u tuy, ¢ =uz+u,. . .

2, Starting from tho traditional definition of mathematical probability os ‘lho'
fatio of tho number of favourablo cases to tho number of equally likely cascs, dovelop
a thoory of probability in continuum, clearly explaining just how and where the genera.
lisations aro made. P is & fixod point on a given lino AB. Points X and Y are takon
at rondom on AP and PB respoctively. If AP = a, and PB = b, what is tho pro-,
bability that AX, XY, and BY can form a trianglo ?

3. Explain cloarly the importance of the ‘Normal Distribution® in Statistics.

Givo a fow oxamplos of sampling distributions which tend to normality with
increasing samplo size. Give also an example whoro thia doos not hoppon.

In & population which is oxeoctly normal, 31 per cont of the individuols are undor
45 nnd 8 per cont aro over 84, Find tho mean and standard doviation of the popula-
tion. .

4. 'One of the functions of Statistice is tho provision of tochniquos for making
inductive inforencee and for moasuring the degroo of uncortainty of such inforonces'.

Discuss tho above statomont.

. Grotr B

5. (a) If zy, z,....24 follow tho probability law

1 .
p(z) = l_ 0" 73 {z=—p)2
: Jive -

n " —- . . e
thon show that i=3 (z‘—,z)’ is distributed a8 x2. Dorive a test of signifi-
N - o .

. ¢anco of the differunco of an obsorved standard doviation ond & ’sp;ciﬁod popu)alio;:
valuo, - )



(b} Supposo that you aro told that an epidemie of cholora dovelope according
to a particular law. Briofly oxplnin how you would vorify this statistically.

6. (s) If z, y and £ roprosont throo charactoristics of an individual, what is
moant by the partial corrvlation botween z and y and the total correlation between
them. If the partial corrclation cocflicient Yry.s is positive, will the total correlation
coefficiont, yzy bo also positivo? Givo rcasons for your snewer.

(b} If the ago, height and weight of cach N childron in a school aro given,
obtain a prediction equation for age in torms of height and woight.

If the multiplo corrolation of age on height and woight is high, can you ml‘er
that the predicted values of ago will bo vory roliable ?

7. (a) What is tho t-trunsformation of the corrclation coofficiont y * Explain
its uses (i) in loalil;g tho oquality of soveral corrolation cooflicionts and (ii) in combin.
ing them into a singlo coefficiont whon the first test is favourable,

(b) A random aamplo of n paddy fields wore treated by two different fortilizers
in two successive ycars. - Tho records of yiolds of paddy aro to bo studiod to decido
whothor any reduction in tho variability botweon ficlds haa rosulted by changing the
fortilizer used. Stato with suitable commonts the appropriato statistical tost whlch
you would rocommend for this purposo.

8. (s) Analyso tho total variance in a Randomized Blocks exporimont. Stating
the assumptions made, show how it is poasiblo to teat for the significance of (i) tho
diffcronces amongst all tho varictics, and (ii) tho difforence botwcen two particulus
variotice. .

{b) Find tho exprossion for tho standard error of the second moment my of &
eamplo. Honoo dorive tho standard error of .Jm;. low do these oxpressions got
simplified whon the population is normal t ’

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1035
Paren 11 : AppLiep STaTISTICS (GENERAL)
Timo : 4 Hours ’ Full Marks: 100

N.B. (a) Answers to tho difforont groups aro to bo given in soparato books..
(b) Attompt ANY THREE quostions from cach group.
{¢) All queations carry equal marks.

Grour A
1. Explain tho various stops you would take in fraoming a questionnaire for a
field survey.
’ Preparo o short schodulo with suitable instructions for collection of informa-
tion by tho interviow method regarding the propagation of nows in the rural arcus
of your State—sourcoes of nows, main nows items of intcrost, oto.
. : 2



2. Undor what conditions would you employ tho ratio mothod of estimation
in a samplo survoy and why ?

Outline a sampling design for an onquiry to estimato the total consumption
of coroals by the rural population of your State, and discuas how fur population consus
data could bo fruitfully utilised for purposcs of ostimation.

3. (o) Dosoribe tho official mothod of oolloction of statistios of Mrcngo'undor
erops in (a) tomporarily settlod, (b) permonently sottlod and (c) unsurveyed arcas of
Indin. To what oxtont do you consider theso atatistics to bo roliablo ¥ Suggest ways
Yot improving their accuracy. .

{b) Describo briefly the statutory consus of Manufacturing Industrios in India,
\What are the limitations of the data colleoted ?

4. (8) Explain tho moaning and wis of Cost of Living Indox Numbors. How
aro thoy constructed for the working class in tho Cnpiu;l City of any Indian State t

(b) Writo a short account on the mothod of computing ‘National Income’ in
India adoptod by tho National Incomo Committee of tho Govornmont of India,

5. Indicate how family budgot data could bo utilised for atudying the domand
variationa for any particular item of pton, due to changes in the sizo of income,
pointing out cloarly tho assumptiona made. N

State to what extont doos tho information collootod in the National Sampla
Survoy sorve the purpose of family budget data.

Groor B

® 8. -What are balanced incomploto blook deaigne *  What dooa thia balance moan

and how is it attained ! Siato tho fundamontal parametric relations, Indicate the
structure of the analysis of variance and montion the important stops in the calculations
involved.

7. \What i{s meant by an uniformity trial and what is its purposot Indicate
tho important stepa that ehould bo takon in proparing tho lay-out for euch a trial,
stating tho precautions which you would take to ensuro that tho yiolds do not got
mixed up ?

Describo in briof what analysia you would porform on the data.

+ 8. Traco the gradual dovelor of tho of factor analysia. Discuss
in particular tho saliont pointsin (a) Two factor thoory, (b) Sampling llloory, (c) Multiple
factor thoory.

9. (a) Doscribo tho various mensuros of forulny in common usc. Show that
undor cortain conditions, to bo stated, a very fertilo community can romain stationory
in sizo for a long poriod of timo.

(b) What is a logistio curve ¥ Explain to what oxtont it is uscful for popula-
tion projoction in India.

10, ‘Linksgo is an association of genotie fuclou which alters the normal ratios
rusulting from segregation and indepondent assortinent’—Explain oloarly what in
mont by this statomont.

In o back cross involving Lwo fuctors, supposo ono paront is doubly hoterozy-
gons, Aa, Bb and the othor doubly rocessive aa, b X In this coso, how docs each of
tho two factors sogrogato according to tho Mondulinn expectation, and what statistical
test do you proposo to apply to detoct linkagoe ?

3



STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1935

Parer III; Stamistican Ixrxn.zxcz 4
Time : 4 hours Full Marks : 100

N.B. (a) Answors to tho different groups aro to bo givon in soparate books.
(b) Attempt ANY THREE quostions from each group.
(c) All quostiona carry oqual marks.

Group A

1. What is a consistent ostimato? Show that if both tho bias of an estimato
and ita varianco approach zoro with incronso in samplo sizo, then the estimate will bo
consiatont.

Show that maximum likelihaod estimatcs aro consistont undor cortain condi-
tions to bo stated. Give an oxamplo whoro such an estimato is not consistent.

2, Stato and prove Markof's thcorem on best unbiased lincar estimates, Yow
ia this thecorom modified for the case where tho ratios of tho variance of the variates
are known but are not all equal to unity ! Givo its uso in analysis of varianco.

3. (a) State and prove tho Cramer-Rao thoorom on the lower bound to tho vari.
ance of unbinsod ostimates. Givo its analoguo in tho theory of miulti-paramotor eatima®
tion.

(b) Whon is a statistio said to be sufMiciont for a paramiotor ¢ ¥
If an unbiasod estimate and a sufficiont statistic exist for ¢, show that tho
bost unbiased estimate of ¢ is an explicit function of the sufficient statistic.

4. Define asymplotio cfficioncy of ostimates. Show that if § and ¢ aro jointly
naymptotically normally diatributed and if ¢ is most officiont asymptotically tho co-
efficiont of correlation botwoon ¢ and 9 —¢ approaches zero. State the corresponding
rosult for small eamplos.  Show that the modian based on (2m + 1) indopendont observa.
tions from the distribution with donsity function

foxp (—1z—-61),~a<2< +a
is most cfficiont asymptotically and obtain its asymptotie intrinsic accuracy.
" 3. Deseribo briefly Noyman's theory of confidonce intorvals.
Obtain from firat principles tho confidonco limita for 9 from a samplo from
a rectangular distribution in tho raga (0,6).
Show how it is possiblo to obtain an oxact confidonce intorval for the popula:

tion proportion # from the obsorved proportion p in a samplo of size n, tho confidonce
cooficiont boing e.

Grour B

6. What is moant by a null hypothosis ?  What ia tho mcaning of the 5 por cont
. end 1 por cont significance lovols t - '

4.



In tosting whothor a coin ia unbinsed, wo should have tho results of not loss
than 4 or § tosses. Do you ngreo?! Give roasons.

Dovolop a tost for tho oquality of two proportions of succoss on the basis of
two indop&idont samples of sizes n; and ny with the observod number of succosses r,
and ry respootively. Enrure that the test procedure is indepondent of the unknown
commion proportion,

7. What is a likolihood ratio eritorion? Are you intuitively satisfied with
witsuse ! Try to suppott your intuition to the extent possibly by a process of reasoning
which makes fullost uso of the propertios of the critorion.

Derive tho likelihood ratio tost for the hypothesis that the moeans of two normal
populations aro tho samo whon tho common standard doviation ia unknown, the infor-
mation availuble being two rundom samples drawn from theso two populations.

What is tho test for oquality of varinnccs whon the means are unknown and
presumably differont ?

8. \Writo a critical noto on the rolo of niultivariato teets in eciontific investigations
with particular referonco to tho two situations described below :—

(1) Supposo that two populationa are distinguishablo on the basis of two
aamplos on a singlo charactor by using a ‘4° test. 1f mensuremonts on moro than one
charactor aro available, what tost would you uso 1 Is it nocossary that this test should
show significanco whon the *¢* tost for ono of the charactors shows significance ?

(2) It has beon pointed out that in somo situations the test for the corrolation
botweon the variablos y and z, showed significanco whilo the test for multiple corrola-
tion of y on z, and z; was not significant, Do you considor this as a drawback of the
tost for multiple correlation ! Do you suggest that if you want to test the dopondence
of y on the sot of variablos (x,, z3) you would test for the individual corrolations sopara-
toly rathor than the multiple correlation of y on z; and z, ?

9. Dorive tho analysis of dispersion tost for tho hypothosis that each of tho four
corrolated variablos z,, z;, 23, 24 has linear regression with anothor variable 2 obsorva.
tions on (zy, 25, z3, ,) for each of £ differont valuos of ¢ bwing given. You may first
considor the approprinto analysis of variance test for a single variablo 2 and then
generalise, ’

10. Discuss the principlos bohind tho theory of teating hypothescs according to
Noyman and Pearson. .

Stato and prove a sot of sufficiont conditions for tho existenco of similar regions
for testing & composite hypothosis having ono unspecified lparamotor and show how
it ia possibly to seloct the best critical region for the tost!from amongst tho similar
rogions,



STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
PapER VI : PRACTICAL
Timo : 6 Hours Full Marks : 100
o
N.B. (a) Figures in tho margin indicato full marks.

(b) Uso of calculating machinea is permittod,

1. 2500 scrows produced by two lathes in & cortain fuctory were found on measuro-
mont to havo a mean longth of .999 inch and a standard doviation of .003 inch. .The
longths of tho 1500 scrows producoed by tho frst lathe are shown in the following fre-
quoncy tablo :—

Length of scrow to Number of scrows
ncarest thousandth : produced by tho
' ofeninch firat lathe

.092 ’ 1
.003 5
094 48
095 . 161
.090 301
997 481
908 308
.999 170
1.000 37
1.001 7
1.002 1
Total 1500

Calculate the moan length and standard doviation of Jongth of screw for each
latho. (Do not apply Sheppard’s adjustment). (10)

2 Tho rosults of entimation of carbon content (per cont) of 80 spocimons of clay
by cach of threo differont mothods, A, B and B’ are given bolow. Mothod 4 is an
acourate rofcrenco mothod for tho determination of carbon and the valucs obtained
by mothod A aro denoted by z.  Mothods B and B’ aro approximate mothods both of
which give values (donoted by y and y’ rospectively) which aro roughly proportional
to tho correct one, Estimato tho constant of proportionality b in tho oquation y=bz
assuming that z is virtually freo from orror and tho orcor in y (stundurd duviation) is
(i) constant over tho rango of monsuretnent, (ii) propoctionul to tho valuo of z and
(i1i) proportional to the square root of z. Also supply ostimates of tho constant of
proportionality &’ in tho equation y’=0z under assumptions similar to (i), (ii) and
(iii) above.

The estimation may be mmlo by tho mothod of least squares using appropriate
woights,



Spoci-  Mothod  Mothod  Methad Speci.  Mothod  Mouthod  Mothod
mon 4 . B n mon A B n

No. . No.
z y v’ z y v
1 0.74 0.55 1.00 31 0.12 0.09 0.12
2 0.13 0.00 0.00 32 1.50 1.13 2.36
3 0.15 0.10 0.00 33 1.31 0.03 2.4
4 1.47 1.17 2.33 34 0.31 0.15 0.08
5 0.52 0.38 0.50 35 0.14 0.15 0.00
[} 0.27 0.22 0.53 36 2.08 2.18 4.53
7 0.99 0.70 0.65 37 6.84 4.51 9.04
8 0.53 0.49 0.72 38 2.15 1.59 3.68
9 1.53 1.17 2.46 30 1.35 1.13 1.84
10 0.87 0.70 1.54 40 0.40 0.33 0.97
1n 0.28 0.12 0.70 41 4.18 3.24 6.14
12 0.27 0.16 0.00 42 0.22 0.21 0.52
13 3.07 2.1 . 4.82 43 0.38 0.24 0.40
4 0.25 0.18 0.30 44 0.24 0.18 0.48
15 0.25 0.18 0.64 43 1.79 1.24 2.80
16 0.28 0.28 0.78 46 0.58 0.36 2.09.
17 2.54 2.32 4.08 47 8.55 5.58 9.68
18 1.43 1.40 2.80 48 0.33 0.18 0.566
19 2.74 2.317 3.03 49 0.48 0.31 1.09
20 6.08 5.39 8.22 50 0.26 0.17 0.01
21 0.75 0.64 0.28 51 0.17 0.1 0.00
22 0.16 0.11 0.35 52 0.20 0.13 0.53
23 5.08 4.51 7.49 53 0.41 0.4t . 0.88
4 0.80 0.80- 1.41 54 0.37 0.31 0.67
25 0.18 0.12 0.00 33 0.98 0.85 0.87
26 0.19 0.14 0.18 38 3.90 3.87 6.55
27 0.13 0.09 0.28 57 2.05 1.89 3.88
28 0.25 0.14 0.63 58 1.30 1.09 2.21
29 0.19 0.22 0.44 50 0.28 0.20 0.36
30 0.79 0.23 0.89 60 0.72 0.50 1.61
(25)

3. Tho average monthly production of Bnished stool in India during the years
1948 to 1054 is givon bolow :—

Yoar 1048 1949 1050 1051 1052 1933 1054

Finishod Steol 71.3 17.4 82.7 87.6 80.7 82.3 101.0
(000 tons) e

‘

Fit a polynomial of the third degreo by tho mothod of orthogonal polynomials
to study tho trond of production of finishod eteel in Indis. Tost by the mothod of
analysis of variance whothor it is worthwhilo to rotain tho third degreo terms in tho
polynomiala. . {15)



4. Tho distribution of 170 coils of & shoot motal is as”followa :—

Thickncss Froquency Thicknesa Froquoncy

(in m.um.) {in m.m.) -
585.5 4 605.5 28
510.5 14 610.5 14
575.6 1 615.5 —_
580.5 8 . 0620.5 2
585.5 10 025.5 —_—
590.5 20 630.5 2
595.6 24 _—

800.5 38 Total 176
Find tho froquency curve that bost fts the data. Tost for goodnoss of fit.
23)
5. (8 In an oxpoerimental study to build up a formula for predicting the yicll
of dry bark from concomitant plant chiaractors, the following total correlation coeffi-

civnts were obtained from a samplo of 32 observations.

z, = yiold of bark in ounces por plant, z;= height of plant in inchus, zg=girth
of plant (in inches) at 8 inches above ground. '

ris = 0.307, 1y = 0.684, rag = 0,321
8 = 14.25 4 = 50.67 a9 = 1.03
zy = 21,68 z, = 106.4 - ry = 3.14

Estimato tho prediction oquation and also find R,.;y and ry3.5. Test tho
significance of Ry.s3 and byy.4

(b) Test whothor an obsorved corrolation coofliciont of —0.41 obtnined from
67 pairs of obsorvations differ significantly from —0.60. Stato your conclusions.

(23)

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1053
Parer VII 1 (PRACTICAL)
Time : 8 Hours *, Full Marks : 100

N.B. (s) I-‘.igumn in the margin indicats full marks.
(b) Uss of caloulating machinea is pormittod.

1. Samples of 5 piccos of a certain part of a stove woro taken overy 15-20 minutes
in ordor of production from a cortain production procoss and over-ull length arv .830 inch



+.010 inch. From tho dnta given bolow, oxamine whothor the procoss is undor

control and t on your finding (20)
. Group a b ° d °

No.
1 .883  .835 ' .834  .833  .833
2 836 .834  .835  .837 .83
3 832 .837  .833  .837  .830
4 835 .836 .86  .834  .833 .
5 836 .835  .832  .832  .833
8 833 .836  .833  .837  .835
7 834 .834  .834  .834  .835
8 831 .832 834  .832 .83
0 834 .832  .833  .832  .g32
10 834 .832 .83 .83  .813

.83 .833 .834 .833 .831
.837 .833 .833 834 834
.835 .836 835 .837 .838

— e
© 10 -

2. By collocting relovant statistics from official publications examino the );mgmsn
in attaining thoe targots sot m the following A(zrll:ullural and Industrial soctors m the
first fivo yoar plan :— X (15)

Food grains, Juto, Cotton, Oil sveds, Sugar, Steol, Cemom., Alunumum, Coal,
Textiles, eavy Chomicals, Diesel Engines, Fertilizors and Power.

3. The results of a rundomised block exporiment with brusscls sprouts aro sum.
marised below. Analyso these data as fully as you can, paying attontion to immodiate
and cumulative offoota of the various fortilizors.

(25)
Block
I 11 I v
Ro 21.6 " 31.5 28.0 21.5
‘R, 31.0 29.0 19.5 25.5
R, 25.0 1.0 20.0 21.0
, {
M, 17.5 34.5 23.5 23.5
M, 28.5 34.0 17.0 30.0
M, - 13,5 41.0 20.0 24.4
No 17.0 14.5 17.0 20.5
Ny 12.0 22.5 20.65 30.0
N, 225 35.0. 15,5 28.0
8q 15.5 21.5 10.5 28.0
8, - 25.0 . 20.0 30.0 24.5
- 8; - 41.0 .. 36.5 25.5 30.0

Notes : Tho yiold is givon in bs. of saloablo aprouts por 0.024174 scros, * Nitrogon
mag bo applied in four waya withor Lhrough rapo dust (R). poultry manuro
(3f), sulphato of ammonia (N), or soot (S).

9



Ro moans 0.8 cut. nitrogon per acre applied in 1034 and no nigroten in 1035,
R; means 0.4 out. nitrogon por acro appliod both in 1934 and 1935,

R; mcans no nitrogen in 1034 and 0.8 cwt. por acre in 10335,

The subscripts to M, N and S havo similar intorprotations.

4. Tho following gives tho number of workers in all the 60 establishmonts in a
portioular district for two conscoutive yoars.

1953 1054 1053 1954 1053 1054 1953 1054 1953 1054

16 20 21 25 81 13 09 135 44 10
26 36 63 63 87 63 43 39 83 63
38 50 68 48 93 102 45 [} n 02
51 70 47 59 120 159 37 28 82 4
76 104 30 51 35 41 64 88 84 108
81 113 53 53 43 25 52 72 72 03
88 80 54 4 11 8 31 37 50 45
06 87 30 33 86 94 54 54 30 42
5 6l 62. 86 7 107 10 20 34 26
82 08 10 56 51 (33 05 131 89 89
112138 59 79 56 46 15 15 79 72
20 24 32 36 27 19 38 24 85 101

For cach of tho schomes of atratification specificd below compute tho standard ’
orrors of tho two estimates of tho avorage number of workers por ostablishmont in 1954
for a samplo of sizo 20 with (a) proportional and (b) optimum (for 1053) allocations.

Schemea of Stratification
Stratum 1 : Establishmonta with workers numbering W in 1053,
Stratum 2 : Remaining ostablishments. ’
W being fixed in such a mannor that (1) equal number of establishments fall in each
stratum, (2) range of variation of number of workers (1953) in an establishment fur
stratum 1 (approzimatcly) oquals that for stratum 2.

Also comparo the performances of tho above 4 methods with a achemo in which

1¥ is fixed in & manner which (approximetely) equalisca the total ber of workoera
in 1033 and thon an equal numbor of sample ostablishments aro selected from each
etratum. (25)

5. .From tho following duta of monthly wholosalo farm prico index 194347,
obtain measurve of soasonal variations :— (15)

Jan. Fob. Mar. Apr. Muy Jun.

101.9 102.6 103.4 103.7 104.1 103.8

1243
July Aug. Sep. Oct. Nov. Doo.

103.2 103.1 103.1 103.0 102.9 103.2

10



Jon. Feb. Mar, Apr, May Jun.
103.3 103.6 103.8 103.9 104.0 104.3

1944
. July Aug. Sep. Oct. Nov. Doe.
104.1 103.9 104.0 104.1 104.4 104.7
Jan, Fob. Mar, Apr. May Jun.
1049 1052 105.3  10.57  100.0  108.1

1045
July Aug. Sep. Oct. Nov. Doo.
'105.9 105.7 105.2 105.9 108.8 107.1
[ Jan. Fob. Mar. Apr. May Jun,
107.1 107.7 108.9 110.2 110.0 112.9

1948
July Avg. Sop. Oct. Nov. Dec.
124.7 120.1 124.0 134.1 139.17 140.9
Jan. Fab. Mar. Apr. May Jun.
141.8 144,65 149.8 147.7 1.1 147.6

1047
July Aug. Sop. Oct. Nov. Doo.
150.6 153.6 157.4 158.8 159.5 183.2

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955
ParERS IV AND V : EcoNow1o StaTiarics (TuEORETICAL)
Time : 4 Hoursa ' Full Marks ;100

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

1. It is required Lo compare the changes in prices of commodities sold by farmors
with tho changes in prices of commoditics purchased by them. Desoribe the calcula-
tion of suitablo indox pumbers which may sorve the above purpose.

2. Explain tho significance of cost of living indox. Show that

Ipige
Zpoga

Ipqa
Ipoty

> I, and <1

whero po, p1. 9o and ¢, have their usual meanings, the summation is ovor all itoma of
consumption, and Ip and I, aro ‘truo’ cost of living indices corresponding respoctivoly
to tho situations 0 and 1.

3. What is moent by the trend of a timoe sorios ! Give an acpount of difforont
mothods of obtaining the trond of a tims sorica.

n



4. Defino sorial correlation. Jlow can the scrial corrolations in & timo surive
be used to dotermine tho type of the sorios ?

5. Explain what ia structural rolutionship among variablos. Taking
somo suitablo variablos, describo how the structural .rolation among tlmm ean bo
obtainod from timo scries data.

6. Explain tho pt of national { Distinguish botwoon gross national
product, not national product, porsonﬂ i ‘and di posablo i How will
you caleulato the contribution of tho scctors, agriculture and trond to the nu(mnnl
incomo of India, using.lateat availablo information ? ®

7. Give an account of tho types of information collcoted in a family budget
enquiry. What oro tho uses of this type of data?

8. Givoe a critical roviow of price statistica availablo in India. Doscribo some
of the usos-of this type of data. -

9. You aro askod to preparo a plan for tho oxpansion of primary oducation in
India such that all porsons botween the ages of 5 and 14 will got the facility of primary
education im 1005-66. - Doscribe your plan with tho dotails and sourcos of infornation
nooded. - '

:

. STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1053
Pu:ns v .wn V: \’n-u. StaTi19TICS AND POPULATION STUDIES (THEORETICAL)
Timo: 4 Houn . - . . B Full Marks : 100
-

N.B. (n) Attempt ANY FOUR queations.
(b) All questions earry oqual marks:

1. Describo the growth of India’s population as judged from Census data and
discuss the underlying fuotora behind it. Explain tho demographic bases on which
you would work out projoctions of Indma population upto 2000 A.D.

2. Defino Gross roproduchon rate and expluin the mothod used for its computa.
tion. What aro the limitations of tho uso of Grosa reproduction rato of s(udy tronds
in fortility *  What other mothods would you suggest for studying fortility tronds ?

3. Givo tho outline of a plan for cetimating by. meuns of a samplo survey the
fortility and mortality rates of tho population of an Indian State and their variations
with e«momic and social factors. , Indicate the types of schedules that would bo used
‘and ;ho itemns on which mformnhon would bo obtainel. Whut asteps would you take
to onsure the accuracy of tho data?

4. - Show that any population, if aubjeeted continually to unclmngmg birth and
death rates will attain o atablo ago distribution. - What will be ita rate of increaso
aftor attaining tho stablo stato?

8. Writo notes on tho following :—

_(s) Demographio information availablo from tho National Sample Survoy.
" (b) International Statistical classification of causes of donth.

(c) Methode of construction of abridged lifo tables.

(d) Infant mortality rate and improved mothods for calculating it.

" (o). Rosorvo-survival mothod for tho estimation of tho birth rate,
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STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
Pargrs IV AND V ¢ STATisTICAL QUALITY CoNTROL (THEORETICAL) *

Time : 4 Hours Full Marks : 100

N.B. (a) Attempt ANY FOUR questions.
{b) All questions carry equal marka.

1. Compare and contraat the uses of Analysis of Variance with the usca of X
-and R charts in process control by variables. Discuas the assumptions involved in both
cases, . '
Stato, giving roasons, whothor control chart can replaco the usual teata of
significanco. .

2, Explain tho uso of multivariate quality control in industry. What aro its
advantages over keeping convontional control charta for each characteristic separately ?

Explain the uso of lHotelling's T2 in multivariate quality control,

3. Write a mnthematical noto on the 'Rnngo in 1 ples®, hasising

the conditions under which the use of mean rango to estimate the population nlandnrd

dovintion is justified.
Explain tho use of range in control charta,
4. Explain tho uso of opoerating characteristic curve in sampling, What is the
®effoct. of inspoction errors on the OC curve ? .
The following plan is adopted for inspecting prod cta on a conveyor bolt :
Every kth itern is inspocted until one dofoctive item is found. Tlen 100
por cont inapection is resorted to until i items have been inspected without finding a
dofecting itom, aftor which again every kth item is inspocted. Assuming that pro.
duction varics in a random mannor and the itoma are taken a8 they como, derive
expressions for :—
(i) Averago ber of picces inspoctod following the finding of a defect,
(ii) Average number of pieccs pdssed under the sampling procedure before
a dofoct is found,
(iii) Averngo fraction of total produced unita inspected in tho long run, *
(iv) Average fracgion of producod units accepted without inspection, -
6. Compare the singlo, doublo and sequential sumpling plans.
Dosign a sequontial proceduro to teat whother the proporuom; of defoch\u
from two processca aro tho same.  Mark tho Accoptanco, Continuanco and the Rujccuon
regions with inatructions for installing tho sequentinl plan,

8. Write short notos on tho following :.
(1) Group control charta
{2) Control limits and specification hmnu L
. (3) Factora affocting the solection of an accopt nampling plan
~ (4) Rational Aqb-groupn.




STATISTICIAN'S DIPLOMA EXA)I[N:{TIO.\'. AUGUST 1055

Parers IV aAxp V ;' MaTHEMATICAL THEORY OF SAMPLING, DIDBTRIYUTIONS

(TuronerICcAL)
Timo : 4 Hours ’ Full Marks : 100
N.B. (a) Attempt ANY FOUR qucstions,
(b) All questiona carry oqunl marka, . .

1. X;, X,, X5 are indepondont random variables uniformly distributed in (0,1).
Find tho froquoncy function of X;+X, and X,+X,+ Xy respoctively. Show. by
induction that the sum of n such indepondont randon variables has the froquency
function

1 . n n
(n—_”{ XA-1 — (I(X = 1)1 4 (2)(X —2)n-1 -,...](o<.<n)

2, (a) Find the distribution of the lian of a pl , of n independent and
idontically distributed rundora variablos and show that for large n, it is approximately
nonnal. i

. (b) Find the median of the distribution whoso froquency function is given

by

j(x.o).=:_()%).'+| £X>0 =0if X<o(a>0,0>0)

If Xy,...., Xy} is & sample of n independent obsorvations from this poulation, find
the valuo of @, say # (X,.....,X) which maximizes the joint frequency function
of tho sample.

Prove that 8 (X,,....,Xs) coverages to § in probability as n— o,

3. {a) Write a short noto on tho important properties of the characteristic fune-
tions which make it & usoful tool in distribution theory.

(b) X;,.....Xn are n indopendont nnd idontically distributed random varia-
blos. Give an examplo to show that thoir arithmotic mean 2 ncod not alwaye bo
asymnptotically normally distributed, Prove, howover, that 2 is asymptotienlly nor-
mally distributed undor appropriato and fairly generul conditions.

4. (a) Tho compononts X, Y, Z of tho velocity v of a moleculo with reapoct to
a systom of rectangular axos are indepondont and normally distributed with mean zero
and variance . Find the frequency function of tho absolute value of v.
{b) Show that if n indopendont normal (N'(O, ¢)) variatea Xy,....,X, are
transformed to Y,,....,¥, by moans of an orthogonal tranaformation, the new varintea
aro also indopondent and N{0, o).

{c) Suppose C = (c) is an orthogonal matrix and Yoo ¥p (p<n) are

linonr functions given by Y =’;: ¢jj x5, [whero the z'a are aa in (b) above).
-1 .
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)

ful in obtaiying tho distribution of the sample variance 3 of samplo from a noimal
N(0,0) population ?

a4 13
Dorive tho distribution of thy quantity £z} — S y} . How ia this result use-
1 X

6. Explain clearly how Hotolling's T2 is a genoralisation to the multivariate
engo of Students’ t.

Obtain tho distribution of Tt when the population tncan vector is zoro.

8. If z;, x4, ...., xp &ro indepondent random variables with commion mean and
varianre, obtain the distribution of tho ratio

(x — #)n n
.

whoro £ = . 8= 3(z; ~2)2 n~1
Lot 25 = (2) =2)/r. Show that z is distributed as
(n=1)pg{nf2n =24 n{n—=2))"

whure #y_» has the distribution of ? with n—2 degrees of frueedom.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
‘e PapERS TV AND V : ACTUARIAL STATISTICS (TOEORETICAL)

Time : 4 Hours Full Marks: 100
N.B. (a) Attempt ANY FIVE questions,
(b) All questions carry oqual niarks.

1. (i) What typo of oxporience has supplied the basis of the Indian assured life
mortality table in commion use 0(23-35) ? .

Describo tho main features in regard to initial seloction end regional and
religious group variations found in tho analysis of this expericnce. Indicate the rela-
tivo lovels of Indian and English aasured lifo mortality. : -

(ii) A schome is to bo drawn up for introducing industrial assuranco on
country-wiso basis in India, for tho benefit of the lowoer incomo classes.  Specify with
roasons, tho mortality basis that you will recommond for adoption.

2, (i) Discusa the comparative advantagos and disadvantages of the summation

mothod of graduation. For what proportios will you tost a graduated sorica ?

(ii) Work out a euitable operand for the operutor [5];5[(;” in a formula for

graduation by summation, with no second differonce error. Calculate thé range, the
wave outting indox and tho snioothing index of the formuln, Do you envissge any
difficulty in applying the Xx? test to a graduation by tho formula t

3. (i) Put A 4xy:wy in the form of integrals and roduce it to contingent assurnnces
poyable on eccond doath. Justify tho final roeult diroctly by goneral reasoning.



(ii) Do tho following ex i p t the samo contingont asurances
If not, explain what difforont contraots thoy stand for:—

o

3
() - !‘ v’(l—,p,)(l——l})‘)w‘“—al (1 =tpy)(1 =ppadz+ it
o

L]
(4

) [ 1 =ipy M=o ret

(o) I of 1pr ({1 —epy)tPrtrad+ (1 ~phipybyst) Azttt
] .

, .
(@ ] 1= py) (1 —tpriprhr
o

Give an approximate integration formula for evaluation of expression (d)
along with working sheot headings.

4. (i) Expresa (fd),:7: in torms of a.: 3l and (fa),: 5

(ii) A small extra premium ia charged for non-participating endowment assur.

anco policics for a certain closs of undor.average lives. Will a high extra premium

bo necossary for with profit endownient assurance policics to cover tho extra risk for
tho roversionary bonus part? ) ) )

If tho bonus loading in the lovel promium is calculated by tho f !

and the probabilitios of survival yp’s of tho class of under-averago lives bo rolated
to the corresponding probabilitics ¢py for the normal class such that ;p’s = ¢p; — erps,
devolop a critorion to judgo when an oxtra in the bonus loading ia required. In parti-
cular, examine if any oxtra in the bonus loading is required when (a) ey = ¢,'a
constant for all values of ¢ and (b) ey =ez.000pr

5. (i) Establish mathomatically a relationship botween (t41Vg: 57 and
¢ Vry: 51 and give the expectod death atrain.  What ia the altered rolationship in the
last year of tho term, whon t = n—11?

. {ii) Buggost an approximate value of l+.LJ' to moot the caso where tho valua-

tion dato is only a fraction of & yoar ahoad of the policy annivorsay.

8. (i) Give the valuo of tho incroasing continuous annuity {Za)al in torms of tho
nominal rate of interest § por annum convortible m times a yoar. Derive from it or
othorwise, the value in torms of the forco of intorost .

(ii) 8how that a7 >a, whoro ay is the curtate oxpeotation of life,

7. (i) If the weighted averago poriod of paymont bo takon as the equated timo
of paymont for a nunibor of amounts due at differont timea domonstrate whether such
arrangemont will bo in favour of the ecroditor or the debtor.

(ii) A practical rulo for dotormining the numbor of years in which a sum of
moncy will doublo itself at compound intoreat § per annum eays that .70-+4 gives the
number. Establish the rule and also give a first approximation of tho error involved.
For what rato of interost this rulo gives an oxact reault ?
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STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1058
Pareus IV AND V ;  StaTisTicAL MecHaNICE (Tnlouﬁcu.)
Time ¢ 4 Hours Full Marks : 100

N.B. (a) Attempt ANY SIX questions.
(b) All questiona carry equal marks.

1. Deduce Planck's formula for radiation.
Honco obtain Stefan.Boltymann law and tho oxprossion for Stefan’s constant.
Deduco Rayloigh-Joans law.

2. Obtain the expressions for the ontropy and the specific hoat of Einstein's
orystal and show that it yiolds Dulong-Potit law.
Connidor the bohaviour of tho specifio heat at low temporatures for Eimlom s
craytsl and discuss how it diffors from Debyo's erystl in this respect.

3. Derive Formi-Dirac Statistics stating clearly the postulates bohind it.
Obtain the expressions for total onorgy and speeifia hoat for & stmngly degeno.
rato gas,

4. Establish Clausing’ Vieial Theorem. Honce or otherwiso deduce tho oqua.
tion of state for Var dor Waal's gas.

5. Obtain, for Brownian motion, Einstein's formula as

kT
= 37 va v
whore {2 = mean aquare displacomont along z-axis at time r, K = Boltymann's
Constant, T = temperature, 7 = coofficiont of viscosity, a = radius of Brownisn
particlo.
Discuss tho importance of the kinetic.thoorotical explanstion of Brownian
motion in dovelopment of molocular physics.

6. State and provo Boltymann's H-Theorem. Find out relation botwecn Bolty-
mann's H-function and the ontropy and thon doduce an exprossion for the sntropy
for a monotonic idea gns.

7. Find out the probable orror of any function of indepondont quantities whose
probablo errora are known,
‘ If a quantity Q be given by

Q= figy s igih

whore ¢,,.....qx aro obsorvablo quantities, show how to find the allowablo probable
orrors in g¢i's whon a proacribod probablo error is given for Q.

8. Establish Boso-Einatoin statistics, How do you proposs to oxplain physically
tho hypothosis of the coming of a particlo in the phoso-cell, occupied by n particlos

Y



STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955

Parers IV axD \ : Gexerics (THEORETICAL) .

Time t 4 Hours Full Marka : 100

N.B. (a) Attempt ANY FIVE questions.
(b) Al questions carry equal marks.
(o) Use of calculating machines is pormitted.

1. The following scgruéulionn wore obsorved of tho rucossive fuctor ivury ax
opposod to yollow in tho Bower colour of the plant antirrhinum majus.

Backcrosa  Family  Yellow Ivory
No.

' familics
(Tix i) 1 33 12
38 23
3 27 15

Fy (Four yellow plants from each of familics 1 and 2 above wers solf pollinated
and gavo). :

Family No.  Yollow Ivory ¢
la 27 2
2a 15 12
3a 24 8
4a 25 ]
2u 44 16
2b 21 7
2 23 7
2d 22 [

Show whother the joint segregation diengreos with simple oxpocloii;)n from
a singlo gone pair with yollow completely dominant ovor ivory. ’

To t for the significant discrepancy from the simplo expoctation that
would bo revealod by a proper tost, a furthor hypothosis that a recessivo lothal gono
(1) is linked with the geno for flowor colour is proposd. Xow would you proposo
to tost this hypothesis ? (Do as much numorical work as you can).

2, Explain the role of discriminant function is seloction for tho improvemont
of plants and animnls. Tlustrato your anawer with s concrote case, showing the typo
of data required and tho mothod of their analysis.

Explain any casos of actual apﬁlicnlion of the discriminant function for this
purpose and the broad conclusions reached there regarding the efficiency of this techni-
que. T
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3. In »n exporiment to study of quantitative oharacter (abdomina) chactas
number) in drosophila, cultures were raisod of two parontal atrains O and B, their F,
and F, and biparental progenica from Fy. Each culturo was raised in a scparato
bottlo, Thore wero fivé oultures of ench paront atrain and of the Fy, twelvo of Fy
and thirtyono biparental progenics cach in its own bottle. Tho following statistica
woro caloulatod from tho obsorvations made on the flica:

Varianco of Fy

Mean variance within biparental progenica

Covariancoe botweon F, paronts and thoir biparenta! progonios
Varianco of bipnmnlni progony means

Variance within bottlea

with each paront and Fy
Varianco betwoon bottles

Explain tho proceduro for estimating fixable and non-fixablo compononts
of horitablo varintion and tho non-heritablo variation from the abovo statistica. Explain-
also how tho data can bo used to dotect possiblo linkago among gencs controllinig thia
character. .

4. Doscribe Bornsteins’ mothod of estimation of gone frequenciea as applied to
tho ABO blood group system in man. Compare it with the method of maximum likeli-
hood. '

. In a random sample of the B[iliuh population the following phenotypio dis-
tribution was obsorved for this character:
Blood Group o A B AB
Froquoncy 202 179 35 oLe

Illustrate your answor with tho help of thoso data. (Do an much numerical work as
you can). :

5. ‘Any Fy contains twico as much information about the recombination fraction
as o backeross, but tho limitations of classification rosult in & cortain Jose which in the
caso of complotely dominant gonos in close repulsion may smount to 8n extremely
Iargo proportion of the wholo.” .

Explain the concept of information and on that basis discuss the abovo atate.
mont critically. -

8. Commeont on the following statomont: ‘In estimating linkage, whon linkage
is close, progenica obtained by sc)f-furtilizing heterozygotea in coupling ono of nearly
oquivalent value with backeross progonica. Tho advantagoe of the lottor in that case
lies in tho oppartunity it affords of oliminating and of ovaluating differontial viability
and of doteoting any difforence thore may be in tho recombination {raction in tho male
and femalo gama to gonesis’.

7. A stock of plants initinlly consisted of p, of the type A4, ¢, of the type da
and y, of tho typo aa, {po+go+Yo=1). With continuod solf-fortilisation, what will
theso proportions be after n gonorations? What will the approximate proportions
bo if n is at all largo?
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8. In the auto tetraploid spacivs Lythrum salioarin plants with throo typos of
flowors, with a long styls, with a medium stylo and with a short style, occur. The
factor for mid is M which is absent in the Long plants, the genotypo for the latter being
ropresentod by my.  The fuctor for short is S and all Long and Mid gonolyp;n havo their .
countorparts in tho short plants. Tho frequoncics of difforont gonotypes in & popula.
tion of L. Salicaria aro shown below :—

m, Mmy Mymy Mym M,
b 4 d’ e
] a’
long Mid
b I3 d e
s a
Short

Portilization is possible only among unlike phonotypes. In tho gamotic output a
fraction & will bo produced by a process known as doublo reduction. Thoso gamotes
consist of two homologous genes or duplicates derived from gonea on sister moiotio
chromatids. Express tho relative gonotypio and phenotypic composition of the next
gonoration in terms of the initial froquoncics and a. -

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955
Parens IV AND V ¢ SawrLe SurvEYs—TnREORY (THEORFTICAL)
Timo : 4 Hours Full Marks: 100

N.B. (a) Attempt ANY TWO questions from each group.
(b) Figures in the margin indicate full marks.

Grovr A

1. '(a) Explain undor what circumstancos biasos may be introduced in the esti-
matos by (i) sclection of units t to domly seloctod points, (ii) substitution
of one random houschold by another randomly sclocted ono. '

(b) It is desired to cstimalo tho ‘total population’ (to be suitably defined)
of an urban arca from a eamplo of houses by collecting information about housohold
sizo for all tho housoholds occupying the sample houses, the survoy being conductod
ovor a period of ono woek. Examinoe critically as to which of the following is preforable :
houschold size being defined ns the total number of persons who have passod (i) the

night provious to the date of enquiry in the premiscs pied by the h hold, or
(ii) st loast four nights out of the last soven nights. Can you auggest any bottor dofini
tion ? (30

2. What items of information would you colloct from each sample houschold
in & two-atago stratified sampling schomo (with towns and villages as first-stage unita
and houscholds as socond-stage onos) in ordor to obtain an estimate of the total number

20 -



of agricultural holdings jointly operated by two or moro houscholds, for a given Stato,
What difference would it mako if you leavo out tho towns ! Alxo eatublish the formula
which you will use in estimtuting the S.IE. of your estimate.  (Tho dotails of the sample
design aro at your choice). . - . (30)

3. It is desired to carry out this year a sample survey in tho rural arcas of India
with the following sampling structuro: A two-atago stratificd achemo with districts
aa strata, a fixed number of samplo villngea per dintrict scleoted with replacemont with
probnbility proportional to population (1951) and thon a sample of houschold from
the solected villages, the list of houscholds being conatructed by the investigator imme-
dintely before the enquiry proper. It ia considered doairablo for operational eon-
venioneo if the investigator is asked to draw a aystematic samplo of houscholds, the
random start and sampling interval being aleeady given to him. In what manner
will you fix theso two (sampling interval and random start) so that a sclf-weighting
samplo may be obtained ' Do you think an exact self-weighting scheme can bo avelvoed ?
Also oxplnin how you will catimato the S.E. of an cxtimated total from your dala.

(30)

Group B -

4. \Write a note on the method of double unipling (1) with mgmnaior_l catimalos
or (2) with stratification, dealing particularly with the problem of optimum alloca-
o tion. (20)

5. Writo a note on optimal allocation of samplo in a stratified simplo random
ling sch when population totals of moro than ono variate ars to be estimated.

Rosmct yourself to lho caso of minimisation of coat when the population totals are
degired to bo catimated with givon precision. {20}

8 \Write notes on:— . . (20)
{a) Bias of a ratio estimato
(b} Varianco of a double ratio estimate,

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
Parens IV AND V : SaurLr Svrvevs—ArprLIED (THRONETICAL)
Timo : 4 Houra Full Marka: 100

N.B. (a) Attempt ANY FIVE questions.
(b) All questiona carry oqual marks.

1. (n) Discuss the likely dofects in o ‘framo’ used for a samplo survey.
(b) Describo suitablo ‘framea® for snmplo surveys :
(i) for a study of the agricultural holdings in tho rural arcas of India, and (ii) for csti.
mating tho yicld per acro of wheat in any state of India,
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.2, Describo the use of punched.card mothoda for the analywis of data of a largo-

azalo samplo survey, oxplaining the functiona of the different machines in any of tho

system—Illollerith, IMB, and Powera Samaas,
" n

3. Discuss the problem of controlling the numnorical accuracy in the analynis’
of data of Inrgo-scalo samplo surveys by the method of duplicato computation and
othor guitablo methods.

4. Discuss tho problema of organiaation, sclection, training and supervision of the
atora for conducting a plo survey of public health in the rural aroas of your

State,

5. A large- scalo samplo aurvey haa to be undertaken for estimating thoe acroago
under whent in o atuto of India using squarcshaped samplo units locatod randomly:
the primary enumeration will, however, bo mude not direetly for the samplo units, but
for smaller-sized revenue plots.  Deseribo clearly in thia connection (i) how tho sample-
units will bo located randomly first on maps of differont scales and then on the ground,
{ii) how tho actual enumcration will be made, and (iii) how the primary data will bo
converted to roadings for snmplo-unita considering the cnses when revenuo plota lics
cithor partly or wholly inside any samplo-unit.

8. Discuss the following statement quoted from thoe ‘Final Report of the National
Income Committoe, February 1934'—issued by the Department of Feonomic Affairs,
)hnu!ry of Financo, Government of India :

‘Within tho last decade crop-cutting experimenta of the Indian Councll of
,(griculluml Research (ICAR) and the Indian Statistical Inatitute havo mado con-
niderablo progreas and now (i.e., in 1952-53) for tho najor cereal crops of rico and wheat,
yiold estimates aro mado as a result ol‘ ICAR crop- cuumg oxpenmenu over bulk of
tho arca under theso erops.’ :

Also deseribo briefly the present position in India mgnrdmg the crop-cutting
survoys for tho major commercial eropa.

7. Discuss how you will conducl [ pnlot. survoy for colloc'.mg mle\nnt informa.
tion on cost and vorinnes functions, to enable you later to plan fumily budget inquiry
in & large city in India on a samplo baais,

8. (s} Consider tho problem of counting the number of peopls in a crowded
stroet by any sampling method. (Tho people are, of coirse, moving).

(b) Discuss tho morits (and demorita) of aerinl aurvey photographa as n ‘framo®
for agricultural and land utilisation aurveys.
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STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955

o ParerslIV aND V : Desiov o.r EXPERIMENTS—AFPLIED
{TUEORETIOAL)
Time : 4 Hours . Full Marks : 100
N.B. (n) Attompt ANY FIVE questions,
(b) ANl questions carry oqual marks,
(c) Use of calculating machines iy not pormitted.

1. Devulop the principls of analysis of Latin squure designs fur‘cu(imnting treat.
ment offects and testing thoir difforonco. Enumcrato the udvantnges and disadvant.
ages of the Lutin Square design.

2, Show that in a fuctorinl design of tho 33 typo, the 20 d.f. for trentment com.
purisons can bo partitioned into 13 mutually indupondcnz sota of 2 d.f. Show how
to arrango tho experiment and to unalyso the data when 4 replications are availablo
and the scta of 3-fuctor intoractions aro partially confounded.

3. For testing the differenco botweon 4 troatmonta (¢, £3, ¢3, ;) tho lay-out waa
in blocks of two treatments as follows with rundomisation within each block :—

Replication ! Replication 2 Replication 3
4 1] 1y I R ]
M h 4 N ts ] ts
—_— . ’

The wholo sot of the three roplications was repoatod 10 times giving altogethor 30
replications, Givo™a plan. for the analysis of tho corresponding yiold data, and cal-
culato the officioncy of this dosign rolative to a rundomised block deaign with the same
experimental units.  Docs tho officiency change if inter-block information is also taken
into account ?
4. In a varictal experiment with 8 variotica (1, 2,....,'8) a devign is constructed

using 8 blocks of size 3 aa follows: ! !

(124), (167), (135), (238), (378), (468), (230) and (437)
Find out tho puramecter of tho design and dovelop, in genoral terma a method
of caleuluting varictal (,\ﬂ'ucll climinating tho effoct of blocks.

5, Supposo the ¢ treatments are tested on a randowm samnplo of v varicties in
randomised blocks of » plota wing r blocks, and that tho yields Yy of the plot ijk
(3= block number, j wm treatment nutnbor, k'= varioty number) may bo expressed
in usual notations by the modol ’

PR Leoe .
YypmbB+bity o+ y+ear
Explain the nature of the terms, involved in tho modcl and tho relationship
between them, if any,  Exhibit tho structuro of the analysis of variance with expocta.
tion of tho moan syuares specifying tho conditiona under which the ‘intoraction’ or
tho ‘error’ sum of squarcs should bo used in tho test of significance for variotal differ-
oncos. —— —
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6. Bring out the essontial foatures of the analysis of covariance tochniqus and
ita practical uscfulnces in agronomic experiments,
7. Write short notes on any two of the following :.
(a) Latin aquaro design with 1 missing plot,
(b) Split-plot design,
(o) Porennial crop oxperimont,
(d) Additivity of the sum of equares in Analysis of Variance.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 19553

Parers IV AND Vi DEstaX o EXPERINENTS—CONSTRUCTION op DEesroxs
(THEORETICAL)
Time : 4 Hours Full Marka : 100
N.B. (a) Attempt ANY FIVE questions.
(b) All quoations carry equal marks.

1. Show that in a symmetrical foctorial design involving four factors cach at
# lovels and in which each roplication ia laid out in blocks of 2-plots, & complete balanco
over the three-fuctor i ions can be. achioved 7

d in (#~1)2 replications,

2, Give an t of the principles of fractional replication of a 2# factorial
ox.perimont. What is tho smallcat fraction to which ono can go if the main effects
and two factor intoractions aro not to bo confounded ?

3. Describo a method of constructing the hypercubo (m, o, ¢, d), Illustrate the
mothod for the hypercube (4,3.3,3). ’

4. Give a mothod of constructing the serics of balanced incomplete block designs
having the parameters:—

' om6i+), b=uft+]), y=dt, k=4, A2 whero 60+1]
is o primo or power of & prime. * Illustrnte the mothod for the case t =< 3.

5. Show that affinine resolvablo incomplete block designs for which b = p4r—1
aro always balanced.

6. Explain the paramotors of the first and socond kind of p.b.i.b. designs and
prove the relationships among them. Show that from every p.b.i.b, design having
k>2, p.b.i.b. design with k = 2 and r&(v—~1) can be constructed.

7. Show that for evory two.nasociate p.b.i.b, design for which <L, tho follows
ing condition should hold good :—

{r=A)r=22)+ 0y =2a){r=Apfa — (r—Ap)p}y) =0
Vorify this in tho caso of the simple square lattice, .

8. Define the group divisible typo of p.b.i.b, designs having two iate classos,
8how that there aro throo sub-typos among them satisflying one or the other of the
following conditions :—

(8) P=)y 'L'—vx;>0

B) r>Nirk=vAg=0

e} P>ANirk—oay3>0

What is tho conncction botween this design and the confounded dosign for
the asymmotrical factorial experimont involving two factors ? '




STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
Parens VIII axp IX ¢ Ecovomio Statistics (PRACTICAL)
Timo : 4 Hours Full Marks : 100

N.B. (a) Attempt Quostion No, 1 and ANY TWO of tho rost.
(b) Use of culoulating machines is pormitted.

1. Averago monthly exponditure por housohold in 1951 on food articles in the
rural arons of North India and tho pricos of theso articloa in 1051 and in Soptember
1054 aro given bolow :

Exp. por Pricoa per Scor in Rs,
Ce litiod 'y 14

in 1051 1951 Septembor
(Rs.) 1934
Food grain 63.27 .40 A5
Pulses 7.1 .43 .38
Ediblo Oil 4.07 2.12 1.50
Vegotablos 2.19 44 42
Milk 4.80 .15 .62
Moat and fish 1.41 1.50 1.62
Fruits 0.3¢ 1.60 1.50
Salt 0.56 .07 .07
Spocies 2.23 2.40 2.00
Sugar 4.468 .70 W15

Caleulato & suitablo indox showing the chango in food prics in Soptomber 1954
compared to 1051, . R

2. Calculate tho ! index and on the 1 variation, if there
is any, for the following sories showng monthly raisings of coal {in lakh tons) in India
during 1846-52. !

Year . 1946 1047 1948 1049 1030 1951 1852
Month

January 15.5 18.4 18.8 186.3 217 21.0
Fobruary 17.3 20.0 21.0 18.9  22.8 23.6
March 18.0 20.0 18.8 10.2 22.4 22.8
April 17.0 18.1 18.5 18.68 22.4 21.4
May 18.0 18.2 18.2 17.8 20.5 21.2
Juno 18.4 18.3 18.8 17.5 10.7 10.8 .
July 14.8 15.8 14.7 17.9 18.6 20.9
August 15.3 13.9 15.6 17.0 20.2 20.5
Soptombor T17.2 18.3 17.8 21.3 23.7 23.1
chobor 17.0 16.6 16.4 19.4 18.4 22.4
Novombor 15.7 17.1 12,8 16.8 10.4 21.4
Decombor 18.0 18.1 16.2 21.8 22.3 22.9
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3. Distribution of porsons by per eapita monthly tncome and percontago consump-
tion of coroals in differont groups are given bolow for rural and urban aroas of Wost
Bongal.

Number of porsona Consumption of corcals
Por Capila (thousand) p.o.)
incomo (Rs.)
Rural * Urban Rural Urban
1— 7 463 61 2.64 0.86
8—10 015 38 5.22 0.29
11—-13 1008 151 8.26 2.08
14—16 2320 387 13.23 5.05
17—19 1688 475 9.51 5.43
20—24 2320 012 13.28 9,47
25—29 2855 1200 18.28 15.71
30—39 2996 802 17.09 12.61
40—19 . 1360 008 7.79 10.85
50 and above 1520 1022 8.70 317.05
Draw Loronz ourvo showing the tration of ption of cercals and study

thoe difforence botween rural and urban arcas, if thore is any.

4. Tho following tablo gives por capita annual exponditure in 1055.56 (ns osti-
mated) and the incomo elasticitios of various itoms in urban India.

Item Por Capita  Incomo ‘

Exp. (Rs.) olasticity
Food grain 82.28 0.52

Pulspa = 12.84 0.74 .
Vegotablea 14.02 0.75
Milk and milk producta  368.00 1.35
Moat, egg and fish 12.84 1.02
Sugar 11.32 0.03
Tobacco 1.72 0.77
Clothing 24.44 0.89
Footwoar 2,58 1.00
Fuol and light ~ 25.72 0.73
Education 9.12 1.63
Modicine 11.04 1.52
Amusemont 4.08 1.24
Conveyance 0.60 1.20
Coromoniats 23.02 1.49

Assuming that income will riso by 5 por cent in cach year of the poriod 1956.-57 to
1500-81, calculato the total exponditures on the abovo itoms in thoso five yoars in tho
urban arca. Tho urban population in 1956-57 may bo takon os 6.75 croros and a rise
of 1.50 per cont per yoar may bo assumod.

.28



STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955
Parens \’]ll AND IX @ ViTAL STATISTICS AND Pgruu-rlox STUDIFS (PraCTICAL) .
Time : 4 Yours : Full Marks: 100

N.B. (a) Attompt ANY TWO quostions.
{b) All quostions carry equal marks.
(c) Uso of calculating machinos is permittod.
(d) Consus of India, Papor No. 2, 1054, Lifo Tablos, 1951 Consus will bo pro-
vided for uso at the examination.

1* Tho Wage distribution of the Indian fomale population aecording to the 1951
Consua {correoted for onumeration bias) is given below.  Assuming the Lifo Tablo of
1041-30 and an annunl number of 7 million fomale births to opcrato conlinui\lly. thore
boing no migration, caloulate tho femalo population in 1081 bolow 100 yoars of age by
quinquonnial ago groups.

Ago No. in 00's Ago . No. in 00’

0— 4 T 237,008 40—44 . 89,264
5— 0 223,504 43—49 © 74,887
10—14 105,810 50—54 61,161
15—19 - 174,229 5550 48,477
20—24 . 157,670 60—84 36,630
2529 141,624 065—69 24,767
30—34 124,200 70 3,689

- 3539 105,865 Rooidsnl 36,477

’ 7

1,735,120

2. Using appropriate formulao for interpolation, work out from tho data given
under Quoetion 1, tho Indian fomale population at individual ages 0, 2 oto., to 9 in
1951, .

3. A group of 382 married womon whoso ago at survoy was 33 years or below
bad given birth to 876 livo childron. Those women aro classified in Tuble T ting
to thoir agos at survey and ago ot marriago. Tho births aro ¢lassified in Table II
according to the ago of the mothor at tho timo of birth.

Tho poriod of exposure during which a live birth could occur ia givon by the
following schomo for cach ago starting from tho age at marrings donoted by z to the
ago at aurvoy. (It is assumod that a live birth cannot oceur within 9 montha of
marriago) t—

Exposure at age 2 is zoro for women agod = et survey and ¢y yoars for womon aged
z+1 or more at survoy ’

1 2
Exposure ot age z+1 is 383 Years for womon aged 241 at survoy and :-’T:,,yonn for

womon agod x4 or more at survoy. ... __
127,



Exposure at ago 2+ is } yoar for womon agod z 44 at survoy and 1 yoar for womonA
aged z+¢+1 at_survoy, for ¢ = 2,3, oto.
Show how the risk of having a livo birth varica with the ago of the wamen by
ealeulating tho number of liva birth for 100 years of exposuro for oach ago botweon
17 and 33 yonrs. .

Tante I : FreEQuENCY TABLE OF \WOMEN'S AGE AT BURVEY AND AGE
AT MARRIAGE

Ago at survoy

Marringo at ago Total
16 17 18 19 20 21 22 23 24 25 26 27 238 29 30 31 32 33

16 4 31011101 % 5101 8 714 5 3 51710 154

17 2 6 41310 7 058 907 766 713 2 104

18 814121418 7 6 6 7 6 6 510 4 0 3 124

Total 4 5242036 35322121 26222026 1620102015 382

TabrE II : NUMDBER OP LIVE BIRTHS ACCORDING TO THE AGE OF THE
MOTIIER AT DIRTUH OF CIILD

Ago of mothor 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 Total
No. of Livo Births 66 05 128 100 76 70 40 63 34 31 24 211610 8 4 2 788

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955 .
Parens VIII axp IX : STATISTICAL QUALITY CONTROL (PRACTICAL)
Time : 4 Hours Full Marka: 100

N.B. (a) Attompt ANY THREE quostions.

(b) All questions earry oqual marks.
(c) Uso of calculating machincs is pormitted.

1. The following tablo gives tho avorages and ranges of sub-groupa of size 4 of

tont ds of copper content in 1 brass shocta,
Subgroup Average  Rango Subgroup Averago  Rango
No. No.
1 11.10 0.8 16 11.45 1.3
2 11.70 1.2 17 11.55 1.8
3 11.35 1.0 18 0.98 0.9
4 11,25 1.0 19 10.78 1.2
5 11.40 2.0 20 11.23 0.7
8 11.00 0.8 21 10.93 1.7
1 11.20 1.0 22 11.50 2.7
8 11.35 1.2 23 10.78 0.7
9 11.50 2.0 24 10.95 1.1
10 10.88 1.1 25 11.48 2.9
11 10.88 1.0 26 10.80 0.4
12 11.53 1.2 27 12.20 2.0
13 11.13 0.8 28 11.88 1.5
14 n.28 1.0 20 11.23 0.8
15 17.00 0.8 30 11.30 0.6
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Test if tho process is undor statistical control. e

A minimum of  por cont in any sheot is the markot npoaﬁcnuon of this
charactoristic. Excess of 0.1 per cent results in a loss of Rs. 8000/- per annum to tho
factory. F.)stimn(o how wmuch saving can be effectod by maintaining statistical
oontrol at a proper lovel 80 as to satisfy tho wmarket gpocification.

2. A brand of bricks ia statisticully controllod with sverago crushing strongth
at 28 tons and S.D. as 4 tons. A consumer is willing to run a risk of 5 por cent of recoiv.
ing lots of cocfMicicnt of variation, Vo » 0.2. Tho producor wishes to run no greator
risk than 1 por-cont of having lota rejocted. How many bricka ahould bo teated and*
what is tho coofficiont of varintion v which divides tho acceptablo from unacceptabls
lots t I

3. A ives batches containing 10,000 components oach, Generally
0 out of 10 batches aro freo from dofects, and 1 out of 10 batches contains 20 per cont
defoctives, If 20 per cont defective batch is acceptod, the loss incurred by putting
tho defectivo components on production lino is Rupees 3000 for 10 batches. If tho
inspoction cost is half anna por itom, find the number of itoma inspoctod per bhatch
to minimiso tho total of inspection costs and consumer costs. It is assumed that
Acceptanco number is zero. .

4. Obscrvations woro taken simultancously on 3 machines expected to giu
similar production. The following table gives tho avorages and ranges for nnmploa

of aizo 4. . \
o o Macine I Machine I1 Machine III .
No. X R X R X R
1 615 L& 45.0 5.0 45.7 3.0
2 46.8 12,5 48.1 - 9.0 416 4.0
3 468 6.5 3.4 1.0 4.4 " 5.5..
4 441 30 4.1 1.0 6.4 4.5
5 436 8.5 2.7 8.0 2.7 4.0
6 457 5.5 43.1 1.5 3.4 6.0
7 454 5.5 .2 38 420 5.0
8 440 3.5 4.8 4.5 4.0 6.5
9 41.8 4.5 41.2° 3.5 4.6 3.0
10 437 6.6 a.2 35 46.0 2.0
11 438 4.0 42.8 5.5 420 1.5
12 428 1.5 2.6 5.0 4.0 6.0
13 40.1 4.0 30.4 2.0 0.4 2.6
14 4.1 5.5 0.5 6.5 4.2 _ 56
15 44 4 A9 36 4.1 " 3.5
18 421 4.0 .6 3.0. 5.6 3.5
J1 428 4o 2.7 6.0 4.7 35
18 41.5 5.0 4.0 6.5 4.5 1.5
19 441 5.0 48.9 3.5 4.4 5.0
20 46.9 - 8.5 4.9 8.5 471 6.0
21 450 4.5 “47.0 6.8 7.1 8.0
22 440 6.9 6.9 2.8 6.4 5.0




Tho sums and sums of squaros for all the 83 obsorvations on each machino are given
below »—
. '

. sx sz . .
Mot 3835.0 172520.0 ' °
Mo I1 3808.5 165743.25

M/o ITI 3863.0 " 170208.75

Analyso the data by (1) control chart method and (2) Analysis of variance
maothods and di fully the tusi arrived at in both cases.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST, 1955

Parers VIII axp IX : MATHEMATICAL THEORY Or SAMPLING DISTRIDUTIONS
(PracricaL) .

Time 1 ¢ Hours ’ Full Marka : 100
Y.B. (a) Attempt ANY TWO questions. ’
-~ '(b) All quostions carry equal marks.
{c) Use of calculating machinos is pormitted.

1. Take 15 random eamples of 5 obsér-vmionn (z) each from a normal population
with mean # = 1 and 6.d.¢ =1. Calculate for each sample the statistio

; o=
) .o .8

where z and ¢ are the mean and etandard deviation,
Compare the mean valuo of 1* with its thooretical valuo given by

(F)

)

» in the prosont caso boing 4.

2, Using a tablo of random numbers and Biometrika Table Vol. I (Table 7),
obtain a sample of 20 from & 23 population defined by °

B (zt)s
v M- M
pl=?) —”m)_ _

Find bow ma;:y in the samplo excond the 20 per cont point on this distribution.
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3, -Fiftoon obsorvations on (2.y.t) are givon bolow:

x V. z
. 40 1) 4
34 13 30
390 25 33
40 22 7
38 13 27
30 - 18 15
37 14 25
38 24 31
24 18 28
34 20 30
41 32 35
35 18 23
38 18 21
38 13 30
41 33 39

Under tho Hypothesis Az = 35, Ay = 15, #; = 25,

caleulate Hotollings’ T .

Find tho probability of obtaining a veluo of T1 equal to or greater than this observed
value.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1855
© " Parers VIII anp IX : DProBrr ANALYSIS (PRACTICAL)

Time : 4 Hours . Full Marks : 100

N.B. (a) Attompt Quostion 1 and either Question 2 or Question 3.
(b) Figures in the margin indicato full marks.
(c) Uso of cnlculating machines is permitted.
(d) Spocial crodit will bo given for ncat graphs and tabular arrangemont of
computations. _ e
1. With the logarithm (bass 10) of the concentration in gm/co as doso mota-
noter, the regression oquation of the probit (¥) of the percontago killed on the dose
metameter (X) for two insecticidea A and B aro e follows :—

A: Y = 4.213540.7256X
B: Y = 4.578840.7250X
The actions of the two insocticides aro sirailar in tho scnas that in a mixture
of tho Lwo, ono acta merely ns a dilution of the other. "
Draw a graph from which one can read tho pereentngoe of insocts killed when
s dilution of A gmsj/c.c. of o mixture of A and B in tho ratio 1 : r is used for value of
A and r in tho rangea A = 1 to 25 and r = | to 10, (10)
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2. The following table gives the rosulta of a biological nssay to examino the
offocts of an insccticido at different lovols of concentration. Using tho logarithm of
the concontration as doso motamoter cstimato the paramoters of tho toleranco dis-
tribution. . . {60)

What concentration of this fesocticide would you proscribo to onsuro an average
kill of 90 per cent in a largo batch of insocts with a natural morality rato of 20 por cont?

Number of insocts

C tration
gm/litro Teated Killod
)] (2) (3)
Control 100 12
3.03 100 217
5.47 100 33
8.65 100 49
13.39 100 83
21.74 100 81
43.13 100 80

3. To exomino the nature of the (all off with distance in the blast effect of explo-
sive charges an oxperiment was carried out as follows :—

A given woight of chargo wan detonated at a cortain distance from a standard
disk of card beard and a record made of whothor the disk waa perforated or not. This °
was dono 18 timea at ench of the five distances shown in the first column of tho tablo
below and the second column shows the number of diska porforated. The samo experi-
ynent was ropeated with another churge (of the same weight) and the numbder of disks
perforatod out of 18 is given in the third column.
ol Tto probit analysis techniquea to compare the blast effects of the two charges.

(60}
: Numbor of diaks perfor-
Distanco ated out of 18
T —_—
Charge I Chargo II
m @ ®
30 2 0
43 4 4
40 10 5
kL3 10 9
30 0% 10

.'.‘2



STATISTICIAN'S DIPLO.\L\ EXAMINATION, AUGUST 1055
Parers VIII axp IX ¢ AxTumopoMeTRY (PRACTICAL)
L] .
Timo : 4 Hours . Full Marks : 100

N.B. (a) Attempt FIVE questions, question 10 boing compulsory,
(b) All questions carry oqual marks.
(c) Uso of calculating machinos ia pormitted.
1. Iimw and doseribo any two of the following instrumonts :—
Goniomotor for Attach t, Dintograph, Ostcomotric Board, Palatomotor,
Sliding Calipors.
2. Dofine the following land marka :—
Inion, Alare, Euryon, Maatoidale and Vregma.

3, Moasure tho following (the sujubct to bo providod):—
Auricular Height, Physiognomic Facind Broadth, Nosal Height, Intorocular
Brodth and Xeight Tragus,
4. Doscribo tho Frankfort Plano and indicato tho advantages of u.amg tho same
in craniomotrio study.
6. Find out the following on tho ekull (to bo supplicd) :—
Motopio Anglo and Alveolar Proflile Anglo.
8. Find out tho following indicea on the living (s-ubjnct. to bo providod) : Radio-
humoral, Ocbito-nasal, breadth-height, and nasal.

7- Moosuro the following on the skull (to bo supplied) :—
Transvorse Cranial Aro, Basio-Bregmatio hoight and Xoight of ramus.

8. It is said that man's etaturo is variable during tho duy and that tho range
is half an inch, tho maximum staturo being observablo whon the man gets up in the
morniog and the mininum whon he rotires to Lbod. How would you study the varin-
bility ?

. 9. Comparo tho Rollot and Manouvriar formula for dotormination of longths
of limb bodes to the total stature of tho sninte individual when living,

10. Two sorics of Rajputs mosaured in U.P. have tho following moan valuca :

A Mcan Standard
Doviation
Max. Head Length (151) 103°09 5172
Max, Hoad Breadth (151) 138°60 387
Max. Frontal Broadth (151) 105°85 301
B
Max, Head Longth (130) 102'68 6’63
Max. Hood Broadth (130) 138°72 523
Max. Frontal Broadth (130) 103°08 307
33



Tho pooled corrolation matrix of the throo moasuromonte is

H.L. H.B. F.B.
L. _ .543 325 R
H.B. —_ 418

F.B. —

The nuniber of individuals in sories A is 151 and in B 130,

(a) Set out all the computations led to pute the Mohalanobis D2-
statistio,

(b) Examino whothor the obsorved valuo of D3 indicates (by a test of eigni-
ficanco) a roal differonco botwoen tho two sorics of Rajputs.

(0) Calculats the porcontage error conunitted for discriminoting an obeorved
individual as bolonging to sorics A or B.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955
Parens VIII axp IX : AcToaRiAL STATISTICS (PRACTICAL)
Time : 4 Houra . Full Marks: 100

N.B. (a) Attempt Question No. 1 and ANY TWO of tho remaining questions,
{b) Figuros in the margin indicato full marks. .
(¢) Uso of calculating machines is pormitted. (d) Consus of India Paper
No. 2 of 1954 (Lifo Tablos) will bo supplicd for use at the examination,

1. Trial values of pzuiqo oro roquired for a proposed acheme of industrial insur-
unco on country-wide scale in India, on Consus 1941-50 lifo table all.India males
mortality basis, alturnatively (i) without any rating up and (ii) with lives rated up by
3 years, and uniform 2.993 por cont por annum intervat bose.

Construct tho y ation col und compute the roquired
valuos of pig: 0. Also campute tho bonus loading nocessary in the lovel promium
to provido for a uniform roversionary bonus of Rs. 10/- por Rs, 1000/- assured.  (50)

2, A corporation wishes to raiso & loun of Rs: 1,00,000/- on 1st Scptembor 1935
ropayablo in 10 yoars in oqual half-yearly instalmonts covering both principal and
intorest, tho first instalment to Lo paid on lst April 1950,

Calculate tho t of the instalmont on tho basis of 5.09 por cont nominal
rato of intorest per annum with half-yoarly rosts and brouk up tho first ton instalmonts
in principal and inlorost compononts. {25)

3. On tho banis of Consus 1941-50 lifo table, all-India males, ovaluato :—

(i) the averago future working life timo of an Indian malo at ago 20 on the
asgumptions that ho ontors work at age 20, continuca work till 2 montha beforo doath
if death oocura boforo ago 50 and 4 montha bofore doath if death occurs botwoon ages
50 and 60, finolly rotiring at agoe 60 if alive.

(ii) tho forcos of mortality at ages 30 and 50. (23)
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4. A loan of Rs. 1,00,000/- ropayablo at 103 por cent by fve levol annual pay-
monts of principnl of Re. 21,000/- each, tho first fulling duo oxactly throo yoars honco,
carrios intorest at tho rato of 5.99 por cont per annum payablo half-yoarly.

If ths wholo loan is bought now, just aftor paymont of a half-ycarly interost
instalmont, for Rs. 1,04,000/- and hold till finol redemption, what effoctive mto of
intorost will & purchasor onrn on tho wholo transaction ? (25)

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1055
Parerg VIII axp IX : StaTisTicAL MECHANICS (PRACTICAL)
Timo : 4 Hours Full Marka: 100

N.B. {a) Attompt ALL questions.
(b) All quostions carry equal marks.
(¢) Uso of oaleulating mnohines is pormitted.

1. The cquation of atato for polytropio gas is givon by
. p’ = a oonstant,
whore p = pressure, ¢ = volume, # = a suitablo constant,
Find tho bost ostimate of Y from tho following data:—
. plkglem) 0.6 1.0 1.5 2.0 2.6 3.0
v (litres) 1.62 1.00 0.75 0.62 0.52 0.46

2. Tho donsity d of air at 0° C and 760 m.m. Hg. is moasured by finding the
woight m grams of tho airin 8 oontainor having tho volume Vem? at ¢° C. and p m.m.

Hg:
-m 700( + 2'3)

Find the value, tho diaporsion (i.0., numdard orror) and tho rolativofdisporsion of d,
when )

m = 2.4875 gm. V= 080.3cm?, pe= 741,86 mm, Hg.
On = 0.0023 gm. ap = 1.3 em3, op = 0.9 mm Hg.
;=214
o = 0.3°C

(whore ¢ stands for tho standard error of tho corrosponding quantity).
35



3. The diameter D of moloculos of & gas is given by
(aka)'
RO
whoro l: = Boltymnnna constant, m = molocular mass, T = temporattire, 7 = ¢o.

officiont of viscouity. If it is desired to onlculate D to 1 por cont, compute tho allow.
able errora in k, m, T .

4. Tho nrolal hoat ¢p (in calmat; at 1 atmes) of coppor aro given for diffoont
temporatures as
T = 20% 30°%]  40% 50°k 60°k 0% 80°k
ep= 0.1 0.4 0.8 1.4 . L.0¢ 2.8 3.0

Using Planck’s formulation of Norust postulato, ealeulata approxi ly tho absolut
entropy of coppor at 300°%.

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1955

Parens VIII Anp IX: SawpLe Surveya—Tneony (Pracricavr)
Time : 4 Hours Full Marks: 100
N.B. (a) Answor either Question 1 or Quostion 2. .

(b) Uso of calculating machinos is pormitted.

1. TanLe 1

8. No.  Totnl Arca under Whent S1. No. Totnl Area under wheat

of cultis  ——— of cultie. —4m8M8 —
villagn vated 1938 1937 village vated 1936 1937.
area aron
1931 1031

1 401 76 52 18 180 45 27
2 834 183 149 19 1767 504 515
3 11904 326 289 20 004 238 249
4 1770 442 381 21 701 02 85
5 1060 254 278 22 524 247 221
[] 827 125 111 . 23 871 134 133
7 1737 559 634 24 162 131 144
8 1060 254 278 25 407 129 103
9 360 101 112 20 5 192 179
10 - 946 359 355 27 845 663 330
11 470 109 99 28 1016 236 219
12 10 481 498 29 184 73 62
13 827 125 111 30 282 82 70
14 90 8 8 31 194 71 80
15 1304 427 309 32 439 137 100
16 377 78 0 33, 854 198 141
17 259 78 105 : 3t 824 235 265
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Tablo 1 above shows tho total cultivated area in 1931 as also aroa undor whoat in two
consocutivo yoars 1036 ond 1037 for a sumplo of 34 villnges in Lucknow sub.division,
Tho villagea woro scloctod with replacoment with probability proportional to cultivated
arcn (1931). Tho total cultivated arca in 1931 and tho total aroa under wheat in 1938
for all tho 170 villages in this sub-division wero known to be 78,010 and 21,288 acrea
respoctively, Estimato the arca under whoat ih 1837 by three suitablo methods and
calculato their respectivo standard errors. Comment on their relative efficiency.

2, (a) You are provided with tho 1951 census handbooks of four districta, ' Draw
a random aamplo of 30 villages from the region constituted by the throo lurgest (as
regards populntion) districts. Male the beat use of this acloction if you aro now asked
to chango over to a sclection of the villages from the entire covered by all the four
given districta.  (Try to uso as labour saving a methed as you can think of : and put
down clearly with full dotails tho various steps you take for this purpose Do NOT
write anything on the Consus Handbooks).
(b) The following ‘table shows the distribution of the No.. pf saw-mills in
various production size groups in tho year 1042, Tho total production and the atag-
dard doviation of the production within each group are also shown.

Stra.  Production No. of Total Standard
tum Class Mills - Productions Devintion
No. (M. 6d. ft.) {M. éd. f.)

1 5000 and ovor 538 5,934,000 9,023

2 1000—1909 4,156 8,464,000 L159

3 Undor 1000 30,064 6,311,000 300

Find tho optimum allocation of a sample of 2,500 mills for estimating the
total production of all the mills. Calculate also the snmpling variance for optimum
allocation, )

) Also, with roforonco to tho above data examine by means of suitable numerical
calculations aa to how far it is truo that the uso of approximate values of the standard
dovintions (ns ia common in practice) in arriving at the ‘optimum’ allocstion ia not
likely to substantially incroass the sampling varianco over that attdinablo if the true
dovistiona were really known. i
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STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1033
Parera VIII axp IX : Sawrre Sunvevs—ArprLiep (Practicary

N.B. (a) Attempt ANY THREE questions,
(b) All questionsa carry equal marks.
(o) Uso of oalculating machinea is pormitted.
{d) Mathematical or Statistical Tablos will be aupplied as domanded.

Time : 4 Hours ' Full Marks : 100

1. Supposo that you have to conduct a sumplo survoy of tho conditions of living
and study of the collego studonta in a largo city of India. A ton por cent random sample
of the studonts from each collego in that city has to be drawn.

(a) \Vnus (lown auitablo instructiona for tho onumerators oxplaining the use
of ‘rand pling bors® for solecting a samplo of atudents from each collego
rogistor,

{b) Draw up a questionnaire for this enquiry.
(Tho quostionnaire and the instructions aro te ho given in English).

2. With the help of ‘random anmpling numbera’ draw random samples, onch
of aizo 5, from tho following four theoretieal populationa :—

(a) univariate population with the following prohability density function
(Cauchy's distribution):

1y
=) =) nm—_n:

whoro the variato £ ranges from — a to + a, and tho paramoters x=3.8 mchoa and
A = —32.1 inches.

(b) A bivariate normal population in which tho means of tho two variates,
z and y, aro respoctivoly 68 inches and 170 pounds, tho standard doviations of z and
y aro rospoctivoly 3 inchos and 7 pounds, and tho corrolation cocflicient (botweon z
aad y) p is zoro,
.2 (c) Same aa tho population in (b), excepting the valuo of p, which is +1.
{d) Sumo as tho population in (b), excepting the valuo of p, which ia —1,

3. (a) With tho help of ‘random sampling numbers’ construct s soquonco of
longth 160 out of tho throo lottors, A,B and C occurring with probabilitics proportional
to 3, 3 and 2 respoctivoly. (By 'longth’ of & soquence is moant tho number of times
tho lotters oceur in it, 6.g., BACCABACBC has a longth = 10).

{b) Mako a statistical test comparing tho obacrved froquoncics of occurrence
of A, B and C with thoir expected froq ios in the soq constructod by you in
(a) above.

(¢) Broak up the soquonco constructed by you in (a) above into 80 paoira of
adjacont lottors. (For examploe, BACCABACBC is to bo rogarded as BA, CC, AB,
AC, BC).
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Mako a statistical test comparing the obsorved froquencies of oceurrenco of
tho nino poesible combinations {AA, AB, AC, BA, BB, otc.) with their oxpected fre-
quencies.

4. l.nt. us donoto by N;, n{ and g the population sizo, the samplo size and tho
standard doviation respoctively in the i-th stratum for a stratified samplo; tho lotal
population sire, TN 18 denotod by N, and tho total sawnplo aizo, Xnq  in denoted by n.
Tho sampling variance V of tho final catimate, and I, tho total cost incurred in tho
sampling survoy, ero given by

Vo= 5 = (NitetIn)

and W =a+Ibini. .
Tho numerical valuce of tho conatants arv given below :—

Stratum No. Ny L} &
1]

Kilograma Re. As.

1 37800 28.5 3 8

2 52600 18.8 212

3 82000 27.8 2 4

4 41600 21.2 30

5 28800 18.8 2 8
a = Rs. 500, K = Rs. 10000

(a) Find out tho cptimum vulues of »'s and tho corresponding valuo of V.

(b) With the samo total samplo-sizo n a1 in (a) above wark out the oplimum
values of n; and the corresponding Vi nusuming that b has the same value in all tho
fivo sirata,

(c) With the samo total samplo-sizo n 6s in (a) sbove work out the value of
Vif tho ni's aro taken to be proportionnl to Ny's only.
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STATISTICLIAN'S DIPLOMA EXAMINATION, AUGUST 1055 -
Parers VIII Axp IX : DisioN or EXPERIMENTS—APPLIED (Pm\cn:n)
Timo 1 4 Ioura ] ' ) Full Marks: 100

N.B. (») Attermpt ANY THREE questions.
{b) All quoetions carry oqual marks.
(c) Uso of calculating machince is permittod.

1. Tho data in tho tablo below aro grain and straw yiolds for 8 mannurial treat.
ments and 8 roplications of esch (the grain js shown in brackots).

Treat- Block DBlock  Block  Block Dlock  Block  Block  Block
monts 1 2 3 4 5 8 17 8

242(620) 321(646) 261(681) 317(644) 255(706) 331(613) 216(552) 205(126)
267(644) 382(743) 201(542) 316(711) 280(705) 283(637) 200(543) 309(646)
215(523) 330(713) 298(686) 381(688) 300(802) 204(612) 256(635) 284(748)
212(601) 292(693) 265(385) 255(714) 238(699) 300(697) 283(701) 324(746)
322(664) 370(G03) 284(666) 323(518) 232(658) 393(663) 351(657) 363(€33)
200(514) 261(637) 250(697) 361(710) 234(833) 258(595) 306(697) 376(713)
260(550) 318(708) 266(863) 340(873) 362(671) 400({826) 276(655) 383(¢71)
203(521) 275(661) 207(394) 331(730) 220(625) 266(644) 276(745) 328(T47)

W e WD S e

Test tho significanco of tho gain yields adjusted for the etraw, woight. From
the roeults obtained and from other characteristics of tho data decide as to the suitability
of straw yicld for tho adjustment of grain yields.

2, Tho tablo below gives tho yiclds of onta in bushels per acro in a simple htum

oxperiment, with 23 variotics and 2 replications.

Roplicate Vorioty 11 12 13 I 15 21 22 233 24 25
1 Yiold  50.8 83.2 50.3 13.0 0.2 66.5 41.6 70.6 45.3 83.8

Varioty 31 2 3 34 3B 4l 42 43 43
Yield 69.4 71.0 59.1 39.7 64.2 82.8 50.6 67.3 51.3 82.1

Varioty 51 52 53 &4 [
Yiold 68,1 72.3 @3.7 46.7 19.7

Replicato Varioty 11 21 31 41 51 12 22 32 42 &2
2 Yiold 65.4 88.4 75.4 04.8 32.1 07.7 50.8 68.1 48.5 70.6

Varioty 13 23 3 83 8 4 24 3 4G
Yiold 00.0 06.8 S590.6 34.3 73.3 58.1 60.0 49.4 70.0 46.3

Varioty 15 25 35 45 &5
Yiold 40.6 62.7 7.2 B2.7 69.7

Annlyoo the dota nd find the corroction to the varioty totals.
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3. Tho tablo bolow givoa the ylolds of 8 variotioa in 4 replications with 1 minsing
valie ~—

Treatmonta
“Block
2 3 4 5 [}
1 18.5 15.7 16.2 .1 13.0 13.6
2 1.7 — 12.9 14.4 16.9 12.6
3 15.4 18.8 15.5 20.3 18.4 21.6
4 16.8 18.8 12.7 15.7 .8 18.6

Analyso tho data taking account of tho non-orthogonality and compare the troat.
foents 1 and 2, and 5 and 6.

4. The tablo bolow gives the yiclds of mangela (in poumh of dry matter per plot)
for a partially confounded 2 factorial exporimont on 32 plota as shown in tho table :—

Replicate 1 Roplicato 2
ab 240 b . 28.2 ) 27.5 &b 27.0
abo 29.8 a 28.2 abo 25.9 [ 30.8
(1) 30.0 bo 290.1 ac 27.4 bo 32.8
(] 30.5 a0 25.2 b 29.8 a 33.2
Roplicate 3 . Replicate 4
abo 30.2 b 31.0 1 31.7 33.5
a 32.4 ab 34.4 29.8 abo 33.2
be 3l.9 o 35.2 a0 32.5 b 35.8
(1) .6 a0 34.2 ab 20.2 o 32.4

Make an analysis of tho rosults and obtain troatment means corrected for block effect.

5. The data givon below is from a 3 X3 x.2 design of the factors A, B, C where
A represants fortilisers applied in tho row of !ur'\g trees at rates 0 Tha, 200 tba, and 400, Tbs,
B represonts no meal, tung meal (650 Ma.) and cotton scod meal (650 Ma.), C tepresents
sido dressing fortilisor with two altornatives, nono ‘and 200 Tbs. per acro respoctively,
Tho data shown (within brackots) are mean hoighta in contimotors of 12 tung

troos of on oach plot. Each replication contains 3 blocka of 6 units as shown :—

Replication 1
100(80)  200(78) 000(38)
210(86) 010(35) 110(73)
020(70) 120(82) 220(75)
201{74) 001(67) 101(78)
011(82) 111(67) 211(51)
121(86) 221(57) 021(66) ,

Replication 2
200(138) 000(43) 100(89)
010(56) 110(81) 210(87)
120(84) 220(00) 020(08)
101(93) 201(81) 001(91),

211(76) o11(81) 1111
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Replication 3

100(86) 200(73) 100(86)
010(79] . 110(76) 210(85)
220(73; 020(97) 120(101)
20197 001(116) 101(117)
111{79 211(86) 011(108)

021(113) 121(81) 221(102)
Roplication 4

200{88) 000(53) 100(81)
110(107) 210(66) 010(58)
020(70 120(02) 220(56)
10179 201(88) 001(90)
o11(92 111(109) 211(68)
221(96 021(93) 121(67)

Tha object of the experimont was to discover the typs of fortilisor that would
mmulnta carly growth so that the young troos would bo nndy for transplanting to
! orchards by early
Now analyso and intorpart the data,

STATISTICIAN'S DIPLOMA EXAMINATION, AUGUST 1958

Przrs VIII avp IX : DrxatoX or EXPERINENTS—CONSTRUCTION oF Desioxa
{PRracTICAL)

Time : 4 Hours . . Full Marks : 100

N.B. (s) Attempt ANY FOUR quoationa.’"
(b) Al quostipns ‘QNTY: equal .mnrkn.

N
v

1. Using Gnlf)m ﬂolda. comnruci Qae complote u-', of orthogonal squaros of sido 8.
Show that you q:n presont not faoro thnn lll ol' thorn with ordored dircctrices,

2. Construct’ ‘ono 9)(9' qu.Mi Lahn lqunm for a SXSXS factorial exponmenl
founding only three-factor fnteractions botween the rows and tho columns, Identity
sota of degroos of froodom, which aro oonfoundod.

3. (a) Construct a 1/2. mphcauon of a 28 exporimont in which the aix-factor
{ntoraction is sacrificod.
(b) Divide this 1/2-replication into 4 blocks of 8 plota confounding the (ollow-
ing interactions

ABC - DEF
ABD . - CEF
CD - ABEF

Give the broak-down of the individual degrees of freedom in tho analysis of variance
for the two casos taking interactions of highor ordor than two-factor as non-existant
and honco identifying thom as exporimental error,
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4., Construct the b.i.b, dosign v m b =21, r = k = 5, A = ] and the corres-
ponding Yonden quaro.

5. Construct a p.b.i.b. dosign for v = 15, r = 5, k = 3,0=25,1, = 0,33 = 1,
n =4, n; =10 and p’;3 = 0.

6. Show that the following design involving 14 trcatments 4, B, ...., 0, a, b,
«++es ¢ in blocks of two plots oach, is a throe.nssociato p.b.i.b. design, by deriving the
values of all tho parumotors and vorifying that thoy satisfy all the conditiona for a
p.b.i.b. design including tho crucial one:

ni pfy =nph = np pl;

Design

Aa, Cb, Ae, DBd, Ae, Bf, Eg
Ba, Db, Cc, Dd, De, Cf, Fy
Ea, Eb, Fe, Fd, Ge, Gf Gg
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