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/INDIAN STATISTICAL INSTITUTE

‘One year Evening Course in Statistical Methods
and Applications 1977-78

Part II Final Examinations
(supplementary)

Paper IV(i): Inference - Theory

:5,7.78 . Maximum Marks: 75 Tiwe: 2 howrs

jote: Attempt any four questions, All questions
carry equal marks, .

Let X~/ il (u, @), Let xl,'xz, x; and X, be a random
sample of size 4 from X, Write dowan the distributions of
each of the following statistics: (You don't have to give
proofs

i) x *+ X=X () c—-%-{(xl— w2 + (XS- u)2 _E
2(x2' - w2 ’

1ii)
(x5- w2 + (x,= w)2
Let X~ N(u, ¢°) Let Xppea 1%
size n from X, Show that
n n -2
I x and L (xy -X)
1=1 i1=1
are jointly sufficient for n and 02,

a be a random sample of

Explain clearly the test procedure you use with computatio.al
layouts in each of the following situations:

i) X ~d (n, 6®) and x y-. 3%, 1s a randem sample of

size n from X, o is unknown, You have to test
Ho: u = ¢ against H,l: [T

il) test for independence in a two way contingency table,

What is meant by ‘'coafidence interval'? Consider the situa-
tion in 2(i). Obtain 95¢/. confidence interval for u,

Let X be a random variable having the deasity

of  -ex k-1 a>0, k>0
13 - 0< x¢=

Let Xyyee.sXy be a random sample of size n from X,
Obtain the minimum variance unbiased estimaztor of 5 -

Let X be a random variable taking only two values 1 and O
with protabilities p and 1= p respectively (O < p< 1)

’

Let Ayyae 3 Xy be a random sample of size n from X, Obtaia

the maximum likelihood estimator of p, Show that the maximum
likelihood estimator is sufficient for p,

Write short nopes on any three of the following:
i) most powerful tests and Neyman-Pearson lemma.
1i) Point estimation and interval estimation.

iifl) Use of sampling distributions in testing statistical
hypotheses,

v) gzual&sis of variance for one=way classification of
a.



dewans Oahieav.abal LNSCLIULE
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Part II Final Examinations
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Paper VI(b): Control Chart and Acceptance Sampling
Theory and Practical

Date: 2.6.78 Maximum Marks; 75 Time; 2 hours
Note; Qs. 1 and 2 are compulsory. Answer any

one queation from questions 3 and 4.
Marks allotted for %fch question are —
given in brackets (L.

1.a) Explain the term ‘quality of a manufactured item and
discuss the common ways of gpecifying quality giving an
example in each case. ' (6]

b) A company sells tea packets of net weight 450 gms., each.
Daily five packets are being sampled from the production
line and weighed in the laboratory. The sample averages
and ranges of the net weight im grams for 20 days are as

follows:;
Day Average Range Day Average Range
1 445.2 9.4 11 452.2 16.8
2 456.8 20.2 12 451.8 28.2
3 454.9 21.2 13 457.9 18.0
4 458.0 3042 14 449.0 24.8
5 455.0 25.8 15 453.5 17.8
6 450.5 15.2 16 459.0 18.8
7 454.2 20.8 17 447.5 19.0
8 452.9 13.2 18 456.2 18.0
9 454.4 16.0 ¥ 19 450.2 24.2
10 448.6 15.2 20 453.9 22.2

1) Draw an I and R chart neatly on a graph paper and
examine if the process 1s under statistical control. [15]

1i) Estimate process stamard deviation and hence obtain
process capability. [3]

1i1) If the market specifications are 450 gms + 20 gns,
estimate what percentage of packets being supplied
to the market are either heavier than the upper
specification limit or lighter than the lower
specification limit. f6]

2.a) Define the terms (i) AOQL and (ii) AQL. ' [6]

b) Por the gingle sampling plan with sample size 20 and accep-
tance number 2 obtain the probabilities of acceptance for
suitable values of incoming lot qualities and draw an OC
curve.

(Hint; Use Poisson approximation and refer suitable tables
on cumilative Poisson probabilities.) [24]




3.

a)

b)

c)

Compare 100 °A inspection with sampling inspection.

Write down procedure for double sampling plan by
attributes and mention gome advantages of double -

D -

sampling plan over single sample plan.

[4]

2

Write down the steps to read out single sampling IITFPD
plans from Dodge and Romig’s published sa:ggingginspec— (5]
5

tion tables.

4.

Write short notes on any three of following;-

a)
b)

c)

a)

Rational subgroups
Specification. VS Process capability
Fraction defective chart

Producer’s and Consumer’s risk.

[545+51=[151




INDIAN STATISTICAL INSTITUTE
One-year Bvening Course in Statistical Methods and Applicationst1977-78
CALCUTTA AND DELHI
rLrt IIz FINAL EX(MINATION

Time: 2 houre Paper VI(a)t Design of Experiments Max.Marks: 75
(Theory and Practical)

N.3,: Attempt any number a~f questions,

1. Desgcrils .rlelly the various methods available for increasing the
eccuracy of agricultural field experiments. [ ]
15

2. (a) Describez a Latin Square arrangement of order'r'and indicate
gituations where such a design would be appropriate,

(b) Describe the method of enalysis of a Latin Square Design
with one missing observatien,

[ 8a2]
3. (a) Wiat is a factorial experiment? In what respects is it
different from a number of single factar experiments?
(b) Define the terms main effects and interaction effects in
relation to a 23 experiment. [o04101]

4. Five treatments 4,B,C,D and E are compared and four obaervations
fer each treatment are made. The experiment is arranged in a
raxdo .sed block design with _our blocks. The data obtained and
the design are:

Block 1 5%.6(4)  63.3(C)  64.77(E)  60.0(D)  56.0(B)
Block 2 65.5(E)  61.9(D)  57.1(B)  53.6(4)  59.7(C)
Biock 3 57.0(C)  5.0(4)  59.9(D)  63.4(E)  55.5(B)
Block 4 59.3(D)  62.8(E)  57.2(C)  55.8(B)  54.0(4)

Perform tho formal anslysis of variance for this design and meke
your canclusions,
[0 ]
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' One=year Bvening Coursc in Statistical Methods
and Applications: 1977-78

Part II Final Examinations
CAICUTTA. and DELHI
Paper V(1i): Samplec Surveys: Practical

Date; 29.5.78 Maximum Marks: 75 Time: 2 hours

Note: Attempt as many questions as you cary

T 7 The maximum you can score is 75. The
paper carries 90 marks. Marks allotted
for each question are given in brackete [1.

The following table gives the data of all the 400 cultiva-
tors’ holdings in a subdivigion of U.P. which are gtrati-
fied according to size. The number of holdings (Ni)’ mean
area under wheat per holding (Yi) and s.d. of area under
wheat (Si) are given below for each gtratum:
Btratum Holding size N =
No. (acres) Ny ¥y Sy
1 0- 50 80 16 10.2
2 51 100 160 24 18.2

- 150 90 34 30.5
2 > 150 70 40 35.9

A sample of 40 holdings is to be drawn with SRSWOR in each
stratum.

i) Obtain sample sizes under proportional allocation.
i1i) Obtain sample sizes under Neyman allocation.

iii) Obtain the relative efficiency of the sampling
gtrategy A over B and (C where

A = (Simple strat._sampling with Neyman
allocation, yst)

(Simple strat. sampling with proportional
allocation, yst)

C = (SRSWOR, ¥)
and ist is an usual unbiased estimator for Y.

+6+16)=[24]

B

There are 10 villages, in a Police Station, having 20 Plots
each. The first stage units are villages and second stage
units are plots. A SRSWOR of 3 villages is selected and
then 4 plots are selected in each selected village using
SRSWOR. The ylelds of Jute, in suitable units, are
obtained as follows: '

Plot No. Village 1 Village 2 Village 3

1 10 5 17
2 20 30 11
3 15 20 20
4 30 8 10

1) Obtain the estimate for the total yield in the
Police gtation. © aL yie



(contd.)
11) Obtain the estimate for the mean yleld per plot.
ii1) Obtain the estimate for the mean yield per village.

iv) Give an unbiased estimate for the variance of the
estizzt: In (1) zbove. [5+2+2+15]=[24]

The following table gives the values for a sample of 4
factories with PPSWR, size being x, from a population of
15 factories.

Sl. No. 1 2 3 4
Number of -
workers (x) 20 25 10 80
Output in

Rs-f '000) 1500 1300 950 2500

(y)
The population total of x is known to be 500.

i) Estimate unblasedly the total output Y.

©11) Give an unbiased estimate for the variance of
the above estinate. (6+12]1=[18]

A simple random sample of 49 schools was selected from a
population of 196 schools and the number of students (x)
and expenditures (y), in Rs., on some items were noted for
each school. The data yiecide’

n n
t y, = 6262, & J =152/882,
=1 1 4= 1 i

n
] E Xy ¥y = 1251630,
n 1,
toxy = 5054, L oxy = 1044504 «

i=1 =1

The total number of students in the population is known to
be 22919.

a) Estimate the total expenditure Y using

1) Simple random estimator
1i) Ratio estimator.

b) Obtain estimates of the variances of the abov
estimates. f3+5+16J=[24]




Date: 26.5.78 Maxdirmm Marks: 75 Tire

3.

. INDIAN STATISTICAL INSTITUTE
Une-year Evening Course in Statistical Methods and Applications:1977-78
CALCUTTA LND DELHI

Part II: Pinal Examinations
Paper VIt Sample Surveys Theory

¢ 7 hcurs

lote: The paper carries 105 marks. Answer as many s you aon,
noxirvm you can score is 75. Marks allotted for (-ch
racation are given in brackets[ J.

How will yo» ectimate unbiasedly the total number of literates in . city
using simple raudom sampling without replacement., Show that the e-tinate
you suggest i3 aciually unbiased. Obtain the variance 8f your estim.te,

[ 4+5412=21)
For a fixed total sample size compare the precisions of the usual
unbias¢ ' estimators for population mean in the cases of
(a) Simple random sampling with replacement

(b) Stratified random sampling with replacement with proportional
+  allocation.

(c) Stratified random sampling with replacement with Neyman's
optimun allocation.

[ 1€]
Derive Neyman's optimm allocation of given total sample size
to different strata.
[15]

Vbrk out the approximate expressions for bias and variance of the
ratio ¢ zimate of population to-al of a variate under study in
case of a simple random sampling. S8tate clearly the assumptions
involved and their implications.

[7+10+3=20 ]
Describs Tehiri's method of drawing a sample from a finite population
with pmbabilities proportional to sizes of the sampling units, Is
this proccdure rore convenient than !'Cumilative Total! method? Give

reasons- [ 10+5=15]

(a) ¥hat rathods do you suggest for estimating the variance of the
sample naun in case uf systematic sampling?

(b) ‘hat are interpenctrating sub-samples? What are lneir uses?
(¢) %rlie a short note on 'Consus vs sample survey'.
[ 746+5=18]
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Paper IV(b): Inference (Practical)
Date: 24.5.1978 Max.Marks: 75 Time: 2 hours

Note: You may attempt any part of any gucstion., Any
score over 75 will be counted a3z 75.

1, (a) Two suppliers are competing to receive the order for bulk
supply of - certain item to a factory. The factory
inspcetor obtuined random samples from both the suppliers
and tho results are ns follows:

Supplier Sample size Percent defcctive
1 104 30455
2 219 32,05

Can we choose a particuler supplier on the basis of the
anove datu?

(b) Given below are the probabilities and the observed
froquencies in four phenotypic classes, AB, Ab, aB
and ab, in a genctical experiment, Estimate the parameter
8 by the maximum likclihood method and find its standard

error,
Frcquencies in Phenotypic classes in a Genetical
Experiment
Phenotypic Probability Observed
class frequency
AB , (2+0) 102
Ab %( 1-8) 25
aB ' 7(1-0) 28
1
ab 7 e 5

T10+15])

2, (a) Ten young men were put through a strenuous physical
programne by the Army. Their weights (lbs) were recorded
beforec and after with the following results,

Man 1 2 3 4 5 6 T 8 9 10
Weight 127 195 162 170 143 205 168 175 197 136

befpro

Weight 135 200 160 182 147 200 172 186 194 141
after

Does the programme affect the average weight of young men?




(b) Two machines both produce 1/2 inch bolts. Machine 1 is
somewhat moro cxpensive than machine 2. We would 1iko to
buy mrchine 2 unless. we can prove that machinc 1 makou
bolts with lower varinnce of dirncters. Somple bolts
ec .lected from the tiu machincs show the followinz reoultss

Machinc Sanple sizc Estimnti n of v-riance
1 25 .00028
2 30 »0C0.:3
Which mc.chine shomld be purch:scd? [1)*15]

3, In an experineat on immunization of cnttls: from tabirmemlosis
the followin: rrsults were obtiincd:

Arfoected by
discsy
Inocalated 12
Hot inoculatcd 16 6
Exanince the cffcct of vaccine in controlling suscoptibility
to tuberculosis. [15]

4, (a) The scores (out of 100 marks) of 10 studcnity in the .o
subjccts mathemaiics (x) and physizcs (y) arc given buelow:

(x) (y)
1 41 30
2 13 69
3 62 65
4 59 70
5 57 68
6 49 53
7 8. T2
8 92 83
9 10 42
10 55 43

Does the performance in mathem.ies depznd on the purformanc
in physic:s? {12]

(b) Throc pericns susp.cted to be driving under the influcnce
of liguor verc stop ed and blood szamples taken from czch
siere 3sent to 1 laboratory. Five deterniinations on
pereentage of nileohol in the blood were ande on cach
sanple.

Detirminntion of percentage of alcohol
Alcohol ( ) in bloocd sample

Person h 2 3 4 5
1 0,08 0.06 0.06 0.07 0.09
2 0.14 0.18 0.16 0.15 0.12
3 0.00 0.02 0.01 0,02 0,03

Arc all the three drivers cquallyintoxicated?
(13]
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Date; 23.5.78 Maximum Marks: 75 Time: 2 hours

Note; Attempt any four questlons. All questions
carry equal marks.

= & =
.3) Btafe clearly Rao-Blaclwell theorem and Cramfr-Rao

inequality. State (without prosf) a necessary and suffi-
) cient condition for the equality in Cramér-Rao inequality.

b) ILet X have the density

ko -
o - ex k-1

0 x( e
3

8>0 and k> O.

Obtain the function W (®) which has an unbiased estimat>r
t (based on a random sample of size n from x) the
variance of which attains Cramer-Rao lower bound. What

is the variance of this estimator » -

c¢) Oonsider the statistic r, the observed number of succesg-
ges in n  Bernoullian trials with probability = of
success. Show that r 1s a sufficient statistic for n.
[2+2+2+6+3+4J=[19]

P T T o e b T e e g ——r=

OR
d) Explain clearly the concept of sufficiency. State (with-
out proof) the factorisation theorem for sufficient
statistics.
ve) Iet Xy Xyye-0X; be i.i.d. rev.’s each distributed as
N(O, 1). Find the distribution of

Y =X+ + oene + Xi- (Give the complete proof.)

2{a) Explain clearly the maximum likelihood method of estima-
ting parameters.

b) Let X follow a Poisson distribution with mean A.
Obtain the maximum likelihood estimator of A based on a
random sample of size n from X.

c¢) Prove or disprove:s The maximum likelihood estimatof is
unbiaged- 5+74+7]=[19]

3.a) Glve an example of a parameter which does not possess an
unbiased estimator.

b) Give an example of a parameter which pogsessesunbiased
estimators but does not possess a minimum variance unbiased
estimator.

¢) Tet X~MN(u, 02). Let xqse--»x, be a random samplo of

- n
slze n from X, show that x=n @ xy and
i=1



3.c) (contd.)

s2 n

= 121 (% - %)2 are jointly sufficient for p and o2
[sh + 51 +8)=[19]

4.

EITHER

a) State and prove Neyman-Pearson lemma for testing a simple

hypothesis against a simple alternative.

b) ILet X~DN(p, 4). Obtain the uniformly most powcrful

test of size a for testing Nyiw =1 against
H1: u > 1 based on a ramdon sample of size n from X.
l9+10)={19]

c)

a)

OR

Yhat 1s meant by saying that the mecan of a sample differs
gignificantly fram a specificed value say 100, at the 1°+/
levcl of signiticance 2

Describe how you will test the hypothesis that the corre-
lation coefficient is equal to zcro against the alterna--
tive that it is nast zcro on the basis of a samplc

(x40 ¥4} (%51 ¥p)e-+(xy ¥,) from a Divariate liormal

digtribution.

5.

For cach of the following explain clecarly with computa-
tional layouts now you tist the corresponding hypotheses.
a) X and Y are jointly distributed as bivariate

normal with mean By and iy varlances

c?and ag and correlation coefficicnt ¢. Tet

(xip yi), i =1y+-.yn be a random samplc of size

, 42 = 52 ; .2 2
n. Test H,: ol =0y arainst Hy:0g # ay -

b) Let Xi“ H(pi, 02) y 1 =1,e+vy, ko Independcnt
random samples of sizes Nyyessy 0 are available
on X1.~--,Xk regpectively. Test Ho Uy T e =y
against H1 : at least two ui’s arc different.
[9+10)=[19]

6.

Write short notes on any three of the following:
a) Confidence intervals

b) KZ-test for goodness of fit

c¢) Level and power function of a test

d) Tecst of significance for multiple and partial
correlation cocfficicnts.

e) Least squarc estimators. ’ [3x 6} J=[19J



Date;

17&)

b)

2.a)

b)

c)

a)

INDIAN STATISTICAL INSTITUTE
One-year Evening Course in Statistical Methods
and Applications; 1977-78

PERIODICAL EXAMINSTIONS

(Part II)
Paper VIb; Control Charts and Acceptance
Sampling
264+4.78 Meximum Marks; 75 Time. 2 hours

Note;Qs. 1 and 2 are compulsory. Answer any
one question out of questions 3 and 4.
Distribution of marks shown in brackets [].

Explain the meaning of a process being in a state of
statistical control.

The following table gives the data on a measurable charac-
teristic with specification limits 0.7538 and 0.7588 in
some units. The sample size iz 4.

Sample Iio. X R Sample No. X R

1 0.7540 0.0011 9 0.7547 0.0007
2 0.7542 0.0014 10 0.7549 0.0015
3 0.7542 0.0009 11 0.7541 0.0017
4 0.7546 0.0010 12 0.7542 0.0010
5 0.7550 0.0008 13 0.7545 0.0011
6 0.7539 0.0009 14 0.7548 0.0009
7 0.7541 0.0012 15 0.7551 0.0012
8 0.7543 0.0011

(6]

i) Set up an X-R chart. (Draw the chart on a graph sheet).[15]

ii) Write a brief report on your findings.

1ii) Sugcest some alternative courses of action which may
be taken in the interest of the producer.

Define the term (1) Acceptance Sampling (ii) AOQ,

(iii) Screening.

Compute the probabilities of acceptonce for a lot of size
1000 having 2 */ defective items under the following
procedure;

Take a random sample of 10 items and ingpect the sawple.
If the @ le containg either O or 1 defectives accept
the lot otherwise reject the lot.

Give examples of industrial quality characteristics follow-
ing Poigson law.

Defects on an electronic component are recorded below:

Wo. of compor Wo. of dafects Wo- of compo-  No. of del-
nents inspected in all, ____ nents inspected ects in all

4 17 6 18

7 23 7 28

5 24 i 29

7 27 6 31

7 32 8 39

7 33 6 29

Analyse the data by means of a control chart . assuming
that the samples were collected in the order of production.

(3]
(6]

[8]

(6]

(6]

f10]



2

Explain how would you proceed to investifate whether a

given proccas is capable to producc items satisfying

known gpecification limits EAssume that the qualitly
characterigtic is measurahle onc). Write down the steps
involved. (5]

Explain the procedurc involved under percentage inspection.
Compare sampling inspection plan and percentage inspection

pointing out their relative merits and demerits. [15]



INDIAN STATIBEICAL INSTITUTE

One~year Evening Course in Statistical Msthods
and Applications. 1977-78

PERIODICAL EXAMIHATIONS
Design and Analysis of Experiments

12.4.78 Maximum Ma¥ks: 75 Time:. 2 hours

Note; Answer as much as gou can. Maximum you can
get, however, is 75.
1. Write short notes on
1) randomisation, (11) local control,

111) least significant difference, and

iv) latin square design. [5x4 1=[20]
2» For an experiment obgervationsg were recorded as Y variae

bleg. Explain, how the trangformation

X=a+tY, b¥£O0
affects the analysis with X variables. [10]

2. Following table gives the one-week growth of cemtain plant
at the time of flowering from 4 locations.

Tocation Observations
A 15.0, 17.5, 11.5, 18.0, 14.0, 17.5
B 19.0, 215, 22.0
C 33.0, 27.0, 35.0
D 32.0, 28.0, 28.0

1) Write an appropriate linear model for analysias of
the above data.

11) Write the ANOVA table.
11i) Give estimates of parameters in the linear model,
iv) Give your findings by testing necessary hypotheses.

(table level = 0.05) [5+1o+5+10]=[30]
4. Discuss how a ranmdomised block design experiment without
swbsamples but with block=-treatment interactions differ

from a randomiged block design experiment with subsamples
but without block-treatment interactions. [20]



Date: 29.3.78 Maximum Marks: 75 Time, 2 hours

INDTAN STATISTICAL INSTITUTE

One-year Evening Course in Statistical Methods
and Applicatlons: 1977-78
Part II: PERIODICAL EXAMINATIONS

Paper V: Sample Surveys: Theory and Practical

Do as many Questions as you can. The paper
carries 83 marks. The maximum you can
gcore is 75. Marks allotted fof fach
question are given in brackets .

Note;

Yhat do you mean by linear systematic sampling and circu-
lar systematic sampling ? Give unbiased estimator for popu-~

lation total in both cases-

What do you mean by multistage sampling? Give an unbiased
sampling strategy for the populatior mean per ssu. Obtain

variance of the sampling gtratecy.

What do you mean by sampling and non-,.mpling errors 2
Name some non-sampling errors and mention in brief how

they creep into surveys. Give an unbiased sampling stra-
tegy for the population mean in the situation where some

population units do not respond at least at the first
enquiry.

The following table gives number of fruits (y) on 16
fuava trees-

Tree No. 1 2 3 4 5 6 7.8 9 10

No. of fruits 200 100 50 150 175 200 250 150 300 150

111213 14 15 16
300 350 400 200 150 300

Give an unbiased estimate of total number of fruits on
16 trees

1) based on a linear systematic sample of 5 trees
11) based on a circular systematic sample of 6 trees.

(151

(15]

{10]

[7+81=[15]

A District is divided into 10 Divisions of 7 Subdivisions

each. A grs wor of 3 Divisions 1s selected and then srs

wor of 4 Subdivisions are selected from each sampled

Division. The number of farm labourers is given below for

the sampled Subdivisions.

Sampled Divislon Number of farm laboure:s in the sampled

subd ivisions

D1 1200 2000 2500 1500
Ib 1000 1500 1100 1200
D. 3000 4200 3500 3200




D=

i) Give an unbiased estimate for total farm
labourers in the District
1i) Give an unbiased estli.2te for average number
" of farm labourexs per Subdivisior.
1i41) Give an unbiased estirate for average number
of farm labourers per Division.
iv) Give an unbiased estimate for average number
of farm labourers per Subdivision per Division.
v) Give unbiascd estimate for the variance of the
estimator in (ii) above. 5+3+3+3+91=[23]
6. Define ratio, regression, difference and product estima-

tors for population mean when SRS WOR  is adopted.

(5]



INDIAN STATISTICAL INSTITUTE
One-year Evening Oourse in Statistical Methods
and Applications: 1977-78

PART II PERIODICAL EIAMINATIONS

Paper IV:Methods of Statistical Inference

Date:

8.%.78 Maximum Marks. 75 Time; 2 hours

Note: Answer all questions.

1.2)

t)

Describe clearly how you test the equality of means of %k
normal populations with same variance based on independent
random samples of gizes Dypes-y By regpectively.

The following data relate to lives in hours of gample
lamps taken from four batches of electric lamps. Test
whether the batches differ among themselves in average
length of life.

Life of electric lamps in_hours

Batch Sample size Life of individual lamps

A 7 1600, 1610, 1650, 1680, 1700, 1720,
1800

B 5 1580, 1640, 1640, 1700, 1750

c 8 1500, 1550, 1600, 1620, 1640, 1660,
1740, 1820

D 6 1510, 1520, 1530, 1570, 1600, 1800.

The following table gives the scores of 10 workers working
in a match factory in a psychological test X and also
their efficiency index, Y. Test whether the correlation
coefficient between the score in the psychological test
and the efficiency index is significantly different from
Zero.

S1. Score in test Efficiency index
No. X

OV DI
w
B~
S~
>

—
Ay
LW
he

3.

Measurements on the length of hind femur of males of two
species of desert locusts were taken and the following
computations were made.

Means and Standard deviations of lengths of
hind femur of two gpecies of desert locusts.

Specles Sample size Length of hind femur in mni.
mean Standard deviati -
Gregaria 567 24.21 1415

Rakko Swarm 852 24.92 1.64



INDIAL STATISTICAL IIISTITUL
One-year Evening Oourse in Stcotis'ical !Methuds
and Applications; 1477-78

Part II. PERIODICAL EXANT.IATICIS
Paper Vi Sample Surveys, Thedry and Practircal

-

pate; 1 Harch 1978 Maximum Marks: 75 Tiie: 2 hour:

Mote; Do az many questizng as=
carries 8C maits. Tue . -
ig 75« The marks allatted to 2150 queehio

are given in bracket. LJ.

what do you mean by simple random sanmplin  ? Cive an unbia-

sed esatimate of population total oI . char=acler y based

on simple random sanple wor. Obtain expression for the
standard error of tihe esti.ave. [20]

What do you mean by proportisnal allocsiion and Neyman
allocation ? Give an unblased esti-atz for the population

mean of a character y based on a simple stratiried sample,
Obtain the expression for variance under rroporti-nal R
allocation and Neyman allocation. ’ {13]

There are N houssh2lds in Baranagorz. The average size

of househosia X 18 known. Give a samplin.: stratciy to
estinate the total number of unemplored in *he population
using the knowledge of X. Obtain mean sGuare error of ° .
the es*timator and an estimate 5f the mean square error: (21

The following table gives the data on census population
(x) and cultivated area (y) in acres for a population of
5 villages.

Village (x)
1 110 320
2 175 450
3 180 413
4 250 1015
5 85 375

a) Draw a simple random gample of size 2. Estimate the
total cultivated area Y wusing

i) simple random estimater
and 1i) difference eotimator.
Tor difference estimator you may take X\ = 3.

Obtain variance of the estimate and ectimate >f the
variance.

b) Draw a sample of 2 villa-~es with PPSYWR, size bein: x.
Estimate the total cultivated area Y. Obtain variance
of the estimate. Algo obtadn estimate 2f the variance.

c) Compare the relative efficlency of the sampling strategy
in (b) with other samplin: strategies in {a).

[12+1042]=02: ]
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INDIAN STATISTICAL INSTITUTE
One-year Evening Course in Statistical Methods
and Applications; 1977-78
PART II: PERIODICAL EXAMISATIONS

PAPER IV:; Methods of Statigtical Inference
Theosry and Practical

8.2.78 Maximum Marks: 75 Time; 2 hours

Note: Answer all questions. Marks allotte? for
each question are given in brackets J1.

Explain each of the following terms clearly with the help
of suitable examples:
a) composite hypothesis

b critical region
c¢) power of a test. (3xd1=[12]

Let X ~ N(O,U2 ) Leg X41%5 1% and %, be a random
sarple of cize of from X« “rite down the distribution of
each of the following statistics. (You need not derive.)
1 2 2 2
a) o () + x5 +a5) o) 4
? 2 2
b) %4 Xprm K

G+ 4+ ) "

2 2
. o
(@) x—g——z—1 2. laxal=[1e]
Koty

State and prove Neyman—-Pearson lemma for testing a simple
hypothesis against a simple alternmative.

Let X be a random varlable taking two values 1 and O
with probabilities p and (1-p) respectively (0< p< 1)-
Let Xqp=e+y Xg be a random sample of sige 5 from X.

5
i) Obtain the distribution of T x; .
1=1
ii) Obtain the most powerful test of size 0.05 for testing
p = 0.2 againgt p = 0.1. What is the power of this

test ? [10+8+5+5]=[28]

Let X ~ N(p, 62) where 62 ie unknown. TILet XppereoaX,

be a random sample of size n from X. How 4o you test
H:; p = u, agalnst K; p # uy?

A random sample of 16 bulbs was chogen from a lot and the
1life of these bulbs (in hours)were observed. They are
given below;
308, 320, 276, 340, 282, 263, 272, 312, 318, 276, 283,
287, 307, 302, 288, 270-

Exanine whether the average life of a bulb differs signi-
ficantly from 300 hours. State your asswnptiona.
[6+13]+[19]
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and Applications;: 1977-78

Part I Supplementary Examination
CALCUTTA AND DEILHI
Paper Ib: Topics in Applied Statistics:
Index Numbers and Time Series Analysis
Date; 25.1.78 Maximum Marks.100 T1ime ;23 hours
Note: Answer Groups A and B in geparate answerscripts.

Marks allotted for each questiosn are given in
brackets. .

Group A. Index Number

Answer any two questions. Max. Marks. 50
1. Define altrue’ cost of living index. Show that the
Paasche’s index underestimatos the “true» cost of ltving
index. 5+20)=[25]

2.a) Define a’chain’index. Suppose a series of ‘fived base'indi-
ces, P01, P02""'P0n’ is available. Indeyr vhat condition

this series will be independent of the choice of the bag
period § (5+8i=[13]

b) The table below gives the retail prices of the group
‘i‘oodgrains and products' in two certres:Calcutta and
Bombay in 1960. The column (2) gives the average family
expenditures (of industrial workers) in Calcuita in 1960.
Using this column as weight calculate the consumer price
index number of ‘foodgrains and products) for Bombay, tak-

ing Calcutta as base. 12]
Ttem Average family expen- TUnii Price (i-’.s-.nlj.n
. diturcs in Calcutta Calcutia Bombay
in 1960(Rs.)
(€D) (2) (€3] €] (5)
Rice 0.74 0.70
Wheat 0.40 0.41
Bread 0.40 0.48
Arhal dal 0.75 0.78
Gram dal 0.58 0.60
Moog dal 0.78 0.90
Masur dal 0.73 0.78
T : : _— ——ﬁ_—
3.a) Write a note on the consumer price index numbar. [4s]

b) The all commodity wl'olesale price index (WPI) in India
increased by 88.4 per cent in 1971-1972 over 1961-62. The
WPI of different groups for 1971-72 (base 1Y61-62 =100)
are given in the following table except that of food

articles; 5 rrems _
. I for 1 -

Group Weight {(basc 1961-62.=.100)
Liquor and Tobaéco 25 194.8
Fuel,Power,Light and Lubricants 61 172 .1
Industrial Raw Materials 121 191.0
Chemicals 7 197.0
Machinery and Transport equipment 79 159.0
Manufagc tures 204 167 .1
Food articles 413 :

Calculate Io 0aod a cles for 1071-T2 w 9

as_bage. . mem= I 1Y
pet.o.



Max. Marks. 50
Note. Answer either Q.4 or Q.5 and either Q.6 osr Q.7.

4.a) Describe briefly the various components that are usually
’ present in an economic time series. Give examples.

b) How would you decide whether an additive model or a multi-
plicative wouel would be appropriate for analysing an
observed time series which contains a trend, seagonality
gnd -irregular movemernt. 15+9

5. Write notes on any three of th. following,

a) Moving average method

b) Imglstic curve

¢) constant and moving scasonal indices
Method of Inast Bquares in trend anal

6. The following data relate to the praductisn of pig iron -j-.n
the U.S5.A. during 1855-1845.

Production . " TProductlon
Year (00Q_tounes) Tear (0CS tonnes)
1855 700 1330 5835
1860 21 1835 4045
1865 832 1830 9203
1870 1665 1895 3446

1875 2024 -

= _==== 3= - ==

T Calculnte the sensonal indices for the [21lowin. quartorly
time series data on average weekly earnings by the method
of 1ati- to moving av-rage-

Year uarter I Quarter IT  Quart.y III Quart.r IV
195152 13.27 14.52 13.72 14.59
195253 15.14 16-18 14.70 15.77
195354 16.03 16.6% 15.53 16455
1954-55 16.7% 17.63 16.27 17.81
1955-56 17-94 18.33 17.54 18.00
195657 18.8¢€ 1942 18.35 19.53
1957-£8 19.47 20.59 18.68 19.93




INDIAN STATISTICAL INSTITUTE
One-year Evening Cource in Statigtlical Methods
and Applications 1977-78

Part I Suppleme ntary Examination (CALCUTTA and DELHI)
Paper IIa. Descriptive Statistica Practical
Date, 25.1.78 Maximun Marks, 75 Time, 2 hours

Note: Attempt as much as you can. Maximum score can
== be 75. lMarks allotted for each uwart are ment-
tioned in brackets.

sRpi=s-s=SsSsss=zas

1. Calculate standard deviation, variance and median for the
following data-.

Yariate 350= 1000~ 1050- 1700- 1750= 1200= 1250~
values 1000 1050 1100 1150 1200__1250 1300
Prequencies 19 20 18 18 12 11 7

What can you gay about the skewneas of t.e diaztributign.
4x41=(16]

2. Pit a Poisson distribution to the following data which - .
© 7 gives the number of yeast cells per squarc for 400 squz .s.

No. of cells

per square 0 1 2 3 4 5 6 17 8 g9 10

103 143 98 42 8 4 2 92 0 0 ©0

6]

3.a) In a precision bombing attaclk trere is a 50 *£ chance that
any one bomb will gtrike the target. Two direct hits are
required to destroy the target completely. tiow many bombs
must be dropped to give a 92+/. chance o2 betier of com-
pletely destroying the target? [10]

b) For a normal distribution whoge mcan is 1) and variance 0,
find the value of the variat. in th: rsh.c. of its uean
such that the probability of the variate Irow nmean to

that point is .4485. [10]
[- Foélowmg are the obser;ations on tl_zree‘varj:e_tlh)]:es;-i,- -{'__- o o
and Z
X L S
Y 7 8 10 13 11 -
3 14 12 8 T Ty

Predict 2 when X=6 by least squarc methods. Calculate
the partial correlation coefficient between X and Z _ when
the linear effect of Y is removed [10+15)=[>5]

===
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INDIAN STATISTICAL INSTITUTE
One~year Evening Course in Statistical Methods
and Applications 1977-78
Part I Supplementary Examination
Paper IIa: Descriptive Statistica Theory

18.1.78 Masxcimum Marks, 75 Time: 2 hours

Note. Attempt as many questions as you can.
Maximum score can be 75.
Marks allotted for each part are mentioned
in Srackets.

1.

2.

4

Discuss the effect of the changes of location and scale on
the following measures -

mMean, Median, Standard Deviation and Mesn Deviation. (16]

L R e L S LT .

Define Poisson distributisn. Zive tw» examples where
Poisson distribution is a suitable apuroximation.
if the two independent random variables X

and % have
Poisson distributions with means my and m, respectively
find the distribution of X, +%,- ol

mmmmSmm——S—z oS S ROGg oSS T ErmeSmsasT To s L

== Tm=== e R

Calculate mean deviation of thc normal aigtrinution having
mean 5 and variance 9.

Establisnh a recurrence relation between tiie central moments
of N(O, 1)- [10]

What is the effect of the changes of oririn and scale on
regression ana correlation coefficicnts.

Define correlation ratios. ‘hat is it a measure of 72 [414]=[16]

Obtain ewxprecciong of multiple and partial correlation
coefficients in terms pairwise correlaticn coefiicients
when there are total three random variablesz under

conglderation. {10+10J=[20]
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CALCUTTA AND DELHI
Part I: Final Examinations
Paper ITII b: Probability

Date: 16.12,1977 Max.Marks:100 Duration: 2% hours

Note: Answer as many questions as you can.

The paper carries 140 marks, the maximum you can
score is 100,

(v)

A deck of cards is dealt into four hands containing

13 cards each, What is the probability that Si) at
least one hand has a complete suit of cards, (ii) each
hand has an ace,

Find the probability that while placing r balls at
random in n cells, a specified cell contains exactly

k balls. [8+5+7=20]

(b)

(c)
(a)

Express the following statements in terms of two events
Al and A2 defined on a sample space S, for k=0,1 and 2:

(i) at least k of .the events Al and A2 occur;

(ii)at most k of the events A, and A, occur.
Let A and B be two events defined on a sample space 3.
Show that the formula for the probability that exactly
one of the two events occur is given by

Ll 1
B[(AB )U(BA )] = P(A)+P(B)-2P(AB)

Define iidependence 6f (i) two events, (ii) three eventa.

Given thot the events A and B and C are independent.
Prove or disprove that AUB and C are independent.

[(3+3)+5+5+4=20]

3. (a)
(b)

State and prove 'Bayes' thecorem of inversc probability.

An urn contains g green and r red balls, One ball is
drawn at random. It is rcplaced and ¢ more balls of the
same colour are added to the urn, ¢ being a given .
positive integer, A ball is now drawn at random from
the urn., Find the conditional probability that the
first ball is red given that the second ball is green.

[8+12=20] 7




-2 -

4, (a) Define the probability distribution on a discrete
sample spacea.

(b) A fair dic is rolled once. Let X be thrice the score
that appecars and Y assumes valuc O or 1 according
as thc scorc ‘is odd or even respectively. Derive )
joint probabilities p(x,y) and marginal probabilities
p(x) and p(y).

(¢) Define the moment generating function of a random
variablec.

(d) Derive thc moment generating function for a poisson
randem variable.
[4+(6+3)+(2+5)=20]

5. (a) Given thc joint probability density function
£0,y)=xy o) x>0, y > o.

Caleulate P(x <1, y £ 1), Find marginal distributions
of z and y.

(b) If two random variables x and y assumcs only two values
each, and if Cov(x,y)=0, then x and y are indcpcendent.

[(4+6)+10=20]

6. Suppose an urn containsg pn white and gn black balls, the
total number of balls being n, and that a random samplc of
r balls is taken one by one without replacement, Let

1 if the ith ball drawn is white
0 if the ith ball drawn is black,

(a) show that B(x;) = p, Var. (%) = pa.
(b) show that the covariance between xj and X (3 f k) is
-pg/(n-1)

(c) From (a) and (b), obtain thc variance of 8§, =X tKy e atX

xi:

T,
[(2+2)+8+8=20)

State the weak Law of large numbers.

¢) Statc the central limit theorem. Hence or otherwise

show that a binomial distribution can be approximated
by a normal distribution for large number of trials,

[7+3+(3+7)=20]

7. gag State and Prove Tchcbychev's thoeorem.
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14412277 Maximum Markss 50 Time: 13 hours

Note: Answer as many questions ag you can.
The maximum you can score is 50.
Marks allottfd] for each question are given

in brackets
fea) A candidate is required to answer 6 out of 10 questions
which are divided into 2 groups, each containing 5 ques=-
tions, and the candidate is not permitted to attempt more
than 4 questions from any group. DProve that the candidate
can make up the cholce in exactly 200 ways. (7
b) If (1+x)"=0,+Cyx+ 0y3® + oue+ O ", prove that
- = - n=1 =
02+203-+)...+(n 1)(.Jn_—1+(n 22", 51
== ===
2.a) Prove that lim == = 0. [5]
n-=>o n
b) ILet £ be the function defined on the real line as:
£(x) = x = [x]
where [x] denotes t largest integer less than or equal
to x. Draw the graph /the function. Find the continuity
points and the discontInuity points of f. Justify your ,
answer- f71
3sa) Find the derivative with resvect to x of
QSin x (log x)2
where « > 0 and x 2. (e]
b) Given n fixed positive real numbers Byreecsly determine
x 8o that
n 2
£ (ay =x) is a minimum. (e]
i=1
4, Find the following integrals:
n
a) [ cosmx cos nxdx, m, n are integers.
-n
3 |
b) [T — a x. '
2 1-2
¢) J x¥logxdx, @ is an integer. [6+6+61=[17"
RS ATy S e e e e e o e
5.a) 8tate which of the following relation is true and which is
false. Justify your answer in each cases
For any three subsets A, B and C of an universal get we have
1) AU(BAC) = (AUB)A(ADC) )
11) A-~(B-C) = (A-B)-C. [5+5)=[10:
b) Define the product of two square matrices of the same order.

Given an example of two nonzero square matrices of order 3
guch that thel> product is the zero matrix. rel

——
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Date; 12.12.77 Maximum Marks: 75 Time; 2 hours

Note: Attempt as many questions as you cane Marks
allotted i‘o]r each question are given in
brackets [ J. Maximum score can be 75,

106, 107, 76, 82, 109, 107, 115, 93, 95, 123,
125, 111, R, 70, 126, 129, 119, 115, 90, 84,
107, 104, &, *®, 87, 103, 96, 112, 105, 81.

Form the grouped frequency table by dividing the variate
range irto intervals of equal width. Draw the frequency
curve ard comment on iis skewness. Obtain the median and
the two quaxtiles- [20]

2.a) Assuming thit 30 /. of the people in a certain city are
suffering f-om a certain stomach disease and assuming that
60 inveetigators each toolr 12 individuals to gee whether
they have the disease, how many investigators dos you expect

to report that 4 or loss were affected by the disease? (71

b) In a certain factory turning out small-sized screws, there
18 a chance 1/25 for any screv to be defective. The screws
are supplied in.packets of 100. The manufacturer announces
that if a packet contzins more than 10 defectives, he will
refund the price of the packet. Out of 200 packets, for
how many packets on the average do you think that he will .
have to refund the price? (]
Emms——mm e - oS- So=SEEZsSSSSSmSs=oS=S=T=S=S=== = == ======: =
3 The following is the frejuency distribution of the right
hand grip o 400 European males.

Right hand grip (in 1b.) Frequency
29.5 - 395 2
39.5 - 49.5 3
49.5 - 59.5 16
59.5 - 69.5 60
69.5 - 7945 106
79.5 - 89.5 110
89.5 - 99.5 75
99.5 - 109.5 21
109.5 - 119.5 6
119.5 - 129.5 1

Find the expected frequencies for the above classes, assum=
ing that the population distribution of right hand grip is
approximately normal. [ZC]

4. The following marks have been obtai;xga l;;;_class of gtu=-
dents in statistics.

Paper I (x): 45 55 56 58 60 65 70
Paper Ii Sy f 56 50 48 60 & 64 67
Paper III (7): 35 36 40 42 43 46 46
(a) Finl the equation of the line of regression of y
on x. [101
(b) Co21~~"-t: the multiple correlation coefficient '

between z and x, Y. [10]

B T T e e e Y L T =% = z-
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The following data give the distribution of monthly income
of 610 families selected randomly from a certain city. )
Draw the concentration curve for the data and comment on
the income distribution of the city on its basis.

Monthly income (in Rs.) Frequency

Tesd than 100 60
160 - 150 83
10 = 200 124
200 -~ 250 209
250 - 300 73
300 - 350 31
350 - 400 15
400 - 450 9
450 - 500 4
500 and mofre 2

[15]
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Paper IIa: Descriptive Statistics Theory
Date: 9.12,1977 Marks: 75 Duration: 2 hours

Note: Answer ns many questions 2s you can, Maxinum you
c2n score is 75 out of 97.

1. Discuss briefly the different considerations, to be kept
in view, in draving up 2 frequency distribution for data
on continuous varinble. [6]

2, Show thzt (a) the mean squarc dcvi~tion is minipupn when
measured from the mean ~nd (b) the mean absolute doviation
is pininun when peasured froo the nedinn, [5+7]

3. (a) Determine the mode of binomizl distribution.
(b) Show that for the binomial distribution B(n,p)

Brg = P2-p) [nrp .+ dd“r ] [5+10]
p -

4, Define the poisson distribution with paraneter 1 + Derive
the-mean and Variance for this distribution. Give two
exanples of situntions where this nodel is appropriate.

10]

5. Show that all odd order ccntral noments for the norunl
distribution vanish, whcre as the central noments of even
order zre¢ givcen by

Moy = 113)5000es (2k-1) o®F k=0,1,2. [10]

6. (a) Define the concept of correlation coefficient 'r', using
an cxanple. ,Writce down the formula you would use for
cvalunting r? fron dats given on two variables x and y.

(b) How would you interpret the following results:
2 2 2 2 _
(1) r°=0, (2) r=1  (3) Yy, =0 (4) Y, =2
(c) What is the significance of the discrepancy ?ix e .
[545+2]




(a) Definc the térm regression.. Given o set of observations
on two variables x and y, how would you deternine the
regression lines for x and y?

(b)  Por 20 arnmy pcrsonncl, the regression of weight of
brains (y) on weight of heart (x) beth neasured in grans
is Y=0.4 X + 6.9, and the rcgression of wecight of
heart on the weight of brains X = 1.2 Y - 2.5,

Find the correlation cocfficient betwecen the two
variablcs and nlso their nean values,
[7+5]

8.

Define clearly the cocfficicent of oultiple correlation
between thce variable %y and the two variables Xy and x3.

2 >
Typ + T)3 = 2Typ Tpy T3y
1
_ r§3

Show that R§(23) =
[545]

9.

Define the perti~l correlotion coefficicnt Ty5.3 and express
it in terms of the (tot~l) correl-tion cocfficicnts among
the varinbles xq %5 nd X3e

Prove thc identity b12.3 b23.1 b31.2 = T3 T23.1 T31.2

[5+5]
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Date: 7+12.77 Maximum Marks: 100 Time: 2} hours

Note; [Answer Groups A and B in geparate answerscripfﬁ
Marks a.lltzf]ted for each question are given in
brackets .

1-8.)

b)

c)

Group A: Index humbers
. Maximum Marks: 50
Note: Answer any two questions.

Examine the following statcment; ! 'Laspeyres’ index is
inferior to Fisher’s Ideal index, but it is popular compa-
red to either Fisher’s Index or Faasche’s index''. (8]

What are the differert types of errors involved in the
congtruction of an index number? [9]

The table below gives Lasteyr:is’ price index numbers for
three periods 1, 2 and 3. \’For example, the figure in the
gecond row and first crlumn gives Laspeyrés’ price index

for period 1 with period 3 = 100):

base - current periosd
period 1 2 3

2 7.7 100.0 119.2

3 <7 84-.6 100.0

4 -8 81.7 96.5
using Paasche-type link irdices, calculate the chain index
for period 4, taking period 1 as the base period. [8]

\\01%\::

¥hat is an index of infustrial production ? How is this
index constructed ? [25]

.B.a)

b)

Write a note on factor reversal test, indicating its
jmportance. [9]
From the following data relating to middle class Bengalees

in Calcutta in the income bracket 101 - 150 rupees per

month, compute a cost of living index for January 1949

with 1939 as base- [16]

Percentage of _Price in Rs. Price index
total expen~ Unit 1939 January for Jan.'49
diture spent 1949 (1939=100)
on the iten

POOD

food grains 23.44 3577
figh, egg, meat 8455 361.0
milk etc. 7-40 383.5
salt, spices,

vegetables etc. - 11.26 36648

oil 0.48
sugar and gur 2.30 3 0.29 0.70
tea and tiffin 4451 e 0.69
RENT and TAX 9.81 seee

4,72 sOLY 2.14

2.76
sene 110.0

PUEL amd LIGHT

coal

46 md. 0.38 1.69

3
other fuel 3.18 “se “ven e 36447
CIOTHING 6.43 472.6 +
MISOELLANEOUS 14.74 X 272.6 Peteoe
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Group B; Iime Series Augdysis
um Marks: 50

Maxim
Note:Answer either Q.4 or Q.5 and elther Q.6 or Q.7.

4.a) Describe briefly the various componenis that are usualyy
present in an economic time series. Give examples.
b) Explain the implications of the additive and the multipli-
cative models for decomposition of an observed time serles
T14+10)=124)
5 Write notes on any three of the following:
a) correlogram
b) cyclical fluctuations
¢) constant and moving seasonal indices,
d) growth curves. [8x31=[24]
6. The following data give the population figures of the

U.S.4A. recorded through decennial consusges.

Population Population
Year (millions) Year (millions )
1860 31.40 1910 91.97
1870 38.60 120 10571
1880 50.16 1930 122.78
1890 62.95 1940 131.40
1900 76.00

Fit a logistic trend curve to the above data and es‘[2
the population expected in 1978. 1+5ﬁ-{26]

The operating season for a fruit processing unit is from
May to September each year. The following data relate to
the monthly production (000 kg.) from 1968 to 1970,

Year May June July August September
1968 75 86 102 105 0
1969 83 89 110 115 2

1970 84 95 113 118 89

Find out the seasonal indices for this data by ratio-to-~
moving average methcd and calculate the deseasonalized
figures of production for "' «¢ August 1970. 2+4 ]= [26]
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Date:5.12.1977 Max.Marks:50 Time: 1%

Notc: Ansucer 2ll the questions

The indcx number of wholesnle prices rogistered a viry sharp
increasc during the period 1970-71 to 1976-~77. 4With 1970-71
as 100, all commodity indcx rosc to 139.7 in 1973-74 and to
174.9 in 1974-75. It showcd 1 slight f£all in 1975-76 with

a figurc of 173.0 but again rose to 176.6 in 1976~77. .mong
different groups, tho maximum incrcasc took pluce in
'mincrals' group which increasced to 225.4 in 1973-74 and to
423.5 in 1974-75, rcflecting the sharp inercase in pricces
of crude 0il in the two ycars. In the subsccuent ycars the
pricc indcx showed relatively modcest growth with the figures
440.,4 in 1975-76 and 449.4 in 1976-77. Thc 'non=food
articles' groups rugistered marginal inergase in the whole-
sale prices for which the index rosc to 163,7 in 1974-=75
and to 167.4 in 1976-77. In fact it declined to 139.8 in
1975-76 which wnz cven lower than the 1973-74 lovel of
146.6. Thc groups 'food articlcs' and 'manuficturcd
products' showed diffcrent tronds. The price index for the
formecr group increascd from 136.6 in 1973-74 to 172.1 in
1974<75 but dcelincd to 163,6 in 1975=76 nd to 155.3 in
1976~77. Howcver the later group showed continuous incroasc
from 139.5 in 1973-74 to 168.8 in 1974=75, to 171.2 in
1975-76 and 175.2 in 1976=77. Thc price index for 'fucl and
light' group also showed continuous inercase with figures
130.6 in 1973-74, 198.3 in 1974=75, 219.2 in 1975-76 2nd
230.8 in 1976-177. .
(Source: Rcevised index of wholesalc prices, Mhreh 1977)
Ministry of Industry.

(a) Progont the above information in a suitable
tablc, [10]

(b) Prescnt thc abave data as tabulated in (a) in
a suitable diagramaitic form. [10]
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Describe briefly different methods that are employed
in the collection of statistical data.

(7]
OR :

Give an account of different modes of diagramatic
representation of statistical dota,

[7}

3.

Explain the diffcrence betwecen any threc of the
following:

a) parameter and statistic
b; variablo and attribute
sampling »nd non-sampling crrors
) statistical population and sample

[3%3=9]

~

(2a) Name the important government organisations that
arc rcsponsible for collceting any four of the

following statistics:

{a) Nation2l income
Population ~nd dcmography
Industrial production
Lgriculture production
Forcign tradc

Banking ond finance

mHo 0o

[1x4= 4]
(b) Mention thc name of onc important publication
for cach of the onus you choosc in Q.4(c) and
deseribe very bricfly the nature of the data
containcd thcrein (Do not give the same publication
morc than oncd).

[24x4=10]
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2.a)
b)
3.a)

b)

4ea)

b)

5.2)

)

Note; Attempt as many questions as you can. Maximum
you can score is 75. Marks allo?red for each
question are given in brackets [ J.

Explain the concept of concentration curve. What does the.

coefficient of concentration measur: ? [5+3J=L8;

Six dice are thrown 729 times. How many times do you

expect at least three dice to show a five or sixy (7.
t - o

Obtaiﬁ?%xpression fogz%odc oé?#inomxal distribution. LT .

Establish a recurrence relation among thc moments of

poisson distribution. [7]

Calculate mean deviation of poigson distribution with .

mean one- {71

Obtain first four moments of N(p, 62) and hence show that
By / pz = where By stands for i-*h moment of
Ay, ) about mean~ ¢

FPor a norral distributivn with mean 2 and standard devia~
tion 3, find a point in right side of the mean such that

the probability that corresponling random variable lies N
between mean and that point is 0.4280. [5]

What 1s the correlation coefficient a measure of 2
Obtain the correlation coefficient between two random
variables X and Y {if they are related as

3% + 5Y = 9. [3+5]=[a"

Following are the observations on tvio variables X and
Y.

x: 18 89 9 69
Y 125 137 156 112
Predict Y whenm X =83 using least squave method. [10°

An experinent éonsisting of 100 Bern-ulli trials is repeatcd
50 times. Fit a guitable distribution to the obtained

data, given below, assuming that the probability of suc-

cegs in a trial is very small.

—
-

Wo. of .
success 0 2 2 3 4 5 6 -and above

Frequency 14 18 11 5 1 1 0

—— [451
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1e

2+a)

b)

.3.‘3,)

b)

Note; Angwer any two questions from Group A amd
all questions from-Greup B. Marks allotfeji
For each question are ?-ve.n_i.n dbrackets
Answer Groups A and B 1n separate answerscripts.
Group 4: Irndex Numberg

Maximum Marks: 50

Define a 'true' cost of living index. Show that the
Laspeyrea’ index overestimates the true cost of living
index. [25]

Suppose you are asked to construct a cost of living index
number for industrial workers in Asansol. How would you
select various commodi ties and obtain their weights? (141

Construct an index of production in food manufacturing
industries in India for 1958, (with 1956 = 100), using the
statistics given below and taking as welghts the valuea

added by different industries in 1956. [11]
Value added Nonthly ave-
Industry (Rs. crores) Unit Trage produc-
in 1956 tion
Wheat flour 2 thougand tons 44.8 6843
Biscuits 1 tong 1235 1475
Sugar 33 thousand tons 155 167
Confectionery 0.1 tons 790 863
Vanaspati 4 thousand tons 21 25
Tea 55 million lbse. 56 60
Coffee 2 hundred tons 29 37
Salt 5 lakh paunds 74 94

What is a 'chain index '?Compare it with a ' fixed-b
index', noting their relative merits and demerits. [5+9J [14]

The following table gives the cost of living index (CLI)
numbers for the groups and subgroups of items with their
respective weights for the middle class people of
Calcutta in 1956 (with 1939 = 100):

Group/ Subgroup Group CLI for 1956
subgroup weight wgight (1939 = 100)
1« Food 67 415.3
2. Fuel and Light 8
2«1 Kerosene 27 252.8
2.2 PFirewood 20 410.0
2+3 Coal 40 402.1
2+4 Matches 13 32040
3. Clothing 10 882.9
« Rent 5 316.5
5. Miscellaneous 10 441.6 —
Mr. X was getting a monthly Income o . =

n

and Rs.445/- in 1956. State how much he ought to have

received as extra allowance in 1956 to maintain his pre-~

war standard of living. [11]
DetaOa



4ea)
b)

Se

3e

=D =

Group B; Time Séries Analysis
Maximum Marks¢ 50

Discuss briefly the alternative methods of trend analysis
of a given observed time series.

Suppose an estimated trend equation is given by
Ty = 0458 + 0.738t where t = Q@ for Jamary 1965 and

unit of measurement of t 1s one year. Estimate Tbe
trend value for June 1972. 12+5)=F47]

guppose Y;, t = 1,2,s¢., T 18 an observed time geries.

Whnat form of trend equation would you choose in each of
the tollowipg cases?

1) Piret differences of logarithms of Y,, fplog Y.
a are approximately congtant,

11) Togarithms of first differences of Y, log Ay,
are approximately linear in t and Y, tends to s
finite maximum as t becomes large.

111) The graph of rate growth, A Yt/Yt y when plotted
against t resembles a modified exponential curve.

1v) The graph of Pete-of growth, £\ Y,/ T —=cutwet -
Y, 1s approximately From, &7 % (4 x 41=[161

Give a brief account of the m thod of ratio-to-moving
average for oaloculating seasonal indices. [17J
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TEST BOOKIED

Instructions

Answer all the questions. The answer to each
question must be written down within the space provided
below the question. Rough work must be done in the,
blank pages on the left side of the booklet. Marks
allotted to each question are indicated in brackets
against the guestion.



1.

2.a)

b)

3 -8.)

b)

VWrite down the pample ppace of the following random experi-
menta.

a) A coin is togoed thrice and the sequence of heads and
tails that results is obsgerved.

(5]
b) A die is rolled. If the outcome is odd then a coin is
tossed and if the outcome 1s even the die is rolled
again and the ouvtcomes at both gtages are observed.
[3]
Consider the sample space of 1(a). Let A denote the
event ' exactly one tail occurs' and let B dencte the
event 'at least one head and at least one tail occur'.
Write down the events A and B.
A=
B =
Ls]

Consider the sample space of 1(b). Write down the events.

¢ ={ Even number in the first throw of the die.}
D = JThe score in the first throw of the die > 4}

C =
D=
[al
Togs a fair coin three times and observe the number of
heads. VWrite down the resulting probability apace.
[l

Let 2 4items be drawn from a lot containing 12 1tems of
which 4 are defective. Let

A = {both items are defective}

B = oth items are nondefective}

0 = {at least one item is defectivé)

Find (1) P(4) (ii) P(B) and (1ii) P(C).
1) P(a) =
11) P(B) =

i111) P(C)



5.0)

4.a)

b)

¢c)

D=

Let 8 =Ia1. 8y 8 34}

Tet P be a function defined on 8 by P(ay) = 12,
Play,) = 1/3, Plag) =1/4 and P(a)) =1/5. Iz P a
probability function on §°?

Jet B be cTn event with P(3) > 0. Let A be any cvent.
Define P(A| B), the conditional probability of A given

Show that c
p(a°| B) = 1 - P(a| B)-

A box contains three coins, two of them falr and one two-
headed, & coin is selected at random and is togsed twice.

1f both tosses result in heade then what io the probability

that the coin is two-headed.

[41

(3]

[10l
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Be Let a fair poin be tossed twice.

Iet A = §first toss is a head}
B = gecond toss 1is a hee.d'ﬁ
Cc = {exa.ctly one toss is & head}

Are the events A, B and C iondependént ?

6o 4 fair die is rollede Let X denote twice the number

appearing and let Y Dbe cqual to 1 if an odd number
appears and 3 if an even number appears.

i) Find the joint distribution of (X, Y) and the
marginal distributions of X and Y.

[10]



[10]
[ ii) Find the digtribution of X + Y.
(51
1ii) Verify that E(X+Y) = BE(X) + E(Y).
f5]

iv) Find cov (X, Y).
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1e,

2.a)

b)

3.a)
b)
c)

4.a)

b)

Note: Attempt four questions including Q.7 and Q.5
which are complulsory. .
Marks allott?élfor each question are given
in brackets

The mean and standard deviation of a set of 25 gample obser-
vations were computed as 56 inches and 2 inches respectively.

It was detected later that the set included an obgervation
which was wrongly recorded as 64 inches. Exclude this

incorrect obgervation from the set, and compute the mean

and S.D. for the remaining 24 observations. [5+1¢]=[151

Describe, briefly, the essential features of the various
diagrams which are usel for graphical representations of
frequency distributions and cumulative frequency distribu-
tionss Draw a neat sketch of each diagram.

Show that the 'ogives' o a continuous distribution, inter-
gect each other at a point whose abscissa is the medi
value of the distribution. Heeal=loc]

State the desirable qualities of a good ‘average' of a
distribution.

Derive the formula for estimating the sample mode from the
frequency table of a continuous variable-

What can be said about the rc¢lative magnitudes of th mean, .
median and mode of a distribution 2 f747463=120)

What is 'dispersion' of a distribution ? Desecribde its
various measures. (The expression for each measure in
terms of the sample values should be stated.)

Prove that the 'mean deviation' of a distribution can neve
exceed its standard deviation. [14+61=[20]
EITHER

The distribution of breaking strength (measured to the
nearest thousand pounds per square inch) of BO test pieces
of a certain alloy, is given in the following table;

DPreaking stresgth'44-5- §6.5~ 48.5— 50.5- 52.5~- .o+
(thousand 1b. 46.5 48.5 50.5 52.5 53.5
sq._ in.)

number of pleces 3 24 27 21 5

e

Compute the (i) mean, (ii) mean deviation, (iii) §.D.,

(iv) percentile rank of a breaking strength of
49.25 thousand 1b./sq.inch, and

(v) the proportion of test pieces whose break—
ing strengths lie within the limits

Mean + 2 x (S.D.) [5 x 4)=[20]

p-t.0.



ETY

OR

The table below givea the frequency distridbution of diasto-
lic blood pressure of 250 male adults. The readirgs were
taken to the nearest millimetre, and the class mark of each
class is given.

Two class frequencies are, however, migsing. The mean
diastdlic pressure of the entire sample is known to be
80.22 mm.

BTood pressure GO G5 70 75 80 85 a0 95
(class mark)

frequency 4 5 31 2 114 ? 25 2

Calculate the
i) range of the sample.
i1i) missing class frequencies.

1ii) mean deviation of the distribution.
[24+10+6])=[20
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‘ Note; Arcwer all the questions. Narks allotte
for each question are &iven in brackets i 1
. R
TIve an account of the different steps in a gtatistical
investigation. [20]
OR
Write notes on any two of the following: [10 x 2 J=[20]
i) National Sample Survey
11) Annual Survey of Industries
1ii) Sampling and non-sampling errors.
2. The following shows the distribution of net domestic pro-
' duct at factcer cos®t (at 1560~6% prices) of India in 1974-
1975 by industry of origin:
net domestic product
industry _(Rs. crores)
1. agriculture, forestry, fishing, mining 8359
2. manufacturing, congtruction ctc. 4748
3. transport, cormunication and trade 3354
4. finance «nd 22l cstate 854
5. public admiriztrat.on a'd defence 152
6. other services 1374
Total ' 20261
Draw a suit~hle diagram to bring out the relative importance
of the differcnt industrics- [45]
3. The official wholesale price index number (base: Year ended

August 1939 = 100) remained almost stationary at 418.9
during the week ended 20th October, 1956 compared with
418.8 for the previous weck- The index was down by 0.2 per
cent when compared with corresponding week of last month
but was higher by 16.3 per cent than that of a year ago
The index for food articles advanced further by 0.5 per cent
compared with 393.7 for the previous week, by 3 units com~-
ared to that for the corresponding week last month and by
83'/ compared to last year.- The index for industrial raw
materials increased by 0.5 per cent to 505.6 compared to
last week due to rise in pricee of raw jute, growndnmut and
rapeseeds. The corresponding index last year was 407.9
whercas the index for the corresponding week of last month
was the same as in the current week. The index for semie
manufactures declined by 0.5 per cent as compared with
404.2 for the previous week. The index during correspon-
ding week of last month was 407.7 and that for the last
year was 332.2. Lower prices of Rayon and Silk brought
down the index for manufacturcs by 0.3 per cent comparead
with 390.0 for the last week and was less by 0.8 per cent
compared to last month, but was 5 per cont more than for
last year. The index number ior miscellaneous items was
581.9 oompared to 418.8 and 419.8 for the corresponding
week of last month and last year, respectively.

Present the above data in a suitable tabular form. (15]

s e et g e
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Note: The paper carries a total of &5 marks.
Answer as many questions ae you can. Tue
maximm you can score is 50.

1.a) Find the number of distinct words that can be formed by
permuting the letters of the word MISSISSIPFPI.
b) If (1 +x)" =cy+ Cqx + onn + c,x", vhere n is a positive
integer, prove that
[)
c2 +C2 +...+C2 =»£D—'—7. [7+a]=[15]
0 1 n . 2
(nt)
2.a) Let p be a fixed positive real number,
Prove that 1lin w/p =1.
n=> <
b) Find the set of continuity points and i%e set of discon-
tinuity points of the function £ deiined for every real
number x as
2
0o if x > 1
£(x) =< 1 1 £ <1
“S
1/2 1If ¥ =1
[7+81=[15]
3.a) Pind the derivative of x* where x> 0, with regpect
to x.
b) Show that the function
y=e X (3 cos x + b sin x)
satisfies the equation
v +2ay’+ (& + 1)y =o0. [7481=[15]
4a Evaluate the following integrals.
T
i) J sin mx cos nxdx vhere m, n are
-1
positive integers.
11) f e®* cos bxax.
1 =
LA\NDr L — - - e N
— — e T T AR TN
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