INDIAN STATISTICAT INSTITUTE

“One Year Fvening Course in Statistical
ethods a;d %pprications,1982-83
art I

Tescriptive Statistics(Theory and Practical)
PERTIODICAL EXAMINAT ION

Date : 8.9.1982. Maximum Marks : 100 Times 2 hours

lilote ¢ Do as many questions as you can do. The paper
carries 120 marks but the maximum you can score
is 100 marks. Marks allotted are given at the end
of each question.

1. A statistical enquiry yielded the following data of land holdingsg
(in acres) for 60 households.
5, 1, 15, 10, 6, 15, 6, 4, 3, 2, O, 1, 16, 11,
17, 12, 13, 15, 3, 2, 51, 2, 4, 35, 40, 60, 50, 4‘5,
62, 65, 45, 20, 18, 15, 19, 20, 17, 10, 11, 14, 15, 25,
30, 35, 40, 45, 50, 55, 60, €5, 18, 19, 18, 29, 49, 21,
11, 19, 18, 31,

(i) Construct a grouvped frequency distrsbution with suitadle no.

o9f classes.

(ii) Draw frequency polygon, frequency curve, ctamlative frequency
polygon and cumulative Irequency curve and Histogram for the
2bove data. Obtain the values of quartiles with the help of
ogives (10+20) = L30]

2.(1) What do you mean by measures of central tendency and
dispersion 7 Name some important measures and define them.

(1ii) For the data in Q.1 ( you may use grouped frequency dis—
tribution) obtain the values of mean, median, mode, first
and third quartile s, variance,sbandard deviation aad
coefficient of variation. (10+20)= 301

R.(1) Derine r'h raw moment and central moment md express the later
in terms of the former.
(ii) Obtain first four central moments for the data in Questiom 1.
(10+10) = [201]
P.T.0.
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4.{1) What do you mesn by skewncse and kurtosis o

(11) Give some measures of skewness and urtosis and obtain their
values flor the data in question 1.
(10+10)=k20]

5.(1) What do you mean by sampling and non-sarmpling errors 9
I-.vIentioﬁ major types of non—sampling errors.

(11) Indicate major stages of a statistical investigation and
the main steps required within each stage. What precautions
should be taken against the non—-sampling errors ?

(5+15) =k20]
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I

Economic Statistics(Theory and Practical)
PERTODICAL EXAIiINAT ION

Date : 22.9.82. Maximum Marks : 100 Time : 2 hours

“Note : Answer all the questions. Marks allotted
to each question are given in brackets.

1. Discuss the ;ndex number problem with reference to a price
index number, State the well-known index number formlaec
distinguishing clearly between the ““aggregative’® type and
~average” type indices. Is it possible to interpret the
Laspeyre’s price index formula both as an weighted average
of price relatives and as an aggregative price index 7

(5+12+ 5)

2. Discuss the problems ~f constructing a series of price index
nucber over a long period of time. Do you think that the chain
base method is more suitable than the fixed base method for
“re construct dom of such a series ? Give reasons fix your

answers (5+8 )

3. The following table pives the sums EP; ¢ qit where t,t’: 1961,
19€2, 1363, 1964.

7

t
+ 1961 1962 1963 1964
1961 356 331 378 416
1962 395 365 424 460
1963 448 423 482 529
1964 465 432 495 542

Calculate the following index numbers.
P.T.0.



Q-_NO-3 contdas.
(1) Laspeyre’s price index numbers for 1964 with 1962 as base
and for 1963 with 1961 as base.

(11) Paasche’s guantity index numbers for 1962 with 1964 as base
and for 1961 with 1963 as base.

(1ii) Laspeyre - type chain base price index number for 1964
with 1961 as page.
(4+4+7)
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Probability
PERIODICAL EXAMINATIONS

Datd: "15.10.82. Maximum Marks: 100 Time: 3 hours.

Note : The whole paper carries 110 marks but the
maximum you cen score is 100. Answer all
questions.

1«<(a) Show that B(n,p) distribution approaches a Poisson distri-
bution as n —> = if np = ¢ ( a constant). {10]

(b) Define the probability generating function of a nonnegative
integer valued randsm variable. Find the p.gef. of the
Poigson distribution with parameter A. Prove using pesgef. theot
Pyisson distributisn is reproductive. [3+7+6]

(e) "'rite dovm thc density Sunction of N(3,4). Find the density

function of =3%+2 if X ~A-N(3,4). {3+6]

2. An urn contains 5 red, 3 blue and 2 green balls. Two balls
arc drawn at random from the urn with replacement. Let X
(respcctively, Y,2) be the number of red ( respectively, blue,
green) balls obtaineds

(a) Vhat is the name of the distribution of ( X,Y,3) ? Write its
(discrete) density function. " [345]

(b) Vrite down the table ( no proof) giving the density function
of ( X4Y). Obtain the marginal dcnseity functions of X,Y.

What are the names of the distributions of I.Y? [e+5+3]
(c) Find the density function of X¥+Y. What is the name of this
distribution ? Are X,Y independent [6+345]

3. Let ( x,\Y) be a continuous random vector with density function

2y) = 2c (y-x)? 1£0Cx <1, 0y <
o otherwise.
PaTuO



5.{a) Mnd the value of c. Lel
(b) Pind the density function of X and the density function
of X [6+6]

(e) Find the conditional density function Y given X =-15 . L4l

() PmaPcx<t, tevcatr), PCx+ygt) o)

(e) Are X, Y independent 2 Why ? [5]
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PART; - T

Descriptive Statistics(Theory and Practical)
PZRIODICAL EXAKII.TION

DPate: 20.10.82. Maximum Marks: 100 Time: 2 hours.

Hote: Attempt as many questions as you can. The paper
carries 120 marks but the marks obtained by you
are not to cexceed 100. Thc marks allotted are
specified at the end of each question.

Erove or disprove the following statements :

(i) Let p be the mean of 2 Binomial distribution B(X,n,p), X
being the total number of successes in n Bemouli trials
with p as probability of successe. Then the variance of X is
#iven by p (n=p)/n.

(1i) Let p and ¢~ denote the mean and s.d. of a Poisson distribu-
tion. Then

w=o? = Wy end m, = 620 14362) = u (1430)

and Bz = 3+ﬁ1-

(1ii)Two variates X and Y arc uncorrelated if and only if they
are independent.

(iv) In case of normal distribution, all odd order central
monents are gzero.

(v) "otal regression cocfficicnts and correlation cocfficient

are in G.P.
(5+5+410+5+5) = L 30]

In thr Higher Sccondary Examinations 20% of the students fail.
In the case of 400 studenta appearing in the above exsmination
£ind the probabilitics that :
(a) 4%t least 80 studcnts will fail.
(b) Atmost 90 students will fail.
(c) ¥o. of failure cases will lie between 60 and 100.

(54545 )=[151]

PoTeOo
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3+ Pihe Seeds are sown in a plote. Some of the sceds may germinate

and grow into plants while someé may not. Let X decnzte number of
gecds germinating and growing into plants. The experiment is
repcated in 100 plots and the following dats iec obtained :

X o 1 2 3 PR ]
frequenc
(fio-of Dlots) 3 > 15 4 30 5

(i) Pit a binomial distribution to the absve dotae

(:i) Find the probablc number of plots in which at least thi-e
secds would gerizinate and grow into plantse

(1i1)Find the modez and veriance of the distribution.
(10+5+5)=Lz20]

“e following data gives profits ( after tax) for fiwe frots [z
in 2 particular year and the 2xtra amount spent on due %o r-ice
in vages, bonus ~nd social welfare of all the morkers in th-:rc
f-rctories for that ycar.

E;etory ¥o. 1 2 3 4
—
|

X 25 30 10 50
I ¢ 3 2 1 4

“here X : Prosits, after tax, in Rs. lakhse
Y : Extra amount spent on raising wsges, bonus and gscicl
wvelfare of workers in Rs. lakhs,

(1) Ovtain corrnlation coefficiant between X and Y and
interpret the result., :
(ii) Obtain rogression linc of y on x and th~t of x on y.

(iii)Obtain theomtical values of Y corresponding to various
values of X in nbove table.

(104545 )= L20]

( Contde.e...3).



5.
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4 machine is used for a particular task during the day and for
2uother task during the night. Let
Y i 10. of times the machine breaks down during the day.
Y : noe. of times +the machine breaks down during the night.

The joint _2obability dis*ribution P (X =x, Y=y )
'is found to Dbe

PN 1
Y

0 n.2 0.3
1 0.038 0.12
2 C.1 0.2

(i) Obtain the marrinal and conditional distributions. Are X
and Y independent 7

(ii) Ovtain P (X < 1), P(Z > 0), P(Y > 1), P(1 < Y ¢ 2),

P1¢Y¢<2 [0<KXL2)

(1ii), In how many percent cases there would be more break dc'ms
in the nights than during the days-

(10+5+5 )=[20]

‘onthly wage-distribution of 200 workers in a factory are
obtained as

wages No. of

(in Rs.) workers
100 - 200 20
200 - 500 25
500 -1000 15
1000 -1500 60
1500 -2500 20

(1) Obtain mean, median, mode , first and second quartiles of
the Aabove data.

(11) Obtain coefficient of variation for the above data.
(10+15)=[15]
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INDIAN STATISTICAL INSTITUTE

One Yecar Evening Course in Statistical
Methods and Applications:i982-83
Part I .

Time Scriee and Official Statistice(Paper IIT)
FrgTODICAL EXAMINATION

10.11.82. Maximum Marks: 100 Time: 2 nour..

Note : Answer all the questions. Answers shoulad
be brief and to the point. Marks allotted
to each question are given in brackets.

“hat is a time series '? Describe with suitable illus-
trations the different components that may be present in
an observed time series.

A time series of number of movie-goers in Calcutta is

recorded daily during the month of September, 1982.Identify

the systematic components that may be present in the seri::z.
[15+10]=[25]

Describe different trend models vhich can be used to forecest
a time series.

Interpret the meaning of the parameters for each model and
mention the possible range of values for the parameters.
Describe the different methods of selection ( or identifi-

cation) of an appropriate trend model for a givern time serics
which contains trend and irregular components onlye.

(@) ¥hat trend model should be used to analyee the followinyg sim-

Series:
Time | 1 2 3 4 5 6 7 8
Y, ] 5 8 13 20 29 40 53 @

Can you estimate the parameters of the identified model
vithout doing any long calculation ©
[10+10+10+10]=<k40]

P.Te0.
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The estimated linear trend equation for the logarithm of the
Index Production in the chemical and chemical product indus-
trdes, 1947-65 in the U.8.A. over time is

Log Y, = 1493427 + 0.03390t

(a) Find oat the corresponding exponential trend to this
equation and hence obtain the rate of growth of produc—
tion in the chemical and chemical product industries.

(b) Forecast the trend value for the year 1372, where t=9
for the year 1965.
[10+5]=1.

On the basis of the data below, prepare (a) a lons—-erm
Torecast of sales of Sigma Products, Inc., i.e. “or 1963 ;
and (b) a forecast for the June, July and August censon o
1968. Interpret your foreoasts:

SIGM4 PROTDUCTS, TNC.
Seasonal Index

ilonth Zudex lonth Indax
January 75.0 July 135.6
February T7.3 August 122.°
March 225 September 101.0
April 84.0 October 101.3
May 36.2 November 102.4
June 129.7 December 102.5
T, = 543.2 + 20.1 t
Origin : July 1, 1961

t in terms of years.
Y in terms of billions of dollarse
[1o+10]=20
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Paper ITI
Economic Statistices (Index Number and National
Income Accounting

SEMESTRAL -I EXAMINATION

Date: 20.12.82. Max{imum Marks: 100 Time: 2 hourn.

Note : Answer question 5 and any three from the rest.

Marks allotted to each question are Ziven in
brackets.

1. Explain the factor reversal’ test. Examine which of the
vell-known index number formulae satisfy this test. Discuss
the importance of this test. [22]

2. Discuss the different methods of construction of index of
Indusirial production. Describe briefly how the official index
of industrial production is constructed in India. io2]

3. Define national income and bring out clearly the distinction
between (1) national income at market prices and national
income at factor cost (ii) national income at current prices
and national income at constant prices (iii) nationel income
and domestic income. [22]

4. Virite short notes on any two of the following :-
(1) Chain base versus fixed base index numberss
(ii) Choice of base period and items for the construction o
price index numbers.
(111)Real national product and its measurement.

221

P.T.0.
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5.(a) From the following data calculate index numbers of wholesele
prices of (1) machinery and transport equipment and (ii) all
commodities taken together, for the last week of 1970-71

with 1961-62 as base. L9l
firoup/Subgroup group weight in index number Tor
weight the group the last week of
) 1970-71
(1) (2) (3) (4)
1. T™od articles 413 - 199.8
2. Liquor and tobacco 25 - 184.9
3. Fuel, power etcs 61" - 162.7
4. Industrial raw materials 121 - 191.0
5« Chemicals 7 - 189.5
6. Machinery and transport
equipment. 70 - -
6.1. Flectrical Machinery - 241 149.2
6.2« Non-electrical mach~
inery - 403 160.7
643 . Transport equipment - 266 136.0
7. Manufactures 294 - 160.4

(b) The following data (in Rs.crores) relate to the Tndien
economy for-the year 1965-66 :

(1) Net domestic product at factor cost

= 20786
(11) Gross national prad- =t at market prices = 23921
(iii)Transfer paymenis to individuals = 266
(iv) Vet factor income from abroad = =165
(v) Hational Aebt intercst = 175
(vi) Indirect taxes less subsidies = 2082
(vii)Income from domestvic product accruing to
government = 345
(viii)Other current transfers from the rest of
the world = 72

Using the above information calculate (a) net national

product at market prices (b) gross national product at
factor cost (e¢) depreciation (@) private income.

L25]
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1.(e)

(b)

(c)

2e(a)

(v)
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INDIAN STATTSTICAL INSTITUTE

One Year Evening Course in Statistical
Methods and Applications,1982-83
FART I

Paper III
Economic Statistics(Time Series and Official
Statistics).

SEMESTRAL-I EXAMINATION

22.12.82. Maximum Marks: 100 Time : 2% hourss

Note : 4nswer-all the questions. Marks are given
in brockets. Answers should be brief and to
the point.

GROUP .

Distinguish between the additive and multiplicative

models of time series in a set up where the trend,

seasonal fluctuations and an irregular componemt is ascuned
to be present in the obseryed time series.

4 time series of monthly observations covers 50 years. The
series 1s known to contain a trend, seasonal fluctuations
and an irregular component. What types of components will
be present in the series obtained by(i) a 12-month moving
average (1i) a 24-month moving average, and (iii) a 4-month
moving average of the series

Describe briefly the alternative methods of finding out the
trend component of an o“served series indicating their
relative advantage and disadvantages.
l&a;9)=[25]

A modified exponcntial trend curve Yt\= K + abt may bet
regarded as suua of two curves, viz., Yt=K and Yt =ab’.
Can you obtain *he shape of the curve graphically or alge-—
brically when k > 0, 2a > 0 and 1.> b > O.

If the rate of growth of trend value is measured as Ty
Ty = ( Y, - Yt—1) / Y, 4 where Y, is the trend value for

"time t, what would be the nature of rate of growth for an
increasing linear trend curve end a declining linear trend
curve

PeT.0.
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2.(0) The following quarterly data relate to money supply with
the public in India for the period end March 1968 1o end
December 1971.

end of 1968 1969 1970 1971
March 54%* 58 64 7
June 55 60 66 75
September 53 58 66 74
December 54 . 60 68 77

* unit = 000 millions of Rses
Calculate the guaterly seasonal indices by ratio *to moving
average method.
L5+5+15 1=L2r]
3.(a) Describe Jiflerent criteria to select a good forecasting
method.

10
(b) For a ~iven time series data g0 Yos == ¥p» I y =100 ~nd
1'.=1t

el
n = 10. If for the quadratic trend curve Yt = a+bt+et”
fitted to this data a = 2.0 ( the osrigin is selected sc
n
that ¢ +t=0) then find out the value of C.

(c) Describe the method of estimation of parameters of a logis-

_ k
tic curve Yt = m—-
[o+9+71=L25]
4. Write a note.on the nature, coverage and sources of any +wo
of the following :

11L Consuriecr price indices in India.

1 Agricultural statistics available in India with particular
reference to land utilisation and yield statistics.

1ii) Central Statistical Organisation (C.S.0).

iv) National Sample Survey.

v) Statistical System in India. .
(12} +12}1= l25]
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INDIAN STATISTICAL INSTITUTE
One Year Evening Course in Statistical
Methods and Applications, 1982-383
PART T
Probability(Paper I)
SEMESTRAL-I EXAMINATION

Dete: 13.12.1982. Maxiwum Marke: 100 T:Lme:Z% hours.

Note : Answer all questions. The whole paper carries
108 marks but the maximum you can' score is 100.

4. The life X of 2n =2lectric bulb manufactured by a company has

the exronential distribution with parameter A = 5°
(2) vrite do'mn “he density function of X and find the c.d.Z.
. of X« : [3+51]

(v) Pind the meg«i. of X and using it find the mean and the
variance of X. [5+3+4]

(c) Suppose it costs the manufacturer Rs.5 to manufacture
the bulb and he sells it for Rs.9. If the lire of any
bulb ie less than 1, the manufacturer refunds the full
sale price. If the mamufacturer manufactures and sells
10,000 bulbs what is his expected profit'? You may take

e 0% = 0.606. (sl
2.(a) Write down the density function of XZ2. (4]
(b) If X,Y are independent random variables such that
X~X2 and Y~.X2 , find the density function of 2= Zys
{10]
(e¢) ¥ind the denesity functiom of 1 neing the result in
14+ 22
n
2(b). What is the name of this distribution 2 [6+2]

P.T.0.



3. (X,Y) has the uniform distribution on the region bounded by
the triangle with vertices at (0,0), (1,0) and (0,1).

(a) Find the marginal density of X and E(X), [6+4]

(b) Find the conditional density of Y given X=x and

4-(3)

(v)

(e)

(4)

B(Y] X=x). La+a]

Prove that| o (%,Y) | < 1 for any two random variables
X and Y. . i10]

State clearly the uniqueness theorem and the cantinuity
theorem for characteristic functions. [4e4]

State Chebychev’sinequality. Using it solve the following
problem : An unknown proportion p of the individuals in 2
population has a certain characteristic. A sample of csize
n is drawn with replacement amd let Y be the proportion o
individuals with the characteristic in the s=2mple. Fin? tl.:
smallest n such that with probability at least 0.9, Y

differs from p by less than 0.05. L4+8]

State any version of central 1imit theorem and explain how
you would use it to solve the problem in 4(c). Las6]
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PAFER II
Descriptive Statistics(Theory)

SEMESTRAL-I EXAMINATION
Date: 15.12.1982. Maximum Marks:100 Time: 2 hours.

Note : The paper carries 120 marks. Attempt as many
questions as yosu can but your maximum score is
not to exceed 100 marks. The marks allstted are
glven at the end of each question.

1. Prove or disprove the following statements :
{i) For a binomial distribution B(x, n, p) we have
au
+ r )]
-1 dp

Brgy = p(1-p)[rn u

where B is the rth central moment.

(ii) For Poisson distribution P(x ; A)

du
+ A —%

=riup ax

Hpaq
(111) For a normal distribution N(p,o2)

Horyq = 0

= 2r

Hop = 103507 cueeen ( 2r-1) «

(iv) The sample cnrrelation coefficient between x and y based
on two observations ( X5 yi) , i=1,2 , on each of x and
¥, is either +1 or -1.

(v) Regression line of y on x ( based on the least squares
estimates of unknown coefficients) in the sample is given
by

(x-%)

-y =05
Y=Y =Dy

P.T.0.



1+(vi) Regression plane of y on x; and x, 13 given by
YV = Porp (X 7 %) + Dy (x5 = Xp)

where the suffixes 0,1 and 2 stand for y,k1 and X, res-
pectively and the symbols have their usual meaning.

(vii) The partial correlation coefficient To1.2 is the geonetric
mean between the partial regression coefficient b01-2 and

Y10.2°
(viii) (a) 1 - Rz0(1.2) = (1-x3) (1~ r202.1)
(®) Rp(q,2) 2 Ty 1, = 1,2,3, 1# 3

(e) 1 - R3(1,2) = L.l:{i%&%;%ill_ if ryy=f

(5+5+10+5+5410+10+15) = [65]
2.(i) What do you mean by measures of central tendency and
disperelon?

(ii) Give important measures of central tendency and dispersion.
(5+10)=L151

3.(i) What do you mean by skewness and kurtosisy

(ii)Give some measures of skevness and kurtosis.
(5+10) =[15]

4.(1) Explain, in brief, the principle of least squares.
(ii) Obtain normal equations for fitting

y=ag+a x+a, x°

to a data ( x;, ¥.) i =1, <0y ne
S T (5+10)=L151

5. Obtain correlation coefficient between x and y whose joint dis
tribution is given by

2xy) = 2-x-y 0<x¢1, 0<y<1

e 0 elsewhere.

i10l
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PAPER II
Descriptive Statistics Practical
SEMESTRAL-I EXAMINATION

Date: 17.12.82. Maximum Marks : 100 Time: 2% hourse.

Note : Attempt as many questions as you can. The
paper carries 120 marks but the marks
secured by you are not to be more than 100.
The marks allotted are specified at the end
of each question.

1. The following tadle gives, according to age, the frequency
distribution of marks obtained by 60 students in an intelli-
gence test.

Age in years
X

18 19 20 Total

Marks

Y

10-20 4 2 2 8
20-30 5 4 6 15
30-40 6 7 10 23
40-50 4 4 6 14
Total 19 17 24 60

(i) Calculate the product monment correlation coefficient
between X and Y.

(ii) Tit the regression line of Y on X and that of X on Y.

(1i1) Find the theoretical values of Y for the given valuos

of X.
(1v) Find the marks osbtained by a student whose age is
22 years. (10+4+4+2)=[201]

P.T.0.



2. Following is the joint distribution of two variebles X and Y :

- 2 -

x 1 2 3 4
Y
1 1/36 3/18 - -
2 2/36 i 1 /18 -
3/36 3/18 - w
4 - 4/36 - 1/18 1/6

Find

(1) B ( X+Y) , (i1) B (XY) , (iii) Var(X),

(1v) Var(Y) , (v) Cov(X,Y) and f xy.

(5+8+6+6+5)=[20]

3+ An inatructor of mathemntics wished to determine the relation-
ship of marks in a final examination te those on two quizz:os

givew during the semester, calling 11, X2 and x3 the marks »f
a student om tha first quisz,

second quiz and final examinatian

respectively. He made the following computation for a total of

120 students :

%, = 6.8 X, =
CI"1 = 1.00 Q’z =
T42= 0.60 ,1‘13=
(i) Find all the partial correlation

correlation coeffici

entse.

7.0 X3 = 74
0.80 0‘3 = 9.0

r = 0065
0.70 23

coefficlents and multirle

(i1) Pit the regression plene of X; on xé and X,

(25+10)=135]

4+ At 200 different points in a big city, the number of déaths
° were observed for a week. The inquiry yielded the following

data 1
Number of deaths
Frequency 1

o] 1
11 63

2 3 4
22 3 1

Fit the Poisson distribution to the above data and calculrte

the theoretical frequenc

Given m 0.4

iess

0.5

e o 046703 0. 6065

0.6 0.7

0.5488 0.4966
L1513



5. The following table gives the number of workers in a factory
with their monthly earnings :

Range of monthly Number of
earnings workers
(00) Rse.
4 -6 74
6 -8 376
8 -10 304
10 =12 110
12 -14 18
14 =16 0
16 -18 9
per

Find the average monthly earninga[horker, median, first end
third quartiles and mode of the above distribution and
calculate the eoefficient of variatione [20]
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Part II

Sta*istical Inference(Theory and Fractical)
FER ICDICAL TXAMINATION

2¢2.83. Maximum Liarks: 100 Time: 2 houre.

Mote: Ancwer question No.3 and any three of the reste.
Al13 questions cerry equal marks.

‘De fine perulation, parameter of a population, statistic,

mampling distribution of a statistic and standard error of

a statistice

Derive the standard error of sample mean, when sample i3
drawvn from a finite population of size N and sampling is
made ith replacement.

Fiund the sampling distribution of the sample mean, when
somple is drawn from N(u, Tz).

T~2€ine student®s t-ste*istic. Hence derive the distribution’
of the t-z*-tistic.

Distinguish between point and interval estimation of a
parameter,

Assum2 thzt the top specd attainable by a certain derign
racing car ic normally distributed with unknown mesn pu ard
3eds 10 miles per hour, A random sample of 10 cars, built
according to this desim, was sclected and each car was
teated. The sum and sum of squares of the top speeds attcined
(in miles per hour) were

Ix; = 1652 , X = 273, 765.

Compute the 95+. confidence interval for u. [Given
= 1.96, where Z 1s a standerd normal variable .

Piﬁ‘ﬂn

%, 025
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4+ BExplain what do you mean by maximum likelihood estimator of
a prrameters Find the maximum 1ikelihood estimates of the
parameters of a noual population with mean u and variance
o2,
Are these estimates unbiased f If not find their unbiased
estimates.

5.(a) Sunpose that 1he tinc it torkes a distance runner to run aj
mile is norm~lly distributed with mean p and variance g-zj
Suppose he will run n, mile races in May and n, mile raceq
in June, Let X4 bc the mean vorlue of his times in May znd
ig be that in June. Show thet T = H§1+ (1-p) iz is an
unbiased 2stiuctor of p for any p (0 ¢ p < 1). Find the
value of th~t ninimizes the veriance of T, assuming i1
and Xz are indcpendent.

(b) Define sufiicient statistic. Hence find the sufficient
statistic for the paremeter of N (0, 8 ), where @ is th:
vorriance of the populﬁtion}on the basis of a2 random
scuple X1, .o xn.
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Sample Surveys (Theory and Irsctical)
PERIODICAL EXAMINATION

Date: 1642483 Mexirmum Marks : 100 Time: 2 hours.

Wote : The paper carries 111 marks. Lnswer as
much as you can. The maximum you can score
-~ 18°100. Marks'allooatef ﬁo each juestion
are given in brackets’

1. ;Suppore. that you. have to conduot a sample survay of persons in
your locality to find out their attitudes and preferences Jox
T.Ve. programmes. Explain, briefly, the main' steps you would tske
for conduc'l—:.ing such a survey. [13]

2. Trom a clags of 121 . students a sample of 20-1s drown at random
rith replacement in which B students are found to bc smokers.
Estimate the proportion of smokers in the class and give an
ap,:roxmate 95% confidcuce interval for ymu‘ estimate.

‘ , L4+6]=L10]

3+(2) Expl-oin whet you understand by Linear Systematic Sampling
(L.S.S.) and Circular Systematic Sampling (C.S.S.). [9]

(b) Wuen the population size N is wot divisidle by the required
sample -8ige ‘n, sbtsin an unbiased estimetor of the population
mzzn in the case of LeS.S. L6]

(e) Can you estimate the variance of the abovz estimate in (n)
unbiasedly. Give reasons. . [1+6] (7]

(d4) Two samples choser independently hy ‘0sS.8« cf Bize 4 eech
gave the follawing y-valuesa

comple 1 : 214, 287, 268, 294
semple 2 & 200, 198, 274, 286.

(1) Estimate'thé populotion mean snd obtain an estimate af
ite sampling errore [3+4]=07]

B-T-O.‘
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4.(a) Explein briefly what you understand by Split method’ in
the case of Probabil;ty proportional to size (PPS)
sampl ing . [5]

(b) For estimoting the total number of absentees during = weck
in 20 factories of an area, a probability proportionrl *o
gize semple of 2 factories is drown with replacement. Usi:g.
the data given below estimate the total number of 2bsentces
in the 20 factories. Also obtain an estimate of its sampling
error.

No. of workers(x) anmd no. of absentees (y) on 2 sample

factories
Sl.Ho0. x y
1 28
2 142 8

Total no. of workers (no. of workers taken as size measure)
in the 20 factories is 1561. [11416]1=127]

5. State whether the following statements are true or ralse.
Substantiate your statement.

(i) Por Simplc R-~ndom Sampling vith Rcplocement of-eiﬂo)n,
an unbilased estimator of the population variance g~ is

-2 -
given by % _% ( Yy - y) , where y is the sample meen.
l=1 l_"?]
(ii) For L~hiri’s method@ of selection, thc probability or
selection of a unit is proportional to its size. [a]

(iii) In stratified sampling, an unbiased estimator of the
population mean where there are k streta is given by

N

A k
£ Y, / k , where Yi is the estimate of

Ysg, =

=<1y

1=1

the ith, Stratum (population) mean, i = 1,2, ... ki ]
9
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Date: 30.3.1983. Maximum Marks: 100 Time : 2 hourse.

Note : The paper carries 120 marks. Answer as mach
as you cane. The maximum you can score is 100.

1.(a) Yhat are the advantages of stratified sampling ¢ Lel

(b) Derive the{Neyman's optimum allocation’ of a total sample of
size n when Simple Random Sarmpling Without Replacement

(SRSWOR) design is used in all stratae. L12l
(c) Obtain the Variance of the estimator of the population mecon

when the above allocation is used. Lel
(@) How do you use this allocation in actual practice. sl

2+ A population is divided into 2 strata of sizes 68 and 32. 4
random sample with replacement of size 7 is selected from the
first stratum amd the y-values of a study variate are found to
be 114,121,161,143,114,111,152 from the second stratum a sample
of size 3 is selected with probability of selection proportional
to the size measure of the units, where the sizes of the selected
units are 64,214,159. It ie also known that the total of the size
rieasure for the 32 units in the sccond stratum is equal to 4216.
The y=values of the study varigte for the 3 selected wnits rrom
the sccond stratum are 312, 1026, 754.

(2) Obtain an unbiased estimate of the population total c2

y-valuess :
(b) Obtain an estimate of the sampling error of your =siiuzts
in (a) above.’ [11+191=L5 ]

P.T.0,
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33 When you have auxiliery information on a variable
taking values X4 xz, ey X§on the units Uy Ug, cany 'kcj
a population correlated with the rtaly v-riabla y -z~ voiues
Y1, Y2, aey %on these units,

(a) Bxplain pnow you would huild urn a‘atio sati.atns’

g 2ATTO
for the population total Y = ? Y

i using the x - val_.ci.
(b) Obtain expression for the Biaa amd Mean Squared Error of
TI0°
(¢) Obtain conditions under which ih;TIO is better than the
P o
estimator Y which does not use any auxiliary inrform~tizn.
t6+14+10]=i30l.

4.(a) When do you use ‘Cluster sampling' ¢

(b) Prom a district it is required to select a sample of
villages for which the sampling frame is not available.
Explain how you would proceed to obtain a sample and ru:
an unbiased estimator for the population total.

west

(c) Briefly, explain the possible sources of non—sampling er:rors
in the above problem and give yo'r suggestions to coun’rol
these.

[4+s8+10+8]= [30]
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Date: 13.4.1983, Maximum Marks: 100 Time: 2 hours,

1.

Note: Attempt as many questions as you can. Answers
to Questions 1-3 should be written on the question
paper itself., Answer to Question 4 should be
written in the answer book.

Rough work, if any, for Questions 1-3 may be done
in the answer book.
Fill in the blanks in the following :
(a) Among the three basic principles of design the principlzs

of and are essential

and the principle of is desirable.

(b) The completely randomised design(CRD) does not involve

the basic principle of .

(¢) A factorial experiment ensures greater

and greater than a single factor

experiment,

(d) In two way classified data with t and r classes and n

observations per cell, thc error df. is .

(e) Another name of least significant difference is

difference. 8 x 2% = 20.

Indicate whether each of the following statements is true(T)
or false(F) :

(a) In analysis of variance the error SS is obtained by

subtraction and hence it can be negative. T/F

(b) The RBD is loss flexible than the CRD. T/F
qutcc
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2.(¢) In RBD randomisatio. is done afresh for each blocik. Tt
(d) In RBD, '*block SS + treatment SS " may sometimes
seceed the total SS, T/F
1 _
4 x 22 = 10,

3. In each of the following indicate the correct alternative:
(a) The technique of paired comparison is based on

(A) )(2 test, (B) t test, (C) F test, (D) none of
these.

(b) In RBD plots within the samc block should be
(A) as heterogencous as coscible,
(B) as homogencous as possiblec,
(C) as large as possible,
(D) none of the above.

(¢) Among the following which crc is not 3 tcchnigque of
achieving local control ?
(A) confounding, (B) analysis of covarianzo,
(C) taking more expcrimental units.

(d) In the analysis of two-way classified data with n
observations per cell, the intcraction component is
not included if m equals

(A) 1, (B) 2, (c)3, (D) 4.

(e) The analysis of CRD is the same as the analysis of
(A) one way classified data,
(8) 22 factorial design,

(C) two-way classified data with onc observation per

cell,
(D) none of the above.

(f) The missing plot techniyue was suggested by
(A) Snedecor, (B) vates, (C) Fisher, (D) Wilks,

(contd,..3)
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3. The following is an incomplete ANOVA table of an RBD with

4.

4 blocks and 3 treatments, Complete the table (No calcula-
tions or explanations are to be shown),.

Source d.f. g—_ MS F
Blocks 6
Treatments 3
Error 3
Total

25

Thrce treatments were compared in a completely randomised
design and the following data on yield figures ( in suitable
units) were obtained

Treatment 1 Treatment 2 Treatment 3
11 8 18
13 10 20
12 9 21
15 7
5

Examine whether the treatments can vbe considered egyuivalent,
If not, examinc whether trecatmonts 2 and 3 differ signifi-

cantly,
40.
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Date: 25.4.1983, Maximum Marks: 100 Time: 2 hours.

1,

Note: Answer any four questions., All questions carry
gqua%'marks. Answers should be to the point and
rief,

How would you define 'Quality'pwhen a quality characteristic
is eaid be attribute ? Give 4‘examp1es of quality characte-
ristics. What quality characteristic in industry follows
Poisson distribution. What type of control charts would you
recommend for control of such characteristic ? Work out the

limits for such a chart.
[242+442+5+10]

The dimensions of a particular characteristic of a R.E.Core
at milling are specified as 7.4 + .05 unit, The following
table gives the average and range of 24 subgroup¢taken from
normal production. The subgroup size is 5, Draw a suiltable
control chart to analyse the data, Examine the state of con-
trol with particular referencc to proces: capability and
given specification.

Sub-group X R Sub-group X R

1 7.380 0.03 13 7.392 0,10
2 7.372 0.02 14 7 .400 0.C
3 7.351 0.05 15 7.410 0,02
4 7.340 0,08 16 74350 0,02
5 7.385 0,06 17 7,362 0,04
6 7,400 0.07 18 7.370 C.03
7 7,450 0,07 19 7.385 0,04
8 7.410 0.06 20 7.385 0.05
9 7.420 0.05 21 7.375 0.05
10 7.415 0.10 22 7.390 0,05
11 7,395 0.07 23 . 74401 0,02
12 7.430 0,08 24 7.37 0.08
[25]
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3. In order to control a variable characteristic an X-R chart

4.

was installed., How would you interpret the following situa.
tions in the control chart.

(a) R chart exhibits control but most of the points are
- beyond limits on both sides of X-chart, only a few
points lie within limits,

(b) R chart in control, but points beyond the control
limits on X-chart were found only on one sidec.

(c) R chart out of control, and on X-chart several points
were found to lie beyond control limits on both sides
though many points lie within the limits,

(d) R chart exhibits lack of control and many points are
beyond the upper control limit in the X-chart. [25]

The following data gives the daily inspection result 27 l:w
tcnsion insulators manufactured in a ceramic plant. 'Jisor-
ving high rejection the causcs were investigated., Most of
the rejections were due to a fine hair line crack. To centodi
it the firing schedule was modifiod. The result of this
change, if any, should be reflected from subgroup No,12
onwards. Analyse the data with a suitable control chart and
examine if the change in firing schedule has any effect on
rate of rejection. What process standard you would recommend
for future control ?

Subgroup No inspeccted No. of defectives
1 500 95
2 500 101
3 500 100
4 500 85
5 500 90

. 6 500 120
7 500 75
8 500 94
9 500 110
10 500 81
11 500 90
12 500 90
13 500 70
14 500 85
15 500 70
16 500 65
17 500 68
18 500 73
19 500 55
20 $00 5

(con*ﬁ..-%
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5. Write short notes on any two

(a) Specification limits vs. Control limits

(b) Use of frequency distribution in Quality Control Work
(c) Modified Control limits.

[25]
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Economic Statistics(Theory and Practical)
SUPPLEMENTARY SEMESTAAL-I EXAMINATION

Date: 28.4,83,

Note : Answer all the Questions.

Maximum Marks: 100

GROUP_A

Time: 2 hours

Max.Marks: 50,

1, Distinguish between fixed base and chain base index numbers and
discuss their advantages and disadvantages. Under what condi-
tion will these index numbers give identical results ? [15]

2. The table below gives the wholesale prices and quantities
produced of a number of foodgrains in India.

Commodity 1951 1952 —_— __1953 -
[} q P q 3 [+

Rice 16.87 20964 17,50 22537 17,50 27769
Jowar 10.09 5981 11,93 7243 12,08 7954
Bajra 10.07 2309 13,33 3142 13,33 4475
Maize 21,75 2043 15,67 2825 14,70 2991
Ragi 9.45 1291 9.30 1316 15,96 1846
Wheat 18,60 6085 23.67 7382 21,93 7890
Barley 20,66 2330 17.29 2882 13,80 2905
Gram 24,09 3334 19.01 4142  19.60 4756

p : price in R’s. per 40 kgs.

q : quantity produced in thousand tons.

Calculate Laspeyre's, Paasche's, Edgeworth ~ Marshall and
Fisher's Ideal Price Index Numbers for .each of two years 1952

and 1953, taking 1951 as the base year.

[35]

P.T.O.
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GAr'YP_ B Max.Marks: 50

Note : Answer all the questions.

l. The following time series is the all India Consumer Price
Index Number for Agricultural Labourers (Base 1960-61=100)

for food.

All LQgia Consumer Price Index Number (Ba§e 12§O—61 = 100 )
Month \, year \ 1973-74 _ 1974-75 i 1975-76
July 270 354 353
August 280 366 349
September 280 383 350
October 286 382 346
November 281 379 349
December 288 385 350
January 300 383 338
February 304 338 328
March 309 3380 312
April 316 3587 314
May 339 366 309
June 346 367 3c9

(a) J/hat systematic components of a time series are present in
this series ?

(b) Calculate the monthly seasonal index by ratio to moving
average method.

(c) Explain how would you forecast for the months of the year
1976-77, (Do not perform any calculation. Just explain the

‘method).
(d) Describe different criteria to select a good forecasting
method. 10 [25]

2.(a) For a given time series data, it is given that I yt=100.

If for the quadratic trend curve fitted to thist=ldata,
a = 2 then find the value of c¢. The origin is so selected
10
that L t=0.
t=1
(b) Describe different trend models which can be used to fore:
cast a time series
(¢) Write a note on the nature, coverage and sources of any
one of the following :
(i) Consumer price incoex number.
(ii)Statistical System in India,
(111) Industrial Statistics.

————

[25]
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Note: Answer all questions. The whole paper carries
108 marks but the maximum you can score is 100.

1. X,Y are continuous random variables with joint density

function

f(x,y) = E{c(x+y) iFO<Cx<l, 0y <l

otherwise.

(a) Tind the value of c. (6]
(b) Find the marginal density function of X. [5,
(¢) Find E(X), V(X). [6+6.
(d) Find the conditional .ensity function of Y given
1
X =35. [5]
(e) Find cov (X,Y). [8]
2, (a) State and prove Chebychev's inequality. [12]
(b) State and prove the law of large numbers. [10]
3, (a) Irite down the density function of the 7(2
distribution. n (5]
(b) Find using the density function, the m.g.f. of ::? .
Using the m.,g.f., find the mean and variance, n[8+6+6]

(c) Let X,Y be independent random variables with

X~ > and YA %2 . Urite down the joint density
m n

function of X,Y and obtain the joint density function of
U,V where U = X“é"? and V = X+Y. From the joint density

function of U,V find the density function of V, ‘hat is
the name of the distribution of V ¥ [4+12+6+2]




INDIAN STATISTICAL INSTITUTE

One Year Evening Course in Statistical Methods
and Applications : 1982-.83
Part I
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SUYPPL_MENTARY SZ .ESTARAL-I EXALINATION

Date: 23.4.83. Maximum narks : 100 Time: 2 hours,

Note: Attempt as many questions as you can. The paper
carries 120 marks but the maximum you can score
is 100 marks. Marks allotted are given at the end
of each question.

l.(a) X is a random variable having Poisson distribution with
parameter A. Given that

P(X=1) = P(Xx=2),
find (i) P(X < 3 ), (ii) P(X > 5).

(b) In an examination 25/ of the candidates score less than
40, while 10 score above 70, Assuming the distribution
of scores to be normal, estimate the usual narameters p
and o from this information. Hence estimate the @xpected

percentage of candidates scoring 60 or more.
[12+412=24)

2. Let X,Y be independrmnt random variables having the same
probability distribution
P(X=i) = P(Y=i) = é » 1 =1,2,3,

Define Z = liax (X,Y)

(a) Obtain the joint probability distribution of X and Z,
(b) Obtain E(X), E(Z).

(¢) Obtain Var(x), var(Z).

(d) Ubtain the correlation coafficient between X and Z,

(e) Are X, Z independent ? )
[ 8+4+8+10=2 = 32]

3. On the basis of 100 triplets of observations on three charac--
ters Xl,Xz,X3, the following have been computed
X,= 7.0, ig = 9.0, 13 =~ 14.0,
o= 2,3, oy = 2.9, o3 = 5.8,

T)p = Ty3 = Tp3 = =5



Q.No.3 (contd..)

4,

(a) Obtain the multiple linear regression equation of %y

on X2 and X3.
(b) Find the multiple correlation coefficient between Xl

and K2, X3.

(c) Find the partial correlation coefficient between Xl

and X, elininating the effect of Xj. N
[12+8+8=28]

+ith bivariate data on two characters X and Y, the regrescion

lines are 2x--3y+6=U and 5x-y+&=0

(a)

Identify which one is the rogression line of Y on X and
which one is that of X on Y.

(b) Obtain tho correlation coefficient betweon X and Y.

(c)

Find X, ¥, the means of X,Y respectively.
[12+6+4=22]

irite short notes on any two of the following :

(a)
(b)
(c)
(d)

Pie-~chart,
Scat.er Diagram,
Coefficient of Variation,

Measures of Kurtosis.
[7+7 = 14 ]
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Date: 16.5.83, Masxiaum mMarks: 100 Time: 2 hours,

Mote: Answer any four questions, All ~uestions carry
equal marks,

1.(a) Definc Chi-square statistic and derive its distiiosution.

(b) Let x X_ dDe n i.i.d. random variables distributed as

D . n
2 ! =2 .
H(o,1;. If X = Ex;/n and § = T (x; = X)“, then prove tnat
1! 1t

2

P[%<O0,S5 zz]:ép[vz(n-l)?_2l.

(¢} Let t be distributed as student's t-distribution 'with

>
n ¢.f. what is tie istribution of t“(étatement only).

2,(a) Define unbiased estimato. uf a puranuter. Let X be a random

. .,

©2L .l cith meen poand variance G . Also let Ly e An be

e

2 sirrmle ctendon sample of K.
n--1

Show tha (K,

©No hat C i_l(“l+l

for an anpronriate chcice of C. 'lence find C.

L \2 2
- Ki) is ~n unviased estimator of o

(b) An uin contains white and black balls in unknown propor-—
tions, the total number of »alls being 3. Thiee balls are
talen at random of which 2 are found to be wiite and 1 black.
Find the maximim likelihood estimcte of the number of white
balls,

(¢) Let p.d.f. of a random variable I is

fx) = AAx) 1T el x>0
= 0 » otherwise

vhere Y is known .

Find the maximum lilkeliho.ud estimate of A,
Pe.too.
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3.(a) Let X be a random variable with mean p and variance 2.
Also let xl, .o Xn be a random sample of X. Prove that the
sanple mean X is the best lineaz unbissed estimate of T

te and prove ilav-Cramer inequality. Show that the

variance oY the sample vagiance “hien the populition is
normal with no'/n mean 4 &nd unknown variance o, attains
Lao-Cramer lower Decund, dence obtoin the lowver bound,

4,(a) mat do you mean Ly & Statistical test ? Definc

and type II error and explain th2ir role in testing of
hynothesis.

() State and prove MNeyman—Pearson's thecrem {or obteining
@05t nowerful test [or a simple null hypothesis acainst a
sinple alternative.

Let Xl’ .o Xn be independent random sample from a papulation
L .
having p.d.1. _x
f(x):ée S | o<xc<w
C <oKL e
= U ., otherwisae,

Derive 2 most powerful test fus testinc HC[ 0 = 2] agaianst
H[c =4 ],

Hence explcin how will vou conpute the sirze and power of
this tast,

5.(a) Conzicar a Divariate distributisn of to rancom variables.
Let the conditional c¢istribution of v civen x is normal
with rniean n‘ = q+3% 2nd variance ¢© on the basis of a
randon sample of sire n, sho that the least squares
estinates of ¢ and S are the same as their maxiaum like-
lihood estimates.

(b) hat is Pearsonian Chi-3quare ? For a 2 x 2 contingancy
table as below

T T T CoIumns . TTTTT

~Bove 2 L.
1 a b
2 c d

Show that the Pearsonian Chi-square can be written as

2 (ad=bec)? (atbictd) . (vontd..3)
{a+h)(c+d) (at+c) (b+a)
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6. What is one-way classified analysi& of variance model ?
State the underlying assumptions of the model and compute
the expectation of the relevant mean s¢uares, ience write
down the ANOVA table.
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1.

2,

Note : This paper carries 105 marks. Maximum one
can score is 100,

The following gives the scores in two subjects, Statistical
Inference (Theory) and Statistical Inference (Practical) of
ten students selected at random,

- poe e o .r._g
+/. score in Statistical - [, (“i{ ]
Infzrence { Theory) 67 | 33 158 67|59| 75|42

in Statistical & A*T
fascore in Statistied | o | ao | 4758 a0[55 a9]61 62 ] o7 |

Under suitable normality assumptions test :

(a) 1 there is any dependence between the scores in the iwo
subpjects.

(b) WVhether it is justifiosd to claim that the mean Score in
_zzwl.v.cal Inference (Theory) is 10 marks more than the

fean score in Statistical Inference (Practical).
[20+15=35]

In a ccrtain te'n, *th. avorige number of intercastmarriages
per weeck was known to be 1 from previous records. However in
two consccutive vwooks 2 ond 3 intercaste marriages took place
respectively. Wenld you conclude from this data that the
averaue number of intercaste marriages poer week has increased

in recent timcs 7

[12]
The following data rzlate to the level of literacy and the
lovel of income of a2 scction of prople from rural 3engal,
Examinc whether thecre is any association between the level of
incomc and the level of lltﬂracy.

~ Level of L1Ler cy B
\__,
Level of incomas IliitcratefSemi-1lit- | Literate
—— - cerate _
‘rLow income 15 26 12
tediuny income 22 30 15
_ngh incomc me . l 8 12 18 A

[22]
Peteoa
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4,(a) The following table gives the additionzl hours of slecp
gaincva by 10 patients in an cxperiment to test the
efficiency of a certain soporific drug. Do the data give
cvidence that the drug producces at least one hour's addi-
tional sleep ?

Acci“icnal hours of sleep cained

Paticnt 1 2 3 4 5 6 7 8 9 10

—

Hours gaincd 1.7 =.1 .6 2,2 1,1 4,0 1.8 4,7 2,8 3.0

(b) Using tho data in 4(a),obtain 5 95./., two sided confidence
intcrval for the virieace of the additional hours of sleep
gained. [16+10]

2. A random samplc of 50 tubclights manufacturad by a firm
containce 6 defectives, Find an upncr bound "pé' for the

proporticn ''p'!' of difcctive tubelights such that Prob.
(p<p.J=.9. [10]
o
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Note : The paper carries 112 marks. Answer as much
as you can. The maximum you can score is 1l00.

1, Explain briefly the main sources of non-sampling errors in a
sample survey. With reference to any particular survey of
your choice indicate how you would assess and control the
non-sampling errorgs in that survey. [14+8+8=30]

2. Consider a finite pcpuletion of size N with the corresponding
valuas of thio study variate (&) and auxiliary variate (X) as
Y, and X; on the ith unit, respectively. Let‘ﬁl = Y/% be an

N
estiiater for R = ; = IV, N based on a simplc random
i=1 Y/ |
L X.
14

sample of sizo n sclected with replacement where ¥ = sample
meaa of selected y-values and X = sample mean of selected x

valucs.
I\ Zn
(2) 1s R; unbiased for R ? If not, obtain B, = Bias ( Ry
; . - 1 n fe]
(b) Cunsider an alternative cstimator R, = 3 izlyi/xi. Is
N e
R, unbiased for R?. If not, obtain B, = Bias(R,). [6]
n and A ~
(¢) How are B, and By related 3\1 ok, - A [3]
(d) Censider another estimator R = —g=—y— . Is this

A
unbiased for R ? If not, obtain B « Bias (R’), What
conclusions do you draw from the above results,

[6+1+4 ]=[11]

P-t.on



Jefa)

(b)

(c)

4.(a)

(b}

- 2 -

Give an oxampie of a sample survey where you use a two=
stage sampling design. [8]
For a particular chcice of Simple Random Sampling Without
Replacement ( SRSWOR) design at both stages, write down
an unbiased cstimator of the population total of your
study variate. [6]

If in the first stage you also have oxtra information on
an auoxiliary variate related to thoe study variate hov do
you usce this information (i) in choosing a dosign and

(ii) in estimation ? [6+6]) = [12]

How is 'Systcematic Sampling' different from a 'simple
random sampling dceign ? T 2]

For a 'lincar systematic sampling design', how do you
estimatc the population total unbiasedly ? L€
If only onc systematic sample is available from @
population, sugocst _.ne mcethod of zctimating the sanpling
crror. Is your cstimator unbiascd ? [9+2]=[11]
If 7u have two incdcependent systomatic samples, then
explain how you would estimate the sampling crror.and
assuss Tue non=-sampling error ? [8]
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Note : Solve as much as you can. The paper carries
125 marks, however, the maximum you can score
is 100,

1, A population of 150 villages has been divided into four strata
having 35, 25, 50 and 40 villages respectively on the basis of
type of available auxiliary information. We have a sample of
4 villages selccted with SRSWR from the first stiratum,a PPSUR
samplc of 3 villages from the sccond stratum,two Lin2arx
Systematic samples of 4 villages each with replacement from
the third stratum and an SRSWOR sample of 5 villages from the
fourth stratum, For cach selected village, the total arca under
wheat (y) is observed. The observed values and the other
relevant information are given below.

Stratunm 1 2 3 4
Sampla Sample
1 2

Sample ,

village I x) () O O ) (y)
1 75 729 247 427 383 421 101
2 5 870 359 326 412 327 89
3 78 569 223 481 503 215 65
4 45 445 348 503 169
5 289 51

where (x) : total area under cultivation,
Further X5 = Total of x-velues for the sccond stratum =18691
and x4 Total of x—values for the fourth stratum =14852,
Pat.o,



Q.No.l contd...
USE_RATIO ESTIMATOR I.. STRATUM FOUR,

(a) Estimate the total areca under wheat for each of the strate
separately, (31]

(b) Suggest an estimator for the average area under wheat for
the entire population. Is your estimator unbiased ? If
not what can you say about the bias ? [28]

(c) How officicent is the estimator that you have used in (b ?
[%6]

(d) From the available information, in the above sct up, how
would you allocate a total sample of size 30 to differcnt
strata using
(i) prooortional allocation
(ii)optimel e2llocation. [10)
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SEMESTRAL-II EXAMINATION
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Note : Attempt as many questions as you can, Write
answers to questions 1 and 2 on the question
paper itsclf. Answors to questions 3 and 4 and
rough work, if any, for questions 1 and 2 should
be written on the answer book.

1, In cach of thec following identify the correct alternative

(i) In a 22

(A) identical, (B) diffcrent,

factorial design intcractions AB and BA arce

sometimes different, (D) nonc of the above.

(C) somectimes identical

(ii) In a 22 factorial design b stands for the level combir -
tion in which

(A) A is
(B) A is
(C) A is
(D) Nonc

(iii) In a 22

f

at higher and B is at lower level,
at lower and B is at higher level,
at higher and B is at higher level,
of the above holds,

actorial design, [A], the factorial

corrosponding te moin effect A is defined as

(h) [n]

(B) [4]
(C) [A]

[ab] - [b] + [2] - [2],

(eb] + [b] = [a] = [1],
fab] - [b] ~ [a] + [1],

(D) Hone of thc above.

( notations arc as usual )

ceffect total

(iv) The computational method for obtaining factorial cffect
totals in a 2M cxperiment is due to

(A) Fisher, {B) vates , (C) Snedocor, (D) Hotellin:.

PeteOe
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1,(v)Iif a 23 design is conducted in three replicates then error
.df . equals

(n) 7, (B) 14, (c) 2, (D) None of these.

(VL)In a 23 design, given ( in usual notations) et

[1])=5, [2] =7, [b]=3, [ab]=11, [c]=2, [ac]=8,
[be)=16, [abec]=4, the value of [AC ] the factorial effect
total for interaction AC is given by

(A) -6, (B) 8, (c) -7, (D) None of these.

(vip In (v ) above if the experiment is conducted in threc

replicates then SS due to main effect A is given by
(A) 2/3 , (B) 16/3, (c) 2, (D) None of these,

(vii)) Given that there cxist 5 mutually orthogonal latin squares

(ix)

(x)

(x1i)

of order m which one of the following is guaranteod ?
(A) m < 5, (B8) m25, (€) m =5, (D) None of
these.
L ]
In the statemont a latin square design is a (an)

- way layout'', the blanls

can be filled respectively by

(A) complete, three, (B) incomplete, two (C) incomplete
three, (D) complete, two.

In (m x m ) latin square design the error df. cquals

(A) (m-1)%, (B) (m-1)(m=2), (C) (m-2)(m=3), (D) None of
these,

By a complcte set of mutually orthogonal latin squarcs
(MOLS) of order m we mean

(A) m MOLS of order m ,
(B) m-l1 MOLS ‘of order m ,
(€C) m+l MOLS of .order m,
(D) None of these.

(xii) Compared with a randomised block design, a latin square

design is

(A) more officient and more flexible,
(B) less efficient but more flexible,
(C) more efficient but less flexible,

D a efficient and flexible.
(D) lese efficient and less flexible s x 12 =34

(contd...Sﬁ
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2.(a) Examine whether the f»llowing two latin squares arc

3.

mutually orthogonal.

0o 1 2 3 0 1 2 3
1 0 3 2 2 3 0 1
2 3 0 1 3 2 1 0
3 2 1 o] 0 1 2 3

Ans: Yes/ No,

(b) Examine whether the following two latin squares are

mutually orthogonal :

w N~ O
O W N =
= O WN
N~ O w
W N O
N C Wk
(AR o I N

3
1
2
]
Ans: Yes/No.

4 x 2=8

Consider the linear model :

Yi=a+ia+i27l +oe; 1 =1,2, cuep, n

where «,B, are unknown paramecters and ai's represent error
components assumed to be independently identically distribu-
ted with zero means and constant variance.

Apply the technique of analysis of variance to derive a test
for the null hypothesis Hy : B =) = O.
3

30
The following data relate to a 27 factorial design conducted
in two blocks. Figures within parcentheses stand for yifeclds

( in suitable units). Analyse the data and test the signifi-

cance of the main offects and interactions.

Block I (1) a b ab ¢ ac be abc
(7) (9) (5) (16) (12) (11) (18) (24)

Block II (1) a b ab ¢ ac be - abc
(3) (6) (4) (18) (11) (15) (13) (21)

4C.
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Note : Answer any four questions, Marks allotted to
part are shown in J. Answers should be to

the point and brief,

specification for tnickness of a component is 10cm + .25¢m,

Analysis of past data shows that the precess capakility is just
adequate to mcot the specifications. For the control of thick-
ness on X-R chart is sct up with 30 control limit with cach
subgroup containing a samplc of 5 consccutive picces. It i3

assumed that the process standard deviation remains under

control. _
(a) Find the probability of detcction by the X-chart if the

procoss mean (i) increases to 10.50 cm and (ii) decre::
to 9.25 cm.

(b) ¥hat will be the probabilitics of detcction for case

(i) and case (ii) if 20 control limits were usecd.

(¢) In the light of your results which control scheme would

2.(a)
(b)

(¢)

(a)

you adopt ? Give recasons for your prefercnce.
[10+10+5]

What is meant by work sampling ?

dow wculd you adopt this technique to study the efficicncy
in o toxtile mill ? Also indicate the type of analysis to
be made.

A wcaving c¢hed consists of 500 looms, 4 snap rounds at
random timings werc taken cvery -day and the weekly summary
( 6 days) showed the wcaving utilisation to be 75% .
Obtain a 95% confidence interval of the given estimate,

The over all loss in utilisation for mechanical repair is
5.0% . How would you identify the looms which were more
prone to frequent break downs. [4+7+7+7]

p.t.o.
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3.(a) Why would you prefer sampling inspection to 100¥
inspection ?

(b) Explain with rcasons if a defect free sample will ensurc
a defect free lot.

(c) What are your arguments against sampling plans where
sample size bears a constant ratio to the lot size ?
[7+9+9]

4, Define the following terms
(a)(1) aQL, (ii) LTPD, (iii) AOQ and (iv) AOQL

(b) Given AQL, TPD, the consumer's risk and the producer's
risk how would you ccloct a single sampling plan ?
[16+9]

5,.(a) What is mcant by OC of a sampling plan ? Writce down thc
cxpression for OC of a double sampling plan.

(b) Give your assessment of the Double sampling scheme in
© comparison to thc single sampling scheme,
(c) Draw the OC curve of the following sampling plan :
n = 50, c =2,
[6+5+14]

6. Write in cdetails about any standard sampling plan indicating
its scope and special features.

[25]
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