INDIAN STATISTICAL INSTITUTE

One Year Bvening Course in Statistical Methods
and Applications; 1976=77

PERIODICAL EXAMINATION

Paper IIJa: Basic Mathematics
Date: 8:9.76 Maximum Marks: 50 mmen} hours

Note: Anawer all the questions. Marks alloftjed for
each queption' are givem in brackets

How many numbers greater than 4,000,000 can be formed from
the digits 2, 3, 4, 4, 5, 5, 5¢

b) A club of 60 members has four kinds of membership ; say I,
II, III, IV. There are 20 members of the I type; 16 of II;

14 of III and 10 of I¥. In how many ways can you choose a
committce of 8 memters so that it has two people from each

type of memharahip?,
g) What is the coefficient of 2 in the expansion of

(x2 + 1;')11,'
2.) Define the concept of the limit of a gequence {ai% of

real numbers.

Show that lim a, = if a, =n , n=12,3,¢..
n = e

1.a)

[545+5]=[151

b) Let f(x) be the function defined by:
f(x) = sin 1l 1f x#0
=0 if x=0.
What is the derivative f£/(x) of f at x where x # 0%
) d(sin x) _ ;
(fou may assume that J—dx—z 868 Xx+)
What is £%0) 8% [10+10)=[20]
3.a) Define the rank of an mxn matrix A4,
b) Solve the following system of linear equations:
2x.l +3x, + 4x3 = 2
Xyt %+ 5::3 = 0
' 2%y +3% } x5 = 3 [5+101=[15]



INDIAN STATISTICAL INSTITUTE

One Year Evening Course in Statistical liethods
and Applications: 1976~77

Part I: PERIODICAL EXAMINATION
Paper Ia: Comnilation and Presentation of Data

Date:22.9.76 Maximm Marks: 50 Time: 2 hours

Group A: Answer any two questions.

Define the following terms, glving suitable illustrations:
Individual, sample, population, attribute, discrete variate,
continuoug variate. [10

Why i1s it that results based on samples gre ofter more accurate
than those based on camplete enumeration< Discuss, explaining
the sources of non-sampling errors in statistical data. [10

Compare the interview method and the mail questionnaire method
of collecting statistical data from a sample of respondents.[1o]

Mention the main principles to be followed in représenting data

through bar diagrams. You need not consider the variante
of the bar diagram.) (10}

Group B: Answer any two questions.

Present the following information in a suitable tabular form
with appropriate headings and footnotes:

Estimates of savings of the household sector of the Indian
economy during 1960-61 and 19A1-62 were prepared by three
agencies. The NCAZR: New Delhi, published their estimates in
1966 in their Cccasional Paper 16, ’Saving in India during the
Plan Period’; the ¢SO (Govt. of India) published their estimates
in 1969 in a publication entitled ’Estimates or Saving in India
1960=61 to 1965-66"; and the RBI published theirs in the RBI
Bulletin of ¥arch 1955. All the estimates were at current
prices and expressed in Rs. lakhas  The toval szvings in 1960-61
were estimated as 585 by the NCAER, as 75100 by the CSO
and as 10580 by the RBI; and the corresponding figures for
1961-62 were 97160, 83800 and 92220. Savings was split into
two broad componenis: financial assets and (net)physical assets.
The estimates of total financial assets for 1960-61 were

50771 for the NCAER, 45700 for the CSO and 43600 for the RBI,
the corresponding figures for 1961-6 e ing 40806, 4200 and
47600. The cstimates of total (net) physical assets were

29381 for 1960-61 and 34573 for 1961-62 according to the CSO,
55054 for 1960-61 and 56354 for 1961=& according to the NCAER
and 58980 for 1960-61 and 44560 for 1961-62 according to the
RBI. TFiancial assets had various forms, one of which was
'currency’. Estimetes for ’currency’ werc 13523 (NCAER),

14505 (CS0) and 16030 (RBI) for the year 1960-61 and 9630
(NCAER), 9416 (C80) and 9520 (RBI) for the year 1961-62. [15



6.

Give a sultable graphical representation to the following

2-

data:

Draw

Table: Official estimates of area under jowar
and of yield rate of jowar in India
during 1957-58 to 1964-65.

[15]

area (thousand vield rate

rear "Rl bren) . lre /wotares
D NN ¢ N ¢ 5 R
1957 - 1958 17311 499
1958 =~ 1959 17960 503
1959 = 1560 17707 484
1960 - 1961 18412 533
1961== 19&2 18249 440
1962 - 1963 18414 520
1963 - 1964 18376 501
1964 - 1965 18056 536
an appropriate élagram to represent the following data:
head of - average monthly expenditure per
expenditure — . hougehold (in is.) = _
e e S AOPORT T T TANIE S T
S 6.0 MU - MR -3 N
food 192 52Z
fuel and light 28 41
housing 35 49
clothing 34 a0
miscellaneous 61 120
owml T s T s T




INDIAN STATISTICAL INSTITUTE
One Year Evening Course in Statistical iethods
and Applications: 1976~77
Part I: PERIODICAL EXAMINATION
Paper II:. Descriptive Statistice - Theory

Date: 13.10.76 Maximm Marks: 75 Time: 2 hourg

1.a)

b)

2.a)

b)

6.a)

b)

Mote: Answer any four questions. All questions
carry equal marks.

Explain with examples the distinction
i) between an attribute and a variable and

1i) between a discrete variable and a continuous
variable.

Discuss the different considerations to be kept in view in
drawing up a frequency distribution for data on a continu~
ous variable.

What are the different measures of central tendency‘l
Discuss the relative merits and demerits of using these
measureg.

The mean weight per student in a group of 6 students is
119 1b. The individual weights of 5 of them are 115 1b,
109 1b, 129 1b, 117 1b .4nd 114 1b. What is the weight
of the other student of the group ¢

Suppose you have computed the measures a.m., median, s.d.
and coefficient of variation from a given data.

What effect would adding a constant 5.2 to all observations
have upon the numerical values of these measures": What
would be the effict of adding 5.2 and then multiplying

the sums by 8.0 ¢ Would it make any difference in the above
quantities if you? multiply the observations by 8.0 first
and then add 5.2 4

What are skewness and kurtosis?. Give gome suitable measu-
res for skevmess and kurtosis. Given first four raw moments,
wtite down the formulae to find the first four ceontral
moments in terms of these raw momen ts.

Define product moment correlation coefficient aud state its
important properties. Prove that the correlation coeffi-
cient lies between -1 and +1. Interprete the cases when
it is equal to -1 and +1.

Define conditional and marginal frequency districutions
from a bivariate frequency table. What do you mean by
the regression of one variable on another?

For 20 Army pergonnel, the regression of weight of kidneys
(y) on weight of heart (x), both measured in oz, 1s

Y = 399x+ 6.93
and the regression of welight of heart on weight of kidneys
is X = 1.212y~2.461.

Find the correlation coefficient between x and y and
their means. Find their s.d.s as well.



INDIAN STATISTICAL INSTITUTE

One Year Evening Course in Statistical Methcd:r
and Applications. 1976-77

PERIODICAL EXAMINATION

Paper II. Descriptive Statistics (Prectical)

Date: 27.10.76 Maximm Marks.75 Ti:e. 2 ours

lote, Answer all the questions. MNarks all?ﬁted for
each quention are given in bracket:z .
In each quecstion, write down the procedure
briefly. Don’t use Sheppard’'s correction.

1. The following table gives the frequency distributicn of
scores in English obtained by students who passed ia the
subject (i.e., scored 36 or more) in a School leaving
Certificate examination.

CseBre LTI erien
36 - 40 441
41 ~ 45 397
46 ~ 50 333
51 =55 186
56 - 60 107
61 = 65 38
66 - 70 14
71 =175 4
76 ~ 80 2
a) Draw the two ogives and hence find out approxim:te
values ol the three quartiles. (3+61=114]
b) Calculzte approximate values of the 5th and 95tk ]
percentiles. 5]
c) Calculate a measure of disp@rsion as well as a
measure of skewness. lel

2. The following table gives the frequency distritution of
he ight for 177 Indian adult males. Compute the nrto=ir
of this distribution.

“THeight ©~  Frequency

144 .6 = 149.5 1

149.6 = 154.5 3

154 .6 = 159.5 24

159.6 = 164 .5 58

164 .6 = 16945 60

169.6 - 1745 27

174.6 = 179.5 2

179.6 ~ 184.5 2 .
e e e 50.

3.a) 1In a batch of 10 children, the I.Q. of a dull boy is 36
below the average I.Q. of the other children. Show % .~
the s.d. of tihe I.Q. for all the children cannot e 1lres
than 10.8. 14 this s.d. is actially 114, determi.e .
what the s.d. will be when the dull boy is left out. 104

b) Examine the following results of a piece of computetion
for internal consistency.
n =100, Ix=-114, I ¥ =103. 5]

4. Keatneas 2l



INDIAN STATISTICAL INSTITUTE
One Year Evening Course in Statistical Methods
and Applications. 1976-77

PERIODICAL EXALINATION .
Paper Ib.: Index Numbers and Time Series

Date:10.11.76 Maximum Marks: 100 Tiue:24 hours

1.a)

b)

2.a)

b)

3,

Note: Answer Q.5 and any three questions out of the
rest. Marks alTo%fe]d for each question are
given 1in brackets .

What are time reversal and circular teetn of consistency
of index number formula ? Mention one formulea whiclﬁ satig—
fies the former test but not the latter. 4+4.+4i=[12]

Average monthly expenditure per household in 1951 on food
articles in the rural areas of LNorth India =nd the prices
of these articles in 1951 and in 1954 are siven below:

expenditure per ~ averazc price per seer

comod ity household in 1951 _ _ Re.; . .. .

(Kg.) 1951 1954" 7"
food-graing 53 .27 0.40 0.45
pulses 711 0.43 0.38
edible oils 4 .07 2 .12 1.50
vegetables 2.19 0.44 0.42
milk 4.80 0.75 0.62
meat and fish 1441 1.50 1.6
fruits 0.34 1.60 1.50
salt 0.56 0.07 0.07
spices 223 2 .40 2 .40
sugar 4.46 0.70 0.75

Caleulate a suitable index showing the change in food prices
in this area in 1954 compared to 1351. [13]

Suppose, you ave given national product at current prices
in each of two years = 1960 and 1975 - and a general price
index for 1975 with 1960 as base. Can you obtain an index
of real national product in 1975 with 1960 as base 9 [10]

The goneral consumer price index for the middle class people
of Calcutta increased by 266 per cert it 1957 over 1937.

The table below gives the consumer price indices (1939=100)
of all groups of items except clothing along witn their
weight.

Consumer .price Index in

Group Welght 957 (vase 1939=100)
Food 61 411.8
Fuel and lighting 1 385.0
Housing 9 116.9
Ifiscellaneous 19 284.5
Clothing 4 >

100 ’

Calculate the consumer price index for clothing group in
1957 (with 1939 = 100) [151]

Is the following asscrtion correct: ’thc Laspeyres’ index
never excceds the Paasche’s index’ ? Give reasons for
your answer. [251]



4.

S5e

a)

b)

c)

Are there any congiderations involved in the choice of a
base period for comparing prices over time ? [8]

What is a ’quantity index’ ? Write Taspeyres’ quantity
index number formula. [5+2 ]=[7]

Do you agree with the view that Fisher’s ideal index
number formula is superior to Laspeyres’ formula ? Give
reagons for your answer. [10]

What do you mean by secular trend of a time series ?
Describe when and how you would fit a second degree
trend equation to a time series data. [5+20)=[25]



Date:

1.

5.

a)

b)

a)

b)

INDIAN STATISTICAL INSTITUTE
One Year Evening Course in Statistical HMethods
and Applications: 1976-77

PART [ PERIODICAY. EXAMIN AT ION
Paper III(b). Probability

24.11.76 Maximin Marks: 100 © Time: 2%— hours

Note: This paper carries 135 marks. Answer as many
questions as you can. Maximum you can score
is 100. Marks allftfed for éach question are
given in dbrackets .

Give the axiomatic definition of probability in finite
sample spaces.

Prove that for any two events A and B, we have that
P(AUB) =P(4) + P(B) - F(a0B). (8+7)=[151]

Two six—-sided dice, one red and the other green, are thrown
and the numbers on their upper faces are observed. Write
down the sample space. Find the probability, assuming that
all out comes arc equally likely, of:

a) throwing a double,
b) r+ g-=10,
c) g r +3. [545+6+4 ]=[20]

Define the term ’complete independence of three events’.

Give an example of three ewenls which are pairwise inde-

pendent but not complete “independent. Justify your swer.
?15]+1 oﬁ=[15]

In the following Tigure assume that the probability of each
switch being closed is p and that each is open or closed
independently of any other. Find the probability that
current flows from L to R.

R S N—

S B

T (e —
De fine the terms ’'a priori probability. a posteriori proba-
bility’'. State Bayes’ theorcm.

In a factory, machine A produces 30 % of the output, machine

B produces 25 % , and machine C produces the remaining 45 4.
One percent of the output of machine A is defectiwe, as is

1.2 +/ of B’s output, and 2 + of C's. An item drawn at random
from a day’s output is defective. What is the probability
that it was produced by A 2 by B ?by C ? Clearly indicate

the a priori probabilitlcs, a posteriori probabilities in

a geparatc table. [25]

Let the prabability function of a random variable X be as
follows:

elues, ¥~ 2@F 7 20500 2075

Probability,
£ix) 0.3 0.2 0.5

Find the variance of X. (10l




-2 -

Find the mean and the variance of the binomial distrifg:ﬁl H

T

tion B(n, p).
8. Give an example of two random variables X, Y for which

E(XY) # E(X)-E(Y). Justify your answer. H
9. The Jjoint probability digtribution of X, Y is given in

the following table. Prove that X and Y are indepen-

dent. Find all the conditional probability distributions-.

YT‘\"T"T" 2 3 4

0 1 B 1 1

T 1z 2 27

'1 1 1 1 ™

12 % ) iz
e

;
2 bz iz ra 5T
S e e [10 +51=01




INDIAN STATISTICAL INSTITUTE
PESEARCH AND TRAINING SCHOOL

One-year Fveninp Course in Statistical Hethods and Applications: 1976-77
) Part I Fihal [xamination

Paper Ia: Collection and Presentation of Data
(Theory and Practical)

Time: 1.20 hrs. Dated: 3.1.1977 Hax* Marks: 50

N.B.: Answer question 1 (vhich is compulsory) and'any of the
remaining questions. The maximum yeu can séore is 50 marks.

z=zes s rzczes

1 (1) The net Aomestic product at factor cost for India amounted to 13335 crores
nf rupzes in 1960-61: nf which the contributisn of the nrimary sector
(i.e. agriculture, frrestry, etc) was 6965 crares of rubees, the
contributicn of the secendary sector (i.e. manufacturing construction
etc.) was 2549 crores nf rupees, and the contribution of the tertiary
sectrr was 382) crrves ~f rupees.

The enrresnanting fijures for 1973-74 wepe 20179, 8589, US71 and 6921
crores of rupees.

Srurce: Natinnal Accounts Statisties, 1960-61 tn 1973-74, C.S.0., 1976.

Prepare a blank tabular laysut (with a snitable title) to present the
above informatinn.

1(ii) The frllowinr table pives the age Aistribution for the male and female
population in India during 197).

Represent the data in a svitable graphical form and comment.

Ame groups Papulation {in millions)
(years) Male Female
0 - 1b 119 111 -
15 - 29 67 64
30 - 49 6y S8
above 50 35 a1

Source: Census of India, 1971,

[8+8]




2 Write brief notes nn any three of the follawing: .

1. Pnpulation

2. Sample

3. Inductive Inference
4, Characteristic

5. Non-sampline errors

______ L ittt il dded

3 Give a brief account nf the NSS hishlirhting irs salient features.

OP

Nescribe briefly the current onsitinn af the statistical system in India.

4 Stato only (1) the name of the publication and (2) the authority which
publishes it, where vou can Fin” Aata or threec »f the frll~wing: (Do not
mention the same source m~re than ~nce).

. National ine”me ~f Indiag

. Dational income ~f Aifferent countrics of the wnrld;
arricultural situati~n in In4ia:

. statistics relatinz tn rlannine in India:

statistics relating t~ Intlian manufacturin~ industries.

NE WD

5 Distinguish between nrimary and secondary Aata.
What are the Aiffer:nt methads of cnllectine primary Aata?

6 "Yriee 3 shart not: cxnlning the usefulness of statistics in the current
economic situatinre in Tniia.

Neatness 5]

SR SUCEESECSEC s rCESECIANEESICSCCrCBCENEOECESREESS3SSCESSICSSINgeINaARNNENSSRRES
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INDIAN STATISTICAL INSTITUTE
One~year Evening Conrse in Statistical Methods
and Apolications., 1976-77.

Part T: FINAL EXA4MINATIONS
DELHI AliD CALCUTTA -
Paper Ib:; Topics in :.pplied Statistics: Index Numbers
and Time Series - Theory and Practical’.

5.1.77 Maximum Marks: 100 Time;21§ hours

Note. 2nswer Groups A arnd 3 in sceparate answer-
geripts.

Group . Index Numbers,

Note: Answer any two questions. Marks allo*fi']ed for

each question are given in brackets

1.a) Distinguish between an ‘aggx egative’ and an “average type’
indey number formula. Can you interpret Laspeyres’ i‘ormu]‘la
in terms of either of the above two approaches? [5+545]=[151]
b) The following table giw s index numbers of wholesale prices
of groups/sub-groups of ii.ms in India for the last week of
January, 1974 ﬁase 1961-62 = 1009 as well as their respec-
tive weights.
’ o Trmrmmm 7 w?l—égh' t” " "index for Iast
Group/sub-group e ¢ week of January
group general 1974
- oo index  (1961-62=100)
1. Food articles e 413 ea
(1 -1; Food grains 358 ... 314 .4
(1.2) Fruits and vcgetablcs 56 300.5
51-3 1ilk and milk products 148 .- 307 «6
1+4) Edible oils 131 376.5
21 «5) Figh, eggs and mecat 48 . 464 .1
1.6) Others 259 “es 252 3
2. Industrial raw materials NN 121 319.5
3. Liquor and tobacco 25 252 .7
4. TFucl, power, light and
lubricants v 61 237 .1
5. Machinery and transport
. equipments .- 79 195 .8
6. Other manufactures
(including chemicals) ... 301 228.0
Calculate a general index of wholesale prices for the last ]
week of January, 1974 (1961-62 = 100). (10
2.a) What is mcant by the term ‘consumer price imdex’ ¢ If you
are asked to congtruct consumcr price index numbers for
industrial workers in Calcutte, how would you select vari-—
ous commodities including thceir varieties and obtain thei ]
weights ? [5+10l=[15
b) The table below presents values (in million pounds) of

exports of manufacturcs by U.K. in two years 1938 and
1949.



2.(contd.)

Toom A T Wy
ems Value at £ valuc at| value at 1938

current current averag prices
- prices . | _prdces | . __
Pottery, glass etc. 2.6 48 .8 20.4
Metal manufactures 54 .0 190.2 88.2
Elcctrical apparatus 13 .6 791 31.4
Machincry 57 -9 278 .7 119.9
Textile manufactures 101 .2 359.5 100.2
Chenmicals 22.3 86.1 35 .4
Vehiclas 44 .5 313 .5 144 .9
Other manufactures 62 .2 202 .7 85 .7

S e e e s bimo

that type of quantity and price index numbers of U.K.
gxports can be constructed from such data? Compute
thege for 1949 with 1938 as thc base. [5451=(4

3.

a)

b)

Definc a chain index. Sup»osc a series of fixed base
indices I01. 102""’10k is available. Under what condi-

tion this series would be independent of the choice of thﬁ
base period ? [3+7)=l4

The index of Business Activity is constructed by taking
the weighted average of activity relatives in the different
business scctors of the cconomy. The sectors, their acti-
vity levels in 1948 and May 1949 as also the weights fer
the differcnt sectors arce sh:wn in the table below. The
index of industrial production in May 1949 with 1948 as
bag. 1is 117 .6. Calculatc the index of Business Activity
in India in May 1949 (1948 = 100).

~ T Businesz Activity In TndH
Sector Wonthly ave-lilay |Weignt
rage in_1948)1949

I Industrial pr:ducticn - - 46

II F reign tradc,
cxp.rts and imports (1s. lakhs) 32 41 6
III TFinancial Activity. Ch.ouwe
clearance and note cireunlaticn
(Rs. crorig) 47943 442.1 23
IV Transport: Caryg. carried by
ships and railways (thousand
tens) . 32 73 25

 ——— e - —-__TT

Hota: Answer Q.6 and any cne of the rest.
liarks allottﬂﬁ for each questizn are given
in brackcts T .

State the characteristics of thc medified exponential
curve and describe, in detail, how you will fit the
curvi. tc some empirical data. (2

peteo.
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yWrite short notes on any two of the following
1) Changing seasonal pattern.
ii) Logistic curve.

11i) Cyclical fluctuations and methods of
meacuring it. [20]

The following table gives the import of raw jute in
Calcutta for a number of yearg. Assuming the seasonal
pattern to be consisnt, compute monthly seasonal
indices by the ratio-to-movirn:; average me thod.

Explain clearly what the seasonal indices really
indicate ?

Import of raw jute (OOC tons) into Calcutta.

Year o
P e
January 103 .4 13GC.2 131.8 132 .2
February 105 .6 121.8 101.0 96.5
March 89.5 11541 85 .8 86.0
April 69.2 85.3 67.3 74 .4
ilay 55.6 63 % 75 .4 77 .8
June 48 .7 53 .6 63 .7 54.3
July 42 .4 557 59.9 57 .0
sugust 47 .8 T4 45 53 .1 63 .6
September 87.3 794 75.5 73 .0
October 105.9 11040 109.9 122 .0
¥ovember 143 .9 138.6 141 4 152 .7

December 138.9 135 .7 138.0 158.0

T [30]



INDIAN STATISTICAL INSTITUTE
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Part 7 PINAL EXANMTIATIONS
DELHI Ali> CALCUTTA
Paper II(1i):. Descriptive Statistics - Theory

Date:7.1.77 Maximum Marks; 75 Time .2 hours

Note: ittempt any three nuections.
411 questions carry zaaal marxs.

1.2)

b)

c)

Let §1, ;é and sﬁ,sg be the means and variances respectively
bagsed on two indepcndent genz of observations of sizes n, and
ny,. Find the expressions for tho combined mean and comblned
variance.

#ind the mean deviation about mean and standard deviation of
the series a, a+d, a+2d,... a+nd and prove that the latter
is greater than tnc¢ former.

Whzt arce moments ? Show that - .some measures of central
tendency, dispersion,skevinesz md kurtosis can be described

in termz 2f moments.

b)

c)

Define probabillity mase function {p.r.T.) and probabIIity
density function (p.d.f.) of a randsr variable. State under
what conditions a functi.i car be treated ags p.m.f. or

p-def.

Starting with a suitable probobility model hew Will you develop
Rinosmi=2l probability distribution? “Show that under certain
limiting c:nditims it reduccs tc Poissvn prebability
distributicn.

Defin: uniform probability distribution and ob*tain the mean,
c.d., skcwness and kursosiz of this distribution.

Define the norual probability distribution and shsw that one
of the paramcters repruswts the mean, median and mode of
the distributicn.

Bxplain hew te show that Binemial and Peisscn distributions
Tond *%¢ pormal distribution.

4.a)

b)

Carefully examine ezach of the following statements ard say
whether the statement is true or fzlse adding a few lines to
subgtantiate your conclusion.

I# the correlatian coefficient Letween randanm variables X
and Y be negative, then it nmeana
i) eorrelation coefficient between =~X and -Y is positive;
11) E(XY) < E(X) E(Y)y
1i1) regression coefficient oi X on Y and that of Y on X
are both uegative,
iv) the regression of Y on X is linear and the line is
downward sloping.

Find the most likely price in 3ombay corresponding to the
price of Ks.70 1in Calcutta from the following data:



Average price in Calcutta = 65

Average price in 3ombay = 67
s.d. at Calcutta =2.5
g.d. at Bombay =3.5

Correlation coefficient {s +.3 between the two prices of
the commodity in the two towns.

5.a)

b)

Define multiple and partial correlation coefficients in
cagse of three variables Kyr X X3z

Show that multiple correlaticn coefficient is always

non-negative.

If the relation axy + bx2 +exg = 0 holds for all
gets of values of Xy X and X3 what must be the

partial correlation coefficient?
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PAPER II(ii) NFSMRIPTIVE STATISTICS PRACTICAL

Time: 2 hrs. Date: 10.1.1977 - Max. Marks: 75
1,B.+ Mternt as many questions as veu like,
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1 (a) The fnllowine Table mives the 1.0. €nr 300 six-yesr o0ld children.

Number ~f
I.0. children
130-1u9 25
110-129 112
90-109 135
70- 19 27
50- 69 6

Camrirte the third central moment and hence a measure ~f skewness

for this Aistribution.

(h) In the rccentlv concluded %aniil Trophv “atches, two batsmen A and R

fram 1 certain ecommetin~ team ware at tAn of their form.

Both of

them hatted in 8 irnincs eack and the number ~f runs scarcA by each

has heen as shown helaw,

Inninsgs 1 2 i 5 6 7 E) All Toninps
Runs I 53 u9 6 62 71 58 u9 a0 508
seore )

bv .} 111 27 39 32 199 0 150 ub 506

Which nf the twn batsmen is mAre consistent?



2

When the first proof of 200 pages of an encvclopedia of 5000 pares
was read, the Adistribution of printine mistakes was found to be as
shown below:

Frequency Aistribution of number of misnrints in a page

Nn. of misprints Frequency
. 112

63

20

3

2

FWNHO

(a) Fi¢ a Prisann Taw to the freauencv Aistribution nAf printine
mistakes.

(b) Fstimate the tntal cnst of crrrecting the fFirst pr~of »f the
whnle encvelopedia If the cnst »* Aetection and esrrectinn is
20 naise per nanme for nares containin~ less than 3 mistakes
and 30 paise ner rame for pages containing more than 2 mistakes.

[1045)]

Under suitahle conditions a gunner from a homber trias tn hit a

square tarret of side 250 ft. with the centre of the tarret just

below the nlane. The errrs »~f the pgunner alonp axes parallel tn

the sides of the tarmet are sumrnsed tn be independent and normally
distributed with the centre »f the target as mean and 400 Ft. standard
deviation. Fin? the probabilitv (a) that the target will be hit at the
first attempt an® (H) that the torget will be hit at least once in

ten attempts.,

Nuring an investpation in an amricultural farm, the lencth - X (in em)
- of green dute nlant and the weisht - ¥ (in em.) of Ary jute €idre
were observed for 100 plants. With these data the following
bivariate frequencv table was rhtained,

1lenpth AfF mreen jute plants (er)
101-120 121-1u4% 1u41-160 161-180 1B81-200

Weight 2 om and less 0 5 [3 2 0
of -4 m 2 10 4 1 1
Ary -6 pm 5 9 11 3 2
jute - 8 gm 3 2 [ 11 5
#idre -10 mm 0 1 3 2 8
(gm)

From the abrve table obtain:
(a) the remressinn line of Y on X,

(b) the correlatinn cnefficient between X and Y.
[10+101




The follawing means, standard deviations and correlations are found for:

X, = seed hay cpop in cwt. per acre

1
Y, = springz rainfall
Xy = accumulated temperature above 82°F {n spring

ir a certain Aistrict Aurine 20 years

X, = 28.02 8) = 4.2 ryy = 0.80
Y2 = 4.9 s, = 1.10 )5 =-0.40
Ya =594.,00 s, =85.00 ryq =-0.56

ohtain (1) the respressinn equatinn for hay crop on soring rainfall
and accumulated temperature; and (ii) the partial correlation
coefficient hetween sprine rainfall and accumulated temperature.

[20]




INDIAN STATISTICAL INSTITUTE
RESEARCH AND TRAINING SCHOOL

One-year Evening Course in Statistical Methods and Application}: 1976-77

.
Part I Annual Examination ,

BASIC MATHEMATICS

Time: 1.30 hrs. Date: 12.1.1977 Max. Marks: S0

A
N.B.: Attempt any number of questions

Derive an expression for the number of permutations of n things taken r
at a time.

(b) Find the term independent of x in the cxpansion of

0
G- I

2
x

(c

~

How many distinguishable permutations of the letters of the word
ALLAHABAD  are there?

[6+6+4]
2 (a) What do you understand by convergence and divergence of series? Under
what condition is a peometric series convergent?
(b) Test for the convergence of the series
R S B SN
2 22 23
[3+5)

3 (a) Multiply the following matrices:
{2 3
S | and |
' 7 'A

(b) Find the inverse of the following matrix:

J"l 5 6
i 2 3 1
0 1 2




2.

4 (a) Define continuity and differéntiability of a function at a point. .

. sin x
(b) Find the derivatives of (i) (cos x)

ax + b
() +a

[u+8]

Evaluate the following Integrals:

{u+4+4)




INDIAN STATIST ICAL INSTITUTE

One Year Evening Course in Statistical Methods
and Applicatinng: 1976-77

Part I. FINAL EV.AMTEATICNS
DELH T ARD CALCUTTA
Paper IITb. Frobtability

Date: 144141977 Maximm Marks: 100 Time.24 hrs.

Note. The paper carries 140 marks. Answer as many
questions as you can. HMaximum you can score is
100. 1iarks allottec £ox each Question are
given in brackets Tc]

1-6.)

b)

c)

State the axiomatic definitinn of probability, in finite
pample spaces. [5]

If A and B are any two events, then prove that

P(A U B) = P(A) + 2(3) ~ P(2MB). (8l
Two six—-sided dice, one red and the other green, are throwm
and the numb:rs which aptear on their upper faces are noted.
Assuming that all the outcomes are equally likely, find the
prébability of the followiny events) where r,g are numbers
on the red and green dic respectively.

1) r> g+3,

i1) throwing a dauble,
i1ii) r and g have the same parity. [4+43+51=[12]

2.a)

b)

Define the terms 'a priori, 2 posteriori probabilities'.
Statc Bayes’ thesrem. [10]

In a factory, machine A produces 30 £ of the output,
machine B produces 25 %. and machine C produces the
remaining 45+ . One purcert of the outpht of machine A

is defective, as 1s 1.2 4 of B’s output, and 2 +. of C’s.

An item drawn at random from a day’s output is defective.
What i{s the probability thz% it was produced by A?by &+

by C? Summarize, in a separate table, the a priori and a
posteriori probabdilitics. [15]

3.a)

b)

Define th» terms marginal, conditional probability distribu--
'fions)associated with a two-dimensional random variable [
X Y). -

Let (X, Y) be a 2~dimensional random variable with the
joint probability distribvtion given in Table 1. Find the
marginal, conditional probability distributions of (X,Y).

Table 1
e
™ ° Ll
J ¢ S Qe 0:2___0:2_ _ __
1024 . 0.08_ Q.08 _ _
2 0.06 0.12 0.12

[5+8].—[1;'.:!7

pst.o.



4.a)

b)

2=

stating all the conditions necessary, prove that a
binomial distribvtion can be approximated by means of a
poisson distribution. [15.

In a lot of 50 items, 5 are defective. If a random
gample of 5 items is selcected without replacement, what
is the probability that the sample is composed »f

1) all nondefective,

11) 3 nondefective and 2 defective items. (6 +4)=l1p.

5.a)
b)

)
6-3)

b)

c)

Define the terms independence of two random variables®. [ﬁ

If X, Y are independent random variables, then prove
that E(X.Y) = E(X).E(Y}. [12]

Give an example of two random variables, X, Y for .
which E(X.Y) # E(X)-B(Y). Justify your answer. La.

state the Chebyshev’s inequality. (5
Suppose that Var (X) = O. Then prove that
P(X =p) =1, wher:s p = B(X). (5.

Deduce the weak law of large numbers from Chebyshev’s .
inequality. [10]



INDIAN STATISTICAL INSTITUTE
One-year Evening Course in Stati :tical Methods and Applications:
‘ 1976 =77 -
Part I: Supplfmentary sxamination -

Paper II (ii) Descriptive Statistics - Practical

Time: 2 hrs. Date of _xamination: 16.2.1977 Max. Marks: 75

1. Construct a listogrom for thz following distribution of
scores and on the sam: figure drev the frequency ploygon.

3cores Freguency 3corcs Frequcncey
20 - 29 3 60-69 79
30 - 39 4 70-79 118
40 - 49 13 80-89 91
50 - 59 39 90-99 22
oR

Compute (i) tiedian  (ii) 30ta centile and

(iii) standard dzviation for the above
distributien of scores.

L20/

2., If thz numboer of mark~ scored in a certain examination
is normal random variable with me.n 55 and standard
devietion 21; what 3is the likcly nunber of condidates
obtaining (i) loss than 34 marks, (ii) more than 40 marks
but les: then 60 marks ani (iii) wmore than 80 marks; out
of o totcl numbar of 575 candidat-s appearing in the
ezamination?

g1s/

3. Obtain the cquation of the regression lincs of (i) Y on X
and (ii) X on Y for th: following data. Draw the two lines
on a graph and rced the values of the mecns of Y and X
from thoe grapyh,

X 2 2 4 4 4 6 6 6
Y 3 6 2 4 8 5 7 10

X 8 8 8 10 19 19 12 12

Y 5 8 10 8 12 5 9 11
[15 + 15/
4 1
5 1

Total - 200



8=

LY
4. Prenantrtion pad Heatnass




INDIAN STATISTICAL INSTITUTE

One-year Evening Course in Stailstical Methods
and Applieatiorns. 197677

PART I FINAL SUPPLEMENTARY EXAMINATION
Paper II(ii) Descriptive Statistics Practical

Date, 16:2.77 Mayimum Iaxks.75 Time:2 hours

b)

Note. Answer any three questiors. Iil2xks ai%ftted to
the questions are given in brackets oy

A chemical compound containing 12.5 °A of iron was given to
two technicians A and B for chemiczl anclysis. A made 15
determinations and B 10 determinations of the percentage
of iron. The results are given in the following table.

Table 1
_ Determinations by 4 reterminations by B
1246 1243 12 477 1?2 v05 1233
11+89 12+12 12.33 1222 12 v45
12+76 11+85 12+56 12445 1239
11+95 12 «24 12 w65 $1.97 1237
12.77 12 .28 12 .12 12.21 12.65

Find separaytely for A and B (a) the arithmetic mean and the
mefian, (b) the range and (c) the standard deviation. Also
find the arithmetic mean and the standard deviation for the
pooled data of A and B. [25]

An experiment consists in throwing 12 dice and counting
fives and sixes as success. N = 26,306 such experiments
were conducted. The frequency of no success was 185.
Fquate the probability the Binomial distribution gives
for no succesc to the observed relaiive frequency to
obtain an estimate for p. Use this estimate to ebtain
the probability for obtaining exaclly one success.

A coin has probability .45 of falling head upward in a
toss. VWhat is the probability that in 100 throws of this
coin the number of heads obtained will be between 35 and
60. Use’Normrl approximation for the Binomial’. 1 "
(125 +124]=[25]

N

When the first proof of 200 pages of an encyclopedia of
5000 vages was read, the distribution of printing mis-
takes was found to be as shown in the following table:

Table 2
Frequency Distribution of Number of Misprints
. in a page
No. of misprints on a page_".-_---brequEEZ}_——
0 112
1 63
2 20
3 3
4 1
5 ) 1
Total 200 T



-2 -

a) Pit a Poisson law to the frequency distribution of
printing mistakess

b) Estimate the total cost of correcting the first proof
of the encyclopedia by using tie information given in
the following table.

Table 3

Cost of Detection and Correction of Misprints.
No. of misprints Cost 0t detection and correc
on a page tion per page (dollars) __

“10
.16
23
.29
.34
36

LW ag

-[_1-5:o]=l251

______ o =======33

4. The following table gives the means and corrected sum of
products matrix for three variates. X, = crude oil vapour
pressure, X, = gasoline end point, X = gasoline yield
percentage based on 32 samples of crude oil.

a) Build up a linear formula for estimating the percen-
tage of gasoline yield from cirude oil, x, on the

basis of other characteristics x4 and X5

b) Compute the multiple correclation coefficiemt Rj 12

of X, OT X, amd X

¢) PFind the partial correlation coefficient Ty :2-
(124 +12%J=[25]
Table 4_

Corrected sum of Products and Measure.

X, % Sc;)"' T T T Means
x, 212.769 -1,688.140 331.456 4.18125
% 33,466.500 =3,931.050 241.500

o 3,564.070 19.65%




INDIAN STATISTICAL INSTITUTE
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PERICDICAL EXAMINAT ION P
Part II
Paper IV: Methods of Statistical Inference:
Theory and Bractical

Date: 2 March 1977 Maximum tarks. 75 Time: 2 hours

2.a)

b)

3.a)

b)

Note: Angwer any three questions.

Define clearly and precisely the following concepts.
a) Simple hypothesis and composite hypothesis,

b) Critical region,

c) Probabilities of Type I and Type II errors,

d) Level of significance of a test,

e) Poveer of a test.

In order to test the hypothesis iH_ that the proportion p
of defectives produced by a machin® is a given value Pe
against the alternative H, that it ie greater than p,

a sample of n observations is taken. Derive the uniformly
most powerful test for H_ against H, at level of signifi-
cance a. ° 1

State clearly the theorem that gives you the uniformly most
powerful test above.

Obtain the test for Hy: p = p, against H,: p # p, based
on a sample of size n and of level of gignificance a.

A fertilizer mixing machine is set to zive 10 pounds of
nitrate for every 100 pound. bag with viriance 42 = 6.25.

9 bags are examined and the nitrate content is found out to
be 9, 12, 11, 10,11, 9, 13, 6, 9 pounds. Test the hypothe-
sis li; that the mean nitrate co:vent ¢ = 10 pounds

against the alternative H,y : u # 10. (Take a = .01)
Calculate the power of the test for the values,
p =9, 9.5, 10.5, 11

The mean systolic blood pressurc of adults is known to be
120. In order to test the variance in the systolic blood
pressure a sample of 10 individuels is taken and their
systolic blood pressure readingc were

116, 124, 110, 114, 100, 130, 125, 130. 90, 110.

Uge the data to test whether the variance can be regarded
a3 25 against the alternative (a) that it is greater than
25, (b) that it is not equal to 25.

(Take a = 05 in both casges.)



INDIAN STATISTIC.L INSTITUTE

One year Evening Course in Statistical Methods
and Applicationsz: 1976~77

PERIODICAL EX..MINATION
Part II
Paper V: Sample Surveys., (Theory amd v
Practical

Date;23+3.77 Maximum Marks:. 75 Time:2 hours
Group i

Attempt any two questions from this Group-
The questions carry equal marks.

1.a) Describe briefly the advamtages of carrying out a sample
survey in preference to a complete enumeration survey.
In which situations 1s complete enumeration survey
preferred ?

b) Explain briefly the following terms with examples, whenever
possible:

1) probability sampling; (1i) Sample design;
111) sampling frame; (iv) sampliug and non-sampling errors

Lol

2.a) Let y; be the yth sample observativn (1 =1,2,..., n)
in a s}swor from a population of N units.

i) Find the variance of ¥y and the covariance between
yy and yy (L#3)

1i) Hence, or otherwise, obizin an expression for the
variance of the sample mean.

b) 1) State (without proof) the expression for the variance
of the egtimator of the number of population units
which belong to a specified, class. - —
1i) If N = 1000 and@ n = 100, show that the above vari-
ance cannot exceed 2253, whatever be the unknown
number of units belonging to the specified class. [20]

3.a) Describe briefly the procedure in linear systematic sampling.
What are its disadvantages? [How can you mofity this proce-
dure to remove these disadvantages ?

b) State and prove a result to substantiate the truth in the
statement:

'The variance of the systemalic sample moan can be reduced

by arranging (or numbering) the population units in such

a way that the units in each systcmatic sample are as
heterogenous ags poassible with respect to the characteris~

tic under gtudy’ .- [20]



_2_

Group B
Answer all the questionsa.

4. In a simple random sample of 50 households drawn with
-replacement from a total of 250 households in a village,
only 8 were found to possess transistor ratios. These
hougeholds had respectively 3,5,3,4,7,4,4 and 5 members.
Estimate the total number of households that possess’
transistor radios and the total number of persons in
these households along with their standard errors. [20]

5. Draw a circular systematic sample of 5 households from a
village which has 24 households and describe your proce-
dure clearly. (15]



INDIAN STATISTICAL INSTITUTE

One year Evening Course in Statistical liethods
and Applications. 1976-77
PERIODICAL EXAMIMATION
Part II
Paper IV: Methods of Statistical Inference:
Theory and Practical

v

Date:30.3.77 Maximum Marks; 75 Time:2 hours

4.a)

b)

S-a)

b)

Note: Attempt any four questions. All questions
carry equal marks.

Talcum power is packed into tirs by a machine. A random
gample of 11 tins is drawn, and their contents are found
to weigh (in 1b.) as follows.

0.44, 0.51, 0.49, 0.52, 0.45, 0.48, 0.46, 0.45, 0.47, 0.45
and 0.47
Test of the average packing can be taken to be 0.50 1b.

The height of six randomly choser sailors are in inches:
65, 63, 68, 69, 71, 72.

Those of 10 randomly chosen soldiers are:

61, 62, 65, 66, 69, 69, 70, 71, 72 and 73.

Do these data sugge st tiat sailors are on the average
taller than soldiers?

a
Out of 10 randomly choscn boys of /fcertain school 3 were
found using spectacleg. Can we conclude from these data
that at least 25°£ boys of thc school use spectacles:

In a certain area the aviraie rainfall during the Monsoon
seagson June-September wac reduired to plan for providing
the irrigation facilitic¢se Data on geveral years were
obtained from thc meteorolojic:l department. Based on the
data devise ¢ test to verify tnat the average rainfall in
any given geason is not more thzn a specified value.
(State your steps clearly and precisely).

In order to introduce new sccurity methods, the record of
the number of major thefts in a railway stockyard. per week
was taken over the last 100 wee%s and it was observed that
on the average there were 1.5 major thefts per week. However
the statistician reported that the average number vwas more
than 2, basing his compuiniions on the assumption that the
thefts follow a Poisson distribution. Analyse the statis-
tici an’s report and give your comment whether you would
agree with the statistician.

In order to see whether a lon 'er lapse of time between the
last day of the class and tni~ time of final examination
makes a difference in the performance of the students, a
class of N students ig ?ivided into two groups of m and

n gtudents. The first oaich of n students was given the
cxamination immediately and iire second batch one month later.
It is observed that ther:z is more variation in the scores

of the second batch. Sugrezt a procedure to verify whether
the variation is less in the first batch of students than in
the second batch. to be

Two different additives are /compared to see whlch one is bet-
ter for improving the durzbility of concrete. A sample of m
observations from the first mix and a. sample of n obgerva-
tions from the second are taken. Bascd on the data it is
proposed to make the statement that the variance of the first
mix 1is twice that of the second mix, suggest a procedure to
test this gtatement.(State your alternative and assumptions
clearly.)
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PERIODIC AL, FXAMINATION
Part IT
PaperV: Sample Surveys (Theory and Practical)
Date:20.4.77 Maximum Marks: 75 Time:2 hours

Note: Answer all questions.
Marks allott for each question are given
in brackets ﬁ. &

1.a) Explain the pufpose of gtratilication in sample surveys.

b) What are the factors that 2re tcken into consideration in
allocating the sample size to difterent gtrata ?

c¢) Obtaln the expreasion for rain in precision (reduction of
variance) due to stratification with proportional alloca-
tion, over a simple randon gample (of the same gize)
without replacement from the ungtratified population.
Give the interpretation of the expression when the strata
means are all equal- 8+4+(6+2)]=[20]

2. Describe Lahiri’s method for drawing a ’pps’ sample from
a population and prove thati this method ensures inclusion
of the units in the sample wilh the preassigned sizes.

(8+71=[151

3 The households in a town are to be sampled in order to

estimate the average amount of assets per household that

are readily convertible into cash. The households are

gtratified into a high-rent and a low-rent stratum. 4

house in the high rent stratum is thought to have about

nine times as much assets as one in the low-rent stratum

and Sh is expected to be proportional to the square

root of the stratum mean.

There are 4000 hougeholds in tiie high-rent stratum and
20,000 in the low-rent strotum.

a) How would you distribute & sample of 1000 households
between the two strata?

b) If the object is to estimate the difference between
assets per household in the two strata, how should the
sample be distributed? [20]

4. From 35 farmsg with a total geographical area of 5759, a
sarple of 5 farms drawn with probability proportional to
the area of the farms gave the data shown below:

Farm MNo. 3 18 28 34 35
Total area 52 110 300 410 430
Area under a crop 10 24 59 72 103

Proportion of
area under the

erop 0.1%R3 0.2182 0.1967 0.1756 0.2395

Estimate the average and the total area under the orop
with respective atandard errors. [20]



INDIAN STATISTICAL INSTICUTE
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PERIODIC AL EXAMINATION

t
Paper VIa: Design andpﬁgal§£is ¢ Experiments
Theory and Practical

Date; 44577 Maximum Marks. 75 Time: 2 hours
Note; Answer all questions.

Marks allottiﬁ for each question are given
in brackets .

1. Describe the following terms:

(a) Treatnent (¢) Rand:cnizaticn

(b) Plot (&) Reolicstion l4 x5]=l20]
2. For a Randonized Block Design exocriuent with t  treat-

ments in b blocks of t plots each, discuss

(a) the lay-out

(b) the model and the estimation ol paroneters

(¢) the analysis of variance table- (5+12+8 )=[25]
3. Following table gives the nitrogen content in milligrams

of red clover plants inoculated with five different
trifolii strains and a control in a rzndom order-

Control L stiaing ]
17 19. 7. 7-C "20.7  iE3T

19.4 32.6 24.8 19.4 21.0 14.4
19.1 27.0 27.9 9-1 20.5 11.8
16+9 32.1 25.2 119 18.8 1.6
20.8 33.0 243 1544 18.6 14.2

(a) Write the analysis of variancc table and the model.
(b) Give estimates of treatmenl eficects and the error.
(¢) Test the equality of treatment eficcts.
&O +6+4}= BO ]



INDIAN STATISTICAL INSTITUTE
One year Evening Course in Statistical Methods
and Applications:. 1976-77
PERIODICAL EXAMINATION
Part II

Paper VIb: Control Charts and Acceptance Sampling
Theory and Practical

Date; 1845.77 " Maximum Marks; 75 Time:2 hours

Note: 1) Answer all questions

2) The marks al%?rted to each question are
provided in .

1s Control charts for X amd R are maintained on the tensile
strength in pounds on_a certain yarn. The subgroup size
is 5« The values of X and R are computed for each sub-~
group. After 25 subgroups, & X = 514.8 and RR = 120.0
Compute the values of 3-~sigma limits for the X and R
charts, on the assumptlion that the process ie in statisti-
cal control. [12]

2.a) Explain the terms; specifications and process capability.
b) Explain how an examination of various relationships of

process capability and specifica.ion limits can be Tsefuﬁ
for economical gain in indugtry. 8+12 =[20]

3 Write ghort notes on any three of the following.

a) Chance cauge variation

b) Statistical control

¢) Rational subgroup

d) Interpretation of X,R chart. [18]

4. The following data were obtained over a 20-day period to
initiate X and R control charts for a quality characteris-
tic of a certain manufactured product that had required a
subgtantial amount of rework. The subgroup size was 5.

Subgroup z T subgrop T

number number x R
1 1776 13 11 179.8 9
2 1766 8 12 176.4 8
3 178.4 22 13 1784 7
4 176.6 12 14 178.2 4
5 1770 7 15 180.6 6
6 179.4 8 16 17946 6
7 178.6 15 17 177-8 10
8 179-6° 6 18 178.4 9
9 178.8 7 19 181.6 7

10 178.2 12 20 177.6 10

a) Examine the data for homogeneity.
b) The specification for the above quality characteristic

is given as 178% 10- Dei¢rmine the control 1im1fs f0ﬁ
the X, R charts to be used in future. 18+7 J=(25]
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Paper IV- (a): Methods of Statistical Inference: Theory

R

SN

Date: 27.6.77 . Maximun tarks: 75 Time: 2 hours

Note: You may attempt any part of any question, Aany

score over 75 will be cownted as 75,

EE=c == SRscoScoCZ== =SS Ss=SS==SS=3SsZ=SSSSSZS=SSSSc-SS==s==S=z===

1, If Xy Xpy o o0y Xy is a sample of n independent
observations dravm from a normal distribution with mean
and varience g2 , and gl = Z_'(xi-3<)2/ (n=1) where

I

n
x= 2_ xi/n, Jthen prove that
i=1

(i) g2 ig an unbiased and a consistent estimator of J° .

(ii) a2 is a sufficient statistic for g2,

2. (a) x,, Xy1 eess y X, @re independent rendom variables with
common frequency function f(x; ©) where © is unlmown.
Sxplain the method of maximum likelihood Br estimating &
on the basis of observations on x1, x2, esay xn.

(b) Find the joint maximum likelihood estimators of/b and

72 for a normal distribution N(x)-,u. ,0‘2), Drive moment
estimators also,

3. Iet Xy Ky o0 ey X, > 5) be n independent and
indentically distributed normal variables, each with aean m

and variance 6‘2. ¥hat are the probability distributions of

the following random variable?

(i)Y=1£;Ki

1 n i=1

- 2
i) v, = a1~2 %57 (xl;m)
- m) / X -m
(1ii) Y3 = -(—}ﬁj‘_—m—‘ j_E———-z (-—ia:‘— )2/(7‘-"')

(iv) v, =4 1;1:1 (x -m)z/_(,-;};; f?g & -n?] »




4, .Describe briefly the procedure of one-way enalysis of

variance for testing the hypothesis Ho H m1 = m2 ¢« e v=m
X,
on the basis of sample of size n = n, + n2+ « .0t n,,

where r'xi ig the size of sample dravn from the ith normal
population with mean m; and variance T 2y

Sz===z=ccS===sS=S=ESSSSSSSSSSSSZSSSSSSSS=zSSETsSSsSSo=Ssz=====

4, v Xp9 ees 3 X, aTe independent observations from a
X1 % . . . ) 2
normal population with mean /(and variance ¢"°, Describe
how you will test the hypothesis Ho : K= /«!6 against

the altemotive I : (L # M, acsuning (1) 72 is known,
and (ii) (.‘2 is not knowvm,

6, Yrite short notes on any three oi the following:

(a) ™o kinds of errors of a test and power of a test,

(b) Properties of maximum likelihood estimations,

(c) Chi-square Test for goodness of fit,

(d) Test of significance for multiple and partial
correlation coefficients.

(e ) Cramer - Rao in-equality,

[B*8*8/=/24/
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Calclitta and Delhi
PART II FINAL EXAMINASIONS
Paper IV: Methods of Statigtical Inference.
Practical

Date. 29.6.77 Maximum Marks: 75 Time: 2 hours

Hote; Attempt as much as you can. Haximum score
can be 75. . Marks all ted for ezch uestion
are given 11 brackets

1.2) The means of two large gamples 91 1000 and 2000 mem-
bers are 67.5 and 68.0 inches. Can the szmples be regarded
as drawn from the pame porulation with stendaxd deviation

245 inches? [8]

b) 4Average of 150 obgervations from populaticn with standard
deviation 4.3 1is 16.2. Find 99°/. confidence limits
for population mean. [7]
**;a:::::==:=====:==gg:6——i‘== Fo===
2.a) Mean and varlancg 0 ¥5I¥ead1n§§ on the lengih of a given
rod is 20 inches a1d 7.3 inchesc. Does i:.z result contradict
the agsumption that the length of rod is 19.9 inches ?
Find 90 "/« confidence interval for the length of rod[

7+ 1=[11]

b) Two samples of sizes 9 and 8 have the sum o9f gsauares of
deviations from their respective means equal to 160 incheg?
and 90 inches?. Do you agree that the sz:mles are drawn froT
The same normal population 2 1

3 The weight of ten boys before they are cubjected to a
change of diet and after a lapse of six months are recorded
below: =

SiWe. 1?7 3 & 5 6. 7. 5. .9 10 _
Before 109 112 98 114 102 97 83 101 89 a1
After 115 120 99 117 105 98 91 95 93 89

Test whether there has been any significant gain in weight
as a result of the change of diet- [15]

4. A random sample of size 140 was drawn from a certain popu-
lation. The frequency distribution is Civen below. PFit
a normal distribution and test the goodness of fit.

Class interval Frequcncy
~5 and below 4

-5 ~-0 8
0- 5 20
5 =10 35

10 - 15 43

15 - 20 14

20 - 25 10

25 and above 6 {20l




-0 -

The following date relate to lives in hours of sample
lamps taken from batches of electric lamps. Test whether
the batch differ amongst themselves in average length

of life. '

Sample .
Datch _size Life of individual lamps
A 7 1600, 1610, 1650, 1680, 1700, 1720, 1800

5 1580, 1640, 1690, 1700, 1750
8 1500, 1550, 1600, 1620, 1640, 1660, 1740, 1820
6 1510, 1520, 1530, 1570, 1600, 1680

b o w
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PART II FINAL EXAMINATIONS
Paper Vi: Sample Surveys Theory

Date: 17477 ‘ Maximum Marks; 75 ‘Time:2 hours

Note; Attemot Questions 1, 2 and any %wo from the
rest. Explain clearly the gymhosls vhich you
may use in your answers.

Marks allT?Fed for each question are
brackets .

. iven in

1. Answer any three of the following; -

a) What are the different sources of errors in a sample
survey? Explain, very briefly, how thes: errors can be
ccutrolled.

b) State, giving reasons, the conditions under which the .=
ugse of stratified sampling may be recomtended in a
lerpge-scale survey.

¢) Vhat is a two-stage design and when should it be usead ?

How and when, the need for selectin; units with

eq

units with EQUAL PROBABILITY and without replacement from

a pepulation of 490 units, with the help of a table of

random . numbers. YOU ARE NOT REQUIRED TO DIsVW AN ACTUAL .
SAKDTLES [14]

3. A population of N (known) units has (unknown) units

1i
belonging to a specified class C- Obtiin an unbiasged
estimator of N, as well as an unbiased estvimator of its

variance, under SRSWOR. [8+12 )=[201]

4. Consider a population consisting of ' k' strata and the
following four sampling procedures for the estimation of
'population total':

i) Unstratified SRS with replacement-
ii) Stratified SRS with replacement, and with equal alloca=-

tion.

iii) Stratified SRS with replacement, and with proportional
allocation.

iv) Stratified SRS with replacement, and with optimum
allocation.

a) 8tate (without proof) the customary unbizged estimator
of the population total for each of thc above mentioned
sampling procedures, total gample size being the same
for all the designs.

b) Obtain also the variance of the estimator in each case-

l4 x (2+43))=[20]



5.a)

t)

Consider a two-stage sampling proceduie used for a popula-
tion which consiste of 'N 'first-gtage wnit: (fsu), each

of which contains 'M' second-stage units (asu). Let a
sample of 'n' fsu’g be selected and then from each selected
fsu, let 'm' g8n’s Dbe gelected, let ii=kn.

Agsume also that selection of units at first stage is done
by SRS with replacement, gecond stage by systematic gam-
nling. Suggest an unbiased eatimator of the population [
neans 8

Describe the cumulative total method and Lehiri’s method

for drawing a PPS sanmple. Describe gituntiong in which
each method is advantageous over the othe:. [42
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Paper V (b) : Sanmple Surveys (Practical)
Date : 4,7.77 Maximum Marks: 75 Time : 2 hours
.. Notc: this paper in all carrics 95 narks. You iray answer

ag manv questions as you like but the maximuin you can
acore is 75,
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Q.1 From a list of 3342 namcs and addresses, a simple random sauple
of 200 names showed on investigation 38 wrong addresses.
Estimate the toial number of addresses needing correction in
the 1list and find the standard error of this estimate,

Q. 2 The Ni's and O, 's are given for 5 strata into which a
population is divided., Obtain the optimal values of ni's

(sample size oif.the ithi stratz) and the corresponding variance
of the estimator if the populetion uean is to be estimated,
ascuming SRSWR sampling scheme within strata, Ni and ..; are

the ith stratun standard deviation

2
i N w3
1 3780 28.5
2 5260 18.6
3 8200 27.6
4 4160 27.2
5 2980 16.8

Qs 3 From 35 farms with a total geographical area of 5759 hectares,
a szple of 5 farms dravm with probability proportional to bbe
total area of the farms gave the data shovm in the following
table, Estimate the total area under the crop and its
standard error.



. , -2

Table: Area under the crop and the ‘total area of 5 sample
farme selected with pps to the total area,

(in hectares)

Farm No. 1 2 3 4 5
Total area 52 110 300 410 430
erca under & o 7 10

Q. 4 The number of inhabitents (in thousands) for each of a Srs

without replacement of 20 cities, drawn from a group of
196 large cities, for the census year. (}%.) and the current

year (Yi) is as given below, the total population of 196
cities in the census yecer is also knovn to be 22919.

] Yy 5 Yy
76 80 60 57
130 143 507 630
&7 67 - 172 260
29 50 121 113
381 384 77 89
720 115 64 63
61 69 64 7
78 106 56 142
66 86 40 60
130 145 40 64

Obtain estimate of the total population in the current year
by ratio method of estimation. Estimate its bias and mean
square error,

L9/
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Note, Answer as much as you can. hovever, maximum
you can gcore is 75. Tevel of ei:nificance is

1. Write short notes on
i) Randomisation
i1) Latin Square Design
iii) Factorial Experiment. ~ (6 x3)=[18]

2. The following table gives 8 observations oun the products
of three manufacturing plants.

Plants
A B o]
6.0 6.0 7.0
7.0 6.5 8.0
7.0 6.0

i) Compute the Analysis of Variance table.
ii) Describe the model and give the estii-ter of the
parameters in the model.
iii) Test the equality of plant effects of %+ and B,
and A and

3. EITIER

Data ig available from a Randomiged Slock Deczigfn experiment
with subsamples. There are 4 treatmentz, 5 blocks and 3
subsamples (obgervations) per plot.

Describe the analysis of variance with ar apnropriate model.
[25]
OR

The following table gives the yields of tour straing of
wheat in five randomized blocks (pounds per plot) with
two missing values

BLOCK
Strain 1 2 3 ¢ s 2};;:’1“’“
A 32.3 34.0 34.3 35.0 36.5 172 .1
3 33.3 - 36.3 36.8 34.5 140.9
c 30.8 34.3 35.3 32.3 35.3 168.5
D -  26.0 29.8 28.0 20.8 112.6

Obgerved L
total 96.4 94.3 135.7 132.1 135.6 594 .1




3. (contd).

i) Estimate the migsing values.
i1i) Set up the ANOVA4.

iii) What is the standard error for compzring treatment
A and 32 10+10+51=[25]

The folléwing data are the results of an experizment to gtudy
the influence of time of bleeding on picsnc phospholipid
in lambsg, with or without diethylstilbestrol treatment.

Diethylstilbestrol treatment

with Vithout

Time of . T T T
vleading AM PN A_n___ o PM
17453 32.00 8.53 39.14
21.07 23.80 20.53 26.20
20.80 28.87 12.53 31.33
17.33 25.06 14.00 45.80
20.07 29.33 10.80 40.20

i) Estimate the factorial effects of iire ol bleeding,
diethylstilbestrol treatment and ‘hcir interaction.

ii) Error sum of square for the above dztz is 379.%.

Would you say that the influence of time of
bleeding is significant ? [10+7]=[17]
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_faper VI (b): Control Cnarts and Accepta:nce sampling
: (Thecry and Practical )

Time : 2 hours

Date: 8 July 1877 Maxinuwm Marks: 75 .

1{a)Point out the correct one vith argument, A process is
said to be in a state of statistical control if

i) It produces all the items within the specification
limits .

ii) A1l the points on the control chart (s) are vithin
the control limits,

iii) Te points on the control charts are evenly distributed
around the central line L

iv) None of the above three is necessarily correct.
(v )Briefly explain the following:

Principle of rational sub-grouping piays an importent
role in operating a control chart,

2., (a) Distinguish between chance and assignable causes of
variation,

(b)The length of a machined component is distributed normally
with y= 10.5 and ¢ 0,2. ‘lhe component less than 10 or
more than 11 are to be sera.ped. Find the proportion of
scrapped items, Unit of measurement is m.m,

(c) Fifty samples of waste extraction from a carding machine
are ;~llected and measured in gms. The sample size is 5.

The X and R are found to be 15.16 and 5,755 respectivelye.
Find suitable control limits,

. B3
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3. Write short notes oR any two of the following
a) Statistical aspects of tolerances.-
b) Specification Vs capabilities

c) Control chart for fraction deiective and number
defective

d) Process capability

4, Obtain an atiribute single sampling plan to satisfy

AQL = 0,02 LTPD

0.08

a= 0,05 B= o0.,10

5. Draw 0.C. and 4,0.Q. curves for single Sampling Acceptance/
Rectification plan given that

N = 10,000, n = 200, c=0

given AQL =0:L'EDS, what is producer's risk ? What is
A0QL of the plan?

e

6. Write short note on any four of the following:

a) 40

b) Consumer's risk
¢ ) Producer's risk
d) LTPD

e) a.T.1,
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