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2.2)
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S,
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v)

a)

b)

a)

b)

Note: Answer any two questlons frum Group A ard all

questions from Group B, Marks allat,[,ed for

ewch question are given in brackets {],

GROUP A

A layman says tnat it is absurd to try to estimate the
average ircome of 2ll Indian Rouseholds by co ting data
on incame from a gample of only a few Yhaousand Seholds ,
Briefly answer Lhus iur.d'mental objectlon to the approich
of statistigal) sampling explaining the thetrstical consle
deragions in won-technical language as well. : 120}

What is mecant by the bias of an estimitor ¢ "Is the sample
variance an unbiased estimator of the population variarge,
when a srswr is avallable 2 Is '

=\2
1 Z(x -3

an unblased estimitor of the population 5.,d,? If mot,
what is the sign of its bias?

What is meant by the blas of a st.atist,.icu test? Give a
example of a biased test, 13+4+5+8)=(20]

A srswr 4s to be drawn from 2 population with s.d, known
to be 40 units, aporoximitely. How large must the sample
si?f be in order that the sample mean may lle within ¢ 2
Units of the true mean with probability 0,90? Do you need
any additionil assumption for computing this size?

A die is suspected to be londed in fagour of sizx , In
order to examine this, it is proposed to throw the die 8
times and to infer that it is biased in favour of six if
the mumber of sixes exceeds 3, ‘Calculate the level of
significance of the test and nlso its power against the
alternative hypothesis that the probability of occurrence
of a six¥ at any throw is 1/4,

GROUP B
Ir x ~u(0, %), wmt is the BeduL. of x2 2 How is this
result modified if x ~N(u, 62), vhere u £0 ?

Let x and ¥y be two independent (0, 1)-yariates, Find
tne distritution of the ratio x2/y2 and hence that of the
ratio x/y, (Provc all the nccessary results) {8+12])=[29]

Derive the joint sampling distribution of X and s based
on a random samnle from a mormal population N(u, ¢2),
Hence obtain t{le distribution of the statistic )
t=X-t l14+6)=[20]
s/fi
Suppose that X11Xp Xy are independent N(0, 4) variables,
Obtain, using statistical tables, the orobabilities
(1) Plx) = 2¢, + 3xg >-1), (11) P(axZ ¢ axZ> ),

(111) P(xZ - 2x§ -xZ¢0) .

icu m1y use linear internolation for the calculations but
the procedurc with underlylng theory must be ¢learly
¢xplalned in each case, [20)
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1.2)

b)

2,

7.

Note: Answer any five. A1l questiuns carry equal
Larks,

A fanction is defined as follows:

p(x) = x? when x <1
52,5 "when x =1
= x2+ 2 when x> 1
Des Lt  f(x) exist 2 Is p(x) contimous at it
X =31
x=1?

Find the values of

2
x" sin Sl[x) Lt sin x
1 e sIn x y (11) X =) x+_asx .

X=> 0

Finl the differential co-efficients of the tou.oving
vith respect to x

1) x“e‘ , W) x tan x log xk (111) 2% sinx,
i ) X . (v x_m_
X S ox-gex?t
X
¥1) e sinbdx, (vit) sec (tan™t x), (vat1) x*.

The volude of a right circular cone resains constant, If
the ratius of the base increases "at the rate of 3 inches
per sccond, how fast is the altitude changing when the
altitude is 8 inches and radius 6 inches ?

If u=cus 1(x+y)/(/'+/§'), show that
xﬂ+ya—y+%cotu=0.

Find the approxiuate value of sin 60° 34! 231" tu 4 places

.of decinals froo the expansion of sin (x+h) in a series of
_ascandirg powers of h by putting

= O K -
X = 3 (=60°) and h = T%ﬁ
of a radian (= 34! 23" nearly),

A cylindrical tin can clused at both ends of a given
capacity nas to be constructed, Shuw that the amount of
tin required will be minimum when the highkt 1s equal to
the diameter,

Show that the tangents to the curve
Bxaruy¢5y2-4=0
at the points in which it is intersected by the lines

3x +2y =0 and 2x + 5y =0
are parallel to the axes of co-ordinates,
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w
.

6.2)

b)

Yote: The paper carries 55 wArks, Answer as
pmany questiorsas you ¢in, Maximum you can
score is 50, Marks allotfed for each guestign
are given in brackets L) ,

Prove that (1) implies (i1) and vice versa

1) If A 1is a ronemoty set of real numbers which is
bounded altove, then A has a supremum,

11) If A is a nonempty set of real numbeis which is
bounded telrw, then A has an infioum, Ls#5)=(10

Let A and B be tuo bounded sets of real numbers with
a = suprezum of .A and b = supremum of B, Let ¢
derote the set

C= ix+y:xeh, yeBY
-
Then prove that a ¢ b = sufrremum of C, (8

Detine the set M of natural numbers in terms of the
real mumbers,

Prove that N 1s mot bounded above (State clearly the
axioms, results you may like to use), [2+4)=[6

1) Jefire an erdered field,

11) If F 1is an ordered field how do you define x <y
for x, Y€ F? Show tnat 0 <1 in F where Q °
and 1 have their usual conmotations in the field F,

111) Prove that the field  of complex numlers can mot t
pmade into an ordered field, [3+1+3+5)=[12

Defire the set I of integers,

Define tihe set Q eof rational numbers,

When do you call a noneapty sutset A of R, the set of
real numters, derse in R, Frove that & 1is dense in

R e
' (13+ 1} +2+8 J=(13!

what is wrong with the following 'rroof! that the set of
all intervals of rositive length is countable?
'Let JX1y Xpraes s denote the countable set af rational

nunters and let T Ve any interval of positive length,
Then I contains infinitely many rational points xp, but

anong these there will be one with smallest irdex n,
Defire a function F by means of the equation F(I) = n,
if x, 1is-the ratiomal number with smallest irdex in the

interval I, This function establishes a one-to-one corres-
ponderce bLetween tne set of all intervals and a subset of
tne positive integers, Hence the set of all intervals is
countabie!,

Stow that any collection of disjoint intervals of fositive
lergth is countatle, 13+3]=(4]
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1

Note: Answer all the questions, Marks aJ]iocted for each
question are given in brackets [ ),

What is radloactivity ? Deduce the radioactive decay
law and hence find an expression for the half-life of
a radioelement, What is the relatlon between half-
1ife and averade life?

The half-1ife of radium 151590 years, In how many
years will 1 g, of radium be reduced to 1 centigram? s
1e+4424446]={20]

What are_the different orocesses for the emission of
electrons from atoms? Deduce Einstein's photoelectric
equation, Show how the relation could be used to
determine experimentally the value of Planck's constant,

The work function of a particular emitter 1s 2,0 eV and

Lizht of wavelength 3000 A is used to cause emission,

Find the stopping potential and the velocity of the most
energetic electrons, L3+4+3+5]=[15)

Glve an elementary treatment of Bohr's theory of the

hydrogéen spectrum, Write the expression for the Balmer

series, Explain tne significance of tne serles limit,
{104542]=(25]
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PFRIODICAL EXAMINATION )

Irdex Number and Time Series
(Theory and Fractical)
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1,a)

b)

3,a)

h)

Note: The paper carries 125 marks. Answer as many
questions as you can  Maximum you can score
is 100, Marks allotted for each question are
given in brackets (],

Discuss the problems of comparing prices betyeen two distant
tiwe perlods, Also, discuss in this conte«t the suitability
of the chain tise irdex numbter,

The table below givea the wholesale prices (p) and quaﬁf.i'-
ties (q) of four cereal items in india during 1951-1954,

Iten i 1951 1952 1953 . 1954
P q P q ‘P (X8 P 9

Rice 16,9 20197 17,5 22,54 17,5 28,10 16,7 24,21
wneat 18,6 6.09 25,7  7.58 21.8  7.00 16.4 . 8,34
Jowar  10'1 598 11°9 7026120 7.9511.3 9.09
Bajra 10,2 .2.3113.3. 3.14 14.5 .4.48°11.5 5.66
Calculate the orice indices P1!51,1§54' P1952, 193¢

1) using paasche type binary index numter; and
11) using Laspesre tyme chaih index numter, [12+13)={25])

Show taat both Lasveyre's and Faasche's formula,ef price
index number give blased estimates of the corresponding
true cost of living irndex,

The following table gives (i) the grcup price index numbers
and corresponding weights and (1i) average annual money
income of working class in Calcutta during 1948-1931,
Calculate the nature of change in real income of yerking
class in Calcutta during this period,

) Price indes Yo Average money
Year (base 19392100} income
Food Clothing Othars (ks ,)
1948 370,1  423.3 2902 650,00
1949 87,2 440.,4 308, #00,00
1950 394.0  432.9 303 .4 792,00
1951 5970 85134 320:7 . 820.0)
Weilghts 71,3 2.9 238 = (15+12) =125}

Discuss the method of indicators for conmstructing an index
nunber of quantum of industrial production for a country,

Compute the quantum index by method of indicators for the
year 1950-51 with 1949-50 as base using the fnllowing
data, .

Sector ~ Value added Value of Indicator
in 1949-50 1949-50 1950-51
Sector 1 4157 5306 .. 5570
Secter 2 824 5204 5543
Sector 3 7563 1541R9 170635

120+5]=,25)

p.t.o,



4,a) Write rotes on.

1) variate difference method, (1i) moving average
technique of estimatirg trend of an observed time series,

b) Fit a polynomial trerd of appropriate dezree to the
following data,

t * 2 3 4 5 6 7 8 9 10
yy 0,1 8,2 7,9 9,2 11,3138 16,0 17,9 18,2 15,9,

* O
{12+13]= ¢

5,a) What are seasonal indices? How' would you construct
© seasoral indices when the pattern of seasonality change

smoothly oveg time?

b) Fit a-logistic trend curve to-the following data,

"t 1 2°3 .4 B 6.7 °8 ‘9 10 W12

Yy 5.9 537,29,612,917,1 25,2 51,4 50.8 50,2 62,9 7

120415}=i¢
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b)

c)

d)

3.a)

Note: Answer any two questions from Group A and

One question from Group B, Marks allotted

for each question are given in brackets (1.

GROUP A

If from a simple random sample of n units drawn without
replacement, a random sub-sample of n* units is selected
without repiacement, duplicated, and added to the origimal
sample, prove that the mean t* based on the n+n®
units is an unbiased estizator of the population mean,
Also show that the variance of t* s greater than the
variance of the mean based on the original sample of n
units by an approximate factor

1+ Sn'n-l)(l + n‘n'l)'z. For what value of n*/n does
the relative loss in efficiercy attain its maximum value?

A survey was conducted in a village consisting of 625 house-
holds by covering a sample of 50 households selected using
2 simple random sampling without replacement scheme to :.
estimate the average monthly exPendlture on toilet goods,
Tne estimate was found out to be Rs,4,20 with a standard
error of 0,47, Using this information determine the . °
sample size needed to estimate the same characteristic-in
a nelghbourln§ village on the basis of a_sample to be selec-
ted by a simple random sampling with replacement scheme
such that the length of the confidence interval at 93¢/
confidence level is 20°/. of the true value, State clearly
the assumptions irvolved in finding out the sample ﬁze. 1=lo8
. +12])=

Fxplain with 11lustrations what you understand by the
terms 'irclusion probability of a unit U,' and 'inclusion
probability of the pair (UL’UJ)' for a s&npllm; design,.

Give  the unbiased estimator ?H‘l‘ cf the prpulation total:
Y= T Y, of a characteristic y talking values '“¥; on the
1

_untt Uy, 1=1,2,,,., & as proposed by Horvitz and

Thompson,
State its variance,

A
write down the estimators of tne yariance of Y, 1 Sugges-
ted by Horvitz anrd Thompson QHT (»YHT)i and Yat.eg and Grundy

A A
VYG(YHI)' for a fixed samole size n,

Suppose that auxiliary information on a characteristic x,
taking values X, on the umt Uy, 4 =1,2,,,., N, highy

correlated with y 1s evailable, Show that Tyg(¥yp) is

positive when the sampling design is such that the first
unit in the sample is selected with probability propor-
tional to its X-value and the remaining (n-1) units are
selected with equal probabilities and without replacement
from the remaining (N-1) units of the population, i
[346+7+12)=(28

For stratified simole random sampling (without replace-

ment) to estimate the population mean, write down (no deri-

vation required) the ontimum allocation of a Tixed total

sample size n to the stratan, How does one use ths .
P .t



b)

c

~

-2-

allocation in practice? Give a theoretical justification,

If we deviate from the optimum allocation by using a sample
of size Iy in the ith stratum, show that the proportional

increase in variance cannot exceed ‘62, vhere "a is the
maximpm deviation |ff - “1]' expressed as a fraction of 1y,

INustrate this result by an example,

Let Wy be the proportion of population units and let
S? = Ni“? / Ni-l, where 0’12. is the within variance for the

ith stratum, Obtain an expression for the variance of the
estimate of the population mean based on an allocation of
the sample size preportiaonal to wisg where a tis a real

number in {0,2], Hence show that the allocation in (a) is
superlor to Lhis allocation with respect to the variance
criterion, Comment on the case a =2, . {1148+9]={2

As a consultant on'sampling techniques' indicate the sug-
gestions you would offer-and the advice you give on the
following problems (precise mathematical statements will
galn more credit for your answer):

a) A school teacher having planned to estimate the average
consumption of sweets in a week for all the children of
her school, got hold of the complete list (in alphabe-
tical order) of all the 1217 schocl children and decided
to take a sample of size 120, Using .this list the
teacher had selected a 'linear systematic sample' with
the random start 5, She then computed the sample average
of the numbter ol sweets consumed during the week as an
estimate of the average consumption for the whole school,
Her problem is to kmow if the estimate is valid and if
mot, how a valid estimate could be ébtained, She is also
intbrested in dstimating the sampling error of the esti-
mate from her sample,

b) Square plates of different areas are produced in an
industrial process and a quality control engineer col-
lected data on the area for a large number of plates
during a shift using a machine that accurately measures the
area, It was thought that a sapplé of plates selected with
orovability proportional to the length of the edge of the
plate (with replacement) would suffice for further instec-
tion on the study varizble (number of defects an each plate).
You are.contacted to sugzest a simple method of selecting
toe sample as required and an estimation procedure,

A scientist plans to estimate the average yleld of a
characteristic on the basis of a sample survey as preci-
sely as possible, Auxiliary information on another
characteristic is available before hand and he has reason

to believe that thare is high positive correlation

between the characteristic under study and the auxiliary
characteristic, You are approached to suggest suitable )
sampling methodology, 19+9+10]={28)

~—

[

P.t.o.



Group B

The table given below presents the summary of data for all
the 112 villages in a certain tebsil in West Bengal, The
villages are stratified by sizé of their agricultural area
into 3 strata, as shown in column (2) of the table. The
number N, of villages in-different strata is given in
column (S}. Column (4) gives the rumber of villages
selected from the ith stratum and in column (5) the sampl-
ing design used in the stratum is given, The yleld of jute
for the selected villases and auxiliary information where
available are given in column (6) of the table:

S5ize of the Yield Auxiliary

Stra- village in of information
tun  acres of ag- 't ™ Saggiing jute  agriculturdl
ricultural en yij area x1J
area
90 2} (3) 12) (3) (6)
I £ 40 51 6 Probability 75 25
proportional 101 39
to agricultu- 5 2
ral area 78 26
with repla- 79 26
cement 45 16
1I 40- 80 38 4 Circular Sub- Sub-
systema- sample 1 sample 2
tic
247 256
sanpling 238 21¢
359 368
125 141
111 > 80 23 2 Probability
. proportional 427 147
to agricul-
tural area
without 396 101

replacement

It is also known that the total agricultural area of
villages in the first, second and third stratum are
1268, 3443 ard 3112 acres respectively,
a) Estimate the total yleld of jute for the tebstil,
b) Obtain an estimatz of tne varlance of your estima;e
in (a), 119+25)={44]
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a)

b)

")

[

Note: Answer all questions, Marks allotted for each
question are given in brackets {],

Groun A : Micro-ecoromics
Aspver all the questions, Maximum Marks:25

Given that the utility of a consumer is a function of
quantities consumed of two goods (with given prices),

£ind out the (first-order) condition for the maximisa-

tion of the consumer's utility subject to a budget cons-
traint,’ . 5]
How the total effect on the demand for a good brought

ateut by a fall in its own price 1s decomposed into an
income effect and a substitution effect? Prove that the

substitution effect has a definite sign in this casrv'.::s] (10]
=

Can you similarly find income ard substitution effectson

the demand for a good when the price of the other zood

varies ® Can you say anything about the sign of the
substitution effect in this case ? [6+4])={10]

(¥ote: For (b) and (¢), you may assume a two-good world)

Group B : Macro-economics
Answer all the questions, Maximum Marks: 25

Consider a closed ecoromy with the following consumption
function
c=80+0,8Yd

where C 1is consumption expenditure apd Yd is dilsvosa-
tle income, Let net investment (I), goverrment exvendi-
ture (G), total tax reverme (T,) and total government

transfer payments (T,) be exogeneously fixed at the levels
I= 90
G = 100
TX = 95
T, = 5

Using the above data and the information given below

ansver the following questions,

Find the following:

1) the equilibrium level of net national product, (5]

11) the values of investment, goverment expenditure
and tax collection multioliers, 13]

111) the 'leakage function' i,e,, total leakage [private
savings (s) plus net tax (T, - Tr)] as a function

of net national product (Y), [2]

p.t.0.



-0a

If the full-employment net national vroduct were projected’
to be 1200 and the government wanted to achieve this level:

1) by how much should goverment expenditures (G) be
increased if other things remain unchanged?

11) what should be the level of net taxes (T, - T.) if -
both I and G are kept at their origiml levels?

Suppose both G and T, are ircreased by 10, Will_there

be any change in the equilibrium level of net national
product? -If there is any, calculate its numerical value,
What is the value of the multiplier in this case? Give

explanation for your result,
Instead of considering Tx and T, to be autoromously

given at the levels 95 and 5 respectively, assume noy
that net taxes are 25 per cent of net national product
i.e,, T=1T,-T) =.,25Y, Then ralculate

1) the equilibrium level of net natidnal product,
11) the government expenditure multiplier.

Instead of assuming net investment (I) to be autono-
mously given at 90 supnose row that it is responsive to
the level of income and is given by I =10 +0,1Y, .
Then calculate the government expenditure multiplier and
explain the reason for the magnitude of this multiplier-
fe n di).!‘ferent fron the corresponding one calculated

n A(11),

{2}

(s)

(2]
(2)

(4]
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Note: Answer all the questions, Marks allotted for
each -question are given in brackets L],
Let 712\ = 2 +-xg + ...t xi where the x,'s are indepen-

dent N(0,1) r,v,'s, Degpive the exaression for the proba-
bility density of the Xn-dist.ribuuon, by the method of
induction,

EITHER

Given two samples from two univariate populations, we
frequently use il“isher's) t-test for examining the equality

of the two population means, Justify the procedure, V
stating all underlying assumptions and deriving the sampl-

ing distribution of the t-statistic, (State all the theo-
retical results you use,) {20)

OR

Write a note on the Fisher-Behrens problem, mentioning
the different test procedures suggested in this connect.ion.,
Y

(12}

2]
Assuming that the true correlation coefficient is zero,

obtain the sampling distribution of the sample correla-

tion coefficient r based on a random sample of size n

from a bivariate normal population, {20]

Write a short mote on any one of the following:

1) The combination of probabilities test,
11) The test of H, : ui’ = f:§ vhere (x,7)  BN(4) ey 0p0y.)

based on a random sample of n otservation-pairs, "]

Two compositors each composed five pages of a book, The
numbers of mistakes found in the proof pages were 5 and 8

for the two compositors, Making aporopriate assumptions

(to be stated) test whether the two workers were equally )
reliable, 7]

Eight boys and eight girls sat for a certain examination,
The scores obtained by them are presented below:

Boyss 5 37 79 22 59 43 62 47

Girls: 29 65 68 34 46 57 63 40

Compare the means and variabilities of the two groups of
candidates, applying necessary tests of significance, (14)

In a study on the correlation between degree of industria-
Uzation and the extent of inequality in level of living,

the observations for the 16 states of India ylelded the

value : r = 0,37, Test the significance of this finding, 1)

Practical records, 110]
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1,8)

b)

c)
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b)
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MID-YEAR EXAMINATION
Sample Surveys (Theory nnd Practical)
14.2.75 Maximum Marks: 100 Timet ¢ hours

Note: Answer any two questions from Group A and any
one from Group B, Marks allotted for each
questior’ are given in brackets (],

Distinguish betwecn sampling and non-sampling errors in a
survey, List down the various sources of non-sampling *
errors in a suivey, Also discuss briefly the methods of
assessment and control of sampling and non-sampling
errors,

Based on a sample of size n selected from a population:
of slze N using a simple random sampling without replace-
ment scheme estimate the proportion of units in the popu-
lation which possess a particular attribute, Also obtain
an unbiased estimator of the variance of this estimtof,

If from a simple random sample of n unite drawn without
replacement, a random Sub-sample of n' units is selected
without repiacement., duplicated, and added to the origi-
nal sample, prove that the mean t' based on the (n+n')
units is an unbiased estimator of the population nean .*
Also show:.that the variance of t' 1s greater than the
variance of the mean bascd an ke originil samvle gf 8 '
units by an approximate factor (1+ 3n'n"1)(1+ n'n~1)-2 |
For what value of n'/a does the'relative loss in effi-
clency attain 1ts maximum value? (10+8+10"

what is the difference between 'selection probability.of
a unit' and 'inclusion prc ability of a unit!?

Give an untlascd estimator of the population total Y of

a characteris* - =, taking values Yi on'the unit Ui’»'
1i=12,,, N as proposed by Horvitz and Thompson,
Derive an expression for the variance of the atove estima-

tor in (b) and show that it cannot be uniformly mirimised
for all values of Y = (Yl,!z, ,,,,YN),

Show further that, under a super-population set up, when
auxiliary information on a characteristic & taking values
X on theunit. Uy, 1 =1,2,,,., N highly correlated with

Y 1is avallable, there exists an optimum class of designs

Pest suited for use in conjunction with the Horvitz-Thompson
estimator, for which the conditional exvectation of the above
variance in (¢) is uniformly minimised, [3+43+9413] =1,

Let y be a study variable and x be an auxillary vari-
able highly correlated with y taking values Y, and X{

respectively on the unit Uy, 1 g 1,2,., y N. For estima-
ting the populaticn total Y = £ Y, consider the ratlo

A =
type estimator Yn = ( T / £ x)( T X,) where the
P BT e 1 g N

synbol T denotes summation over the n units of the
©oles’

sample,
A
a) Show .that YR is not unbiased for Y,

p.t.o-
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Pa)
Suggest a sampling scheme which makes Yp unbiased for Y am
~ .
prove that for this scheme Yp 1s unt&ased for Y.
As an alternative estimator consider Y' = ¥ yi/xl, vhere

is the protability of inclusion of the ith urnisy in the
sample tased on the sampling scheme of (b) and show that'yt
also is unbiased for Y,

Show that the estimator of variance for ! suggested by
Yates and Grundy is non-negative, L&+ 44+12])x{x

Suppose that n villages are selected at random and vithogt
creplacement from a population consisting of N villages each
consis} ng of M, bhouseholds, 1 =1,2,..., N, Let

y, = 2’21 Y“A&i be the ith village mean, where "11.1 18 the

value taken by the study variable y on the jth household
of the ith village, § = 1,2,..., Mj 1 =1,2,,,., N, urite
down (1) the corventional unbiased estirmator and (11)
other ‘unbiased! ratky tyhe estimators whicn you can Shdrk
of for estinating the popul-tion wean :

- N 3 y !
Y= L& M T
e R
whicn one of the estimators do you prefer?
Under what conditions is the 'ratio method of estimation’
preferable to the 'mean per unit! (conventional) method
for estimating the population mean of a characteristic!,
(Derive the expressions®imvolved stating elearly the
assumptions and justify your claim), {14+14)=(:

Group B
Answer any one question,

For estimating the total Y of current populationina
region, two sube-samples of 6 villages each are selected

(c rcuiar) systezatically from each stratum with independent
random starts, Using the data given in the table obtain a
ratio estirate for Y takirg the previous census population
(x) as the auxiliary information and compare its efficiency
wvith that of the conventional urbiased estimate,

Total number of villages {N) and
sample totals o x and y ,

Stratum llo,of Sub-sample 1  Sub-sample 2
rumter villages X y X y
N
1 2044 3722 3935 3456 3641
2 1304 3625 4033 4171 4640
3 1265 2769 3050 3746 4043

(total of x for the region = 3,155,680)

An experienced farmer makes an eye estimate of

the welght of peaches x, en each tree in an orchard or

N = 200 trees, He finds™a total weight of X = 11,600 1ts,
Tne peaches are picked and weighed on a simple random *

sample (without replacement) of 10 trees and the followirg
results are obtained:

P.t.o,



Tree Nuabor
1 2 3 4 5 [ 7 8 9 10

Actunl welight :
¥ 61 4 SO S & 45 3 ST M %3
Eatieted welght

X s9 47 52 60 61 48 44 S8 76 58

{1) Find the regreasion estimate A ot 1, the totnl weight of peaches
in the populotden and estimate its varinnce.

A
(1) As ap olternative estimate if ‘s X ;!' G- i)f 1s token,
obtain the precisien of ? over ¥ '.

(25 * 19) = (44)

A sagple survey wes conducted te eatimate the total yield of paddy in a
aistrigt, A strotified tuo-stape sazpling desi,n was adopted with villages
as the {irst stage units ond plots vithin thea as second stage unite, Froa
each stratum 4 villagos wvere selected with protatilities proportional to
aren and vith replacesent and 4 plots were selected from each selected
village with equal probatility and without replacesent. The data on yleld
for the snaple plots together vith inforaation on sslection probabtilities mc
tiven in the tatle telow s

stratum :ﬁﬁ.e :;::R:lﬁy of ﬁ:t.'“tf 7ield of saaple plots
&% gelection plota 1 2 k] 4
I 1 440,21 28 104 1682 148 87
2 660.43 11 108 64 132 15¢
3 31.50 240 100 1us S0 172
4 115,38 76 348 350 187 119
I 1 41,00 256 124 111 138 216
2 16.80 288 123 m 106 138
3 24.76 242 264 (] 144 EH]
4 49.99 69 300 114 68 11
III 1 67,68 189 110 261 120 114
2 339.14 42 80 61 118 124
3 100,00 134 121 P 174 106
4 68,07 161 < 116 314 129

Total nusker of plots in stratua I, II and III recpectively are 8423, 6355,
12853,

Using the atove data (1) otioin an unbinsed estimnte of the totnl yiels
of paliy in the district.

(41) Ottain an untinsod esiisate of the snmpling variance of the atove estimate.

(111) Also compare the eificiency of the above design with that of unistage
simple randoa enmpling with replacement of plots in each stratum.

(12 +17 ¢ 15) = [44)
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MID-YEAR ELAMINATION
Calculus

pes 15,2,75 Maximum Marks: 100 Time: 3 hours

Note: Answer all the questions, All questions
carry equal marks;

Find the asymptotas of the following curve
2 - 2y® e xylex - y) +ylxy)e1 =0
Show that the asymptotes of the curve

£2y2e o2(x2

%) - a¥(xey)e 0t = 0
forn a square two of whose angular voints lie on the curve
If the asymptotes of the curve
a12‘+2hxy+by2 +28x +2fy +¢ =0
(b2 > ab)
pass through the origin, prove that af? + bgz = ofgh.

Find the evolute of the pa-rabola
¥° =.4ax .

If (g, B) be the co-ordinates of the centre of curvature
of the parabola :

X+ /¥y = /4, at(x, y),
then a+pf =3(x+y),

Find the radius of curvature at the voint '8! on the
eyclodd z =afe +sine), y = a(l - cos ),

Show that for the ellipse
2
."—2 + 1; =1, the radius of curvature at an
a® b .

extremity of the major axis is equal to hali‘ the latus
rectum,

Prove that the curves,

2 2 2 2
:—-*g—=1 and :—,+€—, =1
vill cut orthogonally if
a=-b=a' =" ,

In the catenary y = ¢ cosh (é), show that the lergth of

the perpendicular from the foot of the ordinate on the
tangent is of constant length,



INDIAN STATISTICAL INSTITUTE
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B.Stat. (Hons.) Part IIls 197475 @
MID-YEAR EXAMINATION
ECONOMICS
ate: 17.2.1975. Maximua Markst 100 Times 3 haurs,

[Notes Answer Group A and Group B in gaparate answer tooks)
GROUP A~

Angzer any two questicns. Marks allotted to each equetion
are given rackate,

Coneider a consumer with a given income to te nllocated on two goods with
given prlces. Suppose, his utility function is given by

ll:t:hflqzB a, f>0

where q 12 the quantity of the ith good conpumod by hia,
(s]

(a) Derive tho (first-omler) eonditions for the maximiéation of the
conpuser's utility.
(b) Will the (pscond-ordor) cenditiéns for utility maximimation be
. patisfie:l 7 What do thece conditions mean in ths conte' t of an

indifference curve ? i
(s+6) = [10]

(¢) Derive his demand curve for two goods. Can you say anything
atout the income and price elnsticities of demnnd for two goods ?
(5 +5) = [10]
What is meant by an 'inferior' good 7 Show that a good is a 'Giffen’
3000 only if 4t is an inferior good. (A good is enlled a Giffen googd
Lf 1t8 demnnd falls (rises) in response to a fall (rise) in its own pries).

On the reverse (2s)

GROUP_B
Anguwer any two questions.

ihow how tho theory of risk = avoiding behaviour of individunl investors
an provide a basis for liquidity preference. Mention the major liedtna-
dons of this theory.

(25)

cscribe the derlvation of IS and LM curves and explain how you would
eieraine genernl equilibrium im the product and @oney markets in n
acro-oconomic model, Examine, in the light of the nbove, the positions
nken by Keynes and the claesicists vith regard to the effectivensss of
oneinry on:d flscnl policles,

[25),

onalder an economy in which the produei and money markets are in
juilibriua tut there exiots involuntnry unemployment, Discuss the
Lassical and Keynesian thoories atout the offects of adjustments in
1o latour markot on the produet and money markeis. Would these
djugtoents necessarily lead to full eamploymont ?

(25]



-0=

A fimm produces a single good with tHe help of two inputs
(with given prices), If the firm wants to nroduce a given
amount of output, what are the (first order) conditions

for tts cost of production to be a minimum ? Can you giye

an economic interpretation of these conditions? r5+5‘5=[1o]

What 1s meant by 'elasticity of substitution' between

inputs ? Given that the production function is homoge-

neous of degree one in two inouts, show that the elasticity
of substitution is.unity only if the production funvition .
is Cobb-Douglas, 5412)=(15)
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MID-YEAR EXAMINATION
PHYSICS
1 18.2.1975. Madoua Markss 100 Timet 3 hours.

Jeserite in detail Millikan's ofl-drop method of sensuring the electronic
tharpe, giving a cketch of the apporntus used. What is the present
iceopted value of electronic charye ? What further ewpariment necd te
le for the mensursment of the electronic enss ?

(10 ¢5¢3 +2) =[29]

hat 18 Raann effect 7 Cive an elementary theor;v for the Ramnn effect
nt deserite an experimontal nrrangement for its study in liquids.,
oapare and contrnst fnann neffect and Compton ef{ect,

(4v6+5¢+5) = [20]

n incident photon hita a frce electron of mnss m at rest. As a resuli
C the collision, tho photon loses n part of its onergy and is deviated
rom its original direction ty an angle/while the electron recoils with
velocity v at an nnglo/\.'ith the direcilon of tho incident photon.
ssuming the collision is clastic and is governcd by the laws of conser-
ibion of momentum an?) energy, derive nn expression for the difference
riween the wavelengths correspondingto the inelident and the acattered

wton,
[20]
nt s Lthe basic principle underlying the productlon of x-rap ?

gerike a godern x-rny tube. What are the properiies of x-rnys ?
» wnnt uscs are thege radiantions put ?

(4+6¢59¢5) = [2]
1te explanatory notes on the followings
) Photo-olectricity
) Natural radionctivity

) Bohr's motel of hydrogen atom
(6 +6+8) = [20]
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MID-YEAr EXAMIMATICN -
JINDEX NUMBERS AND TIME SEMIES
ntet 19.2.1975 Haximum Markot 1100 Tiees 3 hours,

[ Anaver nll questions}

.(a) Wnhot 1s senponolity in time series analysis ? Discuss any one of
the meihods of estimating seasonnl indices ?

(b) Caleulnte sensonnl indices for the following data 3

Quarterly Receipts of Stnte Governments in Indlia

Rs. Crores
) Q yartvter
lear 1 _ 11 111 1
1952 . - 144 51 49 60
1953 156 —& .67 60
1954 . 161 64 65 75
1955 173 13 2 81

(0 v 15) = [25

'a) Discups briefly the method of periodogrna annlysis of eyclicnl
movements of an observed time geries. .

‘b) Fit a Harmooic curve y{_: = «a ¢+ B 3in i;‘(-j_’a +Y -Cos z—’;t'
to the followinp datn toaking T =8 .

LI /8 t s t Bvot R
1 01 - 7 -2.3 13 0.5 19 2.4
2 1.5 8 =1.7 14 -1.2 0 +1,3
3 w2 9 0 15 -1.8 21 40.3
4 a7 10 2.0 16 -4 27 -1.9
5 0,2 1 3.0 17 0.5 23 -2.7
6 -1.8 12 21 1 .0 24 -2.2

(15 +15) = [30]
Write short notes on (any three)

(a) slutsky - Tule effpect,

(b) Sturel’s Index Numker formiln.

(c) Varinte - Lifference Msthod.

(1) Deffotor metnod of Cnleulnting Index of Imlustrinl procuction,

(3x 1) = [39)

Practicnl closs work, (6]



INDIAM STATISTICAL INSTITUTR- (312)
Research and Training School o2
B.Stat.{Hons.) Part III: 1974-76

MID-YEAR EXAMINATION
Analysis )
Ates go._z.vs Maximum Marks: 100 Time: 3 hours

Note: Answer all the questiorr;. Marks allptted fo
each question are given in brackets ﬁ. ¥

l.a) Fiid the Unit of n™d (n)" .

u

v) Find the Lmit of ap = fin %Elx . whiere’ u, = (n—;l)“
and herce show that a, <1 for each 'n. . (4+7]={11?
(State mrecisely the results you may like to use).

3, Prove that, for every real’ x, the infinite series

o n L . © xn
T x—l gorverges. Let f(x) stand for the sun I -I-
n=o M

n=0 .
Show that the gonvergence is uniform over any bounded
interval, Prove that f(x) 1is contimous everywhere on
the rea% 1ine R. Also orove Lhatt £ (x) = f(xj). for all
x€ R State precisely-the results you are go to use)y., _.

' e precisely ¥ golng fo used 1 los]

Prove that

2, 3
“log (1-x)=x+5-"+3 s Ix| <1

Sum the serles

2x cos y + -g(x cos y)Z+ g(x cos_y)3+ %(x cos ;)4+,...; fx[<1.

- [745])={1"]

Define two sequences Erni and ;gn' as follovs:
fx) =x(1 43y aroxeB, n=1,2..

e(x)={ Vo 1f x=0 or x 1is irratiomal
n' ! be 2

7 if x 1is ratioral, say x = %, b> 0.

Let h (x) = £ (x)g (x). Show that toth grni arid égn)
comverge unifomly on every finite interval. Show that™
E does mot converge uniformly on any finite interval,

13+45+4]={10]
Give {1lustration in each of the following situations:-
a) A scquence of real-valued functions converging to a

limit function uniformly throughdit the entire real line.

b) A sequence of realevalucd continuous functions corver-
ging to a discontimnuous function. .

c) Let {i‘nj be a sequence of reil-valued fungtion having
v

a ds tive at each point of an open interval S. Let
£ (x) corverge to f(x) for each x€ §. Assume tnat

p.teo,



6-

'

by

‘e)

d)

e)
f)

there exists a function g on §. such that r;l -
uniformly on §. If S is unbounded f need ot
converge uniformly to f on § . .

d) A function of 2 variables can have both the partial
derivatives at a point; -and yet not be continuous at
the point.

@) Let f be defined on an open set § in R‘z and
assume that the 2 partial ‘derivatives D;f and fo
exist. The condition that- the 2 partial .derivatives
be continuous at a point x in § is by no means a nexc
sary condition for the existenfe of the” di!‘ferentl_aT'"r
at x. EZM%E

1 -
Let fn(x) e TTE if 0<x <1, n=1,235..
a). Show that ({fng corverges P ointwise but not uni-
" formly on (0,1 ' ’ oo .

b) Find f'(x) and show that 1"}' conver_gps pointvise

' to some furction on {0,1). - ‘

¢) From (1) and (11) atove can you conclude whether the
cornvergence in (11) is uniform ? (3+(242)%5

Write 'True! or 'False' for each of the following

statements: -

a) If gnlx) ==A5, 0<x <1, n=1253, ...

then " g, -> 0 uniformly on (0, 1).

There exists no uncountable subset of R whose
Lebesgue measure is zero.

% is a dyadic rational.
A proper_subset of rationals in [0, 1] may be dense

* in {0, 1].

A. rational number may be Transcendental.

Contor!s termary set contains mo interval.. [6x?):
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MID-YEAR EXAMINATION
GEOLCGY

Dates 24.2,1975. HMnxjoua Harkss 100 Tiaes 3 hours.

=

4.

[Ansver ony four questions, All questions carry equal vnlue)

Write ahort noles on any tuo of the rollowing:

(a) Orign of the earth's ataosphore.

'

(b) Tidal hypothesis of the origin of the enrth,
(c) Hebulni'llvpotmaia of the origtn of the easth.

Write a’short easay on the utemal eouututlon of the, oart.h as known
m- uisnlo evidence. -

How are earthquakes cauged in natire ? How can they be momod v
What are the anin types of earthquake waves ?

Define 3 minemnl, erystal, orystalline sutstance, nmorphous substance.

. State whether quartz, feldspar, bauxite, pearl, water, pyroxene,

LN

sercury are sinerals or not.

Mhat is an ignecus rock 2 Describe the coomon forms in vhich ignecus
vocks oceur in noture.

Whot 48 rndionctivity 1 Mame the different radionctive methods
generally uged for deteraination of the age of the rocks. What are
the anjor shortecoaings of those methods ?

Yirite shert notes on any four of the following:

Magan, Lava, Flutonie rock, Voleanic rock, -Sodimentary rock..
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PERIODICAL EXAMIVATION
Analysis
e: 7475 Maximpum Marks: 80 Time: » hours

Note: There are 4 questions carrylng 55 marks
Maximum one can score ig 50

a) State and prove Dini’s theorem

») Give an example to show that in Dini's theorem fhe cloeed
interval ccmnpt be replaced by an open interval

‘ -]
D I s{x)= ¢ fn(x) is a series of contimious Positive
n=s
terms in a given closed interval, a necessary eordition
that s(x) . should be continuous 1s that the series should

be uniformly convergent over the interval. {8+2+10]=[20)

1) State clearly Abel's theorem for real pPower series.
Demonetrate the apfiication af thig theorem by means of a
sultable example’,

) Is the direct converse of Abel's theorem true?

Give reasons. State am prove the’theorcm which ig a

sort of converse of Abel's theorem. [3+3-248])=[16]

Define a real power series about the point zero.

State Precisely the theorem which asserts conditions of
convergence and divergence of a given power series about
zero, Also define the radius of convergence of a power

series’ "2+4+2]=(8)

Let f (x) = (%)e'"’"‘2 1f x€R, n=1,2,

Shov that f_ -> 0 uniformly on R, that f3 => 8

pointwise on R, but that the convergence of (f") is
not uniform on any interval containing the

origin, (4+7]=(11]
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PERIODICAL EXAMINATION
Psychology
Datet 21,4475 Maximum Marks: 100 Timet 3 hours,
Notetr Answer any eix questions of which question

number 1 18 compulsory. Marks allotted for
vach question are given in brackets ( ).

o "hat is aptitude ? What is its relation with intelligence,
and indiocate the difference between antitude tast and:
achievement test.?. (20)

+ Examine the respective roles of reward and punishment in .
learning, using experimental evidenceS. ’ (16)

+ Disouss James-Lange theory of Emotion. In what respect. the
Cannon-Bard theory differ from the former ? Indicate the :
physiological changes associated with emotion. (16)

.+ Uhat do you fean by item difficulty and item discrimination?
Discuss the possible use of item analysis in tess
dovelopment ard for developing scoring keys for 1mntoriou{

16)

+ Doscribe some of the important tests for assessment of
porsonality, indicate how far these are suitable in
solection eituations, (16)

+ Discuss the factors involved in efflcienocy and fatique,
Montion somo physiological indicators of fatique. (16)

+ Discuss the effeot of assembled groups on the individual,
Indicate the differenco betweon a crowed and a mob. (16)

» What are endocrine glands ? What effect thoy have an our
behaviour ? (16)

s+ To what extent is bohaviour dependent on heredity and
maturation ? Which charactoristics of the individual are
dependont on horedity 2 Discuss, (16)
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PERIODICAL EXAMINATION
Calculus
98 2844475 Maximum Marks: 100 Time: 3 hours
Notet Answer all the questions. Marke anﬁﬁed for
each question are given in brackets
Integmto <he following:

m‘-———l dx, (1) f—=fin2X 0 (44) £oAE-dx

‘a sinx + b cos“x

1v) f{f(x) p'(x) « plx)r(x) Y ax . [20)
Integrata %f' (x) with respect to x% ‘where
£(x) = tan*x + 108 YTFT = Jog V7% (15)

Integrate the following
4 ______x______ ) x-o dz. dx -
Wi S z. (114) f:-—-—gm .

‘Yx2+x-2

4 [20
v f(+2m— ]
If u=fe"T o008 dxdx, v =S cin bxde  prove thas

1) tan’? I*tan'la x

1) (a3+b)(u +v)-e2“ (10)
Int.egnte_f—’-( tx*1 4. (10}

X2+ 2x+3
d d
Integrate (1) fm., _(113]&_—1;5(7-?)-3 {10]

Fird the area atove the x- axis, included between the
parabola yz = ax and the cirele x°+y° y° = 2ax., {15)
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 INDIAN STATISTICAL IMSTIT''T¥
Research and Training School [@]
B.Stat.(Hons.) Part III: 1974-75

PERIODICAL EXAMIMATIONM
-Sampling Distributiors ard. Statistictl Methods (Th.+ P.)
5.5.75 Maximum Markg: 100 Time: 3 hours

Note: Answer all the questions., Marks ano&ﬁed for
each question are given in brackets {].

Prove the reproducive property of the non-central Xz—dis-
tribution. .

State and provl the Fisher-Cechran theorem.

Let yy~ fl(ui, 1), 1 =43;2,.. ; n, be indeperdent random
variables add y = (71, ..'.,yn)' . Suppose-y'Aly:uXa(a) ard
yvAaynxa(b) are two quadratic forms in y. Preve that they
are independently distributed only if AlAz = 0. [14+8)=(4

Starting from the law of large numbers, show that 8y "the
sample coefficient of skewness, 1s a consistent estimator
of the corresponding ropulation parameter -)'l. Show also

that its asymptotic distribution is normal. (You need not
Prove any major theorem which becomes necessary.) 110+6]=[15

write a brief account of any one: (a) The square root
transformation of the Poisson variate (b) The non-central
t-distribution.

A random samPle of 30-observations from a bivariate popula-
tion ylelded the value of the correlation coefficient

‘r=0.5. Set up a 99°/. confidence interval for the true

correlation coefficient ¢, stating briefly the theory
urderlying your Procedure.

Random samples were drawn independently from threle popula-
tions ylelding the following estimates of respective popu-
tion variance: .

population sampPle size estimated.variance
1 22 4:82
2 37 6.24
3 28 3.98

Examine whether the three population verianees could
reasonably be taken as equal. {14
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PERIODICAL EXAMINATICN
Economics

2.5.7% Maximum Marks: 60 Times 2 hours

Note: Awmwer Groups A and B in separate answerseripts.
Marks alloﬁted for each gquestion are given in
brackets [].

Group A: Maximum Marks: 40
Answer any two questions.

Assume that the long-run average £ost curve.of every firm
is-t7" shaped but the averaze cost curves of some firms are
at a higher level than that of the others. Does it imply
that the firms with higher average cost functions will ne-
cessarily be eliminated in long-run competitive equili-
brim? " 1 f20]
Show that monopoly equilibrium 1s possible with decreasing
marginal eost curves. With decreasing marginal cost, is

it possible for the monoPolist to make positive profit by
equating price with the margimal cost of production? {20)

Discuss the assumptions under which the game theoretie
approach leads to a determinate equilibrium in duopoly.  ([20]

Group B: Maximum Marks: 20

Ansver any one question
Astinguish between different {ypres of planning on the
msis of different degrees of state intervemtion; explain
ihe main features of each type. ' [20]

teview the aim, approach and ‘the results of the first
‘ive Year Plan of India, {20]
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BStat.(Hons«) Part 1II: 1974-75

PERIODICAL EXAMINATION
Linear Estimation
et 195475 Maximm Marks: 80 Timet 2 hours

Notes Answer all the questions. Marks allotted fo
each question are given in brackets {}. -

The urderlylng model throughout is (¥, X8, 6°I) n the -
standard notation. ¢ — :

«a) Derive the Normal Equations.

b) Show that the Normal Equations are consistent.

¢) Characterize all estimable parametric functions.

d) Show that P'ﬁ where ﬁ is any solution of the Normal
Equations, is the mintmm varlance untiased inear estim-
© tor.of P'f, provided P'f. admts an unbiased estimator.

e) Derive an expression for Rg, the residuval sum of u‘luares.
(5+5+5410+5]=[30]
Let K2 = Min.(Y - XB)' (Y- Xp)

Show that

) the minimum is achieved when XB 1s the Projection
of Y on M(X),

a) Rﬁ - )(ﬁ_r vhere r = rank (X)

e) Ri/n-r is an unbiased estimator of . [8+410+5])=(20])

Take X =

A) Show that
1) P18 1s estimable iff P is of the form
Pt = (a, b, b),
11) P'@ 4s non-estimable iff P 1s of the form
Pt = (¢, d+e, d-e) with e #0,

311) the minimum variance unbiased estimators are of the
form L'Y with

Lt =(f, g f-g, -f+8g),
iv) the zero functions are of the form L'Y with
) Lt = (h, ~h, k, h+k).
(In the above a,b,c,d,f,g,h,k are arbitrary real numbers
‘and e 4is a non-zero real numbers.)-
B) Take Y' = (5, 8, 4, 3) and
1) find the estimates of B, P>+ B3,
11) compute nﬁ and estimate 0,

141) find the least sum of squares when the B's are
subject to the restriction B,a-ﬁa = 0.

Is this same as R% of (11)? why ?
(5+5+5+5]+[2+444)2[30]
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PERIODICAL EXAMINATION
Anthropology

26 «5 475 Maximum Marks: 60 Time! 2 hours

Note: Answery any three questions.All questions
carry equal marks.

Discuss the scope, aim and objectives of Anthrovelogy.

Give an outline of human evolution in prehistoric
period.

Make a survey of the living races of the world and their
main physical characters. )

Describe the racial composition of the peoples of
India.

¥rite notes on:

1) Anthropometry,
11) Endogeny,
111) Culture,
iv) Proto-Australoid,
v) Genétic markers,
vi) Palaecanthrorology,
vii) Homo Sapiens, and
viii) Artefact.
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PFRIMICAL EXAMINATION
Design of Esperiments

)o75 Maximum Marks: 100 Time: 3 hours
:et The paper carries 110 marks. Ansver as mich

as you can. Maximum you can score is 100.

Marks allotted for each question are given

in brackets [].

t are the basic principles a good exverimental design
uld satisfy? Illustrete-your answer with an example. (20)

t are the advantages and disadvantages of a Rardomized
ck Design ever a Completely Rardomized Design? «

e the complete analysis for a two-way classification
el when equal number (c>1) of observations are aval-
le in each cell (obtain the Normal equations for esti=
ing the effects, Sum of Squares, Mean Squares, Expected
n Squares, Blank Anova table, F-tests and Discussion).

tent on the case vhen c=1 in (b) above  [5+425+5]={35)

t 1s a factorial exveriment? In what resvect is it
ferent from a single-factor experiment ? '

a 23 factorial exveriment, define the terms fmin
ect! and tinteraction effect'. Give the contrasts to
sulate these effects and indicate how the mus:r of .
ares of the effects are calculated from the contrasts.
{s+10)=[15]
\

5x 5 latin.square experiment was carried out to compare
effects of five different manurial treatments A,B,C,D
E on the yleld of wheat. The crop on one of the plots

lost accidentdlly. The plan and the ylelds (in certain
ts) of the other plots are given below. Analyse the

a amd draw your conclusions.

Yields in marurial experiment with
one plot mssing.

) ) ¥ T T
- 6.4 303 - 9-5 11'8
c A B . E |
9.3 4.0 6.2 5. 5.4
. . ¢ A B B
7.6 15.4 6.5 . 6.0 4.6
B B’ c S I
5.3 7.6 13.2 " 8.6 4.9

3 D. ' ¢ )]
9.3 6.3 11.8 ' 15.9 7.6

o obtain the standard error of the difference beiween
+ mean of the treatment B ard of C. 26414)=[40)
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PERIOICAL EXAMINATION
Design of Esperiments

175 Maximum Marks: 100 Time: 3 hours

et The paper carries 110 marks. Answer as mach
as you can. Maximum you can score 1s 100.
Marks allotted for each question are given
* in brackets [ 1.

t are the basic vprincivles a good experimental design
uld satisfy? Illustrate your ansver wvith an example. [20]

t are the advantages and disadvantages of a Rardomized
2k Design over a Completely Rardomized Design?

e the complete analysis for a two-way classification
el when equal number {¢>1) of observations are avai-
le in each cell {obtain the Normal equations for esti-
Ing the effects, Sum of Squares, Mean Squares, Expected
0 Squares, Blank Anova table, F-tests and Discussion).

sent on the ease wvhen ¢=1 in (b) above (s+2545]=[35]

t 43 a factorial exveriment? In what resvect is it
ferent from a single-factor experiment ?

1 2° factortal exveriment, define the terms 'min

sct! and 'interaction effect'. Give the contrasts to

sulate these effects and indicate how the mucS:r of .

ires of the effects are calculated from the contrasts.
(5+10]=[18]

5x 5 latin square experiment was carried out to compare
effects of five different manurial treatments A,B,C, D
B on the yleld of wheat. The crop on one of the plots
lost accldentdlly. The plan ard the ylelds (in certain
ts) of the other plots are given below. Anslyse the

1 ard draw your conclusions.

Yields in mararial experiment with
one plot mssing. :

T T ) X T
- 6.4 - 3.3 9.5 1.8
c A B B Q

9.3 4.0 6.2 5.1 §.4
0 ¢ A, B '

7.6 15.4 6.5 6.0 4?6

B ¢ ) s

5.3 7.6 13.2 8.6 4.9
A B D c B

9.3 6.3 11.8 156.9 .6

5 obtain the standard error of the difference befveen
mean of the treatment B amd of C. 26+14)2(40)
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« . ANRNUAL EXAMINATION

sanpnng Distribut.ions and Statistical Methods: Theorv
and Practical .

7.75 Maximum Magks: 100 Timet 4 hours
ote: Answer all the questions. Marks allotfed for

each question are given in brackets ..
ivena rendom samole of observations (x4,¥4), - - ("n'yn)

rom a dbivariate normal vopulation, how would you test the
111 hypotheses

H $ 6)2( = ¢2 2 ; ’ ot
1stify the Drocedure stating necessary t.heoroucal roeultshz]

‘tempt any two ‘of the follouxngi

If Xand Y are 1ndapondent. beta-variables with para-

meters (), al) and (rp,d,) show that the distribution of

U = XY 1s also beta with parameters (r,,3,+ d,) if
2271 2

= ;‘24 az

Prove the reproducive ptooert.y or the non-central ){2-

distribution. - R

Let ¥; ~ N(y,a ) 1=1,2,..., n, be indcpendent r:v's,

and let xi,xz, ey, be constants . Consider

;?ﬁﬁ;b//}hfiffhfmz

Show that r = z/@#w where Z~N(0,1) and

WA X (n-2) are 1ndcpendcnt Hence find the sampling:
distribution of r. '

Let yy~sM{ny;1), £ =1,2,..., n, be independent r.v.'s.
Let y' = (yl"' , yn) and A be a syrmetric nxn . matrix.

‘Show t.hat the gquacratic form y'A y has a chi-square
distribution if and only if A isidemnotent, and that,
in that case, tne d.f: of X 13 rank A = trace A-

(2x12]=[22]

nd the asymototic distribution (a.d.) of the sample
rst quartile Q; when the population sampled is normal.

atc what you know about the joint a.d. of samole first
d third quartiles, Q).and Q- [14]

t
ite short notes on any one of the following:
The Kolmogorov-Srirnov two-sample tests of homogeneity:

Th- angular transformation of the binomial proportion. [10]

swer any three of the following:

The following table shows the mathematics scores obtaie
ned by a group of students in the Test and School Final
cxarinations:

pto
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td.)

r.no.of . —
tudent Y 2 3 4 5 6 7 8. 9.1

est scorei32 58 64 B8l 54 66 42 48 40 ™
F score: 42 5 59 86 68.-69 43 57 442 M

2t u» 95°. coni‘idcnce limits for the average rise in .
*ores between the two examlnations.

) The following data are based on a public 0p1n10n survey
and shows the distribution of one grouo of sample res-

pondénts:

LEA

drinkers rndn-=drinkers

In fvour-of local ovtion P 12
on the sale of liquor
against local option B 7

Do these :I.ndicat.e assoclation between drinking hablts
and opinion on the subject of local optlon ? . I\

The- table below shows the sex: distribution of skulls
excavated from a locality in three different'seasonsz

- Scason

first ~__second third
male . - 162 - .. 180 - 2107
female+ - -:110 .--- 125 200

Test vhether the séx-ratio 1s 1 ¢ 1(1) in each season

and also (i1) on the whole, :taking the three seasons
together. 1Is the sex ratio the same for all the seasons
(though not necessarily 1-: 1)? {545]=(10

The following are the correlation coefficients between
intelligonce test scores of brothers/twins gbtained in
a rescarch investigation. Comment on the relative
influecnces of environmental and hereditary factors
.applying suitable tests of significsnce

two brothers twins
reared  living reared 1lving
- apart - together apart ~ together
sample size 50 40 45 55
correlation ' .
cocfficlent  0.255 0.342 0.451 0.513
{10l
(10

actical Record
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Motet: Answer Groups A and B in separate answerseripts:

Group A: Indian ¥conomic Problems
. Maxium Marks: 50 -

Answer Q:1 and any two from the rest- All
questions carry equal marks-

Show that the approach, objecctives and perspective of the
2nd Five Year Plan are deducible from the experience of the
1st Five Year Plan and idcas contained in the Avadl resolu-
tion on the soclalistic pattern of soci:ety-

Indicate the main objectives of the expansion of the public
sector in India. Explain how the public sector can act

as an instrument in achieving the objective of the reductior
of inequalities in income and wealth.

¥xamine the objectives and functions of the Industrial
Develoment Bank of Indla -

Discuss ;he'mai"n features of the recent foreign collabora-
tion agreements as revealed in the Survey of Reserve Bank
of India. :

Group B: Micro economics
Maximum Marks: $0

Answer any three questions- All questions
carry equal marks- .

Exarine the nature of monopoly equilibrium in the following
cases:

a) the elasticity of the demand curve facing the monopolist
is always less than unity;

b) the nonopolist.sells in two different markets.

Exarmine the relation between average variable cost and
marginal cost in/short-run competitive situation- what
would be the supply curve of a firm ?

Distinguish between monopoly and monopolistice competition-
Compare the long-run equilibrium under monopolistic competi-
tion with that under perfect competition-

How will you represent duopoly equilibrium on the assumption
that each seller tekes his rival's but.fut. as glven and tries
to maximise profit ? How will the equilibrium change if
the numter of sellers increases ?
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- ANNUAL EXAMINATION

Linear Estimation and ANOVA (Theory and
Practical’

21.7+76 Maximum Marks: 100 - Timet: 4 hours

Note: Angwer Q-5 and any threce of the rest- Marks
aﬁlotte for each question are given in brackets

Consider the model (Y,X8, o I)-

a) Obtain the normal equations and show that they are
consistent-

ﬁ) Show that the least squares estimator of any estimable
zirametric function 13 uncorrelated with all zero func-
ons e« : . . .
¢) Show that P'§ 1s linear in Y and unbiased for P'f,
1ff P'$ 'is unique for all solutions f of the normal
equations- . .

d) Let A'X'Y and u'X'Y be the least squares estimators
of estimable parametric functions P'f and R'S respec-
tively. Show that

cov (MY, g'X1Y) = 6°\IR = a2utP. ([5+45+565]=[20)

Consider the model (Y,XB,6%I)- Let K3 =Mih (Y-X8)'(Y-XP)

vhere B's are unrestricted, and let K2 = Min (Y-XB)*(Y-X3)

when f's-are-subject to the restrictions biﬁ =Ky,

121,200t .

a) Assuming that T c/hyif is nonfgstim;ble for all non-zero
et = (eqy -+ €4), show that Ry =Rj-

b) Assuming that Y;_s are independently and xiomally distri-

2 cr2 2
buted, show that R§ ~Ave“XS  where r = rank {x).
’ 0 ner 10410)=[20]
Cansider the setup (Y,X8, 0%) where X is a known matrix
and G 1s a known positive-definite matrix- Show that by a
suitable transformation of the variable Y this setup can be
reduced to the setup (Y,Xxg, o<I).

Consider the setup.(Y,XB, 0%G).vith or without restrictions
C e e et Lt K,

on the parameter f, Let Piﬁ‘, ooy Pl"ﬁ be the indiviaual
least squares estimators of the parametric functions

PB,--- PR, all assumed to be estimable. Let A be the dis-
persion matrix of these estimators and let B 'be the disper-

sion matrix of any other set of unbiased estimators of
P{B,+.+,"PgP. Show that the matrix B-A is non-negative

definitef

Discuss the weighing design problem and show that maximum.
precision 1s attained when each entry of the observation
matrix X is 41 or -1 and the columns of X are orthogonal-

: 6+71+7]=[20]

pto
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sider the model (Y,XB, o 21) and assume that Y's are
lependently and nomaliy distributed. Let *

= Min (Y= XB)'(Y~XB) vhen the B's are unrestricted and
ni = Kin (Y- X8)!(Y-X8) vhen §'s are subject to H'fm
re MH) C Mxv)- -

Show that 2 = Rif (vhere £ 1s any sglution of the
inconditional normal equations) and Bg are indepen-
lently distributed. ‘

how that B2 - RZ = (2 £)'D"(2- £) where o® 1s'
he dispersion matrix of 2 . “ {10410])=[20)

‘e important measurements from which the log craaial
eity (y) of a skull may be predictcd are the log .
ella-occipital length (xy), tne 108 maximum parletal
dth (x,), and the log baho-bregmat.ic height (x5)-

1 on. the measurements on n = 86 skulls from Farxingdon
et series: obtained by Hooke, the follwing values are
1ted:

3~1685, x1.= 2.2752, i2 = 2 -1523, - 3 = 2-1128
" [o.01875 —0'00828  0;00684Y .
(s34) = 0-0290¢  0.00878
. 0-02886

:o-oso%o, Sgp = 0:04410, - Sy = 0-03629
6-6228%. O‘lzé?yﬂ' .

Sy = T (xyp= %) (xgpe xj) Spy = t(y’. Nz %y)
Sog = (¥, 2
mrerse (s 13y of the matrix (sij) is partly ‘given

19, 642 -15:67 ' #
(s*) = 4a.m *
.39.88

Amate -t_he unknowns in the prediction formula
y=aspin *hxy ¢ B¥s

o a statistical test to see if there is a signi-

int association between the dependmt and indepen-*

t variables~ I

t the hypothesis: By =By =B3 - [<0)
\
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Caleulus

75 Maximm Marks: 100 'I"ime: 3 hours

£f Answer any six questions. All questions are
of equal value:

v that the tangents at the ends of a focal chord of the
dioide r.= a(l + cos 6) intersect at right angles on a
cle of radius 3a/2 and centre

a o)

22
pp and p, be the perpendiculars from the origin on
tangent and normal respectively at the point (x,y) and

tan = dx' prove "that

p1=xsinq -ycosq
p2=_xcosq+ysinq
dpl
iy
the asymptotes ‘of the cubic curve
x3+2xy+xy2 <2 axy+2=0, .
the locus of the centres of curvature of the parabola

e prove that Py =

[y

4ay o . N

the epvelope of a line of constant length which slides
its extrerd ties upon two fixed rods . at right angles to
other-

that the area of the greatest rectangle inscrived in
rén ellipse and having its sides parallel to the axes
1e ellipse is to that of the ellipse as 2 : :

the area common to the cardioide r =a(l +cos ) and
irele r's ga, and also the area of the remainder of
‘ardioide-

urves y = 4x° and’ y2 = 8x meet at the ofigin 0 and
le point P, forming ‘a loop. Show.that the straight
OP d.lvides the loop into two parts of equal area-

that the length of the arc of the parabola y° = 4ax
. 18 intercepted between the points of intersection
e parabola and the straight line 3y = Bx 4is
15
2 + 1-6) .
n the intrinsic equation of the fatenary

cosh % in the forn s =c tan§y -

pto
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olve the following differential equations
a) gﬁ +¥ = sin x2

b) g-.Zytaﬁx+y2tan4x=o-

»

ow that the solution‘or

2

dx +k +ux =0

=

£
D-ID-
i

- gt ' . .3
x=-e - (A,cos nt + B sinnt) 1f x° ¢4y,

Il n° =u —‘%kz .

gtihe curve for which the curvature is zero at ever;l!
egrate the fo].lo\d;ng .
g2 ) dx -
) Jein®x cos¥xdx (1) fm
) fg—:ﬂ—:—:—g%’:—: dx (iv) [ sin® x cos® dax.
i t:hat

S (a cos? x +b sin® x)dx = —;‘(a*’b)
; X .

fu/‘;log (1 + tan 8)d® = g 108
0

og 2
e =§"§ (a, b > 0).

2 x+b2 coszx

)
o a” sin

fﬁﬂ —1——3——51" dx =4 .
o sinx+ecwx =2

2
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2

-a)

b)

c)

Note: Answer all the questions- Marks allotted for
each-question are given in brgcketst]

Discuss the various methods of increasing the accuracy of
controlled ex®riments: Illustrate your answer with
examples - [15]

what are the advantages and disadvantages of the Latin
Square Design over the randomized block design-

You are required to plan a Latin Square Experiment on
Sugar Cane for comparing 5 fertilisers: A = Wo fertiliser,
B = complete inorganic -fertiliser, C.= 10 tons of manure
acre, -D = 20 tons of manure/acre,-E = 30 tons of manure
acre+ The 1/40 acre experimental plots (25 in numbder)

are laid out io 5 rows and 5 columns.Prepare a randomised
lay-out for this experiment, stating explicitly the method
of random selection including appropriate references to
random number permutations-

Explain how you would estimate the missing yleld correspon-
ding to the Ath row, pth column and ) th treatment acci-
dentally lost dn a k x k Latin Square Experiment- Give
the corresponding ANOVA table (Analysis of variance table)
explaining clearly the entries for this design (with one
missing value)- Also derive the standard error of the
difference between the mean of the treatment with the mis-
sing value and the mean of any other treatment-
[441146412471=(40]

A number of experiments have ipdicated that electrieal
stimulation may be helpful in preventing the wasting away
of muscles that are denervated. A factorial experiment on
rats was conducted in order to learn somcthing about the
best type of current and the most effective method of
treatment: The factors and levels weres

m % no- of treatment periods daily 1 and 3

n ¢ length of treatment (minutes) 1 and 2

p: type of current Galvanic and
Faradic

The weights of denervated muscle in units of 0-01 gms-
for four groups of cight subjects each are given below

(in usual notation for the treatments):

pto
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Treatment Group I Group II Group III  Group IV
(1) ® 43 33 45
m 47 41 49 40
n 26 36 28 39
p 29 ‘39 31 2
mn 61 76 64 80
np 51 34 55 36
np 3 31 38 33
mnp 76 65 81 69

a) Compute the Analysis of Variance table isolating
the sum of squares.and mean Squares attributed to
various sources of variation and the corresponding
degrees of freedom-

b) Discuss the implications of the significance (or
otherwise) of the main effécts and interactions-

¢) Write a brief report on your findings- {23+12410]=[45)
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Real Analysis
28.7,75 Maxipun Marks: 100 Tme: 3 hours
Mote:{There are 5 questions ca.rrru}g 102 marks.
— NMaxmum one can score 18 100
Let ay n= 0,1,2, ¢4 be a decreasing sequence of real
nucbers converging to zero. Define bn as follows

bn=an if n is even

- a, if n is odd

. of
Prove that the power series = bnx" s uniformly conver-
: n=o

gent on the ‘nterval [0, 1]. 1]

Does the convergence of hoth repeated series t z r(m n)

and g T r(n n) ioply their equality? If yes,1 :Ive
reasgn:, if no, cite an example. State a case in which
;};gott.\:vo repeated series are equal. Also supply the (371-(1]

Define the Cauchy product of two infinite serles. State
and prove Mertens! theorem on the convergence of the
Cauchy product of two infinite geries.

jive an exanple to show that the Cauchy product of two
:onditionally convergent series may fall to converge.

et I a, end I b be two convergent series such that
their Canehy product b Cn also converges: Then establish

h
at =(Ta) Eb). (2410+3+8]=(28)

define a metric space.
1) Let d Dbe a cetric on a set X.
Define e as .follows
elx,y) =dlx, y) 1ir d(x,y) <1
=1 if - d(x,y) 3 1.
Show that e 1s also a metric on X.

11) Let X be a non-empty set. Suppose g 13 defined as
follows
0 if x=y

8lxy) =1 it x¥fy

Prove that g 1s a metric on X.

A1S0 show that any subset of X is open in the metric
space (X,8).

1) Define a Cauchy sequence in a metric s ce ()( d).
Vhen do you call the retric space (X cooplete ?
Give an examole of a metric space vhlch is not
complete.

pto
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4.c) (contd.)
41) Let R stand for the set of real numberss

114)

Let B{R) = The szt of all bounded real valued
functions on R.

Define a(f,g) = suglr(x)-g(x)lg £,8€ B(R).
XER |

ShowIrat” 3 1s a metric »n B(R). Also show that

a(f,g) = a(f-g, 0) where O stands for the function
which ig 1dentica11y zero.

Prove carefully that (B(R), 3) is a complete metric
space.

tet C(R) denote the set of all bounded continuous
functions on R. Using the last part of (ii) supply a
proof of the fact that (C(R), 3) is a complete metric
space. [3454(244) +(342+42 ) +(4+248) +7]=[42]

Investigate the existence of the two iterated 1imits and
the double limit of the double sequence f defined by

1)

11).

141)

iv)

1
f(p,‘q) = P+ 4
£(p,q) = (-1)P* (% + %) p,q positive integers

f(p, q) = (-1)P*Q'

t(p,q) =-f;—1lp . [3 x 4)=[12]
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Date: 30.7.75 Maximum Marks: 100 Time: 3 hours

2.

3.
4.

5.

6.

7

Note: Answer Q.1 and any foui' questions from the
rest. All questions carry equal marks.
EITHER
What 1s the relation between sociology and (a) history,
(b) econorics, (c) anthronology ?

OR

Define sociology. 'Soclology is the science of society! -
Discuss. To what extent is quantification an essential

of sclence ?

What 41s farmily ¢ How doers it ‘liffer from a household?
What chief interest of soclety is served by the soclal
and econoric functions of farily ?

Analyse the nature of the family and its various types.

Elucidate the concept of s.clal stratification. Describe
briefly the essentfal elements of caste. How do you
distinguish betwern a caste and a social class ?

Define marriage, and its different forzs. What are the
causcs behind the practices—of exogamy and endoganmy? "

What do yoia mean by the tern 'Kinship!'? What are
classificatory and descriptive kinship terms ? Describe
briend' the importance of kinship in sirple and modem
societles.

write notes on (any four)s
Social group, Bow and arrov ceremony, Twice born,
Molety, Lineage, Soclety.
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ANNUAL EXAMINATION
Demography
1.8.75 Maximum Marks: 100 Time: 3 hours

Notet Answer Groups A and B in separate answerscripts
Ansver'all questions from Oroup A and any three
Questions from Group B. All questions carry
equal marks in each group.

Group A: Maximum Marks! 50

Briefly discuss the advantages of sample surveys for
collecting demographic data.

Discuss the importance of demographic data in the context
of social and economic planning.

Group B: Maxipum Marks: 50

Explain the difference between a trate!' and a 'ratio' in
Vigal Statistics-

Define the 'mean population' of an area during a given
pex‘iod.

What do you mean by the tforce of morality' at age x ?

How does a 'current' 1ife table differ from a 'generation’
one ?

What are the different measures of mortality in a life
table? Show how they are inter-related, stating necessary
assumptions.

Derive the 'death rate above age x!' in a 1life tadble
population.

Define and interpret the Net Reproduction Rate. State the
important drawbacks' of this rate as a measure of the pros-
pects of population growth. Suggest a few improvements
over this rate.

How do population projections differ from population
estimates? Explain the modified G.P. method for obtaining
population estimates. Delineate important steps in the
corponent method for population projection.

Starting with suitable assumptions, derive the logistic
law of population growth. Interpret the parameters in
the law. Indicate how does Rhodes' method for fitting the
logistic curve differ from Fisher's method?



	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046

