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INDIAY STATISTICAL IMSTITUTS
Renearch and Trainin: School
Be State Part III:1966-67

PERIODICAL EXAMINATION
ifatheraticn: 3 2
26.9.66. Maxirum marks: 100 cize:@ hours

Note: Each guestion carried 2% mar¥co The whole parer

carries 1zO markse Yc.l r:2y atétenm

any qusstion.

What i1s an orderecd field? Prove that the following rela=-
tions hold in an ordered field (with t)e usual notation):

1) x Ly <=> ~x2=y
1) x <y, 226 = xz <{y=z
111) x £9, y26 = xy <0
iv) x <9, y<0 => xy>0
v) e > @
Prove that no ordered field can be finiteo,

‘Then is en ordered field sald to be complete ?2 If x is
a strictly positive number in a complete ordered fiocld,
show that there exists a non<negative integer ne such that
ne < x < (n+l)e. (

Give a definition of the real number system and identify
its rational suhfield.

What is the Gantor-Dedekind axiom ?

Show that every open interval on tha reel line contains a
rational number.

What is a Metric space? Define open subseds of a Metric
space and prove that thz class of open s&%3 is closed under
finite intersections and srtiitrary wunicrc.

Defining a closed subset of a letric cpoece te be a set
which contains all its asccumulation pointa, show that a
set is closed if and cnly if its complemsnt is open.

What is the closure of a sct? Show that the closure of
any set is closed.

Vhen is a subsct of a Métric snace caid to be compact?

Showv that every compact set 1s closzd.

Show that a c¢loscd and bounded set on th: rcal line is

compact.

that is a sequence?

VWhen is a sequence of poinin of a lletric npace convergent?
Show that a sequenc2 c¢cn have 3% mast one limit.

Let A Dbe a subset c¢f a lletric space and »  an accumwlation

point of A« Show that therv oxists a sequence of points of
A which convergea to X

25)
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INDIAL STATISTICAY IN3TITITS
Ruszarch and Training Gchool
R,State Part IIX:1061-67
P:RIODIC.Y, EXATILLTICU
Statistica 3: Probability

3410466 Maximum marks: 100 Time 2% hours
Mote: The paner carries 110 rmarkse. Ycu rmay
attempt any vart of any queuation.
Describe very bricfly what is mez2nt by a *discrete proba-

bility distribution' and a 'continuous probability dis-
tribution' taking onc exampls of each Lyres !Montiorn as
many important differcnees as you cen vetween these two
types of probability distributions. [6+6=12]

A gang of cnemy infiltrators was knovr to have been
air-dropped in an area which is a sgunre of silde 3 miles.
Suppose the defcnding country'as army is stationed at ome
particular corner of this sauarej what is the probability
that the infiltratora arc oncountered within 6 miles
distance from this corner, when a scarch is conducted?

(Montion if any plausible assumptions are maded) ,

(101

When do you say that a continuous random wvarialle has

a 'uniform! or 'rictangular' distribution in the range

(a, b)? ‘hat are E(xg-and var (X) 1f X() R(a, b)?
14+3+5=12]

Show that all the cumulants of u(p,cz) beyond the

sccond arc zeros [12]

What is meant by scying thot a rendom variable (rov.)
X is distributed as [~ (n, ). Pind the mcan and
variance of such a reve Xo

If a reve X 1is distributed as a Beta-distrirution of

type - I with parcmeters 1 and 1 (f.c., X (7)) 51(1,1)),

then show that the distributior of Y = = loge X is

[, 1) L4+3+5'+(s)=1s]

Given that X ()N (w, 62), find the distridtuticn of the
tfansformed variate ¥, where x2

(1) Y = 2x+ 3 (41) Y = x%  (ii1) Y = of , [44747=18]

Show that there cxists ﬁ suiteble tronsform~tion, wnich
trensforms any absolutely continuous listridbution into
a rectanszuler distribution on (0,1).

I£ ¥ is a non-n2gative reve Vith median, 'n!

what is the mcdien of tho Treve Y = Xé ? [5+5=10]
Check if the following function of two varindbles ic

cligible to be a Joint probability densily funztion

for a pair of reve's X and Y:

1 — (x2-29xy + yz)]
2(1 =99 ef¢ 1.

Then what should be the constant ¢? Whut ara tne
merginal density functions? {3+748= 18]

f(x' y) = Cs eX[ [-
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INDIAN STATISTICAL INSTITURE
Regearch and Training School

Be Stato. Part III: 1966-G7
PERIODICAL EXAMINATION
Statistics=3: Statistics Practical

? «10.66. laximun marks: 50 Time: 3 hours.

Three important measurements from vhich tho cranial
,capacity (C) 'may be predieted are the glabella- ccci-
pital length (L), the maximum parietal breadth (B) and
the basio bregmatic height (4). The prediction formula
sugzested is
gy 8

oma 1P P24,
This can be yéitten as
t.
Y=g + 51x1n+.ﬁ212 + paxs v
¥ =10810'Cs X =1omp I, X =105, By
xz= 10gyq He P
The mean values and,the corrected sua of squares and
produgts .of these characteristics conmputed on the basis
of measuremente on the 86 male skulls from the B
Parringdon Street scries‘are given telow,

Characters

whero

lean Corrected sums og squares and
3

nroduc
y! e X2 X3
y 3016851 ...412692 ,03030 404410 .03629
% 242752 " . 01875 . 400848 . 400694
v Xp 2,1523 - . 402904 . 400878

X3! 241128 402886

1) Find the least-square valuos of a, 31s Pps Fze

1i) Find the multiple correlation coefficient between
y and (xl, Xy xs). 6]

The following data give the velosity (V) of the s :d:d
Missiasipi River in feet per sccend corresponding to
various depths expresscd in torms of t'o ratio D of

the measured depth to the depth of the river,

{10}

_D_ o .ol .02 3 o
v 3195 36230 34253 3e281 3.252
D 5 o6 .07 o3
v 3228 34181 34127 3.059

Fit a suitable polynomial curve to the data by mcans

of 'Orthogonal polynomial fitting method’, (15]

GO Oif TO TIZ XEXT PAGE



Je

Table 1 preacents th2 sumaary of data for complete
census of all the 340 villages in Ghaziabud subdivi-
sion. The villages were gstratified by size of their
agricultural arca into 4 strata. The population
values of the strata means and variances for the
area (X) under wheat are given.

Iable 1

Stratum Size ol villac» " - Wy -
nurber  in Bighas i My LTT %%

1 : : A

1 0 - 500 €3 112,1 3170

2 501 - 1500 199 27647 13550

3 1501 -~ 2500 '53 55841 - 34600

4 > 2300 25  .960.1 130540

Let u be the population meane

1) PFind the variance @ of X in th: whole
population. : R : h ’
ii) Find the variance of &;t for
éag Proportional allocation,
and Heymen allocation,

based on a sample. of s3ize . n = 34.dravn by stra-
tificd randon sampling withogt repluccm nte

111) Compare the variances obtained in (q)-and (v)
with. the corresponding varimnce of fI, based
. on a sample of size 34 dravm by SRS without
... .replacement,

For neatness.' .

Is)

B

[2]
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PERIODICAL EXAUINATION
Stetiotico-3: Statistiss Theory

Date: 10410466 Naxioum narks: 100 Cime: 2% hours.
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~-divided into Ik stratas. Tor cach of the following

Let X xa,..., xp Le p randoa variables,

(2) Define the multiple correlation coefficicn:
between X; and (Xz,..., ¥ ) end chew that it is
always non-nega‘tive providzd it exists, [3]

(b)- Assuming that the dimcri™ution of (¥%yses., zp) is

nod-singulcor, find a noerssary and sufficient con-
dition for the above nultiple correlation cceffi-
cient to-be equal to zero. [3]

(¢) - Show that the multirle correlation cocfficient
between X; end (xz,..., Xp) is not less tnan the

‘multiple correlation caofiicient betiveen, Xy and
geeeny X)) {51
(d) Prove: 2 ) R
-9
1(22..4p)

=(2- 97p) (Qe95 p) (0 95, pdenCim 1) o5 (1))
[s]

‘Describe the simple random sampliig schemes with ang

without renlaceument, (2]

A sanple of size n 21s dravm from a population of N

units by sirple random sampling without replacemants

Tro real valued characteristins X  end y are observed

for each sampled unit « Pind an expression for the
expectation of the sample covaripnce vetween x #nd y, [s]
Wny the simple randonm sampling scheme wihout replacerent

is considered to be better than the sinple rardonm sampl-

ing vith replacement? . [7]

Deserite the stratified rondom samplirg scheme and the
principle of Veyman allocation. . [s]
Let p be the mean of o re-«l-valued characteristic

X in a population of I units. Thc population is

schemes a sample of sza n  is drawm with replacements

1) simple random samplinz
11i) stratified random sempling with proportional allocation,
11i) stratified random ssrpiing with Neyaan wullocatione

Statd the standard estimators of u in thesc three cascs
and obtain their recpective variances Vl’ VC' Vs. Show

that vy 2V, 2 Vs o Wnen are thege egualities attained? {14



TUDIAN STARISTICAL INSTITLIS
Rescorch and Traing 3ciool
B, Stats Purt TII$19G66-G7
PERIODICAL EXA'INATION
conerica-3

Dates 1710466, Maximun rarks: 10 Tim2: 3 hours.

Answer Groun= 4, B and C i1 scuarate

Deoklets.

Greup A
Angwer any one qurst_ons  Maxe.marks:lS

1. Review your understandinz: ol Adum Smith's model of
econonic developnent.

2. Examrine the Ricardian thcory cof incomz disiribution in
a growing economye

' Sroup 3 jlaxemarkes

(10 marks will be reserved for tha class work on
credit and finarncial aystem irn India, and 20
marks for answering any one qu2:ation in this

grours) .
Answer any ona question.
3 Describe the basic characteristies of low-income coun-

triess In this context explain the xitxrp of wvicious
circle of poverty from both suoply =3 demand sides of
capital.

4 Give an exposition of the concept of tiw low-lsvael
equilibrium trap and bring out the broad rcvasonings
benhind the theory of the 'big push',

Groun llaxe. m2rks:45
Ansvier any vwe questions.

5. ‘The pattern of India's foreign trade, on the cve of
the First S-yezr Plan, reflected tha under-developed state
of Indian cconomy's Illustratc.
e % s l
. Reedsved the nature of changes in Indin's forcign trade
during the period of thce throc Seyear Flaus (1951-2—1965-6).

7 Examine the balancec of paym2nt situaticn of India and
bring out the principal factors contridbuting %o the
expanding gap betwecen reccipts and paymints.

8. Out-line the chief measure you would sugrest for reducing
the margin of India's forelgn trade daficit, without
advergely affecting the rate ol growth of the national
economys



INDIAN STATISTICAL INSTITUTT
Regezrch and Trairing School
B, Stat, Par% TII: 125G6-£7
PEAICDICAL SZAMINATION
Stutigvics-3: Data Proncusing

LI

Date: L9r*0.6C. Maximun marks: E22c® Tine: 2 hours.

1.

2.

4,

(a)
(v)

(e)

Note: Rlank Fanel Dinprams arc pupnlied-with the
anow:racripve

Write alphabetic codes for the word ‘'Jagn'.

‘Yhat are the advantages of a fully cutematic munching
machine over a manual one?

Why one corner of a !Mollerith card is cut? {2 +5 4+ 4=11)

There are nurmeric 29 well as  'x!' prunch2s on coluans
40-41 of a deck of cards of which a copy is to be.made
accordinsg to the followinz design:

Punches of columnd & to 39 are to be trancferrs:d on
columns 3 to 37 of the ncw decke Desisn index runber
72 to be punched on columna 1 = 2 of the cory deck.

The numeric puncnes of colurrs 40 of th2 motugv deck
are to be transferred on colwrn 38 of the copy deck.
The 'x' punches of columr 40 and nuvmeric punciica of -
column 41 are 0 be tranuferred on aclumt 39 of the copy
deck. ~ x-punches of cnlunn 41 of th: originel deck,
should be-ignored,

Show the reproducer rannl wiring diecram raquired for
this job. (11}

How will you sct up a X~disctributor from colwmn 32 by
digit 5. Use the Blank Pancl diagram 3 chov the con-
nections required for the jcb. (5]

Draw the Oomplete Oontrol Bancl diazram for tha follow-
ing Jjob in respect of 416 accounting wacnine.

Card-desim: Card Cols,
cdi l- 4
roll number . 5~ 8
category code (staff - 1, helper - 2 9
monthly pay ratc (in Rss) 10 - 13
namce (alpha) 14 -~ 40
department code 41
scetion code 42

Tabulation required with totals by c:cticn (ziner),

department (inter) and Final in the form giv:n bilow.
derartment_| scction | numbor of | Emount
TR TTVIOOR | worksr | | mayably

G ey

—_ e e e m e m e e {201



INDIAN BLATISTICAL INSPITIND
Regearch and Trainins School
Bs Stzte Port III:1060-67
PERIODICAL ZXAMNIIATIOH
General Scienece-5: Sociolosy- I

Data: 21.11.66. Maximum marks: 102 Time: 3 hours

All queations carry equal marks.

1. Define Sociolofy,s Sncizl Group and Social cvent,
tSociology 1. the cscicnez of society'! - Discuss.

2 What ir Institution? Distinruish between customary and
contrzctual institutienss Compare briefly their roles
in primitive and modern cocieties,

4o ‘That are ilorcgary and Tolygeny? Enumerate different
types of prefercntial marriajse found in Indian sociciies,
“mat ere the chief functions of marriage?

e Define family. How dozs it differ from a2 household?
‘Taat are the chief interests of society served by the
arial and cultural functions of family?

&, Yrite ghort notes on azny four of the following:

Ego, Zxogamy, Corporeal property, Dual orgenisation,
Couvade, Parallel czousin.

Ge Illuatrate the application of statisticsl m2thods in the
study of social structurc,

7«({a) “Mmat do you menn by the term tsocial norm'?

(b) *Bxtended family is the norm of our socicty's Discuss
this assertion with reference to the following table:

—-. lanily tyce
Arau ¥xtended Non—owtenged 1otal
fomily famidy __
ey €] I N )
Rural 686 1956 2642
Urban 357 1482% 1840

To%tal 1043 3439 4482




INDIATT STATISTICAL INSTITHIZ
Res:aren and Training School
Bs Stat. Part III:1966«67

PERIODICAL EXAMINATION

Goncral Scicvnce-4: Blochemistry Theory

Date:28411.66. Maxinum marks:100 Time:2 hours
l. Deseribe how glucosc is metaboliscd anacrobically

in mamnalian systome [20]
24 Deseribe the propoftlcs of differcnt hormones prescnt

in pituitary gland. [20]

3.(a) Name the differvnt vitamins prescnt in the group
=B complexe (sl

(b) Describz tha source and deficiency symptoms of
vitamin A. f12]

4. Give cxamplcskf cach of th¢ following Polysaecha:id:;
carbohydratz, ketoacid, amino acid with - SH group,
triglyecrido. [10]

5o tthat is an cnzyme? Describe the propertics of

1; Amylase
2) Popsin [15]

6o How can you estimat»
1) glucosa in bdlood ?
2) Vitamin C in lemon ? (15]



INOTAT STATISTICAL TLSTITU™ME
Research and Training School
3.S5tats Part III:1966-67

PERIODICAL EXAMIN .TIOH

General Scicnetei.t Blochemistrv Practical

Date: 5412466, Haximun marks: 100 Time: 3 hours

Eatimate the total amount of glucose in the agiven

sample,.

Dilute the unknovm glucosd: solution with distilled
water and ma¥e up the volum2 to 100 ml.
Teke 5 ml, of Fehlin's solution number (1)
and 5 ml., of Fehling's solution number (2)
in a comiral fl&3k ancd titrate with the unlmown
glucos solution using methylene blue as an

indicator.



TUDIAN STATISTICAL INLTITUTE
Reaearcih rnd Trnining School
Bs Stat., Part ITT: 1966-67

PERTODICAY, EZAMINATION
8ooicloay - 1T
Date: 12.12.66,. Masinum mocka: 109 Time: 3 howrs

All questions carry equal marks

1. ELTHR
Define the relations between sccial change, evolution
end progresse ~1ive a general account with illustra-
tions of the various types of rocial change,

OR
What 1is social structure? How does it differ from

social stratification? How zan you ascertain the social
structure of a given society?

2 Distinguish between coste =14 class. Is caste system
weakening in India? Cive rcasons for your ansver.
Je EITHER

Define lNationality. Enumcrate the essential elements
which constitute a groun of people into nationality.

OR
Define Community and Association. How do you distin-

guish between rural and urban comarmity? %hat factors
are responsible for the formation of a community?

4, Vhat are Conscnguineal end Affinal relationships? Compare
the role of kinship in siiple and modern societies.

5.  What is Religion? Describe the nature of religion
conparing it with magic =nd aninism.

6e “Irite zhort notes indicating the cociel significance
attached to the following customs:

(a) Tobola (b) Kula (c) Potlatch

7. Critically exzmine the need of application of statistical
methods in sociological enclysws.
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INDI AN STATISTICAL INSTITULE, [ 93
Res#arch ann Training School
B. State Prrt IIT:1066-67

MID=-TEAR EXAMINATION
¥nthematics=-3: Analyais

21.12.66 Maxinum marks: 100 Tima: 3 hours *

Kote: The wholr warver carries 120 marks. You may attemnt
any oart ol uny qu:istlion,

Dofine the norm of a vector in RP. fe]
1f || x || d>notes the norm of x 1in RP prove that

a{x,y) = ||x-y]l 13 a mctric on RP. (You may assume the
Cauchy~ Schwarts Incquality) ) (6]

¥hat i3 mcant by th: interior of a set in a Matric Space?
Show that the interior of a sot A-is the largest open set
cantained in A, .[e]

wha* is meant by the closure of a c2t in a Metric Space?
Show that the closurc of a set A is the smallest closed
set containing A. tel

When is a scquence sf mniets in RP 3&id to be a Cauchy
sequznce ? [2]
Show that a Cauchy sequence in Rp is boundcd. Can you
conclude that c¢very Caushy szqu:nc: in RP has at least

one limit point? Givs rcacons. (s8]
Show that if a Cauchy soquencce has a limit point then it
has a limit. (61
Show that a scquenece in R® is convergant if and only if
it is Cauchy. . {6]

When i3 a funczticn sald to be continuous at a point?
(Give your definiticn in terms of neighbourhoods.) [2]

Prove that a function £ 1s continuous at a2 point a of
its domain 1f and only if for cvery scquence {x 3 of
points in its domain convergi.g to a,lf(x ) converges to

f(a)e Hecnce conclude that any function dcfinecd on the

sct of integers on the real line is nacessarily conti- .
nuous. ) [10]
A function £ on R to R 1is additive if it satisfies

f(x +y) = £(x) .+ £(y) for all ~,y in R. Show that if

£ 1is a continuous additive function thern it is of the

form f(x) = ex for all x in R, where ¢ i3 a

constante (8]

Let [ bo defincd on all of RP taring valuc in RY,
Show that th: followi.zx conditions arz equivalont:
i) £ 4s continuons on RP,
11) If G is any open au% in R, then I'l(G) is open

in RP,
11i) If P dis any closcd set in R then, £71(F) is
elosad in RP, (12]

Show that cvery lincar fwictional on RP is continuous. [4])

Plecasc Turn Over
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If £ 15 a rual valuud funetion defined and continuous

oa RP and 1f f(a) > 0, thon prove that £ 4s posi-
tive on sore noipghbourkiecod of the point a.

* ¢

When 13 a subset of RP said to be cenncoted?

If f 43 defin:d and continuous on a.comnected set

! an RP teking values in R?, ohow that £(C) 1is
connccted in R,

e
State Bolzano®s Intermediztu Value Thuorem. If a real
valucd function f 4s durinced and continuous on a
cloased interval [, b] in R ach that £{a) £{(b) <O,
can you concluds.tkat £ voniches a% 3ome point of
[a, ¥]? Give rcasons, . .

If £ 1s defined and continusus on a ecompact subact

X of RP with range in RY, prove that f£(K) 1is

compact in R4, can you concludc.that if, in particu-~
lar, f 18 real velurd then 1t atiains 1ts maximum
and minimum? Give rantonze

4
[4])

{10]

(s]

{20]



Date:s

1.

26

3e

.‘.v\(ﬂ)

(v)

6.

T

INDIAN SIATISTICAL TLISTITUTS 92 _|
Rasewren iné Trulning Schonl
Bs Stats Port ITI: 1906C-67

HID-YEAR EXAMINARION
Eranqmins -3

22.1.2,66. ¥rxirum murks: 100 Time: 3 hours
Azgwa Groups Ay By nnd @ dn 23ffer-ont
r‘m.rinh
arour A Maximua marks: 40
vy any tuo questiong
Explain when ond unde:r what assunnti~ng e agtatz of no

accunulation en? stationary pospulatinn turns up in the
Ricafdiazn thasry of ceononmlz develorpaante [20]

Discuss the Marxi-n theary on the teondency of the rate
of profit to fall in the sourse of copitalist develep-
nente [20]

'So far &s eapiirdizm i3 concerned wi orce undoubtedly
Justified in cnlling und~r-consumption a dlscase of old
8:6's Examinc the siatunont. L20]

Grour 3 Neximum marks:35

Yrit2 short notcs on ony two of the falloving in the
context of dewvelopmani of low-ine-ne countries: -

(a) Toras of tratle

(v) Th= Tnzory »{ crmparative advantage

(¢) Chrenic balznce »f maymonsc problen

(2) Complemmbiarity [15]
BITAZR
Give ¢a cxpositizn of tha oritizal minimum effart
hypathesise.

OR

Show that a sustained riz: in lab-ur pvm‘.uctiviw is
cconoric develsoment. Discuss the majer probleus invel-
ved in intucing such a rise. {z0]

Groun C Haximun marks:i25

Anser:y anw cne question

Examine the Dudgetar: polley of the Zovernment of India,
during tho thrco 5-1(. ar plans, in the bazkground of the
plan cbjectivas. [25)

'Taxation ahoul be cinfinced to raise funds for mecting
non-revenue=ylelding retivitics of $h2 Covernmant anAd
revonue-ylelding eniorprises of the Public Scetov sh-ulld
be finansced from Public lesnst,

Comment orn the above, in the Vight of Inlien expericonce,
speciolly since 1955-C. [25]
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I'DTAMN STATISTICAYL INSTITHTS
Research end Training School
B, Strte Part TII:1966-67

FID-YEAR EXAITIATION
Statistica-3 :Trobability
23412,66 Maxiwmum mrrxa: 100 Time: 2}2- hours

The_whole navery c2rricn 110 marks. You may attemnt

eny wnrt of any qu:stisn,

Suppose a recdle of lewmgth £ 13 throvn at random on a
board ruled with horisoatal lines distance > £)

aparte
1) WVhat ia th2 probability that the neodle intersects
one of th: lines? [10]
it) State clezrlv the essucptions made. [2]
~ 2 Yl Y ™ . —L
a0 If X Ay, 6%), stow that B(|X-x|) =0 =z Ti0]
Let X A 8y(m, n). Then chew timt
1 -XnAgn, m) (4]
123 8@, ) e}
-l—fx A B5(n, 1) (42
Show that th:z ratio of 2 irleoendent M(0,1) variables
1s distributed az C(0, 1). (10}

If X~ [(ny, 8), YA [ng, 6) and further thoy are
independent, what is the distritution of the random
variable X%Y ? [10]
Let Xy Xpreeoy X, b2 indzpinlent and have the some
distribution function P (vith lensity f). Denoting by
U = :ave (}{1,..., %)
and v = mine (Xpeeery X)),

find the distributions of wu, v and (u- v} in torms 31‘

F and f. s+ 5 + 10] =[20]
What wouvld the distribution of the sanple range, (u-v),
reducs to 1f ® is R(0, 1)°% [4]
Definc the convolution of two distributisn functions. (6]
To what random variabl. docs this now c¢istridbution

function correspond? [2]

Show uzing the above dc¢finitiorn that
r'(nl, Q) * r(nz. Q) = ITnl + Ny, 0)
where * denotes the operatisn of zonvelution, (10]
If XyseeesXy are iniopendsnt R(O, 1) variables, show
that tha distribution o7 = 10.30()(1 Xp aes )(n) is
r(n, 1) [13]



INDIAI STATISTTCAL INSTITUTE
Research and Training Schonl
B. State. Part TII: 1066-67

MID-YBAR ELU INATION
Statistico.®: Statisticz Theory

Datc:24e12.66 Maxdmrn ~wovst 100 Timet: 3 hours

1.(a) Define the follevdr; terna:
v1) Sirple end cunposiit hywuoatnzses,
. 44) Randonmiz>d and nonrondenized test.
© 434) Level anl sife of o toect,
4v) ‘HMost powerful andl uniferrly coct powerful test. {10]
(p) Staste and prove the Nuymnn-Pearsen Lemnn. Mow 1s it
used to obtain »n mest powerful test for testing a sinmple
hypothesis against a simple rlturnative? {15}
(c) Let X5, Kpreesy X, b 2 randon sample from M(u, 1),
Obtain (oxplicitly) th: INIT level-xz test for testing
Ht u=0 againat thu alternative K: g > 0. Show that
there does not cxist a U.P tust for toating u=0
against g £ 0. [20]

2,  EITMER
(a) Describe the cumulative tatal method und Lahiri's method
for sclecting a sanple of sise 1 undcr @& pps scheme. [12]

(b) On the basis of a senle of zize 2 solected witna prs
without replacencnt, state th.c Horvitz-“hompsen esti-
mator for thc populatIon zntal, and? find the variance

of this eatirmater. [15]
OR

(¢) Describe the circuler syst:rsatis sasypling schemce.  Show
that, under this schem2, “he gampla mean is an unbiased

estimata of t1¢ vporvletion nean. 12]

(d) Supposc the unitz in e population of eize Il nre so arran-
ged serinlly that the value of the characteristic wunder
study corresponding 0 $he ith unit i 1 ($=1,2,.0.,M).

For g systenatic samhle of size n obtain tine variance of

the sample mean and comneras tt wi+th the variance of ths
sample mean based en on units ccicetod by SRS vilthcut
replacencnts  Assure that N 1o en ingegrul multiple of Ne[15]

3.(a) Show that the factor roveraal test and time rrversal
test arc not satisfi:l by Logpeyres! and Paasche'z
indexcse Further show that these tes4s are satisfied
by Pisker's id2al index. [12]

(b) It is decsirzd tc detirmine 2 trend linc in a time-
series by a weighicd moving averege covering consecutive
sets of sovan points which skoll ~ccurately represent
the gerics i1 1t conzists o7 a quadratic polynomial in
timo variable. Obt.in the formula in the form

1 ~ ' R
orl-2ug + 2u_, + Gu_y +Tu+6n, + Bug- 2u3]-

Show that this fermuln 15 in fact accurate for a cubic
polynorini. [15]
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ZUDLCY STATISTICAL INSTITUTE
Lesenrch aad Training School
- 3. 3tate Purt IIT:10106-67
VID-YESAR SXATYATICN
Statistics-3: Sta‘irtica Frastical

Déte:26.12.66 taximun marks: 100 Time: 3 hours
1, The nunbecrs of letters oo3ted in a certain city on each
day in a period ef five consccutive weeks are glven below:
51, Twiber 6f Lettors 9c&tead on dil.ferent days of the week
Xoeof__ (in 00) .
weele Sunday Monduy Tu:isdoyv Aeanusday Inurcday Fridav Saturday,
1° 18 161 | 1738 154 143 161 ~76
2 18 - 165 179 157 168 195 85
3 21 162 1739 153 139 185, 82
4 24 172 182 170 162 179 95
5 27 172 196 *1%0 170 202 120

Fit a2 straight line trcud (by least squarcs) to the weekly
averages, and us¢ this to ¢btain trenda values for each

day. Tina the reatios of th2 dally figures to the corres-
ponding trend valusse Uusinzs the midian of these ratios as
the representative daily figure, calculate indices of
variation from day to day within a wecke (45]

2,EITHZR
Ta) For a certain porula“icn divided into 8 atrata, the fol-
lowing table gives the nmean velu: of a variable under
investigation and its standard deviation in each stratum,
along with sizes of tlere stratu.

stratun siz: mean S.d. strotun size mean s.ds
1 400 5.5 8.G 5 373 132 17.6
2 513. 6.7 8.8 6 738 15.6 18.3
3 385 9.3 1l.l 7 215 v 19.3 23,0
4 €13 10,8 13.5 8 173 24,0 31.7

Compute the stzrndard crror of thy estimate of population
averapge for each of 12 following methols of sampling.
Thz sample size ir erch case 1s 1C0.

1) Stratified random sampling with raplacement.
Provortional allocation of sample size to different
strata.

11) Stratificd randem samplirg with rerlacemant.
Nevman's optimum allocation of scmple size to the
A4 fferent etrata,

1i1) Sampling with r2placem:nt. SRS. [25]

OR

(b) The rzsults of a public oninisn survey in Calcutta
revealed from amengss Hindu males, clas~ified in 4 age
groups, the followingz frequencies for the different
types of opinifong cn %he quesiion of widow re-marriage.
Test (at 5 percent level of significance) whether the
age factor influcnces tha tyne of opinion expressed.

Pleare Turn Over



2.(B) (contds)

3LEIT'ER

Opinion — Ac> rrouns —...Total
19-20 3af8 Faain over OF
Unconditional 49 70 69 2 206
support
Ceonditionnl 142 258 227 .43 785
support . . R
Opposition 7 9 14 __2 32 -
Inconditional 18 59 05 23 -195
oppositian
Total 223 443 475 ” 1218

(a)

R
™)

4.
5.

from gore data the ret-<il rric: index far a certain year
was workad out to be CO04.0,.
prices ovaer thz b-ce periel wor: as followed:

Fereentag: vincreascs in

Rants and Rates + 65
Clothirsm 220"
Tuel rnd Lirht 110
fiscelluicous 125 '

mat was the perceatage incr:asc
the weights of ti-

Food 60, Rcnta ani Rntes 16, Mil and Tight 8, Zlothing

different

12, Miacellanzoua 4.
(A1l itams = 100).

in t'ie Food group if
items wer> as follows:

Weldon threw twalwe dice 263045 timee. 2nd counting thn

occurrence of a
in all® 106602 succescoes.

five or ~ 3t

I3

x' 25 a succesz, obtnined
this consistent with the

ascunption th2t the vrobadility of succezs with each

die 151/3 2

Practical Record

Viva voce

{10]

{10]

(10]
(10}
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INDIAN STATISTICAL INSTITUTR
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B, Stat. Part IIX1:1966-67

MID-YE 'R EXANINATICH
foneral Science-H: Statistieal Mechanics

27412466 xdrun marka: 100 Time:2% hours
Answer nuartina 1 and any three of the rest,

Show that 1f x 13 lzrge log(x!) = x log x - x. [12]

Suppose there are .three cells irn phase =pace:

1, 2, and 3, Let ¥=3C, H1=N2=33= 10, and W1=2 Joules,

Yp= 4 joules, Vs= 6 Joules, Iy al,= -2, find 3ily and
Moo

Consideor a oyatcz of 106 partirles and u phase space of
5 X105 cells, ir wvhich the <neryy '1 13 the gane for

all cells. Yhat ic the thermodinamic rrebabtility of
(1) the most probabl. dist1ibut101.(ii) tha lﬁq,t probsble
distribution. {137

(0]

Agply the 3oltzmann stateséics to derive the nonoatomic
eal gas equatior. {16)

Show that the m»olar gnccific hezt capacity at constant

volume is(3/2)R,»here R 13 the universal gas constent. - [6]
Fnumerate the difficulties wit the !laxwell-Boltzman
statistics. 5]

Deduce Planck's radiati~n law by thae application of Boae's
statisticse {

llence deduce Ruyleiph-Jeans and Yien's laws of radiation.:{d]

Distinguish betwe:n Fermic-Diras, Bosc-Finstein and

Maxwell-Boltzrann statictics. [8]
Deduce the distribution equation of P,D,Statistica, e
what s a boscn? Give exaumples of two boson-particles. [3]
‘“hat statistics docs en ens2mble of B-particles obey? [}
hat is Thermodynamic probability? [3]
Distinguish clearly betwesn micro-state and macro-state. [6]

Calculate the thermodvnamic probability in the case of
Boce statintica. [5]

Yaat is {leiscnberg's unvertainty relution? Explain how
it leadz to thir quantun statiziies. [2 + 5)=[7]
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INDIAN STATISTICAL INSTITUTE
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PERIODICAL EXAMINARION
Statistics-3: Probabllity

2Ce3eh7. Max*mum rarka: 10J Time: 3 houre

Find the mean, median and node for the distribution with
the density . .

f(x) =sinx, 0¢x ( n/2.

Find the inter-quartile range of thu Cauchy distribution
with the dcnaity

f(x) = T—-—g,—m<x<m.

+(x=n

Find the mean and variance of a random variable X, where
X is distributed as a chi-“quare distribution with n
degrees of frecdom.

How do you get a lower bound for the probability,

PL | X = u| ¢ ), from the Tohebycheff's, inequality, on
th2 basis of given expected value u of X and the
50th central moment wgg of X? - .

Let ¥y and X, be 2 irdependent random variables die-

tributed with the density
£(x) =e™, 0 ¢ x¢ w ’

0 |, otharvdse.

Then show that

(1) 2= Y% has an P-distribution

X, - .
(11) 2z = ?l and 8 = X;+ X, arc independently
" 2
distributed.

Thy are X2, t, T distributions called the ‘derived
distributionq'? What rolations are there betwoen these
threc Aistribuiions among themselves and with the Normal
distribution? (ilo pronfs nceded.)

Suppose we have & canpls ¢f size n  from a stendard
normal population, Thcn find the distributions of the
sample mean and samnle variance and show that they are
independente

Define the characteristic fuuztlon of a-distribution
functions What is the adventare of characteristic func-
tions (c.f.) over th2 nmement generating functions?

SHow that thz2 cefs of any distritution function is uni-
formly centinuoua over the eatire real line.

Pleacue Turn Over
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44(c)

(b)

(c)

6+(a)

(v)

Ir “(T) ir a sefe, thew that its complex conjugate
Q(t) i3 ~lso a oefe To what dilstribution function does
this (%) corr srond? What can you say about the dis-
trivution function if ¢(t) 1s real-valued?

Define a continuity point of a distribution funstion and
show thet the g2t of continuity points of any distribdbu-
tion functicn i3 dense in the real line.

If i.xn is a sequenc? of random variables converging

in probability to a constont b, then show that the
sequence of rondom variables J¥ S: $12( xnli converges

to f(e) 4in probability, 1if £ is ontinuous
function on the rcel line.
If tho scquence of random variables {:x;} converges

to another random variable X in probability, then
does !‘(Xn => LX) IS probabilit] for any continuous

funeticn f£? Justify your answer.

If g ana 1s = sequence’of random veriables converging
X 1n probebility, thcn.éo the corresponding expec-
tations, ?E(X )5 converge to E(X)? Justify your

angwer.

If Xyy Xgy eeey X, 1s a sample of independent obser-
vations from R(0, 9), find the distribution of the
sample maximum u, Show that
n+l
T = n
is an unbiaged estimator of the peremeter 6. That is
the variance of the estimator T?

u

le:

[1c)

e}

[4)

12)
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FERIODICAL EXAMINATION
Statistics~3: Statistics Theory

27367, 1Yaximum narks: 100 Time: 3 hours

-Discuss briefly the differont problems of point estima-

tion introducing the concepts of estirator and eatimate.
Yhat are the2 differcnt criteria for dafining a 'good!
estimator ? [10]
Let (.Tns be a consi"tenc Soq\l"nce of estimators for

estimating o (rcal-valucd) Let g be » real-valued
continuous function.  Show that{g( 3 s consistent

for estimating g(e). ) [12]

Lot ,_x z.‘ be a scquunce o!‘ i. i a. x'a.ndom variable:; with

the common pedefs I(ej 8)s Consider the following
three forms of {: L

T e(x- 022 -
(A) f(x;9)=—1/—2_—_-e Ly -o ¢ x £ =,
¥4
() £(x;0) = L. 1 . —w(x <o,
' T s (x- 0)2
(©) £(x;0) =5 e® | x>0
=0 oy _oéhcrwise.

For ecach' of the following estinators sgg'f:e vhether it
will be consistent for es*i'-atim; 6 for each of the

_above gasez (A), (B) and (C).

() T (Xypeeey X)) =(%) +eee +X)/n

(B) T (Xypeivy X,) = median of Xyseses Xjo

N 1 (Xyyeeny X)) =Xy

(8) T, (Xppeens %) = 22 (X) + aur + %) (12 X1)=(12)

n=
Stato -and prove the Cramfr-Rao Inequality mentioning th
the regularity conditions involved. [12]

Let Xy»ee-y X, be a random sample from N(s, 1).

Show that the sample mcan is the best unbiased estima-
tor of o. (8]

.Define the likelihood function and explain the method

of estimation by maximum likelihood principle. [4]
Let xl, Xz,..., )Sq be 1s1.d. random variables with the

common pedef (or probability function) g(.; ©). Con-
sider the folloving ditferent forrs of g

(A) glx;0) = ~% /28, - ¢ x < oo
Nine >0
(B) g(x;0)= 65(1 - 0)1%, x =0,1, 0¢o g2

(0) glxi0) = ™%, if 6 <x
=0, othervise.

1

Flenase Turn Over
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For each of the above cases find the maximum+«liXelihood
estimatc of 8. Do you pot the same estimate of © by the
mothod of moments?

. .

Consider n uncorrclated rangon vnridblea =Y1...., b
having the common variance .¢“. Asgsume that

’ Y, '
E(Y) ,( e J= A ® - .
EY -
"

where A 43 almovn n X k natrix of ronk r and

8! = (83,004 ) 18 a vector of unknown pardketers.

a) Obtain a necessary and sufficient condition for a
linear paramctric function to be lineorly estimable.
Show that all the conmponents @ aro lincarly osti-
mable 1ff r = k which is equivalent to the condi-
tion that all linear pnranutric functions are
lincarly estimabdble.

b) Show that the set of equations’ A'A 8= A'Y is

consistent and every solution 9 of the above
equations 1s a least-cquare estinate of 2
and vicc-versa.

¢) Show that, 1f ['.8 dis linearly estimable then it

haas a uniquc best Tincar unbiased estinate given by

& 0 where 8 d1a n solution of A'A © = A' Y.
P ~ . . Lad ”~

22}

(8}

(12]

(10
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EITIZR
Supposc that X, xz',.._._. X12 arc 12 indcperdent randon

(o)

(c)

2, |

sacples drawvm from a N(w, 1) population.
1) low will you tcst the hynwothoeds H ¢ y =2
egainst the altern~tive K : u > 2°? [5]

41) Compute tho gower functicn of this test for
' u = 2.0(0.2)4.0. - (15}
Suppose Xy, )_(2,..., x15 ere 15 indepondent observa-

tions from a- ¥(m, o) populetion.
1) How will you tcst the hypothesis 1.t 0 =1.,5 -
against the alternative K : o > 1.67 - [5]

11) Conpute the power fﬁhétion of this tost for

6 = 1.5(0s1)245. : {10]
OR
The follcwing trnble gives the stature in cems(X), and

the weight in 1bs.(Y) of 30 achcol-boys from a certain
school. - .

1) Obtein the linear regression of Y on Xi - . [10]
i1i) Test th2 following hypotheses abecut the regression
equation Y =g + B X.- ’
Ao, a = 1.2, [10]
Bs. a-= 240 and g = Cs5. {15]

8Il.n0e0f Stature weight cl.no.of  stature weight
individunls _(em.) _ (Lbs.) individunly (em,) (1bs,)

1 156 83 16 153 78
2 152 76 17 159 76
3 148 70 18 146 68
4 157 82 19 142 98
5 155 8¢ 20 157 64
6 159 92 21 154 80
7 138 &8 22 154 88
8 138 58 23 154 95
9 148 74 24 162 98
10 146 70 v 161 98
11 145 62 26 154 105
12 138 62 27 171 100
13 146 70 28 164 - 100
14 158 106 29 158 94
15 168 88 30 163 108

In a University Sxamination the frequency distributicn
of marks in Statistics and tiathematics was found to be
Normal with the following vparaneters.

mean 2.4,
Stetiotics 55 10
Mathomeat 1cs 60 15

with a correlation cooffieient of 0.6,

Flease Turn Over



3

4e¢

Se

o(n)

(v)

2)  Aicnsst thos2 that score 70 in Biatiotica what
proportion ncere nmére than 70 in eothematics ? f7)

b) Azongst those that aeore 70 in idathematics whet
yroportion score 'morc thﬂ.x: 70 in Statistics? (7_]

¢) ‘“hat proportion of svudonts 3c'vrn rore tiaan 150
in the a.g;ra/'atc e B (s)

The follovrim_: pFives the heiphts in inches pof 15 indivi-
daals taken at random from a certain population..
Examine vhether the average height in that- populution—
differs significantly freom 64 inches.

Heiechta (dn inches) of individaals.

gg, 56, 59, 55, €3, 62, 70, 72, 69, 49, 49, 53, 60, 64, (1o’

The stcndard deviation of stature (in inches) of 2

groupns of boys, one of 2n7¢a3 11-13 and the other of

ages 14-16, estinated from 2 s5amplas of sizes 10 and

15 regpectively arc 1,15 ~nd 2,36+ Does this prove

that in respect of stature,. adolescent boys '(age

group: 14-16) nre rore retorgsoneous ? . o [10)

.The corralation coefficisnt botween the scores in two

halves of a psycholegiozl. test applied on a group of

25 students was 0,48, Exarine whether the correletion
coefficiunt betiveen the two halvea. of the test 19

a) significantly differant from zaro. Lo {8l

b) significantly different fron 0.5. N 4
Practical Record. {10]
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The whnle paper carries 120 marks. You may
aticmnt any nart Oof any question, without
necesgarily restrieting the otal to 100,
Let f be a real-valucd function on a subset D ‘of the
real line,-

a) Define the derivative f'(e) of f at a point
c€ D(T) D' and prove that £'(c), if it exists, is
unique. ) (4]

b) Prove that the existence of: f'(c) implies the conti-
nuity of f ‘at c. Show by example that the converse
1s not true. 6]

c) Starting with the definition of f£*(c) show that for
an interior point ¢ of D at which { has a rela-
tive maximum, if f£'(c) exists then f£'(e) = 0. Show
by example that this need not be truc if ¢ 13 not ]
an .interior point, . (10

d) State Taylor's Theoren, 4]

Let (fn) be a sequenc-e of real-valued functions on a
closed interval J = [a, b] of the real line and let fj
exist on J for every n.

a) If (f,) converges uniformly on J to a function f
then does it follow that f£' exists on J? If so give
a proof, if not give a counter-example. (5]
b) Suppose that there exists a point X,€J &t which the
sequence (fn(xo)) converges,/ that the sequence (f})

is uniformly convergent to a function g on Je.
Prove that the sequence (rn) converges uniformly on J

to a function f which has a derivative at every point
and that f£' = g, [15]

¢) Give an example to show that the hypothesis of the
existence of x, in (b) above cannot be dropped. [4]

Let £ and g be bounded_real-valued functions on a
closed interval J = [a, b] of the real line,

a) Define the Riemann-Stieltjes integrel of f wer.te °
g on J ond prove that, if it exists, it is unique. [4]

b) State and prove the Cauchy criterion for Riemann-
Stieltjes integrability. [10])

¢) Suppose that a < c < b- and £ dis integrable w.r.t.
g over both the sub-intervels (a, ¢] and [c, b).
Prove that f i5 integrable we.rste g on the inter-
val [a, b) end

b (4 b
S fdg = [ fag + [ fdg. [10]
a a c



44(a)

6.

(v)

()

()

2 4 fleld »

V'hat are the axioems <hizk make R
Explain how tho rezl numbers nny be 1dent1fied with a
subset of the complex nu-berscid

Show that a cequence (Z ) of conmplex numbers conver-
ges to a complex nuﬂbcr ey 1if and only ir (zn)

converges to I e
Show that a oo ntinuous functicn on a compact subset
of the complex plan? is uniformly continuous.

Let f bYbe a complex-valued function on a subsct D
of the corplex plane and l¢t u and v bdbe 1ts real
and imaginary parts respectively. Let c¢ D(T

a) If f£'(c) exists, prove that the portial deriva-
tives of u and v existat ce. What are the
oquutfcns connecting ., Vs uy and vy? .

b) If f'(c) exists ond v m O on D, then shop that
t'(c = O.

¢) Prove that the function £ defined everywhere by
f(z) = © doea not hava a Jderivative at 0.

2)
(4)

O]

[14)

[12)]
{s)

[61
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PERIODICAL EXAMINATION

Economies-3: Indien Planning

10.4.67.

Discusso

Compare
and the

Discues
success

HMaxinum marks: 100 Time :1% houra

Answer eny thr2e questisons.
All quostions carry cqual marks.

planning as a meens of economic development.

the approach and cbjectives of the Bombay Plan
second five-ycar nlane

the view that the first five ycar plan vas a
despite many weaknessoes in the plan.

Write short notes on the estimates of financial
resources of the second and third five yeer plans,

Critically evaluate the results of the second five
year plan.
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Se

(®)

(e)
(a)

(a)

(v)

The number of merks allotted to each question
is given in brackets { 1.

Anewer Groups A and B in separatc answerscripts.
The whole paver carrics 120 marks. You may attempt
any part of_any guestion, witnoub mscescarily
rostricting the %ofni 5 I00." —

Groun \_
Yhen is a subset of a ’uclidoan space RP sald to be
connectod? [23

Prove that an open, subm.t of RP is connected if and
only 1f it cannot be exprecscd as the disjoint union |
of two non-empty opcn sets. (31

Let f be defincd and continuous on RP vdth range in

R%, -If ¢ 13 n commocted sct 4n RP, prove that £(C)

J¢ connected in rY. . {10)
State Bolzano's Intermediate Value Theorem, If f 43
defined and continuous on a ~ilvsed interval of the roal
1line and assumes only rationu. v-~lucs then prove that

f = a constant, (5]
Let f -be a real valued funetion ¢ = <uvact D of KP.

1) Yhen 4s £ said to be uniformly continuous on D2 (2]

i1) State a necessary and sufficient conditi.a for f
To be not uniformly continuous ca D. Give en
example of a function which iz ccortinuous but not
uniformly continuous on ite d.meit of definition.  [4]

Let (f ) be a scquence of real valued functions
defined on a subset D of RP,
1) Vhen is (f ) said to be uniformly convercent to
a function £ on D? [2]

ii) State a necessary and sufficient condition for
t5 be not uniformly convergent to a function.

f on D, (2]
1i1) Let (f,) bo.uniformly eonuvergent to a function f
on D, If each 1‘ is continusus on D, prove that

f ia also contimous on D. Show by example that
f need not be dif.(‘crcm:ieml-~ on D oven if each 1’

is differontiable on D. . [10]

Let £ be a complex valued function on a subset D of
the complex planc and let u ard v te its rcal and
imaginary parts respectivelye Let ¢ be an 1 %erior
point of D. . .

(a) If £'(c) exists, prove that the partial derivatives
of u and v oxist at ¢. What arc the equatiens con-

reeting uy, v, uy ang vy ? . {10}

Go on to tho next page
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3. {(contd.)

4e

5-(6)

6.

(v)

(v) If f£'(c) exists and v 4 n constant in a n2ighbour-
hood of ¢, thcn show thas f'(c) = 0. - (2]

(c) Prove that the function derinci by g(2) = z for
all complex numbers 2z 1s continuous everywhere but

differonsiaoble novhere, s}
Group B

Lot £ and g Db& bounded real valucd functions on a
closed interval J = [a, b)] of thu real lince

(a) Define the Riemann-Stiecls jes 1ntcgral of f w.r.t,g.
over Je 27

(b) If £ 1s continuous on J and g 1is monotone increa-
teipg on J, then show that f is integrable wer.te g.
over Je

(¢) If £ and g are as in (b) abovc then prove that
therc exists a point ceJ such that

f fag = f(c)[g(b)-g(a)]

Give an exumplc to shot thzt this rcsult necd not de
truc if f is not assurcd to be continuous. (3]

If f 4s Ricmann integrable over J = [a, b) and F is a
function on J such that FP' s ¢ on J, then prove that

F(b) -~ Fla) = f f. (1
Let D be the reotangla in R X R given by
(x,0): a g x<b, 6 {5 <4 & and suppose that ¢
gnd its partial derivative fO arc continuous on D to R.
Prove that the function @ defincd by

b
ge) = f £(x,0)dx
a
has a derivative on [c, d] and

g'(8) = f £y (x, 0)d x, [1c]
et f bc a real-valucd functi"'x on T -sx. xR, x ) a? )
2

a) Define the infinitc integral of f over I.
b) State and prove the Cauchy Criterion for the integra-
bility of £ over I,

¢) Suppose that f and g are intcgradble over [a,cl
for all c > a and that 0 < £(x) ¢ alx) for all
x> ae If thc in‘in:te integrﬂl of g cxists then
prove that tho infinite integrsl of £ exists and *

that - oo
0« f f < f G- : {e!
d) Statc tho Dominat»d c\nvcrgcwcc Thee reme Fornulate (s}

an examplce and verify the theoron.
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Tha numbaer of marks allotted to aach gquestion
is glven in brackets [ ).

Answer Groups A and R in scparate answerscripts.

Gynun A

'Tmportent developments in the econcnmy at large hed to

take place befors a reclistis plan could be produced'.
Discuss these developzente in the fileld of incdustry and
agriculture of USSR since 1917, [25]

Why deppite thc problems associated with the 'success'
indicaters,az therqranid cconnmie development in the

USSR? Wha. = th2 'syntretic indicater'? How is 1t

cxpected to solve tne pr.tiena =rising out of the ecarlier
success indicators? ' {25]

Critically discuss the domestic p.~"~~.oolicy of the U°S.Sf§']
5

Discuss in broad outlines the "essump'?-n3 and approach

of the first five year plan of UeS.S.k. ~ni1 the course of

devclopment of the plan durir~ this per:ods [25]

Groun B
Answer Quecti-n § ent any -ac of the rest.

Deseribe the main elemen®s ol mathrmaticsl growth models

and explain the conditions of Their practiezl applicalility.

How can these medels b2 used a3 the hard core ~f planningf 1
25

An cconony is said to be in cquilibrium when its productive
capacity (lece, tha toinl ocutpu® when itz labour force is
fully employedscqquls its national incomzes Explain how

its investment should grow so that the 2conomy is always

in . equilibriumes ‘'Mhat happrens to the econeny if investment
grows in a ¢ifferent manrer?  State any simplifying end
even heroic assumpticrns you nay have to make and explain

the paramcters you may usce [25]

'If sufficient investment is n»>t forthecoming today,
uncmployment will be here taday, but if cnough is invested
today, still more 411l bo nocdc! tomorrow in order to
increase demand so that the expanded capacity can be fully
utilized and cxceesive canital accumulation avoided
tomorrow's Elucidate the stntoment and explcin the condi-
tions necessary for a stealy growtn of cn econnmy. [25])
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(v)

ic)
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(b)

(c)
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Statistics-~3: Probability

2545¢G76 ' Maxinua mavks: .00 Time: 3 hours

The number of marka allottcd to cach question
is given in breckets [,

Answer Groups A and B in scparatc answerscripto.

Tho whole vaper carrias 120 rarka. You may attempt
AV

L ITIE METsIArIIy YRS tro-

Groun A

A 1ina of ziven lcngth 1s divided into 3 parts at randsm
by choosing two points rendomly on it. Find the proba-
bility that thesc 3 parte form the sides of 2 trinngle, {6]
variablz .
If the random/X has' th: Cauchy distribution vith daraity
1 1
f((x) = 52 —m e X
o1 oax® : )
and 1if X arxd x, are two indepondint observatisns from 1t,
2 . - X) + X3 .
then show that *k2 doneity of thzir mean, X =
is given by ’
(-) 1 .1 o <.- ¢
8\x) =2 = —_— - X .
w (1 + % te]
(3) Wnat can you econclude f 23 this?
* Qompare it (withcut proar) with the situation where
X is distributed ns B(C, 1), 4]
Define *'Stetistical Tolerance Timits'. o (3]
Let X319 Xp seey Xy be n ino-ncnden* observatisng from
the density f(x). Denoting by ’
u = maxa (xl. PN xn), - o
v = nin, (x'l’ eaey xn),

derivo the distribution of the randonm varicble

N .
Y = f f(x)ax. ’ : (8]

v
Describe Lhow you utilige the distribution of Y to obtain
gtatiatical talercnce limits for the population having
the density f£(x). [4]

Describe briefly hor the Xz, t an¢ F distributions are

releted to standard normel distributicn. [4]

Show that 1f o random variclle X has act-distribution

with n defe, then: X7, has an P Afstritution. (3]

If X is distritutsd na F lmn‘:hcn find the distribu- :
i 2 R .

~1 L
tion of X % (3]

Define the clunrprcteriatic functim (cefs) 2f a distribu-
tion functinon (d.f.) d2fin2d on the vesl lina, [2]

o on to tha next rage



Se(h)

(c)

(a)

6.(&)
(v)

7¢(a)

(v)

Sn(a)

(v)

go(n)
(v)

(c)

104 (a)
(v)

D
-

Ifr {x(t), Ty (L) nni (i‘v-_."_Y(‘) dznate the cefe's of tire

rand-a vari' el N, ¥V omnt XaY rex.ouctivnlj nd X end Y

arc inieperd. .i, : Pray(B) = 9xl®) 9y(t) rfor

ny te [5~
Show c-nverssly *h~* 1r G uit) = §(8)e@ylt) for a1

t, that does r- Linlvy tu ind:ipenione? of X and Y, by
connidering tie joli denci’y ineticn for X ani Y tn
Lo

1<y £
= 0 ersuvhers e 18

fx,7) = % 1+ aylx’ = D) for =1 ¢xg1

State the unigueniss thesscn £9r cefe’se (&)
Groun 3

Assunc that 211 the randnz vorisbles considered here ara

dcfined on some beasic probability space, .

Jh,.n do you sny that a scquznce of random variesbles
1an eonverget to a randen variebles X, in probability? [g°

Show that th2 probability 1linit of ~ goquince ef roandom
varinbles ia unique 2lmost surily. [e)

If xl. X2, ese is n s2quence of inddpendent identi-

cally distributed rondom veriatles with finite variance,
then show that the rnndrm vari-ble

+ s + L
X, = _1_'_..._" => E(x)

in probability. {¢]
Can a strcnrﬂr atntezent be wuaiec regrdinz the conver-
gence of . x_n to the expectation, under tha abLove
assumpticnn? [2)

Define convergencz in izecn of ~ gequanco 2f randen veria-
bles, and prove that ccrnvergence in menn inmplics conver-
genee in probabilitys (2+4]=(5}

It '\'xn‘ is a sequence of hcunl»d random variables
convergin;: to a randonm vorinble X in probability, thken

show that E(X, ) converges to E(X). [e]
Dafina wenk convergenze of a scquence of distribution .
functions. {z}
If a sequence of distributi-~n functions !‘n(x).n 21y
convergeswerkly to o distribution function F(x), then

mhow that

f a(x)dI‘ (x) => f e(x)ar(x) as n => =

for every boundad continunsus fuinctien a(x) defined an (o
Rl1, ¢!
Use this Foll =3ray theeren to shaw that the

cefe's {, n>l. of F X)y n2 1 .converge to the

the c.x. ?(t) of ¥(x), if ? (y) cenverges to F(x) weakly. [3)
Statc and prove l"m*n-v"' irequslity. [}
State the cenir~l limit th:crem o Lindeborg onlt Livy. i
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1.(a)

()

24

_'..’n(a)

(v)

4e(a)

(v)

The number of marks allntted to eac‘i question
is given in bracketa L J.

Answer Or oup: A and 2 in separate answerscripfs.

State and prove Neymmn-Pearson Lemna cnd indicate how

1t is used for obtaining a 'Most Powerful' test for

testing a simple hypothesis against a simple alterne-

tives [10]

On' the basis of a random sample of size n from N(©,1)

obtain ‘the UiP level « fest for testing © = 0 'ainst

® > 0. Show that this test 1e unbiased for alternatives

® > 0 but not for alternatives & < 0. [10]
Give examples (one for eech) to illustrate the £ollewing:

(a) A consistent estimator may be bilased.

{(b) An unbiossed eatimator noy not b2 ~onsictent.

(¢) The meximur-likelihocd cstimator may be biased.

(d) The mexinum-likelihood estimator wuay be different
from th:2 corrsespomding cstimator oblained by the
nethod ~f monenia.

(e) The maxdiwn-lizelinoc® rotimator 15 the same as the
least-gy.tr:: estimator. [5x4]=120}

i) On the?‘:(.'-'.s of 1 random fample of size n from
N(8, o) obtai: (exslicitiy) the 1likelihood-ratio,_

test or zfze « for tzetin, @ = 0 esxinst © £ 0, o2
beinz unla.owm, {10]
1i) Is this test unbiasci? (2]
111) What 4s the distridbuti'n ol the test statistic when
e =0, [2]
On the basis of a random samplz of size n from N(8, ¢ 2y
obtain a confidcnce interval for 6 with confidenece - ;.
coefficient l-a, 62 being wimovm. [6]

Let Xysesey X, be a rondon scmple from H(O, 2) and
Yyseeey Y, be a random semple from n(e, T2,
1) Obtain the maximum likelihood 2stimate T of o
assuminz that o2 snd 42 are known. Find the

varinance of 62 and show that it is a function of
m, n and o2/q~ G|

i1i) Obtcin Fisher's informaticn ¢ont-ined in the combi-
ned sanpls ~ssudnz o2 -ni 't’z to b> known and show
that ® 1s tha buat imbiased estimate of ©. [4]
Let xl,..., ;ﬂ\ Lo a randcn semple from the Poisson
distribution vith peremetcr A.  In order to estimete e
the following csilielor is nugzeated:
/;(xl,..., xn) =1, 4if X =0
=0, if X% >0

Go on to the next pago



4s(d) (conts.?
1) 8how tht £ 45 unbiased for cstinasing o'x.- )
11) Obtain a 'bﬂttar' unbiased cstimtor of e~ bnsed '
e the suflicizat ctatintic T = (,1 + eee + xn‘
filint: Shcw ta2t the c:niitisnal dds .ribution of xl
siven 7 = t ie dinomimd B(%, -) )

Group T

(e}

Sa Lat Yl"“' ‘[n b2 n uncorrelatcd random variables with
o
the common variance o« Surrose

n
S(Yi) = 5 ay 93, 2 =1lgeee, m

where A = [ai ]J4s ~ knowr. nXm matrix of rank r ana
0! = (8140esy 9 ) are urlmovm pnarameters.

-’
(a) Obtain a n:cescary an+t sufficicnt condition for

£18) + oue + A, em to b2 'lirenrly cstimable's . {4}
(b) 1) If ,(1  Foees * ,(n m 18 linearly estinmable then

show that 1t hay o ymiguc best linear unbiased
eatinnte,. (4]

11) Mow ér you o%tain such an estimate? {2]

(c) Show that B(qg*) = (n-r)o‘z. where

T z P t
Q* = min SlY, - Z a,.c. ) 10
& 11 b gm0 !
<
6 Fron each of k normal Aisirituticns l(e,, o ),.r(ez,c Yyenn
N(ek, o ) a random sample of size n is drawn. Obtain

(explicitly) a size a t:3t for testing the hypcthesis

H°t61=a+°ui, 1 =21yee:y k
where o, B are unimavm and Vipps sy are k different

knovm numbers; assume the alternative tc be the complemaent
of H, ond consider o? to de wnlmowne (€3

7o{a) .1) Let r b2 the samol: corrclatien coefficient based
on a fandom sample of sizZe n fro.r 2 bivariate nsrmal
distributiin with corrclation coefiicient ¢, Obtatin
the distribution of r whon @ = O. [1c

i1) How do you tost the hypothusis =0 against 9 £ 02
(Statencnt is enovzh.) 2
)e

(b) Consider Xk nermal Aictributions n(el,o' ),....n(ek,c
It is de:l*e-] to 2ot the ‘15'\"1”“\.:15 91 -...—91\1 o~
beiaz uninumme

(<2

~

33 »n o th? next page



Be(a)

(v)

-3-

1) Stat2 ¢« test wocedurc based on random semples of
Bis

Bize Nys Ngyessy Ny from th: k distributions,
reapactively.

41) State the districution of the test statistic under
tha hyponthiiis,

Discuss the basic principles of dcsign of exporinments,
explaining, in particulsr, the principles of local
control, rcplication and randoriza%ione ’

Explain the 'Latin-squere' dvsisn. Illustrate th2 use

of such a desisn. - Given an outlin? of the anilysio
of such a design specifying th» assumptions uced.

(4]
(2]

[10]

{10]
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The number of marke allotted to éach quention
ias riven in brackots [ J.

The obaerved freguuncy cnd th> probabilitics of dAifferent
combinations of coleur -nd pollen shapo in swcet poa are
given below:

— Protability Obanrvel frequency
porlen colour poilicn _colowr
rhape purnle rel gshrape purnle rcd
long (24 8) =(1- @) leng 296 27
rowd (1~ 8) O rowsd 19 85
0<B8<1. .

Egtimate 6 from the above data by tha rethod of maximum
likelihood and fin¢ out thre ssymptotic variance of this

eatimate. {201
93_. . . - ) . i, .

Indcpendens meacurcrnints on the three internal angles
A, B, C of ¢« trisnglc aie given bdbelow in degrcos.

"Hn. of vimec  acagirenents in
asAS Aegrees

A 53.5, 59.1, 59.5, 57.9
P 6044, 61e3, 60.2, €1.3
c

€C.l, 59.2, 59.3, 53.5

Making use of th: geom:ctrical yrovertinrs of a triangle,
estiants A, %, C by the mathod of 1l%ast sguares and
comyute their stan<ard errors. [20]

In a deiry fara an experiment »a3l conducted to compare
the e’feets of 4 tyyes of fceds 1, 2, 3 and 4 on yield

of milk., The averase yield of milk in litres, the
standcrd deviatica amd numbiyr of cows are given for each
of thc batches trcat:d by differsant food types separately.
Is there any significant diffcerence batwecn the four

types of fced with vegard to the effects on average milk
yiela?

type ol fced number of Coveragr vicld Standard

coun __in lizres deviation*
1 12 2180 147
2 11 1978 158
3 15 2246 165
4 13 _1936 142
[* divicor vsca iz tre corrrspcnding sampie size) (201}

Go on to the noxt page
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Tho “ablc below shows measurcmsnts on height made on 20
pairs of twins of oprposite scx, all of ten years of age,

ol. noe. _Nelphrt (cm.) _. Gle no. ____haoipht (cm.)
T 2 o mafE_Lf_e'('Ee"'
37 1

of twin walc ~femalay - f_twin mal
1 136 132 6 9)
2 141 133 7 130 133
3 137 * 135 8 139 140
3 134 131 9 128 123
5 124 137 10 132 136

On the basis of the above data tiat the following hypo-

theacs. ) )

(a) Among thc pairs of twins of opnositc scx, all of ten
years cf age, the boys ere tallcr than their twin
sisters. ' [({

(b) The standard deviation of the height among the twin
brothers is the sam> as that among the twin sisters. [12]

Answer any two from the following:

(a) The followving gives the weisht in kilogram of 15 boys
in a school. Obtain a 95 ¢/e confidaence interval for
tho average waight of a boy in that school,

Veight (in Kge) of 15 boys.

30e4, 3946, 4042, 37,3, 29.6, 24,9, 44.3, 26.0, 33.0,
32.9, 35.3, 3642, 41.2, 22,9, 29.3.

!

(b) Estimates of th: parcentags of employed persons in a
certain city obtainad from 2 irdependent sample sur-
veys arc¢ given below. Is the differcnce between the
two estimates due to fluctuations of sampling?

Survey Sample siza Percent cnployed
I 2350 ’ 39.66
I1 1675 38.68

(c) Consider the data ziven in Question 4 and test the
hypothesis given in 4(a) by the sign test of size 0.1.

(4) To study the effect of group pressurcs for conformity
upon an individuial in a situvation involving monetary
risk, a measure of authoritarianism and a measure of
social status strivin,s were found for cach of 12
collegs students and thc data are given balow.

- score

Student authoritarianism Sncial status stFiving
1 82 42
2 98 46
3 87 39
4 40 37
] 116 65
6 113 88
7 111 86
8 83 56
9 /5 62
10 126 92
11 10¢ 54

12 ST _ al .
Compute Sycarnan's ranx correlation coclfiicicent botween
the two scorer and tust for their independence. (2 x10]=[2c]

Viva Voeca

Practical Receord

102
{10}
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The number of marks allotted to each question
i3 riven in brecket [ J.

Angwer Groupr A and B in separatc answorscripts.
Group & )

nawer Quostion ln.l nnd eny two of the rest.

1.(a) Give the statistics on the zrea under cultivation and pro-

(v)
(e)
2.(a)

(v)
(c)

e

"4o(a)
(b)
(c)

5.(a)
(v)

(c)

duction of Grain Sorghums in the various agricultural

regions of the world. [9)
Mention separately the respective figures relating to

India and Pckiston. ] [6]
¥rite the nnmes of § important spoecies of Sorghum. [5]
that is a legume? N {5]
Mention the names of 10 important pulse crops. [s]
Give a botanical ‘account of eny one of the pulses. {s]
Write brief accounts on any thrce of the following:
a) Genielogy of the sugarcine, 60.312.
b) 6lonzl propaegation in the coconut,

¢) Plonts yi=2lding essential oll, . .

d) Spikelet of rice. : [3 x5)a[15]
Mention the world production figures for potato tubers. {[5]
Name 5 important starch storage crop plants. [5]
Give a brisf morphological account on tapica plant

(Manihot utilissinma)a {5

Grour B

Answer Quastion Na.5 and anv two of the rests
What is meont by inbreeding? (4]
Wfhy selection for vigour in inbred lines ney delay the
atteinment of homozygosity? . L6l

Three inbred lines (Line 1-6, Linc 1-7, and Line 1-9)
of maize were isolated from tncsamme cross-pollinated
variety and werc propagated by selfing for 30 genera=
tiona, The parentel vwiety yielded 81 bushels/acre.
Afverage yield (bushels/amcre) for 5 successive inbred
generntions in these inbred lines sre riven in* the
following tnble:

Go on to the next page
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Generation Lino 1=6 *Line 1«7 Line 1-9
(o] -81 T 81 81
1- 5 64 51 .- 4
6 - 10 45 36 34
11 - 15 38 34 26
16 - 20 T2z . 24 14
21 - 25 20 21 T 13
28 = 30 24 18 9
Comment on the rosultss (10
6¢(a) Yhat is mecant" by polyploidy? - . [5)
(b) How are polyploids induced ertificially? (5}

Te

Bs -

(c) Discuss briefly the role of polyploidy in pic.nt breeding. (5}

Give an outlino schemo of the methods of breeding Self-
fertilizing rropse . [15)

Write short notes on any three of the following ¢
a) Induced mutation.

b) Metoolds

¢) Chromosomal abberations.

d) Heterosis. [(3x5]=[15]
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The number of merka allotted to cacsh question
1s given in Sroclota .

Purt 1L

Answer all cuesticas

1. Explain Uckhan's razor, indicatirg its relevorce ior (1) scicnce f10]
in genernl, (i{) statistics, aad (iii) the concept menory.
2, Conpare a conputer 'mcuory' with ‘he mennsry of u huoan being. [10,]‘
3. Discues tho differentiutior of rhiliti:a in staiietical terzs .
and corment on the staterunt: .
“Rescarch ability is imbora, anu hence training or lmowledpe
does not offect it." . [10]



Date:

1.

2

Ja

4.

Se

6o

TNDIAYN STATISTICAL INSTITUTE IZEZ
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ANNUAL EXAMINATION
General Science-5: Engincering

30a5e676 Maximum marks: 100 Timo: 3 hours

The nuaber of parks allottod to dach quoestion
is given in brackets .

Answer anv five qucatinns,

Find tho ratio of the maximum to t he mean intensity of
vertical shear in cross-scction of a hollow beam of sauare
gection with a square hollow thcrcin, the outside width

baing twico the inncr. Tho cross-saction 18 symmetrical

about it horizontal axise. Oompare this ratio with that

for a beam of roctangular cross-section, 28]

Deternine tho central bending moment and deflection for the
veam loaded with a concentrated load W at a point distant
L/4 from the left hand support in a simply supported beanm

of uniform cross-gection, whose span is L, Dorive the for=-
nula which you may uses [28)

The external and internal dismeter of a hollow steel shaft

are 15'*and 9'' respcctively. Dotermine what horse power

it will tranamit when the speed is 90 revolutions per minute.
The maximuz intensity of shear stress is not to exceed

8000 p.s.i. Derive the formula which you use.. [20]

Definc 'Centre of Presauret

An equilateral triangle (whose side is 6 feet long) is placed
in water vertically with its apex up and its base horizontal,
80 that the apex is 4 feet belcw the surface. Find the depth
of the centro of pressurc and the total prossure on the pl?%%j

Vrite a short note on 'Venturi-meter!

The difference of hecad registerdd in two limbs of a mercury
gauge, with water above the moroury , connected to a ventu-
rimetcr was 6's The diameters of the pipe and the throat of
the meter were 12' and 6''respectively. The coefficient of
the meter was 0,97, Find the discharge through the meter.[zsl

State clearly Bernoulli's Theorcm,

A cast iron pipe 9''in diameter and 1500 fcet long connects
two reservoirse. If the difference of water level in the two -
resecrvoirs is 100 feet, find the discharge through the pipe.
£ = 0,01, Ignorc all losses other thon friction. [26]
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