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1, ktz be the nunber of succcéscs in n independent Bernoulli trialas
with probability of suceess p, Prove that for any & and P with « ¢
I .
plop valor (3 o eploot) — 5G) - 7(a)
as B — o, where
ase x * 2
) - L,
2% e
2, Let }' be the nunber of successes in n Bermoulli trials with probability
of success p, If r3y pp, show that
. ' A(rbl)q 1 (;
of Iz'} < { PRy ) e
3. ° Discuss briefly thc construction of the saople space corresporiing

to infinite scquences of Bernoulld trials (with probability ot success
in one trial equal to p).

Prove that H; is the nunber of succcssca in n trials,

P{ .1'3—4 p} -1 (*)
Explain briefly the differences between the above atateocnt () and
the stateocnt thet for each € ) 0,

(130> ¢

a8 n=y o,
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1. Answer the following questions in the context of o statistical
decisfon problen,

(a)
(v)
(o)

(@)

(o)
()

2{a) X is & real—volued randon varichle which has a desity function f(x,0)

that are the dopoin and range of the lans function?
%hat are the donain and range of a decision function?

¥hat {s the risk of a piven decision function for a particular
value of the paranéter?

¥hat s a Bayes solution with respeet to a given prior
distribution of the parancter?

W%hat is an adeissible decision fuaction?

What is o oinimax decision function?

where the paranetet 8 is unknown, @is a rcal-valucd function of 8,
What {s the Craper-Raoo lower bound for the variance of an arbitrary
unblased esticater of ¢(@), State o set of régularity conditions which
is sufficient for the validity of this bound., Under what conditicns
does thero exist cn unblescd cstimstor for-which the above miniom
variance {a attzined? How will the Cracer-Nao lower bound be modified
for the mean =~ squared crror of a bizsed estimator? (No proof is
necded, )

(b) Suppose X’, aeey Xn are independent mormal variates with ocan &

and

of ag unbiascd estimator for 0%and excmine whether it is attoineds

3. X is

variance 1, Find the Crandr-Pao lover bound for the varicnce”

a real-valued rendon va.rinhle with distridution function F

for which there exists a denaity function f, fo and '1 are two

coopletely specificd probability densfty functions, "Consider
the problem of deciding whether £ o f or fe fl where there is

no 1oss in meking a correct decision but the loss fn deciding

f= ‘l when £ = ‘o and the loss {n.deciding £ = fo when £ » £

1

are 1 and )0 units respectively,

(s)
(s)

(s)
(s)
(s)

(2s)

Q0)

(a) Find a Biyos solution for thia problem in the class of all
randonized decision functions with reapect to a prior
digtribution under which f w ‘o with probabilfty p and

t =t with probability 1 -p, 0,.p (1,
(b) Let@. be the Boyes aolution obtained in (n) which leads
to the decision f = £, with probadility 1 (x) whea x 18

observed; Show that if a randonized decision function %
satisfiea

1 #x) fa(x) ax < ¢ $(x) 1°(x) dx,
then  / &x) 2, (x) ax /%(x) ’x(‘) dx holds,

A

(PLE\SE TURN OVER)

(10)

(s)



(2)

(c) State Neycan = Pearson lemma sbout the neecssary and
sufficicnt conditions for the moet powerful test of
level afor Ho 1fa !° against Hl 1f= '1'

(a) “H;-n flx) = L '»-le»z--
2n
.e 2 N
agatnat ' A 1 £(x) - 2/';:{(0‘('7” /?..,,3.-_0‘("’.)2/2)
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Answer 083 man estfons ne you ean, Each question corries 20 mrrks,

1. Explain how statistical methods can be applied to estimate the
cranial capacity of a skull from a sct of external mcasuremcnts
on the skull, Explain whot data you nced and derive the forwula
to be used,

2a).Let Yy oo ¥y be independent normcl with E(y‘) - o ',\;1 and
V(y‘) - o2 where Xy ves 2 8re given, Show that under the

hypothesia (3= 0, the statistic L——-'n-e, followe a t—distribution,.
1 -r"

(b).It in addition to (a), '1. . x, are thensclves independent
and idcotical pormal variates, then write down the joint distridution
of x end y. What fs the relatfon between 3 and' the population
coefficient 9 . Show that if ¢=0, the over-all distridution of
£ y/n-2 is sti)) o t-distribution, '
1 -r

Y., Given the lieights of son (y,) amd of furtber (x,) for o pairs of
fathers and sons, cxplain hsv you will set up eanﬂdcnce interval
for (a) the expected valuc of the height of a son of a fzther

whose height is given (b) the octunl volue of the height of the
son whose father's height is given,

4. Explain briefly how you will sct up the onalysis of variance
table in the case of a two way clagsification with unequal
and multiple observations in a cell? Fhat teste will you
perform and how?

5. Given measurcments on p characteristice Xy eee xp for n individuals,
explain how you will fit the multiple regression

x, = 34 2% P T ap 5 and test for the
hypothesis 32 YR % w 0, Vhat fa the physical meaning
of this hypothesis? \

Show that the statistic you use for this test fs also equal to
2 )
Ry 2., -/(""!

-R )/ (e-p)
L ® 1.23.0.p /o-p coafficiont
where Rl.23 e p is the sample multiple corrclation/of x, on xz...x’.

.. Desoribe Bartlett's test for homogenity of variances of k nérmal
populations, giving all the detnils regarding the procedure,



INDLAN STATISTICAL INSTITUTE
Research and Training School

Periodical Examination
B, Stat. IV Yeor
DESIGN & EXPERIMENTS

atfon | 2% ho Dates 31,10,8)
Each questjon carries 20 marks

1, Write a letter to tho editor of a ncwspaper making a case for
appointoent of a statistician in a newly organised government
institute of experimental biology, .

2, Pxplain the role of the techniques of randemisation, replication
and error control in planning an experiment,

3, Deseribo a'randomised blocks layout, explaining how the blocks
sre formed, Give the structure of the analyiis of variance
table for an experiment in randomised blocks,

4, Select a random 7 x 7 latin square, Explain how fn a latin
aquare desfgn, heterogeneity is elininated in two orthogonal
directions,

8, [Explain the advantages of a‘factorisl type of experimént owr
the olassical one-factor-at—a-time type of experiment,

~asvsasee=
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1. An indnetrialist, who hos not mot erach knowlesdze of nathematics, voante
Lo know what problens can be solved fn industry by S& techniques,
Prapare a nate to be ment to hinw,

2« Txplain, with exnnples, how quality characteristice can be classifticd,
nentionineg alan the types of iaanection fram which each class results,

3. "™iat are the differcat wazs ia vhich ftem quality eaa be wpecified?,

4, T™nt are the relative nerits of sampling by attributes and sanpling hy
variablas?

f. “hat are group control charts? Whan cra you draw them? ‘Mat aro tho
alvantages of such charts?

€. Yeation a few circumstances in which yoa will draw a control chart for
individuals,

7. Y¥xplain brielly what is ~eant bv lot sccentance sonpling,

f, “hat are the Aifferent criteria that can te used to classify acceatince
sorpling plans?

v, (a) Get a suitnble sinple sampling plan Zran Mil-atd-104A, to neet t:e
followinz remuirements,

Lot aize 2500, AGL w 4 porcent defective,
(b) ™hat are t:e plans to Ve used, if you decide to

(1) tizhten the fnenection
(i1) reduce the inspection?

(e) The plan chosea fa (a) 1s 40 oparntion and tie first 10 lots are snpled
umler noraal inspeetion, The nusher of defectives found are 4, 15, &, 8,
3, 10, 11, 7, 8 and 11 reapectively. Whould you li'we to chanje over to
tirhtened inspection?

(d) Supnose the plan you have chosen ta 0(b) = (1) is fn operation. o
owcber of dcfectives found in the Jast 10 sanples are 12, 7 0 3
11, 8, 2, 6 and 7 respectively. Can normrl inspection be reinstnted?

10, Obtafn 95% canfidence interval for

(1) Ninonial pronortion, given that in a sanple of 200 ftevs 9 ulcfoctives
were obacfved,
{11) Aridhmedie Poisson avernze miven that on 15 items 23 defectives
were found,
(111) Arithmetic nean of & nornally distributed characteristic, riven
that {n a sawmle of 13 ftems the averaze X wae 13,.75 and s.d.%
(divisor (n—l)) was 1,23, .

(13;

(e)
(s)

)

o~
"3 19
~———

(s)

(s)

(3)
(3)

(s)



11,

T3

25 sarples of [ive {tcma each are taken from a procean at remilur
{ntervals. T ond R are calculated for each sanple for a cortain
characteriatic, xa “e get TX = 338,50 and ZR = 02,80,

(a) Conpute the control limita for the X and N charts, (6)

(b) Assuning that the process is in control at tho level found iu (n),
what are the natural tolerance linits of tha process? (e)

(e) It the apecification lintts are 14,40 & 0,43 what conclusions can yon
draw concerning the ability of the nroceas to produce itens withia
these specifications? (3)

(d) ‘Mat pereentaze of the lot fall outside the specification liniis if
the process fs in control as stoted in (b), (6)

The specificatien )inits on A neasurable characterintic are 100 & 30
units, The praocess ia such that in the course of production the procees m
mean fs lilkely to ahiift, but the proceas varisbility resains alroet
stadble 10 sgaples of size & cach teken at randos from the proceas lave
riven the following values of the smuple roanve 0,4, 4.5, 6,7, 11,4,

12,3, 3.8, 8.4, 10,4, 7,6, snl 12,0,

(a) Tstinate the process capalility [()]

(b) Find oub the interval within which the process ncan can vander while
atill riving a proportiva of autafde specification itens £ 0,0027,
Technical action for resettine the process level is quite exjpensive,
Nence the management would like to leave the process untuuclied as
long as the process menn ia such that the propertion of out of
apecification ftens does not exceed 0,027, (10)

(e) Txplain how to eet up a coatrol chart for T (n=8) fa sucha
case, (8)
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GROUP A

Attcmpt any two questions,

1, Compent on the following :

"lalike oinioum reserve and open market poltcy‘ discount policy
by itself does not guarantee the Central bank's control over

the comereial banks' lending potential,” (20)
2, Classify inflation with respect to ite causal factors and explain
the characteriotics of different kinds of inflation. (20)
3., Explain the structure of the London discount market, How docs the
Bark of England play its psrt in this market? ) (20)
GICUP B

1, Define the concentration curve for an 'incooe'! distribution,
and discusy {ts propertios, What are its uses? low is it
related to the Gini Mean Difference? FRow is concentration
. different from variability? (24)

R, Indicate bdriefly the differcnt types of uses of family budget
data, Deacribe in dctail the estimation of Engel ourves for
different iteas, .

2, Supposc you have carried out a family budjet enquiry egvering
sll piddle class houscholds living in a certain rogion, Describe
io detail how you do the following (attempt any two)':

(a) Exanine, in a prelininary way, whether the distribution 6t
persoas by per capita houschold expenditure cn all ftema,
follows the Pareto or the lofmormal diatributien, )

(b) Construct theapecifickoncentration curve and estioate the’
speeific concentration coefficient for na ftem like sugar,

(¢) Exanine whether the Engel curve for suger (ny) has the
constant elasticity curve to the obaserved datn,

You may assunc that the sample of households is simple randon:
Dut the data are available only in & Zrouped form by intervals
of per eapita houschold oxpenditure,

(28)
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1 .a) Enumerate the items of {nformation recorded {m tho

Indian dirth and dcath registers,

b) State somo of the inportant recommeniations of the
expert bodics sct up in recent years to examine the
question of improving the collection, registration

and eompilation of vital stotistica in this country;

2, o) Enuncrato clearly the essential featurcs of an

Adridged Life Tadle,

b) Defimo "force of mortality®, Tho usual relationship
0 0 {
between e and LA i» given by o ® o + 5
Per which value of x this relationship is absolutely

untenable? Give rcasons,
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1(a). T2 Ay Ayy vie 48 8 sequenck of events’ aad’ if () Coe,y
N n

prove that the probability is ont that.only finitely many of tke cvents

oceur, .
' N

(b) Let .{)_ be the samplc space of sequences (ul, Byp oer ) (wher2 coch

a, = 0 or 1) associated with an unlinfted sequence of Bernoulli t'ridll,

J .
the probability of success baing p (0 ¢ p (1) “Write, for & sequence
0= (al, 8y are )

[N @ - 8 4.t

. o («) -np
oo ) o —D——0o0r
n [opa
Prove thet . :
.. o ) -
lia sup’ —i—

n— J2tog log n

for almost all sequences Q,

(c) Cive an exanple of a sequence ® = (3, 2,,000) In ) such thet

[P (%) -0 -
s e (W) .
la, iof - %k- lia aup —!;—) - %-
B =) O 0 —— O

. . 1 aan -

2(a), Let X be a finite set, having elcnents VR VRTIVR R (k) 2).
Let X“ be the sprce of all sequences (71’ Yas ese) where each ’j
is in X, Definc what is meant by primitive eylinder pubacts of X.'.

(b). Givo on example of a prinitive cylinder set of ram 3, How meny
prinitive cylinder scts (exclu!ing the eopty sct) arc thcre, for a
gi7en rank m ?

{e). Prove that the clasa of all oylinder sets §s closcd under all finite
set operations,

(P.1.0,)



(a). Let X -{o,l} s that k2, =0, m=1 mad X fo the
space of all scquences which are cooposcd entirely of zeros and ones,
Find out which of the follawing sets ¢ne cylicder sets,

IR CUENEEES

L ,
R RS

_(2) A -{(al, 8y wieas) 8 8, + 8, +3a -.‘4}- .

-

O O R L

3(a), Let X be the bumber of successes in o Bernoulli triale,
. .
Find E 1% = np)?,
(b), Prove, using Chebyshev's inequality that

58 -
4 £ T

P{I X =np
npe

ey

where M s o constant independent of n and &,

Bence show that

Iz e

(@int: Chooso B\E - na/a)

.

(o). Deduce !ron-".(h) thrg"*

00000000000
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. GROLD A

l(e). . (x] O) {a the denuuy luncuon of a popul tion with unknown paraceter
e, T ('1’ P ) 1s an unbiased estinator of © computed frem &
random sample Xy ooy xn. Explain how you would get an unbjased

eotimator with legs varicace than T, : (10)
(0)o- Let £ (x; 0) =3 0gx {6,
=0 Ot'!xenlll.

v

. (xl, veay X ) isa randon scople drawn from the above populetion,
2: is an unbinei estimetor for 0,. Obtain an estimator which ,
hn saaller voriance than this mnmtor. . (13)

2(a). '[ho.fnquency function of a distribution ia given as f{x; 0) where
9 ranges over a _non-dcgenerate fnuryn A and the dcmain cof x s
fodopendent of O, It s 2leo given that a real valued function
.1‘(:1, caay xn) calculated from o randon uumlc of sfze ‘0" drem
from the population le sufficient for 0. Obtain the form of the .
likelihood functizn of tha sample ’ll ' 0 . (8)

Ve « -

(b)) Let P(x=0)ap.
P(X=1)e1p

A random semple ('l' seey X ) has decn drmm frem the obove )
population, Show that 'l‘ (: R )m [ N isa )
sufficient statistie for p, ) (o)

(o). Exenine whother the statistic in (b) ia complete, (»)
3(a)s t(xs 0) is the density function of n one pnrraeter hdly of
dhhnnuon-, 0 ranging over a non-de(cncrnte intcrvnl :\.
2y n-.x sre independent.obscrvations from the poyulntlon,
1‘(!1: eveps ln) 1o an unbiased estimator of ¢ whose variance *
attains the Crazér = Rao lower bound, l‘rove thnt the Joint
denaity function of ORI S 1o of the !cm

Py (ll. cenn X, ) ] 0). h (xl, soup X )

(r.1.0.)



(b);

4(a),

(),

a2e
where g(T; 0) * satistics

410z gl o) - X(0) (r-0)
ao '

';lth"i'(o):io't depending on T,

Give an example 6f an usbiaséd éstimator of O,which is sufficient
for O but does not attain the Cromer - R0 lower bound,

RAP_B

Explain each of the following concepts in a nnclc ‘sehbdence 1
(1) Statistical model.
(11) Null hypothesia snd alternative hypothuh.
(141) Critical region cf a test, v HE.
(iv) level of siguificance of.n test,

(v) .Power of a test,

C e
A manufacturer axf electria bulbs ¢laine that the length of life
(in hours) of & ranlomly selected bulb produced in bis factory
will bave the prodbability deuuy fnnc'.ion

-x/o , x30 A -
with § = 0}0 A purchaser accepts the form cf tho ﬁm-ity Junction
but wnnts to test whether 0.= 0 or o( 8, oo the basis of u saaple,
He selects N .bulbs of randon (hdopcndene sclcetions) *nd lights thm
simaltoneously, At the end of tino t{hours) he finds that n out of
N bulbs are atill burning.. Find the unitomly no.t.pcvirlu'l teat of -
level & for testing H° 10= Oo ogainat l!l : 0)0 . ‘e

ey v

l’ Xz, «eo io on infinite sequence .0f independent random variables
with common unknown prabebility dcnsity function £, - RN

(a) State the necessary and sufficient conditions for the most
powertul test @ of level & for B, =t ogainst
REREEA bnn:l on (x,, X ) where f, m f, are given
dhunet probnbﬂity density !unctlo:u. CoL

(b). Let o; be the test which rejects . with prbability. « -
irrespective.of the odservations. Reuriedna to .the
sample space of (xl, et X ) use the neceasary condition
stated in a) to comprre the powor..y ° o of on o vith
the power y - of o and prove tMt

. :‘-(Y1< 12 Covecas (yn



als

(c) Show that for any given 0 <& <1, 0 < B €1, there
exists an integer N and a test for I!° agafnat H‘ based
on (xl' veey xn) {ﬁ:nvhtch the probability of firet kind
of error {8 len/ e«apd the probadility of sccond kind of
error is less thon p,

Xl, seep X- ’ Yl 3. e0ey Yn are indepenient ncrmal racdom

veriadles, Xl . (unknown), vericnce 1 ond Y"-

having mean Oz (unk.nm), variance 2, The null hypothesia

Bax 01 - 02 is to be tested against the elterative

Hlx 01-0295 , 8)0,

!¢ haviog pean ©

a) Fiod €, 0uch that the test with eritical region
»

—-ME

Rea ® {(’1'.'"' LS AROYE A RN
{a of level Xfor testing Ho.

b) For tbie probles,
. a -

1 B 1~
1

o n
P(’l""' LR YRITR A )= Pr[; ;.'x‘ -

n
ZY>
g 4

Birs

is colled the significance prodadility for the sample
(ll,..., X Y eer Ty ) where Pr rﬂ/uojdmoten the probability

of the event E when l!o holds. ¥Write down the expression for the

(10)

l P N %
xi-;z' ’1 c-,n

(s)

g 0
H zl’i/nu

significance probadility for a given sample and show that for a proper

choice of d.. + the eritfenl region
. ln :

%0 '{(ll, ey Xy ’1"""n) 1 P(ll...'.,x_, ’1"“":\) ¢ d.-n}

ia the same aa R,

8,0

e) Show that when 9 - 8,4 8, the test with critical reglon

R.'n accepts I!o with probebility

.

Pl,n 'é (§-l (1) - 6 2%)'
x

where %(x) - [;-'; o."e/z dt ond é-l (u) io the

“ony
solution of the cquation é (x) = u,

a) 1t you are allswed a given total s2aple size N(t.e. lm-N),
how would you choose n and n a0 as to maxinise a‘!ai\'

(s)

()

(1)
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1(a). State and prove Cochran's theorcm regarlding distribution of several
quadratic forma in stanlard norma) variates and éxplaio {ts uscful-
ness {n ‘analysie of variance,

(b). Show that the quadratic form (x -;)2 ean ba cxpressed ag_the sun
of squares cf (n-1) limear !\mctlbna of the x's. What do you
ooelude from this regarding the rank of the quadrati¢ form?,

(¢). ¥hat can you conclude from tho lientfl'y zxi £33 ("_;)2 . n;.
rogur'lng the rank of E(x - )2. .' ’
(mm- Both (b) and (e) are required to estoblish the rank of

Il 4)"

(2). Use Cochran's theorem to establish’ the independence of X and »
in eampling from normal populstion, lso show that Cochran'y theorca
enablos us to obtain their actual 2istributions also, (30)

2(a), Detine the sultiple correlation coefficient R‘ 23 of x, on

x, and x, an? derive an cxpression for R 3 in terms of

3
ordinary corrclation coefficicats r”.

1.2

(®). . Define the partial correlation coefficicnt Tis.3 between

Xy and ’2 eleninating Y and obtain an expression for rlz..:l

in tcrms of ordimary correlation cocfficicent r

(o). From-(a) and (b) dedyce that 2
(1-)!2 2 ® (l-r .,3) (l-rm)

Yhat fa the significance of thia relation? (20)

.

3. Cived n obscrvations (y t, ) on 3 assaciated variobles
¥y x, aod ¢, let aedxec be the best lineer regreseion of y
onxand ¢, Let A +ft be the beat lincor regression y
ont, Let 2w y-o(-ft, Shcw thet if the best linear
regreseion of Z on x im AeBxr, then B = b, What is the
statisticel significence of this result? (18)

1§°

4(a), Definc the bivariante normel éistribution g.ivlng their joint
probability density functicn, Show that

1) the marginal distribution ef x ant y arc norsal

11) the conlitional distribution of y given x (as woll as
x given y) fe aleo mormal

141) the regreseion of y ani x (1a well as of x and y) 4s lincor

(P.1.0.)



e

iv) the conditional distributicns sre homoscedatic.

v) It P e 0, then x and y are lndepc-nden.l.

(). Define the multivariate norual distribution, Find the conatant
of integration, Show that the variance, covariance matrix is
the fnverse of the matrix occuring {n the definition,

8(a). Itx ers %, be {ndependent N (_“1"{)"“’4 Yy e,

1 %2
_ independent N( “2' G,,).' 1t (n-i) nf—-‘z (xl-;)2 ond,

N -~ -0 .
(n-t) -g = Z(y, - ¥)°, then vhat La the distribution of
H ' - . . . .

2 2 A B
YA ot
2/ 2 ? Fronm this obtain 95% oonfitence linmits for
5/ o, o 2
the ratio of the variance —:- ?
02

(b). Give Aﬂf'u;upla'of A pair of rendon vuricbles x and y having

2= 0 bdut which are not fnlcpendent,

“reees=
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Anaver A8 prny £e you ean,

5. A etcel bar 18 inches long is subjected to a earefully regulated
bordening process, The hardncss is deternined at the extremitics
of the bar, ani at nine polhhm in betvcen. The following
results are obteined @ i
Diatance fron 0 1.8 3.8 584 2.2 9,0 10,8 12,6 14,4 16,2 13,0

end of bar (d)

inches

Vickera hardncas y
ausber (h) "50 278 29-8 335 T4 414 454 593 358 604 61

It is required to deternine a matheoaticnl function to graduste
the chenge in hardness along th: ber, X Two forns of function
cre suggested . -

i) b = I.oBdoCdz

1) b = «eB

Which of thesa formulas appear to give the better rcpresentation
of the changes in hardness along the bor?

(Pints= Fit both these curves to the data. Comparc the S.S, of
ruidunh. f.r grnph\cnl conpare the goodncss of fit, Work with

x= n of 1—8— to ainplify computations), (40)

2(a), Two experinznts A and B take repeatcd ‘censurnents(in‘m) en the
length of a copper wirc and the dzta are given below, Test
whother B's medsurcacnts are morc accurate than A's (It mey be
supposed thot the readings txken by both are unbinsed ),
Ate readings: 12,47, 12.44, 11’90 12,13, 12,77, 11, 00 12, 18 11,96,12,25 12 27

B's readingss 12,00, 12,34, 12,39, 12,18, 12,23, 11,98, 12,22, 12,46

(v

~

The coe!ﬂcie.nt betwoen nasal length nnd stature for a group of 20
Indian 2dult males was fouad to de-203, Tist whether there is any
correlation between the characters in the population, (20)

3. From mcasurcucnts for each of 18 cinchona plonts on y (the yield
of dry park in 02,), x,(the height in inchcs), and x, (the girth
in inches), et a lcvel “ above pround, the following“quantitice
were computed,

y 5 )
Suns 561 170 o
5.3, 22,200 2,133 218
e %2 Y
8.P, 6,62 ns 2287

(P.1.0.)



3,

=2a

a) Obtain the multiple regression cquation of y on T, and Ty

b) Exezine whether 1 anl x, ore jointly usctul for prelictery y,
¢) Exanine whether X is useful when X, is alrealy there,

a) For x, = 8 eont ¥y, =4 obtain 05% confidence fnterval for

the corrcaponlting mcan value of y, . (o

The following table gives the roisture content (in gme,) of a
certain £00d product, The levela of factor .\ are 3 kinde of
salts thoae of 3 are unounts of ccid and those of C arc two
different addftives. Perform anslysis of variance ° test
for mein effects an! interaetions, Describe your finZings
in simple .longuage, .

level of B

1 2
level of A level of € level of C
1 2 1 2
1 - 8 5 8 4
2 17 11 13 10
3 22 18 20 15

(s}

000000000900
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Attem T\.un on; am Gronp A

and Two questicns fyom Growp B, .

—— L

@ A
1, Doscribe the latin Square hy-cnt and discuss the advantagés and
disadvantages of this design. * Show the structure (that is, the_
ocoponents with their degrees- cf'!reedon) of the nnalynh of
variance appropriate for thia dulgn.
e s
2. Definé a bulanced incomplete blo:k desizn with parameters
(b, v, r, k, A ). 'hat is the need for auch designa? -
_Show that for'such designs b 2 [ (ORI :

3. Explain the termst main etueh end interacgion vﬂh reference
to a faotorial experiment invalvinu 2 factora, cach at 2 leul..

That are the admntagu of & fnetorlnl type of experiment over
the classical onc-factor—at—n-tine type of expericent?

GROUP_B

4,  Wbat {s meant by conloundin.';" ln a8 factorial experiment?
¥hy fs 4t tcken recsurse to? -

Drow up a scheme of balanced partial econfounding in a factcrial
cxperimént fovolving 8 fectora each at 2 levels, in blocks of
8 plots,

S,  The yiel?s in lbs. and the lay-out of a varictal trial imvolving
5 verieties of wheat in 4 randooised blacks are given below,

hnalyae the data and arrange the varietics ia decfoasing order of

yleld,

Blok I3 ) (0] () ) (s)
28 27 n 16 22
(3) (2) (1) (s) (4)

Block II s 23 20 2 s 20
(s) (4) (1) () (2)

Block III ¢ 18 20 30 ar o

Bloek IV ¢ () {s) () () (3)

31 18 29 14 kL)

(P.T.0.)



To compare the suitability of four different types (3, B, ¢, D)
of rubber in the production of motor car tyres each of four
tyres was built in three sections, usihg one type cf rubber

for each section; The tyres were fitted on a cor and run for

a fixed length of time;, The loss in weight due to read friction

for cach of the twelve occtions is shown below (in urepeeified

units). Jnslyse the data and give your cozments,

BUCL1IUOE

1. 2
A B
23, 24

'y A
2 A 20
ParE

3 33 2
.- B D

i 13
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1. ¥rite & nite on YNilitary Standsrd 103A bringing out all its

salient fenturcs. (18)
2, Describo bricfly Dodge's conticnrus snmpling plas (CP-1),

In what weys CSP-2 and CSP-3 arc differcnt fron it? Can-

you suggest any other variztions that con be made fn CSP-1? (18)

Derivo tho expression for AR in CSP-1 in terns cf the
elerents of the plan, i and f, (18)

3, Lot quality is specificd by proportion-dcfective, Aa
ndividual product ts defcetive if its quality x)Uj
otherwise it is non~defective, 'A’ainpling schene is
specified ea follows ¢

Senple size. n
it ¥ L U~k0, ececpt the 1ot,
X 7/ U=ko, reject the lot,

T is tho rena of the smaple tnd O {e the known stcnderd
deviction of the populaticn.

(a) Stating clesrly the nssunptions, if any, écrive a
formula to cbtain points cn the OC—curve of the plan, (10)

() Using the sbove formula, obtain the clemvnts of thé
swmpling plan piven that P, P, X znd B aro a3L,
LTPD ond the two eorrcaponiing risks, (s)

Control eharts for £ anl e are oaintained on the weight
in ounces of the enitents of a certain enntdner, "The
subgroup efze is 10, .Aftcr 18 subsrsups,ZX = 393,8 nnd
$s=8.24, .

(a) Computé the valucs cf the 30 1imite for the X,0

eharta, Eatioate the valuo of @ , the process

standard deviation, 4hat will he the standard

error of the average of 250 ncasurcoents? (12)
(b) The minizun specifieation fcr tha weight is 32 ozs,

Jt s desired to held the overfill to as lcw a value

ag possiblc conaistcnt with mecting this speeification,

What sheuld be the afmed at value 2f the priccss

avernge? (8)
{e¢) “hat wag the avernge over=f411 during the period

covered by the control ehart in (n)? If it were

permissible for 5% to be below 32 oze., huw much

cculd the averago over—~fi11 be recduced beluw its

present value? (9)

(Pi1.0.)



ole

Derive cn iteo-by-iten sequentinl samplins pléu and sét
up a grapkiecal prot¢edure given thot Pl = 0,08, Pz = 0,04
e 0,03 cnd 8w 0,10,
: .or L3
A single eenpling acceptaseo-rectification plan for éttributes
baving eleocots n = 10 and e= 1 is under operatfon, the lo'.
eize being 800,

(a) Calculate the probability 6f accepting a lot with
.{neocing 1ot qunmy pe 0.2 (o 2) .s.

(b) Rind the valuce of A\N fu the above doscs,

(e) How cany iteze oo the average will be inspected per
lot in each of the above casca?

(20)

(8)
()

()
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Note: Answer any four

1. Do logerithmiec demand functions of the form
_loci:“ adl +P log y".onu

provide good graduaticna to 21l conponents of fanily
expenditures and savings 1o the estination of Engel
curves fron fomily-budget data?

B‘ = expenditure on the i-tb comnodity by the
§  j-th fanidy wie

- incope of the j-tb facily unit

u, s randon disturbance

11
o aod B are constants

Cerefully rihf.lnpﬂnh between tho Lorenz curve and the
specific concentration curve, Indicate how these ncy de
used in the estimation of Engel elasticitics,

3, iy are single cross-scction sasples not suitable for the
estimation of price olaaticities of decond? Would a time
series of cross-section samples be more suitadle for this
purpose?

4,  Outline some of the major criticisns ngainst the use of
the Cobb-Douglas type of ‘production function for Indien
vanufacturing fadustries,

5. How would you devise a statistical test for the existence
of returns to acale in productica (increasing, constant,
decreaning)?

8,  VWrite short notes on the fcllowing

1), Paroto -«
11). Durbin-Watson test
£11); Multieollincarity,

=sssne=
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Attenpt Q.1 and any two o rest, All

Qucotions earry equal marks,

1, Comment on tho etntcnent that the Quentity Theory of money is
bighly over—sinplified but in tioes of iuflation §t cores into
its own,

2(:).Repnnnt graphically the differcat sacrifice principles
stating clearly the assunptions you will make for such
represcntation,

(v).1t log, y represcnts the utility of co fncame y and if ¢ be tho
rate of taxation on incape, diecuss the nature of the tax
systen when .

(l) there is equal absolute sacrifico of utility on all fncones

(u)_tbero is equal proportional sacrifice of utility on all incones.

3., "The supply and decand for money-holding deteroine the rate of
interest.”®

“Business dcoand and houschold supply of earning sssets are the
determinati of the rate of faterest,"

Develop the ideas contained iu the two theories and show whether

they are equivalent, Would you consider the rate of ioterest tsa
sclely monetary phenomenon?

4. Explaid the role of the @entral bonk as the lender of the last
resort,

“saserse=
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Note! 20 morke ore rescrved for geod perfornance
in clau work opl teke-homo examinations,

1. With rupect to tha dnta luppllod to you in Table 1 the following
graphical enalysis is expectod, =

1)  What distribution fits best to the dota? You may oxptrmnt
-Mh the lognomal asd Poreto,

ii) 1o thre nny lndlcauon that income distribution wariea
* aubstantially from tine to tine? To -hnt extent and {a
what way?

141) 1s there any indicction that the variation if any con be
explained by the average level of jncone?

iv) Wast additfonal data vould/hieed in order to make & resl
. ‘comparison betwéen the two distributions,

Table 1, Diatribution of households in India by
-lu el:luu of personal fneone t ot
eurent ‘prices.

. . percentage of
annual - 1852-83 1066-57
houneycld houscholds incone houscholds fnconme
hmo)no .
Rey -
0) (1) (2) 3) {5)
less thon 500 8,18 2,8 2.33 3.8
500 = 1000 . 31,27 18,9 38,00 23,8
1000 = 1300 21,61 25,2 20,94 28,9
1800 = 2000 13,04 17.8 13,62 19,7
2000 - 2500 . 12,20 18,8 4,03 6.9
2500 ond over . 8,70 19.0 8,03 171
(20)

(r.1.0.)
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2(1), Fron the time~scries data relating to Indian irons and steel
{odustry during 1931-87, conatruct a Cobb-Douglas production

function
xe A nu(kpu
where
... . xe nctoutput iﬁgd.;x
n @ labour fnput( *
k = cepital input( °
u = raoica disturbance,
Tadle 2, Some data relating to Indian iros and eteel
: * industry (1981 = 57); bosc 1951 = 100 © -
year net output (x). .+ - Aebour (n) 1+ capital (k)
1951 100,00 - - -100,00 © -100,00
1952 .. 103,02 97,51 Cer.21
1083 97,03 N T 110,92
1084 e C107,31 . T 124,02
1988 e0 169,76 137,44
LD . ‘ey 4. N
1956 08,04 RIS 185,08

1957 . $3,00 . 111,01 200,72

(11)  Also, test ibe hypothceis of constant returns to séele
agafost that of decrcnsing returns in the industry, R (10)
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1, Eitber,

1) Define 'underlying cause of death! (VEO) and discuss its
fmportance in the field of public health,

11) Yhat ia the necessity of stanlardizing death rates?
Indicate the methods,

O,

¥hat are the ftems of information usually collected fn 8
populaticn censua? Driefly indicate their significance in
demogrophic studies,

2, Explain shat is meent by the following terws :

Specific fertility rate;

Complete expectation of life at oge x;
Central rate of mortality;

Net reproduction rate;’

General fertility rate,

e oo oe

Give your opinion about the validity of the following statement
with reasons.

"In a certain country the et repreduction rate (N.R,2,) has
been less than unity for scme ycars past, but the population
has been increasing, The NR.E, is rnot therefore a suitable
index of population growth”,

3, 'ﬁe following table shows the growth of a bacterial éolony as
observed.in a eertain locality in aquare centiceters, Pit a
logistic ecurve to the data, Estimate the area after a weck,

Age of colony . Arca {n square
(in days) contioeters

0.24
2,78

13,53
36,30
47,50
49,80

C I T

“eosvees™
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1. Let X be a finite set having ¥k ¢lezents ;! x1, sesy xk « Let
X be the cpace of all sequences of elments of X. L}et C,,
c2, .eo be cylinder sets in X ,such thut 01 ¢ 02; see e
If Q C, = @, rrove that ¢, = ¢ ofter n certain stage.

2. Let X be the set {0, 13 ond X, mean as usual, Yor ¥
= (yy0 320 o2} € X Tdefine

01

3,
I(I) 'L _\n;‘.

Conaider the following sets in X(a,.
@{ Y04 N 3] (4 F1G) 3 PRI

Sefig aperl @ {fu (?)-1}
Pind out these sets and discuse which of them are cylinder
sets.

3. A nunbor}’ 18 selected at randon (i.e. heving uniform
_distritution) between O snd 1 and expanded as- the infinite
decimal

7 =00y Yy oo I vee
Prove that y,, Yp1 eee Are independant and identically
diatributed randsm variables with

r 1 '
Fr(¥k=’j=; r=0,1, ... 9

for allk = t, 2, ... '
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Separate onawer=book ehould be us:d for cach group,
GRCUP_ A

1(a). Let f (x, LA ﬂk) bo the frequency functinn of raidon variable
x, where 01, weey ok aro unknewn porenctors, Lt Xipees X bo
a randoo sacplo drawn Zren the pojpulaticu,

(1) Dofine the infomution mutrix of the sargle XyreeoXy [5_7
(11) Let Yy (x!,...,xn), cenr by (xx,...xn) be the cstinutors
of °l""' ﬂk reanectively, When do you sy that these

estinators :r¢  (a) unbiased, (b) Jofntly sufficicent,
() joiatly ctficicnt, Aty

(114) Explain what you mern by niniual sct of sufficimt atatistics, [;7

2(a). Exonine whethr the following stcteuents ore true,

(1) 12 ¢ (Xl. .. xn)' eer ty (’1' cvey xn) ars jointly
sufficient for O,y (4. O S0 Qt'l.-‘suon then "1(‘1"" xn)

is sufticicnt for 01.

(41) The nethod of naximin likelihood catirrtion aiways provides
cinimm varionce unbiasce estiutten, E

(b). Yrite down the cojmptotic distribution of the caximmn likolihood
for a sirgle parancter, etating the underlying regulority

assucptions, E

(Plcasc go on to tho mext page)



3.

aln

crow

X,y seep X are indegendont randon variidlos with corre:
1 n X

density function

.-(x-ﬂ) , x) 6.
7

=X

(a) Show that Yi =

. N tert ’
(b) Find & unifornly most powerful/ef 1evcl X for

L‘a 1 0= 00 wyoinst alternatfves & \00.

State the general ized Neynan.- Poarson lcrusa.

Xl, PPN xn arc {nlependont noruzl varintes witi: swen O
varfence 0 .
test of level o for R ¢ 6'2 = 1 ogeinot al ternatives
6‘2 £ 1 acceptn i if ond only if

o2
cl< ) x1 ¢ Co
1
-here. cl end c2 sutinfy
c,/2 | o Een C,/2
el v du 1 =tu J
Nt

‘cl/z

90000000000

1 pos uniforn aistritution on (0,

.-0).

end

Stow that the uniforoly most powerful unbiansed
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1.

2.,

3)
b)
¢)
)

4

ITIAT STATISTICAL INSTITINE

Feeearch anld 2rajning Schosl

- Jeriwdional Extafnation -
B.53tate IV Yoar

FUCLLAICAL KECLS AID SNLE SUIVE
STATLSRICAL BEDACES AMD SALELE SUIVEYS Tta08 25 Les

: - PR ’ nx. 2rke. KO
(Mwwor av Dy 88 you cdn.)

For cetiznting the ¢9tal nunber of fruits in all tha 1CCO troes in 2

garden, the ganlouor poed to eich tree and mites down hid eye cutixto

(x) of the nuzlor of fruits.: fho omer of tho gorden wons ¢35 get a

aore dccurtte cdtimte, He choscw 3 piaple randaa sazple (wishout
replacesent) of G treod and gees the esdct nuaber of frufte (7) in

edch of these trees Uy plucking ¢ t the fruits. Suggeet a methad of
eatixetisn of the total nusber of fruita, which mkes use of tho

amilable dnfarmiins. Justify your mothad. How can the ownar got

an {ded of the accuracy of She estizate froa the sample igselfs | [26)

A rorulation u'dividm‘. into two strata of eizos "1 and llz respectively
A mizple randoa sam.le of eize'n, ls “tkan froa the th strotua anl
obeervatiome Ao 2o on 3 chardeteristic Y.
3) Suggest an unbiaecd catizntq of the porulatfon tolal of Y and

£ind out the "ariance of tiv estimta.

b) #had will be the wize of tho 8izplo taken froa the i-th stratua whea
the sotal samnly size is n ey, urder optizml allocatisn.

¢) If R is the ratis of 7y /my to nj/ni. whers nj 1o the

optizua 1-*h 8iratua 3a;le 8426 23 obtained in (b), then ohow
tiat the redrtive preciaisn of the :W;'{’ allooxtion to the optimua
allocation 18 never less *han 43 fleRs

[ Hint . Express the relative preciaion 2s a function of R and

£ 2 2
by a0 try t0 find the 2inioua aluo of ‘he sage -.r.t.—'—]
2 52 155
Mat typo of stratificasion will your sugzest in desipung 3 eaxple
sursey to atudy incsaes of house hold {n Caleuta City.

In strotified e3anling, what are the considorations to be taken ints
acoount in foralng the strata,

tStrdtifieatisn usudlly jiolds greater dceurdey per wilt and ofton rudu-
ces co8t per uait s -oll' aql.ﬂn.

Proportioml rq_lng i8 usullly more convenient thn ne,,-.nn'l optima
8azpling, but esactizes Neyzan's allocation is more adwvantagecus',
Brplain. . . [8+04848)

7o stuly the oaminga of daily waie workorw §n all factories in Caleut:n
which of tho tws fzllowing procedures ds yiur reconaend? “hy?
1) Stratify tho factories by eizo of workere and “alue of $9tal output
and wse a stratificd randoz exrle.
11) Choose & pps uvicple of fadturies with prouum,, e
proportindl 43 the nualds of wirkers,
We are siven a lat of tho factories and tho $otal nuzber of
&y wago workers in the factsry and the *alue of the toal dnfly
output. [lﬁ]

[os8exc

Peu04a



5.a)
. b)

c)
64)

v)

=2a

"Samrle 8hould be used only when it 48 iapossille ¢ gt A coaplote
eant of the papuldtion. Ciw your ¢sxaents,

A saaple {8 nover rs satisfactory a» coaplote enuzerationt,
Cozaont.

What are the ad-fudapes af sa=ple survey owr complete onuwaeration. [5

Show that the -Ariance of the r-th row ncmeat is giwven by

. 1 ydy
LvE) - 30w w)
sssusing U} = 6," hence deduce that the waridnco of the reth central

maaent 18 given approdzately by
* 1 2 2 2
Y(nr) “n ( PP S zrur-lurd] (x

Cn the 1a9ia of a sapple of eize n drawm froa any givon population
with mean ¥ and a.d, 0, ladicate the procedure you will alopt &)

test the follawinzt

1) ua= 34 when 0 48 unknowm.

i

1) o0 -0, .

What will hapren in the ease wien the poruliion {8 noranl? (¥
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Atteinpt ALL the questions, P'igures
in tle murgin indieate full marks,

1, Either, Write a note to explain with examples the roles of the
{2chniques of randomisation, replicotion und error conirel in
planaing a scientific experiment,

txplain the concepts of main effecta and {nteruction
with reférence to an experiment fnvolving 2 factors oacu at
2 levels; %hy is a factorinl type of <xperiment . preferred
to & one~factor-at-a~time type of experiment?

Er

2, Zxplain the use of the technique of analysis of covaricnoce in
jnercasing the precision of an cxperiment, Show the structure
of the table and the computational details for an experiment
in r randomiscd blocks involving t trcatments amd one
nuxiliary variable, 20

3, ¥hot ie a balanced incomplete block design? In what situations
are thacy useful? How will you analyse the reamulis of such an
oxperineat? Give the layout of the {blank) onalysis of rariance
table end the computational details,

>
S

4. The following tnble gives the rcsults of on experizcnt to
compars tle yiclds of 4 verictics of wheat ¥, S,°V, T carried
out in 6 randomiscd blocks with one plot missing,

Analyse tio data and give your cormcnts.

verictics

Blccks M ] v T
1 81,0 105.4 119,7 .,
2 80,7 82,3 00,4 87,2
3 146,6 142,0 150,7 1010
4 100,14 113,85 10,2 17,7
5 82,3 7.3 8,4 131,3
(] 103,1 105,1 118,56 132.9

¢ % pissing,
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Scparate answer=book should be used
for_erch Group,
GROLP__A

Angwer any twp,
1{a). Critically exmine the effect of repayment of loans by guvernment
on national fnceme, (13)
(b). State and prove the Hoavelzo theorem, i (10)
2(a). Show that an ineremes in goveranent oxpenditure on goods and

services, ceteris paribus, hos a stronger expansfonnry effect
on nationel jncome than an incrense in transfer payments of

the same anount, (10)
(b) Sumarise the principal arquments for and against protection, (15)
kN Carefully examine the theary of comparative costs as spplied to
explain international trade, (25)
GROLP B
Answer any two .

1, Give a brief account of the nature and usca of Leontief input=
output models, MUention seme of the major limitations of those
models, and suggest improvemonts, if any, (23)

2, Outline the basic assunptions pade by Milton Fricdnan in hie
permanent incone hypothesis, If you agrce with all bis assusptions,
indjcate how you would procced to ostimate the overall 'true!
marginal propensity to eonsume, X (23)

3, In the linear, singlc=equetion, errors-in~equation models show
how you would estimate the individual jnflucnccs of exogenous
varfables wvhen the succeseive disturbances are unautocorrelated,
How would yon medify your nethod if the disturbances are
autocorrelated and follow o sicple linear autoregressive scheme? (25)
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EDUCATIONAL STATISTICS

Q‘ uration 3 ..:i hours Moxioum Marks: 100 Datey 6 Aprjl 1964

Attenpt oA many guestions as you ean
1. What are the basic assunptions of Mental Test Theory? (10)

2, Define the following teras 3

a) Error of Measurement,

b) Reliability.

e) Validity.

d) Parallel Tests.

¢) Speed Versus Power Tests, (20)

3.  Exmipe whether the folloving statecents are true or not,
(a) The sequare root of the difference between unity and
reliab{lity coefficient is equal to the correlation

between observed acores and error scores,

(b) The true variance is equal to tha relfability
coefficient multiplied by the error variance, (16)

4. Pind out the effect of increasing the test length k tices on

i) Mecan.
14) Error variance,
i41) Reliadility. (20)
8(s). Pind out s function of teat validity that is imvariant with
respect to changes in test length, (1)
(b). ¥hat 4 "correction for attcnuntion® What does it aignify? (1)

6{a). If the reliadility ot o test {s raised froa .60 to ,60 dy
lengthening the test, a validity coefficient of ,60 for this

test would be expected to be increased to what value? (10)
(d) Test Mean Standard Reliability
deviation
A 100 20 .81
200 40 95

Estimate i) error of measurcaent of B,
11) the correlation between true scores and obscrved

scores of A, (10)

1 Deseribe two methods for eliminating tho effects of guessing
o a pover test, (20)
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FRORABILITY
Duration ¢ 3 hours v Maximum Marke & 100 Dates 28 liny 1964

1(a). 8, is the mober of successes iz n Berneulli trisls with
probability of success p (0p (1), Let -: - (nn-np) /J/ opq .
Prove that ticre exists a constant C, not depending on m, such

that N
ea (¢
for all a. (s)

(b). Hence or othervise prove that.

.
55, )
with probability one.

2(a). Let X boa finite sct and let X, be the space of all
infinite sequences of clevents from X, Deflne carcfully

- the notiod of & cylinder subset of Xa(. ' (s)

. N
R .
(). Lt X= <0, 1} and tor any @= (8, 8,000 ) in X

(f.e, each 8 -.o or 1?‘

ln(‘v) - (Al' ot nn)/n

write

Prove that the sct
R
IRICEE

1a a Borel st dn X{/ which is not & cylinder sct. (10)

(c). Give an exmplc of an @ in X ’hr which -la !.(U)
. o~ —> 30
does not exiot. (3)

(Plcase turn ovor)
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4.

ﬂ(n).

().

“le

l l.) is & scqucnce of positive mcabers  suwh that . — +oC

but -://;'._) 0Oas n—> ¢+ 20, Lt lnhethn
number of Leads in n independent toseings of an undisssed
i i

coln and let  s% = {0 = !Il ) / = /n_ + Assming the
R a n 2 ar.
normal apirozication to the bimomial, preve that

1 -

]

2f .

in the I.I.‘:HE that the ratio of the two sidcs tends to 1 as

iz
78

h-(o; > nn) A

B —— (s : (25)

Suppose thet ia a ballot there are two candidates P and Q with
P obtaining p and Q obtaining q of the votce, Assuning p) q,
prove thot tho probability that P led throughout the counting
e () (pe). . (1)

are mutunlly independent events,” Let P Pr(Aj)'

1¢ p’ =/ y prove that, with probability onc, infinitely

z
3

many of the AJ.!x oceur, Prove alao that, if % p.’ < 20,

with probobility one, only finitely mamy of the

A's occur, (808218
Is the lmlt/pendenco assurption nocessary in order to prave

the sccond aoscrtion in (0)? Giwe aa cxample to 1llustrate

your ans7or, (0]
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Separnte answer-book should be wsed

Lo cach Grezp,

GUP__A

Answer nny three guestions

1(a). State the asymptotic properties of tka estimators obtained
by the octhid of maxiown likelihood mentioning the underlying
asswmptions, . (10)

{b). Xl, veny X eie independent Poisson variates vu.h nean 0 ud

Yl .es Y m independent Poisson variates with ucan 20, Pind

the nuiuun 1ikolihood estfmator of 9 bascd on Xl,.... XH,

Yy eey Yni (s)

a :
2{a).  Define a Bayes solution for /gencral dcofsion problem with

respect to o civen a priori distribution on the parameter
space, (3)

(b) Ta the ehove omtext define the a posteriori risk of a decision
prnudure for 8 given scaple, . (s)

{e)e Show thnf. ziven ‘an apriori distribution aay decision procedare
which mininiscs the a posteriori risk for each point in the
sanple epaco is a Dayes solutfon, (4)

{4).  Show that if a decision procedure with constont risk h a
Bayes solut{on with respect to same a priori distribution
on the parancier space, then it is ninimax, (1)

3{a), l‘Mt are consfotent ostimtors? ) ’ e )

b), The probab{1ity distribution oo & smaple space involves an
unknown paroneter @ ‘l‘l T PORTOR statistics deﬂned

on this saople space.

It a5, T,-0 asd Ma  Var, T 0 for

) a—y °
each O show that T, is a consistent estioator of 0. (s)
(). !)eﬂno tho'oﬂio!ency of an unbiascd ostimtor, )
) It ‘l‘l is an unbinscd officicnt estimador and 1‘2 is another
unbiased catinator of officicney e show that the
coefficiont of correlation between T, end T, is e (s)

(Neaso turn over)



4(.):
(»).

(e).

(a).

LY

Tefine a ou?licient atatistic, @)

State and prove the factarfsation theirem for mufficicnt
statistico on a dlsercte sample mpace. (5)

X ‘s X are indcpcndent random vuriublu with

" r[xi-xJ.o, ‘ P[l-o].l_q

n
Show that T X, is lnfflth‘lﬂy for 0. e 2)
T E

n .
Show that 3 X‘/n is the pinioum variance unbiased

-

=y,
eatimator of O, . (6)
IEIE6S B (2)

RNAR--H

"Anawer any THREE questions”

X,y oeny xn are independent randoa varfables with cormon
probability donsity function

t(x, 0) = ; o , x30
» 0 y x0,.

030. 0¢ 0°<°1 are given, -

(a) Find the uniformly most powerful level X teat for the
null lypothesis 0 = 0 againat the alternative 0 } 0 . (8)

(b) Show-tint the pwor ol this test is an increulnx tunctfon )
o! 0, 8

(Xl, Y ), seey (X \’ ) are fndepeadont obumuon- on l bivariate
noroal distribution with EaY, BXay varXe 7,

Var Y -'72 and Coy (X, Y) = f.+ Derive the wnifornmly poat powcrful
unbjaecd level &X tast.for the null hypotheeis . f- 0 against

the slternativo € 4 0. - - (16).

(Please turn over)
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7, 1,0,1,0, 0 aro'indepindent observation on & Poisson population
with mean /¢ and 0, 2, 1, 1, 2 are indepindent observations on
another Poisaon population with mcan A . Use the unifornly most
poverful sinilor region teat at level 410 to teat the null hypothesia
= A againot the altornative A ), 4, (In case you cannot
take & decision outright, givo your rule for randonisation), (18)

l(l).Xl, ey XH, Y!. ety .xl' Zl, Y Zr are independent normal
varfates with X = 'f, 'D."-r. . ﬂry' and cormom variance
$o7 F wa G are a1l wimorn; Derive the Mikelibood

ratio test for tho null hypothesis }'. - 2y (10)

(b).Explain how tcsts of level & for simple hypotheses involving an
unknown paraneter oca be inverted to obtain confidence
scts of confiicace cocfticient 1 =% for the same paramecter. (s)

NEATAESS (2)

PYYYTIT)
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(Answer as mony quen.lonl a8 you can)

1(a). Explain the role of ltnnd error h large sample tests of
ngniﬂcmcn?

v

(b). What is the dﬂhranco between lnrp nnplu tuh and mll
sacple tests? :

st o

(¢). What is the standard errof ot lAMlplG’ ‘coefficient of vurhuon?
Sketch the. deriwtion. - KR {34648)

2(a), Show that the sample quantile - x_is nyn'ptcuull‘y mx:\;ll
with mesa b (the corresponding populluon quantile) ond ’

S.D. —(—')' ’ Elnrly stating the assumptions

which are ude.

(b). Hence or otherwise obtain the standard error
of the sacple median for a normal population? What is
ite asymplotic effiency conpared to the mesa? (1048)

3(a). Derive the distribution of the sample ran e, given n
independent observations with p.d.f. f(x) dx,
{b). Deduce the explicit formula for the distribution of the

range when 1(x) - F o-ha and ne2, (8+7)

4. Write short notes on each of the following ¢
(a) Bartlett's test for equality of wrhuzcu.
(b) Toleranmce linite
(¢) Run test

(d) Uses of orthogoaal polynomiala in regression analysis, (8+6+646)

(Please turn over)
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8(a), Define multiple and partial corrclation cocfficients,
Explain their physical significonce,

(b). Dow will you test on the busis of a -mpl;: of size n on

p associated variates that the pm variate is uselcss is

predicting X when X, -1 u'o”llrtndy ovailable?, . . _(M.‘»)
6, Explain the concept of interactlion in analysis of variance.

(Considor o two—way classification with multiple and equul

no, of observations oach cell), . L (9)
1. Give two exacples of use of statistical octhods in each of |

the following branches of acience :

a) Biology ; b) Thysice and c¢) Chenistry, (9)

000000



Durntion ¢ 3 hours

1.

2.

EN

DL STATISTICAL INSTITUVIE
Research and Training School

Annual Exnofnation, 1664
B, STAT. IV Year

STATICTICAL METHODS  (Practfea) )

Ynximum Yarke: 100

Aaswer 8 _many guestions as you can

Datet 22 Mry 1944

The corzelation cocfficients betnen the scofes in two halves'
of ‘a peycuclogicel test applied on’seven groups of 30,°20, 25,°
40, 45, 35, 50 etudents were .63, .48, ,71, .65, .57, .JD, 51,
Exanine whethor the groups are different in respect of the

correlation coeffiolcnt,

(30)

The following data relate to the heart weight in greas of

12 female and 15 male oats.

}'crrt weipht in Grn:q

Wales 1 12,7, 156; 9.1, 7.6, 12.8,'8,3, 11.2, 9, 4, s.o,

14.9, 10,7, 13.6, 9.8, 11 1, o.a

Femalost 7.4 3; 101, 9.0, 1.6,:9, s, 10.1, 10,2, 10.1.

9.5, 8.7, 7.2

Exmafne whother the heart_weight of nles . and femles
the sano diatritution, Use large sample median teat

The follozing table gives the test scores rade by 10°
palcemen on Intelligence test and their weckly sales,

Salesmen Test scofes

40
70
50
60
80
50
90
40
60
00

CORUNAARLN

-

fales

(in hundreds of Py )

25
G0
43
50
45
20
55
30
43
30

ollow

(20)

(a) Exmine whither there is any ecorrelation between the
twa series, "(You need mot caleculate the correlation

ooefficient),

(b) Obtoin tie regression cquation of weekly sales on the

teot soorce.

{c) A new solcemnn makesa score of 70, Estioate his weckly

sale,

(4) hat i the standard error of the coticate ia (c)?

(33)

(Please turn over)
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4. A stuly of the ngrket for various comwdities anong 8000
readers of Collicr's mognzine reveal the following distribution
of ecople houscholds by size of household as cocpared with
the corresponding census cstinates for all U.S, hcuscholds,

Table showing the distributions of 8000
Collier fanilies and all U,S, fanilies
by size of houschold, .

Persons in Collier TUUU UL S, Faniles
houachold - sample | (percent)
1 et a e - 10.0
2 2308 29.8
3 1968 24,2
4 1502 18,0
s 800 10.0
) are - A8
7 . ..o ts2 1.1
8 or nare 168 SO s
Total 8000 130,00

Exemine wheiter the Collier sample provides a rey.reun.u'ﬁn .
. pleture of tho distribution of the size of all U.S,houscholds,

(23)
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Duration: 3 hours Wixfrmm Yarks:100 Dete: 20 Moy 1964

nawer ng oamy questions as yon can,
Answera must be bricf and to the point,

1(a) What are the principal steps iavolved in planning aml

exccution of sample surveys?

(b) Wuat are the various fields of applications of saople

3.

4

surveys? Give examples,

¥rite duwn the Hlorvitz and Thonson cstimator for esticating
the popul ation total from a pps somple without replacement

ofsize 2, Shuw that the cetimator is unbiascd. Obtain,the

variance of the cstimate and an unbinsed estimate of the
varinnce,

& finite population consists of N first stage unita and the
ith first stage unit consists of "i socond stage units, A

simple random saople (without replaccaont) of n firat stage
units aro taken, Simple randum saoples (with replacement)

of second stage units are token fron the sclected first stage
units, (If ith first stoge unit was onc among the n selected,
then By second stoge units are included in the sccond stage

sample), Suggest an unbiascd estimate of the population total
(You have to show that the estimte is unbiased), Derive the
variance of the estimate, Also ubtain a suitadle of the variance,

With the help of nmececos pathemtical derivations explain the
use of double sampling (i) for etratificatfon and (i1) for
regression oethod of eatination (only one conconitent variable),

[In both cases only the estimate of the population total and
varionce of the cstimate are to be worked out_/,

A population of 112 villoges was divided into ) strata. Fron
the firet stratun which consists of 61 villages a einple rondon
sanple (without replacencnt) of 8 villages were token, From
the sccond stratun, which consists of 38 villages, 8 villages
are chosen with probability proportionalto the total cultivated
area X (with replacement), Fron the third etratun which
consists of 23 villages, two indcpendent circulor systomatio
sooples of 4 villages each are taken, For each sclected village
the total orea under whest(in ocres), y, was observed. The
ubaerved values. aro given below, Estinate the total arca under
wheat in ench stratun ecparately and also in all tho 3 strata
together, Obtain suitable estiontes of the variances of the
estinates,

(Plonu turn over)
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Stratua t

(‘ y ) t 75, 101, 5, .18, 78, 45
n acres P

Stratun 2 T

oy 1247, 208; 89, 129, 223
(in acres) Lot
A X Vo

x 1 720, 617, 870, 305, 569
{in acres) ’ o

Total cultivated orco for all the villages
id tho stratun = 20612 acres

Stratun 3

Subsaople 1,y 1 427, 326, 481, 415
. (in acres) .

Subsample 2,y : 335, -412, 503, 348
(in acrcs) (12+24)
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Durntion : 3 hours Maximin Marke @ 109 Dater 18 Uav 1004
Atteapt any FIVE queations, All nueationa
re ol equal viTue?
1. "We have to consider whether a change’in the quantity of moncy
londs to a ohenge in effoctive demand, The sccond question fs
whether a~cbanze in effeective demand brings about a change in
pricca,® = Ixcoine the Quantity Theory in the light of this
stateoent, (20)

2. Clagsify the different types of inflation and cxplain their

characteriatics, (20)
3, "The supply of aad demnd for money-holding deternine the rate .
of interest,” ¥

"Dusiness demond and houschold supply of earning asscts ore
the determincnts of tho rote of interest,”

Develop the fdoas oontrined in the two otetements and discuss
whether they ere esscatislly the sane, (20)

4, Discuss whether discount policy by iteclf can guaruntee the
Central 3onk's eoatrol over the lending potential of cormercial

baska, . (20)
5. Anolyse the effeota of A devoluation of a country's currency on

its balance of paymenta, (20)
8, Discuss the statenment that fiscal policy cannot exist

independently of nonetary policy but must bo integrated with {t. (20)

'l(n). Show thef, in & closed economy, when net taxes (taxes lcos
transférs) are a rising function of national inconmc ot market
prices, there is o tendency towards meteitic eths'\uon of appregate
incom m:d ngr:regnte upcndltun, i~ " .

(b). In an econnmy tho planned conmuption expenditure of the cocrmunity
is the fraotion b of its private disposable income, Ita net
taxes dlwcys beer the same mtio to its national income ot market
prices, ,

Aanuming privete inveatnent cxpenditure to remin constant, show

that the noount of bulget deficit to de incurred by govcrnncnt

in order to double matfonal incone nt market prices ie (1-b)

where Y i0 the initinl equilibrium level of matfonnl lncﬂrx. (10+10)

-

8(a), Explain tho intorest-cffect of open market operations.

(b). Discuss whéther tha rate of interest fa solcly a monetary

phenoncaon, (10+10)
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Duration: 3 hours T oxdmm Markas 100 - Date: 18 thy 1964

Sepayate finawer—byok should be ured for each Growp,
GROVP = A (Ceonenic Stntj.:tiu!

Anawer any TIREE questions

1. Define tho wacentration curve for a sizo distribution, and
state its propertics, Wiy is tho 'arca of comcentration'(x2)
used as a meosuro of inequality? Prove the relation connceting
this meosure with the mean difference due to Gini,

2, Prove tho momcnt distribution property of the lognormal
distribution, Derive the expressions for the concentration
curve and the concentration cocfficicat for the lognormal
distribution,

3 Suppose you want to cetimote the demnnd function for a commodity
1iko coffce ueing time—serics data, Explain clearly the nature
of the different serics you will collect for the purpose, Indicate
tho fitting of the constant clasticity demand function,

4(8). Define the apecific concemtration curve for consuaption of a
particular commodity and cxplain its difforent uscs.

(b). Dow is the Engel curvo used for forecastin; future demand of
a consuzption item? What sssunptions underlie such forecasts?

[ 18 State briefly the properties of the Cobb-Doughlas production
function, low do you ncasure labour, capital and output when
fitting this function to cross—scction data? How would you
test whether the returns to scale are constant?

GROUP - B (Econonetrics_Theor

Anewer any TIREE questions
6, Briofly deecribe an input—output table farxanxspemseoutputxihie
for an open ecvnody, State the assusptions of Leontinf's static
open wodel nnd deduce the price conditions of production for euch a
systea,

7. State clearly tho assumption underlying the use of least squares
regression bothods, Illustrate the limitations of such assumptiong
in econometric analysis,

[Pleaso turn over)
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Considor the following model whore X {s exogenous t
Y, = 4 obx" *u
E{w)=0 ..
t for oll
t, t'at,2, sy n

H (\n‘.u‘n) - U‘“.

Obtain gencralised least squores cotimntes of X aod B
and show that these estinctes are beat linear unbiased,

Discuse fully the concept of ulticollicollinearity in
the ¢stimation of economic relationsbipe, For what
purposes docd multicollinearity not pose o serious probdlem?

Explofn identification prodlem in sioultancous = equation
models, [xanmine the identifiability of the paranetera in

the followiny model of a competitive market for an agricultural
product,

. qd0¢(p = u (demnnd)
A" eYpe br = v (supply)
< - qd o - 0
uond v tollo.v bivariote noroal distribution with zeronvans,
whero .p - pr'ieu
=" quantity of dennnd
Q- quuntity .uf supply

- r = rainfall during a critical period

Obtain tho formulae for estimating the identifiadle paraneter(s)

©0caco
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1.

3.

Sepnrate fnawer=book should be used for cnach Grou

@OUP_ = Eeonomic Statiaties Practi

1) Answer eny TZ0. !
2) Use of tables and computing machines permitted,

The following table is bascd on & family budget enquiry covering
rural India.

per capita monthly exp. perceatage Jor eapita monthly exg,(k_',)

on all itcns & of pereons on all items on clothi
13 2 k] 4
0~ 8 ’ 18,8 6.2 0.2
8-11 - 17,8 2.8 0.8 °
11-1 12,0 - 11.9 0.8
13 - 13 10,3 11,0 1.1
15 - 18 10,8 16,2 1.3
B-24 .. 187 206 c2.3
24-34 - © 10,6 ° - 28,3 ae -
34 - . 1.3 0,3 6,1

Plotting the ogive on log-probit scale cxonine whether the

lognormal distribution should be fitted to .the observed

distribution of persons by per capita wonthly expenditure on .
a1l consumer items. / Use the information in cols,(1) and (2) only 7.

. Y . .
Uslng cols,(3) and (4) of tho tudle above, estimte the
parazeters of the constant elasticity Engel curve for clothing.
Uaveighted leant sguares may be used), : .

Using cols, (2) - (4) of the same table, oltain the concentration
coefficicnt for total cxpenditure as well as the speeific concentration
coefficient for exponditure on elothing. :

(Plosse turn over)
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GROLP B - Econocctrics Practienl

Coneider the modcl
e, = Ay, + ﬁ .oy
y‘ - Ct * l‘

consunption expenditurcs
disposable incooe
investment expenditures
randoa variable

where ¢
Y
z
u

Froo the following tublo cstinato the paramcters (o and 3 ) of the
consusption function by the methed of (i) ordinary least squares,
and (ii) by soe suitable sirmultaneous - uquation method,

TABIE 1 &

year y c - z
1921 ) w8 “r’ 51
1028 . 511 468 ¢ 9
1929 . 834 an 60
1030 418 1439, 39 -
1931 410 ) 399 41
1932 . 372 - 330 22
1933 38t 364, 17
1034 410 392 27
1935 . 119 416" hhJ
1936 T 403 18

T 1937 520 469 51
1938 477 4H 3
1939 517 471 46
1940 3:8 494 84
1911 629 . 629 100
tota] 7084 6617 667
. Héu.ru are in dollare per copita, deflated, (30)

Tho following table shows the personal disposable income and
personsl consunption in the U.S. froa 319-i8 to 1957 in constant
1054 dollars, On the assumption of the following.nodel work out
a prediction foroula for consumption and predict the consumption
level for 1958 on the assunption of on incom: figure of 8300
billion for tho ycar,

Wdel s e‘-qol’;y‘}&s.
o= Fug
a((-t), -0
Bey b= itae0 | toranr ¢
- 0itsgdo

The value of . ¢ is assused to be 0,437,

(Please turn over)
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TABLE 2

Personal disposable income and personal
consuoption in the United Stotcs,1048-1957)

(Billions , constant 1954 dollars)

year consunption incooe
¢ y
1948 100 212
1949 204 214
1030 216 231
1951 218 237
1852 224 24
1953 235 255
1054 238 237
1955 258 2
1956 264 284
1057 270 200
total 2324 2197

(20)
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. bnewey al)_guestions
1. Test lcan  Stondord  Nurber Beliability Validity

TXDLIN STATISTICAL LSTITUTE
‘Rusearch and Training School

Annual Exaninztion,1964
B. Stat, IV Yenr '
EDUCATIONAL STATISTICS (Theory end l"rnclicnn

devintion of jtems

A 18,3 14 30 a2 e
B 12,6 3,5 20 11 480
c 832 107 - 100 .88 .68

Criterion reliability = ,70

(a) It the test A is langthened to a 100-item tost whot would you

expoct the new nean, stondard deviation, relfability and walidity
to be? (Aasume that tha criterion test has not been altered).

(b) If test B 1is lengthencd to imcrease its reliability to .90,

bov many now itoms will be nceded? Yhat will bx the new validity
bo, assuning that the eriterion tost repains unchanged?

,(e) Give tho true and orror warianeca of toat C;., Estionte then when

2.

is inereascd to 300 items,

Define four differcnt types of error in test theory and find out
the error of mcasurescnt in each cose,

G(A) Deseribo iwo methoda of Stondardisation of test scares, one

lincor and tha other noo~linear.

(b) ﬁovc that the correlation botween truo and obeerved smcores for

a teat of double length is :" whero r is the

relinbility of the original test. List the assumptions used
in deriving the formula,

(c) Prove that if a test of n itcens is o subset of a test with
i

u items (ndm) the correlation r
n,m

whero r s the reliability of a unit teet,

(50)

(13)

(1s)

(10)

(10)



INDLIN STATISTIGL INSTITUGE
Rescarch and Training School

Annual Exanination, 1964
B, Stat, IV Year
CENCTICS (Theory amd l"rl‘-gticnl!

Duratfon 3 1t} hours Mexicun Mrrke: 100 Date 19 thy {964

1.

2,

A%

4.

Answer ol) questions

Prove that a population which ia under randon mating with

respect to an autosonal locus, attains equilidrium with

respect to thot locus, in one generation, Aasude that the

locus can contain one of two nllelomorphs A ond ' ' of &

gene, and that 'A' is doninant uver ‘', (15)

Colour-blindedness is & sex linked character §n human beings,
controlled by two allelca andy of a gene, of waich A is

dooinont over<{ , ond recessives being colour-blind, In &

scople of 2000 unrelated wonen, 72 are found tu be colourvblind,

If o sarple of 300 unrelated oen  is token, what is the expected
punber of colour blinded males in this sapple? What is the

varfonce of the nunber of colour blinded males in tho sanple? (20)

In threo crosses of AA plants with Xx plants, the following
results are obtained in the Fz-gencrnuon,

nuober of
cross no. obscrved/receasives Total nusber of
foe. g o' 8. progeny
1 62 271
2 7 319
3 133 512

Do the data support Mcndel's first law? Are the data on three crosses
homogeneous among thenselves? (2s)

In an experimcnt conducted ta detect linknge between two factors
the progeny of the cross ABB X A2/ arc backcrossed with the
double recessivo parent of the 417 of this progeny, the frequencies
of the four phenotypes obscrved aro as follows :

AD 152
AD 7
aB 44

and A4 142

Test for )inkoge between A and B, If it is found that there {s

1liokago, estinate the recombination fraction ‘p' between the

loei A ond B, and test whether tho datn are in agreenent with

the genetie theory, (40)
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CENTRAL STATISTICAL QRGANISATION

Course for M.Stat, and B.Stat, Students
of the Indisn Statistical Institate, 1963

Officiad Statisties
and Belated Methodology

Time 1 3 hours

Answer any five, not less than 2 fram each part

A
1. Desoribe any one:
1) The UN.Statistical System
2) The Statistical System in any one foreigh country
3) The Indian Statistical System :
2. In any scheme of data cellection, explain the itemes that will
engaze your attention whea you develop the plan of the smurvey,
[+):3

Write a note on the Internatiensl Standard Industrial Classf-
fication of all Econamic Activities.

3. Describe the salient featare of the 1961 Population Census of
India,
[:3

Write a note on the use of sampling metheds in conneation with
the Population Census,

4, What are the recent improvements bronght about im the aphere
of=

1) Land-utilisation Statistics
2) Produotion Statistics

O0R

What are the orop surveys in vogue in India at the present time?
Descrite any one of these te ahow that the sample survey method is being
succensfully employed in this sphere,

8, Give an account of the Annual Survey of Industries curreatly
in vogue in India,
[+

Describe the present Indian Index »f Industrial Preductiom.

[ Write short notes on any thres of the fellowing:
Labour Statistios in lndia,
Transport Statistics {n Indis,
Monetary and Banking Statistics in Indias,
Main features of the guatam index fer imports or exports,
Main features of the index of whele-sale prices in India,
The All-India conmmer price Index,
Mixed eropping is no impediment in the estimation ef
production of any of the campenents,
Yhe scheme for jmprovement of market intellizence,

; Technical aspecta of the yield surveys io India (without preofs),

N OOs L N
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1. Distinguiah botween 3

(1) The comparstive Mortality Pigure and the Standardised
Mortality Ratie.

(2) fthe Tetal Yertility Rate, the gress repreductien rate
and the net repreduction rate,

2, Explain hew L_ obtains two interpretatiens, the one leading te
the eencept of hp«ud.n of life ot oge x and the ether, to the
method of construotion ef the Life Table,

a(s) Esplain by means of an example frem the Indian Index Nimbers,
hov the Chajn-Base method can arise as part of the Fixzed Base method,

(») Yhat 1s the circular test? Whai are the twe conditisns which
are sufficient for the test being satistied? Shew that ene aggregative
index satisfies these tve conditiens and the cireular test.

4. How would yeu wse an aggregate scomemetric model,*¢a inter~
industry medel and linear pregraming model fer matfonal ecemamie
planning? Indicate in bread terme the mature of these models, the data
requirements thervef and the impertant eompatatienal sthps iavelved
in the use of these models,

Se Discuss the advantages and disadvantages of uweing variens
mothods for the estimation of parsaecters in a simultaneous squationa
system where some of the equatiens centais s variable denoting raades
distarbance,

6. Vrite netes on any three of the fellowing:=

(s) Comparative Raties

(b) Explosive, regular asd demped escillations in & codwed
nedel

(o) Ydentitieation

(4) Mized strategy

(e) Traftie fstensity

(2) Minimax

(c) Laspfydfa snd Easches forwulae for aa fndex
(n) Errors in Index Number

(1) Stetionery Populatien,
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41e followlng coxutations: ham Lean aule froa a wet of 10 olserationw
on hedght (in ea.).

e = 160 ¢2.
Stadard devintion = 2 ¢a.
Show that tle data eanaot contafn A beight olsermtion of 170 ca.

Consider tvo ranlon mrinlles X and Y.

i) Show that &f ¥ =5« XX IN# zean alue zero and {8 wieorrelaited
with X then she ot fitsing linear regreusion of Y ou X iv gien
by Ya5-12CX

11) If further, the regrevsion of X on Y fu kaoun %0 e
X = =15 - ,0L9Y, campute She priduct-modeat carrelition coeffi~
cleat beteeon X and Y

M oorrelitdsn coefficient Lotween lefghta of Lrothers &6 r anl the
correlntion coefficient Letveen hoighty of first coustw 8 ',

Tiore are two faxilios, tle offorring of two Lrothury, ench contrddng
tvo sow whied helgity are x1 anl xz for tho firvt faaily ad x,
amd X, for the sceands The heigid dlstrilution for tin gencration

4 b
g v Xl eriance .z' 2lee prodde the zenn and mrianco

for cach of X, ) x’ anmd X‘).

a) @rite dowm the normnl equations for ¢ho mltiple regrevsion of
xl on xz. x3 and x_‘.
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v) If b, ol -
324" taast TR 2.3 el

4o 2 succewrcs vere observed in 10 fndependent Zornmulli Seinle with
probability x of gucecss in enrh dridl,

(2}

a) Bstizite 1.

b) Cbtadn an unbiroed estimnte of tln mridnce of tie cutixttor usod
in (a).

{5

5s A population containing WG individunls ww di-dded {nto two airata,
A (o420 25C) aml B (wizo 795C)s Tx followdng figures sere comuted
frozm a etratiffed ranlos saaple (with repliceannt) froa this pojuli-

tions
stratun
A

sXxaple nize b 15

200 16 20

mritge 4 5
a) Estimato the populatian aoatn. 14)
b) Ditimate the varitnco of the cutinator wed in (1), (51

¢) Ditiaato the warinco of tho udaple zenu in A randoa eagple of wizo
20 dram froa the sam populatfon with replicearat but cithout
using the strasificasions (8]
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6o Suppoee (X, Y) follos a Livarinte normnl divtrilutions
a) If N 48 A comtnd, expresy the aotn dnd cAritace of Y - AX in
tors of E(X), E(Y), Var (X), var (¥) anl Cov (X, Y). [5)
b) At 0 the distriwtion of Y - AX? 3

¢) It A= E(Y) % E(X), teut £f A= 2 wing aoample of n paire of
oervitions (xi, Yl). {a 100, n on (X, 1Y)

d) Use the daea ¢5 obtain 2 95 percent confidence iateral on the

ratio of the men valuew, E(Y) + E(X). (8}

To X i3 a rmcoa variablo that tzkes valucy in tie ruge [-1, +2 ). Its
prolabidity diotribution Wiw Censity fuiction (frs f) k. ¥* on tue
interal (=1, «2]4 of couruo, outside thiv lntersl, the densfs;
function {u zoro.

a) Doteratne tle valuo of %o &)}
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L eantiniod

b) WAt &8 tho rangy of values of the randsa varialle { ? 033

c) If a iy redl msler, deteraine

Pr{ng u} . [6]

4) Tence outatn tha demity fuiction of o 3

X ad Y apy two random variables X takes the ‘mluce 1, 2, 3, 4
with probability 14 oachs Y takes the valuow 1, 2, 3 with prownbility
1/3 edch, Tho correlition ocoefficiont between X amd Y {0 « R

Exnaine ohether this inforaitisn is vuffieient to dotermine,

a) the joint dfstritution of X ~md Y. {51
b) £ (XY) (5
¢) s(xzx)'r {5)

P.7.C.
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Givo rodsms far jour dnswers Actudlly determim thos (if tho gian
fiformntion 1o sufficlent).



	001
	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
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062

