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3.

Define 8) the Borel ¢ ficld and b) a wcasuratle function on
the real line R, Shov that the space of all ocasurable
functions vn 2 is closed under addition and mltiplication,
Show that if ll(x), lz(x), «vis 18 a sequence of acasurable

functions on 2 then 1lim ln(x) and ]ig f (x) are uneasuradle
functions. e

Define a) tho lubosque mocsure ond b) the intogral of a

function with respect to Lebregue ocasure over an interval,
! 1

Evduato]a l(x) dx where

2(x) = § Sinx if x is irrational
0 otherwise.

State the Lebooguo dominsted convergeace thaorem, Deduce tha
following 13

It £(x) is & nop-nmegative function defined on the rual line
R and is intozroblo over every boundud intorval tuen prove
that the set fanction

P(S) = ! 2(x) dx it f(x) fe intcgradble over §

+ oo othervise

is a woasura on the Dorel ¢ —fiold,

Let F(x) be tho distribution function associated with a
probability moasura on tho roal line, GShow the folswing 1

1) F(x) is monotonic imeronsing, non-nejativo and right
continuous,

2) lia  2(x) =0, fin  P(x) w1
x4 -0 x =) +@

3) F(x) = ?ﬁx) . ?a(x) whero Fl(x) is a continuous
monotonic incrensing function and ?2(1) ia a pura
Jump funetiorn,

2d/1,12.64
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STATISTICAL INFEALNCE

Durstion t 3 hgu[g.. : Moxjmun )-i-xrk!-, 100
| Awer A our gucstionn
1(s) In the éontext of a fomily.of ‘probability distributio:

2(a)

(v)

(a)
(v)
(o)
(4)

4(s)

countable sample space, define sufficient statistics,
it.

Mow is the definition of qh((icicnt‘-tnti.tic; modifi
the sazple space is the p-dimensional Euclidean apace
there is a continuous denaity function? State the fa
theorem in this set up. (Mcntion the regularity cond

" are involved, No proof is nceded).

the factorisation theorem for sulficient statistics and prove
T e

te; B comber 1964

ne on &;

state | :

ceie - {10) .
ed when

‘on which

ctorisation
itions that

(8)

(X, Y) follows bivariate normal distribution with mean vector

1-1
(0, 20) and covarisnce matrix 1 4) wvhero 0 js un

Show that .2X + Y ia a sufficient statistio for 0.

known,

(1)

Xyseses X ore independent randoa variables whose coomon
o

distribution involves a single unlmown parameter O,
a lower bound for the variance of an estimator of O,
is tbis bound attained? (Mention all the regularity
conditions that are involved),

Obtain
When

(20)

How will the above bound be modificd if the frequency function

of X, is £  (x,0), i=s1,...)n vhere tho functions
not Léentlcn ?

In a certein production proceass, the proportion 0 of

‘l are

(s)

defective

jtems is unknown, Independent somples are token from tha

production proceas till a dofective ften is obscrved,
above exporiment is carried out twico and let X, be
number of samples nocdoed in the i~th experinent,’i =
Let
T =1 it -l
xl opd S = xl + X
= 0 otherwise 2

Show that T is on unbiased estimator of 0,

Show that 8 4is sufficicot for O,

Obtain the minicum vorisnce unbissed estimotor of O,
Find the variance of the estinotor obtained in (o).
State and prove the Noyman—Pcarson lemma for tho most

teat of a aimple hypothesia against a eimple altcrnat
given levol of significance,

The

the

1,2,
(2)
(8
(10)
(8)

powerful

ive at a

(18)

{Plcase turn over)



LA

b(l)
(v)

-2

-.”Xl, TS Xn are indepondent Poisason variates, X having mcan

¥0, rel,..., D, Derive tho monst yowrml test at level X
of U 10=0 against H xo-o>o on the busis of
X o X : ™

Vhat ie a monotone likelihood funily of probability di-tributionl‘l(b)

Show that if tho frequency funotion ™ f of X boiong- to a

nonotone likelihood ratio family, then the nolt po-erlul toat of

L Q= 0 sgaingt H, 1 0= 01>0 at level X is also the
uniformly m-t poworful test of H' 1 0<0 againet H' 1 0)0

st level O(, T (12)
Xl, ) X are Lndepondent nornal variates with mecan 3 and

unimowan vnrlnnco ¢f Find tho uniforuly most pawerful test

of tho hypotheasis J 2 against Altornuuvcd > 2 ot
level O o Write do-n the oxpression lor the po-ur of this.

teat at g2 = 4. (8)

000000000
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~

Mll‘tto:ng: ay four qual‘!.om
0ation
-« [ 8om0_ m:\g“‘laum x’wg{o‘;%d or lmm‘nutgmmta'l

p s omnm ﬂno 1iko1ihood ratio oritericn for toating on tho basia ot

 samplos, tha hypothoais that k Qdifforemt Normnd Populationa have
tho sxmo.variance. How docs uartlott modify tho eriteriom ? Work
out tha t=tit momont {about origin) of Bartlottts statistic in tho
null cagd. How is this tost related with #ho usual variance-ratio(F)
tost whon k -2,

2, . Daoting by r the eomlauon coeffdciont in a srmple of eize n
from a bivarinto Normal Population, show that tho atasistic

. t - ==
: J1-12
follows ¢he ¢-distribuiion wish (n-Z) dogroou of tmodm. if sho WB
smrintos .are indopondonte .
Show that tvo coml_.-_x‘.o‘d‘vulnbleu X and X, ean have oqual

earismoes 1f and only /b = X1 + xz and D= 4 _-xz .are uncorrola-
tod. Bomoo suggost a test for the hypothesis that the tvo variablos
have a eozaon variance on ¢ha bnels of n sample of sizo ;a froa n

bivariats lormnl Population. o

n -2

. - »
3. How will you tost on the Laais of a samplo of sizo n from n
p wariato doranl Popalation (p = ~p+ pz) tho kypothooia shat the .

firgt n yariatos aro indcpondme of tho last . P, ru-intos ?

Wwork out tho %=th mommmt about origin of tho appropriata 2ikolihood=
*+  rpatio.statistio in tho null onae. Discuos in particulsr the case

P1 - 11-.P2 = p-1.

4. How will you test on tho bnuis of samplas from two p-varinto Normal
Pomulation tho hyrotheais that <he moan weotors are idemtiocal vhen
tho disporsion matricos (a) are lmown (b) aro lnowm ¢o bo oqual,
but tho coazon value i "unimown?.

Aam!.ng tho lypothosis o Lo truo, work out in oach onao ho enmpe
ling d.h‘rlbu'i'm of tha st:\’tu‘h Fou would usoe

5. °  Obtadn the 1ikelinood-ratio etntistio for toating on tie bLasis of
snmple of size n from a bivarinto Noranl Population the lypothousis.
that the trwo wnriates ara independmé and havo equal moane and oqunl
“sarimnocs.” %ork out tho t-th moment (absut origin) of tho statistic
in tho mull onsc.
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1.

aen marky are roserred for elaps
Toeordy:

Tho oorrelatione obtainod from 6 smples of eizos 1C, 14, 16, 290,
25, 28 aro 0.318, 0.1C6, 0.253, Ca340, C.116, 0.112 roapecsively.
Cm theso bo oanuidered homogmasus?  (Staso your pssuaptiona .+

eleacly). . (20}

Tho following statistics were coamuted to study she length (L)~
woight (W) relatfonshdp in shroo coxmon specios of fish in an
exrorimental hnk in a figwry. It has Ween suggested that weight
waries a8 (L)'. Brxaning 4f tho longsh - weight relationship ie
1dentieal for 4o throo spocics. Comacnt on thoe suggestion that n
docs not depend on tho gpecics and is nenrly 3.
Iem and correoted gumg of squarvs and products.

. mean corrcoted suas of
specics of fish log %:.)u‘_h log v.o;ght ng\_g.-.;.'m and n:acuct:l
(€] ) (o)

Catla 394 1.5723 0.78C5  108.443 134C.0C3 371.861

Rold ta 121 14571 0.4846 37.050  431.748 124,122

Mrigal 124 1.7493 1.3468 40,923 467,813 135.927
[30+10}

o following table gives the valuca of ¢he varisnces of tho staturo
in continetres for Wuslizms in odght different disiricts of Bemgnl
ne obtaincd dn the Bongnl Jnthropomvérie Survoys, 1945.

Exmine if ¢ho varimwoo of stature differs from ddstrict to dlau-iot
(uso Bartlottls corrvotian). Ob%ain a pooled vgtiznto for thoe
cozaon varisanes if you necept the lgpotheois of cqual varimnces.

Varianoces of stature of Muslizs in eight distriots of Bvgale

Districts Samplo Varimnees of
- _uize —gtature
Barisal 135 3945068
Durdvan 59 24.4685
Daecn 337 39.2262
Faridpur 17 24,8924
lurshidsbad 124 24.3490
Viracnsingh 299 30.3306
Nadia 170 32.4325

Rangpur 139 33.4436 130]
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1, Explain the importance ond role of tha following in design and
onalysis of experiounts :

a) rondomisation, b) replication, ¢) local control (4440 4a12)

2 In a simple rondomised block experioent, oae of the obscrvations
" was found to be miseing, Lxploin, with brief mathcmotical orgu-
ments, how you will analyso the adata.

3(a) Explain the purposc of confounding in factorial experiments, .

(b) Prepare a layout for a single replicate 2% tactorial
cxperinent in blocks of size 8, confounding only intercctions
involving J or more factors.

4, Analyso the following data obtained from an experiment arranged
. io balanced incomplete tlocks, WBhich of the four trcatments
A, B, C, D do you recommond as the ono giving the maximuam yicld?

Wheels Blocly Treatoents and yields

Right Front 1 (a) 42 (D) 40 (p) 38
Left Front 2 (4) a1 (B) 20 (c) 3ae
Right Rear: 3 (p) 30 (c) 33 (1) 3
Left Reor 1 (B) a2 (D) 26 (c) 20

B, The Table below gives the gaino in woight (g\u.) ond the initial
.woights (given within brockets) in on expurinent to coopare four
diets A, B, C, D with 5 ljtters of rats,

Lot A B c D
1 57 [ 71 68
(23) (97) (04) (00)

2 65 67 69 67
(03) (93) (89) (89)

3 62 70 04 69
(03) (08) (02) (00)

4 74 61 74 73
(e8) (08) (98) (93)

[ 87 02 78 o1
(202) (104) (103) (107)

(a) Exomino whethor tho gain in woight is affected by tha initial weight,

(v) Assuming that the anewcr in (u) is "ycs", onalyso the data utiltising
all the inforoation given,

000000003539
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(a)

(v)

(s)

(c)

cparate wer-book ahiould be used for cach Grou

{Attenpt_any TWO questiona .([gn Group 4 and
tho VHOLE of Group B) ‘

GHOVP__ A

The production from a certain process is st a continuous rate, It
is required to set up an X—chart to control tha level of production,
The ataodards p and f are known. Two schemes of sampling are
suggested as follows :

" Scheme 1 & Samples of size 4 token every 16 nlninulu.
Scheme 2 : Somples of size 16 token every hour.

Supposc that you start toking saoples from 10 a,m, on a certain
day, If a shift in the level of production fromu to M + 1.5¢0
occure at 11-10 c.n,, what is the chance that tho shift will go
undctected on tuking tho next sample under each scheme? (4)

Asguming that defectives are produced ot a constant rate after the
shift has occurred, compare the average nuobdr of defectives produced
under the two schemes before the shift'is dotected, (8)

Havo you got any comments to make in the light of your anewers to

(a) and (b)? (1),

The problem obove fa evidently ono of choosing between large

somples ot infrcquent intervals und emall samples at frequent .

intervals, What are the other factors which will influence our

decision? Explain clearly. . © (8)

To control the lewel of production of o process, X-chart is set

up. x is normal with mean @' and etandard deviation d . The

eontrol limits are set at .
mseB -

.

If p= Prob, ) m+ B -4 , s8how that the average pumber
n

of sapples required to obtain A succemsive points above the
upper control limit is given by -
A Ca

N A
LT S - ‘T~L
RPN . p(1-p) R (10)
If:8 = 1000 ond A= 2 in'(a), find the value of B, ()

DBriefly indicato how the above problem of choosing tho control
limite such that a specificd number of samples, say 1000, wil}
be requircd to obtain A asuccessive pointa above {or below) the
upper (or lowr) control limit could be uscd'to modify and .
improve the conventional control chart, (s)

leame turn over
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3(a) Urite a short mate on accelerated life testing.

(b) Tho length of life X of a certain population of clectronic tubes

4,

5(a)

(v)

is known to have on cxponentiol distribution characterized by the
probobility density function £(x, @) given by

_x
5..0_. x>/0', °>0-..;

1(’; 0) - coe .
IR , - ¢lacwhera,- '

A soople of ‘m tubus was put on tu'..' Tho tuhnu, -Mch failed,
were not replaced, The teut wos terminated ot tha r-th (r(n)
failure; The obscrved comploted lives in the order of their
fallure ore Xyo eree X0

(l) "hM. h t.ho physical ovaning of 07

SR N . O

- (u) Plnd ﬂ tho neximuo hkc 1ihoad estinate (n. l.0.) of 0.

(1if) If is found that d’— is dnmbuua ne o X “with 2r
degrees of frecdoam, S!'.w that D i{s an unbinscd estinate
of © and obtain tho varionce of 8.

((v) 20 clectronio tubcs were placed on test and the expericent

was terminated at the fifth foilure, The coopleted lives were

107, 112, 115, 124 ond 125 hours, Obtoin the m.l.c. of
0-and also '.ho one—sided and two—sided 93% copfideace
intervals for 0.

e

hrite a detailed nnte on any OMB of the .lolliwing [

(u) Econouié- .ql control charts, i,
(b) Military Stcoderd 108, .

GROLP -B

Obtain the valucs at which tho control charts lincs -Hl be
drawn in the lollovmg casce.

(1) pa-chnr'., givuu thet in 10 samplce of mize 200 each the’
nunbers of defectivea found ore 6,6,6,3,0,0,8,t,4 ond O
respectively, "

(§i) c—chart, given that tho numbers of surface defects
observed in tho inspection of 13 galvoniscd shucts
of given arca aro 15,9,13,20,11,13,7,11,32,12,24,18,., .
8,24,16.

Subgroups of five items each aro takon from a manufacturing

rocess at rcgular intervals, A certain_quality charocteristic
f ) is peasurcd, After 25 subgroups, X'X = 357.50 and SR = 9,90,

(i) Coopute the control lioits for X - R chorts.

(i1) Both tho charts exhibit o perfect stata of control. Find
tho nnturnl tolernnce linits of the procesa, ... -+

(114) If the specification limits are 14.40 & 0,45, what
conclusions can you draw regording the Ahﬂh.y of the
process to produce” H.u:u within l.hu. .pl.‘r.i“cnuonl‘?

(iv) cCan you nu“,eat poesibla -nyn, if any, of lnprovlng the
situation? .

(s)

(1)
(s)

(3)

(8)

(20)

©)

(3)

(3)

(2)

(2)
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5(:) Obtain ©5% coafidence interval for the following ¢
(1) process wean g , given thuat from a saaple of 13

items the pecn and standard deviation f-ith divisor

(o-1)) obtained are 15,6 and 5,0 respoctively, (3)
(11) process standard deviatfon, given that from a sample

of six itens the range obtained was 2.6, (3)
6. A one—sided specification for a measurable quality x [-hidl

follows N(AM,d)_/ of a product is os follows 1

If x> 5,6 cas, the item is a defective
x é 8,8 cas, it is o non-defective,
A lot of the product is defined to be 'good', if it contains
not more than 44 defectives and 'bad' if it contains not less

than 6% defectives.

(a) Find the interval in which Al coa wander in order to produce
lots of indiffercnce quality, (3)

(») Ity - 3.8 cms, what will be your verdict on the lot? (1)

(e) Derive a suitable single saampling plan with producer's
risk = 0,05 ond consumor's risk = 0,10, - (8)

d) Suppose that a sample inspected as per the plan obtained
p _somy P p
in (c) gives X = 8,2 cms,

(i) Can you accept the lot? (1)

(41) If oot, how will you revise tho spccification so that
it is accepted? (2)

(e) If only a diviaion into defectives ond non~defectives wore

made, explain how you con derive a single sampling plan with
the same stipulationa as above, (s)

7(a) Set up a graphical procedure of a sequential sampliog plan to

descriminate betwcen lots of proportion dofectives p and p, it

the risks are taken to be of each. ° 1 ! (10)
(b) Draw the S-point 0G and ASN curves, given that p, = 2p, =0( = 0.10, (8)

(e) Indicate clearly how you will find the AOQL of the plan with
stipulations given in (b). (2)

0d/4.12,64
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R}

B

3.

4.

Seperate Answer—book gyhould be uacd for each Group

Group A

The Keyneaian consumption function may be regarded as an
sggregate demond function. Can you show any formal 1.
relationship botween tho consumption function and demand
function eof macroeconomic theory? Should you make any
simplifying assumptions they pust bo clearly stated. (23)

Or,

¥Mhy are single eross—scction samples not suitadble for the
eatimation of price clasticitice of dcmand? yhat & time=
series of crosa-scetion sanples be more muitable for thias
purposc? (25)

that do you understand by 'quality’ eloeticity, Indicate
bow you would proceed to catimate it from grouped survey
data, Is tho mothod of concentration curves more sppro-
priate thon the conventional m:thod of lcaat squarea? (25)

Or,

Formulate a demand function for the exports of Indian goods

to the United Kingdom, State how you would proceed to

astimate its parancters? What typc of statistics would you

nced in order to do this? - (25)

Group B
(Answer any two questiona)

Consider a ouc-'comodny econoly end assuce that input
ruqulremcn'. per unit of output is 0,4, Given the initial

stock (i.0, in period 0) of tho commodity as 60 units,

anolyse the choices open to the economy for a plonning

horizon extending from period O to period 3, How much

will the oconomy gain in consumption in period 3, if {t
sacrifices onc unit of consumption §{n period 0, given the
terminal atock, and consumption of periods i ond 27 . (25)

The technology of an oconomy consisting of four commoditics
{s deseribod by tho motrix whoro the colums domote the
proccssca and rows tho commoditice,

A= -1 1 1

-1 2 1
0 -1 2
-1 =3 -4_'

"(rlossa turn over)
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(1) Intorpret cnd héw thaf the first cdmmodity say bo
produced alone,’ jointly with the second commodity
or jointly with the ‘aéco‘hd '-und thiFd commodities.

(i1) Show tho different woys 6f/producing one unit of
the first coumodity and ‘examinc under what conditions
the other three. cormoditice are outpumnnd inputs.

. : 1

In‘t.\ t-o—noctor eeonony,‘asa\me that thae flow lnputa
are aupplled *from currcht’ pro&uchon, but- Q.he ‘atock:
inputa are' available 'u‘r_on thu lnst. pcriod‘ “Sot Uown'
the balanco relctions for such”am ‘economy and ahow
how o determinate solution of the plmned outpuln of

tha two geoctora can berobtained, [T

fvvd6oo0aon -

0d/1,12.64

(25)

+(23)
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1.

3

s,

Expenditures by urban consuner unite from & cross-section somple in

Japnn, April 1030, show the Dean expenditures by fncoow closs in Table 1,

Income class Average Averago No, of
n oonth) jncome expendjture hoyscholds

Usder 5,000 1,414 17,853 2
5,000 - 0,999 1,279 11,058 os
10,000 - 14,990 12,458 14,103 120
15,000 - 19,000 17,125 18,5290 242
20,000 - 24,900 22,205 22,618 81
25,000 - 20,999 21,316 25,786 397
30,000 - 34,099 32,219 30,092 38
35,000 = 39,999 31j210 34,500 235
40,000 = 44,000 42,268 39,8186 i02
45,000 - 40,000 47,226 42,048 136
50,000 - 59,909 54,274 10,585 193
60,000 — 69,900 64,251 57,022 8
70,000 - 79,909 73,807 68,117 2
80,000 ~ 89,999 43,323 66,300 19
90,000 ~ 99,000 93,381 90,130 2t
100,000 ond aver 131,884 113,714 21

Coopute the avarags incomo and expeaditure in the whole sample,

Compute the cumulctive proportions and draw the eoncentration
curvas for the distributions of income ond expenditure,

Obtain tha respoctizo concentration retios, ond soe whethor or
not tho conccntration of incomo is mora than the concentration
of expenditure,

Froo thg eoncentration curves, calculate the rolativa shares of
income and expenditure accruing to the bdbottom 10 per cent and
top 10 per cent of houscholds in the sample,

Finally obtain the cetimato 'of uverajo &nd warginal propessitics
of expenditure by ossuming (1) a linoar relation between incooe
cnd oxpenditure, aad (ii) a log-linuvar rvlationship between
incomw and aexpeaditura,

00e000aa0

0d/1,12,64

(10)

(23)

(20)

(15)

(s0)
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1
1, Explain the terms (a) Gross reproduction rate (b).Net reproduction
rate, llow do they help in the study of population growth? (13)
e -

2, Obtain tho differential equation of the growth of population and
derive the logistie .uzm clearly the condiﬂonl under which it
is applicable,

Discuss the law of growth of populnuon -uh>rohunco to India from
the following dats,

Yoar 1901 1911 1921-77 1931 1041 1951 1061
Population 235 240. 2480 218 313 37 4 -
(in willions) K . BN Lo 3

' L o A : (20)

., '
IR}

3. The number of survivors 1 ond the oouplo'.o expectation of life
: of a life table for lnmdu are given in table 1, If thaeo
figures are applicablo to n femele population.group iP' having
at present an age distribution given in table 2, estimate the

age composition of the population 'F! 10 years honce, (3s)

Table 1 1 Life toble for femles

Age No, of survivors ot Coapletu expectation
x oge x of life at age x

°
x .x
[} 1000 68,8
1 667 67,8
s 6L 64,2
10 058 50.4
13 958 54.68
20 830 40,8
25 043 45,2
30 936 40,8
38 028 33,8
40 017 31,2
45 001 26,7
80 872 22,5
85 828 18.6
(1] 759 15,1
63 639 12,0
‘70 530 9.3
75 319 7,0
80 222 5,2
85 94 3,9

(Plessa turn over)
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Tablo 2 ¢ Present uu ‘composition of the female
population 'P' (in 000's

Age group ' Femdle population
- (in 000's)
2520 - 801
J30-34 1207
3830 ©o, 1108
40-44 1301
4349 04t
50-54 611
55-50 504

4(n) Define 'underlying omse of doath’,

(v) fator the detsils given in the following example in the
International Forn of Xodicel Certificate of Cause of
Death (The approximate interval betwecn onset of the
disease and decath is given within brackets),

Exemplet An adult dicd of scpticenia (8 daya) resulting
from diabotes (2 yoars) complicated by gangrene ‘
(1 month), (20)

0000000

8d/3,12,64
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1e “Mat §s a probadility space ?

De

Sefine a raniom verizble. It (2, 3, P) is a probohility sprce
oni f(x) 1loa rancon variabl: show that f£(x) posocssce a diotri-
bution on the real line.

"hen are two random varinbles f(x) ani 3z(x) (dofined on the
probability space (%, S, P)) =8cid to bo independent ?

If £(x) end g(<) are two iudependent randon variables on

s 3, P) end P{t) aad 7i(t) are real valuel! 3orel roasurable
ianctions defined on the real liro show that P (f(x)) and G{g(x))
are also independent randon variables on (X, 8, P).
It zl(x) and £, (x) are two independont randon variables on
(X, 3, P) with distribution functions Py and P’ what {s the diatri-
bution of the random varicble il + 19 ? Saow thet, if either ?l or

P’ 18 countinuous then the distritution of ll * t, isalso coztinuous.
Jedelnedelondsly = 50
Define the characteristic function of o distribution functionm

Cuppose (X, Y) is a ronZon variable in the plane with density
fuaction

(x, y)-%[-l'xy(x’—y’)] it Ix1 <1, byl<l,
- 0 otherwise.

Svalunto uﬁ charccteristic functions of the cistributions of X, ¢
and X ¢ ¥ respactively. Vhat do you infer frog %his exacple ?

Lot ¢ (t) be tho charecteriotic function of & dintributien F(x).
Show that
) : 1 T iex
F(x + 0) = ?(x = 0) = lin _Tf" $(e)at.
Toe ?T p

It Pyr P,y oo aro the nagnitudes of the suxpo of tho distribue
tion F(x) show that

T
L. 1 2
I py T {mlp(t)l ae.

o+1o+ 18418
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3.

A ueationa carr un] ~nrks

tl,...,fn, ‘ml are integroble functions oo tho k—dimcnalonal
Euclidenn spcco By ond Cyreeey € are given real nunbers, Let ’3
denote tho class of all critfcal functiens ?(l.c. 0<9(x) <1
for all X C E ) such that

f?(x) f,()dx =e, t=1,0., .
Show that if there exist kl,...,kn and a function fu € K’
such that

fo(x) =1 it ’mx(’) > k ot (x)

Ml =2 D

-0 if !Dq(x) < ko1 (x),

thea S ¢ (x) :mi' ) S ?o(x) T, () dx forall g€ ¥

Stato (without pronf) A condition under which such kx...., kn and
?o € ¥ oxist.

The frequency function of a randon variable X belongs to the
expoaentiil frnily

t(x, 6 = c(8)e® ® ne).

Show that tha power function of an arbitrnry test for no: 0= 90 is
differentiable and that the differcntiation ean be corried out uader
the eign of intepration.

Xl,..., Xn aro independent randon variobles with com—on frequency
functfon . r
. : () + T Yy, ()
£ (x, o, )'l. ey yr) - c(9, yl' ov ey yr) e 1 h(x)
4) What nre the sinilar region tests of level o{ for Hol 0= Do

whea )’1, cory ):_ ore treated ns mulsance parnmcters ?

b) “hat are !.he'tuh. of Neynnn - structuro for the sane prodlen ?
¢) Prove the equivalenco of the class of similar region tests and
the tests of Neynnn — structure, stating the conditions involved.
Yl""' Yn aro fodependent randon variables, Y, being nomnlly
distributod with ncan a ¢ p x; and vari{nnce o& » Xjressy X OT0
known constonts but a, P and 02 arc unknown, Derive the unifomly

-noat powerful unbinsed test for ily: f= 0 agiinst ll’ t B 0 on

a given lovel of significance.



INDIAN STATISTICAL ILGTITUTE
Research and Treiaing School
Periodical Zxani~ation
B.Stats IV,
Operation Jesearch .

Sato: 13.4:68. ' laxiown marks : 102V Time: 3 hra.

1.

2.

3.

Use separate anawer boai for each group.
Group A
a) Define (1) a basic feasible solution (2) extreme point of
the set of feasiblo solutions o2 a lipear prograrming problem
and establish the Nlntﬁ:nnh{p bztween thems

b) State and prove sizplex optirality test to find out whether
a given basic feasible solution is optimal.

¢) State and foroulate the dict problem of li:ear programainge
° (8+6+8)
A conpany pokes 3 types of products which require the use of
two different pachines whose ccoacitices are limited.
“he tices on each machine required for manufacturing unit aoount
of each 3 products, the profit pcr unit andunt of each product and
the capacities of cach of tio mcchines are given below:

Vachines Producta Scpacitics of machines
achine 1 11 111 funit tice )
I 2 2 4 3
11 3 2 1 1
prcf%t per 2 3
unit

Find tbe optical acounts of each of thé 3 products to be manufac—
turod 8o &8 to maximise the tot:l profit. (20)

Zoroulate the following nut-mix problem os a problen i{n linmear
programning i~

A manufecturer wishes to deternine ac epun:al prograo for mxlng
three grades of nute consisting of Cashew-nute, hnzel nuts and
pen-nuts according to specificctions of 3 diffcrent types of
pixtures and thaip selling pricqgciven ie Toble 1 and copacity
limit on the inputs and buying prices given in Tablo 2.

Toble 1
Vixture Opecificaticns aelling price
Q3. per 1b.
1 at lcast 50 por cont casicws, at most
28 per ceatsp. nuta . 5
2 at least 25 per cont canhows, at most X
80 por cents p. nuta, 3.8
3 nil . 2.5
Table 2
Input Capacity 1b / doy Price Rae/1be
Cashew-nut 1c8 6.5
Pea-nut 10 2.8
Hazel 80 3.3

Uint:- Let x5 be tho amount of jth tyye of sut in ith type of
nixturi! 1,§ = 1,2,3, Profit « Sales price = buying price
Thore are 4 rostrictions on specifications and 3 on capacitics. )
(2¢

Pleage Turn Over



1.

Groun B.

A oonufacturer produces two products A and B. The following
infornztion is given

A D
Ratp of deoand (units per unit time) 200 200
Sot-up cost  (in Rs.) - 1000 ‘ 100
Zate of production (units per’unit .
* tina) -1009 4020
Inventory carrying cost (J- por
unit por unit tiu) 1 <1
Shortage cost (e per unit per uait
. tine) 1 1

Find the opun.dl orde~ quantitics for the two products

a) without any restriction,

b) 1f sore than 13C0 unita ccunot bo stored dua to the .

linitctions on the warchousc fzcilities.

The demand for a certain product has a contimious dlltrﬂt;ution
with probability donsity functiin

i .”‘)'W (0g x £10)
The storage con 18 Rw.0.5C per unit closiug inventory nnd

shertogo cost is Ree2.00 per unit closing shortage. Find the
optinal order quantity.

(25)

(13)
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Bven though the total soore for the paper is

a—iooulod as 100 ?uuciou have been set for 120,
0080 queations for apswering in guoh & way

that the totol of marke does not exosed 100,

————eeat.—
1, Lot § (t) be the oharnsteristic funotion of & probebility distribution
funotion P(x) on thé real line. Show that
) IFIS 1
b) # (t) is uniformly oontinuous in ¢ 3
o) 1f P has momsnts upto order k, then

r
L o (x) = .:_‘!'.Z.
d) If X end Y are two real valued indspondent rendam varfebles defined on
a probability space) suoh that the distribution of I4Y is dersnarate
show that the distributions of X and Y are slso dogenorstoe, %Nhu Show
wiat, for every t, the varisnces of cos tX and cos tY are saro)e
(2+8+15+18)= (40
24a) Dofine the notion of weak ooavarganoe for & sequence of probability dietri-
bution funotions on the real lina.
b) Show that, if & sequonde of probebility distribution funotions P (x) ccuvere
ges woakly to & ooutinuous prodsdbility distridbution funotiam #(x}, then
i sp | Pp(x) e p(x)]= o,
n=> oo x
whore the supremum is taksn over the entire real line,
0) Suppose P (x) and F(x) &re disorete probabdility distribution funotions with
Juops exnotly at the polnts 1, 2, 3, ees of magnitude Py, P ., Pu.u. and
Py, P,y Py see Fespeotively. If P (x) converges woakly & ?(:f' show that

a5 Iy -Fl=o0
n-)eo §=1 (5t 20 415) (40l
3.,A) 8tate prooisely Lyspunov's ocentrel limits thearem for a sequonce of (not

necsssarily idestioslly distributed) independent (resl wvalued) rendon
variabless

b) 1t Xl' X000 re indepsndent binomislly distriduted randam varisbles swh
”~ .
that the probability for sucoess of Xr ia pr(r= 1,2,000) &nd 3:‘1 yr()_ Pr)
divergos, show that tho centrsl limit theorem holds.

o) Lot 7,(x) denote the diatribution fimction of the rasdaa verisble Xn

where X, ia distributed e 7'121 (’12 with n degreas of freodm), Y =
show that¢
1 2
1im ] P (x) = —u /2 =
"\.—)ﬂ :P n( ) vzl‘ ° du =0

ty

(8415t20)  (40)

L
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1.n)

b)

2.0)

b)

3

A,

6e0)

b)

6.a)

v)

A.nner' any four questiono

Discuse tho rolo of coopletc mufficient atatistica in

i) unbiascd ostiration of real paramctors ¢

and 1) construction of sinilar toots for conposito hypothcses
involving nuisance parancters.
(State the relcvant thoorens and provo theu)e

Xl,n., Xn are {ndependent obacrvations fran & nornal population

with cean 6 and standard doviation 14 Find tho ninimm varfanco
unbianed estinmator of ! (a -~ @) where o ie o given punber and

I is tho stondard norual dietribution functione

n independent obscrvations are available from a populhtion with
frequency function f£(X, ), {tis Mnown a priord that @ is contaiped

(18)

)

in a finite set {el.-.-, Ok} + Dofino the pavirun likelihood estimator

Tn of @ based on the sanple, Show that there isen h > 0 wsuch

thet Pc[rn/;] <k o~"B

State (without proofs) the asyoptotic proportics of the maxinunm
likelihood estimator of a rcal parepeter when tho parancter space
containa a mon-degencrate intorval oentioning thoe regularity cone
ditions that are {nvolved.

Vrite notes on := :

a) Sufficient statistics and exponential fanily of dietributiona.

b) Pstioation of paraneters by tho method of neoents.
¢) Botimticn of parsoeters by the e thod of ninioun fz

7.1,.. . xn are independcnt obacrvations fran a normal population
with nccn g and variance 02. Yl""' Yu oro frdopondent observa-

tions froo a normal populatian with nean #7 and varianco Tt- Dorive
the unifornly nost powerful sipilar tost of size a for the null
bypothasie 02 ot agoiost tho alternative o2 > T! « (Stato all

tho general proponitions that you will use in courso of tho
dorivation) s

Tho probabllity distribution on a sanplo spaco involves an unknown
roal parametor @. What {s ncoot by the uniforuly ‘sost accurate!
lowor donfidence bound for @ with a given confidoaco coofficicnt?

X is normally dietributed with unlmown noen @ £nd variance 1. (i)
Zxpresa ¢ in torns of @ such that X - ¢ 418 o lower confidenco bound
for @ with confidconco coefficient 1} =@« (ii) Show that when ¢ {a
dotoernined in thio way , X—c 4is the unifornly nmost‘'accurate lower
confidenco bound for & with confidenco cooffieloat laa.

Obtain an approxicate formula for the ASN functicn of the acqueatial
probability ratio tost (SPRT), for a sinplo hypothesis against o
sioplo altcrnative with given orror probobiliticos

xl' xz, ses Ore lndependon.t observations, fron a normal populatica
with ocon @ and variance 1« To test Hox @ w O agoinat Hl' a2
keeping tho probabilitics of tho firat and sccond kiad of orror at
408 anc «10 reepectivelys Conpnre tho ASN of the SFiT at @ @ 0 and
@ = 2 with the nunbor of obsorvations noodod by tho beat fixed
sapple size tost.

(13)

(10)

(9
(8)
()]

(23)

()

(18)

(13)

Q19)
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Attcopt all questicos.
Figures in the margin indicate parks nllottcd
to different questions.

1.0) Descride the sign test for examining if the melian of a continuous
population {s zero, on the basis of a random sazple of size n drawn
from the population.

) Coompute the power function of the test when n = 10O and the alter-
native hypothceis is that the population is Norm2l with medion §
and standard deviation unity for @ = 0,05 (0.03) 0e25

¢) What is the most powerful test for the hypothesis that for a Normal
populotion with standard deviation unity, the pecien is O sgainst
the alterpative that it is p> 07

Conpute the power function of this test for sanples of sise nalO0
and = 0.05 (0s03) 0.25¢

d) Determino the size of sample n for which tho power of the test in
(c) ie approximately fhe same as the power of the sizn test in (b)
with n = 100 for P « 00S.

2 What are tolerance limits ?

Work out the probability a@ e a(n, f) that the range i{n a saople
of size n fron a population with a continuous density function
covers a fraction P of the populations

Find the value of n for which approxinmately & @ 0.9, B = 0.8.

3. Define (Moeffding's) U - statistic.

Work out the mean and the variaonce in a general case of
(o) U-satatistic, describing the basic assunptions underlying your
conputations.

Oonce, or otherwise, work out the exact ocon and vurhnca of".ho
variance in a snople of eize n.--

Show that under certain conditions (to be stated by you) the lioi-
ting dietribution of a normaljscd U-statistic io Mormal.

4 The result of a radio listener's sanple survey as recgards preference
for types of msic andage-group are tabulated belows Is preference
for typo of mueic influenced by oge ?

type of raeic oge=group

preferred 10.25 2635 above 36
natfonal 80 60 9
foreign 210 328 44
indifferent 18 43 132

)

(8)

)
(u)_
(5)

(10
(13)

(s)

(10)
Q10)

10)

(]
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Answer any four questions

1.8) - If a sacple of sizo’ 'n ie drawn from a populstion of size N, by
sinple randon saopling without replacecent, give the conventional
estizator of the population total. Also decuce £n unbinsed esti-
pater of the variance of this astimator. (349 = 12)
b) If froo a siople randon sapple of n units drawn without replace.
ment, 'a roncoo sub-sanple of n* units is selectod without replace-
‘Dent, duplicated, and mddcd to the originnl sacple, prove that the
poan (t*) based on the n 4 n® unito is an unblascd estinate of the
,population ncap. Aleo ehow that the varipace of ¢* {a greaur
than the variance of tho mean based on the,original sdgp _5 of n
units by an approxinate factor (1 ¢ 3n® 0™ ) (1 ¢ n* n™)"“. For
21, ‘what value of n'/n does the rclative loass in efficiency uuxn .
ite paxicun value ? (3{0 T4%) a (13)
3.
2.,0) Explain what you understand by tha torcs *inclusion probahnuy
- of a unit u,' and 'inclusion probnbnuy of the pah (n‘, n‘

in a sampling design. L
b) Give an unbiased estipntor of the popululon total of & charscteristic
Y oa proposed by Horvitz and Tho:f’on- .
¢) Derive an expreesion for the varisnce of the above estinmator.
d) . Show that, under the supcr—population set up, whea tuxiliary infor-

pation on a correlated charactor X is available for 21l the units,
there exists an optirun class of designs with givea ﬂ"l for which

tho coniitional expectation of the abovo variacce {s unifornly
niniciseds (20348412) a (23)

3.e) For stratified siople randos eappling (without replacement), to
estinate tho population neap, derive optioun cllocetion of & fixed
total sanple size ‘'n to the various strata.

b) If some of the optimun values n, 's obtained in (a) cxceed the
corresponcing stratun sizes Nig how do you nocify then, keeping
n fixed ? What hoppens to tho variance of the esticator by tlis
oodification?

. ¢ if we deviate fron the optimun allocation by using a lnnpl_o of size
2 fn the ith stratun, show that tho proportional incrcose f{n variance
connot exceed g2, whero g ie the maximm deviation | -n I,
expreosed as a fraction of E

d) A population is divided iato two strata of oizes N end N, and.a
sinple rondon sanplo of size n, is token from tho ith stratun,
i = 1,2. Suppose that optirua allocation of tha total saople site
Dy, rosults in tho scople eize n" for the ith stratun,

i = 1,2, Show that tho ratio of the optioun varicace of the nean
of a characteristic y to the actual variance is never loss than

n, af
ﬁ.'}wn t-(é)(;—;)'!- (B+654¢747) a (25)
*

Plonse Turn Over
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4.n) Explain how to take a mample o!’ size.. n froo a population of size
N, by linecar systcnatic sanpling.

b) Give on unbiascd estioator of population poan end prove its unbiased-
ness. i '

"*¢)° "Supposo you bave o sample of eize n eolccted as in (o). Con you
estinnte the varinace of;the uunnlor of population mean? Give -
, reasons. . s e (30500) - .
.

'. A !lro’ sanple of sizq "nl is dra-n frou a popula.tion al aiu N

a)’
.and the values of X are obucrvcd. Froo this semplo a sub-sample
. jof nzo ny is drown and the valucs of Y. are algo nb-emd- If
'.ho cost of: emnernunx a umt, for X iu cl “and for, Y h N
ﬁnd tho optimun’ values of nl and n, which nﬁnu_—.ho '.he vnrinnca .
of the esticato of the f._ot.ol of Y, lor a given fixod total ‘cost C.,
8. Write briefly on: '

i) , unbiased ratio estioators

i) Self-weighting designs

11i) Sources of non-sanpling errors
(10 49 ¢ 6) =

(14)

(11)

(25)
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Answer all questionse

A survey is conducted to estinnte the fadinstrial output fn India
where the distribution of the factories according to tho number
of workers ie given in-the table belowe Tho figrres in the last |
two coluwans give the valuos as estinated in o previoca survey.

1.

estioated output estinated standard
per factory doviatfon of output
(in_*000 Rs.) (in '0C0 8)

100 80
200
800

1000

2800

noe of
factorics

size class
{average no.
of 'grkeru!

1= 40

80 = 900
"100 - 249
250 - 999
10C0 and above

sle
noes

18260
4318

2233

1087

1
2
k]
4
5 517

1) Toking thoec size classes as strata, conparo the efficiencics
of the following allocations of a sample of 3070 factorics when
tho selection within oach strztun is mede with equal probability
and with replaceoent. et

. allocation proportional to mumber of factories

« b) allocation proportional to estinatel cutpat .

‘c) optioun allocation- :

i) Optain the allocation of the sample size in:(c), (b) and (c)

aboves . - . 34340

Coopare the efficiency of stratified si=ple ronionm sampling with

opticun allocation with that of unstratified sisple randon

eanpling in the above casce

111)

2. A esorple survoy was concucted to eatimate the totel yield of paddy

in a diatricte The dcaign ndoptod wae a stratiliod two-stage one
with villogos as first-atago un{ts and ploto within thon as sccond-
stoge units. Fron cach stratun 4 villages were sclected with proba-
bilities proportional to area and with repleconent 2ad 4 plots wero
selected froo each selected village with equol probebdility and without
replaceoents Tho data on yield for the saoplo plots together with
information on sclection probabilities are givon in the tablo below.
(oext page) .

i) Chtain on unbiased ostinato of the total yield of paddy {n the

districts

Cbtain on unbiased esticate of tho saopling variarce of the
ostinate. ’

EITRER

Coopara the officiency of the above dosign with that of \mhloco.
siople randoo sampling with replacenent of plots fn ench stratun-

oR

If it wore proposed to make the abdovo design nll-uol;h.ung 20 as
to have a sanple of 3 plots per village on an averago:

o)
b)

11)

. 441)

find the coocon oultiplior for this group of J strata,

obtain an estinate of tho total yicld of poddy in tho
dietricte (1248) =

Plcase Turn Cver
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(0

(12)

(13)
(20)

(20)

(20



III ¢ 12833

stratun saople ioverse of total yield of saople plots
. villege probability . nos of 2 3 4
of selection  plots
1 1 a0.21 | 28 104 . 182 48 87
: 2 660443 14 138 84 132 136
" 3 ' 3150 210 160 115 50 172
4 112.38 76 348 350 187 110
. Caro H . .
B ¢ 1 21.00 256 124 1M 13 218
2 2 16,80 288 123 17777108 138
3 24476 ‘222 284 . 78 144 53
4 40.99 89 300 "114 68 111
1 1 -61.68 180 110 281 320 114
2 . 330.14 42 | ‘80 61 118 124
3 100.00 14 ‘1217 202 174 108
4 68,07 181 243 116 34 129
', Total nucher of plots in stratun I t 8423
' " L} " » II 1 6355
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1.8)

b)

c)‘~

2

3.

4.

Be

Answer different groups in soparnte pooklots
GDOUP A
taxdrun rarks 31 60

Cxplain tho concept of4zlity in lincar progrening and the relation~
ship betwocn a pair of dual 'linenr prograring problemo

Writo down the dual of the traasportation problom of lineay pregreainge

State the sirplex optinclity test to oxamine whother a given basic
feasiblo solution of o limenr prograning prodlea B
L tax o'y, x>0 Ax = b _/ is optimal. (4¢3428) =« §2)

State and formmlato tho following classicol problons in linear pro~
grooing .

l$ thoe travelling ealospan's problen

1) tho production echeduling problen
111) the assignsent prodlen (3¢3¢2) = (9)

A potato merchant has a go-down capcble of stocking 400 tons. Ho
can ordor in tho niddle of a scason, at prices given below for
delivery in the bepinning of the followiny menany. During any scason
he con soll any noount up to hia totnl atock at tho Meginning of the
esaason at earket prices belows [f ho starte the ycar with 200 tons
at the boginoing of the winter, bow cuch should ho plon to purchase
ond sell each season to moxindse his profitse Jolvo this problen
by Bollmon's pethod of dymanic progracming) e

. senson winter opring suer outan
cost prices 8 83 05 [.{/]
salcs prices 65 15 8¢ 70 (18)

Obtain an {nitial basic foasible sclution to tho following transpor—

tation problem. SExapine whothor it is optinmal o Othorwise obtain °

anothor ndjacent basic fensible solution having & chenpor values
Table giving data regarding costs, sup:lies and denands.

origina 1 d;'“"“ug"" 7] supplies
R 10 s ‘a 7 25
2 8 2 7 [} 23
3 0 3 3 8 50
denands PLI 20 30 35 (33)

A nachine coste Ns.0,00Cs Annual operating ocets a”v Re.400 for the

first yoor and increase by R3.800 overy years Tho nachino has no

rosale or salvage values Doteroine tho ogo at which to rcplace the
nachines L : (0)

Ploaso Turn Over



1.

240)

b)

-2~

GROUP B
Yaxrun narke: 40’

A fco wvanufacturing coopany sclle coiling frns and tablo fons through
retail outlots. Tho costs of procuring a ceiling fon and a table fan
are Re.150 end 8,50 respoctivcly. ilolding cnd shortage costs are. -

8 por ccnt cnd 30 por cent of tho coot rospeotively. The demand for
oach type is as follows:

deonnd/poath probability
. -ceiling fen tabdle fon
[+] 0+32 0.35 . ¢
500 $:40 €35
100 023 c.23
1202 2.3 - ' 0.3

Find thd optinmal ordcr quontitics for the two products

i) £f thoro is no rostriction un total order qtu\nti.ty
44) 1f the totcl order juantity io restricted to 13500
Forrulae usud are to te derivod)

. .
For tho casc of one sorvico station, Peisson cyrivnls with pocn arri~
vol rote A ond exponentiel sorvice thxl wit) coan service rato y,
obtain tho following:
1) steady-stato probabilitice

11) distribution of the waiting tice in queuo and the oxpected
waiting tino in queue

111) distriduticn of the weiting tiun 3 nyncn and the erpecud

woiting tine in the systcme . (6+6+0)= (“\

At a publie telcphone beoth in r post ol‘ncc, errivels aro conoidered «

to bo Doisson with en oversge inter—crrival tire cf 12 cinutess
The length of a phono €all mny bo essmned to bo distridbuted exponen—
tiolly with an averege of 4 piuutes. | o

i) Setinato the froction of a dey that tho phono will be in usa.
1i) That is tho probability that an arrival will have to wait for
noro than 10 cinutea bdefore tho phono is froo?

11i) Vhat is the probadility that it will not take rorv than
13 ninutos for an arrfval to wait for tho phone and coopleto

his eall 7 . (2 ¢3¢3)= (7)



JUDIAN STATISTICAL INSTITUTR
Rosoarch end Treining Sohool
Amnwl Bxaminatiom, 1965
Be Btot, IV Yeor
BCONONMICS 1.

Durations § houras. ¥aximum markss 100 Dato 18,5.,1965,

1.

2

Answer oach Group in'uplrlt. answorsoripts,
( Booh guestion oarries 20 marks )

GROUP A
Moximem markss 60 '

BITRER
Tlnesr aritimetio and linear logtrithmio demdnd fumoticas have baen
lua;ntod es possible poarametric forms to be used {n statistiodl
danAnd enllysis, Con you supgest othsr possible ferma of stetis-
tical demand funotions, For what cozmoditiss would you uas such
functions 1 Do” they satisfy the hamogeneity oonditions 1

(8 t+e +4) (20)
[13:3

N — -S
Under what eonﬂnimu h 1t ldv‘nu;aou. to pool. aron.nouon
and time series socplas in dentnd Analysis? Do estimates from
the ho staples bave tho stms mnning? (10 + m) (20)
1 . 1 T ..

gxmx DU e e e L.

.l Doon & log normal dhtrn)utlon ul\ll).y £it the dhtrﬂmtion of

porsonal inocmes better than & normal distribution? If so, why?
Do you think & normal distribution may give & better fir to the
distridbution of income in & group whioh is oomparetively hamoe
gensous with respect to oooupation or some othor relevont chaa
reotoristio thon to the distribution of inocms in the totsl po-
_pulstion? Dorive the estimates of the paramoters of the log

norma) distribution essuning that you are supp)ied with grouped
inocme distridbution data, -------

(4+etate) (20)

oR

Define tho ocondept of specific conocentration ourve fer ocnsunpe
tion of & given camodity. Doss it dirfer froan the ooncept of
the Lorent curve for inocme or total expenditure? Work out spa-
lyticol exproassions for suoh ocurves sssuming that the distribu.
tions of inoome islog logistic and the Engel curve has 8 conse
tant elssticity, Show further that an eatimate of the Engel
olestioity for the spascifio sormodity oon ba obtained fran the
eroas under these two curves.
(4+4+814) (20)

EITEER

Dosoribe briefly the mothod used by Murti and Sssiry for oatima.
ting the valus of onpital in the major mapufsoturing industries
of Indis, What Gre the rnin Rasumptions in their method ond are
they realistio enought (10 +10) (20)
oR
Write short notes on any THRER of the followings
1) The quality elsatioity
41) The CES production funotion
111) The present state of incoms distribution

data {n India
iv) MNulticollinearity (20)




1.

2.

«2e
GROUP B
Maximun markes 40

Answor any two questions out of the following:

'

Expledn conoepts of efffclency loous and socia) welfare fusstion
and their relevanae to planning. Consider a twoesector 000001y
with Cobb-Douglas produoction funotions and 1llustrate the problem
of optims} allooation of resourcss for & ome-periocd plen, (6 +14)

Disouss the nature of pléaning decisicns whioh can be snswered
in the framowork of the lhholanobis two-ssotor rodel.

Dorive {rom the statio Lsantief system the various collestions
of produoible net outputs, given the labour supply in the aconamy.
How will your &nalysis be affeoted if there are copsoity limim
tations in differenmt sectors of the ecomoay ? (12 + 8)

maseccmane—

(20)

(20)

(20)



IDIAN STATISTICAL lH.ul‘l‘Ul'E

Nescarch and Troining School

Annual Examination, 1085
Be Stats IV Year

Duratioa 3 hours. ‘llaximum oarks: 10C Dato: 18sE41C85

1.

24

Tho following table is conlenscd from a 33 X 38 - sector fater-
industry transactious matrix of the Indian economy, 1055-56. Four
broad scctors are distinguished: A. Pripary production, Bs large
scnle mamfacturing, C. Swall scale panufacturing, and De Cther
activiticss

Table 1. Interindustry transactions of the Indian N,onow,
1055-58, {(at Market nncu) .
Ra. crorcu

Scctnrl consuning -
s“é:ri' Priu:ury Lorge scale Scnll scale Other ac= geza:ald
procucing production pfg. afg. tivities an
{9 ) O] G - ) (5)

Primary produc . . :

tion 1,842.22 461.03 377.88 367.00 3,825.1%
Large scale .
nanufacturing * 66412 849.77 282407 448431 1,187.14
Small scale *
nanufacturing 86493 14428 78450 158.24 1,224.77
Other activities 106.27 334,56 137.45 501aT1 4,920.58
Labour input 4,768.83 1,627.21 856.80 4,528+20

Groas output 8,84C.37 3,096.83 1,532.70 8,000.55

York out the cffect on the outputs of the given scctors iZ there is an
increase of 8 per cent, 20 per cent, 15 per cent and 10 per cent
sirultancously in the final denmand for the products of the scctors

A, B, C and D rcepcctively.

Eveluate also tho direct and indirect enployment generated in each
scctor by a unit expansion in the final demande

The distribution of per capita monthly expenditura () in rural India
as catinated by the NHutional Sample Jurvey, 13 round (Soptember 1357-
Yoy 1358) is siven in Table 2.

Table 2. Distribution of monthly per capita
axpenditure in rural India, Sept.
3eptenbor 1057 - Yoy 1038.

Per capita monthly Estinated per cont of
expenditure (X) populaticn (10Cp)
Bclow Rse 8 12444
' Resll 28.79
¢ Rs.l3 38.9)
' Rs.s 48489 °
v Ds.18 ) 62.44
' Ra.21 T1.61
an.24 10.08
Rs.28 : 85.68
[T 91433
' Re.a3 05484
' 3s.53 07,80
Above  Dse53 2410
all . 10003

Please Turn Over
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By plotting tp dofianed by

NN ¢ R
opeS S u'? du, . 0<¢p<1

- /2 n

azajast loa' 2, exanine graphically whether the distribution.of
log X is norcals - )

Estirate xraphlcdlj the mean and the standard deviatica ol tae )
distridution of log X for rural Icdia (assuning morcality)e Cbtain
aloo esticates of the correspondiag pareneters of the distributiosa
of X . y -

Derive an estinate of tho Lorenz ratio and also calculate thoe
proportion-of total consunption accruing to the bottan and top

z?ecne-. : (s0)



DXDIAN STATISTICAL IIGTITIR2
Research and Yraining School
Annual Exapination, 1908
Be State IV Yoar

EDICATIONAL SEATISTICS

Duration: 3 hours toxniruo mrks: 100 Date: 2C+5410683.

1.

2.

3.0)

b)

442)
)

Bia)

b)

Answor question 1 ond any other five of the following.

Lescribe briefly the method of cooputation, proporties and interpre-
tation of any two of the following mothods of standardizing test

scores. (10 + 10) = (20)
standard or s score M

b) percentile ranks

¢) normnliscd scores

Write short notes on ony four of the following

:E Iteo difficulty
Iten discrindnation
c) Correition for uttcnuation - .
Correction for guessing . .
@) Molovant validity. . (4 ¢4 +4+8)=00)

Give the ‘formula for the rank correlation coefficicnt and expln'h -;hy
it is usod in preforonco.to the product mooont corrclation for somo
of the psychological datas

The rclicbility of o test is .85 ond
is 8.0¢ Find tho s.d of the obtained scorcs

1) . standard error measurcment .
{1) standard deviation of true scorca. (8+8) = (19
Yhat is the offect of increasing the test length K tincs on the vari-
once of tho observed scores and the standerd orror of measurcoent.

A test in pathenatice has reliabflity of +00 and a tost in English
has ruliability of «64. The intercorrclation of the two tosts is
«80. B

Estionto the degree of inotercorrclation if

i) the Mnthocotics test alono is nade perfeotly reliable
ii) the English tost nlone ia pnde porfoctly roliable. (s« 8) = (u)

Vhat are the assunptions underlying Fuder Richordeon Formmla 20

n

Lp
o fomY
n-1 2

%
used for estioating tho reliability of a test whore

n = nos of itoos
Py = the difficulty value of the ith iten

9y =1=p
at-u:o standard doviation of thewtbdlo scores

A tost of 50 itons has a roliadility of «7 and validity of .5. I’
another 150 conparable itcos are addof whas will bo tho wolidity ?

Be8) = (10)

Ploaso Turn Over



Gez)

b)

7e

8ea)
b)

D]
9.n)

)

-
Shuw how the nethod of unnlysu of varienco ccn bo used to estibate
the reliobdility of o tosts . (8+8) = (1)
For ltem oriterion corrclation, when ftoms 'are scored 0 ond 1 and the
critorion ie A contipuous variable which of the following coefficicnt
would you find and why.

i) BDiserial,  4i) Point biserial, 1ii) i,
1§{) Totra~chofic, v) any other

Doscribe the errors of peasurcocent, substitution and prediction in
peychological tests, giving the equations defining theo and thoir

standard deviations. Explain the ocaning of sycbols used in tho B
equatione . (16)

Doscribe a function of relinbility which i3 inverianot with rcgurd to
teat lengthe

Thy should the split-half pethod of reliability bo wecd for 'power

test? only ? . (5¢0+8)e. GG)

\hat is connt by 'itco anolysis' of a tost ? . L o

i

It is known that a licited group has a standerd deviation of 8.0

and a relisbility cocfficiont of <83 for a tost, what will be the
relicbility coefficient in o nore variable group whose stmmdard devia~

ticn is 10.0 ?

Then the validity cocfficicnta of lcwn:l tests are known, how ahould

the test scores be corbined 8o 03 to meximise the pmdxc'.lon of the

eriterion ? Briefly describe the proceduro. +8) = ()



N®I/MN STATISTICL I'STIDITR
Resoorch and Tredning Sckool
Annusl Exaninatien, 1968
Be Stat. IV Yezr

GRIETICS

Puration: 2 houras Vaxiram nacks 3 5O Date: 26.8.1208

1.

. Atteopt all questions. The figurce in tho
pargin inZicate marks ollottod to Zifforent

qaestione

EITITR

Describo tho mechanisn of inheritance of scx—=lin%ed characters.
Thy io it enid that inm resncct of inhcritence of o sex linked

recessivo neledy, bunen nales nre ot a disalveatage ? (10)
®

Whet is polymorphiso ? Deoscribo tho genetics of the bunan blocd-

group syaten 0 = A ~ B - AB. (10)

Show that froquoncies of the three phenotypos controlloed by a eingle

. pnlr of gencs stabilisc in one generaticn of panwnixia (rcoden

ooting) s Given thot im o reofoo szplo of sizo n froa A popul;uon

the frequencies of tho plenotypes AA, Lz cad oo are

and ‘3 respectivoly, f, ¢ f, ¢ 13 = n, how will you nlnlng whe ther
thoe frequencies aro in Agroc:\ent with the hypoticsis of pan—nixia? -

12 go, how will you estirate the freguency of tho geno a ?  (10) +(10) «(20)

Calculato the expected frequoncies of the phcnotypes AB, Ad, aB
and ab aoorgst’tho offsprinea of o cross /cBb3X Aabb, when there
is linkago, and both the paronte are in tho coupling phasc.

Zatinate tho cocfficicnt of linkaro fran the following Pz dota:
AB Ab a3 ab
8 14 1 1

-Aleo obtain tho standord error of tho esticate. (8) + (6)+(6)m -
: (20)



Central Statistical Orgafnsntion

Training Course in Official Statistics for B, Stat. &
M, Stat, studente of the I.8.1, Calcutta, 1064,

Lloal Exaaination

Attempt any five quostione c¢hoosing at lonst thres
from Beetion A,

All questions earry oqual marke.

71 Auzuat 1964 . , o " Tpe 3 hours

1. Describe the naed for and the funotions of a Natluial Statlstical
System,
or

Give a detailed account af the funstiens and orgsnisstion of the
Central Statisticsl Organisation,
2. Diseuss the sallent foatures of tho 1961 Population Censua of India,

3. Trite a comprohensive note on the recent inmgrovenauts in Agricultural
Statisties with special reforence to Crop Estlaation,

4. Deseribe the coverage, oontent and the methods of collection eof
statistics of Manufacturing Industries im India,

B, Describe the method of consiruction of either

a) Index ef Industrisl Productien
or
%) Index of Wholesale Prives

8. Yrite a detailed nete en any two of the following s

1. PForeign Trade Btatistice

2., VYerking Class Consuner Price Index
3. Finencial Statistica

4. Educational Statistics

7. Deseribe the method used for computing National Income {m India from
any ene of the following sectors )

1, Agricultare
2. Unorgmnised Service sestor
3. MininZ and Manufasturing

SECTION B
1. PFiatinguish between the following 3

1. The directly staninrdised death rato and the
indirectly atsadardisod death rato,

2. Total fertility rate and groas reproduction rate.

2, Yhat are the various methods of Populatien Projection ? Describe
fully the component method,

(r.7.0.)



8.

Describe how you weuld uee an econometrio model, nn fnter-
indvatry model and a linear programming modal for national
econonie planning,

~ L
Distinguish between the fized base and choin dose mothods
of {ndex number construction, Give their relative merits
and demerits, -

Discuse the comparative merits ef ssaple surveys and complete
enumeration in sny scheme of data collection,
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