INDIAN STATISTICAL INSTITUTE

Statlstician's Diploma Examination - My, 1975

Poper I ¢ Offi-1al Statisticp and Descrintive Statistiss (Theorctical)

Ting ¢ 4 hours " Full marks 100

1.

2,

(1) Figures in tho margin indicato full marksi
(11) Use of calculating machine Ly not poymitted

GROUP_A 3 Offfcin) Statistics * (50 marks)

(Attempt ary thros questions from this groun)

Discuss critically the wiefulness of the availlable
Indian Official statistics In economic planning. (16)

Give a brief oritical rovicw of the available industrial
statistics in Indla, with particular refercnce to eensuses
end surveys conducted in this reapocte. (18)

3(a) Doscribé the main featurcs of tho Natlonal Samle Survey

Organization. o=

(b) ¥hat do you wndorstand by wuncmoloyment statistics ?

4.

What are tho main problems met in mensuring unemoloyment
in India ? Write down tho cources of such data, )
(848)=16

Moke a critical reviow of State Incom estimatos in
India, Doscribe tho spocial probloms faced in such
estination, (18)

S.(a)¥Write chort notos on any tws of the following in so

far as they rolate to ;ndm 3
1) Prico statistics

11) Trade statistics

114) Bduecntional statistics

iv) Vvital statistics

(b) Doscribo the work nertalning to ctatistics of ary one _

of the United Nations anocinlisod ngoncles.
(8+8)=18

Pleaso tum over



si(M75) 1z, -

Crotn B t Doacrintive Stattatics (50 marks)

(Attempt anv thron questiong from this group)

B(A) Diocuas the n‘.lnu.ve marits of diffareet ﬂothodu of collecting
pri.mary data in o saaple purvey.

(b) Wy aro the results of samlo surveys often more reliahle than
thoso based on complote onumeration? Mention in this connection
the cifferont vays in uhich non-samling errors affect statistical
data, - (a+e)= 18

7(&) ¥hat are Sheppard!s corroctiona for momenta? Stato tha' conditions
under vhich these corresctiors ara valid, When are thay immortant?

(b) Definn the hauc}v distribution und examine its nroparties,

() Dorive the negetive binomial distributicn as a commound Polason
disgtribution. Mention a cituation whore this aonroach to the’
negative binomial is meaningfhul. (5+6+G)— 13

8(a) Clve an account of t he tochniqua: of ort.‘\ogcnnl polynmial v
for fitting polynomial regrossions of y en x. Is the techniqus
available for a1l tynecs of bivariate data ?

*(b) Dofire any coefficient of rank correlation between x and y and
exnnine its properties. Mmtion clearly the case of 'tied! -
ranks.' . (8+48)=16

8(a) Define the coafficient of Hultiple corrsletion Ri.xy xpees ¥k
and. cxoress it int erms of t otal correlation coefficients.

Can the coefficlent decrease, Af a regressor x.k "y 13 added
to the multinle regrescion oqmtlon ?

(b) Given the correlation coofficients Ti5,Tyx and’ T3 obtelned
in an analyaisuft.rivuriut.e data, how woul you exanina
the intemal consiutenq of tho threa coafficienta ?
Explain fully, (1145)=15

10. Writo short notes on any twn of t he following

(1) he aifffculties of dir:ctly comparing the orice levels
Int wo distant veriods ¥ means of a prico index number.

(41) The moving avorago mothod of dotermining the trend of
& timo oeries,

(141) Uses of t he bar dlagram end its variants, in representing
Statistical data,

( iv) The Poarsonian systom of frequency curvea.
. (8+3)=15

NEATMESS & (Groups A & B) (4)
(z2)
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Statistician's Dinloma Exn3ination — May 1975
Pancr IT s Probability Theory and Statistiead Methods (Theoretical)

Full Marks : 1M
Fimures in the marg'n irndicate full merks

Time ¢t 4 hou.ru

Groun A t Probability Thoory (50 maris)

(Attomrt any three questions from this groun)

1. (a) when are two events indenendont? %hon i3 s sequenca of evonts
a.sequenco of indevendent ovents ?

(b) Define tha conditional orobability P(AlB) of an event A, glven
the event B of vositive nrobadbility. If Ay and A; are any two
evonts, show that

P( Ay Az) B) = p(as| B) + P(A2] B) - P(m N4z | B)

(e} Two 1dentical dacks of N distinct cards onch,'nro shuffled to
/nne secure randomnoss £hon matchod. Obtain the distribution of the
nunbor of matchizsSe Show that the_asysmtotic mean and asymotofic
variance of this distritution, are equal.
(54447) =

2, {(a) With refaoronce to random variables (r.v.), define the teiras
dietribution function, nrobability mass function and nrobability
density function. The distribution finetion of a r.v. X is
given belows

o , x ¢ O

Flx) = ¥}, 0 ¢ x ¢ 1
2 , 1 £ x < 2
1 v 2 ¢ x ¢ o€

/. Obtain tho distribution function of (X+1)2,
(b). when are two r.v.s. indevendent? Give threc r.v.s. which are
nairyise,but not mutually, indenondent.
2 a =1,

(¢) Lot.aj, ap, .., ba N nositivo numbers such that j=1 J
Iﬂf-ls the nrobabi.l}h.y gonorntlmggx\mct.ion (peg.fs) of an &Vt rad
intoger-valuod r.v shou th { o 4\ is a o.g.f. "a_/ L
v Tar V pas

. [. .
Igentify the reve o2 waich it in tl:0 pegefe (5+5+468) = 16
3. (a) Dofine the atandard normal distribution. If X and Y aro inde-
gondont standard normal variatos, obtain tho distribution of
A(x+1)/ | X-Y| nnd tdentify it.
(b) Lot X and ¥ bo indenondont, identically distributod r.v.s, witha
common geometric distribution, obtain Fﬁ(‘!] and P[X} 2Y]a
() If X and Y arc as in (b), ~nd U = ain. (X,Y) and ¥V = (X-Y)
show that U and V aro indopondopte
t2) (5+5+6) =



sp (ur3)11 (2) - 2 .

4. (a)

(v)
(o)

5. (a)

()

(c)

Dofing the torms (1) conditional distribution and (i1) marginal
distribution for discrots r.v.s. Lot X bo a r.v. having tho
Polsson distribution with mean 2. If X=0, then Y=0; and Af |
X=J >0, thon Y iag distritutad like the sum of § indonondent
Poisaon vnriates cach with moan 2. Obtain tho marginal distri-
bution of Y,

Dofino tho bivariata nomal distritution and statoits orovertics.

State and nrove Chebyshov's incquality and henco dorivo the
weak law of largo numbers for indemendont and identieanlly
distributod r.v.s. vith finite, nositive varianco.

(6+446) = 16

Stato any ono form of tho Contral 1i-it theorem. Honco, or
othorwigo, obtain n
Un- P £ x, < n u]
- =1 :
wharo { X ; n3 1} 7 2 §oquence of inddvandent and ldeatieally
@istribuBod F.ves. such that E(X;) = pand 02(&) ed® 0 ¢ ¢

Let X(i) bo tho smallest obscrvation in a randon samolo of size
n,from tho uniform Alstribution on (0,1). Obtain the asymptotie
distribution of X ,_).

[

If Xy, X2, ooy X, 48 a random samplo from a atandard normal
diatribution,_obtath the distribution of &2

i= ‘. (5+6+5) = 16

Noatnosa =+ (2)

6. -(a)

(5)"

Grows B ¢ Statistical Msthod (50 marks)

(Attemot any three quostiaons from this groun)

Exolain the terms (i) crror I and error IIfof first and socond

.kinda] (41) tho bost eritieal rogion, (1i1) comsosito hynothesia

and (iv) similar tests.
Prova that a UMP test (when ono oxists) is nocessarily unbiased,

(¢) Lot Xi (4=1, 2, .., n) bo indmendon?._nomui random variables,

such that E(Xi) = #ai, Var (X1) =0"a, >0 whoro 0© 1s known and
8; are knownand nositivo constaonts. Obtain a UMP slzo a test
of“tha hyvothesis §= 0 ngainst tho nltornative 6¢ 0.

Docs thero cxist a MP size atcst of tho hypothosis 6 = 0
against the altormativeo 64¢ 0 2 ?

(8+43+5) = 18

(Contd...3)

t4)



-3 - 5D (75)IT (3)

7. (a) Lot Xy (1 =1, 2, .., n) bo indovondont random variablea ench
boing distributed uniformly on tho intorors 1, 2, seees.s .H,
vhero N ia unknown. Show that T = max (X3, Xps eeeees Xn),
is sufficiont for N,

(b) Lot X3y (£ =1, 2, «..., n) bo n Indcoondont and identie
distributed Bornoulli random variablea such that P /Xy = = p,

0'¢p¢l » Unnt kind of functionsof p is unbinsedly extimabtle?

(c) Tho indomandant abservations (1=1, 2, ...., n) como,
woanoativaly. £Tom the n diatntmtlons ult.h nrohahility daeqalty

funetions: (
() __%m_;sL)_.s; >0
‘1 { rl»i) x

x40
whoro tho noaitive const.nnts R aro known and tho nositive
paranoter 18 unknown. Obtnlﬂ the maximum 1ikal thood cxtimator
of O , ohow that it is unbiagod and caleulate its varianca.
Comaont on tha osnnistoncy »roperty of this estimator.

(44340) =

8., (a) Discuss, in dotnil, the immortant ugos of tho z-mtribmion
in tests of eignificonce. .

(v) i indcoendont samlos of size a0 2 (for £ =1, 2, ... W) nmcz
takon from k normal vomulationsiTuith maans mi and variancos
Discusa tho liklihood ratio tcst of tho hymothesis that the
variances aro uJ.l oqual.,

(¢} I1f 6 and B aro two e fficlont ostimators for a psrameto
6 o show t.hnt. the corralation coofficient batwveen A and

is unity.
: (6+6+4) = 16

9, (a) Tho regreasion of ¥ on X 1s known to bo linear in each of two
difforont aituations,s Ontho basés of sots of indevendant
obsorvations, h.ow would you toat vhethor the two lines aro
varrallel?

(b) Lot xéc(i =1, 2, vesasy 1) bo n indevondont random variables
cach being distrituted uniformly on the interval (0,68) whero @
> ¢ isunxnown. Find tho constants a and b, which mako tho
confidonco intorval of tho form aZ¢ ¢ bz shortoat, whoro
Z=max (X3, Xy seseeee.Xy) and tho confidenco coofficient ia P.

(¢) Obtain E(2) undar tho sot up (b) and honce suggost an unbilasod
cstimator for © .

, {c+614) = 18
10. Write short notos on any throg of tho following.
(1) soquential brobability ratio testa -
i) admissidblo cotimators
111) ono-way analysis of varisanco and
iv) minimum chi-square moilcl cf cotimation : 18
LTINS (iroups A and B). ")

¢s)



IMDYAN STATISTICAI TMNSTITHTS -

Statistician's Diploma Exanination = May 1975,

ner JXI ¢ Samla Surv and Desimm & Analyais of Exmerimonts (Theoretical)

Timn 2 4 hours A Full “arks : 50

1.

(a)

(v)

(a)

(v)

1) Figuros in the nargin indicato full marks.

11) Use of c;\lculnt.i.ng machines is not nermittod.

Grou = S3mln Survevy (€0 i)

(Attomnt any throc quostions from this groun)

.For a uwng;la of 8izo n selustod from a nonulation of aize N using

simnle random aampling without reslacemcnt, cstimate the nromortion
of units in the ponulatior. which nossesa a particular sttributo.
Also odbtain an unbiased estimator of tho variance of this estimator.

A survey was conducted in « villagoe consisting of 625 hovacholds,
by covering a samnle of S50 houscholds selocted by using simmlo .
random samplins without rcnlacoment, to estimato the avornge
monthly cxnendituro (in runces) on toflot goods. Tho estimato

was found out to bo 4.20 with a standard crror of 0:47. Using
thia information, determine tho samnlo sizo neodod to ostimate the
same characteristic in a noighbouring villaga, on theo basis of a
sanple to be selocted ¥y simmle random samnling with reslacement
such that tho ,lenc?.h of tho 95% confidenco intorval is 203 of the
true value., -

State cloarly tho assumtions involved in finding out the sample
size. y .
. (748) = 18.

Explain how you would selcat a zawmle of n units with orobabllity
pronortlonal to its cizo rad vithoit renmlacement.

Lot ¥15 ¥ps eeess Fp b0 thy valucs of tho study variato % for
tho above n-solocted units and Xyr Xy LeeeX bo the cormmonding
aizes., Build u» an unbiasod estimgtor for tha population total
of tho variate ¢, « For the snecial caso of n=2, indicato -
how you would cstimato tho 2amling orror of the suggestod
stimnbor unbiasodly? .
. (s+6+5) = 16.

For stratifiod simnlo random swmling (without ronlacoment) to
ostimato tho vonulation monn, writo doyn only tho ontimum
allocation of a fixod total 3annis sizo n to tha strata.
(Dorivation of formula not rcquited) How doas ono use this
allocation in nractice?

Lot Wi bo tho proportion of ncmulqt,ion units for tho i-th strnt"m;
1=1,2, .., 'k}, and 1ot £% = N, 6; /(.11-1). whora 62 e
tho stratum varianco .

Obtain an exnroassion for tha v:u-i:mcc of tho estiduto'sf tho|..ulo.l_l.
populaticnimem based 6n an nllocation of tha agmolo size brovortional
to Wy S8%uvhoro & 48 a rcal numbor in (0,2). Honco show that tho
uuocacion in (a) 48 not inforior to thia alloeation, with roamoct

to tho varianco eritoerion.

Commen on tho case & = 2, (3+410) = 16.
() (P.T.0)



4. (a) How 'would uso the rtio-mothod for ostimation of tho pooulation

Sa

9.

10.

(v)

a)

(a)
(v)

Ae)

(d)

totsl of a charactoristic whon auxilisry information on-
a clogoly rolatod charncter{stic &% 1a available?
Darivas tho conditiona undor which such an catimator is proferrcad

to tho conventional cstimator, v.ih'ich doos not uso tho information
on &'

What modification would you suggest for tho samnling schemo,
to mako tho ostimator given in ?n) an unbhaod one.

(S49:4) =
Writo notes-on-gny two of tha following: -
Circular wstun;tic samnling technique.
Regroasion method of ostimation.
Sources of non-sampling errorg in survays.
Uso of cost-function in a samnlo survoy. (8 +8) =
Groun B : Deainn nnd Annlysis of Sxnoriments - (50 marks)
. (Attoant ary thres rrom Lhis groun)

Exslain how the ootimum siz: and shrme of plots and blocks
for fiald oxporimonts aro dotcrmincd with tho heln of uniformity
tria) data. Indicato alao how such data can be utiliscd for
insraving the precision of treatment comparisons in a field
comerimont loid out at the samo sito, aftor tho un.U.‘onity
trial has boon concluded?

(8+8) = 16

Explrin elearly tho method of analysis of data of a Latin
Squara exncrinent Involving a slngle missing valuc. Glve
tho cxwression for tho standard orror of the difforonco in
offeecta betwoon tho treatmont, involving the missing valuo
and nny othor treatment. How will you modify the analysis
in case more than ono obaorvation aro missing?

(8+444) = 18

Propare n randomized layout for an cxoeriment involving 40
varictics, using a Simmlo Lattico dosign. VUaing i.ntr-a-block
information only, give tho analyais of variance, tho
officioncy of tho decalgn commared to randomized block
dosigna and tho forauln for tho variances of the difforences
botween two varioctal moans.
: (4+12) =18

Vhat are tho nrincioles g »/>ming ths construction of a
confcundad factorial dosim? A fortilizer cxveriment involving
throu treatments N,P and K, nt throo lovols each, is to bo
conducted to oatimnto tho rato of rosponso of wheat. ‘

Give = doslign and indicato the mothod of analysis to bo-
followad such that.informatZon on all tha intcractlons boconc
also available.

16

Writo short notos on,pny tws of tho following:

Uaa of tho nrincinlos of local control in tho construction
of Randomlizoed block and Latin nquaro dosigns.

Fractional renlieation in factorial cxporinonta.

Uaa of transformation in anmlysis of data.

Graocca=Latin Squnros.
(s43) = 18

NEATIESS s (GROWPS A & 1) ey 4



Time
(for two

1. (a)

(v)

2,

3.

4.

5.

Noatncss

DA STOISCISIL TISTIT TS

Statistician's ‘Dinloma Examination - Mav 1975

Paner IV s Annliecd Statistics Growo Pamers (Theoretical).

4 hours ' . »
groupa) Full garks & 100

(a) Candidates will be roquired to answer questions
from thoso two groups of subjocts only for which
they have already registored their ontlong.

_.(b) Senarato anawver books are -t.o bo used for each of

the two groups attemted.

() Figures in the margin indicate full marks.

(d) Uso of calculating machines is not nor=itted.

GROUP (a) t ECONOMIC STATISTICS (Half-Paner
50 Warks)
(M..Lempt qrr _throe questions from thla group)

Discuss the problom of aggregation in connoction vith the
estimation ef a production function.

" Show thaf. undor cometitive market conditiona, the expancats

of the Cobb-Douglas production function reoresent the
prooortionate shares of the factora of nroduet.ian in the
valua of the total outnut.

(848) =

—

Discuss different methods of obtaining mcasures of seasonal
variation and examino tha rationalo of cach mothod. (16)

For an onon leontiof imput~outnut systen consisting of throe
industries, clearly montion tha conditions for equilibrium
and obtain the solutions for outnut and prico. e

What 18 a Lorens curve? How do you defino the moasuro of
incomo concontration from a Lorenz curve? Obtain tho form
of this curve when inconma (;. ) has thoe following distribution:

P [§>x]= (xx—ov for x> X uﬁonV)(fs)

Hrite short notes on amy tuo of tho following:

(a), oquivalonce of the threo methods of moasuring national
incomes

'(b) problen of multi-collintarity in domand analysis;

(e) businoss forecasting on tho btasis of time sorics data:
(d) construction of a consumer indox number. .
. (8+8) + 16

(2)

(o)



50 (78)Iv(a) 2

1.

7.

s.n.nf- GROUP (b) : STATISTICAL QUALITY CONTROL (Half-Panor

50 marks)

(Attemnt any five quostions from this groun)

An oxnoriment hnas to ba conducted involving fivo factors, A,8,C,D,E
cach at two lovols. Of thesa, tha factors A,B and C aro likoly to
intoract. Construct a quartor remlicata of tha 25 factorial dosign,
making use of tho 25 full factorial design involving tho factors
A;B and €. Indicato tho difforont effects ostimated by tho quartor
ranlicato and thair resnaoctiva allases. (1"

A narticular wvolding onoration is done by k differcnt wolders.
Tho numbor of wold-joints nroduced by each welder during a month
and tha corresnonding nuabor of dofoctive wold-joints are as
followatr

Woldor 1 2 caes k
No. of wold~joints

nroduced ny n, PP ny
No. of dofective —_—

waeld=joints : xq %, saea X,

Givo n nrocedurs for tosting tho hynothasis that tha X wolders aro
oquaTly cfficient in wolding. State your assumtions if any, (19)
10

(a) Write a note. on tho seono of an X-a chart for its usa in
quality control work.

. (b) Obtain the exprossiona for the control 1limits for X-s control_

charts (vhoro X and s aro tho subgroup moan and standard
t(kWiAt.lon resnectively), when t ho process standard doviation
sigma .

(1) hansens to be known (from past data) (11) is not known,
(243) .= 10

Desoribo a method of ostimating tho nrocess capability (inherent
variation) of a given largo scale manufacturing nrocess, indicating
claarly tho stens involved, Monsion somo uses of the ostimation
of nrocess conability.

i (6+) = 10

(a) Commaro cxhaustive (100%) insncction, porcontage {nanection
and samnling nlan insncction,in rosnoct of thoir discriminating
nover botweon bad and good lotse. Caxent niso vini ihe nverase
cerlity’ 62 .noceptod - iterd undor-4ne tireo inopectdon roceliuress
B Y AL

Lofinog
(® (1) aqw (11) a0QL (111) ATI (aOY)

in caso of single samnling nlan by attributes,using accoptnnco
roctification criteria.
(4+6) = 10

From a lot of sizo N, a random sammlo of n items is choson. Tho
units in tho samnloe are inonoctod, to ba classified into dofcctives
and non-defoctivos, If tho lot containa 100n% dofoctive itema and
it 1s accontod if tho numbor of defoctivos in n doos not oxcoed a
given numbor ¢, writo an exact cxnroasion for tho nrobability of
acconting tho lot and mention various annroximations to it.

Indicato tho nroccduro for a double samling accantanco/scrocning
plan by attributos. (6M4) = 10

Doscribg the aallent foaturos of tho Dodgo-ROming samnling
inenoction tablos. (10)

o)



Nontnass ’

3. sp §ns)Iv(a)

S.B. IV - GROUP (c) s STATISTICAL ‘©THODS T GENETICS (Half-Panor
B SO marks)
(Attomt any three quostlions from this groum)

In planning a brooding nrogranmd with I'x- data, obtained from a
nrogony tost, all tho genotymoes aro nssumad to bo comolctely
idontified (includine tho doublo hotorozygotos at tho counling
or repulsion nhaso). Estimato the amount of information on

rocombination fraction by crossing two hotoroyygotes at rmuhion
phasos.

Show that tho information obtainod from tho Fp= d:tu,is tvice that

‘for tho back-cross. Why, do tho brocders usually adont tho

back-cross as standard,in commaring tho officioncy?

(1043+43) =
Out of a largo numbor of sires undor nrogony testinz, a proportion
“n" i3 selectod on the basis of tho first lactation rocords of

fn" daughters oach. What would bo tho exmected gonotic advanco
as a result of such salection? ~-

Estingto the horitability from intra-siro regression ot daughter
on dan, stating clearly all tho assummtions involved.

(848) = - 186
By using the maximum 1likolihood mothod, obtain tho estimates of

the blood-groun geno-froquenclos of mothers and children, from
mother-child comblnation of A~B-0 blood-grouns.

What ia tha othor mothod commonly followod in osumati.ng theso
gene~froquoncies? Doscribo its limitations.
(104»6) = 16

Undor tho assumptions of abacnco of difforontial fortilisation
viability and 1inkege, obtain tho following estimtos for (n+1)th
gonoration when Fy- plants aro solfod,for n succossive genarationst

(a) varlance of F(r;+1) nrogoniee, '
(b) variance of moana of F(nu) progenics,
(¢) moan variance of F(n+1.) progenios, .- i
(d) covartance of F(nsy) DTOZCY moans and Fp varents.

(4HHH) = 16
Write uhorf; notos on any two of tho following:

(a) Rolo of soloction and mutatlon
in ponulation drift.

(b) Relativoe merits and domorits of
S1b method and Probond mothod of ascertailnment.

(c) Linkogo disoquilibrium and viability.
(d) Path coofficlont vis-n-vis Inbrooding coofficiont.

(&48) = 16

2)

(1)



sp (\rus)x_vh) a

S.P.IV =~ (30 (A) ¢ VIZAL SPATTSTICT A0 D2 ZA7A™T (Malf-Paner
. - . 50 marka)
(Attomnt wr- throo quectivnu from this grown)

1. _(a) -Doscribo three indices used for comaring levels of mortality in
* subdivisions of a much larger oxnerienco, mentioning their
advantages and disadvantages when anolied to: (1) different
occupational groupg; (11) differont areas of roaidence.

.(b) Four studonts wero indonendently asked to state vhich statistical
recorda in his oninion, would prove an tho beat indiecator of the
sickness experience of a vopulation.

-Student A considorn, that record of sickness abmence in industry
offer the groatost potentinlities.

Student B nrofers, data collectod by means of esocial surveys as
bolng more reprusontativo.

Studont C says, that Natlonal Insurance rocords are under better
control and are thereforo the best choice.

Student D foeels that sicknens tannot be aocurately definod.
Tenca no usaful purpose :6an be sorved by moasuring it.

Comment on the differont opinions and add your own vicws with

reasons. .
(843) = 18.
2, Bxmlain oriefly how a pooulation projection could be made by the
component methods . .
(a) Tho population estimatos of Great Britain for the year 2002 wvera:
1) 52.2 millions as vor the Royal Commission on Population
Projection 4n 1954,
. 1) 70.4 wmillions according to 1962 official Projection,
{111) 61.5 millions as ver revised 1971 official Projection.

.

What Justification is thore !‘or.mnking pooulat ion omjectliona,
if there are such wide variations asabove?
(b) How would you construct the age-structuro of a stablepooulations
swported {v 1, annual births, given its e xooncntisl growth rate
and a life-tablo rovrosenting its mortality level. .
(6+3+7) = 16+
3. (a) Discuss tho difforcnt ways in vhich samnling can be amloyed
in a population census.
*(b) What official ovublications would you consult tgo roview tho
marriago rates for India and how would you summarise the statlstics.
What ars tha factors influoncing marriage trends to :whitAlyon.w
would.like to draw attontion. . }
’ (8+8+2) = 16.
4. Writo short notos on any two of tho following:

(a) Do facto and Do_juro mothods of consus onunoration and their
relative advantagos and disadvantagos. .

(b) Aonroximate rolations botweon tha measures of mortality, viz.
s my,and 4yof a 1ifo-table as alse botwoon curtate and
comploto expectationt of life. (Will those rolations bo valid for
Bsay ogo 907). .

(¢) Not roproduction rato as an indicator of growth of vonulation.

(d) Difforont nhascs in growth rato through which a nonulation passos
owing to veluntary rostriction of birtha and gradual imorovemants
in mortality. (Which nhaso is suitabdblo for use of a logistic
curve?). (8+9) = 16.

(2)

Noatnoss

{uzy
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JB.1V - GROUP (&) EDUCATIONAL AMD PSYCHOLOGICAL STATISTICS  (Half-Paner

1.

50 marks)
(Atterpt pny threo questiona from this groun)

Assuning tho classical tost theory model, dorive tho exnrossion for
tho lincar regroasion function of truo scoro on obsorvod seora.

Ono oxamineo rocolves a scoro of €0 on tost 1 and a socond cxaminco
recoivos a score of 62 on tecst 2. JXssume that t ests 1 and 2 moasure
tho sane ebility with roliability f,=0.90 and P,=0.00, and that
E(X4)=E(X3)=50 whoro Xy and X, aro the scoros,corrosnonding to tosts
1 and 2.

Which examineo do you think has tho highor trus scoro? (848) = 16,
2. Doscribe an exnorimental mothod for obtaining reliability of an
essgy-tyne examination.
An cxamination has two parts an objoctive part (o) and an essay nart
(e). The split-half corrclation of scores for part (o) is 0,80 and
the corresponding correlation for mart (e) 1s 0.60. The corralation
botwoen the total score given by cxaminor A and cxaninor B is 0.78,
for the ossny part (es.
Estimate tho content reliability for (o) and (e¢) aoparatoly. )
(8+9) = 16.
3. (a) Discuss tha advantagos of tranaforming rew scoros into percentile
ranks.
(b) Given that a roading tost for unaoclected 10-yoar olds, yields,
a mean of 50 and a standard doviatlon of 10, wherocas an
arithmetic tost for the samo groun glves & moen of 48 and a
standard doviation of 8, If a student acoros 52 on roading and
50 on arithmetic, can it be concluded that he i3 bottor in roading
ability than in arithnotic? Givo reasons for your answer.
. (8+48) = 16.
4. (a) Distinguish botwaon nrincinal componont analysis and factor
analyals,
(b) Assumo a matrix of factor loadings for throo tosts and a
critorion on four factors as shown in tho table below. The
last column gives tho rcliabilitics.
. Factors
Toats 1 II III v Roliability
1 .4 .4 .3 o5 .74
2 N 2 [} 4 .66
3 o3 .6 0 W2 .90
(] »1 . W7 .3 ¢ .87
i) compute the communality of tost 1
11) which tost has tho largost anccific varianco?
114) comuto tho uniquencss of test 2.
iv) comnute tho table of corrolation for tho four variablcs.
. (8+8) = 16,
5. Write short notecs on any threa of thg following:
’ (a) Attonuation formula for giving tha corrolation botweon truo
scoroa (in torms of correlation botwoen observed scoroa and
tho raliability of cach measuroment). - )
(b) Supwrassor variablos and modorator variamblos, in rogrosaion
analyais.
ic; Corrcation for guassing in a multinlo cholco test. )
d) Bi-gorial and totrachorie corrolation coefficlents. - (16}
Yloatnopa . )

L2,



IMDIAN STATISTICAL TNSTITUTE
Statiotician's Di~lona E.‘r'-ﬁl.n«.tim ~ 'y 1975

Panor Vs *ETHODS OF MU ERICAL CO'PUTATION; DESCRIPTIVE STATISTICS and
OFFICIAL STATISTICS (PRACTICL

a) FPigures in tho "aargin fndicato full marks.
b).Usa of Calculating ‘=chinecs ig nermitted.

GROUP () : “ETUODS OF NY@RICAL COPUTITION (26 marts)

(Attemst any two quostions frea thig grown).

1. (a) Solve Yy any mothod known to you, tho folloving system of

cquationss
3x + 2y -z + t = '1
X =y =23 + —4t = *3
2x ¢ 3y 42 - 2t = =2 .
S5x - 2y +3z + 2t = (o]

(b) Find tho invcrasa of tho following varisnce-covarisnce matrix:

63713 15449 4620

15449 6353 1058

4620 1056 e18 /. - (6+7) = 13.
?. Taking tho holp of the tabled valuos of x and o™ given below:

Tz . oX x o

0,12 1.127497 0.18 1.173511

0.13 1.138823 0.17 1.185305

0,14 1,150274 0.18 . 1.197217

0.15 1.161834

emlunto- By making uso of aomropriate formulao the valuos of

0.1255 0.1867 0.18, x
a [ d e dx
’ ». o0 o,;}r « (34347) = 13.

\
3. (a) Tho following tablo. givos the valuos of the function f(x,y) for
difforent values of x and y. - N

\x-—> 6 8 12 24
p

30 2.42 2,27 2.09 : 1.89
40 2.34 2.13 2,00 1.79
0 2,25 2.10 1.92 - 1,70
120 2.17 2,02 1.83 1.61

Obtain f(x,y) whon x=7 and y=32, uaing tha rociprocals of
x and y as argunents for intornolation.

(b) Uso ary mothod of inverso iptomolation for doternining tho
roal root of tho oquation x°-@x-11=0 lying botwoen 3 and 4,
corroct to 3 docimal nlacos.
(6+7) = 13.

¢as)



4.

GROUP B t+ DESCRIPTIVE STATISTICS (50 marks)

(Attemt all questions fron this groun)

The frequency distribution of I.Q. for 309 six ycar old children
in a cortain locality is givcn below.

(a)

(v)

(a)

(b)

1)
14)

111)

1.2, Freanener
40-59 s
60-79 3
80~89 17
90-99 €S
100-109 &9
110-119 79
120-129 37
130-139 19
140-169 12
Totel 309

Draw tho histogram of the froquoncy distribution.

Comont on tho ckownoss of tho distribution by commuting
a sultable measure.

(6+8) = 14.

The following data rolato to tho numbor of snmokers in 100
randomly chosen groune of B mnlo college students cach,
as obtainod from a recont survey conductoed in a cortain
ecducational institution:

Nunber of . .
smokors 0 1 2 3 4 5 6 7 8 Total
Der_groun .

Number of

such :
randoaly 15 21 32 14 9 6 3 1 O 100

chonsen prouny

Fit a binonial distribution to tho data and obtain tho
axnocted froquencios.

An cmloyeo in an offico 18 summosed tor cnort for duty at
10,30 a.m. Ho is markod lato in attendanca if ho tums wn
betwoen'10,50 and 11.00 a.m, and i3 not allowed to attend
if ho arrives aftor 11,00 a.m, During tho last 180 days

ho rcached office, ho was marked lata on 57 days and was not
allowod to attend on 11 days. Asguming that his arrival
tima follows the normal distribution, catimate.

tho numbor of days he arrived beforo timao.

tho numnbor of days ho arrived within fivo minutos of tho
scheduled reporting tima, and

tho numbor of dgys ho arrived oither beforo 10.45 a.m. or
aftar 10,55 a.n., during tho statod pcriod.

(848) = 16.

(P.T.0)
¢as)
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Te

() 52405)V (3)
Frod tha following data, obtains

1) tho coofficlont of corrolation botwoon age of husband and
ogo of wifo;

11 ) tho exmoctod ago of hushand for a uifo acod 19;

111) tho oxwocted age of tho wife for a hustand ogod 30:

—
Seaeah* I Il I IV v VI VII_VIII X X
Ago of
e band 25 22 28 26 35 20 22 40 20 18
hZo of 18 15 20 17 22 14 16 21 15 14
vifo,
ITHER

Tho following data rolato to ncrcontago of cmandituro and nercont
inecrcase in -wico ovor 1939, for difforent gro-os of exaondituro
for tho middlo-claas pcople of Calcutta in 1957,

Obtain the genoral cost of living index numbor for 1957 with 1939,
as base, A Balcuttan belonging to this incomo groun wns drawing
as salary %,180.00 in 1939 and *.396.00 in 1957. Dotermina how
nuch ho should have roceivod as oxtra allowancae to maintain hias
pro—var (1939) standard of 1living.

Porcentage of Percontage of
oxnondituro increcaso in
Group in grouns srico in 1957
during 1957, over 1939
( 1) Food 61.22 311.8
{ 11) CQlothing 4.51 444.8
(141) Fuol & lighting 6.58 298.0
{ 1v) Houso ront 8.97 16.9
( v) Miscollanoous 18,72 1845
(6+2) = 8

on .

From tha tino-sorics data glvon below, .obtain indicoa of sonsonal
variations in the salo of woollen goods:

Yoar Summer Monsoon Auturn Winter
1968 30 81 62 119
1969 33 104 86 171
1970 42 153 99 221
1971 56 172 129 235
1972 67 201 136 302

tar)
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$D V Group C : Officinl Statistics (24 mxis),

N

(\ttompt both tho cuestions frao this greup)

Ce ot Gliubery

Zou aro requiicc to ltucy over n roviod 2f yeirs the prices of
fnportant £otl cevpd e I Zi. svaatila to the nnoum. avni 1adble
for consmumption nnd the populntians Clearly ceatien

() the dtcws of statisticnl infowmntion you would spocifically
. nted for tho murpoac

(b) tho officinl sources that wili provido you with the nocessary
and relevant data

(c) tho reliability of the dnta. zoinz to be consulted by you. -

(d) tho coupleteness of the avnila®te data for tho study or if it
would rcquire to be ~buil t-rp -

Ho actunl ¢ollection of cata is nocesnmy-_?' (10402‘ =12,

at

You axre required to show the volume of goods traffic earried

by the Incian Railways over ycara amd rclate them to tho Irdex

unders of infustrial procustioa adl al2zo Indax Muibers of

agricultural production for the cwresponding voars:

(2) from the publications placod at yecur Cispozal,.collect the
. relevant datn forr scven cong~cutive latcst avadlable yeoars

(b) commont on the mnlient featuiws ¢f the data collected by

yous
- fa3°343)=12
Do Collect datn on any £ of the foliowxirsm- topi-.l for Uuwee
consaculivy 1o ot L laa.

(.1), Conpuzor price index nunmberas in Cnlcutin far iaduotriil corke:s
(b). Averngu yivid raw 0 waal an tie aanjab
(o). Yet aron irvigated Ly Govie canals in Indin

(d) lumbor of achalara in rocognised edientfonal institutions
. in India
(e) iunter of nowspapers and periodienis puiiiaied in India.
(£) iunber of pasosengors ldlled in nll Railweys in India in
train nccidentss
(1x3)=12
[”o'.c. The qucu'.ionu on officinl otatiatics ave intended to test
. the candidate's lmovwledge and fapiliarity with tho use of aﬂ‘cin).
otatinticn. Fbr cucations requiring aetual cousuiiniion of
publications , candfdates will be recuired to male ues of orﬂcxnl
publications placeé on tables for the murposo, generally within &
opecificd tioe peiiod, .

1) Pull rcferoncos Lo publications consulted arc to bo';-,;.i\'on -;;lon';
with anoverss Any other irfomnation conrjdeved relewrnt is alse
. to bo given. :

1!) The infomintien Dumished ly the candidates should be arrangzed .
nethedically and, whorever poosidble, in noat tabular fmn._/

¢ary



DIDIAM  STATISTICAL INSTTITUTE
Sbutis\ticinn'n Diploma Bxamination = May, 1975
Progr VI ¢ Statigtical Hothnd;'{ Doniem & g-\i“lzsig of ? in-g;?_.u
ang Swnmlg Survgys Prac. o8
Ting 8 § hours Full markg : 100

En; Figuros in tho margin indicato full marks
b) Usg of calculating machinos is pormittod

GROUP 4 s Statistical Mothods (40 merks)
(atsaopt gy o quostions.from-this group)

1.{n) Tho weights of ton boys boforo a chango of diot was introdusod
and sgain six months aftor the change in diot, are rocorded

bolow. .
Serinl Mo, Woleht (in 1b,

cfor: t

1 109 1S

2 112 120

3 98 99

4 114 17

5 102 105

[} o7 98

7 88 191

8 101 99

9 89 93

10 21 89

Tost whothor thoro has boon any significant ine-cuse-in woipht
of boys, os a rosult of the chango in dilot.

(b) Tho eorrclation coefficiont botwoen tha o:ores in two halvos
of a paychological test, annliod on five groups of 30, 20, 28,
25 and 22 students,were 0.63, 0,48, 0,51, 0.71 and 0,65
rospoctivaly.
Tost Aif the grouns are differont with rospect to tho corrolation
coofficicnt. Asauming homogenelty of tho grouna also find a 95%
confidence intorval, for tho common valuo of the correlation
coofficionte (10+10) = 20

2.(a) Two difforant toaching procoduros woro used on two groups of
studonts; oach groun included 100 students of about tho sama
ability, At tho cnd of tho tom, an ovaluating tosm aasigned
5 grodos A to E to tho students, Tho rosults woro tabulatod
as follows

GRADE, A B [ D E TOTAL
Group I 15 25 32 17 11 100
Group II S 18 29 28 16 100

Tost, at § porcent significanco lovol, tho hynothosis that tho
two toaching nrocedures havo boan oqually offective,

Blonso_tum over
(ixo)
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SeDe VI Group A 2 Statioiiocrl liothods (Contds)

Q.2, (Conta,)

b
2,(b) Fit tho curvoy = ao to the following data and tost 1f
bt diffors significantly fraom 2.

x 8 1 -2 3 4 5. [ 7. ]
¥+ 15.5 20.5 27.4 36.8 49.1 esg M e7,8 117.6
(84844) = 20

Z.{n)l Soores on a elorical aptitudo tost administerocd to a batch
of 10 olorks of tho Socrotariate and 9{Dirvetornto, are given
balow, Examine by Wald-Wolfowltz run test, vhothar tho two
groups of clorks have tho saro scoro distribution in the
population. .

Seoros of clerlm |
Socrctariamclerks @ 48, 40, 51, 35, 59, 62, 43, 60,.46, 55

DMrectorato ¢lorks s 45, 47, 58, 42, §7, 50, 57, 62, 57

(b) An exporiment wng conductod in throo villages sqlpcted
at random to comparo threo varieties of rice A, B and GC.
In each village two plots were sown with tho same varicty,
The following tahla givoa.thoyield rate in maunds per

acred
. T101d of paddy
(4n maunds por acro)
Variety N . Village
(1) - (3
A : 16,7 58,2 23.8
: . 154 . 41.2 14,8
B 30,1 . 43,2 © 15,6
35.4- 45,7 18.7
c 22,8 52.6 29.4
$4.5 51.7 35.4

r .
Tost whothor tho yiald ratos of tho difforent variotics
diffor from villagoe to villago. Proseribo tho bost variety,
1€ o (7+1048)= 20

¢.120)
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ZoeT TUDB DR Cm o f0 M moat ezt (30 marka)
( Attompt a1l quostiona from thia group )

4. EITHES

Pronaro a Latin squarc layout with nropor randomigation, for a
variotal trial involving five variotios. (20)

QA —

Obtain tho layout ef BIB doslen with v=7, k=4, =i, HM:(?B)
5. EITH ’

The following table givos the plan and yicld of a randomised

block experimaont. 'Ihe&lald for troatmont numbor (4) in block

nwber IT s missing (x). .

Test for significant difforoncos botwoon tho troatments and

obtain tho ostimate of the standard orror of the difforonce

botwaon tho moan of treatment (4) and that of any other

troatmont.
: Plan_angd ylolds
. 1)
e @ QB g
. Block II (3) (2) (1) (4) (s)
11 24 h¥:} x _31
Block IIT (4) (1) (3)"  (2) (5)
. 17 13 24 24 23
Block IV (5) (2) . (1) (4) (3)
12 22 8 17 18

“The opan figuros roprosent yield valuos md tho fitures 1.?
paronthoses, indicato tho tmatnmba.z 20)

OR

v . . .
Tha felleving data relato to povor conmaption in alostrie
fumace hoata, Thore were 4 factors, at 2 lovols ocach, and

tho experiment was roplicated 2 timess The factors considorod
were nature of roof A(low, high), power sotting Blow,high),
oeran used G(tubo, plato) ‘and charge D(700 1b, 1000 1b), Tho
rosponae was measured in kilowatta of power consumed pcr.ton
of meltod product. Each roplicato caataina 4 blocks of 4 wnits,

: - . Roplicate Y

(1) 866 abed 752 ' acd 1056 ac 1028
oM 784 ab 709 ba 702 ad 968
d 922 a 988 be 617 b 744
abe 829 e 1017 . a 946 bed 798
Roplicato XX _ -

a 810 (1) ‘B0 b 76 ab 618
be 771 ca 868 ac 877  abed 714
acd . 908 ., abd 696 bed 702 - o 954
ba 650 abe 691 ad 876 a 650

Analyse tho data givon above-and ;iva your eoncidered.sazonts
on (o reculioce (20)

Tlaas0 tum ovor



SOVI  GROUP C s  Sammlo Survoya. (30 marks)
AL Ymt S1 v L'an foan bhoz To )

6.(a) Tho ago and sox distribution of tho stulonta of @& collcgo in tha
yoar 1974 is givon bolowet - d .

Ao group 8 bolow 16 16~18 19-20 above 20.
Maloa 43 311 323 37
Femaloa 23 81 94 33"

Draw a sinplo randoa samplo of 10 studonts from tha abovo popalation

(b) Tho following tablo givos tho Y971 population (in lekhs) of ten
principal citios in India. :

City Populat fon City. Population
in lnkh - —_— in s
1)Caleuttd motropalitan area 70,4 6) Ahnodabad 17.4
2)Groator Bombay 56,7 7) Bangaloro 1645
3)Dolht 36.3 8) Kanpuy . a7
4)Madrog . 24.7 ') Poona 14,2
5)Kyderabad 18.0 10) Nagpur 8,8

Saloct two d.gffarmg citles,such that the probability that a city

entors tho oample 13 in proportion to tho 1971 population, (548)=10
7. EITHER ' R

In a census of non-agricultural establishments, 500 small unitas

wore 1istod, A simplo random sample (without roplacemont) of 30

units (cstablishments) gave the following data on coployment |
{nunber of persona onployed) o .

2 2 2 2 3 S 2 3 4 5
2 4 -2 6 [ ? 5 41 5 3
2 2 2 2 S 2 2 2 2 2

(a) Estimate tho total cmploymont in all tho 500 units and give

and estinato of tho standard orror of tho ostimator in (a)

(b) In the courso of investigation, 7 of tha 30 salootod units

vero noticod having loens from banks. If the first 7 figuros

in the first row rofor to theso, cstimato the numbor ¢

(’(-3 of eatablishments taking loans fream banks in tho population

OR .
A district containa 2,072 farms dividod up into S5-strata on tho
basis of aroa in acros, From the N{ farma in tho i~th stratum a
randen sample of ni famg 15 token, Tho numbor of cattle on each
sanplo form is dotormined, From this tho mean yy and $ho varianco of
are calculated from the sanmplo for each stratum. as shown bolews

tha numbor of porsons cmployod in such establsihnents (12+8)=20

2

Stratun . - 1
S,.No, basod on Ny i ny yi . 512
aron (nern~n)
1. undor 168 acrea 635 84 4,84 27,54
26 16 =30 .. 570 125 11.63 55,84
3. 31 =50 ., 475 138 15,95 71,70
4 51 =75 303 nz 23,59 192,32
5. ovor=75 .4 89 41 29,61 334,93
Estimato from tho data colloctod above 3 .
n) the avarago numbor of cattlo por farm in the district

b) tha standard orror of tho estimator in (a) (12+8)=20

4122)



IMDIAN STATISTICAL: INSTITTTE

Statistiocian's Dioloma Examination - May 1975,

Paner VIT s Amliod Statisties Groun Paners (Practical)

Timo ¢ 5 hours
(a)

Full marks

Candidates will bo raquired to angwer quostiona from

thoaa two grouns of subjects only, for which they havo
already rogistored thair ontions.

(v)

(¢) Figures in tho margin indicato full marks.
(d) Use of celculating nachinas is permitted.

S.D.VIT ~

(Attemmt any two quoations from this groum).

Scnarato answer books aro to bo used for oach of tho
two grouns atteaoted.

1M

GROUP {a) 1 ECONOMIC STATISTICS : (Half-»anor 50 marks)

1. Tho following table gives tho distribution of incomo among 37,569

porsonal-incomo recinionts in tho U0.S.A. for tho year 1918,

Plot

tho data using a suitable scnlo ond find out if Parcto's law will givo
an adoquate fit ovor tho entlre range of tho obsorved distribution.
If not, try a suitable rango and fit the Paroto law to that range.

Income class
(in dollars)
(1)

0-500
501-1000
1001-1500
1501-2000
2001~3000
3001~5000

No. of persons
00

No. of norsons Incoao class
(000 ) (in dollars)
(2) (1)
- 1828 5001-10000.
125581 10001-25000
12498 —_ 25001-50000
5222 50001=-10Y"
3065 100M01-200079
1383 200001 and above

599 ,
192

14

2. The distribution of assesscd income in India is given helow for the

yoars 1951 and.1960.

has increasod from 1951 to 1960.

1951 1960

Annual Income No. of Assessod ‘lio. of fssossed
(4n runoces) agssesgens.. income -as8c83008 income

(000 ) in crores (. 000 ) in erores
Below 10000 371.2 174.,2 613,0 359.7
10000-~20000 61.8 84.1 155.2 2R.7
20000~70000 32,7 108.2 79.1 270.9
70000+100000 2.5 20.5 8,5 53.9
100000200000 2.4 33.3 4.6 31.3
Ovor 200000 1.8 154.4 2,6 234.5

(25)

EZxamine Af tho inoquality of incomo distrimution

(25)

3, On the basis of fanmily-budget cnquiry, the following figures for aver-go
per canita monthly total exsondituro (in rumacs) and averago oer caoita
consumnhtion of coroals (in kg) for different incoma~grouns aro obtained.
Estimato tho Engol clasticity of domand for coroals, aasuming the
congtant-clasticity form of tho Bngol curve.

Avoraco ner canita

Per canita Numbor of Monthly eonaumn=- monthly total
monthly incomo nersons tion of cereals cxmandlture ?
0-20 123 10.5 14.9
20-50 252 13.2 - 52.4
50-100 173. 15.0 .7
100-150 10 16.1 121.8
150-200 62 17.2 170.
above 200 pord 13.1 240.9

[A%)

(25)



S.D. VII - Gkom"(b) : STATISTICAL QUALITY CONTROL (41 f~-Panor
50 mar«<a)

(M.'.ompc question onc and amy othor twn from this groun).

1. EITHER ,

An oxnerimont was conductod to investigate whothor its tonsile strongth
of cortain commonent diffors significantly, when two difforont raw
matorials My and Nz aro uwed, Threo batchos of the comnonant wero
manufactured £ rom cach raw matarials Fivo samnlcs wore tosted from
oeach batch and tho rosults aro given belows

Tensilo strenpth (kg/mm2)~of gamle niceos

Raw material i) Rav matorial Mz
Batehmos.  Byj By Bz P Tz BB
19 8 25 17 22 28
14 4 21 8 27 35
20 6 25 13 i9 1
25 17 28 21 29 15
7 10 <y € 11 22

{a) ‘rita down an awnronriato model for unalysis of varianco.
b) Analyse tho data and givo your findings.
(4+22)=28

OR The chromium content of tost samlos can bo dabaminod by two mcthoda-
snoctral and chomical. Following aro the resvlta for 15 tost sammles:

- Chromiun Content (%) Of Test S~mmles

Samlo S~octral Chemicrd ’ £ammlo Soactral  Chemical

nunber method mothod neaber nothod ! mothod
1 0.62 0.6 9 0.62 0.65-

N 2 0.50 0.51 10 0,43 0.43

3 0.60 0.58 11 0.70 . n.72
1 . 0.52 0.51 L2, ‘¢ 0.58 0.59
5 0.74 0,72 13 0.60 . 0.59
6 0.49 . 0.50 I 0.C2 0,52
7 0.57 0.56 . 18 0.62 N.65
8 0.48 0.45

zn) Estinato tho nrecision for cach of the two methods adontod
b) Tost for oquality of nracizlon,for tho two mc*hods in (a) (20+6)=2“7

2, For tho singlo eamling attributes insnection nlan with lot size N=200,
samlo sizo n=20 and Accontanco numbor e=1,
(1) draw the avorago outgoing quality (AOQ) curve and from tho ¢'rve
80 obtainod, road tho samreximate vilua of ADNL.
(11) Indicato how you could o%i.ily A2, wilhoow wsing any AOQ cvrve.
(10+2)12
3. Tho 'immulso scnsitivity' of fuscheads coning from a controllod procos3,
has moan = 1.7 units and standard dovinti~n = 0.15 viita, Tho snceifi-
cations aro 1.2 units to 2.2 units, Fcr moro cffici:nt control it is
docidod to take a samnla of 25 tuschoads frea cach batch and insncet
thon to a narrowor snocificaticn limit of 1.: to 2.7 unita. Control
chart is to bo maintainod on "tho number of frechei's not conforming
to thoso narrowor anocifications.” Obtain tho scatrol limits for this chart.
using tho abovo information. (12)

4. Tho standard doviantion (s.d.) of tho measured “aluua of a quality charact-
oristic is 20 units. Howovor, it is knova that tho (s.d.) of tho orror
of moasuroment of this charnctoristic is 3 wiits.

(a) Estimato tho truo s.d. of tho quality charactorintic.
(b) How much imnrovencnt in tho moasuring tochniquo,ls nccossars to
reduco tho overall z.2, to v'thin 14 of Lho truc a.d. valuo.
N (6+6)=12,
(1)



8.D. vIT - GROUP (c) ¢ STATISTICAL METHODS I[N GZUETICS (Half-2anor
. 50 marks)

(Attomyt any two quostiona from this groun)

1. Tho anount of Dutch clovor in forago stand was ostimatod by a mechanical
countor and also Yy cyo, tho ostimatcsboing donotod by I’. .and X2
resnectivoly. Tho two treatments to bo diserininatcd vero randoaized in
15 blocks of two nlots cnch, giving an analysis of varinnco sot un as

followss

Sourcos d.f, S.S. (x,) 5.3.(x,) 5.T4(x,x,)
Botween troatmaonts [ 13,47 8,43 1,65
Botwoon blocks 14 93,11 54.69 61,95
Error 14 20.4% 8.41 4.89
Totql 29 127.02 69.53 78.49

*Obtain tho bost diseriainent function (y) and the corroswonding AMOVA.

If instoad, a discriminant basod on tho sum efathw>sum of the variahlos

(1.0, w=x34%5) 13 sot un, find out the rolativo officlency of solection,
Also work out tha corrolation coefficient botwoon.theso two discriminanta
& and 3). (15+6+1)=25,

2. Tho loavas of tho juto nlants nre, according to two scgregating
charactoristice, classifiod for oach of Fy and Fg genorations as undort

gonorantion bittor non-bitter bittor non-bitter &
curly cnrly non-curly. non=curly
Fp 696 85 74 285
Fy 833 71 . B6. 320

If n = recoabination fraction and P=(1-n)2, cotimata tho "amount of
information” and tho "duviation froo naxinun likelihood® for tho two
tymes of familics: Test whathor tho data from tho two tvnos of .
fomilios, ngreo in shovwing tha samo valuo of "', (12+8459)=25

3.0)47 fanilios of 5, 6 and 7 children, wero fornd to ba sogrozated for
albinos in tho nmanner shown belowt

Numbor of albinoa Sizo g!‘ fanily (mé-nbcr of chj’ldmn)

(1) (2) (3) (1)
1 7 7 4
2 8 [ 0
3 4 3 5
4 1 2
Total 18 14 15

Toat whothor the dnta indicato that aldbinigm ia a simlo autononal
rocossivo, N

b)A wonan had 1oft hor bady in its carringo in a big citv ovtsido a
supormarkot. Whon sho roturncd from shomming, tho baby was found
migsing. Sho lator found a baly which had boon laft at a'foundling’
hono shortly thoroaftor, and claimod that it wvas her baby. Blood
tyning tost was dong, wvith rosults givon bolow:

Mothor - A My Rh=nogativo
Fathor [+] N Rh=~ositivo
Foundling A M’ Rh=nos it ivo

Evaluato hor c¢laim on tho basis of this hlood ty-~o ovidonco. (15+10)=25.
(cs)



_.S.D¢ VI = GROUP (d) s VITAL STATISTICS AND DEMOGR\PHY (Hulf-l’ufwr
(Anawor nny two qucstions from this groun) §0 nnrks)

1. (a) Prom a 1lifo tabdblo prenarod from consus roturna of U.S.S.R. (1926),
tho following valuas of Ly aro quotod.

Age X.* Ago Ly

20 6313 23 6709
21 6780 24 8572
22 6718 25 6634

Thq'given number surviving to age 20, (120) 1s 6829, and tho
oxnactationa of 1ifo at age 25 (u°25) 1s 40,2 yoars. Comlote tho
other coluans of tha lifo~tablo for agos 20-25.

(b) Calculate on tho bosis of tha data in (a) mvs'i :“,’{: nrobability of
ono ax throo oorsona aged 20, 21, 22 dy t! twvo yoars. .
nens ° € R (20+5)=25,

:

2. (a) Tho folloving table: givos tho nomulation of Buromo at successivo
noriods. Tho census cnumoration was mada moro or loss on tho sano
day of tho yoar evory time. Fit a suitablo curve to tha data below
.and indicate tho goodnoss of it. '

Year Ponulation Yoar Ponrulation
(millions) (m1l11ons)
1650 100 1850 266
1750 140 1900 401
1800 187 19:0 540

(b) State with roasons, whethor tho common logistic curve will ba suitadbla
for tho numosa. (20+5)=25.

3. (a) Tho mortality experiances (in a givon calcndar'yoar) of two
. nonulations, A and B, eonsisting of man agod 70-74 only, are as

followst
Ponulatilion 4! Ponulation 'B'

Ago Ponulation Doath betwoaon Ponulation Death betwoon
x at ago x agos x and (x+1) at ngo x mgos x and (xﬂl)
70 2135 68 3012 82

71 1223, 43 3538 12

72 1102 58 5011 17

73 1897 87 4103 190

74 1620 82 2527 143

Exnrosa thae mortality of remulation B at agos 70-74, as a1 singlo
norcentago r atio of that of Ponulation A, bv moans of tho following:

1 ) _ Indiroct Standardisation
i1) Diroct Standardisation

sui Comarantive mortality indox
iv) Equivalont avorago doath rata

(b) Comment on the difforences in rosults.

QG )‘



S.D. TIT - GROU? (o) 1 EDUCATIONAL AND DSYCROLOGICAL STATISTICS (Hnlf—?a_m))r
59 narks

(Answvor gny thrao quostions froa this groun)

1. Scoro distribution of tho Hcad Examinor in History and his 5 co-exanincrs,
marking oquivalent sots of scrista oach, aro availablo. Tho tahle bolow
gives tho noan and tho standard doviation for cach of tho six distrihutions,
wvhich nay bo sunnosod to bo normal, For oach co-oxaminor work ont the
oquivalence curvy, rolating any scoro of a co-oxavinor, to the oquivalont

scoro of tho hord-oxaninor. given ty cooxaminers 2,1 and 4
Tha raw-scoreoa of tho 3 studants at tho ton woro 74, €3 and 65/ resnoct-
ivoly.' Convart theso scoros to the hond-oxanincr cquivalonts and work
out tho rovised rankings based on tho dorived cquivalont scores.

Stand tandard
Examinor Moan m‘??..ti‘o’n Ex~minar Moan 1s)c37~€ton
Hoad-Exaainoer 46.02 9.097 Co~Exazinor (3) 38.95  1%1.041
Co-Exaniner il’ 33,90 10.232 Co~Ex~ninor 24) 39.12 15.958
Co-Examinor (2) 40,74 10,797 Co~-Exaninar (5) 40,00 12.410

(848)=18.

2. Throo comarablo forms of a tost arc givon to 200 worsons, with the
following rosultc:

Tost form(%) Toat form(IT) Tast form(TIT)

Moans X = 54.0 Xp = 55,5 Xy 56.6
Standard deviations S = 13.9 Sp = 13.5 Sy = 114
Correlations rip = 0,90 r)x = 0.88 Tos= 0.86
Do thoso data indicato that tho tosts are marallol? (16)

5. Tho following corrolation coofficicnts botwocon intolligence tost scores’
wore found, in nn invostigation to study the rolative inflvencos of
environnental and horecdity factora:

Tvo brothars Tvins
LVIT
Roarod amart  Living togsther  Rosrd! mysrt toqotkcr

Corrolation -
coefficionts 0.235 0.312 0.i51 n.513
Samlo sizo 50 40 5 55

Coament on theso figuros, using tho nocossary tosts of significancoe. (16)

4. Thatable bolow gives statistics on four tosts nronosod as oredictors of
gredo-moint averago. Thoso statistics aro based on vorv large sa™mles.
S0 also is tho rcliability of tho eritorion estioatod to bo 0.72, on tho
1876L a very largo samle. Progume furthor, tho test length to bo
oqual to tho numbor of itoms.

Standard Rolia-
Moan obsorved doviation of Nuaber of bility Talidity
Teat acore obsorved scoro itens tost tost
A 16.5 DI 30 0,72 0,68
B 12.8 3.5 20 0.77 0.50
[+ 66.3 - 17.2 120 0.95 0.75
b 52.2 13.7 100 0.95 0.77

(a) If tost A 1s longthonod to a 100 itom tost, what uill ba the roviscd
"oan scoro valug, ocoro; atandard deviation, roliabilitv -nd
validity of theo now sot? .

(b) If tost B 43 to bo lengthancd,to incroaso its roliability to 0,99,
hov many ncw itema aroe nocdod? 1hat will tho now validite valuo bs?

{e¢) ‘mich of tho four tests, in its -rosent form, is “ost for use in
nrcdicting tho criterion?

(d) Which tost has tho highost validity, disattonuntod for unroliabllitv
in both tha wradictor and tho eritorion. (4+1 4444 )=15.

(1)
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l;ut.a“.ch. *a Disl~ -x bunh:(,ton - 'x-, 1975

Paoyer \'III ] 3'A>Jecbs o“ 1‘")5‘. I of B-nob\l{.auo'\ (T-coretlical)
Ttot 4 houra | . ) P11 anties 1M
temmame, ity -
a) G._'\.!'.dat.-s e “am..red to anaver frot ..*u Zrow Ml
for ~/afcW Lhey Sava nl\v'\(‘, :\o:(stared Lhatr ﬂ-s.lo-\u.

b) FigzTos ia tﬁo f‘-:l';A:l _1.’-,4.0(\‘.0 full Azra.
J i 7. GROT A 8 35070 IS STALIZRICS

t Zen 'o-3t-£es - Nﬁc 1a) P T

(M.t-o'n.. e € 3 qu:.x..i:nu fiom thir "mm)

AR ‘s

. . .
1. 80003 that tha rindon dlrt ':"):mraa 11 a 31171 oquation ltneer
*  rogrossion podal 4—-IP+*:: T - A co'rc.at.o_ i1 ths follovins

naaart .
s Puy b €y lf’[u
B( Et) =0 .
2( €%)= 6, forallt

B(Et e)-’)fcr-a_lt-“.::‘ g
but Vhat nll $ha other :n:u*‘,ims of .t cl-v"ncul 13ast sqiares
10801 cro amrooricts. . Ascyping £ariiar Liet £ is taca, =olatn
hor you would sstinzto tha n:irzaslon coaflictents ef t™e model.

Wiat yould ba your -v-ocat‘u-:, o f 13 wm'mon? . L. ()

2, 2lain L"m 11.‘:::mancr of uult.{coum:):r.{b' a1l a%=a tho A1/ 4~
cultlan eraated by 4%, i1 thy estliation of ginsls oguat'on
resression nodals, }nlnh Lot "t raacom® inforation ng” Yeln
in ovorconing tha =:roblan. . (29)

3. Exadina tho 1dniifi~di1ily of ¢he reletions {1 tha folloring
strictural equatlens nedels - . .

Tie= fa Tt -fiste oy e ., e
T T Bas Txu b VayXgp ¢ 1oy %o+ Oy
Ise = BTy, AT T T et
oo = PagTee ¥ frr I ¥ Tys Ty gy

rhere y's deaqta ondozenoun 7ariahlzs, 7'z amolenaus varlablas,
u's royressnt Cintarbraeas end P. e Y5 4% wmen
cosffielentsts 3 eotlnatods . (20)

4e In the two—stare leas® oyuar-- i13thod, tha ondormoin '.'-r‘»‘)laa sn
the rizht hand slds of tha ocuattisng, aras ronleeald v Lrolr
ostiqated valuos fron tha xcf'cad fom, a0 33 £ha egiinctes
-roredn tho sans, 4, tn =2Ct o, the variablaz = tha oft~-and
oide ere also renlacad b th-ir ssilantus from tho reduced “smy. (22

(.1 =9) (P.7.0)



SD(MT3)VITI(2) -t-

Go. Dascribs Lo mrocaire ol c:nah\ cuio.-: ol tntsr—tadialr:s transaciion
tahlag and siorr $ho sculvaleies of ths 2UIerait coconto of lfational
Licono, 01 tia brais of 3uch a tehla., ) (27)

. (Jd :
G. Suwmoss that the utllily Muction®of an individual consming tvo
200da X) awd X, {5 characterisdd as follorss

. Uh, L) = 9X +1z X (b>0)

Givan tho oricos of the two 7oods (P and Pp) and tha incomo (¥):

1) dorive tte indivicucl's domvand fuactlons for tho tuo zoors
‘14) calexlato ths 1ncoaa zad orico slesticitiss of éﬂ:m_a tor the
two 5oods. . s (™
7. Deacribo tho comon indlces of concentration (1 3uatneas end Infuatrr,
Disc'ws in this connactica th> ooasuros basod on tho Loreaz c\m:z y

3. TFor 2 Cobd-Douzlzg nroductioa fumetlen, -
1=ar® xf “f>0 5 aA>0’
vhore 3 la out~ut, L ladour L:n..b. X canii=)l imsd and A B a conzizdd

(.-4) Saov tiat tho arohciion fvnction s houozenous ‘of eazra L3718

. Lhat aro t9s "rotwrns io ecale® then X +8 ' is ‘g) oqu;l to 1,

(%) greater ila 1 and (¢) loan Lt 17 .

( u) {:«n out tho olzatloity of saatitutio botwdsa cznit.al axd
Sour,

(111) ' Ebow.that if e 46: =1, thea treater the valio of &
ths 20rs labour to.ulvo 13 t% "roduction arocoss at any
;l;gn aarcin:l rato of srbatitution, hetrosn canital =ad
adour,

( 1v) " O%tala t23 sharos of l:sbour aad exital, 4a tra vilua of
outut undor narfoct comotiiion. . ()

8. Write short nolcs on 7 t:o of tho fellowdaz:
( 1) Ilogiornal Clatrivitism and tho geosrashicsl tost of logwrualil:
( 11) rriad':un's =sercnent incore hyothasls

(141) Conctant al*.stlcib- nzel errva, and the method of £ib t.ing
© 1t to fn)7 budgot data.

( iv) ..The instrumentsl verfahls mathod o ertinition. (1)

(M-30)
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S.D. Panor VIII Srous 3 3 TSCLIO-CO *i2CI'L IPATIRNES

Statintleq) ralits Covtr) — Svectal Passr I,

Time ¢ 4 hours - Fudd narts f 1N
Abtomt gnv five -fa:\innt l..o-\':_x_ fron this S0
Fizuros In tho 7argin indiesto DM nea'sn,

1s (2) Mhat do yoa undorstond br Prooces Control?  Bxmlain tha sano
ulth tho 23ln of en fadwstrial exatiloe.

(5) what 48 Paant b grocaos cenebilisr? lov is iin evaliation
usod 43 econorlc control of ‘a "roceas?

(0) How srould you vrocecd L0 avaluabta the stenda=d ro!-etion wie
in a fuctory, fron.ax cdoquatc sot of data on tho nmbor of
tona 1asroctod cnd tho mumbor of 1iea rajscted nar Eno?

(5+3+8)=20

2. (a) 2olatln tho ¢ u 8 v n cinrt for coatrolling to man1 of a
variablo, vhon tho sdhift la 4ho rmaay ta to H3 dotectad {a ono
direction. . . .

(b)., Using tho uaual notetions, derivo exaressions for tho naraactors
of V-naglk uscd for controlling tho mean. (3+412)= 29

3. .(a) . State tho acce~tanco and rejcation criterla under variatle
insnecetion, vhen a pinslo-sided swoification linit for a
:{omurablo charactoristic 13 given,

(b) \-lhaf;-:-.re tha -,\uhn(;hed 21lxa available i‘lor samling tagsection
’ by varlabloe? Deseribo bricfly tho salient features of any e
of then. .

(c) what nro 't ightanod! ;md iroduced® levals of {nmaction? ‘hen
do you revert io tizhtcnad or reducod inomoction, vhilo onerating
a oennling mlant undor tao sveten doseribed by you in (b)? -

. . (5+1945)= 20
4. (a) BSealain Dodze's CSP=1 »lan for conttnuoua sroductiol.

(b) For the abova nlai, dorive ths folloAn; ramilts with ctsicard
notrtions:

1) tho avorasje ninbar of aisces ingyactod Un a 1003 seroaninz
soquenco folloving tho fiacding of a dofaet

5 -
is u= 1-4q

5.qt

-11) tho avorazo Mmbor of wiceds nasnad wader '.'.'1: samlinz
srocedore ‘“wforo e dafeot is found

'
tav= _1

[E)
114) the avorx;:_fﬁctID1-af total mroduction tasmocted
_ u + fv.
8F= y v

(Frention 4.(e) oomtliuna
on the axrt mage).



SD(NTI)VITI(4) - 4-

4

“Ge

5.

(e) Yor an fameclos tho arrors of ntsolassificztioas “avs Soomn fovns
to b as follown: .
1) tha 2ro%ebdility of clinalfiazy non=dofoctiva 1L0n as
dofoctivo = =y -~ : :

11) the roxblite of cl:mc‘;f\'_'\:‘dafcct(vs tton s
non=-dofoctivo = ", _— .

. - P N P .
Sho tiet 4f JT 48 tho mromortion ol fafsetlivas a1 a sa,itte?
1oy, tho effasctivo nrovortion fofoctive py'=ay+ T _(1_--,1~,2)_'

(5+10+8)=20

(2) hat ts-vor: 3eling? Tmlatn tho situsiiong ia witeh o
ozmliaz techningo cna bo usad, . : .

(b) Yo 170114 you nlan tho cata collootion for earrving out vork
sa31ling stady, for sablaatins ths overall wiildsation of a
grow of siallar nachiacs in a factory? :

(c) Yow :muld vou cnalyso the data collacted in 4493 above vork sav-linz

.+ study and ovaluato tho ovarall utilisntion =orcoitaze?
. . T(44343) =0

(ay—®elain briofly the Andocntal srinciales of emaritentol
dosigns, Discusa thelr cdvaatazese. ) .

(%) Waare aro *nestod dosigns' -in tadustrial cmerinmtation? Give
- a saitable axamle from cn incusiry illuatrecting thla_ uso'of -
‘noatoed desisnst, . : ,

(c) T vould you enslyse tho rosulis’naf an exmortient using nasted

doaim. . © (oe3)=20
\.'rt\.’.'.o \:rdof notos on gy three of thaA:‘ono-qtn:;r
1) Orém control charts;
) Teo or‘ teonfoundingt in induotrial c:nor“‘or‘&.“uml
1) Vartatlor flow nalyaios '
iv) Dlssovery comlinz. ()

S.D. Pamor VIII 3 BIOET'E -
Crownn C n‘.motrié-‘nat‘-"o-ﬁ
Snoctal Povor I
(%o 0and\cato wvailaMle)

(1-32)
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Peaer VIIT Grown D 3 DIt :\‘z: [KEVED & IOARSrobe SIS o] )

Stra! o,ic.l A1a0ety = 54926747 Paer 1

(As ;a'n‘; J'rr 3tv ~vastiay from ta "!‘9\")

F.l' v:: In t‘o - ~".n Lideata MO wore.

N . N .y

. t : B . :
Tiw ¢ £ “owg - . T s~ - FelY qng 1 AN

1.

1.

Se

8.

7.

" dosizha,

‘ R . .
() :bnlam Lie chnaarts r"hd (l) "uc\ rlact, (11) mixed 0" cet
an? (111) rendon 2222t nodala,: w4ty anvitorrinto Nlurbr-tions.

() Dascribo &% nathod-of 4asting nir-aciitivite of o%ieets 11 a
fixod-alfzel moicl, =vywriata “ar £43 obaervatisns {ron
nrdor\isud ‘.\_oc" d-mi:"). ('16-1) 13

Yoo . et

..I.-\ a (rzr) L'xtin nq_\m uo:ll’;\. tio oboowat.(rs rm': ihe sano rve

aro nisstlng. O%taln o mothof 92 aralyoia o~ variaes of i o
renatalng qaf.-

N T T )

T adregatons fm- tivo ve~linea of tho 7 amnes tima tvo
ealinetos of L1 twoal sanb afacts (1) !n!.h 0?2 -"\te.‘\ aro Af"octod
and (11) or\L o0 of sitoh- Lo affacled, .iie b etnt C(146)=13

B = NS
Loy rdts . [ RS I 0

X ‘.h u% Varl:t.hs o" = oron, ‘n %n b: lald out..
0:-:\!.\1 17 Bloc's for w 01 g Yebtics 'deatan, YALH Solst Sloots

ms 3 s
‘n 3 re-) ioab ons. S R T S NP £ e e

lina the etri0d ol 1n-m—‘:.nc' analyzis of atbs Coalmu - . (44543)=18 .

ST 0nas dha actiad 6f 144 adalvals.

ach a do,’:ij\. (4+7M)=1!3
te PR wliss Uy sy .
Dofin'.\ rnctorir.‘L eryariamis., Mak aro A™a avaptaian of much o
emarliensn? WiHlala itz cvce'\t o(‘ s vo-.nc‘.or nnuﬁ."r. .

Nofline: £ Youdan savers J2ss
[} ¥:-T-1 \..: ?."15 u.‘vr ares of

Doac“tbo a .:ot. ‘iod of _.ne_]_v-;!..-: 0% dabn “x-:n a ooy’ et‘ fnctori"l
a:-nrhsnb, whan eech !‘vct.or v:a t wo levaln. T (85 43+7)=15

Partind. cowo miinz and | - L des

() Zolata § } Conforncing,” * 7. AR
: 144} 3alanend eomfomadinz.

() Dascrie cgmotilesl factosts) emazlaaaie, XN Lc"'v A
nerpiedar advantasos. - " (-'r,+.v+ )=12
Defino scesa” arder m.atahla doatzns ":\d caira’, c:mo')lto mtataste
., B . ey iy
Doseribo ths nuin083 of nalysia nf roto..-.hl: ct2gimas. m.k!.i:\e ‘tho .
netol of analysis of ¢ata, exllzcie® Sivon raeond arder rotalatle .
dozimg. ('NQMr 1)=13
“yto notos an ar» tyo of m:e_ .’"ollgvdncx .
( 1) Tufomily tricls. .o sl
( L1) et h..n- dontTa. . .
“(414) .h-\],,': ‘A o! covarisice. - L (_““)'_71“

Noat: 18EY (2

(]
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SD Paper VIII Groui; E 3 SAPLE SURVEYS
Special Paper I 3 Theoretical Aspects

Time : 4 hours. FPigures in the margin indlcnun_h:lllAnArka. Full marks ¢ 190

1. (a)

(v)

2, (o)

(® :-

(Atteopt any five quentiona fraa this group)

Describe 'Midzumo-Sen' prmtdura for aolucung a samplo of

'n' distinet units frao a po;ulnuon consisting of N unH...

_ Show that under this procedure, tho claseical ratfo estimatoer

ie unbjased and’its approximate variance is the sase as the
approximato neon square error of the estimate in question,
under simple rnndcm nnmpling without replacement. ’ (5.7«8)-’.!\

What do you uvéderstand by a self-wcighting drllgn. Explain with
lutuble exnmplel._ P i - P

2

‘hjeaung tehauo a» -trn'.n, o ntruuucd random umplc ol’

" n villages is drawn from a dlstrlcl. In the i-th .olect.ed

J.

1)

11)

4. (a)

(v)

vlllnga n‘ plou gro-ing wheat, are lelectod by -lnpla randoa
umpu.ng 'M.hout. replnccmant (i = 1, A YN ’

mud up (n unbiased estimate of the total arca under -lumi.,
in the district ubder refcrence, and alwo deriva ita variancae.

.uhen will this deosign betome -ell-eigm.mg? - (36108‘2)-?\

An par'. of ‘cattle survey, for oot.mnl.ing the total pumber o(

lheep in a tchsil, two ---ocedure- are suygut.ed k] N

Dru- a sunple randon sanple of n vnlnben, from the, lht of
nll v‘nlAqqs cenetitutirg the tehsil. .

Drow a simple random sonple of n villages from the list of those
villages in the tehsil, vhich actunlly own and possess shcep.

Toking an unbinscd catizutor of the total number of sheep in

the tehsil, exonine the relative merits of these two ’
procédures. ¢ ()
Let'a population conaist n-l N units and.n be 4 positive

integor, such that N is a sultiple of Nn. Describe how you

v;m'ld proceed to solect a sample of n units frea the

population by linear systcmutio sampling md build up an

unbiased estimator of the population wcan, Also work out

its variancc.

If the popula tion units are orranged first ot rundom and then
a linear eystematic samplo of n units {s drown, show that the

resul ting eample is a sinple rindm namplos (5+4748) 20

(M34)
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8¢ (a) Explain whut you undcretond by inter-penetrating net work
of samples with a muitable exzarle.

(b)  How a0 you uee the tochnique of inter-pcmetrating samples to

control lnvestigators' blnn. . - (5418)ex
0. Coneider the follcwing ulaeuon proch.ur... Draw a unﬂ from

the population cmuimng N unun with' probabuny propnruonnl
to size, thon draw another unit from the renaining unite of
_thaﬂpop'.:lauou, with probability proportional to sisel

(a)  Vork ou't the selection’ probab(1ity ‘of drawing .A'-nn"ple ct
two units (i, j§) fra= !.Ln popalation and hence derho the
inclusion probnbllk'.y of ‘the {-th unit. sho- that the eum
of the inclulion probnblln.ie- n! all the populnt.hn uniu

equals to 2, e \

(b) Write.down Hervlu-'l‘hmp-on o-unator of tho populnuou total
and derhe .the Yatce-Grundy Icm ot h.s variunce. (n‘n)-zo

7. Dau:rlbc the techniquc of double sampl ing for stratification
to.build up an unbinud estimator ot the’ populu'.lon mean and

“derive ita variance., | © " (18415) =2

8. Dtncuu.tbe role of pilot surveys in designing large-aenle .
ample surveys with the help of a suitable cxample,. ()

SD VIIX Gruup Fx chl'mlquu of CmpuLnum
(Numerical Analysin ~ Spech\l PnLr I

(No candidate available)

(M35)
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$.D. VIII = 530CP (G) + STATIIPISW IT3R3°Ce

GCenzral Thoor ~ 3564l Payer I

(A‘bb'c‘:ﬂr?t. v five quastiorn Zron this Ziow)

NMrires ir-tha narria daMests M1 marks,

Tivo t 4 houwss Co - ' Full narss : 170

1. (a) Lot xi. ses X, B3 1’ (ndenondeat wiaervationa £ron A noadetion

2,

3.

1) .

11)

()

(a)

(v)

(e)
()

(b)

(c)

- Atd fonalis function £(x, 8 ), vhero O 18 m matnown oo
ranl-vnlued s_nnat.em

Lva. .
. Stete clzarly, Jm asgumiions uv\-‘ar Wiieh Ahs 1{-0) "o:d coneiion
for ostinsiinz O 1vtll heva s con_-:l.a:m?. uolt..tm wit
srobiliss ~oins to 1 as n— OC.. - « o

Sho that tao co-auv:nt sol- rtion of the likell"ood entintion-
41 the adova casa is aumtm 7. wmicuwo’ and ie lnmtg_t.tcal‘y
nonul. ! '

’

ca . ! o I

lem a rnném na:nle fro1 the -w-\,u.:\tlan.
tap =X
. '-O'n 261
dorivo th5 maximun 14 alihood cst.tm..oa of A ant! 6* md chow
that these maxialze the li:alihood:abaolutol7. -~ (5¢3+7)=2

Lot xi, .00 x %o n tndonendot ‘obacrvallions froo’a semulstion

uvith dmsil:y fmoum £(x, 8 ), wisro 6 18 an un'‘ma real
naraleter. . R ) R

Thder auih‘:le rezdarity conditions, %5 ba statod amudy,
dorivo tho Cramor-izo lover bowmd for the vuinnco o. w \mb_aaod
ostinate of a marsnotrie fnction 3( 6 -

Obtein tho for'of ths denglty “unction for t*:ich 1n have mn
wnbdinsed eatizato of g( 6. ), 111030 varianco =sttaina tte Cramor-Rao
lower boind. Illustrate vour ancwer with an exam™le.

Cive en omamls vhors t'ﬁe Craaor-ao lowar bownd 13 not
attatazhla. (3+142)=20

Mafinu (1) 3avae entinato ad (u) Mialrve oaiinnta ol a
naranotric £-action,

lot £ (2,60 ) bo a fonily of donaity r-mcuonn +ith un¥nown
“maranctor vockor @ €(1D T . Yot A(9) 50 the c.a‘.uit{
functions of a nrior digtritation of & on(® Let ¢ (8 ). bo a
rool-waluod fanctlion to bo estilnatsd with nm.vxre" orror loun
function. Dorivo tho for= of tho Bayos ostinato of 3 (8 )»

in this set .

Lot tho Zarily of distrt b.r‘l:na "t (5), bo Lnoated vdth
=aaraictorn n and @ | vhore O< 6O ¢ J,. Lot L™3 Joicitv Nmetion
Ae) = /:;Lr-"’) o’-*’oé"for gone fived 1 and m, both »ositive.

‘Obtain tha Beroa ostinato of O,
(4+10+8)=20

(P.2.0)
(1+36)
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)
(=)

(»)

(o)

(2)

(>

(e)

(v)

(=)
(v)
(c)

- 9x SD(MTS)VITI(9)

Dof lne tosis «rith "cn 1 sbrecLuro.

Dorive a 1esaasazy =n” anfliston: enfltion for all alallar tozts
Lo haveo i'Frmat atrvcture.

A reifoy terlnhlo 3 foll.ord a ‘Iarmal Jirtrd»iion vith w'mon
nom A sad m'morm vartaeo 62 . ax ¢
obialn %o wifs—1lv ozt noverfd imsisoot Lost fon Tot g 4,

(#149)="

nzalash W3 Alomgtive Y s /‘ Mo -

AOlatn i3 e2aznt of an o5t imri conllloncs intervel Jor a
roalevaluod narantar of m aromhilitr dlgtrirnittion.

Lot X, ceuey %, D21 fadoren‘ont 95":"\!‘\5‘.37\‘1 fron an exdonantial
dlatrivtion -.~m\ Aoty “metion O-€ vhera 020 Lo umwmowm.

On 440 "rsia of 442 samlo obtzia gy ontima: conficmen fitervel
of confifanea ooeffictont ) (UKVL/) for @.

Discas a mrocsduro fo> obiainting a emfidmnco iztarval (with,
~ro-csalzaod confidones coafficiont) for ths nocirr 07 a

continmua fdzt>iwaion. o 0533 tho -\~oc-r‘ are slm1ity in .
large scmlea? (4+10+65=

Soledn tho libc.li‘-ood ratio tco'miqud for coatriciing tosts
3¢ lyothesas,.

p713 x 5 u randon vaelay, follorlas £ kwvariate ilamal
Cigsriiion +ith ‘m'mown naw vaotar 42 (M ojw¥ m?
wm'niem il aon-sinziler dtsnarsion ttri- » Jascdon a
rendon 2a°31a of slra . Corivo tha 18elinond railo tesh for
tostlyz tho lgmothaata lor ML= M2 = + fix . Derive t1e
distrivtix of tho tost statistic wmdar Yy

(4+19+5) =20
trito ghort notea on 1l tho tirao {La=s balow:
Lavel of s>inificrtoa and »owor {0 tcetins ‘wmolhaten,
A21la3'hQAly of 2clslon nrocedirea.
Invzrtanes srizeislo in dvelglon ~2dn-. (#347)= M

S.D. VIIZ GOUP B s PHROJAIL.ITT (UI0TY

3a3'c Protnbl ity = Fhelal Poaor T

(0 c-ndss %o wyailzalo)

{(M-37)



" INDIAS STATISTICAL TMSTITUTE

Statisticinn's Dinlompy Exanination - Mqy 1975

Paser IX = Sibiects of Second naner of Sheclaligation (Theoretical)

Ti%e t 3 hours Full marks : 100

'

(a) Condidates are required to ‘answer questions
from that grous for.vhich they have alreadv
registered thelr o-»tiona.

(b) Figures in ‘the mrgtn indicate M1l marks
Groun A. t ECQ}‘O‘{I'C.STATI_STICS

(Indian Economlcs & Economics of Planning =~ Speeial .E‘;per 1)

e Section T : Indian Economics . (50 mar“ a)

(Atte'nt any threo q%estiona fxvo.'n this soction)
1. If you are asked to nrenare an estinats of Indle's National Wealth,
vhat are the principal items you will esre to include? Indicate

briefly the problens of valuation involved in preparing such an
estimate. (15)

2. The Groen Ravolutian has in fact so f ar touched only a vninor sectlon
of Indlan Agriculturiste., Discuss this with reseons. “(15)

3. ihat are the major heavy industries eatablished in India under the
Plans? Haa their establishmont been justifled? Give reasons for
/oJr ansuer. (16)

e D‘ -~uss the sailentfpatirosof the anti-inflationary moasures adontod
by the Government in recent months. (15)

£, State with your arguments whether you sunnort or reject the I‘ollM—v"

(a) Nationalication of Indla'’s coal industrr was essential on
technalogical grounds.

(b) The norforiance of Indlan agriculture cannot be i=oroved, -
unless larze-scale co-onerative farning is introducad. (343)=15

Soction IT : Economies of “innning (50 marks)

(Attomnt any three questions from this soctlon)

6. 1In Harrod's growth modol, tho growth rate denends wmun two rotios.
ontion tho naturo of these ratios. Give covo lfica regarding the
value of thesae ratlos for our countrr in rocent years. (13)

i

7. Show that any givon nonulation grouth rate calls for a cortailn rate
of investmont, given tho nroductivity of investmont. In the Indian
situation, what 13 tho likoly valuo of this critical rate of .
invostmont? . (13)

¢.  Discuss tho nature of an intcr—industry trnnsact.ionu tablo. Point
:Mt tho usefulnosa of such a tablo for »lanning nurnosoes, giving
1lluatrnuons from Indian Plans. an)
9. Givo an account >f the financlal rosources which are usually takon
inta consideration by Indion Planners. Vhat is tho significance
of foreign aid in adding to nlan rosourcos? (15)
10, Exasino tho 4-soctor growth modol dévuloﬂod Yy Professor ishalanodbis
as a framework for Planning in India. (15)
Haatness (Section I & II) (4)

{u39)
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S.D. Pane - 1 ] 0-Co~mercial Statistica

(S~ectal Caner - II)
Soction I 1 Oneratlons Resoarch - B (70 mar's)
.S.ellon I t (Mternative) 1 Elementa of Book-kooning =nd \
—— e : Acconntancy (77 m°ro)

Soction IT- s 'Statistical 'othods 4n’ Business (39 mar¥a)

Scetion I : Osortions Research (77 =-rkes)

(a) Use a senarate anowor book for this soction. .
() Attomst gy gdor quanistg fivm thig cestisne:

1. A plant manufacture washing machines and dryors. The major manu-
facturing dopartments are tho Stamning Donartment, tho Motor and
Transaiosion Dopartmant, and the Final Assembly Donartments for the
vasher and tho dryor. 'The Stanping Damartment fabricates a Aarge
number of motal narts for both tho washer and tho dryer. Monthly

dopartnont canacities arot i .
Starmming Dont. 10,000 washors or 10,000 dryers

]
Fbtér_énd Transuission Dopts 1 18,000 washors or 7,000 dryers
Drycr Assombly Dent. . .t + Only 5,900 dryers
- Washer- Asgoably Dept. ;9,000 washors.o0nly.
‘. or 10,0170 dryers
Tha Stanning Donartamont can nroduco narts for 10,000 washera/nar month,
as wcll as for-some suitable combination amounts of washors and
dryers. It 18 assunod that the chango ovor of mroduction from washers
to dryers and vice-varsa,doas not involve any_addu.iqnsl costs,

A sinilar situation exists for the Motor and Transpission Departmant, “ert
tho final asscably linos are s eparate for tho two nroducts.

Tho contribution to monthly nrofit is %.900/- mor washor and R.1,2WV/:
~or dryer. N .

" Dotomaine tho number of washors and dryors to bo nroducod in such a
vey us o paximiso total contribut fons (17)

2. The clcmonts of the following affoctivcncss matrix, corrcsmond to t*3

_tine (in hours) takcn br diffcrent machina onorators to finish
differont jobs. It is assumcd that oach onorator can norform only
ono job and each job 1s to bo dono by only ano onorator,

O~orator

A B c. D E F

1 7 2 2 9 4 5

II 4 5 11 3 8 11

Job  III 4 10 2  10. 7 11
™ 12 g 12 10 7 13

v. 4 1 s 8 10 9

VI 4 6 () 12 13 4

Asalin the Jobs to the oporators in such a way, that the total time
roauired for tho jobas is minimisod. (17)

(Font.d. .e?)
(us0y
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S. (a) A manufacturer is requinod ?.o summly a total quantity of R unita
at a constant rate, to his customer during timo T. Thn costs
assgciated with tho mnnufncturlng —\mcosn aros

-

1 = tho cost of holdh.t, ono unit in invont.or-y for a unlt ot tizo,
C, = the ahortago cost for a unit nor unit timo,
Cy = the :ofruw cost ner aroduction run. '

Find the ontlmal numbor ‘of uni!.s to be o \ufac!.l-rad -)or nroduc-
tion run,

(b) A manufacturer has to sumnly hia customor with 2~:,00’)'unus of
his nrodict nar yoar. 1his dxmgid is fixed and “novm. Since the
unit is uesd by the customor L. an assondly-1ino oner=tion. =ad
the customer has no’storago snace for tha units, the manufact-rer
must shiy a day's sunnly cach day. If the man-facturor falls to
sumly tho roquirod units, he will loso the ~ccount and nrobable
his businoss. Hence, tho cost of a shortaga is nssumed to %
infinite, and, consoquon'ly, nono will bdo tolorated. Tho
invontory holding ecos? rmounte ts 10 paise™mor unit 6or month,
and the sot up cost ser sroduction run is %-,350/-.

Do‘tem!.ns the ontimal the- ‘nterval bef.woen two consecutivo nroducuon
runs. = . (10+47)=17

4. A :mnager has to dccide whothor to nuign the nnchi.no reﬂair job of =
narticular shop nroducing high-quality nroducts to a snccialisod tead
of enginoors su'mlied by an outside firm or assign. the job to =n
internal t oam of mochanics. Tho manager knows that tha frequency of
nachino breakdowns in his sho»n (thera have boen 240 broakdowns in tho
last 300 working hours) 1s distributod according to Poisson's nattern,
with an avorago rato of 0,8 »er hour., The non-nroductive cost of
oach machine, whon it is waiting for a ronair Job, is &22/- per hour.

.

Tho outeide tea'- chargos ®..2%/= ~ar hour and guarant.aoa that duo to

the cxmerionco nnd !‘q'-il't‘ 23 usod, it cwn teplacu and fix en averago

of 1,5 machines mer hour, Thz irtumial toam ca) -ovever manaze at” R».19/
-and £ix an averaro rate of 1 machino ncr I\our!?bo.‘\ amoneit (a117 eruiad).
The manager wouid like to know whethor it 1s a good docision to

assign tho job to the exterrrl fim. Give youw oninion with reasona. (17)

S. (a) State and oxlain Bollnin's 'nrincislo of ontimality! n dynemic
omgranmh\, -

(b) A man is ongai;ed in buylng and selling identical h.ons, a~ch of
which roquires considorabla storage snacc. Tho buring end
solling nricos aro indicated in tho tablo bolow. Ho onarates
from-a warchousa which has a oanncity of $00 items, Ho can
order on tho 15th of oacnh month, for dolivery on the first day’
of the following month, During & month, ho cun nlao aoll -nv
anount unto his total atock on hund. v .

R

Ty © F"bm'\w Harch
Cos.t..p'rlcos'(M:)‘ .., 150 R 1,,5“ i ... » 185
tT AN TONPA T .
Sales Pricos (Re) 165 165 185

If he atarts tho yoar with 200 u.u—\_'; in stock, ‘hou much should
» ha alan to nurchaso and 2~l1 ogach mcntn, in ordor to max‘misae
hia »rofit for tho firet quartor of tho year? , .  (641)=17

6. ¥Writo notos on ay_throo of the l‘ollowing: -
1)  Ronlacoment Probloms ul) Lrlangian Distritution »f Sorvice Ti-a
1ii)  Monto Carlo Mothods °  dv) Trnnu—.oﬂ.m.ion Techniquo as Llnoar(?..),,-.. ity

Yontneca (2) (M“)
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" 8.D. Pevor IX Grow 3 3 Saction I (Alizraative)
BIRNEXT3 0P BOOL-KEZPL!G AYD ACCORTACY (70 marks)
(A ‘temt Quostion L ai? aoy other L rag from thia sectio?)
1) Use mevarato ensuer bosk for this aectim.
11) Figuros in tho margin matont.o 1211 parks,

1. Sri. Satral cubsitted tis follor:dns Trial Balance, \hlc‘x %3 has no'
bam nblo to azroo?

Dr, gr,

. ) Ra. Tae
Canital C : . 25,0m
Draidnze . 3,250 : :
Stoc% 01 1-1-1974 : © 17,445 ) )
Roturaa Iawvard N 584 -
Carriszo Inuard ’ 1,240
Domosti with A.3iavas ' 1,375

turna Ouivard ’ 340 * '

Loan given t5 S,Paul
D 5% on 1.1.74 . . . © o 1,%0
Intorecat thorson . L
Rant : o I}
Rent due -, 130 I
Stock: (f1.12.74)' . 11,732
Purchases .. 12,970 . . . :
Bufletn; 10,000 ’
Debtorc R T + 4,000 .
Coo2rill e 1,000

Insuynnes B 730 -
CroMtnia . 3,000

Advsriizo~ont Ex~onses - | 900
Regerve for Doubtful Debdts o 1,700
Bad Dobts . 400
Patmt.o & Pau.e.rns 5%
Cash 56

Salss . 27,914.
Pro-aid Iisuraico - 331
{l2zos 754
Carrlaze Outva d .. . 75

55,095 . 79,918..

v

a) Rmrrlto tho 'h'i.al Bul.mae eov-roeum' tha nistakos eonnittod b Fix.

b) Pm*-m a ‘r-\d.i.n-z md Profit ‘a1d Losa Ascount aftor glving offcct
1 %} t’xe follon: b\v z;dJuat. 2onts notod belovrs

1) ‘Ineroase B-d dehta Yy *-,800, Rus=rvo for douviful da'ko ia
. to bo 10% and Roservo for Discomnt oi Dobtora at 5% and an
crofitors at 10%€. . A

1) At‘var'.tnir\p eT™anaon q"e u; b -nroqd ovar a aasiod of 4 youra.
’ o co . (124549)=25,

2, wh~'é'1'.1’rx~w. a:lwm"i ;
Doscribs tha orrora which urn nos detactod 11 Trial Balenca. . (18)

(u12)
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Dizcuga the diatinction batwaon E'w" ihroo of tho follordat tta~e:
1) Conaign-cnt end .;.'ﬂ.e-l.
i1) Fixed ani Floating Asucta.
111) Intangible and Fictitious Monota.
1v) Rouervo end Provision. (15)
.
The following 1mvu].rru.1os wu-e‘d’o‘tocﬁed in tho book of a mmhmh
1) 1,500 pcid for rent, was debitzd to Lanllordfs account.
11) A surchase nf gords for *.550 from 2,hnz becn posted to the
dobdt of tho oroditors account, s Rs,S55.
111; Discount elloved ®.75, wes croditod to Dincount A/c._”
iv) A ohoque rcturned br Bank as d..iah'nomd, dohu.ed to
Diacoun® Azcount for Fr, 00,
v) A sale of 1.2500 wag nostad to his namnd. A/0 as N.L'SO.
Givc the onurlu. noceasary %o corroct thas 1rrogula.rlt.‘.c:|. -(15)
Hr.lt.: rotes on an7 three of the followinz: . !

1) Proforma Invoice. . ‘vg ®rrehase Drrr Book
i4) Dol Credera Aot v) Carital Pasarve ’
121) Contin-zont Liability vi) Cavital Jopdurmtion k:owo {1s)

Define Secret Rcoserve. Ya it exhiblted 11 the Balance Sheat? If so,
or: which 8i¢o of tho Balance Shoot? (15)

IX - G-own B 3 Tochno-Cotmoretsl Statistics’ "
. Sac. Tl ~ St-~tistical fathoads in Buginess : {30 merks)

(At.to:l'\t any tio qucstions from this aaction)
'USE i S‘?A.‘“TE A_‘"H..R BOOK tO? THIS SiCT!OL

A footirsar manuf uct.urer arat c‘r\" diﬂ.‘-)"ent v,:u-ieties of footwear
in differont sizus wishes to schedule hia monthl* ~rocuction for
t..o next six months. Hew will 'rou wlan a survey to forecast the
d=2and of his footwsar in a netmnolit.un eityz - - - 0o “(15)
(2) B~lain the !'nc&oxs to be consider-*d Ln tha ovaluati.o:l of
a job. -
J

(b) while conducting a work aurmlimz study in a soLnnw nill,
it wag found that on an uverage 20 mer.cant of the tizc, tho
units wero idle and unsttended.. This was on tho basis of 400
obgervations.: Are thess observations asufficlent to predict
thzt the 14le time nroportion estimated is within 10 var cont
of tha setusl 1dlo timo »ith 95 mor cent confidence?. (10+)=15

Writs notes oa gy %o of the follovingt
2) Payment Yy Results,

b) S-mmling T:chniques in Auditing. \
a) Market Survcys. (15}

(M43)

IX Group C ¢ BIOMRYRIC METHODS - Sneclal Pmvor II
Statistical mothods in Genetics and Blo-as-rvs)
(No candidates availablo)
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1.

2.

3.9+ Pymor IX = 3rowm D 3 DU3IG! MM AALT3TS G° LXPERY 2578 - ay 1
Combinatorial Aswocts- - Shoelal Pamor 1I.

(ittempt 23 fiva ouos‘iona £ron this Trow)

(3) “Show that 34o -xo;;no"ﬂ. £(x)=x x4, i in-a*no&‘)lo ovor G7(2).

(5) Uso tha ebovo nolynenial ho cons..r'c.. ar(22) and vorife that x
is a arivfsiva clonxit. ta dotn tho s and oHrodust tablos.

(e) 3hwotr that tha musbor of -mtual.ly ort0301a1 1at{r squarcs of ¢
order s 19 at noat -1,

. (Q) writo down a comloto sot of nutually orthicial 1atin squarcs

o!‘ order 4 (four). . (5+5+5483=20

(¢) Dofina a Dalaneod Ineamlobo Mock Dosim ('!m), \Ath naractors

Vb, 7k and A
(b) Show that B> v
(c) Show that aty two blocka of a §y-otrie 3T (33I!!D),hnvo the

, 8ano nunbor of troataomts in covom.
(d) Do;nir!l)ovglgo 2l of a BI3P, Show that tiro dual df a S3IOD 43 &

83 .

h tha 8200 maranetors (5454545)=20

- - . .

( ) Dofine tho finite ijcet.!vo and Svelidean Coonotrics P3(n,a) .
and BG (n,s) uhex-o 8T (4 49 4 ~rize), Shov that tho mnber of

n~fates (0 £ a & n=1) i1 PG(n,s) da . ¢ (ny,8) whorot

(®*2-1) (a"-1) o liniinnnnns (3Hg)

Plasaie).= (V1) (07-1) secrrenseaees (5-1)
and tho nunbor of 2-flats in £G(n,s) 4n ¢ (n,n,8)— @ (n-1,m,0).

(b) Consicdorin= tho 'rmorslanos' in PG(1,3) as §lo'c!<s and "™ointa?
as trentnonts, shes that 10 can constrict a oyietriccl balaneod
{ncogoleto block dosim vith Haranctors.

n+L_ n ,""1.!
vafophs =25k e A= (19410) = »

(.} Dlacusa tho eccort of fractional renlication 43 factorial
dozigns. Give & »lan for a 3~ ronlieats of a 29 omortaont,
thoro 21l intoractiona involviny thros or noro factors, are

- asguned to Bo zaro, but tio-Lactor intornotions must bo eotimabls.

() Ih a 2% tactortar a@meritont, 1dontisy all tho confounded intor-

actions Af ths roy-hloa%: 1s ¢

(1) beo het . ab
ado bdo bdf acf
coe odef ’ cd adf
abef abedes abed of
Dovolon the nlan eommlotaly.
(10+10) =
(P.T.0)

(u4)



e

a.

L PR SD(T5) x(v)

(a) Defino a rosolvablo telatreod incomilcte bloek dosimn and shone
that for such 2 doolzn b 3 vér-i
*hen 45 s'uch a desizn called ‘affino’ 2 recolvable?

(v) gxw‘z;hat for an affire rosolvahlo !nlaneod Ln:nrnlo'.o “lock
a

(1) the frrvitiers em 90 gxiressod as
veni=n? { (-1t31} b= nr = n(nztm#l)‘ A= nt41,
Whero n ang t are intogors and 72 t)/

(11) . The ambor of treatamts comon to any two blocks of
- diffaromt sets uu . -

-,f(,,xz, , - : . ,
v = ‘"—“""’ : e- . (as044)-w
(2) - Dofine on ort.ho-oml iy (v, K,a,8) of tadex Ao -
(b) Givo a motlod of consiructiss ->r¢.h"on_1 nrr:? (a2, s*l.l. )
01' Jodax 3, viasro 8 Ln a —u'lno ~0wor.
() Showv that tho orthogoanl =rrxy (82 8%1,8,2).of indax 1, 1a
oquivaleat to-p=-1 nutuslly orthions) latin sgusres of ordar s.
(40-303)

. (a) Dofino & U-danard natriy, of ordorn. - . ; ...

(bLs Show that 4f 3 ﬂadmnr._ 1otrix of ordor n axiat:. thor n is
oithor lor 2ora"ltlloof 4.

(e) ‘Shoti thet tho’ axfsteney of‘a mxd.:n.:d natrix o..ordcr "t. ia
. equivziont to thz exics .ice of a synnetrio balancod Lmn:nlctc
%.block desizn. u‘t.'a -»-u-n sors (Gb-l, 2‘..-1, t=1). A,
N < (54661.0):20

¥Write short notea on n g h of tho !‘ol‘lo\dn"l et
(n) Falsity of.conjocturer of Euler and Manoish. ¥ )
(b), Differanca seto ond Faolr mnlieations to.the construction
of 318 Desiina.
(¢) Rolztable Dasigns, 110410)="2

u45)



SD(ITS) IX(10) e
8.0, IX Groun § 1 - SA'PLE SIWI'S _ ‘ny 1075
Orsailsation Asneets ~ Fracial Poror I

Tiia 3 4 hours 1L marts : AN .

(A‘em-ut. d fivo r'.xoar.':nu .“n_:: "'\iq"'-ro'ﬁ)

( !.) FS.'Plroa {1 i -u:".“rx tacdaate L <Y mu-‘.'l

(11) Zga of Crlenlating Mactines in not «or-.i‘,':sﬂ,

1., It 18 ~ronoaad to esndsel a 3:ala guever, ‘a Int L5 oollact
comroiciaiva cata am 1iveatocs numbor emnd *né naamanaed Yr 4ha
nouacholc’a. Aivagiaeh on‘ srdsos of tho “ouschalls and coarmtion
‘'of 1ivaatoc: Hrotuctabr tho ‘-m..e‘-ol-...

‘u-\amto tha vartsus- -»ql.n\.a to be conaldored for 2lan2inz tho swrvoe
a3 your rocomiendations n -e:nn-c?. ol such motita j “ith aromer.
JustiZicotfon, ™« "7 s - (3412)=20
cm- ’ . - . <.,
2. Inna *ultla-nu.bjoct zm-nla survey o be c:m:l-.u: od in Thala, 1t 1a
.0 ~mronosed. to cal_cct dcta 27’ t \o fono‘-!.-t; oabjoctar 7. 4y

- AL
3ubjoct gchadlane - . N

1) Household eonsuaar, omc‘v.itux‘-o. L "
-1t) ~-Emloymait & wnemloynent ol h:nnohold -\mqu. -
111) ‘''oezly aricaof unlecl’.ad co-y .o:it.ieu (cn cacl Suturdx;) froa

tho marzat Lot
‘_,‘Ex E‘.m -)Iace ox‘ vlni.t. of th o I.nvoa.s;:ators (m Satu.rduu).
o NOmtiaﬁa tho to bo cmoc‘tod i1 difforent’ uA'r)lcn of hovso-
1&;:1(‘!5 for o:.\d‘ nub;act. vi hln cach a.-.:-sls villaze and sarmlae u=ban
oc'te .

JSha uan-xln vu‘n‘ren ad aaisle ‘J.rbnn hloekx +411 bo nclocted from Q.he
vholo of Icdla and 41) bo divided into four. cmb-ants t5 bo convngaot
ia four sub-rownds of Lhroo continyoun c..lcnuu- naths a1che  Tho
total £irvir wcriod in ona Ll yorv.

L PN TN L {-,
It in statod that tha flaled voe 411 :\s 300 by an orranisation
hich Mas 30N srtaerr Ziade I1voaf."'~t‘\xs ith ncearn~— s'morvina--
8L2"C.  Belain the mothod o fixins by vos'c ot 40 Mo Iarmtintto-1.
Nlustrato vor mothod by csb lnat.‘-v' thzi vor’: lo~d ncr Lavanhinator
in Lis gurvoy. Assune any reasonaoblo f 4Tiro for an- fachov Lhat
7o nay requiro for your enleulatloa. (1241)="0
Ll

3. mlala hev you vould nmeaod ston Y ston in nrenaring a gchectla
for & acmlo s1rvay of hovaciolds, to sther tho lovol of llvinz of
'o"‘-an clasn “ouvaonolds in rural arc~a i:\ Inci=,

Illvatrata your ablove By aztioaing tho et o".tlh‘m AL the
ochod:le for this survey. . (A=Y

4 ¥zt ghonld be Lho conterts of a woll aronnx g.\ resort o0 a samloe
ourvay? ' Nlnctrete vors cato by noatloatns -the sood solnis md drav=
3ags of a remort on a sainla curvoy, vhish 7O hava read.  (Glve
roforonce to 1ina li%e titlo, orinitastinsm ipouing thoe roort, vosr
of tomio etce of tha mﬁort. tavan Tor Qlugly '-\tio.\).

5. (&) Somlaln *hab 1s msaat by teost finetlamt , 'varianco Mmetim!
210 ontinin sawliaz doslm Cox --o'h-n v\"xc\nlm in “ro-atago
sarmlinz,  Givo 43 MWatratisna,

. _‘
(b) Civo yo'r ArTmonts for ond azatand tha »ys of thaso arinelnlza
nertly or tholly, 1n aoncvesing ql—“l-_\'umm To vhat oxtort -~
are theso actually “woful 4n »ractico? (44a+4n)="

(u16) (7.7.0)



8.

3.

TS

1.

- deame SDANTS) IX(11)
what aro nilot swrvays? what aro tholr variois naes in samls au-vovs?
Glva owles of ays 8ctusl pilot " survess (ith chleh you rey ho
faniliar) wlidch hava Daga it S5 guch wsos. (3#‘% )=

2) Tha Matloazl Samlo Suvoyr Orzarlsation Lo eonductinz lzu'._':o scalo
canla survaya in Indda in tho Zora of annaunl xecords,: In
coanoction it this vark = sussection to deexitimlize Lha nro=
t=xlatlon serutiay of nehasdules gnd ~ot tho oalo dono in the
viarloua ficld officoo in tho countyy and amtml(oo onl7 tho
oubaaquat techanied Sa'ydeation rorics
Givo yo'r conziderod viata for ad atainst thila arondasl fron tho

soint of viwnr of casb. zceraqr and svaxd of -\u)].‘c-\t.im of “1:

rosorts ete.

b) In rour onlnion, ecan ary hxrt‘.nr ﬂcca-\tr:\llanb‘.on of tavalation
29 convaiieatly thouzht 02? Givo roagona Jo= vour vien.

¢) %gal_ IL 13 to bo roenoiharad that 490 final tables are Lo S
1t o for 1.S8.8. “ovort somarstoly Zor oseh Stats of Iaiia
axd also on All=India ants m7zr tho =aal ::,‘Ov:ﬂ‘, urbwn aoato“
and ru.ml Slns nrYan soctor. 22)

e ) nguou on xy7 for of tha followviazs

1)> Samling % non-3aHling orrors and Hina 4y oalinstos.
11) Solf volzhilnz sa™ling dosisn.
i44) 3rstonatio szmlingz

1v) Iitomonotmting samliny 0 T " .
v) Mell anguirs va Litorvise motiod of Gata eo"_lnctl'm o
vi) Card desim (5+654546)=20

- P— -

3.0, IX - GWOP F Tochnlcing of Comutation (Practieal)
MWitordcel Anz2l7ala - Swectal Pamor IX .
(Cc12ddatcs not avallahla)

8.Ds IX Grow» G t STATIIIYCAL I"ﬂ':‘L'::C’.'? -"
3~2¢431 Toales — Syzednl Pagar T

10 1 4 hours . : _‘ . J. -:\111.111:".: PR RN
A4S A five quzationn [rom this ~rym)
Tizuros 4n tho nargina tndicnto MO1 narcs. )
a) Dsaeri tald'g 3oquantinl ')roh—\»:lliw rq..!o tost for .,o:kt.in" »

3imlo tyotiasis ajainst a sLmlo allormelivo end nrovo that -’
tho toot torilaates o4tih »ro»Mbllid- o),

b) Dox'lvu the OC faaction o:‘ tho soquantis) aroladbility ratio toct.
¢) Corh_:r tha oo uweatial nws xbillly ratlo tant for_ton:in::

L ipt© =6 sgalwt iy 16 20, vharo O fa the'nzan of a
nornel diseribution At variziea 1. If & =8 (11 wsuadl
notztlons), Hrove tuat tho A3 mdor I' =13 '71 ev3 aqunl,

(Whs)=2

(u47) {(oo13ees )



SD(M75) 1x(12) =108 -

2. (a) Dazerito tho "tleoxon (Mawn-'hitnz) tost for tra two-samle
arotlan, retisitns eloiarly tho undarlyias ~ocymifons, tho
hyothests to bo tostod and tho n)bom-ttvo ‘yoothoata.

(Y)  Siore ket tha 1Mleoxan andt tho ‘rr=iMitasy tost alntistles
’ Ar0 line-rly rolatad- -

(=) Ontein 4 awll fisiribtion of tl\o t"{1esyon tozt stetiotice
vhm botl: :n.‘hllm hovo nlzo 2.

(d) 1oation may other nom~maramotrle tost for tho tvr-snmlo
2roblon £1d daciar tha uort»n of t:ia tost rolative to the
iLlcoxon tost. . ’ (5+54545)="0

5. (a) If g is = roal n-voctar and ’gis a ~oaitive seit-dafinite roal
B'I'nat.ric ﬂnter. sivo» Lhet tha fHinction

h(t)—c:ﬁ r“v’l} ﬁtf J

defined oa K s1a tho ch.\rnctcrtat'_c function of soma disgtri-
butisn in R,

(% Lot X' = (X, «ees X)) follova ~altinorel dtsirlmution +ith a
L
n:n—ain,, dar cmrl.;'c" asrie L.
Sioe that (1) Xys oess Xy cnn DO exvrazsod oo 1tnoar X\nct‘.ima
of n i.ndma-ldcnt. norz) rands variahloag; and (L) has tho

(11) (X pe)’ 'l:()‘ =M) has the chi-muaro Glstrisction vith n
degroca of froc(”n, vhera 7 i3 ti*o moan voctor of X ~

(c) Sronr that wicsrrolated muliinornal randen v-riabled aro
indenvandont. - - () = 29
4e Mnt 13 a lincr disert: rifnait Ninction? Brins sub tho rclationshin
bc-.-'oen fanle dlserininant function and 'stsllinz's > statiatic,
Bealain how you «idl) Sc3b for an assizned d’scri-\bn:\t. ?nctisn.
44947

5. {(a) O%ain ths 11‘:(;11'.100(Lr-\b"'.o tost ciatictlic for tosting the

0quality of 4tho covarianco matrieza of two muyltinsranl »onu-
lations. Ob%ialn tho !-*h no—\r‘ ol yorr tost olrbisile.

(%) Darive tho 11"01L\n's<\ r-‘hlo L—re n!.r..L‘xt‘.c, Zor t.c:t.l'\" tho .
oquality of severel aunlt{n~ral nonulationa uith com-on
dizeraton. - . . R (H+a) =

6. (2) Dofino tho arincinal cmononts, Givan the covarirnea antris
T » Goocrivs uad juntify tlho itaratlvo nroczdire !‘or
- abteining tho first nrineinnl eomonaont. ¢ ‘

{b) Dafine candaleal ‘eorrolations and canonieal vru"«t.a:l. Srenr
that tho ndtislo corrclotion coo"fic'm. can bo rozardad as
tha firat cmnoieal eorrolation.

() ntacnuu tho wge of nrinetanl somonents 1a factor analynis,

(5+6!-.SM44)""‘3
?. Dﬂflno U-St.n.t.ir: 1cq for one cnd Lim amnlea, OWialn ths 1i-tting
cistritution of tho tuo-satlo U-stai'stic.

Il2agtrata tho mae o!‘ U-gtntintioo Ln 5070 1911 “nosn man-naraiotric
toba. (1+1145) =20

8., Vrilo notos on gany tim of the Talloutas:

(r) Stoim's tin 311910 srocedire.

b) Teoto of randonnta. o

¢) Mzhalarobls dictanal

d) Tolarrnoa iii.o /,UB) (1~ +10)=20

|uo CAIDINALST AVAILADLE TOX cvo:v g PROIVITLTS, mI0R (l.Pmer IT)Y)




TIISTNISPISW IRl T3
Statisileian's Dinlo~: =iltation = ‘Ir, 10"‘

2mes X = Subf2eis of Third assar of Si3slat'tatlani- (Prachiaal)

o 2 3 hoeom o . ' : ’ FAD B R R R
1) 112403 Bre rcx} 2re £y wsror qrodtiona Sron Lant
370'h 0117 “or +fifeh 2 rva retizborad Sheir oaliors.
11) Fi1iras 41 the narta Gdteato £t '1:'- s. .
141) Yo 02 cxledztin~ -an’las fa varint

Paser X - Sro'n \ s 22070 IC STATISTIZS

ST‘.EI\L P.":P '.II - PUACTICAL
1. Tha follgetaz talo Sesod 61 N0 784 rormd of tho Yebtlenal Samilo
Trver ('1SS) sivos Mo avarez e ~omthlr mav eite zman?laon on
.1t .-\lns only -nd o -_Ll $iae 9, in wrha avsua Y CONVIINIF 8-
1% ra olasses. -

seemes vl EstimatogT for Thas T 1= (731 cavaith rorm)

1‘3”'-.\'-'3%‘." n3r canlla Pereaziazo 01t 1y ner emita averaTs
to%:1 eonsior o
Zmo1 e (rmoes) limondatias

03" g2t 3m . 8a
3-11 12.29 Tooass : 9.3%
11-13 ¥ .3.58 A § 1
=15 77T T 9,9 0 T 5. “1:.08
15-19 12.33 . 6.3 - . 137
18-21, . 13,44 ' 3.4 . 17.93
21-24 P - 7.40 | 22,53
-3 el RS I 6.7, ', .
T S T T U B % 50,87
L3 N 848 53.15
43-54 . 435 -, 733 . ¢ 4310
above 54 . 3.51 R 3.0 1.5
all elasces . 100,90 6.53 - 2313

/
_Fit a constant olul:latt7 cuvolog ¥y = & + ﬁ loz X + € 4
{(t=1,2, .. n w‘xoro n 1a tha nuher of intive ’"nJ.a cov:rod and
Ty md Xy stond for ncathly creaditutos on Soodtinins ‘222 on

2N-ito1g romncttvcly) to trha riaba m’lart"a nu-n’laa-u'n.ion: far
€1 8 using voi:"toed lca.'rb Caw~38, -
Albo cnf.ine.to ‘& and /3 » L‘morh* m -)em:n.a':o dla!.rlbution of
ixcono in'diforectt classes md comare Lthar e J.tn n3 Lcr(v:d w
thaso tro mothoia.
vors 2% aleo tho oteidard ersora of ‘& sna B and tast ifp
a!r\if.caauy Al; f'arot £ron eare. Co—mead on tns ros:lto.
B (umav)ﬁ.q.
2. Tsisg -u-obus, iy la\norml ulnt.rt‘\luon to- t.\o f"\t-x an thy tol
conemar mondibm (Q. 1). Plot tho loranz ourve “or tho fitted
Iognoral aid vor’z aut the coacantratiow ratio for tivis curvo. Plat
tro Lorsiz curvo for tYe acturl esaginer omecditsra data atd eymare
A6 ulth tho Lorow emwae alrea, draa, .o (10+412+19)=32
-(u19) . (Sorteaa?)




SL(TI)X(2)

S. U:i;k‘: Darbin'a -t 8 4ato octliatin~ wroood"m. ‘?"5_":7“1?":;:‘;.1ﬁ'££:35
oL G ead @ dn thadolel: . —~ : L St . "~
Xu= d +. /3 t b X—E ¢ (-\\cr« “‘t'“ ha\éa POro NANAS

’ viriaacs _6'_, a1 ara;

cr, 70 6'.-1 +- “4ndshendaat. ov:r:—biao)

Ir.:!A

37 o“-nr

i

P-v- tho fclloxdnqu(‘uc..-cn‘(av N nl"‘r\-“v'ﬂl, '\"
wotw( of aati==ilon aleh zou.~ay tnot, + 7 » g

il .1) . . .
KRR 'r—-- ot Lt L ‘5
psﬂ xt—r © wet ', RN

1ot " 93."."'"" 'nv.-{.;' Sl . 120t . I S48
1231-92 1145 . 1335-53 .. 233 . 193€-79 - 713
15255 173 - 196387 "' 3503 1979-71 39
1965-34 23 1057-63 . 347 1971-72- 252

E:a: xg-'=-ﬂ1-lndia nrofiction ‘67 TMirozsn Fortiiisers (000 tona of st riaste)f
Toet 4 15 g.31lentdy Jl"‘crsnt fron zoro. . Sazmgnt on .tho data

- n1d oy e zss.ﬂ‘z mahu.. (2%+a#)=32

. T

L. OO -\._1 '.uo etu. o 1011. /300109 cstL.a..ca, o :‘_'u;'ﬁ ~4n tho ;
* falloAnz asdal Sroa-the 2ate givan delowd o~

Y= @+ p1, +.Et

SIRERIEE +/=ux,,1 +ﬁ°=wz

IV s cameod that .. - B

o=kl € )=E( )=t &) X €& ) =2 (el

L2 ) waang b A I

i

for a1Vt °F

Tse = ment
- [N

P -1 Toal Rovawua fros | iatioan) Iicore Ay
R Yo <] Tilon Exetlso wad i ecurrant orices
nr 321ea Thx (A AbSaa) (W AbixL) - -
. Tt | X
1953-51 1.5 . _ . - - 9546~ -
"T1361-52 7 1.2 99,7
- 1052-53 1.4 93.2
1053-54 1.5 ‘ 124,53
1054-58 1.8 95.1
1955-58 242 99.3
1056~-57 2.7 3.1
1957-53 5.9 13,9
1353-53 LA 1.0
1359-60 . 5.0 10,5
10M-51 6.7 114
1031-62 8.7 1210

Yo% Lt nloo the nermtotic varianco of L%3 ontitato Af 3
Coxmat o1 Lhy data w3 ha reatlia eY.alaad (M3e)a02

(us0) ) (?ﬂ“-'--.:})



«5 - sp(MT3)x(3)

231170 n nots rsaful for ccoardie 2ialraisand wolicy v°moaon,
raldns gy orle-lation or “rnelng av7 Trashs S92t o= think f1t,
"o be.nin of tho folloirinz In-'lm .Amoﬂ.c d:?.ul v E
e N ‘, ‘Pon uavXon. act a\'-\_.labl‘l:!, -v*oc"r'r\.t ‘ae

2"‘\“0 Qiat=tiysliay’ of o9t sl odt ‘n 1-@ig,

R E Tiziror1n w0 ém ..av*nﬂ
— i ! %

. - r Vet orddie— v s avale ouh' e

S Powdes |0 stes o0 Ay, | ome §oatee

<2ar { tio1 M- |- cef T MImart S, it ) irte
, § atllisin .| fodd cialna I "So0d sratha | 3 rittm
1251 arL,s. 73,57, 927 0 72070 0 223,
1385 32,00 7 73407, 7.9 0 88 295 1M
183% | 20,7 3,23 19,55 7 T3.M) 4.00 1%.°9
357 505.6 T L AN -7 SR 9§ A3 177
L3 DR 3 LI N 23.15. - .59 .. 98,70, 5,91 . 19.2°
0N 5w 7.4 837 0 A5G G5Y .39
W7 I3t 37.93. 3.33 ] 23,49 LS N R
37 .,..9.--,' e D2483 2,05 1. _ 9480 9,137, 1.0
127: 5319, . . 5L.57 .59 32,07 7,70 . 10

(5% awallantliu- .,"e.‘. amoduglion + Yot dmoris + chaxe la

Jravoment ftoe'). |

(ust) -



D(MT6) X (4) ~4 =

3.Ds Parver X = Gro'm B ¢ TESIT0-CO 1RV L FTATISTISS

Soction T ¢ 3iatlatlenl Tiality Coatmol (5% martia}

(at3omt guaation na, 1 aid gz other tem sutisn)

le M2 Tollovinz tuhle civas tha avarnzafend rwivos 4 aamlas of nizo 4
of tnab rasarcs oL econnar conont 1n cororciil braas a'wvala.
N \ .

2.

Sa7a)s o, X R Samln ‘a, X R
1. 11.10 0.8 11. - 1148 1.5
Te 1n.70 1.2 17. 11.5% 1.4
3. 11,35 1,0 13, 2.9 N
4. 11,25 1.0 19, 12,72 1.2
Sa - 11,420 2.2 - 20, . 1.75 . P 4
8. 11.00. 0.3 21. 1.7
7. 11,0 1,0 22, 2,7
Je 11,35 1.2 23. n,7
Ze 11,50 - 2,0 2%, 1.1

19. 19.713 1.1 5. 2.9
11, 10,35 1.0 23, 0.4
12, = 11,63 1.2 27, 2.0
FEN 11,16 2.3 13, g
14, . 11,23 1.0 . . 29, - h N
135, 11,00 (2% 20 0.1

b)

stz eontml ohart teehniquo, tost thother tho areeoas ta mdcy

- =tntistisal control. -

A sdalmn of 94 eosmor In AT shaot i tha mrket mcelficrtion.
Erenss of 0,12 o1 a1 ~veraze, rogalts 47 a loss o N.%‘ZQ/— e
year to tho faciors, Eati-ato hor —uch a«viny éan ds a..cctg"
b maintalniax statistical control at a aronar laval, 30 a3 .2
retiafe aariat onocificationas

, (1249)a0

2)  Tha tolarnioo socifiad for outer finvotsr of a oholl g LLLES Rt b
S.alls having dicrotor hizhaor then mzeifisd, vodd So resnrad
vhille thosa tiih Jaror ¢lenatar vould Yo moram¥le Tra cnat o”
ryorzinc 6 shallo i3 equal Lo tho locs {acirrsd ‘¢ ser 0inZ ond
2101la  Tho aracaan atatlard coviatiovvas 0.927".

Wiore should Aha mroccan ha sowtrod oo that tha tht~t co3t of
revork aixd ocray o nininn?

b) Tha fslleuing ¢ abla glves tho data on a moag:rable oharzotorizlie,
vith emaoificatioca 1inits 0,7323 = 0.7671 m. Tho na™la niza 13
fours

8xrila ia, X R 1q Vo. x R
1. 0.7540  0.0011 ’ 9. - {0,754 0.0
2. 0,7522 0.0014 10, 0,7549 915
Je .0,7542 0,0009 11. 0.78%1 0,0017
Lo 0,7548 0,0010 12, 0,7542 0,10
5, 0,7550 0,0008 13, 0,7545 0,0011
G. 04,7539 0.0009 14, 0.7543 " 0.00"0
7 0,754 0,0012, 18, 0.7551 0,011
0, 0,7543 0,0011

S35 ™ n m0difled T and R eontrol ochart and esvacnt. (~40) = 15

Conifteiee

(M52)
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SDMT2) X(S)
() A neasuro of Iisertlaniin- sover of A na™liaz Alan batvam 2!

ad %d quility, o tte ratio » 1.,/5 o8 N3FT 3 92 s veles of

aroortion of dafoctives 1n lacentnz h%.‘.\. Tur w‘\ld\ SroYyed it -
of ~eeontaned (s 'a’ .

P

ratio rith accestairce nitibar o 2
oo .

e
» =

(h) Givan AL = 2%, Proacir's 2t 3195
LTPD = 3£ Congi~ar's WUs%

= 0,19

Toiag notaonn robebllities, aronare a Sable of valaz of tho
2 3y = end 5.

Obtaln mn smsroxt-aie cttile axrnlias -“rxﬂ..aa '13-\9:0.1:71 alm,

asgulag thct 1ot sizg L8 lar7e eaavarod

40 ths sanln alza.

{1945)=15.

T2 a first oxder m:t:‘.ﬂ.: do3lm for 2 facto—n, a 2 donton Wity A4
cantral ~ofnts *ms rar. Mo Cata ob‘sh:* =ra 7ilvmn Bl

“rivvng’ Lavala o~

Roryonse  Factor 1 Tactor 2
¢ (xg) v (xp)
0.3 -1 . e .,
35.1 [T -
82,9 - -1 ' +
71.9 ., B S S

tho s of quadratic coofficimts.
1Ly t.wre is lm" ot £t of first ordor rocsl anl alfor vour eO’nr(n.u.)
. 15

Lavalg a7

Pagyonss  Taotor 1 lector 2
(). (x) (x,)
92,9 0’ "
72.9 0 9
3l.1 ] e
9.3 o] n

Carry o1l 22 ANOVA tast to catzmian

“

o

3o 3t Snctioy T ¢ Ova=ebioun ipges—ey
(Attot gxr tvo cucaticis fron this sectlaa)

. Ploures £n.1ha narsfin -Uidleate £) naig

(37 nar:as)

Solvo tho falloviag liaear -;m--\-ﬂi:\r mouler Y tro-ahase acihol:

otz = 4 2 ¢Sy

Subdoct.'to xy + %3 < -8,
x + 2, 7o
X +xp 4oy =10
X Xpxz Yy O

(15)

An olactris covrmy shilch Zcasmates andt ‘otatributos olsctricity contctot

a otidy an tho tifo of nolua._

folloinr tablos

Lifo Mmin of z1lzei=ic nol2g

Your <fter iistallaticn
Pavaoat e ‘S0las & :.ll.L'\z

1T 2
12

(M53)

-
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3

The aan>oriato 1170 Yata are glvony 1 o

19 10

.01 a3 L)

(Cantleas )
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2

i.

2) If th) comaw ame lnaialle 5000 nolas an fallo:a a "alicr nf’
rrlreing molaa oAly ' hien thas Tald, YW1 nwy voles aro oetY
to bo ronlacod cach year durdnz tho *.»‘.'t. Lan *enra?

' s
To sianlify Los enmitstinas rou g1r znZemo tiat falluaron ocour and
raalagoneits arn made 0117 at Lho 01 92 °n yoar.

9)  If 4%a cosd of :vslaghtas indivicually 1s ™ o130/~ aor 90lo -l
4f 1o ha7a 1 €3710n 2ramarvilaconnat nolier b coots 23/~
adr a0le, 1ind ozt tho ortimnt narled-far srown-reslaeaant,

) L . A (7+3)=1s

A comzny hea tro Tauctorica ezch Wfihleh emn maka Jour aroducta
A, 3, C, D with i3 followiag coata mad eimasitiza.

Coat 1a R1./X7 of arofuct Yexlwa o maclty
<all

vered ‘of all nroducts
(“2z0/v00k)
A D [} D
Yactors 1 lormal tima 1,3 1.4 1.4 1.2 70,000 1
¢~  Ovortico ' 1.4 15 1.5 1.4 14,002
Teclory 2 ioral tina L8 14 15 1.4 93,00
ado~ Ovartiio 1.8 1.5 _1,.7 1.»1 . 11,M9
2squiraionts 50,000 40,000 53,000 0,000"
(Cega/ ront) . FR

S11¢ 1t tho atomnts vhich oach factory should sroducg bty froTular -
arodiction? pad fovartine wroductisn', 05 03 to noot tha daazad at
nfhatan total eost... . - Sl e $

B tlon TIT = quntictienl Methoca 4n Bials (20 naka)
(istemt nth tho cuostions fron thia soow) e

A certaln druz 1s eclalned to bo cffoctive in oiring eolds. In an
@-oriaont, +hich was a mart of a maret stndy, 2 nooslo with enld
wers Tl7an drmzwand gnobher 34 moonls vith eold,woro ~iven cusar
20s. Tho reactionpef tho sntionigare rocordod as “sllovss

‘Foland ' Lo orzed

Drog 52 . 52

Suzar 5111s , 43 . 33
Corr: ovt nhf.latloqi. aralvails of tho d.-'\t.q. . . (1)
'St aisforoat branda of \hloty vore ratod % two bostors iudexafaitlv
Srand 1 2 5 & 5 8
WAt Uy tpater A 5 2 3 8 1 4
1A't go Seoter N 3 4 2 5 - 1 a
Tasb s hethar tharoda~7 SHERATLEORY 1 100a the tagtora.and olfor
your comaaio. ] (20)

5 Cro 3 Saction 1I - gao aet saso.

(Altomativa) (us4)



sD(X76)x(7)
-7 -
S.D. Paper X Group B'1 Section IT (Alternative)
ELEMENTS OP BOOK-KEEFING AND ACCOUNTANCY ~ Pru'cuc'nl (Hnrkl )

(Attenpt any w0 -guestions frou this section)

-Pigures in the oargin indicate full marks.
USE A SEPARATE ANSWER=-BOOK POR THIS SECTION.

1. On April 1, 1975, A draws a-bill on B for Rs.300 far three
months for valuable consideration. Tho bill is accepted
by B on the sane date nni A bhas it forth-n.h discounted
at tho Dank © 64,
On the date of maturity, B is unable to meet the bill for
want of funds., Instcad, he pays $1,2)) down to A ond gives,
hin B bill for twa nont.hn for the balanco due (including
bank charges B141,50) plus int.arnf. a 4}. This bill is duly_
pet_at mn.ur“.y. - N

_Shmv.t.he_noce-.ary- 1) J«.mnl —— .- . .. e—

' ' T . i) coeh Book.. . .. . -

I T enasis) Ledger .
-entrlol in A's book. N (15)

2, Define deprecintions .. .. .
Stoto the various methndsof providing for the sanc in. nccmnth
mmt h the difference between depreciation and obaolenu:nco.

(13),

3. ‘Mention tho various nethods by which Stores issucs way

bo priced 7 Which method would you consider bust and why?

S.D,X GRWP C ¢ BIGETRIC LETNODS
* Practical = Speeial Iaper IIX

(No .candidate available)

(uss)



SD(u78) X(8)

S.D. X Groun D & DESIGH

(Practical) Saceial Panor ITT
(Atten_'ﬂ. aqy threa quast_,lonﬂ {ron this groum)

Figures in the marcin indicate full marks

Tima $ § hours

1.

AND AMALYSIS OF EXPERI'ENTS : May 1975

+Full marks : 100

Tho codod data in tadla belov, aro’, flow rates of a fuel through
three tymes of nozzlo, as neasurod Y five differcnt onerators,
cach of whom made three obacrvations on cach nozzlet

Onorators —

Nozzle 1 2 I s
A 6 6, -15 | 26,12, 5 11, 4, 4 21, 14, 7} 25,13, 2
B 13, 6, 15 |, 4, 4, 1117, 10, 7 {-5, 2, A:E} 15, 9, 1
c 10,10, =11 } =35, 0,-14 j11, ~10,~17 '12, ~2, =16, -4, 17, 24

(a)* Adalyse the data, assuning that tho momtors aro rogarded as A
random sanle from a largo ﬂo-sulguon.

(b) ‘Would the diffaroncos botwoe.n ‘tho nozzlel be slg‘nlfic-\nt u‘ suvch
a3simtiona ars not nadae? -

)

(c) 1f tho answor to (b) dla agrecs with tho corrcsmonding ono found
in (a), can intuition alone nrovide an exnlanstion, why differ-
on;:cs that are significant undor ono nodel are not undor the .
othar,

(14414+4)=3

A sgricultural oxmorimont was conductad in a tuo-associato class
The lay-out of tho design 1s” glven below:

P.3.1.B. design.

Block 1.

Treatnents
24y 10, 12, 14, -1
15, 10, 6, 7, S
8, 9, 2,73, 10
"2, 13, 15,.14,,1
12, 5, 8, 7, 13

). -Block- e.
{ __5.._§
RN
;" e

(a) Fi.nhd out tho association maramoctors and fdontify tho association
- echome.

(b) Utilise tho sbovo aassociation schomo, to construct the B.7.D.
dosign:

=b=15, r=k =

(M50)

7, and

A

Trontments
12,°6, 13, <, 3. 9
‘7, 3, 1, 15, 12, 11
‘13, 14, 11, 8, 6, S
14, 7,11, 4, 2, 9
“1, 5, 9,10, 13, Ul
g

(16+14+12)=32

[ N



3.

block, ocach of the lovels b
i3 ronroasonted juat onco an

thair ordor.

Sp(M78)x(9)

The following table givoes tho lay out and ylolds of a 3 x 4 balancad
factorinl oxvoriment, conductod in 9 four-nlot blocks.

In every
(§=1,2,3,4) of tho socond factor B,
the fizuros aro arrangod according to

Entrios in tho tabla show tho lovols oy , (i=1,2,3) of

tha first factor.A and tho yiolds, _ Analyno tho data to tost for,
tho main offocts and intoractico.

(us7)

. Levols of B ... .
a -
Block b’. b2 ) b, b‘l
1. - 8- ay | ‘ay . ay
3.87 4.42 5.54 8.23
4
2 18 ‘e - o
-4.91 5.28 . 6.08. 8.54
3 o . °3 % . °
4.42 484, ~.5.21, 5.87
4. R
: C 8y a_. . -8, a
. - 4.02 4.27 T_5.39 8.38
5. uz . 52 ar " 31
4.8 5.38 6.16- 8.44
8. . 8- . ay
4.37 4.99 8.26- 5.82
7. . a °3
’ ~4.14 5.89 4,70 5.32
9.
a a 8, . 2,
. T 5.11 5.50 6.31 6.91
'9. a a 8, 8
4468 4.82 5.55 5.41
(32)
‘In a chemical exreriment fourtoen combinations of throe factors vore
tried. Tablo below givos the yiolds and tho lovols of X1, x50 and x.
(on a suitablo scalo) for each conbination.
1 : 161d
ﬁ. x, x3 Yiald l x, .:l Yiel
1 -1 1 45 2 o 0 12
-1 1 -1 39 . 2 2 0 12’
1 -1 -1 49 T2 2 [o] 13
1 1 1 43 o 2 [¢] 48
0 0 0 43 [ o 2 43
0 - [+] o] 45 o o - 2 48
0 0 ] 41 o 0 3] o] 43
() Fit a second degroa nolynonial rogrossion oquation to arodict tt..
71elds in torms of tho lovoels of tha factors.
(b) Write down the analysis of variance tablo shoving senarately tho
exmroasions duo to first and socong dogroe torms.
(c) Obtain tho varlanco function of tho mrodictod ylold at tho notnt
X X0 X, '
"5 (13+10+8)=32
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- SD(u78)x(10)
SD X GROUP E : SAMPLE SURVEXS - MAY 1975

(Practical) - Snoglal Papar ITT

Full marks : 1M
(Attomt three quostiena {n all, Q 1 and Q 3 being cempulaory
Figuros in tho margin indicato full marks .

l._.A g8 rvay of. fortiliger nractices carried-out in-a cortain region,

71.1d0d tho following date rolatinz to holdiny sire and conaumtion
of choaieal fortilizers. ' . ’

Surial Holding Consurmtion of Sorial Holding Consumtion of
thobor sizo chomical for— Numbor sizo chemical for-
(acrea) tilizor (1lbs). (acros) tilizer (1lba.)
i. 21,04 0 19, .. 3.5 o
2. 12,59 ¢ | 0 20, ° "4.84 36
5. 20,30 . 48 21, . 9,07 “108
1. 16.16 54 22, 7, 3,89 o
5. - 25,82 o 23, -'"14.61 - o
6. 1.79 o 24, 1,10 o
7. 26.91 544 25, 22.13 248
8, 7.41° . 117 26. 1.68 56
ER 7.68 ° [+} 27,  149.58 216
10. 66.55 . 0 28. - 1.68. 42
11, 141,80 197 29, 1.80 66 .
12. 21.12 192 30, 12,72 , 180
13. 8.29 0 s1. 6.31 74
L. 7.27 160 32, 14.38 . 182
15. 1.47 0 33, 22.19 222
16. 1.12 [ 34, - * 5,50 192
17. 10.87 - o 35, 25,29 224
18. 5.94 0 38. . 20,29 10

(a) Treating tha above 36 holdings as tho nomulation and tho sizo
of holdings as 'sizo’, solect a sammlo of two holdings withont
ronlacamont drewing thom .ono by ono,tha nrobability of drawing

+ any unit in a narticular drav baing nromortional to its sizo.

Coloulato an cstimate of tha total consumtion of fortilizar
in 38 holding= on tho basis of tho sammlo of 2 holdings,
using (1) Dos Raj's oatimator and (ii) Dos Raj's gymnatrized
ostinator. . . o
(b) Fron thoso 36 holdings draw a sannlo of § holdinze, with
sultablo soloction nrobability so as to got on unbiagod ratio
ostinmata for the total conaumtion of-fortilizor, for tho abova
368 holdings and fumish an unbiasod ostimata of tha varianco
of tho ostimato for tho total consuwmtion of !‘tst;{aﬁo ;12)"5
In a simlo randon samnlo of 374 housoholds fron an Anoriecan town,
292 woro found oceunicd by Whito familios and tho romaining 92 Yy
Hon~whitea, A subsamlo of about 1/4ith nf thoso hmuscholds gave

tho following additional information rogarding ownorshin of tho
hougos.

Ownod Rontod
Yhito ot UoBL 13
Non~‘hitos 4 .14

Uainz tho doubla sannling Q.oehr;iquc. ostimato tho nromortion of
runtedl housphnlds in tho town undor study. Also find an csticato
of tho standard orror of tho cgtimato. ’ (

(us8)
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Data aro roquirod to bo collactod on tha.coxt .. olanont rv
oducation in a cortnin ¢’~iw’r3 of Wost Boaal, for thz lateast

fivo yoars.

(1) Draw wn a briof schodils for tho 8a~a 2id a serutim: mrozramo
for ch:c."ing tho abovo fillod-in nchodulas arisr to nraccasing,

(b) S17n0st a-suitable ?.1b\l.‘|.nuon -srogn-\ﬂo - show thy eosts
wmdyr -
. o .

L

( 1). to+chora' snlar
( 11) x{:curring e¢not of naintenanco »Af miilding, furnitwro,
. toaching ncconqorioa and nisocllana~'s othor ito=s,
(111) n'\n-rocurrtm' coet ot‘ 1and, b-xl_ldings, furaitiuro and
iscollancous othor' itoas.
. (10410eM) =i

V23 2eS 10t €91 Ll of LX) waile, sou U1l mavhrad Troz LU0 I,
Congider the following scheng of samlings:

{ 1) Draw on¢ unit out of the firat ton units, with nrobability of
draving i-th unit srosortional to 4 (1+1) whero (1=1,2,...,10).

(41) Form a pcaanlo of sizo ten, by taking.tho unit drawm in stage
(1) and tho romaininz nine units, as thisay bearins tho sorial
nunbers at, intervals of ton froa the ‘sclezted ono.

(a) Adont thia method to solect a Bn':.-\lr.v aof size *cn.

(b) Sunmose the hen nmossi¥lF samle tstala ars roascctively
gilc'\ W 595, 692, 538, 439, 582, 607, 659, 492, 553, 573.

(1) Obtain an unblazed estinate of tho mo~alaiien =ican based
on tho sammlo in (a) above. R

(11) Algo work ont thn standard orror of the ostimete. (20)
. e

9.D. X Groun F 1 TECILIIQUES OF COMPLT..TION
Mumerical Annlysis (Practieal) . .

(T50y . -

Spocial Pa-;er III baced on use of Unit R.acor- ‘Ach incs *

i
l .. {Pronorod to ba glvon somaratoly)
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1.(a)

(v)

i)

11)

SD X Group G t Statistical Inference - May 1075
Practical - Special Yaper ITI

(Attempt 6l) questions fram this group)
Pigures in the nargin indicate full marks,
Let X be normally- distributed witn newyo and variance unity,

You are to test “0C6=‘.).] against HI[G - s IJ + The loss

ins sinple, that is, for a correct decieion it is ul:p' and for
incorrect decision it im on¢. Assuming that least favourable
distribution assigns equal probabilities 4(1 =% ) to G e s 1

aod probability g, to O = 0, where gy is to be properly
chosen, find the minimax decision function for this problen,

In the above problen find the Bayes ;oluttnn when gy = %-.
. (1940) =16

For the problen of testing the hypothesis }b [/l:(ﬂngatn-t

Hy (ﬂ)oj about the populatien N (At ,1) on the basis of a
rondaa soople of size n, consider the following two teats ¢

{a) Refect Hy, if and caly it f: . X C where X is tho
- saople mean. L . .
(b) Reject 1, if and only if, the punber of positive sasple

observations, 8 ) K. .

- .
Draw the power curves of tho two tests on the saoe graph paper,
toking n = 1) and level of significance B.3%,for both the tests.

Drow on the sace graph poper the power curve of the test

(a) with n = 64 and power curve of test

(b) with n = 170, taking B% level of signiffconce for both.

Give your caments in each cose, . > (1Y e7)e17

The results of s murvey to assess public opinion regarding
scze problen of curreat interest are included in the
following table. :

are in ycars

Opiatom 10-25  20-15 050-55 58 & above
1) support unconditionally | .76, 125 98 n
11) aupport emdltionnlly‘ 69 117 120 17
ii) condone 14 27 a3 3
iv) oppoase unconditionally © 168 217 410

Exacine whother the nature of public opinion oo the subject

dercnds en the ngze; if 80, coonent on how it is affected,

Teat whether the distributicn in the age groups 19-25 and

20-53 are identical or not. (0+6)-13

Pleasc turn over
(u60)
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From tho folloring table find the maxizua likelihood estinate of
the ynknown parageter 'p' by the method of scoring.

Class | 1 2 3 - 4
L
Obaerved frequency 123 18 ) a5
Probablli Bept %) |1 2 2
obabllity (3-20+p7)| H2p-p) [4(2p-p) |1(1-2pep7)
.

Let xl seny xn be a randea sanple of size n froa the mormal
distribution, N (O, 1)

for testing O = 0 ngainst @ = 1, lot n (a,8 ) be the least saople
eize required, so that the most powerful test based on a randeo
sanple of size n (a B ) will have the probabilities of first and
~~cond kind of error at mest cqual to &tond (3 respectivoly.

< tainn (1) for & «0.01, B =0.10 ond & -o.os,p 0,91

for each of tha two continations of A and sobtair the oxpected
sanple eizc in Aald's SPRT for testingBa 0 pgainst 8 = 1, at
the two points @ = O and Y al.

[Yuu can neglect the excej over tha boundorfes at the

ternination of the test. (8410) =18

In an investigation of the growth of fruit trees <he following
correlation naotrix was obtnined relating to:—
1) the logarithms of the weight of the mature tree at grubbing
i) basal trunk girth of the mature tree,
1i1) total shoot growth during the first four years,
iv) basal trunk girt.h at 4 years of oge. ’
1.0%0 0.839 0.268 0,178 -
1.000 0.424 92.338
R = 1.00) 0.838
1,91
The trees were aet out in o rmdmizled block design (hat led to
28 dJfs for each sum of squares and products of peasurencnts.

(o) Under the usual assumptions, test the hypethesis of indepcndenco
of the :i year and maturity sites of respoases.

(b) Extract the two canonical corrclations and their assaciated
coefficient vectors. (1048} =18

The following ia a randoo soople of size 20 fron ‘a population ¢

37,0, 31.4," 34,1, 33.3, 34.0, 31.6, 51.3, 34.0, 32,6, 31.0
20.2, 31.0, 238, 33.7, 23.4, 33.4, 2321, 33.3, 32.3, 31.3

Ansuning thut the parent distributinn {8 synnectric about the median,
teet the hypothesis that the population median is 32. Find the 90%
confidence intcrval for the nedian. (0)

SD X Gr.H 3 DIrobability Theory
SIECIAL TOPICS = Specfal Paper TIT
(No candidate available)

(:401)
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