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TIRLL ERATEDICAL INTITINE
Statistician's Miplom Examination - May 1971

Poper I 1 Offfciel Stasistice =nd Descrintive Statistier (Theoretical)

iz¢ s 4 hours ' . Full zorke @ 10’3
Figurcs in tho margin indicato full =arka

Grup A ¢ Offfcial Statistica
(Attezpt axy_three questions froa this group)

1, Deocribe tho broad grouys of Statistical eystees prrevailing in
different countrics, DLiscuss the ecrits and dezerite of
the Indian Statistical system. (6+10)216
2, Wr{to short notcs on eny tvo of the folloring 1

1) U.R. Statistical Coc=fesion
11) Punctions of the Offfce of the Regietrar Gemmal, Minlstry of
Hozo Affairs

111) EPole of tho Contral Statistical Orgenization in dieserinstion
of statistical informntion (149)a16

3. ‘Teseribe tho publications dealing with fiousin; Statistics,
®hat rolc haa 65 playcd in collecting hovsing etntietics 2 (10:6)ui§

4. Deacribo tho main aspects of cdvcations) atsiistics on shich data
aro availablo in India. Yention the publicaticns anéd the esllec-
tion systec. (0+3)s15

5. Describe tho ivi!‘or:mﬂcn available in Inlia on agriculturel
production with respect to both its cxtent ard coveraze, (16)

WEATISS O]

Croup T ¢ Descriptivo Stasistics

(Attempt ary three questions froa tlds grow))

6.(8)  The values of the arithretic mean and tho stan.~ry devietion of
tho folloning froquency distribution of & contimovs variaile,
obtaired by using an arbitrery working origin and sn arbitinwy
scale are 135.3 1b. and 9.6 1b., respectively. Deteroine
the actual class-intervola.

v -4 =3 <2 -1 [ | 2 3 Total

t 2 5 q 13 22 13 8 4 ce

(b)  Por tho data on 250 heizita, the follosing values were obtained
ooan w 54 inches v
stantard devintion = 3 dnches’
ﬁ1 - ol
By o3
It was later found on scrutiny, that the tro ft~es 64 in.
and 50 in, {n tho origiral data had lcen xrongly written in
place of the correct valies 62 in. am $2 ir., respectively.

Determine tho correct valucs of tho ubuve four frequency
conatnpta, (Ce10)=15

()



o11(Y)-2

T

8.

9.

-2 -

+ Derive tho goneral differential oquation which rencrates the
Pearsonian system of focquency curves.

Szecify the conlitfons under vhich the JiCevent indirvidual
types are obtafneds

Solve tho eifferential cquatisn to cbtain tho frcjucucy funztion
of one of thegso typcs.

Discuss hox you wiil ceticato tho piraz-ters dnvolved In that tyze,
(54542+3)a16

"1s a ocasurc of tho 87eaciatisn botseen txo varistles, tho eorree
lation coefficient has fta lizftations, DBut it eay bo considorcd
a perfect meaduro in caoe tho variables arg distyibuted in

the bivarfate noroal fora®.  Discuces

Let x' » x 0(, andy' =y ¢ €y. where (¥ aad (y are

obacrvationsl errors that are irdependent of x and y and alao
indcpendent of cach other. I the eerrelation cocfficient
beteeen x and y {8 P, and that betscen x' and y* 1s f£'
show that

1frcipi (1748)a16
‘dhat teats will you use to judge any forcuala £or tho calculatim
of an infex mumber of prices ?

Exacine tho forculao of lnpeyrcs' fasscho end Fisher and
the weighted geozetric avoraye of prico 1vlatlves, in terts of
theae tests. (0+1)a15

My i3 analysis of cconooie tire serics exnsidered irportant?
plain with suitadble oxacples.

Describo the d{ffevent methods you know to evalunte the eexseral
variation of a tize scries. Mxaoine thelr relative oerits.
(B

TEATITSS (2)

-~
)
~—



1O SEROFIVS (73 SV AR S AW
Statistician's Tiploca Exacination - lay 1971

Paper 1Is Probabjlity Theo:y ard Statiatical Methata (Theorvtical)

Timet 4 hours Full earkas 199

1.(a)

(v)

2,

11)

13

1)

11)
111)
4 (a)

(v)

Figures in the pargin indicato full earks
Craup A 1 Proladility Theory

(Attezpt oy £our questions frx thio greup)

If A, Band C denote thoco cvents, then show that
P(ATICC) « P(2)s7(D)er(C)-P(AB)-P(AZ)-2(5C)+p (AC)

Fortyeisht tulbs aro in gtock at & shzp end three of them aro
bad, If a custozer picks up Tive buldbs at ranloz, shat {s the
probadility that he picks up two bad bulls? (547)e12

1¢ X hes a Binostal dfs*ridutisn B(n,p), then
£ind tho mocent gencratinz function of

Y. —x-—'-—-"z,lhcmqnl-p

P -
Find the ﬁ, andf 2 of Y and show that as nd & (p recaining

fixed), theso comverge respectively to 0 end 3. (5.7)-12

I X‘ and Xz havo & Joirt prodability density function
t(x'. 1) 2 0¢x, <xy <1

=0 clsestero,
then,
find tho carginul prodability denedty fan:tiies cf .’.1 axg !2
and check whether they aro statistically independent.
fimd the conditisnal zcan of x‘ glven X2 ¥,
find the conditioral varianco of x2 &ivon X, = x,. Tele6)at2
If X {s & random variablo such that E(X) » 3 and fixz) - 13,
then ugo Chelychevte incquality to deter=ino a lorer bound fer
the protadility P(-2¢ X ¢ 8).

X1. Xz. +vs are independent randzm variatles, cach gubject %o
tho folloxirg distribution ¢

P(Xex) « (1-8). 0"s 0C 6 CY5 x =0, 1,2, ...

Chock whether %‘ (X" ave ‘Xn) corverzea {n provability, ta
ary left as n= w. (6+5)a12
If X0 Xy eoey X 188 andm Bczlo frm e 2 (n c:)

dtatribution, then show that X aad 62 defined by

= 10 PR - By

eudr ¥ " ’v:"l-') .
arc statictically {nicpcrdont. OO6tain *ho suzpling dfetrilxtion
of uayn (-n/s (12)
MRATESS . . ’ (2)
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6.(a)

(v)

7.(a)

(v),

8.(a)

()

9.(a)
(v

10.(a)

(v)

-2 a

Group Bt Statiatical Lethols
(Atteeat ary thres questions froa this greup)

Explain tho wethod of ooxirua likelibhosd and cinizum chi-zquare
{n cetication and discuss their certts an! {o-~crits.

Outain the sufficicnt statiatie for a for the distriution

f(na)-c'("a) ez wj
henco £ind the beat unblased cetizate of @ [(YART

Explain tho concept of econfidence interval as developed Yy
Ncycon and discuss with cxneples how in eany situations tho
perocntage points of the norral distridmtion can bo utilisel
in doteredning confiderce intervals in largo 2anples,

Obtain & 95% confidence interval for the parazeter of a Pafsscn
distridbution on tho basis of a sacplo of 8izo n. (12¢2)e

Cive en outline of lcyman's formulation of oicdlar critical
regions for teating a composito hypothesis with one dogiee of
fre.cdoo.

DCerivo & best critical region for testirg tho hypothesis

Bk, in (s, o ) when Gz 1s unspecificd. (1046 a1t

Deaeribo briefly vhat you mcan by nom-paramciric {nfercnce.

Descrilo a procedure for testing the homogencity of two
indcpendent ungrouped aueples, (840)at

Hom do you test for tho cquality of txo revression cocfficients,
when independent samples of sizes n and n, 8re availsble froo

two bivariate normal populations?

Por teating imdependenco in 8 m x n contingency table prove
that XZS (=-1) 1 or (n=1)N, whero ¥ 1s tho tctal frcqucnc{

“of tho table, - 00‘0)-1( .

KTNIS

(1)



DDIAN STATISTICAL INSTISUTD
Statistician's Tiploza Txaadmation « ey 197

Paper 11T: Sacplo Surveys and | fesicn & Analysis of Experirents (Theoretiend)

'A‘iﬂo 1 4 hours Full narks 3 139

1.(a)
(v)
(c)

2.(s)
(v)

3.(a)
(v)

(c)

4.(a)
(v)

5.
1)
14)
114)

Figuies in the margin inlicato full enrks ’

Croup A ¢ Sexple Surveys
+ (Attezpt sny three questions fron thie group)

That aro the different sources of errars in & saeple eurvey?

Dessribo bricfly hos those errors can be coutrollad.

State bricfly the advantages of sampling over complete cnuceration,
(2010021515

Explaia the proceduvo of stratified savpling.

Civing rcasons, statc the conditions unlor rhich you weuld
recoesend the use of this sa=plirg procedure.

Suggest an unbisscd csticate of the pepulation aecn Y urler
this proccdurce and obtain the expressions for its verfance vrder

1) proportional : .
and 1) Neyran allocation,
Cozparo the two allocations from tho point of view of efticicucy
of the cstizate. (2¢4+10)a16

Giving an ua:;lc,‘expluin the concept of cluster saspling.

" A population coneists of N clusters cach ccnta(nir;: I units.

A sicple rendon sacple ¢f n clusters fc drawn rithout replecescnt.
Ia tho mcan of tho clustor mcans an unbiased esticate of the
porulation nian?

Outain the. cxprecsion for tho variance of tho ebove esticate
in terms of intreclacs corrclation and divcuss its efficirncy
as cozparcd to tho ocan of a sizple random asmle of nMf units
dram without replaccoent. 222019} 16

What is the ratio acthod of eetimstion?

Stating cleorly tho assusptiona made, obtain tho sporoxisate
expression for the Lias in a ratio crxtizato and derive the
condition for tho matio csti.m.o to bo more cfficient than .
the sample mean. (2:18)e15

Brite notes on any tws of the rollathu [
Toublo saopling

_Circular systeoatic savgling

Indien lational Sample Sucvey (+6)

IRTISS (2)

Flease “um Cver
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6.

1.

8.

9.

()

(v)

1)
1)
111)

-2

Group B ¢ Design & Analysle of Experizents

(Attcept any three questions froe this grovp)
Set up the analysis of variance tablo of a ranlorized block
cxporioent with v-treatzents io b blocks.
Denoting by t, (1=, 2, ...) tho treatornt cffect of different
trcatocnts, hom would you test the hypothesis that
cltl . cztz * c,t} = 2.4, rhere O aad c) aro knorn o

=07
3 e\
A randomd2ed block experiment has beon carried out in 4 blocks
with 5 treataents A, D, C, D and E. Tho resding for
treatzent B dn Wlock Na.2, appoars to bo msaing.

constants such that Lpeec, s

Civo the amalysis using eissirg-plot tecknioue. (848)e1€

A factorial experiment has becn carricd out in randomized blocks
with three fact-rs K, P and X Tho fuclors ¥ end ? arc at

two lovels cach, amd the factsr W ie at thres levels, If

the cxperiacnt e earried out im & blocks of 12 plots cach,

set up tho analysis of variance talle. Indicato (using

suitablo notations) how the different suza of equares

would bo computeds (1¢)

A split plot expericent is plamnad vith ixo Jectors -
A (at a Yevels) end D(ac t#o levols in r blocks, cach block
centaining a plots. Set up the anslyris of variauce tables

Jsing suitable notations, indicato how tho differcnt sucy of
squarca would be computed. (15)

Defino a Youden square cerign. With practical illu-trations,
discugs situationg whero such a design is uaefuls Give the

detafla of the intma-block analysis of a8 Youdcn sjuare

design, pointing out the Yif fcrent cocpu atioral steps. (6+10) 26

_Brito notes on any txo of the follosing o K

Analysis of covarionco
Square Lattice design
Partial confourling in factorial oxperizents

RATITSS



DNDIAN STATISTICAL LISTITUIE
Statisticiant's Diploza Em='nation ~ Moy 1371 )
Paper IV ¢ Anplied Elatistics Tyrcap Xzera (Thooreticel)

Tino ¢ 4 hours Pl nacke ¢ 100

-
.

{a) Candlicates wil) bo roquired 45 ancwor guasticns
froz 4hose o grouns of aul bjec.n orly for vhich
thoy lave rogicierdd thole opsia.,

(b) Sararate easver backa are to be used for each of
the two groupe ettetpted.
(¢) Figures 1n sha ragin initcate Dull curkes

(4) tse of ealemicting machines iz nst poumt tteed

(Atteapt any t:rea questicrs fres ihis group)

Doscribe the different s:hezes for exﬂhmh‘., ths oscillations in a
stationary tize sorles. Dxplein the uze of coiralograzs fer diserin's
nating batwoon tha above scheses.

: (16)

(a) A product y 13 produzed by the uso of two factors x1 el xy
according to tho lrar homogereous srodaction fumetion, y = k/"‘;;
where k i3 o enstant, Given the facter prices (7"1 and Po), fing
the opti=um usage of the factors for cinirum cost for given produst
7o Snow that, at this optiznn ¢ x; =c,7end o = ey Lees, S0
factors are alwviys 2cabined in flveds
Py end 2

wtfoz (dopending on

(b) Indicate the lizitations of Leoniief's open input-oulput zodelo,

(848) = 26

(a) What doos 8 Lorenz surve Zinerile In slailstical tarms? Wrat Jo

you moan by the coeflcient of cureontration?

(b) Dorive for Lha inccao &lstritaution shown in elthor (1) or (4t)
the coefficlents of cencoentration,

(! Qo)ml' for:)x
“‘”'1 SET N
0 : m-x_(x :
. . ,_.1. l.c_:'_;L -1
1) a Pe) {a\/‘ "p{ ¢ YD 0 ey 2 e
Wat do you nennbylnan alasticity of deoand ? écuuoé.(?ym.

estimate this alasticity from fn_.l.y btudpet duta? Dnuzercts the
disndvantages of constani adaciicity demand functions,

(16)

Va0t is-4 chain irndax? Diseuss itz ot ..nu\goa and disadverntagos over
a fixed tese index nurbor, EBanino the, !aportant formulne for Lhe

ealeulaticn of price indxx numbers in “Ho gkt of risus tests
doviged for this purposs. 13)
v,

Nsatneas ¢ P (2)

iy

ve

¢ ra Over
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1.(a)

(®)

(¢)

2.6)

(v)

(c)

3.

4,(a)

(b}

GROU® B ¢ STATISTICAL QUALITT CONTROL 3 inll saper cf {0 :arla

(Attompt any thavs questions fron this group)

What is eoent by opecification 1i~ita and control 1izits? Doeae
proceas in otatistical control, ensuro thet all the product will i,
vithin specifications? Justify your atatoment by mocns of an
axz2plos

Dof ine procosa capability when the pracocs shows a stade of contre:
Discuss in detail tho warlous courcus of action open to you wder
tho follewing situations t

(1) Tha procczs capcbilily in gronter than the opocificd talernney

(11) Tho procesa capabllity ia approxiastely aqual to the epecifisi
toloranco

(111) Tho procoas capebility i3 loss than Shu spacified tolavascs

when only a singlo specifieation 1init i3 givan, dlzcuss its
rolationship with tha procoss capedility and the ections tlad c‘.a
bo taken under difforont sottinga of tho machina,

(44844) = 18

A conpary aanufacturos four models of redioz end rocelves duito a
fou camplaints from cuatomors, In order to laprove the quality of
radlos, tho manageacnt decldes to uso control crart techalque for
tho defocts obaorved at tho final testings Tho mmbor of radles
penufacturod daily is not eonstont,

Sucgost a procedure, to sct up ccatrol chart or charts for
controlling tho defocts, giving clcar17 tho assumptions =ado end
tho statistical conccpts uaed.

Discusa the sttuatiom undor vhich '.‘10 centrol chart for 'fractiza *
dofoctivo ' i3 to bo proferred to the cantml chart for 'mmivr
dofactivo’ and conparo their rolative adrntegos or disadventages.

Deserido briefly tho procodure for obtaining tho OC curvo for a
‘mobor dofective! chart,

(844K4) = 1¢

Cotain on unioioun #3goa accoptance sanpling plan by yoriables far
tho ecso of ono=oided (uppor) spacification linit 0, such that u’

tho plen, loto with 100 N and 100 ) poreont dofoctivos
(P> py)s would be sccoptod with probabilities 1-a and P
respoctively,

(15)

Discuss the inportant features of Yilitary Standard Sanpling Piad
‘in dotalls for Attributes.

Bring out the important differoncos bolwoen MIL-STD 10SB and
MIL~STD 105D,

(u;w) =16
winaza 3 (2)

tz)
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GROUP C ¢ STATTSTICAL MLTEQODS TN STMETICS : Mall majer of Io =rio

[} 4
' Mo candidato available :
t

GROUP D 1 VITAL 'S'L"T!STICS KID TOGFATHY ¢ Iadf-naper of 50 mur'z

(Attocpt anv threo questlons frez thlo group)

1.(a) Dstinguish botwoan consus and rezistraticn recends ac eource: of
dezographle data, Dofine end §llustrete a rete and a ratlo in
connection with vital evento, R . .

{b) Indicate the aprropristo dectn rates fer the eoepariaor. of mertality
(1) botwesn twd cxmmzmitics, (1) tetwoer tvd nardods cf 4imo, (114)
fron two ciuses of doath end (iv) ia twa cecupationas

(6:19) = 15
.2(s)  Bxplain difforences butuoen tho central death rate (z), probutility
of death (4,) and forco of nortallty (i ) in & 1ifo tablo. ILeseribo
intor-relations amang thems

(b)  Uhder nocessary nszumptions (to bo cloarly stated) cotaln'a
thezatical rolation tot tho net rep tlon rete, thoe rai: of
natural increzse and the length of a fa32lo gencration,

(8+¢) = 16

h. 3 Dorivo the oquntior{lc;i:uc curvo for a popalation wilhin a 1linited
aros, intorpreting tho parazote=s that cccur i tho ogua’ion,

Doseribs on» method of catinating these pm':u.tors.

Indicato poszible imomlisatlans of tho logistic lav for pepulation
prodiction,

’ (+742) = 18
4, ¥rito notes on ery twn of tha following @ ‘
() infant mortality rate,

(b) Mekehan's Lnv of gradmbion,

() morbiaity tneldanco retos

(848) = 13

Boatnees ¢ ) . (2)

Plecce Turn Over

()



3DIV {71)4 4.

1.(a)

()

2.(a)

(b)

3.(a)

()

4,(a)

(®)

Sefa)

(v

GROUP B 3 EDUCATIONAL AND PSYCHOLOGICAL STATISTICS iin)Z-paver & 4
(Attespt ong thras questions frem thia group)

Ry is 1t considored desirablo to convert gross acores t5 £cac

standard scorvs? Dofino 'rtandardized scorzs’ and 'mormallzed

scorcat and doscribe how they aro derived.

Beplain tho coneept of parcentilo acalo, end do.coribo a prectical
puthod of its cooputaiion freo raw dat-,

(16)

Dofino 'reliability’ nnd 'validity! of a tecte Giva an account cf
tho aval 1adlo mothods of assessing tho rcliability of a tost,*
eccaonting on thoir corits and du=crits,

How would you asaeas tho validity of a test ?

Doser{bo briofly tho mtionalo and tho backniqua of i@ aml-oise

Explain tho sinfleritics and difforences bolwaen (1) ten ALffic ty

ond itom discrinination and (1) echiovomant tesis and nptitude test
(10}

Glvo on accourt of tho difforent classificatory techniques usad In
porsonnel soloction and vocational guidance prograsrose

Dofino.totmchorie and biserial corrclations, indiealing their
applications in Psychxmetry.

(16)

Beplain tho purposo of factor analysis. Descride tho centroid otk
of ostinating tho factor-loodings of the tccts included in a taticy
Stato tho wndorlying assumptions. . E

Givo an nccomt of tho maxdmum-11ikelihood method of estization of .
factor-loadings, What are fector seoros and how are they cstizet:d

(16)
¥rito a noto on tho loarning models and mecsurcaent of loarnirg aal
forgotting, Indicato tho mothod of ostimation of the parazcters of
a guiteble stochastic nodel for loarning.
Discuss tho approprictenoss of tho availablo mothods for moasuring
tho goodnass of fit of o stochastic modol to a sct of exporizentel
data,

(16)

Noztneas ¢ (2)

.$i10)



LOL SYIBTR.L COTRS
Statisticlan's Ddiplocn Ixrafmticn < Yay 1071

Mhpey V 3 Letheds_of iwzerical Cmtatfcn ; Deserintive Stalisties
and Cfficial Statiatica (Prnctical)

Tice ¢ 8 hours o Rall oarls ¢ 100

(1), Fizures in the enrzin indicate full arls
(i1) Uso of caleulating mchines in nemititeds

G2 A ¢ Uetheds of Il\n_v.‘rh;nl' Coxputations
{“ttenpt anv tvn cuesticns) -

1 (n) The nuober of uervers cf a Bociety are ns given in the follovin:

tadle:d
Year 3 “ Yeat lanber of
_— lienDers
1010 018 1915 72
1911 &1 1917 151
1913 8.6 1912 761
11D % I 821 1010 798

Intcrpolate for the ciscias figures fur the years 1012 and 1916,

1.(5) Given the follovinz tables

? og = 23020
£(6) - = 23,7252 . .
f 12{ = 29,6030
1Qc) = 23,1550

Ratimte by n suitatle wsethod of “interpclution the values of
£(7), 2(3), £0), £(10) anc £(12). " N
©G0'/2) = 127/2

2. Tind the valuo of

lfm 1+ 4.2)./10)' 88

0 TH[.5, 5.0 T8 . . .

by Yedlla's Dule, taking the ordimtes correct to four decizel places.
. a2l
3 Solva the equations o
As = b
L ow (2,238 6.0 6333 '
0,33 1.28 0443
1 1, 1,
2o by .
- (3.508, 0.438, 0.667)

There

. (12Y2)
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S t GOWUT B = Dezerdotlive Statisties

(“ttept army tiaree of tho item. in cuesticn 4)

aeln) A car biro fhm bas teo car, vhich it hires out day by days Tho |

nuzber of dewands for o car on each day ia distriatec ns a Polssea
variable with nean 1.5+ Calculate,

(1) tho proportion of days on which neitkor car is used and

Ai1)  the proportion cf drym on which saw ceonnd d6 refuseds

() In a precisidn babinz attack there fo n 23°A chanco that any cne
baob will strilio tho tarzets 7Two direct hilis rre recuirzd to Zestre;
the tarzet completelys Tor nany baobs st be drozaed to cive o €9
ehance cr better, of ecopletely dediroyin the terget?

(c) (i) For a cortaia nerur] distridutioc tie¢ iret neccent nbaut 10 fa
.40 an2 the fourth neneni about 50 is 40. What are tie rean and
varfance of the distri’utica? o

{ii) The cean heizht cf scliiera ia lasen to e C2.22 inches with a
varianco of 10.8 (in). iUow urms esldders ia o regiient of
1,000 would you oxnect ta bo over 3 fect 41127

{wcee tie dictrituticn of deizhts to be numal),
(d) If stulls aro classificd a3 £, Band & accaving a o length brencty
index i unier 73, betcecn 78 aad €0 axd cver $3, find azproximately

(hasuming that ths distrilution io nortal) 4ie rean and standard -
deviaticn of a serfco in which A cro 5%, Bare 20% &nc € ave 4 o4,

o) =13

8.. For cortain largo citles ia Lm.' tho ;f:llwi.-;; vilees were caomuted wit:

“1 = Crire rgto, teing the muser of knorn offerces
per thousand of pomlatien,

2 = pcrel.:n{n;o of rale inhabitants, . - .
. and “3 = perceninze of total {nhnlitants who are foreis>
Yores
tleans Standarg deviatieas Correlatisn eocfficient
USR] % = 7.0 T1z = 40w
%2 w4p2 % <y "3 e -0
i % =103 et T T e s
(i) o:,u-.i? tio linear mcmaoian e:uation of ¥) on tie other two
sariables.
(ii)valuate also,the rultislo corzelation enefZicient )0
(6s1) = 22

¢ The total tiue recuired to ring az nutoocirile to a step after poticin:
danger s expeaed of the reattion tim (time botwoen recesniticn of
dancer and ap:leatiea of irateo) ples braking-time (tie for stopaiag
after amlicatica cf breixs)s The follevinz tedle givea the storming
distance D{fect) of na avtunotile trevellins at the opeed V (D-P- 2 at
tao inotant the dancor is oizhica: :

SV lapd) 20 30 48 @ G 10

Stoxply: tistence| o o o £ a3
JP,"?.“?‘) 5 90 105 2 22 350

ie30 For the cperative xrd of Ux cuesilon, aee rexd xe)s

L1
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el To ti0 ojecd aal distancs fijures, zivea in tie inxedijely srreeadig
63' Fit n least-ocuae paradola of the form D = nohl\’mzbz ta tae dnta

(i) Zstimate D when V ® 43 pegels .
: (42) - = 10

le o2 ‘ o

. The fcllowinz cata show the CiZferent rreed inilees will: treir resjeciive

veizhita for the niccle elesa asd meaicl elnso deople cf a Sinto in 1252,
Corstruct the coct of livin: iaticeo for t22 tvo clasacd nad cx xirves

(00 ycr.lr.lew = 100)
N

Grows Index Greup weisht
Middle Ceninl + uiudo ionial

Group T oelaas  elasa clasg_ clasa
Pood 30544 300.2 11.22 71.20
Clotaing 53,9 30142 4201 L4390
el and ligkt 337.9 3300 [ 027
Huse rent 1160 11649 ST [N
Lisccllancous 25344 20343 8,72 9.1

-l%. the Wsis of roataly oales (ia nillion m;-cca) of a certain ecrnetity
for a certaln peader of yeard, the fallowing caleulnifons ware nades-
Trend & y = 25074 ¢ 043 ¢, .
where oricin 48 at Japunry 1065; t = tioe unit (one mesti) nnd y = pontaly
Seasoral Infices: saless

Yontn Jdan _Zeb Uerch Aprdl Moy Jux
Scasornl index T9 70 05 0 16 07

Menth July Aut Sept  Cet Vev  Tee
Sensoral dndox 66 00 1O 22 113 133

Saticate the venthly salos for 1065. o (1)
! 1€,

v

5D V-GI0UP C : Official Statiatics

(“ttennt boty the queaticns < ideiever easidle the
collected data ahenld de saov in a neat tobular fa3:).

?. Tren the official pedlientions placed ot yoar cispcazl, wotain the

following infomation: N

() Prinei)cl terpets and acifoveeats 3 the fivst three S—yezr plana
in reapect of . .
(1) Acrienlturnl proxetica, (ii) Pover and (i) Jeeiniesl

. Zducatizn in Incine

{b) Decennial prevth rote of poplaticn fa Inida ca a wheles Citsin
theae vnluea for nix of tie larpest States accercin: to 1051
pomlaticn. : .

(Pizures are 2 bo choen frau 1601 omarcs) (547) =10



- - Ve
Sofmnavin -4 -

Qs Collect data'for the Matest 8 years with rezard to axe five of
tho iters (1) to (vil):

(1) Zileyoeat ia Centrnl Jovermiert nol State Gaverzent
eotzbliokonts la Inlia )

. (81) ihmder of Poreizn tiurists f:a.lm:h
(i11) . Total yleld of food-crains in Indin
(tv) Segiatered mecicsl practitioners fa Incin
(v) lhmber of recogaised edumt'iuanl institetions in Indin

(vi) Zxaenditure on ruml ecucat{od In Incin

(vif) Mmbder of printing presses ot wor't and meider ¢f books
puvliaied fa Incine .



LOL:I STATISTIC/L TOTTIT3
Statistician's Jiolem 2anination = Lay 1071

Pnper VI = Statistical Uct_ow, Desizn and Analyafs of Lujerinonts

aad Snplo ourveys.

Tine ¢ 6 hours . Mll meris 100

lo(n)

)

2, (.».)'

(i) Migures ia the mar;ia incicate full mrla.
(i) Uoe of ealsulntiag mechines i3 -emnitteds

v .
GNP L = Gtatiotical Hetlods

{\asver o fwo cueatfons frou this group)

iy N

Tke fellowing represcat lndcpnt‘.cnt ocnpleo frou two noranl populne

tionss lezunins the variances.to be ecual, test whetdor the nean of
the firat ')oxlnuon {3 three tincs the oeaa of the goconds

Saaple 1 3 6742, 73,5, C1.0, 60,3, T1.6, 30,7, 6940, €3.7, 70.8, 77,1
Splo 2 12041, 518, 188, 2,2, 21.0, 209, 250, 2,70

The corwlruon coefficients wetwodn two c..r.ncura outainéd from 2
sanplea of sizes 20 anc 33 wero 0450 and i3C, reapectivelys Is
Gifforeace detween the tuo coofficioats ni;nl'lc:\nt at tao 57‘ level?

(12¢c)
In n toztile factory, 10C pieces of clota were inapected and the

puoier of defecta fn each of tacse icceo were recordeds The
inapection dnta are suowa fo the folleving fresuency talled

o ifoe 0% Cefocta Fremzency of cloth pieccs
0
1
2
3
4 or pore

omrnE3

. Plt a Pofssen distribution to the data and test the gooénens of fit.

&)

to b0 ¢f the sane puality?

Sarples of different sizes werc sclected fraa lots supnlicd by four
manufacterara, A, 5, € anc D, g the mnbcr cf defective articles

“for each saple is tabulate dolow

" Manufactrrer . A3 _C_.D
Sop 1o eize K 120 200 250 4C0
ihmver of defectives 2CT 35 AT 43

Do ycn eoncicer tie lots suanlied by tho éiZferent :rmhct\.nm

(wc)

The folloviaz t.-.ble ciwa tae cwerved frecuencica of different
copbinstions of colowr nrd ollen ohape in sweet peco in e certaia
expericent

Pollen COLF " Ruple ed
anane
T Leg - toar e
. (2+0)/a - 1-0)/
Mound ‘ 1o C3

= )/ @lL'«._
The theorviical »ro)ortioaa e ci.‘en in braciots, whero & ® 1 -p) )
0 teing the reecidiaation fiactions Zstimate p by tie method of
pazimm Mielihood rnd enleulate the atandird error of the estimtes

. (2¢)
{as)



SDETYVI(2) ‘atl-

53 T LI It Seckzn and analysia of
T oxxrineald

(rtteant toth the cuostions fran this groc))
1. T . ’

_Tora 33 Cesiin 13 nize slocd of threo plots oach, toe casposition
of thr bloc!s {3 ro followad \ i

" fooo, b1t €22}, (101, 11z, 126}, (262, 210, z21)
(ou1, o1z, o2c), (12, 110, 121), {2ic, 211, 222)

(coz, 010, 021), (100, 131, 122), (2c1, 212, 220)

Determine tis onin offeets ani tho fzternctisss videl Love been
oonfoended s -

o
Construct the Ialaccod Inca:plate Sloel doolome
veb={l, rali=pg =1
10

8, ZIToT
The following are the 7iells ol 10 treatze:ts 11 15 dlotin, tine
lageut eicg a alanced i.ca:rleto block desin, fa Llocln of 4
plota eache Perfom tao intra-dlock taalyaise

Treat- . .t . e .

Dok oeats ) 2 3 4 5 . 86 708 2 W
— . G IR

1 0.7 o7 54 B0 - e e o oa

; . " . T

2 o= 08 S0 - r 3 - Ea
Fl - 00 - T3 = 50 43 2 5 o»
4 £ . 51 = &8 . Su L= o =
5 1900 @ = Td = = = i = L
. . r . .I

[) - 046 - - - b Sp) - 2355 =~
1 r 80 op TG = A - 30
L - e = s 0¥ 63 Bel LC
0 03 03 Cp2 o - - " - 3dd ~
10 & - = Cs1 00 8.0 o -8 -

v r r ’ r .

1 QT L L . G 68 e - &0
12 O 7 T 73 N N AT
B PR T7 B - - e 1A (- G20 p
14 - - 00 3 a - 48 L8 - -

13 ' - - 92 « £ 042 - 3 - =




-3~ ; So¢mn)-v(s)

o0

The following table gives tae rosults of an cx-erh:cnt un..ert.r.mn
to detemine tae effoct of five fertilizers each nt two levels, on
the yield of petatocss

Table ~ Plan anl yiclds in pounda of potntoes

Boc 1 Dlock: 1T Bloct: 11

11 Sleel TV
(1) aid o bl
740 1320 G4 1249
174 apln nd plnd
113: 1222 1104 1100
o1k iod ok k '
034 10C3 1150 704
aind spml apimd and
1460 1324 1509 1378
1 b .
3 8pa api
os 1600 1312 158
o . Pk ln ain
1231 . 962 1000 178
pod v sd op
920 | 106 1178 10c3
pn ] p pt
£30 1108 &850 064

Detemino tae confounied inlernciicns and analyse the data.

)

SDVT ¢ GIWP C - Sacple Suiveys

{Aticant both tie cucstions fran thid group)

14 Praon recion coataieing 16C0 villnzes and having o.totel cultivadle
area 935030 bizkas, o simdle randas sauple of G4 villages was draeme
The poxt pege tadle olovs tho total cultivmble area and nloo tae
_area under wieat, in tiese villages. .

O3tafn fray tho fimures son {a tie nrpeoced tedle (nm. mge)
the 1atfo and regnaolcn eatinates of tue total arca uncer whent
in the rezions



) c:u)A-vx (T:) a-

Teial euitivesle arsn and area wxer whents

“:;c:?‘" Total cultivadlo arca (bizhas)
bighas) 250 760 1200 1700 2200
10¢ R S - - -
3co r 1B 4 2 1
8C0 " 4 7 3 1
100 . - - 2 1
0C0 - - - 1 2

Obtain the esticates of the variances of tho estiintes you heve
enleulatal, and cacpare thea with the variance 2 tio estimte you
would use if for tiae sacple, only infomatiea rezarding the area
encor waeat ia eaca villages bnd caxe to e recirceds

o

The following data slow the clasoilicatioa by size of all farcs
in n coualrys The nvernze acrenze under corn por fam (Tn) and
the square root (n) of mean squnre, nre jiven for eaca clase,

Pnn‘:. oize 15’ Yh Sh
© 10 304 5.4 0.3 -
4100 401 1643 13.3
01-120 <N 213 15.1
121-150 N B8 9.8
161-200 160 4241 2345
201-240 ) vk] 60,1 2540
211-200 148 634 8542

Tor n otrtifiod sraple of size 100 with classes as strata, conjute
the sacple oizes ia ench class ealerd .

(i} proporticanl allocation;
(i) optiom allocaticns

For the given population coopare the precisions of these two sncpling
pethodo, with that of aizple randoo smmplinge

15

2. Suppose thrt there i3 a pond exactly in tiwe shape of an imverted and

-tiuncated ccoe with amaller dlm:ster 10 netre (at the botta),
Iar-or Ciszeter 50 metres {at the tod) and heizht 4 weires. - You are
recuired to locate 15 points at mnldam inside this pond in order to
sacple the water for dacteriological exsimtions Pleaze mote that
a depth of 3 ¢n frau the ourface {8 to o exeluded frau tiae sao;les

+ Yot are to inticate the sclected pointa by eny comvonicat oysten of
co-orcimtes, correct to tha nearcst centinetres

c .
Drav n raadas aample of sfze 16 with replacement fraz a bivariate

poplation represcated by the following bivarinte frequoncy table
{next nage)s

Ayat
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-
2]

2l 22 231y 2
2

piel

13 117 130

JLED LIS O

0 10 11

Ry

2

04 30 13

2
€101 1372 2

&
125 17 11 14 2

3

510 11

k)

1

2 20 25
9 11 18 10 ¥ 10 15 2

L

3 2

17
L}

3

i}

8
)
0
1

15 12 13 4

4
[}

4 0 3
72 8 3 98 2

211 5 9 21

0
3

n 2

an

10 4
TL 21007
1 8010 4 11 2

1

71 151

6 10 4 125
[ Y

5

4
2

)
351 0

31211 2

1n

2 97411 711
1

2 10 M

4 13
0

2

€ 12 Y

1

11

10
11

301 2
1 01 23

7 610 8 ¢10 01 9o 6
3 060 8

2

)

8 2

g1l o
17 5 1 1

)2

$0 T

7

s

]

13

13
10
17
18
19
20
21
22

¢ 2 3 2 4 51
.0 210 7 0 1

1 710 11 3

4
6

1
4 &8 2
1

u 10

0

1 6 5
6

2
9

4 8 7

3

)

3 43

4

2 4

11 ¢ ¢ 4 3

2

11

31

3

10

25

(18)



DDLU STRLTICAL LGTITR:
Statisticinan's Diplem Zxeninnticn - lay 1071

Papor VII & Applied Statiotice Groupa (Practicnl)

Tipe ¢ 8§ hows Al ol ¢ QL0

1.

"2,

3'-

() CanZicntos will De roguired to anavor cueotionn
fron tacso two groups of omdjects only, for wiieh
they have rogistered tiuelr epticnos

(b) Separate crover boola nre to %o used Zor each of
theso two groupe attenpteds

(o) . Figurcs ir the mrzin indicate full mros.
(0) Uoo of ealeulating mchinea fa soimittods

GUTP A ¢ XQILIS STILILS | Isll o -
corls)

(“ttenpt al) evestiom traa this group) &

Tho table dolow pivea tae tandly udset datn Zor a Zew oanples
of four incomo clncoon of fanilied of & country, for a certain yerr,

Yearly incene wer cexwet unit da ivoees

Ttenn bolov $00_ 600750 Tu0-1055 _ nbove 160
(1) ® () ) (5)
1. thmber of houscholds . .
in tho sanple 130 179 m 22

2+ Avernge mmber of
consuner unita per . ‘
household 230 2,57 2,56° 2.0

3s Average fpcome per T ¢
. copsmuer ucit &.) 513.1
4+ Averaze expenditure
on food per consd - . - N
ower unit () 201.3 3318 M 40741

‘oL 12020

Calenlnte tho incaxr elastieity of deoand of foxi, nsouning that tie
deoand Ametion ks conatant elasticitys
! 5)
Fran 0 folloving table ohowing 2o moctily receipto (ln oudtadlo
units] c2 State.Govormonts fn India, odtain mensures of ooasom:)
" variationse

ifgnth Jun Ped Uir -Apr Moy Jun Judl Awi Jop Oct lov See

Year

1082 23 % 02 1 18 160 20 1 12 2 20 13
105 25720 105,20 22 20 20 10 20 20 15 16
UL 32..36 03 -2 2 22 20 2 15 2 9 L
1058 3042 00 T8 M 20 20 2% 2a 32 2 2

' (z5)
Pran tiw inrut-cutput tadlo givea Selow, agsceriain what weild have
happened if eznort fran the pamifaeturing sector had decn 10 per cent
highor than whaé dctually wores {10 changos ara to bo ndocooed in
the derand of tindl yers and in tho rato <f indirect tasea.)

o)
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2.

3e

4.

5o

(]

7

SD(M71)=-VII(2) _
Input-outrut table of the United !Xdngcon for 1050

-2=

(tizuros in pillion pounds otexrling)

Durclnocn Aorie& infgs Othor - ) llouoo— Total
he) nininz 4nds. inds, Exports Govt holds Capital out.;nt
3ales (). ()  6) (1) (s) (0) (?) (c
G1g)
foricelture m.xd -
nining - ola 211 57 12 850 -5 1,041
Unmufacturins | '
industrics SOV - 03t 1,0°0 424 3,810 . 010 g, 01
Othor industrioco 100 1,020 -~ 512 1,644 3,011 752 0,007
Inporta [12] 1,478 £50 116 80 147 52 2,702
Indirccet taxos losas - -
suvoidien . -11 ‘701 d14 - _11 4900 21 1,838
Incaws ani cCepiro= . T i '
ciation 1!005 3,010 6,370 - - - - 11,35
Total input 1,641 0,001 0,007 2,713 2,17} 9,217 1,630-- 33,330,
¥
' (20)
35VII~ GRCUP B ¢ STATISTICAL TUALITY CLMTIOL nll lanex :
2 arx’z)
l. Data on rollor diapcter wero obtnined on 26 oanples oncih of sizo four,

after n cortain oporatione The following tablo civeos the observed v-nluf:l

Sandlo Noe

Lollex Cinncter in inch o picco

1

1 2 3 3 :
1 ' 0.1605 0.,1805 061067 0.,1870
2 0.1870 0.1570 0.1068 0.1067
3 0.1006 0.1055 0.1857 0.1870
1 0.1073 0.1838 0.1070 0.1870
5 0.1008 0.1801 0.13330 2.1336
6 0.1077 0410780 0.1074 041077
7 0,131 0.1870 0.1076 C.1370
o 0,180} 0,1804 0.1001 0.100%
0 0.10C1 0.1002 0.1C05 0.1031
10 0.13C0O 0.1037 0.10c2 0.1501
11 ! 041605 0.1300 0.10C7 01001
12 0.1830 0.1087 C.1088 001001
13 C.1070 01075 0.1072 001072
14 0.1000 0.1870 0.1070 041300
1s 0.1076 0.1071 0.1073 0.1C74
10 0.1570 0.1805 0.1500 041670
17 0.1C00  0.1090 0.1870 0.1070
18 0.10C0 0.1330 0.1090 041074
10 0.1C70 041071 0.1073 0.1809
20 ; 0.1C00 0.10790 0.1002 01002
21 0.1077 001071 041831 0.1076
22 0.1077 C.1073 0.1071.. .. 01372
fre] 01070 0.1071 0.1070 0.1073
24 041073 0.1073 0.1075 0.1000
20 018790 0.1071 01077 0.1070

Tho apecification for the roller diamoter 1s 0.1375 ¥ 0.0040

(r22)

- CelC10



-3= SD(:71)-VII(3)

Vith roference to the observed valus of the roller diszeter given in
the table on the orevicus rage:
(1) Set un control charts for X and R
(11) Find tho ~rocess carabllity
(111) Give coxuents

(154548) = 25
2, A double sannling plan is given by

. N = 2000
n; =100 n2=150
=17 =4

The lot; rejected by the nlan are 100% inspected u\d. all the defectives
found are replaced by good ones.

(a) Draw OC curve for this olaa, calculating at least 8 points and
. stating the approxinations used if any.

(b) Drow the ASH curve for the sazy plan,

(c) Find the average amount of insmection ver lot for lots having 3%
defectivos, ’
' ‘ (124845) = 2§

3. An organic chemical used in the manufacture of certelt dyestuffs is
produced as a paste contalning 30% ~ S0% solidi. The yleld of a batch
13 estimated by welghing the batch and snalysing & sa3-le, Considersble
variation wvas found from batch to batch, and beforo investigating the
roason for the varlation it vas necessary to investigate the errors of
sanpling and testing, For this purvose, 9 consocutive batches from
normal production wero sampled, From each batch thres random sam-les
of paste woro taken. Each saznle was thoroughly mixed end divided into
two sub=samnles, This gava 54 eaanles which vere coded and sent for
analyses in e rendom order. The test results taken as deviation from 40%
are glven in ths following tables:

“Percent strenvth of sasn~les of reste

Batch Samnle I Saxnle II San~le IIX
Yo sub=" sub= aub= Bub~ sub~ 8ub=
sam~le 1 saznle 2 sannle 1 sasnle 2 sam-le 1 gas-~le 2
1. 103 9.8 104 9.5 111 9.4
2 58 5.4 - 4d 4.7 4.7 44
+3 1.0 - 14 © 2.7 1.8 3.1 3.3
4 8,7 10,0 8,0 10,4 7.9 8.5
5 8,9 9.4 8.4 6.8 6.5 S.4
6 7.0 6.1 7.4 7.2 5. 7.8
7 6.3 5.0 4.6 4,0 546 4.2
8 4.9 2.3 Sel 34 3.3 1.6
9 15,7 154 16.8 18.3 15,1 15,0 -

Analyse the cata suitably and cstizato the samoling and testing errors.
Cive a suitable ssaoling and testing orocedure so as to estisate the
true strength of a btatch within 1 of its trud value, with 955 confidence,

(25)

S.  Ain industrial exverimenter wishes to commare the cffects of 4 ty~es of
grids, A, B, C & D on the vacuua of radio tubes, Scaling eachines snd
operators are two factors vhich may affoct vacuum, A Iatin square exmeri-
nant vas conducted and following coded data odtalbeds (next page)

- ' AL I
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SD(MTL)-VII(4) -4
Effecta of ty=scs of grids on tho vacum of redio tutes,

Sealing Machines
2 s 4

O~crator
A c D B
1 55 2.9 9.8 6.8
D B A
2 6.2 6.5 5.2 9.2
D B A c
3 8.9 2.9 5.8 6.6
B A c D
4 6.1 51 2.8 9.8

Annlyoe the data and drav ouitable conclusicnse

SD VIT = RGP € & STTITICAL LSS LI GSINKS 4
LRV 1Y

The following table cives tie sezregaticn for tus frctors 2op and

T-t in a Sacl croga for Popmye

Teat for cvidence of lininge; estizate the rceadination fretion o
{ts stancard errvors
n N @ pt
Ozerved
. frocucncy 11 31 B 208
) (
Tho foliowing table gives tic —enn scuares and pean profucts detweena
within sires for three claracters (1) mmber of encs (2) eop welgt i
@ &,) and (3) tine period cf caturity in days (x,) for paultrye Tn
éata pertain to 11 rancanly selected daughters of Bach of 15 cocls of
dreed, tio matinzs Leins nt raadegs

Lean azeare and rean products . .
2, - 2 2
Gt &) &) &) Ky ) Gy
Cetwecn sires 1 4028 70,13 | 2N 4CvEL 13107 BC-_
Cithin ofres 105 | 337.3 1204 1002 103 1706 &

Asowidng the oot of veickts, oy, i) = 11610, fizd the best liaear
discrininant fanction for selecuichs "Canjare its elliciency with sin
selections )

The follovins distrilutise wha ohserved in a sinple rancen sauglo fry
a pcpulntion atudied for A~3-0 blocd proupst

Tp: 0 A B A3
Tregaeney1100 70 00 o2

Cotinate tic gomo frecuercies 1y inxinal 1ilrlihood metied nnd test
whetier tie data conforn to Lernatoin's lypothenis.

SD YIT - S20UP Dt VDAL STNITICS AR JDIGVZY -(r ix
Seteruine (n) the nct reproduction rate and (3) the puptial net rezr-
rate for the feuale nomlation nresented in the table delow?

Ago Feealo Swvival  Irojertices
Eroup Pertilidy rate factor oarriee v.2
153519 ° «015¢ $923 «118
20214 a2420 5102} 1620
25-29 «1100 «902 «£0
3031 +0027 o091 010
3509 20857 +0370 DN
A0-11 »0133 6 027

Conco Ceterine npyrexdimtely the lensth of the femnle genernticn -
rate of crovth of tho female somlaticne *

(t24)
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2, Calculate te cccplete expectaticn of life at ageo 1115 yeara, ziven
that it 19 <0472 yerrs at cpe 10, when l10 » 71,50: and 1060 9 has
values as follows:

x g 1,000 x . 1,000
{azo in years) " % {ago in yonrs)® %
10 2408 n 3.03
1 ‘' 2452 11 4.08
12 3420 13 B4l

3+ The following tadle gives the sizo of tho Indian populsntion a3 reccrced
at each of tio p et cizht deconnlal censuseas Deternmine the equaticn
to the logiatic curvo thaat wenld £it ticse data, preferndly by wing

bhodes® potheds
Census yenr Populnticn | Cenus year DPo~laticn
[5 111.) R . 1lions
1001 230 1921 318.5°
1011 25240 . 1081 3140
1921 25142 1981 4321
1921 2100 W
25)

1. A mober of stulents vere eximined dn a subject by three exaniners,
B, E, ard E_ independentlys The standards of inrking of the exniners
l‘gﬂccte in the pereentago frecucney distridutisn of scores given
belowt

Tercentage frecuency distrivatisn of

Lnarla T K . L
N 2

. 2 3
0-10 [ 10 5
1030 15 20 25

~ 30-50 . 50 , 00 50
50=70 21 ] 10
7000 5 2 [}
00-100 1 - 2

Jeteruine the relative ranis of tho three studeats A, B, € tho have
scored tao fellowing muls with tie tiree exruiacrs El, o Ea.

Uavln civen by
2

Students 3 3: 2y
A 28 62 k4
3 48 51 33
[ 3 25 80

2s  The following inforuetion on a test {3 availablo: .

Iten Hoe  Difficulty walue Iten Noe  Difficulty value

1 70 1n FA]
2 «0 12 )
3 65 n 52
4 B4 1 0
5 0 15 32
[ 2 S 30
7 35 17 28
[} 83 10 $23
] T4 10 28
10 2

«306 20 o0
The standard devintioa ol the tctnl scoro on tio teat fo 4.3, Find the
teot relfability by wsing (1) tho cifZfic:lty wvnluea of itess ard stastmd
deviations of tho total sccre, rnd (i1) pran and gd. of tha tobal acores.

(5)
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AR
3o Twelve oubjects wero indepeniently ranied by three judzes fn respect -
a tralte The reoulta are given elows :

JTudees L . - Suvjecto -
2 3 4 8 6 7 0 910y .
1 5 1 4 2 1 10 12 11 9 g 3
1 7 3 s§ 1 s 12 8 9o 10N :
111 4 UM 2 3 10 12 8 1 o 3

—

Test vhether the rankings ly tae tiree judges ean ve rejarded £ conce

In ease tiey nre concordant, conbine the tluee ranlirgs ina ndt.-.'.;lo-_:
and co3izn finl ranin to tae subjectss

4o The follaving table sives the wtrix of correlations for a battery of

four teatad
Variable X % o
ll 1.000 50 b o357
%, o20. 1400 “1 A0
%y 35 @1 L0 W33
% B NPT S I W)

Calculate tho loalinzs of tue firat tus factors using a ouiiadle facts
annalynis meileds

2o A testaas 40 itere (2 @40}, Zach iten Ena five alterpative ansvers
{\ = 8)e Vica the test wao riciniatered. to 30 otulento, cxch stulent:
attenzted and moawered all the'itenss The muber of rizkt answers (&)
the mz:er of wronr answers (v) oguala the musver cf iteus (X)a The
folloving tabld cives the values ¢f 3 for tho 30 otudents,

Slifos R, Slife. R Sliles 2
1 n 22 a2 1
2 M 12 8 2 6
3 BB 3w
4 10 ¥ on 24 1
s 9 132 318
8 8 M w N
7 8 v a2 2
3 1 B0 8 8
o 10 1 2 % B

10 2 20 11 3 N

For each student, caopleto M8 ocore eorrceted for ehance guessings

Trito bricf natea on tiw noswsptiune and iaterpretations of ecrrected
Bcoradse



DTN SUTETICAL BRTITSE
Statioticiza'o Siplan Dxamdoetios =iy 1971

.

Daner VIIT ¢ Sutjects o Specialisation = I
j;m 1 4 hows © . Pl maris $ MW
{n) Canddéates vi1) Je requirod to emaver cucuiions Zrau
tiat group only for wxich they have regietered their
. optionss

(2) Pizures in 9o parzin incicato full tarims

l YR A 3 LIS STATDTIS

Jpeeial Pager 1 - '.ico:lmch'lc.n'_ .

‘ (Vo candicrte avnilndle) l

SNU2 3 TRADSUIZOLL SIS )
(peedal Peper I - Stetistiea) juality Control)

Itterpt any five cuestioas frau tifs orewp

,i.&) et fo the Averazo Jua Zength (L) of a Control Chart ?

. In a Conirol Cirt Jor o oample statisile, (wing ouly an
upper coatrol 1zit) tio decision rule ridptel is to taz
action, if X ouccessive points fall deyond tie Control linit.
It P io tie probability of n point violating the control
linit, shov that

s v Ao

. e
() Torn=4,q=05 \=20 A"..".L' = 2€0, Salcalaio tie uzper -
coatrol lisit for thoe ranje chart (12*0)#20

pe W)  Descride tie opernting ;;roced\::"o Ler 4e one—oided decjsion

interval CIOTM Sehenes 3riefly incicate ber to ckoose the

" anpropriate reference vnleo and the decision iaterval for a
narcal variates

(5)  Prove tie ecuivalence of tie Vol precefure and tuo one-sided
ecision interval eriteria. (12¢45) =z

H'('l) Wt aro tolerance linits 2 Esnlain 2 cCilleremee betveen
' the tolemnce liciis and confidonco lirits, by citing prnetical
exnmdlen from nny facustry.

()  Zxplain, bow you would censtruet tolernnto linite ovch tint it

. enn 5o sedd =it 100F sercont Confidenco tint they will include
atlosot 130 porcent of tie pomulation neowdrg,
cither a noimnl pareat pomuletion citl: lmorn mean 't
or a porent pox:laticn vith aa un'morn foams (1412)=29

*.(1) Cainare and contrast the oaliont aspeets of cingle, covdle,
azd mltiple eccpling Znupection plana Zor attridute fnspections

(b) Jerive an expreaoion for 4ie chnnce of accoptance ol a lot of
© sutmittod yroduct centaining a Droportion of defectives 3,
under & dousle saopling nccoptu\nco/ncuﬂcntion Bchezos

(f-) Cazent on ¢ "{e lon: tem Drocess averase outzoin percent
defectivo, -may be rarely exjected £9 cxcoed oncemall of
tie AKKL value nasociated with tho facpection plan in use'

.o (0+9+3)=20
te21) . Plerso Turn Over
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8. () Urite a olort note ca tie salient featires ¢f tie : 1L-UTD-114
Sacpling procederzs for iasgection Yy variatlas for pereent
Cefeetives

(o) What are the esziitions unter vhich tie nized variadles-atiriiute
inspcrtion plans nre to ¢ woed? Gtate the procedures of
acceptrzees (15¢45)n2¢

8.(a)  hat is ceant by a lotetadle Design? State tie accessary and
sulficient conlitions Zer the rotatalility of a secoad orler
desizn.

() If o, polats of the cule of type (21, 81, seo 41) arevael
ulm': with n = 2 poinis of tie l!,ar of tyo. (83, €, 0 «0s 0),
(3 3 8 00 C)y eee (5, C, wee 4a), to four: & centmal cazyooite
Cesizn with & factorse

Prove tunt a -f:/-n- Zor rotatadllity.
e

() Jerive the conditions for ~rtiagoemnl bloelins for second ercer
rotatedls desiznoe Show that the coniition for orticgomal blocidny
for the ceotral cavpocite dGesign is given by,

VR
s 2 8, By
wiere o, is ths mober of central points rdied with the cube in
tio firat block and o, 10 20 peaber ol central points added with

the star in the second bloci
{34a40) =
7o () That is marrov linit peuging? Zswoine tie advantages of and the
prodleos iovolved in the wso of narrcw linit gausing for control
of a reaswmdle ehameteristice

() Cxacino tho following statecents

YTho UTi~0TD saopling plans and procecures are nore anprogrihte
wien the supaly is rogular and ¢ontinvous, wherona tho Dodoe-Baing
plans are core suitable vlen tie supnly is occasiznal or epcradic's

{10010) = 22
8o Trite brief notes on tho following @
a) Zolo of standnrdization and variety reduction in luality Comr:l

b) The ioportanco of Vendor doveloyent Zor assurance of intccing
gunluy.

(10010) =%

SD Jnper VIID $3105%57 LN
Sreup € 3 Opecird Taper I = diaciric letixdd

(1o ennefdate nvallable )

. Plezae twrm ovel
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5D VIIIGr Dt Dooizn ant smalybis of Zx;erizents
Snocinl Maper I - Statistienl oncelc
: (ifo canéidato aved Indle )

SOVIII WP 3 ¢ Sn2As SN2

(C-oodal Zapor I = Thcoroticnl Lapects)

I.timpt azy five cuestions frue this group

To drew o sicple randas sralo (oind3) 'of pize 'n! fran a nomulatica
of oize %iI' vithout replacement (7.0.2) two netboco aro avallable &
the Zirect pethod fa ciich wo firet draw ono ualt froa the whole
population (3ivirg ecunl probibilitics to all tio units) rnd tisen
aitting the selestod unit frox the pomulatioh, cynw one wore unit
with erual probabilitico fran the receining 1l-1 vnito, and then
aitting aghin tho two solected units, draw ono more wnit fras the
reenining 11-2 unite) the process of drawing has to bo contimed

1ito this until o onoplo of oize 'n' ia obtained.

Tho indirect nothod is to (o cn dmwing a S.RS with roplaceixnt
Cl..i until n distinct vnits are odtnined and then to taln tiece n
distinct vaits ({eps 1znoring the ropotitions) as the sacples

Provo that the two nothods can be conaidercd as oquivalent, hemso
point out the advaniazes of tio indirect metieds

In onapling for votioaticn of n raro attritute ia o populeticn,
Iinldane's mothod io to draw a sioplo randm aannlo without

* redlacereny vatil a prondsi-me? nuoler n of unito "pessessing tio rove

attridute, are ovserveds If n fo tlo sizo of the saople thua crnwr,

(1) prove ttat (iznoring finite pomlation correction)
2rob [rmt) w 2'.-'-1 P-q=-®
. 3 -1
for k> b {vhoro p is the polaticn proportion of tae
rare aftridate

(1) Zenco or otherwise,prove that

A p=1
Pe 31

1o cn undieoded odtiznte of P

Doseribe (1) tae cwmlntive total methold and (i) Lahiri's method
for draving a'pps’ saiplo fron a pomalaticn and diccuss tieir relative
ndvintesoo and disadvertagose

(0+v2¢643) = 20
In otratiZicd' oncpling invblving two strata, it is proposec o talo
n probability-proporticanl-to-Z (nxx) onople with replacenent fran
the 2irat atratm and a 5234 without replacenent frao the second
stratune  If the total oanple is to % of oize 'n', lerive tie
optimm allocation of snmple aizo to tho tio stmtn, asouning that
the cost por oanpling unit {a ¢, for tio i-th otrbumn (x-x,":)'. and
unidng wae of the usunl cotiontoro. -

Cn the basia of the samplo crmwn a3 por plaa in (n) above, estimte
tho gafn nccrued bythis poited of oropling over taat of cn
wiatratifiod SsR.0s without replecozeat of aize r, fron the cholo

populatione

[Adnhm coat to bo proportional to n/

(1m)‘ =20
(1 29)

HMeaso turn over
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3. () Deseria tho rozression mothod of catimation arn. Zefine tle
rosression eotimater ‘In'- of the population total ¥. 5
) Prove tint "2“_ 1a pzt uabiased for Y, and derive nu h;:,ru-_-_i_.-‘
pate expression for ita biaos
. R «
) Derive an approxinate expression for the cean-srunre orror(:us.,
A
R of Yn;;'

@) Iniieato ko you will esticnto tic bias anc nedecs of ¥ | o
reg
th0 basis of tio saoplos

(2¢5¢6¢7) = 20 .

4. Tor a two staze saupling oethod the neseu's are selecteol vith
probabilities proporticanl to & () and tho scesnd otazo
unita are solectod witlh prolabilities proportionnl to riiot er
suxiliary voriadle © (0z)y In Lotd tae coses the smling
i3 with replaccocat.

. , ~

(i) Cive an unbinocd cothnte ¥ of Y, tie populatioa total

of the min vnriadle y nasd prove its undinsecneas.

. a’ R
(ii) Derive V(Y ), tie variance of Y.

« . A A A
(i4f) Give an unbiased estitnto V(Y ) of V(7 ) and prave
{ts vabiagsedness. . .. .
(5474C) = 2¢

Be Tor any sampling cethol let 3 be ke collection of nll pussidlc
sapples axd '8! a tynicel rondan sanples  let Pa Ceacte tiw
orovability of drawing the scplo 'o!, s0 that L :’ﬂ =2,

v .. )
For tae f-tl uait Ui e tie porulition, tie incluslon probalilit
£ is.defined to be the prolnbility that a ranca oample e-cizix

tae i-th unit - (irrespective of vhethet it ccews oaly cnse or :r

in the ancple)s Zicilerly, for the i-th: anc joth unlio U, exc 7,

of the population, the joint inclusion probatility ni is &cﬁ.::

to do tho'protadility thnt n rancaa seople centafna bots tie (-8
and the j=th waitss Ia tle above notation, thea

b

"-tl’.nndn-z ?

3= 3 4 0o4,5
where tho suns aro over all staples that contain tio f-ih unit
in tiw onoe of n‘,,nm: the {-th and §-th units fa the on32 of
"y’ :

Asomw that all the Ri'o enc l“ 'a ore strictly positive.
Tith these prelininnrico, :

' a).
) oo tant the well-inowa Zuvits=Thaspson eoticntor sivea by )_
oy LE b)
Ly ® L =, {3 ubiroed far te pomdaticn X )
T e M -

. {uero tie om fo over nll diatinct wnits U, that Leloxs to
the sarple f.cerepotiticnd nre ignored) e

. . O ]
() Serivo tis wvarirnce of Yo in t20 fom Llil ni.“{? }‘:}‘}3 nu‘.'"‘.l-

0‘.‘)0) Plecse tum oxr



DvIII(T1)=5 .

5(c)  Prove that - .

¢ siride — LY, T, e
i i 1574
I = 0‘"11) +Lz J JR—J
B (OO Ty 14
; €s

10 no unbfased esthmator of the variance rerivad in (‘n) asoves
[Asin (v}, te ;oo nro qver elstinct Us beloaglag to tao m-.mo [

diatinct pira (I u) belonging o o, respcctivolys/ .
(54740) = 2¢
Crirzing cut tie rclative nerits and denerits,oand usins suitable
mataoentical rnd heuristlc arguncnts, onls eritien] caprrlsens
between tke follawing:
(1) . oultictaze nm:pllx\‘; versus woistazo sapling ,
{14} ppo oncpling yersus “atfo and Tegresaicn rethods
(111) siaple ranlen nnmli:\, yersus lipear and e(rculnr sustenaiie
lm:p)h\:-
(Lv) snzpling with nplnccmnt yersed sappling witheut m)lMemnt.

{5 X4)=20
Urito olort moles oa fny five of tha folloving 'y

(1), Saopling frea incacplote and eutdnted Zrancss
(12) Monresponses
(11) Wonpaopling errorss

(iv) Two-pbaso eznplinge

{v) Multiprpese surveys.

(vi) Intormemetratirg ouwdacopleas .
o b X3) =20

[ @ap? : TCEERS © carmral, |
Gpeelal Mper IStmerienl insYyais ’

J (:lo eandidate avniladle )

GUUP G 8 STATLTICL DODIZD
(recinl Proer I - Gonernl Thoory)

Atteopt any {ive questicos fron this Zroups

Char that §2 o poulation bao o finite mean, it is undinsedly and
conofstently estimated by tho, samle-peane

() Zive oo exampla.of each of i-

(t), An estimter which i3 biased, but ceasistent.

(83) £ eatinotar wiich i3 wadlaoed ab nat consiotents
() Zor the distridutfon witd pedefs

.. _;_ " .
e =3a®  gacmiud0),

exanine whethor an unbinood eotimatar of the populatica stanlard

devintion oxiato, axd if so find the oimoe ((,omog).ﬂo
Maovse tern >2r
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2()s  Dotino (1) & ccoplote famuly o crobalility discridutioas,
(11) o cecplote otetistic. :
(b)  Show that nny furcticn of r ccunledo ni‘fic.o Vi ofniiatic io the
oiniam vorianee ovakinnes M_tln er of e rumaniel wndun,
ot 1 .
(c). ‘Outain tho olaimun veriance unbinsed cuﬂmto:' of ibo stnndnrd
devintion of n n_on:.\l. pomlation \-‘i},h Ines, mosn B f

._(:_o_mm) =20

.
3{a). Zxplain the technique of the methed of nintrara chi—oqlme and coment
on its relationohip %o thr mothed af:\_ imp li'vli.modo

(b) Gtato nod prove tle relationship Le'weon n:Lv ol IL.cuhao..
eotimte nad a nu.('f‘c‘cnﬁ entiraters. o

e !

(6)  Shar t'-m. it aa ucbin'xcd eatizstor of A 'vunrot"r © attains \.'xe
Crafifr-fno lower bound, it .e uleo the mexirus’ h..c..hom catinator

of 0.
Doos this promrty hold geed fer ti'rlnime "vnr.(nnc' wunbinsed eitisii-
.°A o parnoeter? B+140) = 20

4(n). Shor that if n unifernly =e3t perartnl_teot Yel.P:) exdats, it iz
univingeds
(v) Defino n loc:\.lly noat powezltl drad ord riaw bow {o ohtain oueh ot
)  Obtain n 1beally nod po S tertli F, G0 w0 fes the
parnoeter O with peGe2e 4 e
)

1{x;0) «00™¥, woae (O'I,x(a_rcoﬁ"\

s

. i74543) = 2C
5(n)  Apply the lkeliheo! raidc o
of variances in 4vo normil
oanplese e

.tnio\ t: .vh'

\in a vest for equal._ty
12 baais of ‘indep~ndent

1 N
(v) Obtain n confidecce intexvii with cenfilezee sceffjeient a for tie |
ranzo of a rectangalar perinti-con Vio BA3is of o zanden. anoples

. . 10410) = 20
6{)  Ixplain the terms’ (l) riak feaction, (11) comvexjty, (i1f) randesiz:

decinfon function, ond (3) Bayes deedsion furciicn, . !

(b)  Zxplain how n otatistical Jeefsicn pratlem eanm o viewsd as o 'zevo-mn
two peroon! garos .

{e) Shov how the I.'eyn:\a-?em"scn ﬂ;cory of ‘/.;sting of igmotheses can o
viewed na a opecial cnso of tia Cecisiun thoorys . .

: fov006) = 20

-

5D VIII : GICUP | - DNCYIILITY TiZUiY
(“pcchl Taser I & Tnofe Ivalel Fus )
0 (VB &

oo (v

Atteopt al) questions Irmy 4his sus .

. R
) 19} yypeond s

( i Define outer measu:r. ani 1 nnu-x..:i'lu- dere J-:-ct L6 an outer nersv.

(b) If the sets A and 3 £ro measemeile with Napect to u given cater
R nenowre, slicy tlat A U3 {3 alsc prnaumal®ae

() Show that every oe’ of ouls meimuwre sazo 46 measurables’ (G'C'O)'Cc
192} Plengo tnrn_cves
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Give the statcuent of the daminmated comersezoce theoren for intesrals,

Thy docs tho daninated convergence theoren fail to hold ia the followin
u-\nplu H

() .O. [0 17, % tho Sorel oufiole of [o, 1_7, P tie Lotesgue
neasure oa J3, and
© .0 12 @We (o, -_7
£,6) -
0. othervise

(u) _(')_ is tio real an, 73 the Barel o-tiold aa it, P X
Lebeague neasure on _(-)_,

PP S TR (-n n)
b - {2 ’
0, othersices '
{ue747)

C‘,:ﬂ) nnd (y,.j) cre peasurallo sjaces end X XY, JXF) cenotes .-
product aprces i
It h{z,y) is o function on X XY, define tio x~acctisn nod y-scctis:
of h(x,y).

Show that if h{r,y) i3 a cengurablo function, then every x-gection of
b(x,y) is peasurable.

2 eA X3, abd 0) and § are real mndera, show that tho sct
e | ey enez)
is n pensurnblo sudset of X X Y. N
: {39546) = 1.
Define signed pensures

I B {6 a signed neasure on (',4,9) show that ticre exiat two uisjoint
sots A,B such that

(1) AUBeX
) Anc, B0 C ¢ 4, wienever € €A
(m) pinc) z 0, k(2N c) L0 forall C€A.

SIVIII Gry o lrowclility Theary honils' i

SXTIC! IX3{ittenpt all cucsticns frag this mucn)

(5+16)=13

i
¢ 4q n finitg vnlucd randea varindle defined oa a probability space

(W ON:] , P) ‘and. P is its distriimtion function. GShow tint 7
18 n nonotopic mon-Ceerensing Zunctica with 1Iin Fir) = 1.
= ®

H ‘1"2"" are finite valued randon vnrinbles dofined on the proladili: -
space ( (), , F) wita distribution functions Tyl e resncetively
r . e -

Skow that if tn-M' in probability,then Pn => R in tho sensa of
eonvergonce of distriwtion functionsy

¢ 3’3)‘ (3°2) =0

Mease “nrn over
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Iet F ben conumuu, conotonic ron-decreasin; Tunction on tie
real lines The sct function U {s defined for half-open intervals (\

W] bp7) - 76) - P}
Jhov that the set function B ean be extended to a pensure on tiz
Sorel g-field of tle real line.
(20)
It P s o proxability Deasuro oa the oeasuradlo apce () ahoe 1.,
un PR) - PC)

wiere 2 €A 3= lia I,
tzn} is a secuence of oventa euch that I l'& ) io finites

Tind the prosadility that an iafinite mober of tie events 2 2.
Bapoene .
(046) =22
Deﬂng independent mnden variasles.

It f,3 arc inepentent ranten variables, shor that tic randen
variables

af¢b, e;¢d
are alse Lnu.-pende..'.- (n,b,¢,8 nre rc'\l mn.m'n cith a, ¢ £ 0)

r g, ‘(Fnro contimous functions on (-o'-, w?), aol f,3 ore
irdependent randas variables, show thet £(2) and (“](;) are

independent randaa varinbles. -
e ﬂ)'

fo1)



LD STATIZTIC.L INSTITUTE
Statisticin's Li~leme Exrniration = Vay 1971

Farer IX - Subects of sneaad ~z-ar of S-nclnlisation (Theorstieel)

‘Tine 1 4 hours Full arks : 100

1,

2,

3.

A

S

84

“(a) Candidctes are rajulr:d to ensver questic
froa thet frews enly for walch they heve
rogictered their optlons.
(b) Figures in the margin indleate full parks,
GROUP A ¢ ECOMONIC STATISTICS = Soscial Paper II
(Indisn Econonics & Econonics of Flanning)

Swation T = Indiwm Eromozles

(Atteant gnv throo guestions froa this Croun)

Discuss the nain cheracteristiecs of the occup-tional distrimution of
the working vopulation of Indin, Have therc been any isvor‘ant changes
in this distri*ution since independence? (19)

16

Critically discuss the major probleas of defiairg and measuring
‘disguised unczployaent in Indian agricaltare, s
. 16

How would you try to assoss tho degree cf incidence of poverty in
India? What aro the reasons for bulieving tint thers aro now oore
peorle below the Poverty line then there were, say, in the beginning
of the 1950's?

Suggest suitable measures for the solutica of leng tera 'talence of
poynents? diffindiles tn Indla ard give seizons gupoorting tho
suggested measuros, (16)

Do you thirk that zonal restriction on the ssverent of foodgrains

and coapulsory procurement of focdgrains have deepenod our food °

prodle=s? Givo reasens for your aaswer, (16)
16

Discuss vhethor the shortage of industrizl financo has harpored
industrial growth in India and eri®ically raoview tho vorkin3 of
the nev institutions for providing incurtrial finance in tho light
of your ansuers

Seetion II = Scenenies of Fleanina

(16)
(Atteant env three questions frea this Group)

Discuss tho usefulness and 1initations of the concept of Qcmécntal
canftal-outpst ratio aa a planning tool,
B (16)

what ere tho principles that should govam the cholco of production
tochniques in & poor country with a largc voliuo of surplus labour?

(15)

Discuss tha dual rolo of "foreign 818" (including loans) in bridging
tho savings-investzont and the oxvort-iaport gepa in an wnderdoveloped
eccncmy, Ia "moro aid to end cll afd” a good slogan?

Glve rcasons fos your ancwirs (18)

(135)



So(Mr)-1x(2) - -~2=
10, - Discuzs tho uses of the von Newsann modcl of growth for the

purposos of planning.
(i
11, Discusa tho manner in which a slov rato of growth of agriculture
could affect tha rate of growth of fndustry, DNlustrate your
anaver with oxnaolas drawn from Indlan ex~ericnce, .
(18)
12, Writo short notes on cny two of thy follow'ng:
(1) Tho Golden Rulo of accumulaticn,

(2) The onen static Leontief modol
(3) The shadow price of latour in an wnderdeveloped aconoxy.
{4) The optizun rato of saving,
(848) = 16
lieatners  (Scctlons I and II) &)

SD-IX = GPOUP Bs TZCI[!O CO?ZRCIAL STATISTICS = Smecis) Pamer IT

Scction I - OPERATIGMG RESZARCH (70 zarks)
Scetion IT ~ STATISIICAL METHODS DI BUSDIESS (30 marka)

Section 1 (Qtermativo)s ELZIZITS OF BOOK-KZEPLIG
AND ACCORMTANCY = (70 zarks)

Socticn It OPERATIOCNS PESSARCH
(1) Use a scparate answor book for this section,

(14) Attonnt guestien 1 and 2my sthur two quosumé
frea this soction,

1(a) Bxplain t.ho' neening of following torma used in lincar prograczing:
Slack variadbles, artificial variables, feasible aolution and hﬂslc
feasiblo colution,

(b) If tho constraints of & lincar nrogracaing pmuc: aro cmshtcnt,
show thoro cxists & basie foisible solution,

(¢) Establish tho corrcspondencs botucen tasie feasiblo solutions and
axtreno points of the convex sob of fecaible solutions,

(d) Crasider the linear prozrmming problen Max,z= cx audject to Ax = b, 5.
I xp = B1b, 43 a tasic foasible solutfon guch that B'lP,l
; Jor aPl non-basic variablos, provo that it 13 an optimal fossit
soluéion, .

(Notation: B ia tho bcsis matrix, CB fa tho ‘a coaponont rov vector
of cost coofficicnts of the basic varinbles and p, 1is

- the jth colmn of A). J
(44848410) = S0

2(a) Explain tho solution procodura for solving tho assignzcnt nroblea
\dth tho help cf tho following cxamolot

Thero aro 5 Jobe to bo dasigned ono each to 5 machincd and the
essociated cost matrix 4s a3 followss (3o Boxt oago)

(iz6)
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Machine Ceat Mptrix

we | 1 2 3 s s
A H o7 8 16 2
B 9 7 12 & 15
¢ 1B 13 15 12 16
) 21 24 17 28 28
E 0 14 10 12 1 15

(b) Givo a mathcmatical formulition of tho tr:unsportation problsa for
matorial, availablo at @ sources end roquirsd at n dastinatiors,
assuming tho totel availablo material is just sufficiont to satisfy
tho total roquiren:nts, [lacusa tho theorotical basis for any one
of tho algorithas for solving & tranzportation problem,

: (10410} = 20

${a) Derive expreasions for oconcale lot siza and minimo cost for the
folloving inventOry situstions

(1) Desand s unifora at a rate of T por unit tine,
(i) Replonishmont is not instantoncous but takcs »laca &t a wniforn
rate p por wit tize (p)r)
(141) Cost of carrying inventory is €y rupocs per wnit per wit tise,
(1v} Cost of production set up is C, rupses per et uo,
(v) Mo shortago is pormitted.

(b) Tho wiifors annual domands for two bulky itcms are 90 tons and
160 tons respoctively, Tho carrying costs are Rs, 250/~ and’ Rs.200/-
per ton por year and tho sct un costs aro Rs, 50/~ and Rs,40/- cor
productica mm resmectively, Mo shortages ero allowod, Svaco con-
sldorations rostrict tho avarago amount in inventory of both items
to 4000 ft3, A ton of tho first itea occunios 1000 ft° and a ton
of tho socond item 500 £33, Find tho ootizal lot sizo of each itom,

Show that the space rostriction incrcascs costs by about Fs.75/=
POT ycAT, . s
(20410) = 20
4(a) For a_singlo sorvir queus with Polsson arrivals, with mean arrival
rate A and axponental sorvice tine with mean scrvico rate i
(A < B ), obtain the following rcaults:
(1) B, = Protability that thero aro n wnita in the gystea
. wee rer
= A n
= 1 ey .ﬁ. ny 0
(11) E(n) = Expocted mnbder of wnits in tho system
= A '
row
(1) E(wv ) = Avorngo vaiting tino of an arrival vho vaits
‘= x
H=A

() Arrivals at-a tclochone booth aro considorud to do following Polszen
lay of distributica vith en average tino of 10 minutos botwoon ono
arrival and tho noxt, The length of a phane call ia ssswned to bo
distributed exponcntially vith mean S minutos. ’

(:67)
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(1) What 4s tho mrcbability that a oorson nrriving at the
booth will have to wolt?

(11) ¥mat 13 tho averago lemgth of the quou?

(111) The tclephono depirtzoat will dnstall a sccond booth vhen
eonvinced that an arrival vould exncet to have to wvalt at
loast 3 minutos for tho phomo. By how much, zust the flow
of arrivals bo increesad, in order to justify a sccond booth?

(44343 + 20314) = 20
5(a) (1) What fcaturcs charactcrise Dynamle Prograzaing Problems?

(31) Stato Bollman's Principla of optinmality,

{b) A computor contains 10,000 rosistors. When cach resistor falls,
it 45 reolaced, Tho cost of rcplacing a resistor individuslly is
Reul/- only. If all tho 10,000 resistors sro roplaced at tha sazo
tin0, the cost per roaistor would bo roduced to 35 raise, Tho
pereent surviving S(t) et tha end of month £ and P(t) tho nrobabllity
of failure during the mmth t aro: :

L s R
0 100 -
1 97 03
. 2 90 07
3 70 »20
4 30 . 40
5 15 15
6 0 .5

What 13 tho optimm reelacenent nlen? .
(4+42424) = 20

SDIX ~ G202 B ¢ SZTICN IT - STATISTICAL M3TTIOLS I BUSTNISS

(1) Use scrarato answer book for this section,
(11) Attoant eny two questions from this section.

1(a) Deseribs bricfly ths verions mothods of sales forccastings
(b) How aro scasonal variations estinmatcd? (1045) = 15

2(a) Tho 11fo of oloctrie light bulbs is known to bo & nomally distribts
rondoa variable, vith unimown moar B end standard doviation 200 houre
Tho valua of a lot of 1000 bulbs {s (1000)(1/5000) M runces, A
randon saaplo of n bulba i3 to be crawn by a prospective buyer and
1000 (1/5000)2 rupcos paid to tho manufacturer, How largo n should
bo s0 that tho probability is 0,95 that tho buyor docs not ovorpy
or wnderpay tho ranufacturcr ¥y morc than Rs.20/-7

(b) A largo coarany is faccd with tho oroblem of vorification of fts bt
dnventorys It hag 54000 itens in stock valued at Rs,300 lakhs, Wit
two additional lincs of manufactura, it wvas exvccted that tha mober
of itenc to by carrfod 4n stock would increxso by 10-15% and the
corrocponding increaso in valuz of sosc 308, Previous expericnco vi*
verificaticn of whysical fnventory had chown that on an avcrags 26§
of tho total nuzber of itema chucked had differcnecs botwecn book ¥
and actunl stock, The commary wvarts a octhod of vorification and ostt
eation of invontory without an increase in thaexisting sanpover wile
still satisfying the roquirements of accuracy of inventory countss

(138)
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Can you discuss a suitablo statisticel techniqua for tho inventory
verification work? Would you censider additional informetion
necessary? If a0, givo broad indleations, (148) = 15

s(a) ¥hat is rayment by results? lea. a tricf account of tho various
syatens of payment by results,

(b) A sazvlo poll waa taken in a conctituzney to pradict tho results of
cloction, Intervicws with 1030 rundecly salzetcd registorcd voters
ghowad the following preforcnco:

For candidato A 3 532
For candidato B 3 463

(n tho tasis of the abovc, the prediction of Als cloeticn wvas
isheds Eloction day cazo and B won with 51.1% of the wotcs
cat on the situction,

(1045) = 15

= GROYP B ¢ SECTICY I (Altermativs) - Btoveiss oF BOCK KGSPD

RND.ACCO'MITS

]

. {1) Uso scparate answer book for this soction.
(11) Attcapt guestion § and anv other thros frem thls growp.

1. How many difforent classcs of accounts aro uswally to bo found in
a lodgor? Stato tho characteristic foaturcs of cach such ¢lass of
account and givo throo cxamnles for cach class of aceomt,

(5+545) = '15

2(s) Doscribo briofly vhat 18 nocat by o3ch Book, .
(b) Enter the folloving {7ansactions in a threo colim Cash Book of
Messrs, Genersl Trading Co.
April 1971 = 1 Cash in hand Ps, 237; balanco at
Bank Rs.6,5% .
4 Recclved from Ko Sen Rs, 590, allowed hia
discount Rs.10/~, .

6 Pald salarfes for March 1971 ty cash, Rs,200/-,
Cash sales Ps,134/-, .

7 Paid B.K. Boso by chequo Rs,300/=, eash surchase
B3,60/-,
10 Pajd Ahmed by choquo Rs.534; discount roceived
264
14 Cash 'nlca Rs,112; paid cartago and coollo fare
R3.6/=s

18 Withiraw froa Bunk for offico use Fs,2005 patd
rent in cash F3.S0/-,

19 (ash sales Rs.212; recedved from G.C, Char
Rs,194/- by chaquey ciscomnt Fz.6/=, )

2 Deguted into tha bank Rs,1000/-, Purchesed
& Notor Car for Rs.5,300 and drcw a cheque for
tho azount,

20 Oash salos Rs,299/-,

30 Bank notilles thot Robort and Co's cheque
has been dishoroured
(s+12) =15

(39)



s(a) Dlatingilsh botwcen Canital and Revonus Bx-onditurc,

(b) 'Chhayabini' Ltd,, constructed a cincoa houso and had incurred the
folloving expenditure during the first yeer cnding Sist Maych 1971,

1) Socond-hand furniture vorth F3,9000 vas purchasac; repairing of the
fumituro cost £3,1000. The furnituro wea iastalled by ovn vorimen «
wagos for this being Rs.200. *

11) Bxponsos in connection vith obtaining & iicenco for mmning tho
eincza vera Rs.20,000, During the course of the year the cincma
vas fined Ps.100 for contravening riles, Penowal fee, Rs.200, for
next year has also been paid.

111) Fire insurance, Rs,1000, was paid on lst October 1970 fer one yeer,

1v) Tomvorary huts wero constructed costing Rs,1,200, ~These were
noceasary for tho eonstruction of the cincsa houso and cane to
bo demolished whan tho houso was coaplete.

Point out how you would elasaify tho above itcms,
~ (sw0) = 15

4. A dravs on B a bill of exchango for 3 months for Rs,1000 which B
© accepts en 1st January 1970, A endorsecs the bill in favour of C.
Before maturity B apnroaches A with tho roquest that the dill be
reneved for a furthor period of 3 months at six por cont oer anmm
interest, A pays the sum to C on tha duo dato and agrees to the
propesal of B

Pass journal entrics in tho books of A, aasuming that the sacond hi1l
13 duly oet,

15
5 . 7 s Sen Gunta
. Trial Belanca as et 31st Deccaher 1970,
r_ o d
Is. Pa.
1. S Sn Ouptar Cavital . “ 4,250
2, 8. Sen Ouptas Drvings I8 710
S,  Plant and Machinery . 950
4. Stock, 1st Jamuary 1970 . 1,460
5.  Purchases : . 10,362
8.  Purchazes Rotums e 291
7. Sales . e . 11,906
8,  Salos Rotums - . . 210
9.  Genoral Exponses “ee 440
10.  PFont . 120
1, Mtes . 200
12,  Aporenticoshiy Prefi . . 80
13, Bank ovordrafl . 240
14, Bad Dobts . 172
15, Sundry Dodtors . 3,200
16, Smdry Croditors v 1,000
17, Cash in mnd . 48
18, Bad Debts Reserve . 1%
17,672 17,372

(0}
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r.

You aro mqulm:l' to nresaro Tmding and Profit and Loss Accomt, for
tha yosr onded Sist Decenber 1970, and Brlanco Shoob as st that date,
having rogard to tha followirg: .

1) ¥rita off dorreciation on plant and pachin.ry at 10 por
cornt per annE,

11) Tho Bad Dubts Ruservo is to be inurcascd to 5 per cent on
Sundry Dxttors,

111) Sun Cupta bas drawn out goods for his own consu=ption
anounting to Re.4d, of which thero 4s no record in tha books,

1v) Rs,100 Plant and Machinory murchascd on 313t Decasber 1970
has been inadvertently dncludad in Purchases, .

v) Pnt accrucd is Ps,40/-
vi) Fates of Rs.80 aro paid in advenee.
vit) Stock-in-kand at Sist Decczbor 1970 3 valusd at Rs,1,730,
(741048) = 25

SO-TX = GRO'P € ¢ PIAZTFY (Smeaial Paner IT)
Srctiom 1 3 Statiatical Mitheds tn fmetien

{Attecpt ay tvo questions fren this Crowp)

2xplain {n brief the terma linkage! and 'rocombluation frection’,
For vhat valus of tho reccebinaiion frection doca one coneluls trat

thero is no 1t:kago?

(an you observe linkase froz da‘a on fazilfos vhore mono of tha
parents is doubly heterozzgous? Explain,

Exti=ato the roécublration frecticn and obialn it3 ptandard oerror,
when the data aro collactod fren offspring of a backecross zatling
botwoen a doubla hbterozygote in the coupling phazo and a double
rocagaive ono («. a b
Qs A ab
09ey B* & eating).

(3434242 ¢ 15) = 25

(v41)
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2,  Wun is a porulation sald to bo in gonotvple equilibriuwm with
rospect to an autsscazl locus, with two allelcs?

Show that whatever bs tho faitial genotyplc preportions, wnder
randon oating, the po~ulation roaches oquilihriua in a singlo
genuraticon,

In a randon nating pooulation, how do you estinato tho reecssive
gena frejuencios from data on pothor-child conbination?

{5+10410) = 2¢

3.  Doscrido briofly tho ganetic theory cxplaining tho genotymo=
pronotypo rclationship in tho A0 blood group systen,

In a faally vhoro tho dlood grouns of the parcnts arb A and AB
rospectively, wvhat arc tho possiblo blood grouns for a child of
thess parents?

Show that for a randon mating po-ulation tho maxinim 1ikelihood
cstinates of A, B and O gene frequencics (denoted by p, q end r
respoctively), aro glven by the solutisn of

K+As X 2 ()
—_— = —_— F
P 2O+ g
E#ﬁ = 0 2(A) 4 B
e me AR P
-

Hhorc,?)', X, Band XB conotd tho cbacrved phenotynic proportions and
P=prand Q=g/r.

(842425) = 25

S>-XX ~ Group B ~ Scction IT ¢ Pin-Assavs

(Attczpt any tu muectiona fxca this group)

4.  Explain tho torns direct ascny and indirect ascay, What ero the
major disadvantages of dircct asseys? Cluarly indicate how by

sultably designing an indirect assay, ono can rcnova theso
difficultics.

(3+4349410) = 25

S.. Indicato a nothod to estizats tha mcdian cffsetive dose and obtain
its standzrd orror on tho bazis of ausrtsl dats, when tho
tolcrancs distritution i3 acsimed to bo nornal, -

Exolain in briof tho tominnlogics wderlined and used in this
queation, .
(16434343) = 25

6,  Writo short notcs on env two of tho following mcthods of analysing
data on quantal responssot .

(1) Tho method of charucteristic curves,
(1) Estination of cquivalont doscs.
(su') Batination by least squares,
(17) Tho mcthod of oxtreno effactive doscs
’ (12h123) = 25

(12)
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SD-IX: GROUP D ~ DiSIQH & AMALYSIS (F EXPERDZNTS =
SPECIAL PAPER II {CCHMBINATIGHAL ASPECTS)

No cendidato available

SD-1X3: CROUP E ~ SAVPLA SUFVTTS = (Sxcelal Paver IT)

(Omgenisational aspoct-)
(Ansver any fis0 qusstions froa 4hLc grouo)

1.(a) Dlscuss tho importenco of corccpis and dafinit’ons in concucting a
samplo survcye Illustrato by acans of two rractical exaaples, how
lack of prociso definitions cnd concopts can ccapletoly abort the
of forts undorgano in conducting a cwvey.

(b) Indicato tho situstiona in which the tonov.rg methods of inquiry
pay.bo considored nost suitables

(1) prysical obsorvation; (i1) fmberviow; (1i1) mafled quostionnairv.

For oach nothod, 111lustrato your answer with the holp of two vractical
cxanpleds
(44 + 44nd) =

2,(a) ¥hat aro tho maturo of blasec, which you :rould be ¢ tho Zookout for
and guard ageinst,vhilo interviowving a candidato for tha poat of an
invostigator.

(b) Discuss tho rclative merits and dorcrits of tho follwing nethods of
rceruitacnt of fiold investigatorst
(1) Intervicw and consideration of acadenie rocords,
(41) Mo intorvicew but only a written tcad vith a nedieal certiff-
eeta of fitness for tourlng duties,

(¢) Proparc a noto bringing out rclativo adve=lagos and disadvantages of
- rocrulting Inspectors throucht

(1) Diroct rocruitacat frea tho open mv“ot. - K

(11) Procotion fren emonget ﬂc’d invost.,mton. .
(6 + 434 + 343) = 20

S.(u) Tho fol.lwlng aro the oaﬂ:..tos of expendituro for corplcting verious
*  stoges of work of a survey by mployln§ 0 cltomative types of
workors, (1) wholotino workors end (i) parl-tfa0 workerss

2xenditure on tha trsls of

vaole=un) part-tino
Stagas of work wvorkars workers,
{Tupoos) (Rupees)
(1) Preliminary vork =nd eallection '
of prinary data . 15,000 ... 50,000
(11) Procossing and =nalysis of éata 5,000 20,000
(111) Suporvision 2nd report writing S0 15,00

Indicato ole=rly, how would you organiso tho work td obtain tho best
rogultz, if tho total ceat of tho ourvyy 13 not to cxcood na.so,coo.
Givo roasons for your choice?.

(b) ko out what you would concidar a stroag caco for a highor py scale
to bo givon to tho inveatizators having minimwn academic qualificatisns
oquivalont to those in othor eadroa, but ~ajoying 2 lowor pay scslo.

(%3) (1248) = 20
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4, Montion tho s%2po you wruld takd to'reduco crrors.in (ins] catimates
of o sanplc survey, arising out of tho following eauscy:.

(1) deliberato atte=pts an the »art of inforamnts to give biascd
Informaticn, - - .

(44) non-rosponsa of sazplo houscholda.

(114) cistaxes d:uc ta posalbls malfinctionkg of It oquipment,

(4v) caroless and inofficicnt scrutiny ~ tho part of tho scruticise:s
{v) dofoctivo verificatior ¢f puncted cands,

(vi) caroloss and inofficicnt c‘\:-cking of tha con~utation shects and
tables,

(vi1) tendency of tha invastigetors to fi11 in schedules,’ vlthm
actuzlly centacting tho m-\lo housoholds,

(vid) inconsistency of figurcs supplied by respsndents,

“(2‘}; 8) =20

5.(2) Glva tho layout of th mafn Blocks of a schedula to by deaigned for
undortaking a a23anlo check of tho Powlatien Ceraua cocpleted in
April 1971, Also dreft for the wse of tho i.nvw.nupton a net o!‘
instructix:na for filling vp thoso blocks.

(b) Discuss tho relative advantagos and disndw-\bq;»s of uriting a ro~ort
on @ 81aply survey by adopting the followirng elternative r:cthods:

(1) Dividing tho roport inta two parts, viz., v

Part T s Descriotizn of the survey end dlscusalon of the
roaults.

Part I Statistical Tebles,

(11) Armnging the report in such a canner .t.mt tho descrintien’
zglnnal:niml rosulta aro interspersed with short and handy
03,

(m +343) =

8, A =ass of tabulated data collactad dn tion with investaent and
indobtodnoss in tha rural arcas of the country {s handod ovor to you
for proparing a draft report, Civo a dotailcd cynopels of the npert,
waning that all the informetion nooded b7 you for tha romort h
availatle in tho tables

. (20)
7. - Nrite short notos on arv fer of the following:

(1) Mechanical vorsus lhnual Tabulation . . .
(11) Centralised veraws deezntraliscd trafning of flold investigutors.
(111) Woodtng of £i11ed in schedules and mnchod earda,

(1v) Tosting of schedulos and instructisns,
(v) Iportanco and typo ef vropcganda nceded for succosaful cacplo-
tion of tho survey,
(vi) Scrutiny accordirg to a given progrzenmc as lgllnn intelligent
serutiny vithost any given ProgreTio,
(vil) Singlo yarsus ropotitdva surveys,

Gxt)=20

(1434)
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S2:L1 GAOUP P 1 TS 07 CQIXTATIAN
. Speelal Paper II = Practical
{caleulation with Deak Caleulators)

(Attenpt any five quostions fram ¢hia proup)

fize 15 bours Xl eoris 1100
1'.(“) Tho vnlucs and tho absolute eroors of ::,12 and xa are
x) = 223925 2 0,00025 N

x, = 50123 X10° £ 5.0 nad

x, = 0.00103021 ¢ 0.5 X 1077

Tind the relativo errora in ench of theses Lot y e ¢efined no

')/2

yox. (%') .
Senpute the value of y aod its crrore

() How many teras aro to bo used to find tio valuo of 16 2 eorrect upto
5 places of dec!ml mlna the folluri'\, expreasion i~

-lo-' x-\;:J ( %q—:—’-sf serenes -
) (_‘Lﬂo)-zo

Tabulate tao ‘function :(h,h) tor h» -1.0(0.5)1.0, I = ~1,0(0:5)1.0
where £ (k) {5 cofined by

Ihl+tit
- i h and X oro efther both-positive
N or Voth negativo (fees B2 0 and kD0
tn,k) = or h{0 and L 0)
' W2 -

©,  otaaiwise
W 2(inl+lxr)
whero {eael dcnotes the addolute valueo ,°

Frao this table find the valuo of £ (0.1, -0.1) wiinz any hhmlnuon
farmala, and £ind ite errare
(204745) = 20

34 Pind tbé value of tho intozrnl I, by us{ns any pechanfenl gumlntum
foroula, whero I is given by

Ie L dx
i _
Conparo your result with the ncturl values (15+5) = 20
1 #\)‘ I {,x) denste Chebychev's polynanial of degreo ne Write explicitly

7 (x) for ne 1(1)10.

(b) The function £(x) = xva, io to oo approxionted by a polynaiinl p(x) of
degroo 3 in such n way that € defined by

€= tax | £(x)-p{x)| is pinimm.
-14x<1
Find plx)s 3 .
[intst Urite f(x) Eo a ’A'r“) and odtaln the eoefficients LNL
and fy uofny the orthozennlity property of Fhobychev polynm(nls]
(10410) = 20
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.4 ’
8. Solve muerically tho 2ifZercntial eguatien el y*], with the inftial

conditica y(C) = 04 25)
8 Jeternine to five placea of cecinal a real raot of the follaring
equations ¢
xe Sin(”y)_‘ (20)
y = Cos (xy) : :

T Solve the following set of ecuntions 3

0437 ) ¢ 5.'131 xz * 3-14.1 1, ¢ 2,003 I, " 29012

8.137 5 ¢ 0421 x, #2617 I, + 2,00 x.,. ® 25,083

2

311y #2017 3, % 40120 1 ¢ 1620 5 = 16397 -

2,03 7, ¢ 24008 x, ¢ 1820 x; + 0440 5, ® 12600

)

.
D Iaper Li = iroup y 3 Staldsticai Infozence

I‘ * Spoednl Mrer II°~ Special Dozies ’

l {:0 oandidate avnilzdle)

OB Japor I = Group T ¢ Droability Theory
Crocdal Faper Il = idodt Distriwtiozs

(o canticato amilatle)

C:./u).



DIDLAN STATISTICAL LMSTITUTE
Statisticlan's Dinloma Exsmination = May 1971
Paper X = Subjocts of Spaclalisation = IIT (Practical) °
‘Hﬁe;Shaurs " Full marks 1 100

Spacinl Paner III = Practicel

SD-X t GROUP A ECONOMIC STATISTICS - |
(o candidate avatlablo) ;

SD-X_t GEOUP B = TSCINO-CO-M2CL.L STATISTICS,

Scction I = Statistical Quality Control : SO emarks

{(Attcapt guestion 1 and any othor two froa this Section)

1, Tho following tablo provides tho sumarised dsta on & mcasurablo -
characteristic with apccification 1inits 0,7528%0 0,7571, tho sarple

sizo boing 4, .

Snnls” X R Smly § R

©1 0750 00 9 07517 0007 .
2 07562 L0014 10 07549 L0015
507542 .0009 U 0752 ,.0010
4 T0i7si6 L0010 12075 .oM7
50,7550  .0008 13 0755 L0011
6 0753  .0009 1 07548 .09
7 051 0012 15 0.755L  .0012
8 0

543" L0011 L -

{a) Bmaine the data earcfully and give a control sche=o which in your
opinlon may bo conaidored as moot advantagaous.

(b) Suppose it is docidad to use sa=ples of slzo § for cantrol purposcss
) obtain tho control linits for aversgo and rengo charts.
. (9+5) = 14
2.(a} An inspoctor with 80 per cent officlency ($s0s for hia the
probability of classifying a dofoctivo as a non-defoctivo is 0,20)
usos tho saspling plan n = 100, ¢ = 1. Plot tho offeetivo 0C curve,

{b) Consiruct a singlo sanpling plan for attributcs,given  the folloving
datas . .

AQL = 0,05; Producor's risk = 0.05

LTPD = 0,20; Consumor's risk = 0'.10
- (12+6) = 18

3.(a) For a lot of sizo N = 2000, tho folloving singlo sazpling plan s
boing used for rajor dofects, n = 120, ¢ = 1, It i3 dosired to use
: for ainor dofects, a atnglo sanpling plan having tho sano saaplo sizo
and an AOQL aa closo to 5% dafoctivo as posaiblo, but not groater
than 5%,

What singlo sanpling plan ghould bo usod and what i3 tho actual AQQL
of tho plan choaen? .

(b) Tho tolorsnco spacificd for tho outor diaacter of & sholl i3 147 4+ 0.067".
Tha ovorsized shells ara revorked, vhile thy urdersized oncs are screppads
Tho cost of roworking 5 sholls 3s cqual to tho loss incurred by scropping
ono sholl, Tho proccss otandard daviation was found to bo 0,020 inches.

Obtaln tho avorags lovol by mininising tho total oxpectod eost of rework
and screp, formy
-
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(c) Find the oquatiens of accoptanco and rejoction 1inos and plot tho fim
. point OC curve for tha sequential sampling plan with, *
AQL = 0,05, Producer's risk = 0,05

LI?D = 0,10, Conswumcr's rizk = 0,15
- (616+6) = 18

4, In a chealcal oxporinent 12 conbinations of 2 factors woro tricd,
Tho tabloe bolow gives tha rcavense y and tho corresponding lovols of
,  two factors, x; and x, (suitably scaled).

factor factor  rosponso factor  factor responso
() (%) (y) (%) (x,) (y)
-1 -1 15,67 0 -Jz 25,39
1. - 10,17 0 V2 18.18
-1 1 16,50 0 0 22,22
1 1 5,80 0 (] . 19,49
- 0 17.65 0 0 22,76
J2 0 0,20 0 X o] 24,27

1) Fit a socond degreo rosponsc function of y on xy and x,.

14) Tost for tho lack of the fittcd rocponse,
: - C(1246) = g
© §3=-IX ¢ GROU? B SECTICH IT 3 OTEATICNS FESZAPCH = 30 marks

(Atteopt g:nation § and any other 3,y fron tiks section)

Se Find an optinal product nlx for a factory producing papor towols
of threo difforcnt sizes, using tho data givep belows

' . o (in ninutzs revired por unit of  Capaclty

Dopartacnt olzc A sizo B aizo C (atnutes)

Outting .. "10.7 5.0 " 2,0 2705
Folding - .. 5.4 10,0 4.0 2210
Puckaging | 0.7 1.0 2.0 HS
Profit/wit ... R3.10 Ra.15 Rs.20 .

(2¢)

6, A conmany proposcs to inatalla largo boiler, A certain autommtic
monitoring wunit is eruciel for thy oporaticn of tho wholo systems
At tho tio of tho original ordsr, smarcs for this wnit can bde
purchased for Rs.2000 cach. The probability distribution of deaend
of this sparo (wnit) during the 12fo ti=a of tho installetion is
nown to be, )

Do=end Protability

0,35
0,25
0,20
045 |
0.05 *

BLRN O

If ¢ oparo (unit) 13 nooded and not availablo, tho cost to tho ccamd
in dowr tina end roplncement, will bo R2.15,000, Thuscd cparca have!
‘no ealvaga valuo.

What 13 tho optiaal nubor of spares to ordor?
(10

(+40)
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7+ An ofl campany is constructing & scrvice station on a hizh wvay,
Traffic analysis indicatos that custocer arrimls wvou'd epproxdsato
a Polsson process, with a ncan of 30 autcmobilea por hour, Previous
studics show that ono punp could scrvice a acan of 16 auteaobiles per
hour, vith the servico-tine ¢istribution arpruxizating the ncgative
exponential,

1) If 4 pmpo are inatalled, whil 13 the jrotebility that en errival
would have to vait in a line?

1) Dotermine the averaga nusbar of sutonc.iles in tha systen, everage
wvaiting tino and avorspe tine spent by a custeasr In the systea,

111) For vhat percentage of tiaa vould & puzp be 4d1a on en aversge?

(Consider only the steady-state situitica that wculd bo attained
in the long run)
(34443) = 10

SD-X ¢ GROUP B: Saction TIT = STATISTICIL METHONS DM BWSTESS

yas sy, 20,
(Atteapt s two quactions fren tiis Sectien) ohoce

8, Analyse the following matrix of trarnsitional prebebilities and detersine
the long run equilibriun parket share for each fira, Give your reasons,

Fran ! To
R by 2
Firm X 1.0 0 0
Fim Y 0,10 0,75 0.15
Fim 2 0,00 0,05 0,85

Given that the initial parket share is (0, 0,5, 0.5) for X, Y and 2,
obtain the market sharo for Y, after tvo irensitions, (1)
10,

5. Business cycles in U,S.A, anl Englard rave kel the following duretion
as meagured to nearest year, 7The ohserations belew ara given in
chronological order during the perioed 1796 %o 1923,

U.SiAet~6, 8, 5, 3,7, 3, 3, 5, 4, 3, 6 12, &, 4,
555495523434 2352°23

Dnglandi= 4, 6, 4, 3, 5, 4, 6, 4, 2, 6, 10,7, 4, 8, 8, 9,
8,10, 7, 6, 5, 2
4) Calculate the average duration of business cyclé in each country
separatoly,

13) Test vhather the duration of tusiness cjcle is cn sn aversge nory
in Pngland than in U.8.A. (10)
10,

16. The following are the profits of a concern during the years 1955 to 1961:
Yeart 155 156 157 158 159 '60 '6l

Profit
(thousand rupeas) 75 70 72 65 50 S¢ &
\

Fit an sppropriate trend line to tho data, Henco, predict the
profit of tho concem in the ycar 1963 and obtain “ho standard error
of your ostimate,

Comaent on tho data and your reau'ts, - (10}

NOTE: Scheno of zaridng follewed for Crewp B (S~ecial Fapor IIT -
Practical) : S:c.TiS.QaCo= £0 parka; Sne IT:0.R./(Alt.) E.B.A.
30 par<ag Ste, I S,M.0. = 70 zarka. .

(1:49)
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SD=X = GZ0UP B = Seetien IT (Ailornative)s
Elcacnta of Dook Kooping & Accoun'.;.cyc (oractical) .
(Mo canuicaty smileble) fpl. Taper III

S-X t GFD"P C 1 PIOETFIC VITHAS ’STCiA. rapor III = Practi. n‘)

(Atteap* gny throo oucstlens fra '“i3 group)

L,  Four zcasurencnts Staturs (ST), Iicad Lengt! (W), Heed Breadth (HB)

" and Hosa Broaith (4B) aro £ado on cach mcater of two vory largs mdcu
saplos, taken fron the African triles Mtuisi ead Hiahill, Tha mea
velues for thoso moasuroacnts for tro 4o t-ibos aro givan :cmmtc]\,
be.

lov &
SR PR PR -
Bututsd tribo 1708,03 103,20 142,82 83,53
Sahill tribe 1629,10 131,80 117,22 44.09

Tha invorso of tha pooled varianco - covarisnca cateix of the
peasurcsonts ul. ,
| 000327 =.00072C  ~.000337  =,000340
| 20043 =, 000752 -,0072250
. =510 -,000873
127065

1) Find tho bost linerr diserin‘nait f\-l i for dlstiaguishing
betvoon tho two groups.

u) Using a cut off point vhich rakes tho two probibilitles of nis~
clansification equal, Cotornino L1 comnoa veluo of this p:obnb!.ut‘r,
oasozing that a1 obsvri-ticesiate fre rultivariato norsal
distributions.

441) An African, known to belong to Mo of * 9 tam tribos, has the
following anthropeactric mzasurcaonts:

S$ B B oD
» 4765 190 144 34

Is ho moro likely to be & Patutei or a Qahili? (
32)

2,(a) In & sazvle consisting of 14,345 fuxas, 12 vora fornd to bo black,
678 intoracdiate and 13,655 red,

Obtain the froquoncles of tho black and tho red ceacs in tho fox
population.

Aro tho obsorved nuebers consintent with thoss oxwoected from tho Foxd -~
Voinborg lav?

() If thors aro two brachydactylons ind’vidvals por thcusand in o large
random pating population and it is essuncd Luat honouypous brachydactyy
s lothal, wvtat would bo tho mutatien rate freo norcel to brachydacty)e
geno in order to btelanco loes of tha datter geno throwgh sclection?

(16416) =

5.  Tho following sogragntions aro obizine? on Wc'crocsing Grouta Locusic

{Acridlur arenosn), hotorozygeus for tho two fasters W end Yy, to the
double recoasivos

o oM vk W7 Total
Repulsion 30 0 2 2 16
Coupling 519 119 - 12 340 999
{For oporativo vart of this question, 300 next pnge) .
(150)



Q. 8 (cont'd

d.(a)

4.(v)

1,

Test for linkago betwaen tha two factors aftor tosting for aingle

factor sogropgations, Estizato tho rocombinatinsa fractfon botween

tho tvo factors and obtain its s‘andard error, (52)
32

The data obtained in a ramdceniscd micro~biological assay of panto-
thendc acdd content of plant tissues ero given blow. Tho tubes of
standard contained .02, .04, ,C6 and .03-al. of calefum pautothcnate
and thosa of wnknowns (05, .10, .15 and .20 nl, of ~lant extract,

At each doso two tubca wero tosted for il pantothenie acid content,
Find out tho pantothenic acid content In one millllitro cf nlant
extract along with the fiducial 1iritc asmning 3 lincar relationshio

betwoon dosago and resporset s
Titre (iz pdlli~ilira)
B=om ot
Dose Standard (plany tisoves) =
‘— o @ 6y @
1 2.4 2,7 2.8 T 2.9
2 3.6 3.8 4l 3.7
H 7.7 5.0 5.5 5.5
4 6.1 6.3 6.4 6.7
0 L3 1,7 - -
In an assay with pstroloum other oxtract bty direc) spreying on graa

veevils, the folloving mortalitios wero obsorved out of 50 exnosed
at cach concontrationt

Corcentrution Yortelity
0625 m
403125 32
+01562 .2
Control [}
Calculate LD 50 and {ts f1ducial Mnits, (16+18) =32
Noatness . .= {4)

SD-X: GROVP D¢ LZSIGY & AYALYSIS OF EXPERDENTS
Spacial Paser IIT = Practical
(No candidato avallablo

SD-X ~ GROUP B t QUIRLE SURVEYS = Swocis) Paosr ITT « Practical

(Atteapt any three questicrs fron this Crouo)

The following tablo shows the values of twvo characters x and 7 for
a sanple of 10 units selccted by simplo rendom samoling without

roplacement .
Saaolo values of x and y.

gry los X v ° . sr, No. 3x ",v
hi, 2] () [¥] 2) is)

1 &6 46 [ 58 52
2 105 88 7 86 67
3 92 &0 8 141 110
4 755 9 103 78
5 % " 10 T4 80

Population total of x = 16,000,
(For oporative part of this question, soo next page)

(0ete0.)
(51)
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3.

Qe (comt ')

It 1a required to cstinata the ropuliticn to'al of y by u:nng the
following estizatorsi

(8) uwual wmbiased ¢stivtor
(b) uaeal ratio aat .f:no'r
{c) mbiased ratio=tyny ritimtor

(d) almost wblasad raclo citir: “or = b enl{siar the
; sanple into tw» reades ;«,'.'o:‘v.. .

Calculate the requirod eetinatel. o 1_\. thy efficiency of
estizators (b), {¢) and (d) €8 cwwpazsd to (a) .

(12420)

Solect a sample of 2 wnits xith jro%ability oroportional to size &t
each drav and withowh renecesyt from the porilation of § wnits
glven below. Estinato toe pojulaticn *otnl on tha bacis of your
sa=ple and also estimate thy sazpling vasi:rce by Yates and Grundy
foraula,

Poulatien of 5 wmite

Thit Volus
No. Y.
a \S),
1 24
2 £C
3 [§
4 25
3 k<]

_——'_"' (8+10414) = 32
Tho table below gives the nuxtas of villy:es aad arra uncer wheat for
30 circles of a district of Qtar Traldech. It i required to cstinate
the total area wnder whea’ bty d=vise a a=~=le of 5 circles end
surveying all the villegea of tho sar7ied clizles,

Cim(lo lios of Arcu .'l-\( \ Cie 3__ %5, of ,
Yo, (1) villares (¥ Acres{vi} lw K| vn.u-cs ) qc-esﬂ
L ® ) 2 )
1 6 157D 16 3 723
2 H 160 17 4 1260
.} 4 1692 6 8 2400
4 5 :n4 10 2 440
s 4 48 20 ] 12
[ 2 376 " 3 639
7 4 7€) %2 4 1240
8 2 359 23 4 920
9 5 ee5 21 3 741
10 1 34 25 H 2100
1 ] 627 € 2 300
12 4 743 27 2 130
13 . 3 574 i S 927
14 1 186 -2 1 210
15 1 82 4 2 4c8

Calculate the sampling varianco end the hita ({f any) of the estizate
of total ar:a undor vheat fer ecsh of “le folowing procodurea of
sanpling and estization:
(a) gi=ple rendon rawnlirg witious reiacrient,

(1) estizate hased cn the aca. 6f thy 22vcls means

(51) estinate tased cn the mxn of thoe circie totels,
(b) ﬂnppung with nrobability sno-artiona) to tke circle slza (i.c.

pmoer of VITLager L. & circle) and \ain Toolacoment estlsate beln:
tased on the mean of thy c(&r;)o scnag. (10410412) = 82
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Draw up a ozall scheduls for eolleciing érla on birth, deathe and .
fortility froa a sazple ot fasilies solected for a Lc-ogmphic cnqn-y.

Also drev up & aerutiny progri=se for check.ng the f1lled & schedules
before procossing.
o (20v2) =72

For collecting data on hoisshold eorev=ew ¢oenditezo; & largo-scale
sazple survey wvas conducted in a state of Inlla, The survey design was

a stratified two-stage ono with dictricts es strata, villazes as first~
stage wnits and houscholds ec second-ctage mites The filled-ia echedules
received at the processing ceatre are requived to ba processod and
tabulated panually, Different ctages of work will be as follewat

1) recolpt t;!.‘ schadules in the rocords s2stlon,

11) serutiny of schedules in the scrutiny scctisn °

111) prinary tabulation of dats including ~eleulation of raltinlisrs,
weighting of sazple values by aultiplicrs cie.in the computation
section,

1v) checking of tabulation in the compita®fca saction,
v) preparation of final tables ia thy cocmtation.sosticn,
Assunlng that each section has gat cno or wore rupe~visors and several

workers under each supervizor, druw up the nqu.red forms snd proforras
fors

(a) recording receipt of sskedules frea the field

{b) allotoent of work to individuel vorkers and wits
(mder suparvisors

(c) prbgresa of work in the wiita

(d) vorking sheets for calculation of multipliers and veightod
ostirates of State totcls,

(4+10/8410) =
Naatness o " . )

Svecial .
SD-I t GROUP F = TECHMIQUES OF COMPUTAT M {Prper IIT: Practicaly
bazed on punched card equipeeat - thit RBocord Machines).

(Attezpt to ansuor the entire question at a1l its steiss)

For the operations propoged to ba carided out by you, you will be
supplied one dock of cards designated hy 7972 in colwmnr 1 to 4. o~
card design 13 given below:

Gard I« l’@.si_ﬂ .

cols  cols
tio deserintion reqd, allotted  Pozet»
A Tlentification Particilars -
1. Tdentification 4 14 782
2, Serial Ho. ] 5-7
3o e Stratm 1 8
4, Sub-ctretum 1 .9
5. Sub-sannle | 1 0
6. Sub-rownd 1 u
7. * Sanple hh, Mo, I 2.y ¢
8, Party 1 15
9, S, iy n Bl 5t .2 1 .
10, S, Mo, in Ble 3.1 hh 2

17

(53}
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81, Ho,

deseristion

B. frefnancy particularss

U,
12,
13.
It

15,
16,
17,
18,
19,

Have you ever been prefnant®

Did you havs twins?

Row many tuins

Age at consuriatica of
merriage

Marital status

Age in corpleted yeare

Yoar of effective narriage

Are you currantly pm(-mnt?

Ho. of pregnanciey
(last 5i.¥%0.)

Order of. orcgrancy
Outcons modo ond Cata
Birth certificate
Born alive or nct
Present ago of child
If doad, '«.ge al daath
Sex

Interval between successive
pregnancy tomination

eola
rxd

e

[ O

= NNt 0N

3

cols

18

21-22
25
2425
26-27
28

29-%0
$1-32
33-37
38
39
4041
4243
44

4547

The various stages of cperaticns required to bs carried out ty
you are indicated belov:

Stage &

(1) Mots down the total volume of cirds kanilod,in tho ansver
sheot provided.

(11) Take the 78F2 cards and sort thea v intervud between successi
pregnancy terminations and form group eadus as under, and pinc

tha in colum 179! of tie deck.

Intonal yanzy
Cpto 11 month

2%
18-23
24=29
30-35
3C=41
42-43
4959 "
€0 and above
Yo record

-
(=]
a.
o

CO®~M W |

Nete down the mumbor of cards replacce (if aig) duray sorting and
gang-panching and hand over tho darsged carda (if any to the
exaziner after the roplacezent,

(434) Wire tho cuntrol pancl of a rcproducing punch and c:\rry out
operstions wndar Stage 1(11)

Stare 2

Cyowe) = £

i

(1) Constdor colwm 8 _ of the cards and trersfor the walghts give?
tolov in colwnn 77<78 of the 7872 cards aftcr Stage 1.

(v52)

(*noxt rage}



Tho weights proposcd ave ¢

(i1) Yultiply the syesancy Ddewval by ihe weighi e aforrad -
in (1)s Nuach the product

T3

(m) Prepare o panel crard to cuary “wt the cperations m (u) n..we-

amoqo) 430

Soge 3
(1) uct 5‘1 Sex (pweled in Colurs 44)3% Iregmacey intewal group
codes (munchiod in Colwm 71}
(i1) TalElate the sartee cmds un (i) in the fore given velow with
sub=totale by pregaincy intznml clans code and alao the grand

totals
Proforun of table Jer naricd cavde
Sex Pregoancy-intervnl mrder o Swwatien of
class code carlr 1M producis
v '
1 0 < I3
1 1 - -
. o . .
N : :
Sub-total - . ‘
2 L0 <
2 1 - -
. ' . .
1 -0 H H
Sub~total = .
Grand O.ot'\l

(m) Trepare a Panel Clart to carry cut ihe operntiors in (h) nbove -

¥ (so:mls)-xe
Staze 4 .
(i) Srite table heading etcy on the michine rrind and lnad over tae
tabulated siect, enids and wiral ponel charls in respect of
stages 1,2 and 2 to {le eawrminers

(i) Tt your eignature on the perfaimince shavt provideds
Produze it at the end of cvery stage for cauater signatures
e over this record alue to the cxaminer at the conclusxon
of tle exrminations
(10)

g or perforzance recom. see Apneniix Siwet Pa10.

Gaodl 6 3 LTANLTRGDL TualnXs
Gpeeial Mnger I - Dract

wpeei. 1 F\pcl l" CReactfaar )
Zo exndicate availahble

(1s3)
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§-11 GIOUP F : KWERICAL COVPURIT~OF WrTH WD FI(O7D WCUTIES

(Peper IZI & Practlenl)
Perforrense Sheet 3 thy 2971

Ting of 3tart sesecrcncesns
Steca &

fumber of carde ssried for 787

Tuber of danaged cards ron)aced seeesees (12 2ry)
Rolp requirod to b rencered durirg overations Yoc/to

I  Supervizor's Timg of esmletion srsevncenn:
counter signature ’ (e% the end of firat rtega)
Stare 2

Nambor of damaged cards riplaced (L any)
Assistance given during caleslubing ymch ’er.ng o YouNe
Assistance glvon during opereting czlevledirg punch.  Yoc/Mc

II Sapervisor's . Zlze of cocole‘.ion..-..........
countor-sigrature (2t the cnd of gecond ateze) |
Staes 3
Nuzmber of sheats produced sessesasecene
Asgistanco giwven during parel wiringe.. Yos/llo
Assiatance given curing operation .4 Yos/tto
11T Suporvisor!s Tize of coanlctionsesscecess
countor signature (at tho end of trird atage)
Stara 4 .
heoioteoce neeled fn writing “nlle hasiirg seses  Yes/lo,
IV Supervicor's Tine of coonletioNiedtaaadas’
counter cignature . (b tho erd of fourth atage)

NOT2t If at any of tho stages of nperatlion, assistenco has to be rendcred *
tho candidate, & note of tho asslotanco gidin aguingt tho atrge mzx:
Ese to be recorded as bolow:

Stare Jlo, . Yature cf assiastance pivyy
1
, 2
3
4
Signaturo of Suporviser/s S-muu\.‘ of cardidete

aaaciied



Statieticion's Diplooa Exncibativh = Novenutr 1ois

paper 1 : (fficiol Stotistics and Lescriptive Statfetice (Tavorctical)

Tioe : 4 hours Full marks ; 1))

1,

A%

4o

S.

6, (o)

(A) Pigures in the morgin indicate full markes

GRTPA

(\t4r=:t amn three questions frar thiae group)
%hat do you understand by stotistical standirde? How are they
developed at the internatinnal level? Jvecrile the efforts which
have been mude to develop statiatical standards in India in the -
field of either labour statistice or trade statigtics, (JeSef) = 18

Lencribe the design, scope and coverage of the “Anoual Survey of
Incustries”, ¥%hat aro the lacunae in the ind.sirial statisties of
India ond how con these be recoved? . (1646) = 18

Indicate in detall tié type of data that are throzn up by the
Indian Population fensus and nace the pudlizations which contain
these statistics. low huve these data helped us in formulating
our five-year plans ? (1246)= 18

Thich publications prescut statistica on cither foreign trade
or cducution in India? Lescribe in detail the secoje and coverage
of any three of these jmblications and indiccte their short-conings.

(4012)= 18
. Define brictly anv eight of the following terze
bank advances i) labour force
talance of paynents J) literncy
capital formtion. k; morbidiy i
conatal trade 1) national incoue
dcad weight tonna.e n) oatienol classification of jndustries
barvest prices parecnger ciles
fedxz of izt izl production o n.nu,»loymrt :
international migration p) volue alded by umlucmro
2!8)- 18
GAl? 3

(Attecpt any three questions froo this group) '~

N th
Let pt deoote the r"h oocent aboul zevo cud Ji Lhe r  paent ebout
T
the ueun of & randon varisble; =9, l, 2y eee ,(,M,dn lhe formla

we w:(;) Wy C) p' u' - i *(1)"1(r !u“"‘ xy(nl)’r W

Hence, derive espressions for p y B ooud p _m tercs of
oo nts about zero 3 (342)- &

Show that 9 )_ A (s}

X is a randea varisble with

D) e C F ET e, o, e %4, el

Show that the mement generating function of X abmt zero

face E(,.&:)l - ()ct).r (l:-ret).-r

- Benee, derive expressions for the oean and the vurfance of X.

(442)s €

Tlcare turn rver

)
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7.(u) Starting with the yeocral difjescatiui ¢ e ta s

dy _ 1-0)
dx 2
by hl x oh: x

for the uniandal Tearsonian eystem of frequeucy distribution, show

/5, (%)

that'a oegsure of skewncas for such distributions is ._6_4_). .
267,03

where the tcasure of skevnoss ie drfined ae {um-mde)/sfundnrd deviation,

(b) Cbtain es particular eases (i) the morual, (ii) ‘the type II, and
(1ii) the ty,e I1I Pearsenfan curves frea the zeneral differential
equation given in (a}, (24343) =8

8.(n) Define the correlstion ratio of a varioble Y un another variable X,
Show that it cunnot be sucller than the equare ¢f the ¢mrelation
coefficient betwecn X and Y. Hew con you use this as a ceasure
of divergence of the regression of Y oa X Sroa lincarity?

. (24442)= 8

() Detine (i) Spearuan's rank correlution coefficient,

ond (41 Kmlnll'l taw (97 ). .
Derive the expressica for Spearcan's rank correlation coofﬂexcnt
in terms of rank differcnces when there ure no ties in cither of
the two rankings, (13e1345)= 8

9.(a) Describe the choin-dase method in the conslruction of indcx punbers
inlicating the couditions whero this msethod is suitadble, (40")-

(b) Describe the basic cocpoients of a time-serice and.explain how ynu
would ceasure scasonal variptions,” What additional steps would you.
take for the purjose, wien the nunnal variation {8 coving?

' (24042) 1)

1. Cozeent on the sourccs of bine in any six frea the following @

o) To stuly voting pattern, a saaple of voters is seiected by choosing
every hundredth pun from a list of registercd voters and xncludh\g
both bim and his wife in the sapple.

b)  To find the ~wersje nucter of apples rcr Mlogrva in a barrel of apples,
a sapple i¢ drawn by taking a handful froa the top,

¢) To study the proportion of sand in o mir‘vre of szad and saw-dust,
o saople is token by scooping up a quontity from the botton.

d) .To study the altitudvs of reoders of o nenxulu towards on cvent of
topical intcrest, readers are sanpled by printing in the paper an
invitatinn to then to send Lheir obscrvations on the eveny,

e) In a household expenditure survey, o randec selection of hauseholds
is vade and the requisite inforoatica is collected during o year, For
repeating’ the injuiry year ofter )ea.r, the sate hourcholds are
retained in the sample, ° .

!) The size of focilies in a town {a tnveohgnr.cd by & house-to-house
eaquiry in the (i) porninga only, (ii) aftcrnaos only, §gnoring
those houscs at which there is no reply,

g) The mean income per fanily in & certain town fa estinated froo o
sacple chosco froo the ze)ephone dnrccf.nr_y. ‘

h) ,The average yield of wheat in o ullago is catinated by taking o sipple
nndon sample of wheat groving lields, and taking a sowple of horvested
. produce fron cach such aelrcted field and calculating a siople avernge
» of the yfeld figures. . .
, . (2;- x 6)= §6.

NEIESS (:03) : o . )



INDIAN STATtSIICAL LiSTNUe
Statisticion's Diploca Exanination = Nivenber 1971

Paper 11 : Probability Theory nnd Statistical Yvthods (Theoretical)

Time : 4 bours Full marks ¢ 190

Pigures ip the margio indicate full amarks,

GROUP A
(“ttocpt oy four questions from this grouy) '

1.(0) LtXe él_l 0¢ x¢ 10) divote a sumple wpace and let P(A,)« 3/,
P(a,) = 7/8,be tho probabiliticu of the sets Aj and A, dufined by

Al- {x :-°<|$2 } N ,\2- {xxo (z Sd}.

ind Pla)), where dgm {510 1 ¢ 2}V {x ERTIN m}

(v) Three groupa of children coutoin respectively 3 girls und 1 boy;
2 girls und 2 boys; 1 girl and 3 boys. One child is sclected

at rundma froa each group. Find the probability that sclected
children consfst of 2 boys and 1 girl. . (547)= 12

2.(n) Establish the convergence of Binonial distribution to thu Pojswnn
distribution, stating the assuoptions invelved,

() It X Xz, ey X ore indcpendent randon variables, cuch taking

valucs 1 and O with probubilities & and 1 - & 'rescctively, then
fiod the probadility generating function of their sum sn - xl ® eae

X

(646)= 12
3. . Deternine K so that
2 3 L -
‘('1' 12) -l(.x1-12 » 0 <x Cxy <1 .
- 0 clacwhere,

cay be the jnln!. dcnnty function of twa randon variables
xl ond X . TN

Ahn, ddemine the vnnnnce of Xy and ‘the eonn.luonnl
voriunce of X girtn x,, = g where 0 ¢ 1, <1, (Jolo.')) 12

Ada) Let X be a rnnduu vorisdle taking valucs -1, D w1 wity pro-
“bi nblllhcl 3 » % and ;— respectively, Show that r(rx1 l,-%
which is also the upper bound provided by Chebychev's fnequality,

(v) Let X be a rondoa variable such that P(( So) =y ond ket B oW [(\,

exist,
- Show that (X ) 2 W) ¢ 5- _ (2¢448)a 12
.l;. What is weant by the 'Saopling distridution' and the 'Stundard crror!

of a Statistic ?
If 15 oesy x are h‘ldlpﬂldcnl nbservations freo a N (3, 1)
dhtrlbuuan, then obtuin thé aa0yling distribution of u « / a(2-8)/s,
o
" where ¥ = ]i x‘/n and o2 - fi (x, ~) /(o-1). .
Qe1010)= 12

Megse i v
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6.(a)

(v)

1.

0.(a)

®)

D.

-0
GRAT B
(\,_.;,_;-,g aav three questions fron this gruup)
Let Xl, X2. seey [ bo lndr,end.nt and ideutically distriduted
rundoa variubles, l.'uder &, let P ,( =- l} -8

and By {‘-o] “1-9, c<9<1.

Pind the Crozer-pao lover bound to the varianco of unbiased estinaterg
of & and lence find the cfficicat unbiascd estinator of 8,

Let xl' oniy xn be iniependintly distributed with o crouon *Couchy’

[ SR N S
s ) s {'l-t (2 -0)2}‘

Find the Craper-Roo lmer bound to the variunee of an unbinsed
estimator ul 9

density

Dne. there’ exu!. an unhhaed (-nuuu'.or, shich atwnins this lowep
dound?, . T (8+8) = 18
o

¢ . 2-‘. Lo

_Explain o.he mllmd of carioua llkl‘ll'l""d for'point’ estination,

Perive the naxioum likelihood enlu.n'.nra 'nf the puroceters of a
bivariote nomal bopulatino (with all the, faroeters unLnnvn)
given a randoz l..nple o( zen 3

(lll Yl)r seny (l A I
How will the'enticates bo codificd if the ﬂbncrv:lhﬂnn
UANURTITE A (a¢n) be not.available 7 (50191)- 16

Vith reference tn the proble of testing.a siople. hypdthesis
igvalving a siggle roal pnmnt.-lor, define 8 uniforoly most poverful

unbiused test. N

Given a rondoc o.:ple of sizen frm v.uu »opulation )(n, l) derice

the uniforuly post pnuful unbiased test for the hyp othesis o =

sgoinat a £ 0, wd write dovn the parer functiou of this test.
(1e12)= 18

s;u:plu of vorious, sizes are ovailable froa caca of l(1 + E nomal
populitions with unimmn peans and variances. The firwt l(1 o! these
populations are lnmn to hva the vare vurmnce cq\ml to <, (nay)

ond the rer,auung K, ore Ahu Imv-n to havo v.he swR varinnce

2 2
equol to 02 (say) e

- Derive the likelihood ratin test for the hvpolhu«u 012 - %2

Indicate haw one can copjaute the pover function of tho sugzested
teat frocecure, R (1246)= 18
“rite short-notes on the following.t.
(a) Simple and Conposite Hypothesis.
{b) Level by siznificanco and power of o lcut.
(c) shortest and whortcst undiased confidenco lntcrvnl-.

(34546) = 18

NETNESS L\o:s). (3)

(1) -



LOIW STATICTICL DI BT

Statistician's Diplaon Exminaticn = ¥avenlow 1571

Parcr 1T ¢ Sain)e Survevs ane deaj-p % Analysin f Sxoeripents ('n‘,nnwlir.‘\n

Tino ¢4 bours ’ Full ks 100
.
Fipures in the margin inlicate full narls

'

GALT A .
(tterpt oy, three questions fron this grawp)

1. &)  Define :
1), fapling frnce
ii) Sinple randm srpling Eithent renlacenents
ii1) Sinple mndan sanpling rith replacenents
() A population of K units contains ¥) wnits beloncine to class
A and Nz(-\\'-iil) units belongiig to class Ds Ubtain an uadiaced
estimitor of Nl. and an unbinsed estizator of its variance, under
cinple randon smpling withaut replacenent. .
(5410)= 16
2, () A porulation is diviced into X otratas Obtain the value of 05
the sizo of the sanple ¢o be sclecied froan the ith stratun, 8¢ that
the standard unbiased estimtor of the pojulation oran, kas mavimr
preciaion for a fixed ceate
. The coat of sazplin? a unit is cocetant in different atratas
@) Cotain the expréssion for gain in trecigsica due te stratificaticn
under the allocation of the sarple as obtained in (,1) abmves
Whit puidclines does §¢ provide for olyatifyint a pojulatisn? |
1e12)= 18

3 () Tith an dllustraticn explain the rrocodwre of systematic

sioplinTe

() In tle sanple peen clways an unbiaced estimator ¢f the population
pean, under this procedure of saopling?.

) Ubtain the expreasicn for the cf.'icie:ic;' of systenalic sanpling
velative to siaple randon smipling withwt replacervnt, and interpret
the resulte :

. Geanrd)=1c.

40 () Ec:cri;‘o the ratio and regredsicn oethols of estizatiene

() Gbtain the aypraximate expressicn fer the variances of 15e ratio
and rorrenajon cstiontoras YWhen e the two estimtors esually
efficient? - .

(1912)= 13

Ze B “rite notes on apy teo of the,follewing

1) Probability - moportional-to-dize sanplings
£1)  Choico of sanpling unite - .
1ii)  Interperetrating sub-emples. (3+8)= 16.

Pease twrn ever
{3)
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&

10
i)

i)
$41),
iv)

.- G.QaT 3
, {\ttecnt pav thyee questicnd frou this eroup)

Wiy do you nced a desize at all? Discuss the requivencals of a
good cxperincats :

Set (ut the inportent asounptions unierlying the analysis and
interpretation of Zatarobtained fran the otandmid exserimental

deodgnse . m.

Explain the prlnu- leo of cevarinace analysiae .»ﬂunm the
cilferent cmpumuuml sie,a fo the cotariance nnnlylh ufa.
nndonhcn Sloek c-..[uirent =ith ‘B¢ bloc.J and 't' treatents,
there being only one acncoui tant \:\rmhlc- berive tae n\cn\,e

.-ul-uxe for te m.fnnce of two m.juﬂlm. hran‘nl. nans.
b146)= 15

Jhat {2 on art'wn‘nl desizn? )3 3ID) o or tiozonal desipn ?

.ou doco n Yruden Sguare Giffer fror a ZIES?  ulen is a 310
called re:nlnble? Show hat fora Naolmbie PILD with
praeters b., vy dand A tl*e lo)lodmlnccunln) rust hold ¢
.o .Y . ‘ 2 v . r - ) R

" Gezezeaa)= 10
22% experiient wita factors 4,3 ned € do.eoncucted in blocks of
9 st rad 4 yeplicates, confounting AC, fX°, /37, A%2 4a
e four replicates respectively. P
Zind the cazposition ¢ the bloeks in cach replicrte and Cescride
the pethod of analysise

sictinmish between confauading and Ireétd anal replicaticn and

discuas shen they are aparopriates <.
(1z%3)= 13

Jrite notes on m_t'_r_o_‘ ef tie follewing ¢

Cfficicncy cf a dwié,n-

lattice desinae

Conotiugticn of 6x 3 orthoganal letin Scuavess

Cooneeled deaigne

AT (A and n)" )



LI SNTLTRAL LiSIVE

Statioticina's Siplaun Sxacinatica = Novenber 1371

Tiae 4 hours . Rull ol 5106 -

1

('u)A

&)

"wald you anle for variatico in tie size of the faiily?

(For tio groaps cadined)

() Candidntes will te required to mover questions
frm thooe tue groupe of sudjec’s acly fer uhick
. tiaey dove regiatered their oiticyn,
('o) Semuyate poover basn rae to 30 uzed for esch of
Ale tio prouns alteartede

(c) Firures §3 the cnrpin dndlenate full nartse
(.'.) oo of caleulating rachineo 10 ast pemitteds
CAP A 3 LMEIS GTTSTES (0 3953) o netgeiner
(\tieopt fay thuce miestizzg froo t:is group)
Cescrive the difforent capenents of a tice seriess Jatablish

the elfeet cf elindnnting trend Uy the netied of movins avernsea
to the other caroacnts of a tire scrics. (gqc). 16

Jfacuas tho slep you vl tle In cinstructing a ecat o2 living
inlex ounher fer n cextain elasa of maple ia a citys

Show that tie factor reversnl test rad the tise reversal tead

are not sntisfied by Laspeyre's ard Masche's faicx puderns
Surthor ches tiat both these ¢23t3 ae gatiafied by Fisher's -
Idcal indox nunicide {neg)= 13

unt do you p2an by ineoni~elasticity af deuand? Lew wxld yao
cotitnte t:fo elasticily frem fanily udzet .ala? viat el

Geoes)e 33
Seflno the esccoatratizn cwsve mul ecelficicat ¢f coeniratix
o2 a disiribetiens

rite d7n Fareto's laxw o2 incie listriluii-n erd Cerive fto
escfifeient of ceaceatration

Trite a roto an e oalicnt fertures oi any ctier vell-lhxm' lax
of fscaw Ziatriiitions 1404 )e 12
. .

Canoideriny caly two'dlsgamt inmts, viz labezr (L) anc
capital €) the Cobu-Jouglas preduction functiza rilates
cetput Z to dnquts as Zollexs ¢

xentc?

wkero A, @ and  cre posftive conttantas

Fraa o tio-o.rles data of cutout and tbe (wo fumts how wauld
ya cotinate the paranctera?

If L and C are Intercorrclated, Low txld yau obtnin nore

precfos colionten {f antzids informaticn Bay fras a spaple swvey
data) recarding 0 were available? Qoec)e 13
WA ‘;;

) Degre tymn over
t7)
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1.

2

Je

b ).
(b).

(.1)‘

r
cn’s p el T IANET G .
CIz 3 xh:.x.,.x.,.‘x. (ALY CRTLLL LﬁOn.m..‘l) - tals
('xgt:'ug;t any_three eueatjons from this group)

plain clerrly the .H:n‘incuon betreen contiol 1indts ‘e
a'\.cl“c atla H:zi.:- :

\u:z:v.ny u3ing.aa T ani. 2 chort da having tro sided specilicatica
lkdts o ke cinsacteriatics

1), toe w1l you abtain srocoss capbility?

11) Briefly Ciserns the caprrizon of froceda eanabiliy with
oxcelfied tolerance rante -asgu that the zvieeas s in
a atate of otatictical coatrolds

A Carpany ia mnintainin: an il and 3 chart on A penswradle
chnracteriotic , on a rmtine basise Tho ranse elart §) ciwia:

o fairly geal otato of con_trol-' The cantrol ehart for » i3 shonin:
teo frequend vislatiomn of tho control lindts ou beth the oices.

Interpret such a situnticn and zive o irocedure for revising the”
eontrol Midto 12 yeu thini it neccasmys (_,.:,.\_ 1

Given AL = p, L220e n ead o proiucer’s ral consoer's rials,

. annd P respeetively, cznlain ike detailal preeclure of devisie:

n sinzle snapliny rlan by attributes for mcceptence of lots und

sntinfyilu tae stipulated requirencntos

. State clearly the nn@:ucn:; that ya noy cales

)
€)

(]
&)

k)

W wachine o procucing ca an aterage, 96 defeetive fteas. I

infn tie ncceptance critevien for lota, under itec by iten

. cecuentinl oampling faspection, ‘for \nl\.ea of alL, LT,

wrodicer's ricl: and ccecener's riak aa ziven in G)o

Discuos briefly the relative m.v\nt:rcs i c.is-.r.\nnt.:\,c.) [34
sinzle, dmubls, rulhphﬂnd geuential omazling Llnm-
'(sms)- 9

Zxplain the ¢ilference detveen 30 1i: 'i‘.:x and srebability limita
of n cantrol charte

5a3 boen deedied 5 dnstal a pechart for Lie process ucind a
cicple ofze of 50a 1L it do desive! &0 detect 'n chanze of 17
in the pereenine of defuelives on cither sids vitia

. probavility of 0a] vhat weul2 be tie control Moila?

uktc the n:.,\mnﬁonn tint ya calice

Sappese you nve \.sirr, the cortrol linits lor p a9 ottaired

in (b) and had .-murl/ onnples of size 3C are bedny talkens IZ
he precos ahirts by 3 en efther oide of the standmd (isce
5% # 0%) {1t i Zesired to catect tids oRift withia two hure
s an averare alfter the ohift hec cconrreds

Txld yw con:)h.er the presont saople adze t0 be ndeqlmlc for
the purjooe? If not, wiat shculd e the oample oize? Sinte
tuo assucpting you may wales ° (“\M})' 12

“rite ohort notea on px- thige of the follaving:

Liodified conirol clarts ’

Group contral elarta

Lot-plot tecirlque

Dodze-"alg'o plans .

Docze's continuita oanpling placo 13y
Redeinecd : (]

SUIT S 3 SANENICAL LB S B O

| {lo cnaciinte n_\'nﬂ:\ble)

M:oae tuen ovep

O
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GRULT D & VIT'L STATISTICS b LR0.a.dnd TV o

(‘ttenpt poy_liree zuesti o fras this group!
Distinruished Letueen (i) Yo facto' and 'de jure' populations
ant (ii) hevocholier and enumcratar ethods cf cendus~talinge
Dricfly dencrine the procecare of ceastiuetiny an abridaed 1ife
tadle, ui woinal cunber of persdrs sl movler of dentts fipc
each five year ace prowps (343410)= 13

Txadne the perils and cererits of ret rnpruiuet'ion rate n3 a
oeacure of the prosprct of paplaticn nrewth.

Derive n relatisc connccting the tive rate ef natural increm.o ast
net reproduction rates State clearly the asswy ticns you cakes

Show that Ia a statiopary pepulaticn, the avernre ase at deatk
is the reciprocal of the crude birtk rates (:1c4)= 16

. Low do ycu diffeventiate population esunates frem pmlation

mrojections? Give nn cutline of the camponent rrtheds Campare
the ceapanent oothod vith rethots usine rathematical cuives Yor
popul ation jrcjections (1eae3)s 13

Urite notes on amy two ~f €0 folloving &
{a) Force of portality
(b) Cohcrt 1ife takle veamud curvent life table N
) Caiprrative nortality indexe 8+8) = 15
RGN @)
SalUl B 3 SUSAITL AL RYTLOLUGICIL STATTIETICS (50 oaris)

. = Lalf pazer
{\ttenot ame three cucstiony from tiio eraup)
Explain briefly the oimilaritico and differences. @
betveen 6o achicveaent test and m aptitude test,
between reliability end validlty, o
between iten difficulty and iten discrinmination peasure,and
Seteenn faclor analysis and yemression analysis. (18)
Describe the luder-Richardscn oethod of nsacasing the relisdility
of n, tente Give o briel account of the .
kst-releﬂi, \
parallel form, rad
8plit-healf nethod of auacssing the relinbility,
coxenting on their rerits and cecorits. (13)

Defino product nasent correlation and rank correlation ind
describa the gituaticns in which cach is appliede Mistinmuish
betvean the concepts of correlation and repression, in describe
how the mltiple regressfon techoicue can be used in selection and
guidance worke .

v

Deseribe Speniman's two-factor theory and Thurotone's multiple
facter theory of factor analysise Incicate the nethols of ¢l *ninizy
factor loaling® in these cnseds fifve nn aceaunt of the metiiod of
principal cocponents as aprlicd to the problen of estication of
factor loatinee . v

!Learning data me well adajted to matheuatical treatoent® =

Flucjcate the nbove stateocent and Indicate the rola of mithematical
nolel in the oraswrenent of leaminte Aasuning a enthamatical model
in a lewmirg silaation, derive tic vasian likelihsod estimators *
of the paramcteras 6)

Y v e
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INDLZ! STATISTICAL ESTITVTE

Statisticlan's Diplooa Exanimtion = Hovenber 1971

Tine ! § hours © Rl parks £ 190

i), Fipures in tke pugln fncicate full marise
11) Use of calculnting machines i1 remitteds

SALPA * (25 marks)
(\ttenpt ry two questions fram t:is group)

1o () Given that £(0) = 23,1234
1G). = 2007252
£(12)= 24,0833
£(19)= 26,1330

Canplete the ocries fron £(5) 4o £(12), by sub-tatulation of
iotervalse

(b) Given the folloring tnbl;) values, obtain the valne of leg 3373
by oniting use of n suitable central difference formulae

x : 210 320 230 a0 350 360

log x i 2491 2,502 2.5185 2.53)3 L.5M1 2.5503

1
_ (b4a)= 124

2, (1)  Following nre the values cf an emnirical function f(x) for ceriain
values of x ¢

x -3 Dt 0.5 0.8 0.7 0.8

{ (\) T 1.0328 1.7074 2,042 1.9352 1.3321

v . 2 (. . .
Cvaluate ﬂi—f—)— and i—di-m at tie point x = 0,65+ Also find
tho value of x for which the function 2 (x) is n maximune

: "
{b)  Find tia renl root of the cquation ¢ x" #4Sinx =0
correct to four places of decimals by any nethod that you

consfder suitables ) 0(,%)- 1

3
[H

3 Pind tio inverse of the folloving symnetric malrix :

1,00 0,213 066 0.307
* 1,00 0.628 0,553
1,000 0,489

1,000 (z)

Me LM ove

Mo)l
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. ~2a
GILLP B . (50 gra?a)
(\um,:t any four ceeatizas fra this freup)

A The data given bele= relate to the narts sceured in Tnplish
by a croup of 60 hizh achrol students bath maled and fennles
belonging to ciffevent religionss The following abbrevinii.re
aave been wiede
Sex ¢ b =nales, f = feoales
Nelizivn & & ® dinco, M = Muslin, C = Caristian and R = Other relisionss

(h) a2 () ~13 (o) ~20 (o)rls (n)rc4
Ca) ro: (0) =31 (D ed7 () r3e () -1
G) -2 bo)rB0 Enlrsz B0 -12 fa)-1s
(o) rat Git)rds  Cu)edl L) esT Q) eDd
) ~6s () ~a0 (i) -60 (n) -5 (w)-$5
€ ez G0 ras Cf) =20 CR)e2s (o) ec6
() ~27  Co) =51 i) =20 ()63 (u)-55
€ -2 (rio Gehro  C)-d ! (n) o0
te) 226 (w)ed0 (o) eds  Ka)=s3. (i) - 20
(@ -21 €)e22 E)-i8 Q)-m (o) em
€ -4 o)z bw) 62 (o) -2 (o) -29
fo) =72 (W) -15 () -as (B)-36 () -35

* Present thac iaforaticn in the form of table piving q suitable
headings Cament on the perforrance of religion nd sez zrvupe , \'
: 1z
5« (1) The pean wei=ht of 520 nale students at n certain collere is .
69 43 and ko atandard deviation i3 7 Ige Jstuning that the
weizhts are nomall .l(stn.ntul, nnd how nany students are S
espected to reizh () betraen 54 Ko anit 70 kge and (i) nore
tan 31 lGe

@) RENR Y t‘n.xo are 28 black ;mu'J and the renainler are uhite
beanse Deterrdne the prodability that a single sanple of .
8 teans will centain 6 or pore white Yemnse (Geg)= 12
6. In & ridaa oaa)le censisting of 5! woren, the intale of two
nulnen!a (;uotoin and fot) was doter=zined torcther with the ase
and tho concenbentin of cholezterol in blood of these womens

Mrotein L1308 -

Fet ~0:5200 ¢ 0,373 .

Choleotercl 424737 - Gl = 03125
GQotain the cerrelation betreen e and E!\olcaurol, elininatiny
thae effect of the intake of, protein and fate (xg)

ence 'n_over

C-'u)‘
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s3(m)-1()

Te The tatle belew plves the uct eaminco by Governnent Jaflways
for Zifteen yoars (1351-1235)8

net earninca

yerr ‘ {1lien “n\ T

1951 632
1002 21
19533 405
1358 324
1935 511

108
1951
1923
1959
136

ar b Gy

net corninso

™l
m
0
¥

n

bi‘“rw s.)

act earnincad

Lear

1301
1262
153
1351

1.8

1) Obtain tke tread by fittins a scedni-dezree cuves

if)  “atimte the ecarninzd during 137C (i 1271,

)lies te.

1005
w3
1502
1313
1212

Gesde 12

8 The 1adle Lelow gives tie montdly indez mleiw of diolesnlo jrices
ALt 196162 » 100 13 tie Losc) durdw tie five yems fron 1500 ¢
1310,

Henthly inden mester of wholesale mrices
Ceneral index fw all camnolitiea)
yeor

onth af DO 10016y )0
wamary 135 155 156 163 I
Februmy 135 1% 163 162 174
Mareh 07T 13 166 162 176
Amil i 160 103 135 175
Lay ) o I (] 164 167 1
June 149 133 163 172 101
vuly 131 1T W ImM a1
Saguwst 181 m 170 m 162
Sepimier I93 1712 1M 1 1R
. Cetcher 149 113 171 m 183
Hwcomler 151 e 138 128 1801
Deeorber 133 1587 162 170 101

Fiad.ocntkly ceasonnl indices by tie noving merare oethols

Lente descasenclize the erd-innl latae

[ATITBH

O S aa inles necder to ohex.tie avernce variatica in the
pracuction of tie follovin: srawp of comiodities

Inlts spatuesy (020}

Comy'ity

A

w
&
150
bix)

es

=2

i
40
1135
2

qg = quatity moZuced in yoar y0 (vase year)

q) © awatity praduced ia year y1

% e ceaatity produced in year ;2

Yu

WIATG

Ctlz)'

9

i hg
M

240
1.2

1.0

® augler proporticaal to valuo at cost in year y0 = weisht

: (1:).
&)
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ca .
RAN /Y (25 oua)
" (Atkempt both the my-ntinnl fron this group)

Sraa tho olfocial pu.;hcnllona places nt your tispasal

10 , Cutadn froa the 16C1 Indian Census dota,
a) tie total popolation of Indin

D) the voriing populction of India sheun classified under various
. econonic cnw'm iel

¢) the total non=coiln; pojralation
The [imures nre to be enoted in tesps of niluona onlys

’A‘nhulnle the collected Gata nuntly and conpate ir. tens of tuc total
vorldng population, tie cistridction of rale aml femnle vorlkers wnder

tio various vpecificd econade calegoriess .y coments ? 13)
il. Prescat neatly the informition in vesmect of n-\-; truce ol tho following

. for the lnlent iro A\mlnulo cmﬂecuti\o years :
+1) Ingox nun.n.-rs of & e .
a) n.'ﬂculhunl proluction of Indin unler

1) totm foolgraioa, i1) total;eidsceds, iii) total Iilves
b) industrial prolits i3 Iniia wter
1) mining md quarrying, 1) other industrics,
- Aif) p\i\ntc 1ird ted canpanies

II) Tastalled cap.-.m-,' eal ')luaﬁim of
n) \enckblu oil producu. b) ci-moh.er-, c) cyele eyrelo

m) Cunntity ané vala
a) coffce \um.m-m.), b) leater footeear,
¢) mm::nueso ore and concentrates

I‘I) Fizurcs of
n) net nutional product (hcu national inccno)
b) per: capita net pmuu:l. at
1), current prices
u) 1200-01 prices

V) 'l-\nen of mou\';o nar cnpltn anmual carnirge
a), for factory workera for tio States of adaraohtra nrd Vet Somgal
v) for factory eaployees of
1) cienicnla and ohemienl 'uoun:u .
11) n.lcouicu/, g0 nad stean . (sa)= 12
ihD, lpto tint fnll vefcrences of publicntiond consulted,
‘e rem-.h-e_c to te noted alonzsice angwerss

C-'m)‘



1DIAN STATISTICAL TNETITUTE

Statisticlan's Dinloa Timziration ~ Noveaber,1971,
. Panar VT ¢ Ctaticticn]l ¥othols | Teefm & Annd-ris af
Exneri=rnlte xd Sam-la
Tine 1 § hours M1 Marks ¢ 167
() TFlowea In the nargin incdeatu fud) werks,
(b) Use of caleudating mactines is —areisted,
CEOIP &,
(Atteqpt twd ~unsticas froa thia growp)

1.(a) The olditionr) hours of sleep guinel after using each of two drugs
t7 the cane group of 12 patientrare glven bilow:

Fatfen’ tional houra Patfent  Additional hours
‘ of sleo,
. Drug L LDz 2
1. 7. - 13 = 0.4
2, 8. - 0.3 1.9
L 9. - 1.7 2.0
4. 10. 0.7 1.7
5. CoA. - 0.8 2.1
6. - 0.2 -0.3 12, 1.3 1,1

Test (1) whethor the gecond crig glvesz, on the aversga at least
an hoxr mare of sleep then tho first drug, (11) vhethsr the Sti,
devns, of the two sorles ers significantly éifferent.

(b) 2stiaates of the orror veriancs In threa coparatle exvcrisents
together with their degraes of frelon aro glven bolow:
Basine whether the variances eould to repardad as equil, exeent
for fluctunticas of sasplirg.

Corparatle Degrecs of . Error variance
Sxperiment. o froedoa (eatimate),
1, ! 6 3223
2. 8 8370
S. . 11 26
C 1)y =,

2 (a) Tro distritutiona in four blood-gro.e cleas~a 0, A, B end \B of
140 Zhristians vho aro arqy cadets and 295 other Christians aro
glven 4:low, Cen ths tuwo saoples ba refarded ns coaing fnex the
saxe porulation ?

Savnlea,
A3
Amy Cajots 56 €0 18 8
Othors, 120 122 42 1n

{b) To camparo thy averags numbir of tvellatla shayea froa three poyidsr
brands of sefe’y mzor blad:s, an exporkoz¢ #ad conducted 1a vhieh
tuo tladcs of each brand wore tricd %y each of four individuals, Tue
nubar of stavos obtained froa thaso bledes are glven below, Analyx

the &ita, heborof ghares froy ¥lales,
Individuals By B By
1, 8, 2 7,3 .9 6.
2 4, 9 . 53 1, 9.
3. [} 8, 7 12, 10,
4. 7, 5. . 10, 8 . 8, 9,
(16+420) = 20, -

tu;)'
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3. A& serloa of values of & randon variahle are given below:

£.,105, 7,280, 6.06C, 5.083, .87, 8.029

7,672, 6,213, 7.417, 7,672, 5.035, 4,819, 4.133,
Tt s w3 wm <hat tha dlstridation 13 norral with mean 6, Thy stendara
deviatim s slso inam to be olther 1 or 2.5, Starting with thy first
fivo otacrvations as a [irst saaole, mrocecd scqueatially to test the
hypothosis Ky that =1, zoninet the altumntive that =2,5.
k> = 0.05an? = 0.03..

- Alzo draw thy O curve of tho test.

’ R 2 Lo

B C.ttert Joth_oicstions fron fhig arazp)

4 LR ' —

N Slxteea treatmnt coabinationa_remrescnting fo-r factors each et two
levels, are armuwced in four blocks of four »lots each. Tho intra-blocks
of four plote sack. Tre intra-block subgroun is (1), abe, abd, cd.
Deteraine tha confoundod eifects anc Interactions.
of
A, 3 and C rtand for three factors, each at three levels. The 33 treat-
"”,}" oxbinaticna are rinlicatad once in 3 blocks of 9 olots such that
A8 {3 coafoundaia Clva the lay~out,

. . (10)

e, EINHE
The following tahle gives the plan and ylelds of a 2" ficld exreriqent
on Beuaa. The yielis are glven i 1bs and the manuris) factors a3 follows:

. Dog (1)), L “en par aore.

Niirowctslk (n): ©, 0.4 W, of ¥ per acre.
Super Preoiials (201 5, 6.5 Ot of PO per acre.
iuriate o Fatach (K)19, 1.0 st of © "X} per acrs,
Anal;ae tte dala ard latersret your resaltce
BLXCX 1 8LOCY IT
Rep. I ? k ¢ npx do nk d pi
.
6 s o v ., 0 4 < st
&k dn dok n doe (1) &
42 43 5t 43 41 43 &7 49
SLO%X III 800C% v
RepdT otk 4 n dm L S ¢ I
42 4 18, 44 & 59 49
n dan & (5.3 vk ek dn-k dn
43 8 81 45 56 52 5 42

" oR . C

A nutritlon exreriment on tha growth of nigs was casried out vith ¢
trentacnis, Froa each of i lots, 4 nigs wero ransozly chesen, and, for
cach of the 15 pigs the faltisl velsht in 1hs, {x) wero racorded. For
each lot, tho 4 treatarnta wers then allotted randozly to the colactod
p-gs and the experizent carrial out,

C-'ls). Pleags tm avcp,
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Aftar th: cxperizent the rito of gain i wolght in L. ~a oy, |,
vas poted for eac pig. Tao fiZuros caze out ss follous, Awalysa tho
data to ree if, apart froz varlationg in initial veights, the treat-
nonts differ signifizantly sawmg thessles,

TREATICS,
1 ol oom I
Lots X k) X ) X 7 x Y
1 81 1,4 7T LI 8 LT 8 1,7
L. 54 1.2 6 142 47 1% e 1,90
s. 48 1,55 52 123 47 1,39 57 140
4, 87 1.3 % 130 59 14 W )

GRIVF C

" (Attaet Yath the qustions froa this griu+)
£ITHER

\
Drev a rniv sawrle of size 10 froz a norzal ro~ulation sith masn 3.§')
-and 3.D. 2412,

R

In the MHlleving talle, tha first figure rolates to tha village Ko, and
the second figure relates to the total arca in acrvs wnder cultivation for
20 villages in a tahstl. Geleet 5 villages with renlaccment and protehlli
ties proportioral to ares.

V{31age S1, Total ilage Total
Brber, Cuitiviile Area 2t cap A dvehl; Amea,
1. 875 11,
2, ’ 833 12,
3. 8% 13, .
4., 01 14,
L 914 18,
6 973 15,
7 935 17,
8, . 1031 . 18,
D 1043 19,
10, . 1084 20,

Paw wool contains varying amount of groase, 3irt »nd foreiga material
and its qualily is seastred by the *Clean Content® = t°o ,crcenu.za

vhich tho waight of the cloen wool heara to the orfginal w2isht of tie
rav wool, To estimate tho clean content an eloctrical core boring achias
1s used, vhich takas cores of about § 1b. frea a hale, which is then
subjectad to ladoratory analysis, -

In an oxperinent, 8 bales woro drawn froa a lot and in cach 4 cords wre
taZon and clann content measurel, Eatisate the averegs clean coentint frea
the datn given tilow and standard error of the ostimate, Would it hva
ben better Lo take 12 eles aad 2 cores fro2 each 7 Givo your vicvse

BALES
Core 1 2 3 4 s . 6
1, 62.3 §7.0 $1.9 54.8 59.9 87.9
2, 58.2 59,7 €0.1 57.5 57,9 50,7
3. 2.3 53,2 59.7 7.3 62,3 £9,6
Lo 50.8 57.4 85.0 57.8 §7.5 59,1

{i0) Plisg tum ovar,
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In a gurvey for the nrotiction of 2flk frov ~rivate cov shods in a cite,

thy cov sheds wore classified into threo strat,

accorcing to tho nndr

of mileh anizels in thes. A sianlo mndon san-le of cowshids waa choscn
fron cach stratum, Tho f51lowing datn are given.

Estizaty tho total nreduction of 2flk.

Rlso, ectisaty tha grin in mpacision dus to stratifieation,

eer of Nuar of cov sheds Sumber of  Vilk yialas (i3
oow Blcds in stratun, cov chalsg litr:s%o! gole-
{2 ttratum -sclactad. ctd shods durlng
the nerfod,
I {ono cr tvo 2461 15 0, 27, 1083, ",
;&":h;“;s“la 0,0, 0, 0, 1,
: 418, 0, 152, 137,
9,0,0,0,0.
1T (Tarce to six 2330 21 960, %6, 0, 0, 0,
;‘;‘:h:';‘)"l’ 0, 51%, 170, 913,
1627, €61, O, 8'1,
0, 1341, 232, 0,
991, 477, 995, 854,
2422, 2080, 313, 0O,
0, 565,
III (4re thvn six £20 6 1535, 1744, 1821,

211ch anirals
P shed,)

C-'u).
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TDIAN ST.WTISTICAL LNCTITUTS
Statisticlan's Dinloza Exizination = .‘love:ber_, 1971,

Daer VIT ¥ Axes Statisties (Imeticnl) .
fipe 3% hcww Rl mx¥z 1 10C
(a) Candldatos vi'l be required to answor questions |
froa thesa tvo rroups of subfects only, for which
they tave roglstored their ootlons.

(b) Soparato answnr booka are to bo used for cach of
these two grows atioamted,

(c) Flgures in the ~argin lndicate full mirks.
(3) Use of caleulating machines is -crrittel,

GROUP & ¢ ECOUQMIC STATISTIZE Hal! Pener
§1 Maris,
(stteznt pay twn gueatiens from tyls grous)

1. The followins tabla glves the monthly expenditura o clothlnz ord
aonthly total houschold exmenditrs of the civilian sta’f cxploed
in Defence Headyurrters.

Dorive the Shgel curve for clothing, assiing ita Zown to %o a
straight 1ine in doublo logarithafc scale.
Obtain also the Income elastizity of dezan? for clothing.

Piolly  Nuoabor dverge hveraga ronthly houschuld
Growp . of faslly size  exenditure (in7e.20.0) on
hougehalds clothing total
0) ) 6) 6) T
1 439 4.5 16.6 1744
2 381 5.0 17.1. 189.3
M 129 S.l 2.6 252.9
4 784 5.4 . 24.7 257.4
5 192 5.4 20.2 %2
8 49 5.2 27.6 332,85
7 © 43 4.7 53.9 469,2
8 40 6.8 T477 51,1
9 173 8.0 47.2 869.2
10 45 6.4 74 1253,3 .
)
2. Fit a “obi=Dnuzlns wroduction function of the fom, P = £ r (3
to the following tine-series data relating to Indlan Iron & Steel
industry.
ti29 Indtcoes_of e .
noints et out-ut enl—lmr-nt ennitel,
P L
€3] (2) B) (1)
1. 62,5 40,7 92.7
2. 87.3 §5.8 108,0
3. 78.4 €5.0 97,6
4. 93.2 71.5 100.6
5. 92.5 81.1 1)
6. 95.9 9.1 105.0
7. 9.9 1%0.6 99.C
8. 100.3 98,1 103.9
9, 120.4 100.2 1177
10, 17,2 105.9 131,0

Flanan tum ovap



zacru)l'.vu (z).

'3.(-1)

3. (_b) '

1.(1)\

-2 -

A mgmuion oquatien of the forz Y -qop. oa o(

, Vhero Y - log ‘consumtion: of or% er h..:d.

X3- log income pir head, .
X - log relative prico of 'm-..-
fy - tha incoso oeside ity 3
fa= ¥ nrizy elasticity ot don .n:l l‘or porks

1s provosed to bo figtod to the data on conerantion of pork tn U.t,
during the ysars 1920-193
The analysis of A set of muy budgat dna yialds, the valuo

B = 0,575793 as tha ectimte of 31 with 1n eatimatod vardviy
ol' 0,0553764. Froa the annual fizurds of nggrogate consurption
driccas, ote. thy following valuas of nqunns and products of devi-
ations ara obtained,

Iy = 0,0852095. Exy = - 0,0023041
Ix" = 0,008¢619 = - .0235779
1\2 «0,0410316 ;, x, - 0. 00714

Hov uould you oatinate ;\\lti.lsln,, the a_~riori {nformatlon r>-
g ding 'Bl + Cozmre tho procision of tha estinate vith that of
tho least square estimate. - .

Tt a qudratic trond to the dita r{ven Lolor ¢
" Prozetion of Cond fn India

Yoir Production - Yoar Frodnetion
e ... (0% wvctrie tons) ("0 metric tons)
s A1) - () R ¢ A (2)

195 32,82 . 1954 37,477

198 ::,w. ’ 13E 33,839

1952 ¢+ 36,837 . 1958 33,910

198 °° 36,557

{12% +123) = 25,

PAPR VI - S0P D § 5% LNISAL JULITY COIcL
(‘ttempt pny dme zucations from thio group)

Data from 39 ketd wero colleeted for the rejections that can be .
secn ab the ‘moci~olf otage fer enstinzoe The number ol bad
castizgs obteined ont of, 100 dnapected for each leat, is piven bolows

0 4 7 4.8 8
2 11 7 1 7
- .o s 4 4 4 4
3 ¢ "7 17 0 -3

8 2 [N T -3
u:uu:\lno ﬁ:e data aod sot~up the otandard for control clart on
'narer~defeetive’

20 1y v

Cllo).



SoTl)~nd,

. k1)~

1.(a)  The control cluwt had buen wied over a Jong time und the rojecti
were found otablo at 4 percent dofectives Tho forenan decided
wie a orapla of ofzo 26« Find tho control linits for the rovise
charts At a later dato, the muber of defectives observed in bre:
oauples was o follora ¢

[ 0 a 3 0
2 1 1 1 0
0 32 1 1
2 4 4 3 3

Tuo Quality Control da-charge deodded vn tho dasis 5 tiese dawa,
taat tic proceas has to be checieds | Do you agice ? If 30, pive
reasonse 10425)=

(5

[ Tho outofde ciameter of n dase Jluz nfter lmurling 1o ‘nown to ic
denendent on the valw wloro tuurlings -To study the astual
velationatlp, meadurements wero tulien en 80 yandouly cheson lee
over a neriod of tiree dayu, before aad after larrlines Tho releve
mergienents {n coced unie e given telow &

Spmle ———iometer 3 dian-ter
cenle pre  after Sample B Alter
noe o N 0. . : . :
1 al 50 2 113

2 102 [ I 14 206

3 slg oLo 20 40}

1 12 4] 2 4]

5 438 585 20 435

(1 112 500 k) 6LG 570
1 R 4id (A1 4 RUT RN 4]
¢ 12 572 B [ 57¢
0 102 53 o “0¢ 279 .
10 Py 480 © 8 AN 643 "
11 at] 53 35 155 518
12 m 0% .8 335 (1184
1 43¢ 5% L oae 502 508
11 5% 1% o 4“0 £29
15 <3 R L 523 30
16 485 Q 450 515
Ay 502 12 £6% 510
10 555 53 458 50
10 o+ [ 2 515 503
20 515 a3 283 531
21 L 4 456 128
23 % - a1 5 [
2 5030 L] a3 51C
% 655 0 623 593
23 a8 st 412 513

It the dianeter nftor kmurlinc i8 to de ualnteined witiin 53U & 5C
unita, vithin shat 1inits sheuld tae value be ueld tefore kmurlisg?
Analyse tio data and ‘estaulial tho reculred linaitos

State clenrly tio ngounptions fnvolved in wrrivin: at your .
andvers (:5)

[’Jmu'lm‘ {3 n process of bead or ridze to help bettor grip.]

Mease tnrp ove

Gzc).



-Dfm)-r(s) .
3eh)  Undera runuty coatrol Slan 4t vad ceeiced it a lot vith 4%
" defects rer unt vruld o accepted in 1U percent ol caven and
a lot vits 10 celeets et unit rould » ncccrw. in Sv m’ccu
ol cascae -
Wemre & 'dofeet ror \mu' anrpling “oehemo where tie inspection
. unit fa 1GCC sunre metres of*a: clo._‘\._
() ovav AU cerve Dir tle folloeing aing)e cnopling plaan =1, T =
for lots ef sizo BLUV, and obtain the AUiL.

State amy aasuastions tiat ymy makes , (12012)= 25

an D VI = G2 C 2 STNLLTICL iOTIUG LY SRCTIC

(!0 coniiiate avnilablo)

. . - 1
R .4-'1 VII -, .Jl' D & VITAL SNIINTICS A3 :i:;:.:;:‘.ui:!
£ (\tteopt ooy two questions froo:this grmp)

1e* -+ £opart of a lfe table fa giver here with noat of dio entrice
nisainge : tn tho baals of the available ’i;;nren, oynply the
‘alagig enea and coplele tie tablee :

Ae &)1 a0 Wiy LT

X X X x
10 3,102 .62 !
1 0,33
12 - L2 !
13 ‘ 050 f
Mo [

15 168
13 1.12
I\ 1e23
13 1432 N
, 146 4,018, 53 -

Tenco dt:icndna tae vrovavilitica
8). " taat a ¢3ild of qre 10 will Mve ni lequt 5 jems nores
b} - that twe cdlldren mqed 190 and 11 elll encht live ct leaat 5 yonro norch
¢)  that of teo ciildren ncod 1L and i), at leaot one will dio within

0 yemras

e - weelde, cl\inﬂ vensons, viieh of the tee roxu.lnc - nm*elt: s,
1rd  XYatehan's, you swuld consiler more suitable fer the sraduation
of Lhe following A+tae Caxpmio the conatanto of graluation for tie
Swrrula yw chowes .

Ao 1 Ko 1

e &) L. ety

T a0 10057 d 3 1013
as o) Ter SN 8 721038
W mem 65 6C565

Find alss tw fitted mlue: 3y l anG L:cro.ry obtaln hy interpolaticf
or otlerwise, Lic value of  J

Lo, (1c-16)
W

R !:];-(m.: duin Ay
¢z1)
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“Tue following table my be tatien o be characterfotic of ihe
Ladion porvlatien in reapoct of feoales 3

Tameoptie o  Tirastanle

aze~arm) varftal Zertility o u":‘ %‘m -suvivors

‘rate parried 1,
15~ 1¢ .. <103 oEBL ) ol
20 2y «203 ] oo
25 w20, o£3 . o247 7
=gl «100 07 pt ]
28~ 09 D52 I 27 L8V
.0 - Ay 57 +720 . 1050

Cnleulate tho not ropradictizn rate, iznorire {1lusitimte
fertility, nd ncning thal Lw. oei-ratle at birty i3 1% male
birti to 180 fenalo dirtiae [

N . .
AL VID - QM 3§ IURSTGUL L1 SIS ISAL 37 TLTIC
(Attenpt pll eycotionz fren tids group)

Qut’of 2J otulenis, 10 lave Leen avmvded a prizes ileceipt and
non-reecipt of tae prize are fiicated in the follaing tavl:

by tho valuea 1 and ©, reapcetively, of a varfadle x § i secras
on an {atelligenco test taler by Lho b greap of stolentd are
olum eide by sile a3 values of mpother variable ye N

ale ole el Ll N
noe = ¥ pe X ¥ ae X Y- e = 7
1 1 13 - 86 1 13 11 -¢ 6! 10 (L

2 1 13 1 1 6 12 ¢ 87 17 0 92
] 1 8 3 1 8 13 0 6l 10 Lo
) 1 S 9 1 1 . [Z- 1. 10 [ZE 4 |
[ 1 1 1 T2 13 ¢ o6 20 0

),

Caopute o suitsble corrclation cocflcient botwoen x md vy amd

arite a notu on the results (1c)

Tia folloving table sives the proiuct uonent cexrelations of tie
tco predicters % od g and the eriterion y, aluag with their

noand ans 3t alard doviatiom.

Y % y Rese  ctancard
2 - 517 S B O | LIEH
1], .
x, | 20 - 2160 9.2 Ce138
y |1 2160 - Cla2 0478

Caleulnte tie recrcosion eoeiffcients cudl tio comdtant temr:
Sor tho mltiple regresoion ecunticn of y ca Y and ‘é'
\ :

‘utain aloo .u:o mliipe correlation cocfifcient of 7 on 3 and
g ant. teat fer its slcniliencee, nstuning tho oaple aize to
o 8Ly (a0)

~

z2)
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G , Jing tic intereorrelalion uatrix below, caxymic the factor lorlinro
ef tye first two Iuctors by tie'centryls’ nathade  Juch of tho
cayamalitics ohculd Lo cotimnted by Uio wnxdmn valio of the
correlation in tie ecrivoponiing colunn of the ualrixe

M .- . -

ST S S T T
R TRITRT B T S
- R o
X, o0 22 - gz W 024
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o o N
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LLLLd) STARISTIC/L CLTIUT
Statistician's Mploma amdnaticn = nlo\'c:mor 1971

Paper VIII : Sudjects of Spocinliontion - (I) VAT VA

Tine ¢ 4 oo v Sull narls | 16

(n) Crudidates w111 So reeedred to aaver meatices frem
that gretp only fer cifed they ke \c—inumd thelr

, opticone \
(a) 2i-uree {n tho tmgia fmilcate full rarlo.

CYUP £ 1 OGS STATISTEES = Special fapor I
{lo cancilate availadle) ~

Zaper VIIT = @OUP B ¢ CXUCLUITIILL ...1&1:*1:3 Paper 1 (45 c)
(et mtl_n.c_m_t_m ren thie zronp)

1o () That fa the theovetical bnaia for conh'ol cunrto for vensurcoent
~ datn oo quality cherncteriotica? Derive cxpressions for the
3¢ control linfta oa the chart for avernges nnd ranges =ien nc
ataxaris aro 3ivene

() tat is cennt by prcess capebility? Jow foeo ita evalestion »
and 82 easperiaon witl: dosizn tolernzee (specification lcits
help in cccaeuio exmtrol of tho procoss? Q2¢0)= 20

2, (a) It is cenfred to devise an r.ce-.ptr...co oeopling plan by o varizblas
for ng“n-unl:nm end cno ofded opeciifcation Malt L (lover linit)
crae o 1o acceptance eritaricn is a3 folleras X

Qe A oamplo cf size n froa t!m Lot nnd if x), Xyy w00 X
denote the nensurenepts on the a iten L’nn 3

Accept tho lot £2X =lto 2 L and

.Doject the ot if T =k o < L

vareTe D PUOECEE z =26

" Derive nn expreosion far b and Jt wien the follod!(' inlormtien *
tre iy §,

L) Acceptavle qmuey levol 0(.1.) - Pl' H) Pxou.ccx- s risk = a

144) Lot toleranco porcent defoctive (IX7) = Py iv) Consuner's
' ' - : rigz e B

()  Urite ¢om tio 0.Ss function tor the plaa dn () nad prevent n
detniled cooputntional procedure to sketel ouch na UuCe curves

(13¢3)= 20

Nease furn sver

C'2.4 )‘



30 ¢m1)vII1(z)

20 G) Do -o'l CoF-1 ceiomo for contimtng ompling 3lna for fnopmetics
. by attriixics callo £ 150 2erccat dnspeetica at the sturt o
" tho pleae A9'moca 09 ‘1Y comecctive xalla of reduct o fam
to de froe of teicct 'y 1V0 porcent fnopection ir Moeontioue ad
wly o fraction () of the units wo dnopcetols Theco fuiisdZnal
omplo unita cro £o bo colootor cae Ll ot at raaias froa the
flar o arcleets 12 4 zamlo veit s Joux. -Wleotive, yeversisn
1o frzegintoly nnia to 1O porecat dnsneetion :nd hda eyelo do
rexatods Any deleciive unlt feenl fardrs ispcctica s ofther
rectifiod or roy)...ud W R GO0, nnlc.

Gotedn wit: roforence ¢o the adeve ocia, s-mietofend fer tho
folloving ¢

1) Averczo nalorof reces .uxmut in A oreent oer My ;
ocoTLanso !*110'1:\~ the Zin'ixz of o t.o.c:‘.i\m . .

‘..‘) I.\'er:\:o,m:wr, ol ;Aowﬂ muned xakr Lo o an @i
. Yolore n Cofee tive {3 founle

1i1) Tao avernzo “rnetdsn of totel ruimeed unito fnapactod da

. tiv 1oz e
‘iv) Tho meorage Sractiz of uaits pansed walsr the orrpifay
) -rcce{'.u-a. i
(5}« “how 3 a c:aum:\n u:mli o - den cc adeol | (m':'.-)- £

20 () " Urito r civd noto e the aill featares ot o WILSTS-1065
:.u:lhc, ;rxm:un\‘l;f:r inanecdlu by nt'.ri'.mten.
. N I
&) 'm-c I curh'!e.. inspsetian? biafa te Mxn::m for tha .l
ecrve, 2or a degdle smoling plaz {itiri'sity dno celian) it
eurtalel incpectiocs (1 00)- o0

5. () Czplata thx dasic concepts ol fraziiomal fuetrtel dcni_-,n.. T
L Seetnra ab fn levale Ty teldas Lho ecae of 22 Coaioms
b)  "rite Zom Lio teskunt sailfontlms for G winednd Slocl
£or 1/2 ronlicats of o ‘E Znet.rial daaion tnln:' the nL‘\o:c
orier inur wtio ro e chin.r ccatriate ¢

k) utliz f.ho el of oteepeat n..ccuf. in na,rm m.rfncu
Jtaticas” o~ ) feza)u £

3o ) Ddoceco 422 beode eacents dn Lifo tastine eal Relinbility vith
releronco to l-.
1), fedluve rate cnelynls, B
11), maadercaent and Jredledton of rolialility,,
"$41) motdcis adopied ia MTe-tosting for lol-ly-lat nccorimca
¢l a preducte

) Uritz 2 odxt nota on tho lot-dlot mothoe 1a¥r)s 20

*a, ¢« Trite briel nctos ca Lo fellovirny 3.
" () Totel -melity centrel aprorcl. {n iniiitry

() Vorh samling smmg emtmre e oty treinioneds | (1L#1C)= 2C

VI = SR § 8 SIETNIC LTINS

L AR D 1 ZNIE! LD AULSE & ZIPAXINTS
810 caniicato avedlcsla)

Fls mee;

Glu).
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PPIYVIIL - S0P 2 8 SATLS a7
JIpecial Taper I = Troorotical lupci:u.

) ‘N
(ittecrt ame “ive cleation: fran this group)

fraa popuhuon o ofze"il)" 4 aamplo d6 drava by sizple randa
aazpliny wit™ 2 B ok o0 Wel's) n:xtll a sjocilied mnbor
n ¢ diotinct r.ulw {o nbtr—ined. Lot u JL‘ t.xo nm,;lo oizo time
obtainede

Tinl .‘.&*)- '_'l ' s o
Lct) denote tie snrle nean c! all the o unile md y‘ deaote ,;
pean svor Lae.n.*distioct unity cbteineds .

i)_ fwe ¥ 103 y* mablaged fer e 2emlation voan 7

e

#1) Fin¢ V) ant (%) ant hence cavnre tho soletlys o ricloncive
o 7 nad % .

.

Tor anuplinv with rrodacilities ropostizanl to oizo and with
repleeecent (p-p.a.ur.)

Yy
" B
i unqLccd for 7, the pepulation hl.n; viere ¥q i3 the -mluc ol
Lo l uoloued unit and p"ia tho probadbility ('*m‘muignod

vno')'*ruoml to cize) nttnc el to the ‘Qx sclected units

_-acri"o L"u \'.'u'in':cc of Y-

Gonuidcr tic cnde n = & oand iet t.:e sasnling. bo with provability

pran sréienal to size and without replacement (J.p.o.:v.o.r-
Ve e sax notatiom s Ah:no lc(.

G- .
1 P s
_ Q-p.)
oty by, T,
H 2 o
2
5h;wl tut 0,1 and tz ao uncorrelateds Caspare tis yelative

T t. A ’
ciffciescies of Tpivea by Tw -12—2- nad 7 given by &) aveve,

{moring the cost cowiderations,

Conaicer n porclation emsiating of k nmu... ant the felloving
fou oanling rethodsd
i) unotrntificd seredevere
i1) strntific2 uovesevars with equal nllocnlim
111) stratified BuTizazers cith m»oxuonnl allocation
1v), otoatified aurensmors Tith extirun allecations
Givo tie custoonay undinged eaticators ol the somelation tatal dn ench
easee
Sapare Lm hur potiiols with ench othor re"_.m’hc t.x.vh- efficioncye

. zpse_ti 2

tlzo).
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T

G)

k)

)

6)
&)

- Zulameed oyetea e sasglinge .. L

Corsiler n teosolnce orurlins jroceiure da vhicl the nemlation
cusciate of il privry wnito each of whideh containa U sceenimy uniias
Let a oriple of a-prinariea e selected a2 frm ened ocleeted
writary wit let o orearlmy unfts be oelecteds Joume that
sruplfag st botl otxeen 3 by seredevers

H
Give o undinsel estiintor 2 of tho pepulation nean !

Zerive tie variawe of ?.

irst otratun hao

Let o uonulatico conzist of twd airata ol vhich
the structure giv ove and L2 Jocond stralis:
samline frao firat otreien de na river 2or ()
P eanpliag Zron scemd s.ratic: de unistrge Sereo

ore 0f 3izo nl
1) Givo aa cabinged eatiyador of reany in s eqoe
if) For ricen valaca ef iy L, 3 and a' and for Lie cost feaction
+ 4! +*
ll-c:l ngtate, tanc

viere all the cenatiito S, e €1 end €3 me nuzy devive the
oxiditg valie o 1

Cenalder a papulation consictins of tes gtratae ot A Geredovers

of ciz¢ bo drawn Ira: the first otratw: aad a penesewers sozplo
o2 3ize g Lo drava fras the ouexd stiatine

Uive A scitadlo wailase’ estizalor % -2 e asulutiog total 2 2d
nuve fta un'dna':.‘ne:as[ adad pricxdire ohould be n:‘...pled_?.
Sertve VED and o an-ne mde wtfioed estiudar oX V f:').

A populetivg has il clusiers each ol ofze J waitss A Beredewesers o
o clatoor {3 raae R

1) Give na wntosed eotiznter & of tho salation tatals

11) derive tie varinnee 'Ia nI? iy tors of tiwe intra-clesier

cavelatica eoeilicient o !

Jor the facdler elicelar opatcntic omipliag
1), Stoe nn vabinacc eatinator T o tho wnlatien neane
11), Jderive the varinace <22,
111) Ulve na wadiozses estintsr of the varirsee ocutnined in (H) [P

Yrits ohort moles en e fap of the felliving ¢

Suitiatene rad mltiiave onilince e

Sethaed ratic cetinalor vered seporita ratia catiuator fa
oiratifisd an plinse

Sempline; o sueceszhae teeanaizme

Sl weistitian deofsmae

L:teptien of awve

3L VIID = i

(> ecrdilinto cvailnble)

{)



COLIE2UV8mRAL BT "2

BAMEIATI SCU S O RIS IS RIS IR TRELE A R TR

een b Tzelta Taetilatiy o T (Theorntieal),
Tima 1 4 hours, T+ “arvs : 100
{a) Candidetes ara reaaired o ansvar 1ueztions -
fron that_~rous onlz for visleh thev kave reqhto—m‘
their o~tions. .

(b) rigires in the margln indicato full Bores,

§0.IX: GRYP A « ECOMOAIC STATISTICS
(Sectel Prmer),

("o Candidata vaflchle),

SD Papar IX = GROUP.B ¢ TEHXO-COLERCIAL STATISTICS
{3melal Paner - 1),

Sectlon Tt O[ZRATIONS TESEARSH T (10 marks)
Saction T3 {Meomativa)s ELZ'ZNTS OF BOCY-XSEPING

ANl ACTOUTANCY. (70 marks)
Section 113 smr-uc..l. YT!ODS 14 3'STizss - (30 marks)

Soction 1 ¢ CYSRATICIS FETEARCH,

(1) Use a sanammie ansuer book for thkis gection.

(u)!.t'.eant purstion 1 A1d A other thres gueations
froa t'is socction.

Q.1 a) What is ncant Yy a tasle feasihle sslnd 103 4o o Linoar Frogrivatng '
nrotlea ? Ta s ¢ize of 2 maxizisatizn roblew U »n o tin-1 brsle
solutfon is non-degenorste and Zy - 8, O for every Vector 2ot in
the wals, show that ths o-tiona soﬂuoﬂ is mique.

b) Consider the sot of equtions.
2y -3, 44y +8x;.= ZE. .
x!02x +513-3x +Ev =12,

Hote that 74 = 2, X = =1 §s 1 fessidle sol+tion
Reduce this feasin & noluu.o?n to tvo ultt‘empt basic feasihle soltions,

=) Can a veotor which 15 inserted at ono ftzrtion in the aim-lex metod
bo revoved izsedintely at the next iteration ? Yhen can ¢ s occur wid
vhen is it Lavseible ?

d) hen 0 you use artirla) variablas in selving a Linecr Progranaing
Problea ? Want are the disadvantages of nsing Chames' ¥ Method ?

¢) ilow do you detest inconsistency and redmncy in t‘ya constriints of
the protlox ?
T (5 x8) =28,

2.2 Sipose that on ordsr of q nnits ~abed on Jenuary Lst is received on
February 1st, Tha stock level on Junuary 1at, after vecef t of Jelivory
is 5 wnita, Tho stoek levsl on Fahrurrv 1st, after roceint of deliver:
of orer »lnced on Januars 1st ia & + q ~ x (shortagos aro not lest).
x i3 tha aontaly daxnd, is the cost of cnding inveatory =or wnit,
and C, is the coat ror mil short. ™o ang vmt'l demsnd density fmctio
is t ?r) and §3 indomondent of deasnd in othor months,

o) If 7 is the derard fn Rovmary, shes that ths tad-d azsazwe
cect (P) fn Jcbrairy is exnieasien given fa detaila ia ¢
prcCe

ezt

: Plecse tewy oo
[0

D



..3¢rv1,.x..(,) . - - 2..

(J;;Eu.; =l oy -,’:o g2y o o .u_[: IO
oo, [ f tee3)e )y ’ filix whove Swmbe |
* “ oyl el .

s oxtdmd valdy 220 d3 oy
. - . v .

¢ 0 . : '
el {30.:)}6;);:( = :2‘-——- ware 76) = fz o) ix

v

¢) Suce il 4o 2k) = s, e o*‘b..l Veles of 3 19 3 volutdes of

> (1w3) - - errecte 1s

e ‘c,.

Q.3  An air freicht coa-ony nicks w Anr\ dolivers fn'ﬂy,h'. whore custotors
, roquire, Cowoany has two ty=os of air eraft ¥ and ¥ with equal loading
cwaeitdea g cilievast operating s03tse There me shown below

Trma of : Cert ~ar milo (=oney nnita),
Lremft | Ty Lovdcd,

X : 1.m 2Mm

b4 . 1,50 30

Tha oresent location of the four air crafts which tho conzanv 1a havine

c9 follows -
)
Losztion * o 0 of air emft,
[ | N T
X ! Y
1 Y
n I

Four custonurs of tha canmny located at 4,3,C and D vant to tranonort ner‘.r%
the' 5w eiza of lond to thiir finil dostinations. The final desti-
nationg 4re at a diztaaco of 607, 300, 1000 and ™ alles ro= tho

Yozdlng ncint A,3,C nnd T resnoctivaly.

Distanccs in miles hatucon location of tho.aireraft snd thy Lording
points ara as followst.

Pras:at Loeation In-dine Points,
of aircraft. A T c .
T 3% kg4l m 10°
K 300 1 00 0)
L M 10 1 500
u M0 2000 40 20
Petormdno tha allocation vhich minimizon the total rost of trang ort-
atlon. .
(15)
!]n.‘:m !5!1‘. meer

()



1 3

Q4e) in muireont coats ™. L 1ad the tairteninco costs arv €l €y Cq

Q.5

Q.6

b)

cte (€400 G) during the first o, 4o poses: e gL
yoar ot:.l }‘h(\:] thy eptisuz replazem:nt ~clicy vhlég nlnf:'ls'c's: %oh‘d
total of all future dizcouwitod corts. Tou ein casume thzt the above
exoenliturcs Aro incurred at th> boginning of cach vear and thet tac
reonle value 13 serve .

Tho follal.g cecwentdvy ronlaccacat rolfav ia bolag followed in
caso of certaln cquiracnt. "Ronlaca thy egul~acnt ¢» 84 faflr or
roachos an age of T wnits of tivo,whiensvar 15 ovrlier®. If Cp ~ud C>
(Cr> Cp) aro tho coats of f1lluro ro-lacewent and sroventivo re-laces
zaat, orove Lhat !.ho( Jcng:cco-t ~or wnit tiao 1s glven by
2
- C
\C Cp) — v
Y

Whero T (t) i3 crnmlativy dlstritution finction of 110 and
I(n= I;F 1) s,
Derivd the conditions for ontizm reslacemrt ~olicy.
(8+7=15).
An onorator hia hon allottad 'l {dentical macalacs for onqr.

cerclsly

Vueaover a eichina stors, tha o~amtor haa to sorvise the u:chl.na
bofero 1t ean bo restartsd. The eachine munning tize 3>twaen tvo
suceessiva stovmages and tha servico tine both fel ow nogative
oxpoontial clatridutions with avirgas 14 2ad 1/pregnectively,
Srite don thy Malwnew cquttions for thy atordy state =~robilitics,

Haneo rrovo thit p w c:,,q)(%) .!.n;l soponel to i
HE SR XY |
am Boe oy (D%
Wore Py 8 tho vrotahlidty that n machinca nre not running

1) that is 44 noreentagy tine tho opertor vill bo \usz ?
1) Show thit poreentago intorforeice dolvr is given bty

1¢C - 1:759)!@[ Tercant aerater utiliastion
(15)

A a1e~le of 100 arrivala of custoscrs at a suscratrket are acrording
to thy following dlstridution.

Tins Yitvoon arfic-ls, Frejuoncy Tiao totiacn Freguencr.
(2inutos) o __arrivoly (admtoa)

0.5 2 8.5 1,

1.0 ] 3.0 %

1.5 10 4.1 7

2.0 28 4.5 4

2,5 20 5.0 ?

bl
A stady of tha tizo raquired to scrvica tho custozora by 2dding
up tho blll, ree:iving mymeot, anking chings, ete yiolded the
following distribution. .

Sarvico tlwo  Froquencys Sorvico tizg Froqueney.

(atnutas) - gln-mu_ . —
0.5 12 2,5 7"
1.9 2 5.0 5
1.8 38 N
2.0 19 . Total : 100

) Convort thy distridutions Lo Cuzulxtivy Prombidlty dlstri-
bitions,

b) Usine 3 slmulatod cavelo of 20, catisnto thiirverega mcrcent
custosor vafting ting and tharavarago norscnt fdle timosof tho

LRGN . ) ‘(15)

par Hleare oz
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509, I Grop 6o atten 115 FAIVTLNL W70 T OMSTNRE

(1) %22 sepamabs waswer hock for this scetion,

(11)att . ~pt ans *wa quctiong ©Toa this saction, (20 itarvs)

EITRR ' -

Qb i) Miine 2ad diseuss the 2f0fon eaa Relween Consixir Produet
o el Prowiet, 100 ek it of vicw of zaruat
raz:arch. .

(%) Diseride thy *1'351:alb)f advertising =od:l which 13 used to

find out thy =aney to B¢ investd in ndvertiring, Dlascias the
incfflclency of th: prizitius porantage =] of ~deertLaing,

(347} =17,
oR ¢

L.4 B! % thy provatility of that deawnl i3 ex<ct 11 for 4 s~rea,

Tho murchint hus Lo s~ead ¢ monacy vaila to purch=sc 1 8-4r) ;-rt
A 3 £pama part wileh 1= nah cold dnvslvis 4 lasa of U =one? wnitz,
If x f.notes tha nmter of spara parts aveilable and ¥Wix tac lorr
functizn vhen ¢ sprrus are ourchis.d and d smary o~tlmnm nomter of

3pary parts x £0 ba rurchisad vhich zayld cintafae th total owect:
14923 15 datirinad by

P Q) ) Lo 7» ( En-1)

(19)
2 (2) st eomponents of d:mand arv davolved in forvesst ?

() vy do =aving 2rerars dscount rmaden offosta ?

(2) Compare thy mralts of spesle noving avsragy forceasts 2ad
srponantisl moving ev.mgy fareeasts

i (34347) = 15
1.3 Write chort notes on mny the ar+:
(1) Productivity s:asurc-ent,
() Sampling tectalques In accomtaney »nd ~uditing,
__(:.) Jok valuttio sad acrit rting, ’

{c) Bonua 241 ine:ntiva cchezds,

(24548) = 1S,

(’:n)-
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IX G20YP 5 : Srction T (Alt~rnative)s BIE ©0°3 OF POOY-

(1) Use sepnrto ancwor book for this zaetien
(b} Attompt gaertion 1 and any othar three from this grous.

-1, A % B aro partacrs of tie fim A\, B ¥ Co. Thzy share nrofits in tho
ratio of 21!, Tha Trind Mianee of &, B &% Co 25 on 31/3/1971 5 na
bolovi~

Trial Brlancy ag on 31/7/1371
!-. N I-'

Bullding 1,52,00 C2aitel Acemunt

Plrat & Machinerys 50,000 A: 50,000

Oouning Stosks . 1 30 ,7M0

Ruw Msterials, 20,000 — %,m
Finishad Gools,= 40,000 Sundry Croditors, 25,0M

Sunéry Dehtora. £0,20 S~las, 2,84,

Factory Ex~cnses. 7,500 Discount, 2,
* Factory Ront & Thxes. 5,500 Conzicsion, 10,05

Yages 20,070 Bk Cverdrmaft, 0,00

Salary of Wo-ka Minegur, 12,000

Purchisa of R Matorials 70,000

0ffica Exmenaes, 7,500

Offizo Rert. 4,003 -

Jeesunt, 5,000 "

Insurmnca, 1,500

Bud Lwbt. 2,000

Cash -t Bank, 8,000

v, 4,582,000 ». 4,52,000

LI

The following a‘ditiazzl Inforzition 13 to be taken into conalderation.
a) Cloaing Stock = Rw Ihicrials = 1+,30,000

Finished Goods = 1-.50,0M)
b) Oulstanding thuiuas to b nrovidad for -

Wazee = £,5,000

Ofifce S'Ll"rl..s = ",€000

Offica Rnt = 4000,
¢) Deprociation to bo provid:d for ~

Building & 243

Flunt & ¥ackincry 9 5%,
¢) Intercet 9 €4 pun. 43 pazabla on tho Bank Ovardraft and has to %

.nrovidud for
[uon:n The avordeft had boon existing at tha covacneemant of tho
7esr and remiined wnchinged all through tha yesr.7
You 1ra roquired to ~rcoare the Trading and Profit & losi .\-count for
tho yonr znusd 31/3/1971 2nd tho Blanco Sheet 23 on that dete.
(25)
Distisguish with a~-ponrinta exaasles and cxmlanations hatweon:-
1) Tloetine nd Tixud \agets.,
11) Provision aad Riservo in Commany \~comnis,
i11) Crnital Fosorve ,.nd Regsarve Camitnl,

(5+4543) = 15,
¥hat do you mcaa Ly tho tora 'iverge Duo D\to'? Bov is tho starting
noint genorally dutorainad for ascortriining th? 'ivorrga Dua Into'?
Below cre ¢he duz dites of cqy::nh for cortain nurchcsusi=
Purchase Drta  5th Mareh, 1971 SOOOPr,__g due on 8th A~rid, 1971,

L] -

. 15th A-ril, 171 ‘r..')’.)OO 13th ¥y, 1371
- . 10th My, 1971 8,2750 1 = 13th Juna, 1371
] (]

Sth Jimo, 1971 - m4%00 -. 8th Juv, 1571,

York oub t¥. '.vumgs Do Deto! o1 vhish a singlo bill is to b drmam
for payment of tho totsl ~roumt duc, (44249) = 18 .
=15,

. Pigare fyp ever

£
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Q.4 On Decsnber 31, 1970, the %unk colat of thu cash ook 'of 'i'
shows a debit balance of »,922, On ~:mnintion of the cash book
and the bank atateent it is found thsl -
8) Cheques atounting to #,1260 lssud before Deceaber 31
and entared inthe ¢ash "wok, wors not nresented lor xyaint
t111 after that d:te.

b) Chejuas azauating to M.500/= enters? in the cash hook 13
“seat to the bark en December S1, wero cntered into the bank
etatencat after that date,

c) A Cheque froa a dektor for t,146 had heen dishonoured nrior
to Deceaber 31, but no recor? anneared in the Cash Book.

2) A dividend v=rrant for %,78/- w1z mald ¢froct to e an: pad
nothing a~~carvd in the e=sh book.

o) Bank intorest and charges amounting to .84 were not entered
in the cash book, tut apzesrcd In the Enk statirent.

£) Thore was no entry in the cash'book of a =~aysent of ¥,20/-
nid by benkers order in Noverber, 1970.

g) Bunk's postzl chirges of %2/« for a cheaue book recelved by
A vas enterod in the cash book tice,

h) £ choque for t-,54/= drwn by 'B' had been charged to ')'s pscount
in error in 1970,

Miko a-nroorfste adjustzents in the cach’ book '.o bring dovn the
correct talanca,

Hence '}NTN a statesent reconciling the corrected cash book
talanes with the balance as ner the bunk stateaont, |

(942) = 15,
Q.5  uhat is a Negotiatlo Instreant 2
A" Purch-sod goods of tha valuo of *,72000/- froa 'B' on 1,9.70.
Ho 8014 thex t5 'C' for t-,90,000,'- on tho s1me day and agreed to
accept a bill of exchanze of ogqual value froa hia -~ayahle on
1,3.1371 plus interest at 108 $42

'L; negotiated this H111 to his baak on 5‘)/9/70 at a discount of
85 ma.

Show ty Journnl entries, how all therc transactions shold bo
recorded in tha books of 1A',

(5410) = 15,
Q6 Writo short notas onte
1) Contingaat Liability,
11) Spicfal Crossing of 1 Chaque,
111) Suwpamse dccount.
1v) Coodvill,

(4434345)
= 18

SDLIX SIECIAL PAF2R II .
Group C1 tionctrie Mithods in Gonotles
And Riosassrys.
Sren~ Bt iz and Antlvais of Bxporisnnts.

2o Cundilatea avalladhly)

(an) Pleane_turn oves



1, a)
b)

e
d
)

=

2, a)

1)
1)

144)

Y}
1)
1)

3.

a)
k)
¢)

a)

4
1)
11)
1)
iv )
v )

vl

~—

-7 =

SHIXES NS Lt swPB ILLTS - Lprzlal Paser 1I
{ Orzanisatioal Asrects )
(a) (Anrvor ane five mestlova fron this grown)
(%) Tigures i1 the margin Indicate 211 marks,

Centra 11sed yerguy docentrallsed reeruitaent

of fleld staff,

Technical versus nsa=technical atzinisirative eraonnel for
sinaging adriaiatrativa catters of orjralritlens deallag vith

sViple curveys.

Fixed garsus running Tmvclling sllovencas to investigetors,

Contraliced yirg1s decentmlised srocessing of dat-,

Printing warone cvelostyling of m-acts,

Caap:zo briofly tho Eerite and decerits of apy ~ur of the above.

1 consuwser cxpenditure survey 13 nro-oced to

(5
bs undertakea in an

industrinl town, for vorking out the welghting dlagres for the

construstion of consrver nrice index mmbers

of the industrisl

workers of the town. Exrlain in the context of thia oroyoscd
survay, tho rola of the following tachniquesi

Teneaent worcus Pay roll caslicg,

Colloction of data frou diffurent sasple households as a=insd

the sany 26t of 313n)o houscholds in differont soaths of tha vear,

LItirponotrating subes~trles.

Stato the circusstances wmder which you vould nrcfor the use of:-

Sond tabulntion to M:ichanieal titailation;

Questisnnrire to Schodula.

() = 12

(w)l= b}

A samols survey for cstimating tha sfzo end distribetion of the
weasloydd mersons in tho comtrr 1s srorosed to bo undertikens

Indicata bricflys

a)Tho esanrling duslon for tho survey,

Lry out of tho mafn blocks of the schodule,
Tadalation nrograczo for tha oronosed survove

Synopsis of thy romert of tho surver.

(mma); »

drito chort notes on iy four of tho follewing:-

Statutory yorau Uoluntery collaction of data

fola of goncopts and dafinitions fn 1 ran-l:

suIvoy.

Error 4u> to diffarcacea betwoon investipators,

Tiz>-prograce of a SUIVIY.

Toubling of moekanienl aluirn\més. yoXzua deelaton to work on

tuo rhifta,

€33cntirl and dosirbla qu-lilfeations for Investigators.

C'a:!).

(ax= 0
!l(‘f\':g !‘.'E. (7] o

x'Ye

as
23



sn(nx):n (u)' =3=-

5. a) Deserihe in detail tha various ccw-encats of the Yaig:t of a largs
scal: cazply suivey.

) Draw up an orvanicitisn chart for the fiald staff which maz po
eaployed 41 a largo=scale saz-le gurviy,

¢) What aro the essortial points which snould 1w bornd in riad whils
orguirlng tho enchinery for tha rubiieity vork r2l:ting to 1 81~pls
BUIVIY e

110+4548) =
8. a) Discuss ccrafully tho salisnt =olns that shuld br tsken inte
aczount fn draftinz thy instraciicna for fi1ling wo t*a scheduls

of & #azple curvsy. Nluatrate your anwvir wits thy hols of
cx1niplese

1) How 20 7ou ~mposa t.o build wn controla ror engnring correctnusa of
‘tabnlation mdertaken erchanizally ? :

¢) YEat i3 the laportence of a ‘flov chart' in a sa=pla survew ?
- (94545) = 20

7. 3) You rhould the work in & =achlie ;ex: ),, aoduos 90 b

wmilisation of a Tahulator could 2 urhia'a} 90 tuat i

%) Discucs the wtility of milataining o, Bv3 i a v
mit ? llow nro those usad ?

eal &helntien

¢) ¥hat are tho nofnts to be keat in mind for cheexing u~ ths final
t.:\blaa o(‘ a statlstica) survey * |

3) wat la thy role of most-naching tazadation serutiny ?

(S+54547) 20

SDLIX ZPESTAL PAPZR I

FYP 3 F Techniquos of Coa-utation. (Amet ‘
GPOSP 1 G Statictiead Imfaramco.
GRO”P t B Prombility Theory.

‘(‘.'o Cindidates avialable) -




LOLY STITSICAL LICITGE
Statisticiants Diploma Enmalnition - Hoveabor 1971
Papor X = Subjacts of- Soacialisation = (Spuci~1 Pamer I11)
. (Practien)) )

Timo ¢ § hours ! Full marks @ 100

1) Candiditos aro required to answor qu‘:uion: froa
that group only for vhich they havo rogisterad
thoir options, i

11) Figures in tho mirgin $ndicado full earks,
141) Usd of crldculating maching i3 roraitted,

N

Papor X = GRCUP A ¢ SCONMOMIC STATISTICS
. Speelal Pacor ITI = Practical
(K> candidato availzbla)

Papor X = GROUP B : TECHNO-COMMERCLLL STUTISTICS (Spactal Ppar T -
Practical)

Soctiss 13 Stetistical Quility Centrod (50)

Saction IX 1 Oporatlons R:sorch/Eleants of Book-koe ing +nd
Account*ncy (30)

Saction III 3 Statistieal Mcthods ia Busincss (20)

——

. Or, B1 Soctdn I 1 Satistical Guality Control (50 marks)

- (attozpt eny two qucstions froa this Saction)

1. ‘Tho following aro thy mains 1nd rangas of 20 snnlas, Tho B2mles
aro sub-groups of 8izo S oich, dram at regular intervels froa the
cxisting production procass. Tho d=ia purtain to tho dismetcr (i

: dnchar) of a menufaclurad product. Tho specifications aro 0.445°

+0,015%,

sazplo Ho, X _i!_ Smno Fo. X R
1. 04402 0,015 U 04360  o.0u
T2 0M3%0 0.018 - - .12 04402 0,007
5 0.4448 0,018 13 0412 0,008
4 . 0,4:32 0.008 14 10,4358 0,017
5 0.4428 0,008 15 0434 0,010
8 0,332 0,010 16 04362 0,015
7 0.4358 0,019 17 0430 0,019
18 0,440 0,0 18 0,350 0,008
97 0,366 0,010 19 04378 - 0,01
“10 0,368 0011 . 20 0.438 0,009

(a) Bstablish staadards nd dutorein 3 sigma control Maits for X ;
R chartz, . L

Caleulato the rovissd control 1iaita vhon tho subsroun size is
chansed froa § to 4.

Pla1ga tumn over

(1135)
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(b) Conmare the mrocsas e pbility vith '.ha s~acif{cations ~nd
comicnt,

(c) If the rrocess vorge shifte to 0,4315", vithu'. changing
the varitbility, vhat s tho ~rob-bilit: th-t you «~oudd ditect
such 1 ohift on your control chart with 1iefits c*!c'll‘lbd in
(2) (31wpls siro = 8)

1) O tho busis of tho firat swn~ly druwn following
thy ahi.ft?

1) 4t éoae,ln threo 3:m-~1:s folloving tho shift?

Find thy omected mnkar of swa-les that hava to bo tiken
in ordar to dctoct this shift on Q.ho control chart,

(15 +3+47)=25,
2 (2) Drw the 0C nd ‘averige ~comt of Insmweblon curvas for tho

following doudlo gaanling accemtancz/ractification -1, tho
lot sizo being 1,200,

n = 40 Y

1
ny = 80 czs

(b) (‘msld :r the swarling plan by variables vith oo sided rcciﬂ-
cation it glven by the ~armotors,. n =16, k = 2,116, g(Sicw
is lmown to bo 4.5 wits. . ‘

1) For tho ...'JOVQ alan, for what lot quality {civon bv tho
friction d:factivo in tho lot) wordd tho ~rodabilitr of
aceeptance b xqual to 0,957

u) What woudd be tho probbility of 'cccnt':nco of 2 10 rer cont
dofocun lot?

" ‘ (16+". &§)=

: S ‘In order to corare the hardncss of alleys, thras f\m-nccs (F)
=nd four lavols of moulda (¥) wero tried in-a S-1iteplot Dosign
with 3 rerlications, Tho hirdness ro~dings s vall 1s thy layout

“of tho dasign after randonisstion aro. shown below, .nalysa tho
“data nd off T your cozacnta, -

Tealicatisn I ‘Jc_‘rli::t.i:n 1| eplization 10X

T T R % 5l te
’ 158 JU8i 104 70 108 126
O U I I
120 ‘105 8 ur 149 70

K Y B g
. m 13O 112 My, 14 124
1 ¥ LYREN. Y Bl S % %
174 157 0 a1l . 1 9%

% 4 % LY K
. u? 4 108 - 8 8l 100
S S T LR
161 141 II 152 133, 9 97

(\37) =3 tum over (25)




-3- sD(171)-1(3)

Gro B 8 Soction II 1 Oparitions Pasearch 1 (30 oarks)

(itbennt wny tvo quostisns fron this Scetisn)

4. A cozpny has four torritoriss omen, and four aslasmen available
for assignaont, Tho territorics aro mot Mquallv rich in tholr
81los ~otontial; it 43 ostlia~ted that 4 typies) salosn=n operating
in oach territorv, will brirz in the follovinz annusl sales ¢

Torritory I ¢ %, 4,80,000
. II ¢+ v 4,00,000
r NI b 8,20,00
" Mol 2,40,000

Tho four s1lesacn ary 1lse ‘mova to differ in thalr ability, It is
ostimted that, vorking under the simy conditfors, ¢hd yearly ssalea
for tha four salesacn ), B, G 2nd D will be 4n tho oroortlons of
75:51 respoctivoly, Find tha optinal asalimaent of tho a-lesacn
to tha territorios 80 18 to zwxiniza ths oxprctod total sale.

(1s)

S, Tho following tabla gives the etles, mte of =reductien, lnventory
and satup costs for 5 tias (bolts) manufactured by 4 Cownany using
tho 2w equipnents Obtain the optinua number of eycles in 4 yanr
asauning thet therd 2ra 300 productisn davs available in 4 yaer,

S-des ~r | Production Inventory costy  Sotw,

Product | our (quwntity)l ~er dy | ~eryoir-er | Codt

=it () ()

1 5,00,0 10,000 0,020 8,00

.2 13,200 1,000 0,008 | 10,00

3 2,00,000 10,000 0.008 17,00

4 1,80,000 2,000 0.022 5.00

S 92,000 1,000 0.015 6.80
(15)

8, Solve thy frlleving Linoar Programaing -rotles br tho Simlex
mothod

Mty 2=3x +4xp +x5 ¢ 'ix;
Subject to tho following constraints: '
Bxy 43x, 4 dx 4 x, (7
2oy 5 sy (5
1 +in oy vy 8
all 117/ 0
(15)

(i39) Plaazy tum guer




SD(¥71)-x(4) -i-

7.

Gro B 3 Syetion IIT 2 Statlstical m:thods in Businiss (20 m~rks)

(Atton=t qizatlon 7 =nd anrathar fra7 this Soction)

Tho seasonal inHe:s of thy s~lcs of garaonis of = -~arti~ular tyo
in 2 certaln sho~ are glven bolow 3 .

Quarter . Sinzznal Index
I (Jan ~ *reh) o [
1L (ier = Jn0) 85
III  (July- Si-t) oo 83
N (Oct.- Dec.) e 135

If the total sales In tho firat quirter of 2 yoar bo worth ‘-.15 ,070,
deteralny how Tuch worth of gara:nts of this ty~o should % ko~t in
steck by the shomeowner to e3et tho likely d:a7nd for onck of the
oth:r threo guarters of the year.

()

A manufacturor solls an articla at a fix:d rrico of R, 1/=, If tho
wsight of tha artlcls s lass than 8 ownccs, ho 13 unnblo to soll At
and it rerresonts a total loss. Tha woight of tho article 4s noraslly
distributod with mean W' owncss and standzrd deviation, on: o'nce only.
Tho cost rar articls i3 ", C, vhero

C= 0,05v 40,30

Doeteralno the ma1n woight ! vhich vill suri=ian the n*nul"'cturm!a
expectad rrofit,

(14)

) mwnufcturer of dolls, wishes to ~lan 1 sn<cial consignment for the
(hristzag S:3ca. On each doll sold ha vold mnk: 1 nct wrofit of

ke 3, whilat tha dolls 1:ft wnsold in'the scison would be disposcd of
{1 tha Juury s~1o 1t = act loss of ™, 2 =or doll, On the othor hand,
if thero i3 2 loss of custondr in the Season dus to failure in tha
aattar of su~~ly, tho muwufacturcr ox~octs 2 1oss to tho conéomn
bocausa of 3 goodvill factor (vhich may b considerad to ba %, 4 mor
doll that cannot bo su~=1lied), If tho dcm=nd for dolls in tho Christm~s
Scason is d:noted by x, then logwx cn bo nasuncd to follow normal
distribution vith ce<n 4 and standard deviation 0,25, .

Find ths o-tizm meber of dolls that tho mnufactursr chould rtock
in order to maxialss tho ex-aeted profit,

(14)

SD X 1 PAISR IIT (Prctical)

Gre ¢ ¢ Efoactrie Mrthods

Gr, D : Docipn & .n~lysis
of Dreerinints

(No e-ncld-tes av~ilahle)

t-’:w)'



“5a sofém)ail)

SDe Xt G v <Y Gimroerg

"Paecr 1M % Pectienl.

(1 ruestions errry oial marla
(iitarat 2= forp s rlmge - klm 1t 1:ast 22 a'nptlon froa
o1e soctiv),

fesling 1

1. Given "alow ar: throe owl-tions Ty B and Uty o~-h conal-ting of

3.

four wiits, for ch wit of 2:¢h ot tho p:rul\tlon, tho vlns vy
and xy of vartsblas & <nl L ragpeetivaly, ara also giv:a,
7

0 o’ U
T
Sl.na, : ¥y oY Wox |y on
of
unit 1.
1 =S5 -0 10 | -4 15
2 -4 9 -8 20 |30 B
s | 7 o | 1 0|2 w
4 4 20 8 40 799 20

(2) From cach of the nhovo thri populations driw four avplis, ech of
sisa 2, ore 0o’ for t*> following four ncthols of sapling:

(1) sioplo rendoa 213pling with roplnesnint (s.r.a.ver.)

(11) 81:p1> rndoy s2n-ling withont romlaccicnt (:.r.e.;:.o.r)

{111)rrotahility prosortionsly to F-mcasura, with roelacsacnt (poparev,r)
~nd (iv) prob=11is7 prasa—tisnil to dinansvrs, vithout r:rl"eae«mt(p.p.x.v.o.

(t) Tsing sultadblo catiz-tion mroccdurcs,colculato wmhissed catis-tes of
th: rooul<ticn totl of tac i/ vari=hla for xic™ of the pep-1-tions

and froa 2ach o thy sawelas drwn (four estivites ard thus ot-ined
for ek of tha tirs: tot-da).

(¢) .x*aina tho closcr.ss of thy vartons cstiaztos to tha ‘mova tot-1 of
thy ‘% virithle in o~ch ¢rsa.

Outain tho variwe y of L1 four cotivstors considerad by you in
quastion 13,1 ahwvz, for tho throv po~ulationa '\.\l disvuas their rolativa
ffielencles.

To catizato in - pirticulsr vesr, tho totl amron Y = }:y

‘ndr vaort, of & au=divison, n villiz:s wora drm 4% gys 37 4501 of
¥ villayas, vith pmtﬂbﬂnlau '\m'\or'.lon‘l to xyethcir tot=l arces

wider cultlvatics in 9 nnvlom voir, and uu.hout. ra~licnont, Hos

ovar, whll) estintting tho woaulation totil an< cstinstiog its

varianes, the fict L't the savpling wis with virying nronbilitics

was igorad, and inct:-d thy n villiges wors 23smiad to B drawn by
simsle rndor avnling vithoud romlaccw:nt. Tho astintor of tho
popil-tfon total ¥ waz taken 23 tha s2=10 =omn of Sho y's mmltiplicd

v thy ropulition sizs M,

Pl:azs tom over,
£:43)



1.

M) by

Caleul=ty Lo Blia if .ny, In the ostivator -nd ~lao tho crmr in

-8 -

thy vctiasty of warlance of thy catin.tor, vith tho Np of the
following dity forn = 2.
Derivy thy nsescsa=r forsuda to cstimito thy arror ia vri~nsy

froa the saaple.

slugnhr | arer undor vhnat total cultivatef
of 100 acrea ar:+ (100 <crv3)
villig. 1n 1036 in 1031,
0] Try) (x1)
1 3 4
2 2 6
3 3 12
4 4 8

1t §s pro~os:d to ¢1vw 2 8w:-do of a clostors, of ¥ -nita cach, friy

2 sonul>tlon of ¥ clusters “nd a sub-3-mpl: 0T n vnits f(ron cech

gv3nlod cluster using s.r.sav,r, ab Yeth tho steqas, for ostia=ti-

tho acan per mit of A soesiflad chimeterlatie 3 « ‘sering L

fmction to = of tha fara o = Cy +
" onticn valyes of k nd o dn teris of G, €y €y and Gy

n + Csny,

Tind thess onti=rs vlucs of @ nd n vhen C = 1000, v = 3M
G =0 1dCy =1 (i g2s) usleg thy falloving analvals of

variaheo tablo.

AROVA for the chamster 5«’

Bourca of degroos of fun of AN BQUCI.
variation freadon. squar.:a. i
o &) (8] (@a @)y

130.9

1itkin =T F 49,5
. elestors, .

Totad (.;J-\) 5.0

KOTZ: ¥, thy total nutr of 2L

D e of malts ‘or eash elestar = 20,

Joction = IT

getorming &

Prav 2-7111 gctiad 1o for sxnle sh.eks on d:mogre hé data
eolleetod An Mnrld 1971 esnsd in ~n7 gl7cn Stato of Indls,
after cupgostizg < anitshly dealga for thg B130. ‘50 érw un
2 seritiny ~roarin3a for chacking the filladein achedulns =
fora nrocussing tha:,

tl.n)



-7 D))

6.(1) A samnla survey 13 to ho conduetad for 1aacssing ~oll-nros-octs
of difforunt parties in the comlig asscably cloetions in 1 big
citv of Indla, Tho survay desicn is 1 atmtifled thruc-stage
deaign with aunielmalibywarls ;ra:sed into switable rumber of
strata, with mrts in cach selocted mmiziondity vard dn 2
stratum A3 sacond-ztigs units and with bouscholds in onch
sclectod mart 4s third-stago wits. Tho municisal) wards in o
stmtin 2ru sannl:d vith nrobability nro-ortional to their

1971 vonulations and vith re~laczment, A sult~bla schoma of
sa=pling 1s ndonted for sudsoquent 8t~gos.

Drww un 4 small schudile for this survew, Sach echoedulos, vhen
fi110d-1n, £ra2 to o ~rocossed b tho ‘roccssing c\,ntro and
t:bulated manually,
(1) Assuming that thaore <ro difforcnt suctions, oach with o.-.io
or aoro sumorvizors and sever-l workors undsr oach super-
visor, drwv un thy required fores nnd proforwafor 1
(a) rocording rocolipt of schodulos from tho ficld,
(%) rllotzent of work to individual workers end in different sactions,
(¢) progress of work in tho units

(a) working shcots for cxlcultionof suitable aultiplisrs for catie
2ating roquined totals,

{£4)¥11) thero bo ~ suit1blo nor~ncgative (i.a. :xlv-\y: ~ositive) -
estimtor 6f varlanco of tha ostimator, for differant totals ?
Glvy your considerod reaarks ?

SROCP P o2 ITIIHIUS P CAUTIIIN
Speelalfsaion Pager III (Prr.cucnl)

CILUP G ¢ STCDTICAL INPTEINE
Specfalisaticn Paper III (Phcucnl)

200 Dt MOADILLYY T
Specinlicnticn Paper III (Pl“w.ucnl)

(o camicates available )

CL";t).
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