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Sappese that te esch wnit (s & blvariate pepulation of sise M
‘Gere carrespesd twe charasters , naxiply , mala characiey er charactey
mier stady desiguated by y ead esxllissy charsctes desigaaied by .
Suppese o sample of sine a{ n <N ) €ravn In exdar to sstimate thermen
of mals charecur a the pepuiagion. 1ot a8 make §e follswing denemations -

¥ - sampls mean of malu clharsciow » 1‘5‘5“

K - sampls meea of suxillayy charactsy » é ‘Ql n

-‘r:f'ug, » !

¥ < pepalation mean of mals chyraciey » -‘ﬁ lgl‘ n /
2

X - pepulatios mean of auxiliary chavecter » -&lgl"

3. : - 1 : -y &

s, sampls mess square of mals chazacter m'::ityi Y ) |

-: = sample mean square of saxiliary charactey » -t 2 . (l“f)z
a1l i

ﬂ:-mhmmdmduuhto ;!—l- lg‘(r‘-? )a
- ]
U:'MMIW of auxiliary character = -EET 'lgl (x‘i?)n
»

. « 1 3 T (%
"y ° SLmPle covariaace betvesm x mady & —— &l (77 )(n-X)

- ) - l s .-u
t‘y popalatien covariance betvesn s gad y i lfl" v T)(z‘-f)

# = pomlation correlation cosfficlens betweesn nandy » s,,/s*s'

p - mhﬂaa.ﬁhlutdwlﬁd_r- x = 3q/6:

R - pepulagien ratle of mesa of main charsctay te mesn of auxilisvy
charstey = ¥/ 8



it -

C_ = populstien ceeflicient of variztion of maln charactey o !3,/?

Cg - populatien ceafficient of veriction of awriliawy character o 6,/ ¥

A

R - samnple ratie of mess of mals charscwr temesn of suxilisry character
e J/%

= sample cosfficlant of regrevsion el y e x = oxy/o:

™>

¥y © e ususl zatle estimator a“x?-%-

N e
Vip = the Pegressten estimator = §7 ¢ P(X-F )
Vp - the produce estimstor = TE/X

?Bavmmmlrmuﬁmwhdm.mm- i’%—(mui")
denate the mean of sexiliapy charactey based @pa lavgar sample. )

Nety ¢ = and y are sssumed te do positively carzvelnied mless otherwise
meunticaed epecifically,



Slace times tmmemerial :an has bean sukjectivaly aiilislag e
censeph of ganeralisaticn, abon cortain populaticn charsctaristic, based
wWPot & DAF), the sample, of the whole papulation, kaown as ladustive lngle.
[ was caly during the latey hal¥ of ainsteenth centavy €8 shjective and
systamstis mathols of such gensralisitien smrted speonilng up which helped
in evolution of modesn or random sampling isary. \.

/

Gampling theory alm atduvising - ( § ) sultably mathots of selecting
» pare fromn the whole pepalation, tezmed a2 selectien a7 ssmyling peecedure
sad, (11 ) the methods of gemerdllsation, sboat the desivad chazactesistic,
from the sample to the papulstion, tarmsd as sstimation recedure. The
veadom sampling hecry desla with e dememization of 8 combinstion of
procednras of sampling and estlimatize 9o as to lafey abicgt s populatios
with mistmum ervor and coasequestly misimise the wlsk of loss which might
be assoclinted vith such an erres. g&ﬂﬂﬁngﬁg?i
wpon tha gixe of he sampls which (9 directly related to the funds availadis
for the sazvey. Move explicitly, sampling and estimatim procedares ase
so choren that elther the bighest precision of the estimate cen be attatesd

for & givan cost ov & given lavel of pracisics cas be schigved at the misimum
cest.

The earliey dsvelopmests in O fleld of ssmpling Geary centered



around e woceduse of dvawing b Fepesstaiative ssmple In the sense Gas
each wmit tn the pupdiation gats D oml chance of belng lncluded ta the
sample, kuoen a9 squel predabliity sampliag or simyis Fandem sampling.
Thiy ts, Duvdage, the simplest and the most standard technigqoe of sampling.
Howsver, e procedure la et applicadle as swh i magy sitsations, and
hav, thevelare, to be used ac amjudction with other sampileg designs. A
igwagitgfl.l%uw.g.s

meta end (e vasiehility In the popaletion. To averses thié deawhack ,
ssveral moliifications, 1ike strutificatio of the pejalation o selection of
valts with oeequel proinbilitien, are intreduced. These techuigues Fequire
the knswiedye of the slaer o By i or Information e ¢ swiiliayy
charsctey widch baars & high posltive corselation with the charncier mder
ntudy.

Much of e devalopment tn the Geary of sampling tooh place
duriag o dacade 1960-50. Tho wosks of Mabateachts ( 1940, 46 and 46 ) ,
Cochren (1902), Hasown sad Duretss {1943, 46 Jand Msdow asd
Madow ( 1944 ) 870 0t @aly fuadsmetl kot also ave the pliliss cm whlch
the mofera saenpling Ghecey eests, |

Coxdaua ( 1941 ) gave & 20w taes to e molayn gampling Geory
by sugpestiag methols of wing the suriliary infermation £ov e Puspose of
estimation in cxder ¢o ingrense (he presisies of the astizates. He latrofwced

B



'S X

vatlo and sagrassion methols of netimation, which make use of supplements
avy iafannatios. Fer aalag Owen meelds, infoorontion on esoh uaitin the
smmple 19 collsatnd oot only with regand (o @ie chassctsy gatey study tut
nl,nt.ﬁ&mtym. Thise mathols of esthunsion taks advazings
of the corzelation betwacn Qe two dkariaters, vis., e maln gharecar and
‘e ausiiinry adssecter.

¥ y and x deacts the mala aad ecxiltazy chavscter esspectively
dMMmﬁhhmwuhm;ﬁm» & natlo
m‘mﬁmmrﬁ". lotlvn}’r

. i

where ¥ sad ¥ ase the sampls muane of ¥ asdy vatoes aad § In
the yapaisticn mesa of x, Undey the ssswmptions 1

X

(i) - 41 a4,

(4) mslier X aer ¥ tonero,
Godlss aat thevariaace of 7, o to O (27) (n belng B sample
sise ), mghubr

t v _ |ef
‘v‘,"n ﬁ’? ¥ ¥V

-d vﬁ"a).({---é-),(a:;n'a;-sas")



wl e

sespactively, ¥ lo move efficieut than thit slmple mesn 7 U p, 24
cosfficient of coeyelation Setvees & aad y , s grextey ttan el the satlo
of cosfliclust of veristion of & tocoulicient of vastation of y, Lee., U
1 ‘ e'
| 'y T
. 7 |
Thwe, if the iaforcistion on waxiliasy variadls (o aither alvendy
evallably e» can be obtaleed at 20 oxtya cost and (1 ha9 & Digh positive
corzalation with the mala chavecter, ke would cartaluly prefey ratio
estimatey to almple mens. IS Sucdutaged ressarchirs to dsvelop more
tad mure Superies iechniques to ¥aduse biss and alyo to chisby mblased

sstimaten by modifylag elther € sampling cohamie or tho aatimetian
preceduro o hoth. )/ l

The mollilcation of gampling schame, la sedad to ocbialn mbiased
setlo estiminten, basically expleity tha (act that e estizator of @ pop-
vlatien gotlo { = -; » ta thacase of stmple randarn sampling ) obeatned
fram & sampls will b cadissed i e prodadility of selaction of e sxmple
s proporticanl to @e proluct o Gie SAmple tose) of axillaty vartable sad
the srelubility of eslesting tiag ample Uf the ariginel gampling procetare
were uséd ; 4.g-, Probability of salicting sample shenld be proportionsl
te s%xz‘ ‘é;. tn aade? to toaks % miblesed fo¥ population ratlo
"'g" ( I ihis cone the sampling msod 18, of caurss , shnple saadem
sampliag ). I3 is cdviow that ! the predabiiity of selection, ecoording to
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e osiginal methed of sampling, {6 sams for ell e whzuplier, as i3 the
case of simple vandom sampitag, (e molifisd sampling sebeme shaold

be such $is the probalility of shistnlag a given sumgls U8 propartionsl to
e teal of auxiliary varladle in §ia8 sample, Le., protadility "x:l., .
1adial { 1551 ), Midseno (1952 ), und Sem (1923 ) tadependeatly gave the
mopling prscadures for ehealgiag euch & sample. Baged upon thare sampling
procediyey, Dos Bal { 19848 ) nugnested modified sampling dchemos tn
relation ¢o wintage, strasified, muitisthge and maltiphnio samplisg designs,
so &s to eovide wablased satic satimutors. Murthy, Heglama sod Gethi
(1989.) twoposed sampling pracoduros elmilee to ®at of Milsuno aad
alpo oome ohers with the sdvastnge of seMeving eablsucdacsy while sa«

wiatng B Lo of wsnsd Dased satle estinantor,

& G direction of modifying astimation wacedure so hat leas
Besed oy tubiaded eitimators can bo chlined, the work by Hattley and
Ross { 1954 ) dessrves special mentions They gave & #itio type eatimator
which is wdiesed vader elmpte Landom sampling withous pepiscemant.
Theld sgtimator for estisnatiag popalation wmean 8s given by
a{N+1)
R{a~1)

?a"tﬁ’

(F-7, &)

. ¥
wheze ¥, (s thomesn of thevaticiy #i'8 ( vy o ~£ ), of thomala

warishis £ fho amiliary vaplabls for each mit ta ¢he senple. Rebson
(1957 ) dostved an exact expeesslon fo the vastauce of 7, by the
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spplication of mualtivariate polykages e also abawed ung vasisnse of ¥y
for laxge Garriples is glvea by

et driial-25,8,) .
Guesaotile ( 1955 ) proposed & muethod fog tedwcing blas in satle estimator.

According to Mm e esmpls g apits ko two sud-samples of equal sive
and che folloxing estimater i 9ol (0 estimate the poinlstion mesn

Vaq® ® Va1 ° % (T2 ® Tas )
where ., s the usual satio estiniton based upos this whls asmple and
Vna soé Tias ave the usuil 2ot astimatare baood upa ha tuwo splite.
To iz Nogs otdor of apprexdmation (o cetlmeter is collased g bae the
Bamn vEZiaass o8 tha waul 2o ootizmator kas, Beabs { 1552 ) snggosted
tho following apticater fov popEintion mann

vaacual;'"{-‘"ﬁi EJ/L“Q-L '3" " J

T2ls eslmntar (s alao uadissed to Do flest ordar of eppronimation sod,
In fact, even ts e sacond opder of apyreximation 1t bo leso blased than
elthey F’a o ?m‘ Te the fizat crdey of appreximatios its varisace
sthe camonatiadof ¥, - T (1908 ) compared wal ratlo estimator,
Quansallls'y estimator, Beal's ectimsto? aad a moilficd gatio estimaar
with ¥ezusd to thetr diasss, varitneco and spprcach topgmality, etm.

Mickey ( 1959 ) developed o seneral theary fur the construction
of mbizaed xado type estimatars in simple vandcmn esmpiing withous
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peplacensd, wing tafcrmetion on G20 pegulation menge of ssveral auxilisyy
varisdisg, Shastry { 1964 ) cude o cpitical study of Mokey's wesh and
steempind aone of the prodlems not ¢overed by kim,

Mast of Ghn athods daveloped so far ts onrder toreduwse biag co
to ebtala wibissed waslo estimaters, imyesse preblam of cus govt ov the
ooy, n gome casss canputationsd difflodity is esdanced, @ 3., Eastiey
ead Roay sithmatew Is certalaly moge difficals ts canpuinith compared to
Gs wvunl yaslo entimator; fo Sune URses sslection pectedore desaes
conplicatnd, €.g., ssloction with vagylag prolabiltties gad 5 1 some
others £20 Gisary Lecomes vory sembarasecs. Murihermaors, sll of thom
mmmnmmmmm&um-
Hary chaguctar, which muy nod Alunys Do the cose. 7110 prodlem Decomes
mors $slo when the ausiilary tnformation is not algcaly svallable aud
» part of e bulget ke to be #pens an Gollecting le. CQanazally, &t s
soen Gint it b9 cheapor ead eazisy to collect information o 4o eoalllswy
cmmmamewmmmmmm«m-nm
oe Wit o Bihey corvelation. Po¥ exkmpie « (1) O Wighly tzatned pase
samat 6z sophisticated muessusicg nstransate ave aifioed, mo doude,
e memsuremant evecrs will b aagligible and coaaseguimtly the costlictent
d corselntioe will s highar tha thas {n (1 cage whan ardinney devices
are vesd { The adsacy of cumsarament evrars U9 to lowes the valwe of
correlbtion canfliotens )4°bula vory Mgh cest will be tavelved tn e
ferenuas ; (11) The cetvalntion detwena the ylol of & ceytata crep,
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sy wdeit, snd the corvespesiing viald of lts strew nty b9 bigher than
the corralation betwees the preduction of axd the aves unisy Qo cfsp,
but the dats o0 Ares mdey the crop 19 ruwch easler to cliAln 48 compared
to that sanizaw. Further, seciined thavs Lo & time conktralst, o.g.,
the estimate of Whast profucilen s voquired withia » vaRy shcrt period
ofwy hapvasting, ta ouch o cadd {5t on ares under whizgorapcan be
ohtaingd vizy som wheznag obfaluing G date on sizaw will sequire &
velatively vazy lang yarled. g

Aﬁ&mmmmﬁnmmtﬁ seme
metified patie type estimaters which cun be wied ta e miens whase
evdinavy Futle estimater Mils sad whish reiain Bie pinp peitats of erdinasy
ratie estimiter, fike the stapiicity aud G officlency, The yeosens tavesti
ation aimd st develaping sers sunh modifiad satie asthoatues. m«
sstimators may b lass biaged et mere efficlens than 0 wbml adle eatle
matse. Muwweeves, (heoe ave almpis th yempun and srote SleMls o wee
ad compated to he ooy melifisd watiasutimatars aveliabls, Hke
Queamilisle Sstimiter and Beal's estimater.



3.0.1 The first prepesed eatinator of populatica romn when e peyulation
mean o the axxiliapy charnoter 13 knoem and tho matn varindis and the
sunilisyy vayiabls ave positively corralated is

p PE m (97"/' / (%L1)
vheye p hunﬂmammwmn-!q; with, of courae,
cortain restrtetions lmpessd an ) to achleve grester sffisloncy. Like the
wml mtio estimatar, T, s ucwwmdmﬁhﬁ& mesa
Y but with magy edvaatages over the farmer asd luvelves loast computaticant

pwoblems among all madifisd ratlo estlmatars.
B.L.2 Uppse housd to the bixs fa ¥y,
Tod(F) o« B Loidv(o-1)R)/ p 8 T

s BLAiTNp-1)RLT/ P X

/

How
Basts 7, » B(Ty)~VeB(Ty )-8 L {Te(p-1) K17 /p &

LEB(MIPpR-B /L iTr(p-1) BV S
p X




ity » y

. Xm)s Lastpt) BT s L ni{Te(p1) T

PX

» 'Gﬂ[?p i:*( pel) §}J/P .ﬁﬂ'cw‘?‘ s BY)/ 9 X

Also |Elsets ?alsv?‘ o0l ®

Hosce, the wpper bound to the bino (a T; will be leas i st 7
miess the spatsrd dovisian of ¥, 1o gresmer haa P frmas he esmatard

1) Expotedvtaeed % 4 \

-

y

f‘ @QE -
Eelp-t) X
v-F
¥ - )
ep X
. B X
P E{(Ly o)
P X /
i-X -F
slmylifying , wo got

- o ¥ TR (R-RP (BENF-T)
7 e Y[l . — § ———— . =
! £ Y » ¥ o'y pE ¥ 7
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8
v BTy -?B*(-%--';N - T -‘%,- ) Jee o(aty

¢ »

{313.1)

L5.4

{A) tnlinite pepdntions -
The exyasted value of wusl ¥atie eatimater te O (a'l) b
3

= (V) ﬂ[m-‘;--%n -';';— . N

S 1t Whea ¥y is postiively Mased /7
(8) T30 alve pesisively blaced /
nmmmunmm-mnanm \

8
S 8
H —ﬁ > . p§'> °4 4
::’ o) s e o} . 8
oy o 4 s ] ol ""ﬂ'
X2 43 B %4
8
Owiomly, the d¥izrence batwesn " ad ;g.. { and, hence,
2 B% xv .y
) )
tetwens 1---". sad  ~ZL. ) will be locs Ona the &ilfsvense botwaea
y &4 fi?’ y
st s
"-;’é"’ ant -# Thorefare tho Mss in T, will bs lnes than
®at Is Fan

This coa aRtersativaly b0 yroved oy follows 3
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B B(Ta) e B (T)) densts habisses in Ty ani ¥, veapmtvely,
thea 2 ,
- A | By 'g
8{vg) = (3 --;H-Er- )
|

XY
g e tdody 2. Tm
RO et w L TE T RS
Row ;

B(Tg) *Bim)>a(F)+eB(n)/ (*7p>1)
/

\

& 8 8 o
Le. >(-§--—},—H°§-* E%,’)-NHN;%;{ ;%"i
s |
Le. )({---é') i‘,“‘( 1- 'i" )
e > (" w1

-« B(TR) > BiT)

Romss, b 7, oad 7, are pesliively davel, 7, willalxays be
nss binged.

{3} 7 ls cepntively Yased

{ In Wis cage { and alns in o fallawing ¢20es ) he Jeevices type of

compariten ¢ili sk be alweys valli, {as the ditierenss { shesinte )
32

/

8, »
botwess --,;.'ilﬂ -# ﬂr:o greater than O dilfezence
4 a ‘
R? %Y




ol »
5: m-«f!! t»
2

. 8
secassarily grestey thas 08 diflevence { adsoluts ) Detwotn wz—  and

%
s g} .
.E.;.!.,..;,, ,é.,:g.%-amw&m‘m”

]

hmhmmwl% . -g—?L ) { whbichhes to be

posttive for blus in ) to be pasitive tmhwmma
3 /
‘ »
(?._fg, ( wdizh (s also positive bacawss i, I8 postiively

blased ), Bongohrmmmmdc\emﬂﬁm )

s thio casy thy following tasqualltiss will hold
N 8 sl 8
$ - b s -
L e R -
::) o Sy t % Dy
T s Y ¥ e

T, Vilbe lege Dissel tan ¥ W
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olg e

c,
L.o 9 whutge <
Cx pl{yel)

T, will be mave dased ctereiss, $2¥9 cae Dossidility whins @0 lnequallty
becomes Saeqmiity . is whichcigs bes T) ed Fp willte equally
Mased.

Case SL7 Wi Ty s mspatively blased

(n) T & positively biased ‘

This caxe con usver aviss beckge poiitive dias la me
Masin §p o Ssisclmvfron Coes S (0}

(b) % teusgatively Mases ,

T, wiliba lass Vased tion ¥, o Whan boid wvenepativaly Mased ,

g B

A R A

PEY X KT K2
&

8y § i
t..m ‘0-- -L »
“w 98’<29 !

e gt> Bt

n
U the innquality halds In ancler Glrection 7, WALl Do aces Mased. ¥,
@i yp willie oqumily dlxced i €0 tnequality becemes equallty.
(B) %atafisite populations tawhich » and y have s Mvariate movmal
Cstribation, |
Pollowing Gukhstne (1944 ), o axcted valne of ¥ and y o
o(n"2), wies e popuiatien ts Mivasiste nermal, aroas fellows 3
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. 8 8 s 8 -
E(?"QVLSQ-" ":‘ ;%)(l’-: :l%i y J
S 8 s G
el Tl b e 1] 201 T

SArpli Vhes . s pouttively tiased .
{a) w,umamw

Procendlng esmstiy 43 in Cse€ ${a) unier ( A) wo canlafer Gas T,

~ will ho looo daged ta this case alsa, m?m the tixa <All be fuitker
rodused becauns the frotor (1 ¢ 2 5o &

a
&

(») ¥y s asgadively baged g

T, wAlltetazs Massd then 7, U

t 2 5: “: 8 3
(o5 - g‘i’lu v Imtm Ry

-:.:';)

lmw

4
8
Obvicasly, ¥, will'be loss Wased whanever ..!.I'.. 4._? o 2L,
: PRY ¥ =R
B gmiernl, ?‘vﬁl'bﬂlﬂlﬂud ¥

piprl) [p‘s%(p'vpn)a: ]

<
g

<

!

- 3

LRt e=ptay et 7
SAPR.ILE When ¥y is segativaly Mased

(2) %, L postuively blassc.
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JutesinCuse § (o) under (A}, @is case caanct anine,
(b) 7, s sleonegatively tiased
T, willbetess Dosed thea ¥ U

i 2 .
- 14— (=L o e ) (T4 ==
i R T 'i‘” )
Sa 5
ity wilt whensvey h»-——- & | e}
s teoguility wilt hold ‘pi"f ’,g,)/ = E"
D ganersl, T; will be lage Blaged Uf /"
. 0'. __’l '3. -;—(pa*l’ﬂ:
e'> » ?»-.-'Q;Etpﬂ)cz
PRSI
meJ)pﬂ wirtl)c, T
€y P ?+3,tu‘mt)c.
38 Varimage o T, ?
vin) « 8ln-a(n) .7
- ?" '8
= B L (-—-—oq-—-)jx ﬁo(‘“’
Y pX ‘
s gb 38

» - ) (ﬁ'o-—-——--——-ﬂ’ { 2.L.8.1)
LL¢ Cemperiam.of sffictenciee ¢
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The vagisace of ¥ is squelto (-5---!-) s®
a R Y

T, will be mene efficlant thaa ¥ 1f

nial 2Rs
ot P
e t
Le Pl > et (2.La1)
¢, ap
£ %23 Tsomiitonter 7o tole mere stficlns Gin stmple mesn
€. 2 c 1 =
pd >l . ol pdm { — , Fp will b6 luss efficlent
c, B Gy % )

tes 7, G making ¥, ussless , Wheress ) can SHil be safely
wsed by sdjusting p sccovélagiy. This Sicds us to s usefal conclunim =
U thaye 82% tvo suxillazy characters having ssme costficlest of variatics
ast the one with higher correlation ( wish mala chayacter ) fnvolvess
higher cont, we can sefaly wse 6 olhey asxiliasy clasastey with & lowey
carrelation { Wil (he mala charstiez ) and involving lasser cont by
makisguse o T, by sienply chouaing p and setalnlng e sample alre
samg, e chtalsing & saving lasunt witheut loss iy efficlancy § o»
tasreaning eificlaiey by Incaeasisg sampls slse ( siace chsager amdllary
charester ts weed ) witheut additionnt cost, _/

() Wibselotomtinmat

The vartmce of 7y ta O (A1) ts givendy

Vivg) -tf—--é—)(s‘fv a? a: - 3RO, )



-n.
T, wiil tamore effictant tmn ¥y U

3.2
ne Re .
nn-i-‘- - ———t £ 338: - .ll"
4 4
e ..e! ¢ Rt (2.L6.3)
: G" iy

The shove lnsqmilty shows Gt whenaves C, (s o S8 oF of lower
wilst ¥mn Cy » 'ho prebossd ctizanter can Yo mado mege ¢fficleny
G Fyo Builf C, is of o Mghay adey as /e T) oum b mde

e !
were ifisless daa 7y o Wemant § (EEEL)
4
rl

(¢) Whrmrudnmtoue 7, L =70 (X-%) .7 ¢
The vastiace d Ty, to 0 (n7h) ug-k oL )ad (1ng?)

Ty will b0 mepe efficiens thaa ¥y, U

2*s® 1as
— —-';-ﬂ < = ’a s:
F
R R (e

which iy tpetsidle. Homze T) can seved be mere afficiont then the ’
regression watimater. Howewty, T; saé 7, will bs equally afficlest i

p o -5'- -%'; (2.0.6.4)

THs s e sptiimu value of 9, &3 wo Wil gae later.
(8) Wig Menriste retivsativuton




'3 K

. Unter & parGoulzr case ( Lo simplicity sake ) whea (e tocliiciants of
cosvelstion of ausilisey iezactyee with the maln chasaciay atra equal

(=p ), sad @9 cosificieats of varlatiom of both &e suxillazy chessctors
/azseqml (v €, my). lasudscase the bivasiats ragio astimater
'i. akes o form Fu . ‘%' ?R! ¢ %?38' M‘?R!CII
Tp: 876 theutoal satio estimatare based upon e two daxillasy variabine

respacfivelyand  its vasiasce s agml o
P

‘,.....m..)‘i‘ Lc‘ *3pC,c ¢ ,,/l*o) v

wiate o' is the ceatficlent of correlitien beiwedn the tuo susiiiary clnseaten

nncmtmbthQWMMh wwml
wivayizte sails estimator can aave? Do more efficleant t2an & Nvaristy
metodaimatr (2L (1) fhay wil, howsre, will ba equally
officiont i U two ausiiisry chazasters eve peafectiy cezraintsd,

How, ¥, wii} be mote eificient San ‘i’m ]

a
Cu apc < ¢.
< 93(1& P2 /
’ S, <% p{o-1) { '
which shows that  T) can be mare ¢fliciens Ga e Hvarite ratlo
sstimasey,
(n’ MM PN Y SR FIETS Aoy

Sinxibatice &
Ustag the regulte given by Sukbatms (1944 ), e vaatonten of T} axd



wE0 -

g ¢ O(a"7). wier Quls §itaden, mutmnu

|
- €, B
vrped Peeesy - S m--——-n—a’;‘:u--,e,»'

os . s
v ?n!f:-‘!" r’(cv ’On 'Ipﬁ"ﬂv}(li ‘% ﬁnal";'gwa”’ﬁ',l‘

¥e# Tp tode more eftictent s y,
ViT)-V(Fg) <O

mmn-mnnumm»mwmqm o/
z /

N -
.E.uo-n,...!;'-a[u - (10 :’ﬁ-#)-'/h-g-)

/

mo-‘)[.i c‘r-— ed(av -;)n _7>\o (2.0.8:6)

mcwuuuuhummmmmumm d&h
taequailty, @agis , how it behaves vith changingvatuss of ¢, €,

C, o P siace 9,C_ and e,mmmw the above
insqunlity lo of Givd degree (a p, which makes 13 extresaly difflealt te
predict the lkmiting paiuis beycud which the tasquality will be satisfied of
caass to hald good. To find out the appraimam lmls palnte, 1ot w8 Sasume |

¢
@at C, sad C_ domot changs sigatfisantly with thechagge ta  p —L
dc}.’ dct o Cy
» 0




!

- 81

¢ sck

twoghi-dudie Y A TR TYE RN 4
a-(n-!-u_-?- o—c Bored )H_?
mmmwuuﬂnhmwammm.
W‘W 9-5-
1,5:1'2-%3(:»%4 5) OA/L{ltgc (lo~¢-g)}‘
.2 (u-';)‘i-} c:o%e (u-g)u}]_//- (n

u.n.b.n
A consiapnt Mduﬂméd Ty ls givam by
AR Q
A : no F 4
V(%) (3-*-'-)( o)+ *-;-:-'- :‘ {2.0.7.1)

.18 Oxinwmolndgy t
Diffayentiating the vagionce euprecsion { 2.1.6.1) with eespectts p and
ejuaticg (Storare, we getthe optimcmvalue o p o8

P ..3- %‘:- (2.00.1)
This is cxsutly @ten is shiained ca compariag the effistanciss o ¥, ﬂ
vegrossion toflmater. Flamco e minimam valus @t the vatissce o 7T,
can athls is (b8 varissce of regressien estimstar, Leno (5 ~§)d;a-.').,
Also Wit gythriom valus'd 7y Ty bocemen wablesed. {2.1,0.1) gives ws
& guide fing to choste D vhich can be chosen to de the cne that iy obtalned

o suistitnting Go sample entimate of p, G, sad ¢, for thel? rwe valnes.,



Y B

TNQ PHASE SAMPIIRG
( Xtsnet kuomy )

BBl In e pewviow ssction, Wi considered the cags wien the poplaticn
'uaean o susiliapy ehazacter, ¥ite, X, io known. Incase, Aowsver,
nformstion a8 X (0 not availadinis efvance, e wml wesefmre b sk
a sttmtion, knews a8 twe Jhase or doudls sampling, cun b0 alepted. This
sampling deslgs ccnsists ta mktng & lapge peeliminazy sample, of slss n',
sy, 1o otler toaeitmase X and . Wiing s eud-sample, of $ise &, sey .,
frem he prsliminasy sample 3 od867vs he characier wales stuly. The
weal satle esgimatar tn deudle sampiing s gived by

"y'n o & -ép/
whevs ¥ 16 the weaa of character under sindy s oditlaed fremn the sample
doise 8 and, ¥ and ¥ ave tho means of sunillayy chasaciss as dtained
from ssnpies of sizes a sad &' Tespmtively.
Tho supestad valoe ond s vasissce of i;ilmlshmlhr
3
- L 8, % 5
BT s¥L (S-S - =) T
ead B, o2 1.1
Vit s (=5 (aten o - ams, )e( .."'u)l:

Following twe Jhnse pampling spronch the falloviag sstimater is prepesed 3
y
Belp-1)5"

Ty » »E (p>1) (B2L1)




|
ol
L2 Eomwinimd T,
y
me{pt)m’

L cp R
a-! 'r' Y

/ 93[10»""'"'.7? N—g—.?

T ET

.lﬁ!‘;';"o pil x 7

- o - « (pel)e’ -}
t!flt’glet%J[lf;gt' Py _7

wiste & (F=¥). ¢ o(ToR)ant ¢ «(iF* -K), Aspuming

. (’-l) /
——p— & 1 eood expandisg, we l’.
»X X <

eF(2s 4 ““1:“‘_;”(!-!)! G (ﬂ)‘- by &
™ X FEAE

ip-i)e o’

ﬂmwm.wm

- 3 - .z!._!i.'.._lf_.."'.!.ﬁ..‘_!.
Tu T ’ﬁ-ﬁ‘ "I T A

Taking exectatisn o both siles et wisg
R{n)eEB(s)eB(s')n 0O}
B(sd)av(D)en s ;
B(e'3)av(i')s 08, ;



o34 e

Blest)e B o' B(0] ') 7 em(e'd)e &8} 3
Elsa)e Cov(n,.Fle @ By ;
B TTL IR WARE TETES SR TR SET.L Yt SRR A Y J W
wiavre 0 c(-'--‘!-). ¢ -(-!-,* -L). ¥ smess d clumm

mm«mnmmummmmum -y
o, o e FTeF; wph & 0 (nh)

- p*) . 82 pea 9

B(Ty) = ¥ L1- e, =

R JRA A R

" p RY PRY
- By, 8
oYL 1e (B0 A5 - ;%— ) J

3
.v{_u(%-i,u-}'ﬁ - } 7 (%ara)

L33 Comuiisss sl Mases.to Tyq S8l ¥y, °
Tt 1s evidont (rom the exprosslans of expected values of Tyy &M 7,
as the candttiens regapding tho canperiaca of blases in Chls cose will be
Weatical to trooe hinined ta the 259 of slagle sampllng, 1.6, the case -
vhate X ls knewn.
L4 Variamead v, t

viz,)-2Lx,-8 H’u!-/‘

.’ B’ ﬂ-*-—n"ooo.n l
£¥ ‘t pE »E ) 7



N

o 38 -
B 2
) 8 s 8 s
g | -L ‘--.—- -l—!-o- 2 .“'u’l '%—
B AR Thr LR A
8

v2e'2 2 "o o (a"
e A Ex‘?" L )/
-* 4’ & ¢ -
L0 =L t(o "”'&'ﬁz;g hﬁ?’ 7

2 | S
8 18 .

3
.8
TR T
igd 1YY

/ (5.4.4.1)

Tis WU bemeve efficlent han ¥ U

2.8 ;
a;. n-—-ﬂ(ﬂ

Lo i 1 S e L 2.2.8.1)
Ca ayp

Alhengh Bils conperisen (s ast very velovant asd justifted hecause of
e lavelremess of oot b cbialalag Iaformation c aunillssy shavactay,
yet it bringd forth & fact Bhat can be axplotted i chrosing est 2uziliazy
darnatsr,wiea saveral amiliady clarsctors sye avallsblv, in ceder te
reduce ¢ont o 2o lnzresse ¢ificliency & taeMWM&ﬁﬁé oo an
opthnan condindtion of eoos axd afficlemcy. This we shull attampt after -

”cma of lﬁklﬂy whih ?M .



Tys will be move efficlaat thea F“ u

r2al aas

T- —-—-ﬂ < 838: "3‘8_
|

| xy
' ’
te. pox ¢ 2O (%2.85.2)
c, 2y

( 3.%.8,1) tadientss Ghat {f an suxiliary charecter dosy Kot canform to
the candition p%& Y }i. + Which is the conditien for 'i'“ to ba
more efficient thas skmpls meas, (t can st} Do wsed by making use of
Ty B choating p sotss (A.R05:1) I-WMM dinlalag an
estimats which will be moss eXficlent Gan the stnple msan, ( 2.2.5.1. )
togethe? with ( 2.2.8.2) tﬂktﬁlﬂ!ﬂniﬂ!ﬂl&ﬁ&mﬂ satisfiss

Lo G 2, wonrtagee of T, wo wiil got an astimate
2p Cx 2y

@izt will Yo racee officlent han sinple meas as woll 48 ustal rado estimste
ia doudls sampling for & given cost o comversely obpin o refuction in

cost e & glean tavel of precision { by ;kisg & smallep sample ). FParther,
tf twe of more amifiary chariciers are avalladle with the sams colliclenw
of vaylaticn and which ave such (it G cne with lowey correlnticn caafficlent
with the mala chtractaz tuvelves less cast than O cad with higher cewp-
rslation coafficiant, we cas Wse tha chanper cae ad ke Wi of Tyy to
cdusis an agwlly precise astimats while seialuing the same sample sise

aad Gows ok dews the cost oF altazaatively tacrenss the Ppecislon of the
estimate by tacrensiag the sample sine with the avalladls fmads.



27~

8.6 Esthpsse of verisace ¢
A consigient sstimaley of variasce is edtalned by the {sllowing expression s

R%22  2xe
v r..;-tn:-,---:m-:*—-}- ) (=)o}
{ 8.3.6.1)

227
As polnted st suviiey fho comprli s of efficlencies ff Ty, aid ¥ &9
swch is not very sslsvant and jusiified, One weulM capinialy Him to kmew
whether Qo sntve cost, tacursed cn the sdditlenal sampls mken foo
@servisg the surlliary chasnoter, weudd tacreasé e precisies of the
estimate. W, Guerelers, chosrs tingsampiling procedurs wiich sesults
ta paladmun variance for & glvencest, Lot € and ¢ Mo the comt poy
it for dNaving the mals chavecte® sad the axxillavy churacier ves~
pectivaly snd C, be the totsl cost of Ahe swrvey. Theo

Cy® snta'n 2.2.0.1)
Assuniag R large, w» have
Vi Ya
V(Tp) v = ¢ o= { 2.5.7.2)
a2 . S
8

s L | 8
viare V, « (8¢ »? .;'E. -ag..:."..'. ) and va.«ga‘.;;‘sa-’li

We villpow dstovmine » and 8’ swh thas the varlunce ts mintmum
suhjest to G budgst comatvalms { 2,2.Y.1). Cansiier, iavefave, the
expressien

$*2V(vy)tn (cantc'n’ecy) {3.2.7.3)



Case £ 3 p to fined
Ditferentiating ¢ with yespettto 8 and n', eqmting the sesults to
Sare , @liminating A aad, wriaz ( 2.2,7.1 ), we get the opitmem valuss
o a safl p° asfollows s
CalVy . ’
S B UL “."""
F‘tﬁ—l’}‘l"ﬂ,
L -Jh
ﬂ. = . 0“ S ‘hat’ss’
nﬁk/‘ V‘ ’J" Va}

I

/
Sedetituting the valuss of & and u' In (25.7.3), we guthe eptioeum
vagieace of Ty a8 ‘

‘ 1 '
V(!'m),,.v-é:h/ﬂ';h/c “ " ENERR XY

I e si:upls sspdan samplicy 1a adopted, n’umgb of slae €, /ccan

umml .

8 ¢c8
- ¥
Flon * o= * & ( )
Hiace, tho relative ofiiciency of Tys &9 canpared to slnpls mess wder
optimun coniitions o glven by
cﬂ:
AE » (22.7.0)

W7

Sirilarly, the relstive afficlency of Ty a8 cempared to ¥, o

wiiag 60 samy aaxillavy chavacter (a beh 9 cases , {1/ Tygctn be
wel, Lty (2.2.5.2) is mtlslied ), is givan by
(/o Vigp ¢ ,fﬂ'?m ,‘

m.m
(Jovy ¢V, P

{ 2.2.7.9)



30 -

whare Vin S V,, sretheconwrprts of V, asd V, for the wswal
ua.umwm,an puttlag p =l v V, aod Vv,
vespectively (stace yp,.ienosactalesmoof Ty for po it )
Buzge, thave will be o gris Ik sfflckasy &y wiltg Ty, ©

]

NS B ( £.2.%.10)
J‘Txi i :

whieh will 3¢ trae , (n partecler , vhes eltier the norasyater o the
emordmter will bo nepative ,

Furthor, the ralctive efficlamy of Ty » yhis i 1o weed with an
aaxiliary chnvrctor that hae & lowey ccarslativn wt}!\ B mg!nehmtnf
ead tavolvos lesr per witcost, canyeved £ Y, o delng ueed with
snothe? simdiisry charsctery having Bighey corvelntien wiy ehayadtar undey
study s tavelving s higher cont gy ovit, le given by

[,J‘,j(s‘o ») sj 23y 8,).) GJ#:J(!&,E"? . n, 8} )]

; ¢3 2R, 00 'a'n#
LV oy v =55 o =22 ) fo ;J(-;’W =
(2.3.%.01)

whaye a1} the syndbels Diap Grale goudl saeaslugs and sufiiz ') * s ased,

{0 deneta i cestiler chagnota® aud safflx ‘%' for tha chawpa®  aio,
Hsuce, Ty with o cheapuy character will lngd tos gala in precisien

over uatag Fn‘ with the castiier charvacter if



P P

> [“E—{,/( oy = %t 2—‘-:-‘-’-') L hajeleame, )

s?
¢ J( =X ‘““‘ .3 “’ 7 / (Sl‘lﬂ’-l‘ )
(2.5.7.13)

Case 11s 9 Is aet fixed.

Ditferantisting Witk resmstte 8.0’ ool p and | prosesdlig as in
Gooe § wo find Bt the aptimun valnes & & and 2’ are same 6s gives
b (B.2.%.4) and (LLT.0) and ot » Is giveh by

p e L0 | (aT.1)
L .\

Sstintten of Govalnas of 5, 5' 88l p gives fho uptizam vartanee of
Ty o8 -
Vil = - Latid) s o/ 7" (urrm)

giviag tha pelative alflsismsy of Ty, 88 canyured to skmple meta oo

(Lnrw)

Ciait=g%y v 9" 72
Hoeuse e dendls sampling will tond ta e grin in preciztan

&n L
o Li-fu-H) 7"
Smilarly , the relative afficlancy of Ty, o8 cempared o0 F"u + walng

e semn suxiliapy chagactes , yoevifed Ty con o wand , Loe, (2.2.8.2)

ERR BN



ts satiafind, s givem by

| .
T T N '

m-mmumnmdm stace taflvidwmily A}?Fuﬂ'm
it o' vy, o8 pJ?:nnun&wn&mmuﬂMnhﬂihcuhu
uwted, (¢t will alwaye be batter hoa ru

Agis, e yelative efficiency of 7., when 1t U weed With an annitiazy
ammmrunnnuwuunmnuanmuu-nguﬁmunaunn-u)
a3 canpased to F”. belag wed with nacthery ayisiliary charsster with
Mgher cotpeistion with main cMpzchy ( the costlier ane ) is given by
L:'[ih_/‘(s'n:s:,-:n,a.,,)oJI{Jun‘aﬂ’*‘i,‘a:; y 7%

L a(1pf )0 p, o T7°
(2.2.2.19)

 Uslag Ty o« with acheaper v chasester will lotd te s gais ln yrecleim ,
under optlnun conditions, will bo advantageens in compayisen to wing
F“ « Wit s coasiter chnructier, \f ’

RE o

[@{aJa-,‘) J(a u,s a!‘ﬁ'!,]} u',«‘_/
i>.—.—-§.—.—-—.—-——;4—‘

TR XY




The proposed estimater T, prevides aa wabinsed estimete of the
Popuiation mesa wdsr the fellowisy vasylag prebebllity sampling schemes.
Weo shall, fizst, Bks up the 290 of slngle phase sampiing end then extend

2.3.1 Slagle-phase sampling
2.3.L.% Ssmyiias Schame:
~ Belazt the fized malt with prodabiilty pesportionsl to 2 vakee of the auxiliary
character Ruo ( p = 1) times e populttion mean &f the aunilisey character ,
Le., nammuammmmwuaﬂmﬁa.
ﬂuhntthmdnh;(n-l)nﬁbﬁqmlwdﬁﬁ_mmm
veplaceiut fran O remaliniag ( H-1 ) mite of the pepulntion.
L.3.L2 Pradadiite of chslaiss o pasifisd eam:
Predadility of colscting & apecified sample Vio Yy coreen ¥, of n uwits
undey the shore schome is givan by

"". 'aoooo-ooooo "., = g L (“M”M 7‘ (o celected
Lol efirssdvaw ) 5 ( Prebedility
of selsnfing yemiiniagn -1 uaite,
glven GO} Y io sslected at
ftivstdraw ) _/

I‘Q{p‘i’i %
W. ]

1 *, o] - u"&:—‘
(ELm Y X7
f%(gﬂtﬁl‘gﬁ‘; .

P R Hea
(2.3.L2.1)

2
e« =
is




i’&(p-;)i
%
ﬂ?‘) ~pEs/ lt(,-l)ﬁ J

- - 1) X
ﬂ"ﬁ' -—--L——-vn .*(’ ’ . :

W i
st(p-1) X px N
s ¥ 1 (BBLA)

wisze ' dwotss swnmmsfics saeniel over all We, Pessihle samples.
Heme T) previies su mbiastd astimate of populetion metn untes sheve
sunpling seheme.

L3.L¢ Vara el T *
win) emith)e (v 7"t

v 2 L 9X J-z" ;- _/ -gi "@g Y
‘% - i . (%3.1.4.1)
Ho(o-1)%

3.3.L3 Extinate o yarisnce s
The vasiaaue of 7T; «an be estimstsd wabinsedly ¥ T° ean be setimated



Consider the sthatistic
N p &
w-
Lot " Ha/ s¢{p-1)X_/
- B 3 ’E -
B % -/
! ld" Neluep-)VE 7
V& 3 Eop-)E
2« B f‘ -——%—.—_—-—. o
tal Nala+(pa1)x_ 7/ P B Neg
,B 1 . ‘Va
] m --L . e R« ‘ -l-,-
= e} Na ”c.. lq‘f';f; Na u%
‘/
T 0, /
B e 50 ! i
il 7‘ /
Now, consider ansthey atatlotis .
a {%=-1)p X
iAol "7 nalpeW)L Te(p-1)X /
- {Mel)p & -
‘!""‘ " Na(s-1)Lar(p-1)%_7
[ B’ - m.i & oma
I'?.‘V‘Y, Ha (n-1) Reg
" .
o ﬂ-’c x Y «-—E:l-u_ut -L-
”"w;-: : us{ast) Ve,
. 3 v
@ wmsae
wt t,gun N
Thes, e wblased estizutis o P s gvea by ‘
8 3 ?E » (Y p X

o uu/,n(,qji.,; l:j-!""‘ Na(nd)l ENp1) X 7




pX - Bl n
" Wal EripHEJ M': -l t-m-a""J

Hwce, s undizsed estinate of vasiance of T, is glvea by

A - - !E w B a 8'1 a -
open ua L E(p-NT 7 £ WA t:ld O it
{ 2.3.1.8.1)

5L8.2 Exteaston to Strstified Sampling ,
tn the case of stratified sampling Rere arve Gives methodn of ssmplisg tn
which the population mean cas be sstimated uabinsedly,
L5.0.1 'M_La \
cmmmhm“cm&ut?dmmwﬁmmm
(s & mannar steted ta the Prwsious case / vide (2.3.L1) 7 ; pwepave
&2 estimator simitar to T, fvom ¢ach of the sample and §  fimally, camblue
tem with weights proporticaal to the slkes of rengactive stenth ¢o yisHd o
slagle sstimator of popelation mean. Yhws - |
lat y,, dencts Ghe valus of the chiarectes imder stady (o the J<b walt of the
f-thetentum (Sol, 2, c0oeas By )y (H0da 2, iensl )oien Ty
s estimetor of population meen is glven by

7 L T (2.5.2L1)
. ——— .
ts leg W ﬂ
where s p -——-‘5&-- and , oll the satstiens caryy
LI R=rmure

Golr weusl mespings soff sufllz *1' stands for L-@h otvatum,
11 follows feom the Drevicus case that



.“o

LW Lo
B( Ty ) = s‘? B{¥,) hl w N
.Y ( 2.5.2.1.8)
tas maxing T, wsMused fov popuistion mes ;
- I =3

e Lt Mo, B re)E, (L3.2.L3)

where semmatica X iv sxtended over Yige, tumpiss trem ol
stratem » 0, belsg the somber of Galte selectad érom the It stratam.
mu,ummdmmum» _

n
V(l‘ . 2 k { ,8' — ] :
st [ u ll_—-_—_—'j"al-*;‘(ﬂ);!‘ (M "y

"
¢ %‘-’T’*;:g Yy iy ’_7
§ 2.3.8.L5)
%2 Methed L3
3.2.3,1 Sapal 1

Select fivet auit fram the whels populstion with probability propostiess to
e yalus of awditiary chavacier pluo (p = 1) times the pepaistion nesa

of auxiflavy eharseteor , 1.0., J-fh cnlt of the  (-th swstum will b solected
with pradadillty prepaetioss! te L*-,,ou-u X 7. Hate unls
happens tobeleng to §-th stvatmny, seleet remalaiang (m ~1) wcits, fram
Wis steaten , with el prelability and wifhcut replrcement frem o
semaising (u‘-l) waite. M&nw-m-. select specifisd numbay
of mits with age} proadility end without paplacemont, [t tony be mentionsd



*«3T -

here G2t n ‘e canbe determined n the tesle of epihnmn o propestioaa)
sllacation,

5.3,2,3 PralaMlise of eeleutis ipecified sampla s
Probadilily of selecting & spucified samyple is glvea by

Pe : ? L{ Prchadifity viat "y is selsctnd af fivet dvaw) »
feljn) ( Probalility of sslecting vemalising a1 wits
froma l<h stratwm , given that Yy ts selscted
o8 first draw )3 { Prodadillty of selwcelag
vumnsisisg wits frem the ofhsr styatm, gives that
the £izst @it almgn to the Lk satem ) 7

. r 2/ wlal e Mi'!:-'-—.?'
tof Jul =, Weng T W,
RARAL M Al E b .
3 - , .
- W ‘g.;.g,g.g.u
px g
fa O
»L1.3 tatieantay and te sxvertsd volme °
As wablagsed sstimatay of pegaiotion meen Lo given by
: L -
- z '
Tyt * P X —,-‘3-‘-'-‘:-:-‘_-3—-—-——- (2.5.2.0.0.1)
AT tr0X 7
‘ 35 W, 58 L5 ) ET

:ftu‘[;"(”’ =7 PE o Heu

L -
* ¥, 2 "‘3“""1

isl uuhq

e}




¥ ( 2.3.2.5.3.3)
where 7} umamun‘u‘ Mien samples.
8.3.3.2.¢ acn = Armad
V(T ) e BT, ) - L0Ty,) J
L .
2 N ¥
A L% hg.}_nl A -I ‘a 3;(7'3,
ic
R u‘{-‘r(wns} px O Moy
’ //‘?a
- pX SO = ‘?!’Ii ,B #3
" }“‘“-; ¢ é"a[‘n gj
it S i CPRRTWRY
2.3.8.2,8 Estamw ol variance / ‘
CansMay the statistlc ’
1 n'
.l » i pm— 'l} -——LL-———
1 T !;I. RN E/
0 .:L ;‘ p X g 1 {L"("lﬁuy
" % ld Hw §al "l L — T
SRLRNET  ex U Mew
R W 1
"% ® a1 n'.‘ 1-1 '5 “*c
hl
L L. Wy 1 2 1

° T (NI -1
ol ’Fﬁ l-!"’ 5



u”t

.!Illmcq)u“;:'uﬂgn

fo1 Lol
le} -
| R T
LI S RSB 2. 0.1
* u3 tel jo! "y ‘ ,

 Copsider snelhey sintistic

’ L M0 -1) —
" s ¥ -—‘-ﬁ——-— g 'h ", L '
a1 NWa(n 1) Jefnal Z HLR RS

“, lll(ﬂ‘ «1) ‘/:; ——
B o © 1 1t (a 1) !l?;“ " o ﬁ %ﬁt
sl

/

« B(% MYa-n) W"‘"/ ?
e} sl %
h‘
LW " T (2.3.2.8.5.3)
u? tel ekl
Flaally, casider o statistls
L ﬂ‘u‘ 3 %
t v B 2 Yy ¥
’ ikt u-‘q. Jol wel Y - 3 u_‘[ﬁﬂﬂﬁj
/
’ 5 .
Elty) |:'u.l "'15 J-! “,'\l'h ll‘ %
. % %
L :‘ m»-t W e



w”#

N N
T L [ b
< E % yy (2.32.8.5.3)
n lebhel § ol usl Y

Thas , ¥ o Which can Do exjrosmd as
2 _ g , & M 2 b N L 3 N
¥ 7 t P ¢ =
T ‘t:l ,fz R wm"’m‘ maunt el "’ o )
can be esRmated mbdlizellyby ¥ 0. whare T2 io glven by
gt. Gttty
Hence , ua wdissed estimate of wsisnce of Ty, kmwi’ ‘

%. ’5(7’ )’,—-—n—-u\—-g-g—-a-—-
e ﬁé"a‘t.ﬁ;vtrnx./ “’" “'

L ﬂ.ﬁ °s :- ﬂ k '
‘o el },ﬁuy y “*s,sa.x/ﬁ ap 5-1 el """“7

(2.5.2.2.8.4)

L

2.5,2.3 Mepod I

£.5.2.3.3 Sxmyites Bchems:

Select fiyst ualt from the whals populatien with pestadilicy proportional
to the value of punillery chasactsy Shus { p-l ) times {o valus of the mesa
o awtiilany charactey ia the strstum ¢o which the wait Detongs « Lie., j4b
it of the {4 stratum ls sslacted Wik probabillty propartons! o
[‘.qu-u K, 7. ond saisct s remaising wite of (he eample from
their panpective steats with sgual modablitty olthout roylicemont.
2.3.2,5,8 ze apd it extizaie o
mmanmmmumwMuumu.




adle

uﬁmﬂdmmfna

z NV
. L] X q——L'-L-—‘-‘-—” a""l’*a"
Tiye * PX ( )

‘é“u, LRrp) ¥,/

Praceellug ia o masmer slmilar to City ane adopted la method B, we can
ousily find @has T, s unbinged for populasion meen §  itg varisace

o S 3
V‘fm’ - -E- E; L' - p—
EnlReenRT 5 Nen,
(2.2.8.3.2.2)

and an wndtlased estimate of varvissce Is givea by ,

-l By By
) + () B LR 3
BB LENE, |

-

e e R T T
lal By(no1) Jobhol tfhul B Jol el
(2.5.2,3.2.3)
fiote = T3 ‘The eatimatescf veylances in all the abare three methods
&30 2ok ascessavily non wegative.
Hole ~E2 ¢ P’ can be makam to be vagylag fremn stratum to étratom.
In abovecases *p ' s talen to be flzed foy the eake of
simpilcly.
Note « L33 The oplimum valus of ¢ p* can b odisined by miaimising
e vasiance expvescions with peapect o p « Inpesctical

situstions p caa be atthmatsd by substityting the sumpls




wdd e

valugs for Sisle vespeafive populstion valoes in the optimum
valse of p.

2.5%9

Ty Gefized Inthe sootien 2.2.1 {was oot to B3 an abiased estimete of
population rnes wader the following sampling achame,

33, L% gGeppling Scheme s

Deaw & gzmple of alae &' from €13 whole popaiation with ¢qual prehibility
aad without weplacement. Froam this cample olssrve anly U Kuxilisey
cheyactsr. Lot W' be the mexs of the auxiliary chatactey i the sample.
Draw & st gampls of sise n from s sample of site 1’ emb tiat the
firet anit is selected with probablilty propontionsl to the value of soxilivey
charactey pime (P =1)times the mess of amillavy odesacter as estimated
from the fizes sample , t.e., (b unltfrem the fiese saropls is weleoted
with prelability proportionnl to &4 #{p ~1) £'s uad tecalaing (8 -1)
salts with equal prodebllity amd withoat veplzcement, Chserve doth mis
s2d auxilisyy characters from thin sample,

2:.3.3.2

Probatillity of cbistalng A s2mpls 7,4 ¥y cocoee 7, f & @ity frem
& given lavger sampls of &' waite in

v"‘i?zmut YBI ,'av Vg L2 A A YR; )

o % £7{ Probatitlty of wetasting v, et fize

fal mﬂ.gwmuan‘w
semalning & ~ 19, given tha
bmu"m&t“'}‘ﬁa ¥ge+ ¥ ..7



eqd

s B tHE "
8 B ——— .ﬁ" '-—-n-
inl P ) LI T
. ¥e(p)% 1
P’ ey

Therefos , the mconditienal praliabillly of ediaining (hw ampls v, , V3= Va
i» agual te

L
R LAR 2 LA W T ( 2.9.9.8.1)
PN LY L -

3
g
.
s
L
3

pi ’
- (oY) X

o

mrg) o2 2 pE —L . ErleonE d 1
s¢t{p-l) & 4

» »'
= I u‘ a. 3. ?
f Cat
- ? ( I. 3. !o '30‘ ’

wiasye =° demotes sunmadien ovey all tre - 'éa samplee of aliss »
from the fivat sample of stze &' sud, E' denctes summstion over sl
Ney' samples of stae &' frem the pepulzdien. |
53,34 Yaemedd Ty, ¢

Ving)e B{mg ) - L8(1y) 7

x Hp-l) & pu t'(," e x
! 3 L ] . ?a w3
k. .C r"ﬂ!g.

{2.9.5.4.1)



2.9.3.8
Conslday the statiatic

[} a pi'
et ' NeRe(py)R' 7

; lnl': lt{?t(yl)'liﬁ?-,
ere D P2 ENEUE 2
»E lfl‘ " ne/ Fe(pn)7' 7 pE' %, Moy
SESCNCE N5 100 S NI W |

TX ‘3 7‘ Ka .é‘ k"
ti'

‘i

to i Ns ag, 'c,'
O S | 1
e ¥ x S—— v /
il ': Ha aC" ‘
L B2 2 t
s £ c“.l 'z ot vsasnis
tod ' onet mg,
1 N
[ z 'a
wl o1 .
Coasidey axcther siadlstie /
-} e &
i )l Ra(e-l} Eelp-1}3
- - +
2/ ?: Ml pE

t,ﬁ;.x"" Ra(ad) &o(pel &'

] 2. B- gl "y -(ﬂ__‘_l!_-_
hgel ' Nefed) W+ (D)’




.a.

v o B8 {M-1) i1
TEE et e n T,

-z:' ""‘c - g “&L } 3
2P igint M Ny W T

1) 1
T 4—-—— ——
Wi 3 mpwen  Rey

Noweg {19-1) !

n _ . |
"t et ik wa'(a'-1) N,
’ a
N /
W I:) ol "f’ /‘/
H
o L § s, 1. 3 iy /
: . x® ta1 " o _‘:’ al N / \
c2a bo estimaind uablavedly by '
tad 3 Ra/ EepDTLf Aghjel ' mamfad) Ev(p1)E’

/9;5’ am BB 2 e B -
Aal i’f(p-l]f] L lfl. ) Qe iﬁ! ; ﬁ?’ -/

Heaoe, 88 wibinsed eatimet of vasiamcs of 7,, U0 givendy

e 2

PSPy pE’ 8 3, MW
¥ () * (T} Hal e (p2)E/ [tfi" e ;:;.:"'l 7

(7.5.3.8.1)



L41 7he pwopesed sxituated T; €an e wsed alze s the awniilsry
charastey Is asgatively cavralatad with the clnrscter unday etuly. In
suchacste, p is veguived to andargs & slight medification , vin.,
p s zequized to te negative: (1 (s mere wofal than o cumventional
estimatoy ueed wader amh & sltmation , vis., the proadest estimater,
tn the eanss thas I can veduce Uins and (ncreass eiflclency , Uf p (s
sultably chussn. The ceadltions uﬁoumdvmunu P
sheaM be smh has (1) "i ts less than ulw,futht
e expauaion given s sectica M.a mmum.ﬁ. (2)Te(p1) X
{s & nagative quaatity , ss @t T, wmwtﬁv‘-

Lt Do -q. vhere q lsapositive quutity, e T

PPN - T — (2.4.1.1)

Usiay (2.1.5.1) asd (L.5.1),the cxpacted valug and the
virtsace of T4t O(a™), aredsfollows : ,

E(’#’;)ﬂ?[“(---w)(—ﬁ—-* —— } 7 {24.08)
sad nﬂs‘ au
v(Ty ) -(-;- 7 (B —= -—;’-‘! ) (26L3)

Q
Also , the expusted valw ead the varissee & 7 ( = -7~ ) ave given



by

- 5, -
B(p)e FL0 (= i) T T
and

| [ I, I
v, )*(-—---—-)(8 *R° 8 +2RE )

4.3 Wm_.r. L2 Fp.t

- a-—cL —&—
mala 7 o ¥ ”'?-"qﬁv '

~

- t "/
ﬂhthlﬁpi:?(«z-4§, “§#%~ N

I8 to cbvioew Gt 7y, will slweyn be negatively blased wheress T, can

/

be sagativily as well a3 positively Maged. ‘8o, mmmgraun\t
srine /

N

Case lt Wam T; (s megstivaly based

T, willdelses Mased thaa 7, U
gl

[
b TE b
Le. +§ ""'""
._ Q T XV ¢! !

Lo, ’—L
Ca < Q“"“

il @

(2.42.1)

This imquilty vilalwapp hol whan > 1, Le., D lel, sluse
& sucha case e sight hand side will B pasitive wiils laft hand aide
{s negxtive bacawse p (s neptive,



8 t
(i1l LS. SNENPRI - I B N S A
w3 SET O T
'... <. -& "ﬁ-
¢ w2 gy (VW)
Lee P X (o oot (2.4.2.3)
% q{e+l)
axd 7o will be less based , athersise, ’/
L4.3 Comparises of efficlemslen of ¥y oad 7ot /'
7, wilibomove efflctemsthsa 7, U ,
VT ) L V(Fp) ’ \
t %, .2, XS 2 BBy 8, o8 2
Le, (i""ﬁ”sv"';ai’ —'--;--z)(( XHB Olstllﬁw)
3 ‘ - - -!r.o
Le. R a,-.(it LRSI TS 3 I (.4.3.1)
This coniltion is eguivaleat to the follawing two conditions ¢
(®) %> -5‘!’1 ¥ o> (Le, p<e1)
(R&5.18)
le| -{-} <le @ Q4 (e v1<p<a) |
(2.4.3.0%)

N.B. fesqulltiss (.601), (2.4.3.2), (24,5.18) and (3.4.5.1D)
Suggest that strengey tho corsalaticn between the axxiliary and the main
characieds lewer shouM be the valpe of q.



gy !

2.4.4 Aspsclalcase (Qot):
The jeeccling dlscarslion exclules tho case when ¢ (9 wlty. Iathls

case the following results will 8o obinined ; .

! - 8 &
BUr) T L0 (o 2y 22 T

Odvicusly, ¥, willbolessbioscd then ¥, whemewer ¥; willbave
S asptivebiss and 7, Slllbo losa blased Ban 7, o when 7] Le
positively Uizeesd , U ¢ -51 (*-—-. lthimn‘wt!nstom&ﬂ
thecontidmir 7, uummmm Vs mmpam.
isalso tho same (Lo, ¢ -..!.. < -- ) « Heaco, wiznsvay (¢ s
sédvantagedas to we ¥, o utm'tammdmm tvuse *rl ’
with q o1, WWMWEMy.ch ¥ . Ghare
will to & veduction ta blas too. Movoover, the case whien q =1 (s te
siplist case from Gie computationnl polnt of view which mates ¢ mare
worthwhils to we.

3.4.8 _
Diffevastinting the vaslance expression (2.6.1.3 ) with respectto g

and equating the vesult to Sero, we et the optimumvalcr of g e follaws ¢

Q .o ~?;- {2.4.5.1)

/

Tochosss q (o practice, thosamplovalunes of p €, sad C
ey begsed ¢o sazve as & guida Une,

v



4 canalatont eotimatar of woalance of Ty cam be giwa by

V(%) = (?v;)(“p"ﬂa

v 22%5 )y (2.400)
e



Rarller us meticed that ¥ s mozo efficlent than wenal patls estiontor o
u

’ ‘E’L < -3-'2-
In ecse pcyfc, axceeds {(pel)/ 29, wecangisamars gmers)
favra of Tl' SAY "u v gloen by

- o,
.-—-—L§-—-'

T — -
A ex*{p-q)X /

ts axpectsd value sad varlance ars glees by /

388 ’
ﬂm)-r[mfw—n ~537
aad : 3 2

vina) TR -y pr-aliles 30

T, Willbemete eficlens thes §p U
-‘c! !id
g Cn < F 3

Thes, Yyukisg ¢ 71, wscas wii@ cur vange of geiniag efiictansy
(b, ltwlll, of conrse , lasan on lower covvelrtian eide ),

Astdllmote gasaralfoem of ¥y, o0y 7Tp, o tiatcsnbe ased in
swchacesels

e X+t X
Tia c R ¢4 R v

wiere 8%b o gtd o p{ may ).



o83

1ts expasied valum and variance are &3 {ellgws @

Biel) s ¥ 10 3-8 355 '%- ‘-‘-’;ﬂ —%‘%—}J

and
vituy « ¥4 [-—‘z-v ‘:‘,’ f, el 7

The sxpetntisa aad vasizace tarms show fhet ¢ mutbe greatas than & .
Apln, T{, willbemove efficlent than ¥y f

¢ prte«n /

’ L :
é < Ry /

. /

/

( stace peath )

/

béeg
<"-'-l’

Le.

Emmpat Suppess pei sad Cy 3Gy, Genfew Ty telomore offic
clemttias ¥ 5 (0.7 v Ty, . P OM (¢ cheosh tode
LYS )y sadfew Ty, o pLOBT5 ( b ant c chosen te be aqmlte
L.75 each )

This, l!emaahmm ( srvastabilityla 9 b vary
Migh o vartedliityin = s low ), fastend of T\ wmocamuse Ty,
. Tgp e

Eves the ehove mentionsd setizat-vs (il wina ¢ G, /€y exconts
wilty. This (s the case when the vaylabllity in fhe anriery chaveeter o
;w. mmmy.mc,uc'. laschocsse T caale
wsod by tading p lsss Oen mity and checstag » [ Sk o mbaaey thay

'E cmmemsen| <4 2 his t» not mrealistic because of the two Petsans (1) e
pX




«08 -

sptimem value of p (» €/ pCy ) inowha vase witl ko laoe than
walty aof , (L) the wariability in = , the auxilayycheracter , s
low,



3.1.1 The hetcnd propesed eatimatsy of pepulation mesa s

T = --z——’-o:_'_::: -2 \ ‘ (o,e>0) (S.I.‘l.t)
Thle estimater (s alse , Ilke the {lrat estimster , & dsusistunt ’W
with & and ¢ arbitrasy withia cevmin Hmits. mu-&n’p’ld thas
beth b Gad © are astavhitravy tut are latardapendent to yieM optimenm
sesults, thus , leaviag mmly ane of tham arditrary. mrou;\ayhuu
et ?‘, can be reduced te a fom tavalving ealy ane coustant, by divid~
ing &s amerator sad denmnimtor by clther b or ¢ Bat, G form glven
adeve is reiatned 83 It ie trove ganeml,

ML2 Gapstelvalmal ¥, ¢

T . Ly re X
b te ®

. W raEoB(7-F) ./

L VT taX V(T Y)ta (R-X)

/
e

=

= LTV T

- - t?‘? e - e{n» «]
. ¥/ ";!—"'i.'&JL te ITZ-J [u%.-ﬁij

MeeX

Assuning w‘ <I)tomhhomlaldhuhm

»Fec B



oa right hand side ; expeading and simplifyiag ond taking expestation we get
eja= ¢ be - °'!JI:
(h'ﬂci )‘ (b?te ?) - ?‘b?‘ﬁ gé
a.‘_ ..’;!L} J
Holoﬁol}

B(rg)e FL10(5 - %)

te 0 (a")
T/ 14 (----l'

(b

"R
The expasted valws of 7 . to O (n"1), can be waitien in the following

form _ h

un‘r‘glw?tfh(i-%)%{wﬁ-%)j //

Ve , hereiane , hlm /

3“ ey \
and v s
Biss ta 'y’.-(%-%).:-_!(.:.—lﬁl )
T mas e Wy OTrcx) @R
» e‘
(bR ¢ )5

Slnce #ight Mnd slde s always legs fhen walty, the biss i T, Uil always
be loss thea o blas In 7 o excoptwhea b =G, tawhichesee T, redu-
ces to Ya .
3.4 Wagisnge of T, ¢

V(T,) s % L 2,-8(7;) F°



-, ¥ ¥ . c(X-X) " -3
*B LW Y bYre ¥ '/
3

sl Ly B, Lets | 208y 4
s - T2 (oY1 ®)? F(2Y X)) ~
ts 0(nl)

oib -8k :::sz-’a - ‘(‘::’:?;- 7 (L)
3.1.8
It can be saslly seen fvem the variance expressions of T; asd 7, , Lee.,
from (2.1.5.1)and (3.L4.1), astlf pa (BRtc)/c ,;;!;-muu.
expressim of T; ls thesame as ot of T;. Hmn.nuejifemﬂuu
segarding officieacies related to T, will bo valld la the cage of T2 also,
i p lozeplosceddy (DR ¢c)/c. Thus, we have the following results t
(e) T, willbe more eMficlent than stmplemean y

1

o .
=X~ 1 o 5.1.8.1
T bR +o ( )

(n) T; =\l be more efficlont thes wusl ratio estimater 7 U

c bRe¢2s
4 AR ’.L’.a
b <. <a(bnn} ‘ )

(c) T, canmever be move efficlent thaa the segression estimater ¥y, .
However . T, and Fip Will be equally effictens if

MGLB-&-
¢ 4 By



«B87 -

b 1 n-L '
or -;-n«-; = (3.1L8.8)

-

Agala , 23 Resrved lnthecase I T, thl.nmd%- {3 ths same as

the optimun valwe of = .

(4} T, will bemove elficient than the bivariste katio estimater under
@ predously stated, /. 2.L8— (d) _/, slycumetnaces U
ve 2 |
2R 107y

G i
* e T TEEvs aave TR
¢ (=% "

1 (dbare)i(14p')-2 *h:u.c
Le. L <"e bSR(dE e ) /;( )

s/

Ditfevgatating s variance axpression { 5.1.4.1) mxv,imt;e dlther

beroc o -% » ogquating the Fesuli to Savo, wo cbtals Shmts got of

vmiges of b exd ¢ will be eptimam fer which

2, L 5, ' R XY
et 2oL (3.06.1)

Thus, both b aad o are ast arditrary to obiais eptimum vesults | Daviag
chonen alfhay of tham he ancthe? has tn be dotavmisned fram ( 3.L4.1).
In yesctice, cas csa asaign sy valus toslthery b o ¢ ond determine the
othe? by gubciituting the sample valuss for the rue valaes 19 ( 3.1L6.1).
Tho optimamn variasce &f ¥, will chviously be squal to @t of the vege
vession watimetaw too.(L. _ 1) a;* (1=p3).



38 -

L.1.7 _X;.and the sroduat eathnatci ¢
Mike Tyo T, canalos be used if the variables aze segntively correlated

as 13 claay fram lis varlanco expzosslon {3.L.4.1) , by choasiag o

nogative valus for o (o such a way that bath -[cﬁ[ sowalles o |

vy

2722 ay v
. by tc &

maln positive § 3us for obvicus veasens b will Do positive . Altepe

aze elibsy greatsy or smallsr than by do that

cativoly , emscould choose B 0 be megative such st | b F | Ls elther
greater thap ar smallsy than Both of o X and o . But, checalng
e c isnotas ensyaschoalng p ta 5 buamh‘mhi#/um
the variance sxpresaics of Ty et il c o megative, ltmu; satiafy
(bRe¢c})>O { foa c::w tobe nagative ), ead i b’hwtlu.
ltmust satisty (DR 00 ) <O (for the samo voasan ) + , In practice , one
cag wae tha sample ratie (--; xunamhduﬁom&nmﬁl-
tedoof b or ¢, whichever s chason , azbltrarily, to ba magative . fn

the fallowing discussion we shall zscume that ¢ s segative ( w =4, @y ).

.01 Canmyisancd Masse

1 ‘1, B 1, ¥
Blasta ¥, '('S”il'fz'(%"i' ~ Sy

i 1
Blas ta 'a - ‘:‘—i ‘b‘?"_‘i,z (?' -

Cwvlcely, ‘?, L2 negatively blaged wherens 7, Is positively hlased.
Now, T wilbelegs bisssd tham ¥y, U




1.4, X L-4 I SPPS U
(s u’?’?b‘ )(b?-li)' (8 )
1. ¥ a®
e =(3- E)-é, - ST 1 5 (ﬁ_f;,,“:'"?’
h 3 ‘3 3
e T IY

Le. & (v'n-2va)> é* sl

This conditica s eguivalent ¢to the follewing two conditions ¢

N ‘z — ,/

"1.5.'" (ﬂa-un
.“ f
HT" (3b 4 - bill /

sccerding 28 (t R -2b& )le positive o negative. T; will be meze

blased , ctherwise , sxcept when ]plf.!. . .r.g-.._T s In which
By {34 B3 Y]

case bols 73 e ¥, will be equally binsed.

3.L7.2 Cemparisen of efficiencies 2

v(F,) s (%-é) (s:ta‘sfous,,,)

\ 1 2 aint 1, 24R
V) R S et = emee)

) a2 24 R
n s erars, > _-L-(sn-d)i al 0................“.") Sy



.60 «

Le. —2m8,, [—4_ .1 7>a%} L -1 7

bR -4 (SR -¢)2

This condliicn caa he vescived Into the following twocanditiens ¢

Se. L s —
I![-le:'> F ¥ ~S—>
€y /.1 2B U et
I'l—e’;< 2 ppee b Red '
3.L.8 Eetmate of varlasco of T, ¢ ;
A conslstent estircater of varlance of T is glvan by ' /
#(r ).(v.l..._l) L‘.‘om - leﬁ./ J
T AN P (bRre)d (bR be)

/
{%1.0.1),
/ i
" \



of] o

THO PHASE SAMPIING
521 bMthvnll ( Gascrided ta secticn - 8.8.!) T2
Ihl'ﬁfoﬂuhg!eﬂn

P |
Taqa 2yesE o T {%.811)

Y AL E]
- L ]
)!00? v

72& il by ¢l ' / ‘
»y-¥ -8 /
§ie 2T, 24279 5
- ‘v’it x b'n. x "40 _/
L b?t ® b%tci -

Slenplifylag Mlhvomtnwulum:attﬁ’dnnﬁa 2.2.3
we fiasily cbtain, to O(n°!),

[ J a L]
n(’fu,a ?L lt('!.--- ,m ‘ﬁ:' 2? L/(S.l.‘l.l)

3.8.3 Compsisea ciblasesia 7, 8w ¥p,°
E(Fpq) ™ ?t.ut--l-)e;; -7
Thee , Wo goe once Aghin the bias ls veduced ca/(bat‘o)‘ times ,

by making wso of Tp4 o 05 wae the cass ln single pinse sampllag.
.24 Variemtof 7,

Varisace of Ty, canbe chinia auslly (na meaney similsp te the one



-‘aﬁ

sdopted Lo Tyg + The vastence of Ty, is givea by
3g3

2 -
Vf”ﬁ"‘(%"iﬁ L8 B0k . AcRby

(bRec)® (DR e}

2
ui...%)a, (3.2.4.1)

!
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The proposed sstimator Ty was teated on & fow patural
populations, All the villages Mlling ander G Givee Pollce Statioms ,

mmely , Duidl ; Mabulpsdsand ; TUmysiall , of Sundsmparh
Distriot in Crissa Eate ware considered as the mits canstituting the
populations . For sach of bese villages , laformaties oo alx charactevs,
vis., arga of village ; mumber of hatas halds wlm%ﬂmd
village § sumber of waskers® aofall ypes ; mudor of cultivators
aid; mumber of sgricultural iabouress , were obtatnsd fram Distriot
Census Handbook (1971). !
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mbudcﬂmumud-: WJnmu&walbm. are
considared o3 chasscters under stuly aad Ty s tested fox each of them.
The character @iat is consldered a3 mala charactey at ono insthnee serves
as aa auxiliary chavstiny at othay Instasces, L.eo., whan sane othey
charactey Is considered as charcotary under stuly,

Tables for esch pupsiation deplcting reesa, variange exc. for
ench characie™ are presented. Tho relative efficiency of tha propaned

® Workep ~ A worker (3 a peracn whase matn activity Is participedon

: {a say sconomically produstive work by his physical or
monat activity » ( This catogery Incluios cultivetars and
agricaltural Iabouraze too ) .
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estimator vis-awvis that of skoplé mean and usual ratlo estimator ia

siso tadulated for varioss charzactors. As polnted sugearlloy the offi-
clemy of E 2 dopends upon the value of p, so mly thamavalues of p

are consifered that aye near the opiirnen valus. Here it may be noted

that the ahl;ﬁave::rréﬁ beenipresental for the olmracesrs for which p C, /Cx
{o. very high bacause Is those casoes It would be bettar to ase the ususl

ratlo estimator a5 even the optimam varisuce of T) willnot be much
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differant from frat of usyal ratlo cetimater. P/

Explapation of ables : /
The tables under the head Tablo fov Mesa, Varlancé, etc., will
rmalataln tis following covention 3 , ‘
Gharactars sre numbered fro 1 to 6 auch that'l' dtainde for dres under
village ; *2' for mumber of houkeholls ; '2' for total population of village
4! for aumber of workeys of all types ;  'S' for aumber of cultvators aed
%' for agrjcaltural labourers . but whea censidered a3 main character ,
"' stands for mumber of workaxs of 411 types 3 '3 {2 number of culd-
vators and ¢ '3 for numbder of ageicultural labourers., Thwe , Py means
the coefficient of corzelation batween surader of workers of all types and -6
sustllary character (1o Le...os ). Stmilarly . py Gy /Gy denctes
the ratio.of the product of Pu and aonfﬂchntum of number of
workers of all types to the confficlent of variation of L«th auxillagy chavaciey.
Furthey , wheg o character which Is cae of the thres rmals chayzeters , 1n
belag ussd 8s aa auxtiliazy charscter tt will retain its usunl number,
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Charasiey unfie? stady - Numbey of werkers of All types
Awiliapy charaster ~ Ares of village

"%E o S6NMGBT 1 <p < LUNELE p_, o Léledd

P L35 1.9  L.6leeSly LIS 2

S A AN SR Y-S AP G S - Nt V. Al i 4SRN vk gl Al dgs

B(TYY) L5 LOTHIZ L6TZM60 16693806 L6333REe 1L AdINRY
E(7y/¥g) L.1837434 1.2428962 L.2¢69208 L24leble 12145527 L.14T1ete

7

(3) Awilayycharectsy « NHexmbor of hausohelds
o St . aemenany
Ca
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c w g
P _éi n o, 6229831 Pogy * LéohB0i3 B (yy/7) L33%%684o
Bopt (Ty/ V) = Loéssbaly Bop ¢ wli?‘} = $.24%080

(2) Ausiliory charaoter » Numdéz of housedholds

(4

® ¢.9018480

’ -z.i-
’y"u is pyeferadle.
(3) Anxillavycherscter » Tulal pepulation of villagy
,_f_z, 2 0.¥739:%4

cl
Fa s peaforadle |
(4) AmxiRagycleractey » Numbey of workers of il types
6 32 o o.esesest

€x

Yy s yesleradle.



.?_?0

{(8) Auxifispycharacter -« Naomber of Agricultursl Labsirers
’ E-L = odoliedd
Ca

The wsual ratio astimator conset e used bat r‘ <sa he used by cheosling

P grenter than 12462326, Tho optinumvalue of p s 2.€92668R.

%5 a - 2.4924683 .8 3 3.5

A A D O Y A A NS ST S S - SRR A il e WA sl S AR T dui S S G- A ek S5 aua NS AL SR sl U A RS S L i
E(TY ¥} 2456033 1, 49.5166 1.5391002 L. 53917321 L. 5157599 1.4733108

Character uader study « Number of Agricultural tabourers
(1} Auxilissdycharscter « Ares of village

C
P o=k = o.4l03930
Cx

ot 2.,4%84240 p > L2178213

/

Bopt { Ty/ 7 ) » 10860378

(2) Ausiliesy character = Number of Roussholls ’

p SL Lottt

Cx
Ty casmot be weed.
(3) Auxillayy charscter « Totzl populrtisa of villege
» &- © 0.3540948

Cx

Boh T, and 7, c23beused but Ty ls prefersble.
(4) Auxiliawy chevacter » Humber o workers of all types

L o4
$ -"'z' " bddwo
Cx



‘I‘l cannot be used.

{8) Auxillary character - Number of cult{ivators

c
p Y = 0.87289%
Cx

-V-.R ia prdenbho



Coral ratio estimator hee Rmited otility Lo the gonss thatin pop-
vlstions swhavs the conditicn
Cy 2t
° T |3

ie not catioflad , i3 faile alace In such a ¢ase it besomen loss efficient

than G shmple mean of the sampla eo an estimete of tho popuizgica mean.
In practico, we 60 come $CCrosy wAny sltusilons o which the sbove condle
tien {s ot gatisfied. This conditicn gonerslly vequires the existence of

a high corpelstion betwesn the mealn and ¢he suxiliary chiracter. Same-
timas on suxiliayy charsgter beors @ high corvelation with the B»ngagg
but the tefarmstion on i is elther not avallable oz lavelvos & high cost

for its colloction. Oa the eher hand, there may e saxno other suxitiavy
chavscters whlch sre somewhet poorly correlated with tho mala charactey
tut infornntien en them ts elither avalishia or can be collooted ata amsll
cost. To deal with awch situntons , two modliled extio type estimators
hzve Deen proposed. 'The blases 2ad efficlencies for these estimatore have
boen odiolned and campared with thnt of glmple mess, usual eatio astima«
ter and ragression cstimator. Tho Uss of these estimotor has also been
extenfed to e cese of doudle samnling and to the cade of cegetively code
valated chinyacters. The case of sompling with vavrglag prababllities Is
als o Slacusged foy the fivst estlnator, Soamo emplelcsl studles bave

also bean condncted to lovestizate €20 varlous sepects of the proposed



L 31 K

estlmeator.

ihe advastage of ustag 10 proposed gstimatoy 1 pleso of uwsusl
ratlo estimatay can be surmarised 09 follows 3

{(s) ¥ Gove ars twoamilicyy chareotors wvallabls and ane of them
involven © highey costagd ime & bighey corselation with the -min chagas
ctoy than tde ofher ons ( essiming ths cosfiliclante of varistion to be
samo for both the aaxiliary charoctcra ), the cheaper cue { kaviag «
lower corrolation with e main chazectey )cen bo oved without any loss
of efficienty and withoot inopenalng €0 cost by making 130 «f €0 pwoposed
astimatoss and glinply adjosting tho values of cemaln constants tavelved
In the estimatore. '

(i) Thess eedmators are &implo fram the compatatiocnsl polos of view
Uke usudl ragio estimator.

(118) <Shoycan bs used wheve usgal ratio satimator falls, cramples are

L o )
o g4 0
(o} ¢ r T-?
(L) (7 u-u.—..a—-a;g 1, Goconpansion of l#'mnitx )’l

i lavalld, vhoveas fep Ty the condition s .f.%i P and

p being groster than entty widens the pange o 3—;-%- for

tho validity o the exganslions tavolviag such toroms.



(tv)

Dezﬂ

{¢) Evamif e variables sre sagstively correlsted , the
pecposed estimators con ke teed Ly giving segative valuss to
corteln comstandy Izvelved 1m the estimatory. Moresver, they
Possess the advantage of parsible pedustion la blase

tastesd of ueing o bivarlite ratio estimater , the proposed eatle
madaw c2a be ueed w&&- slagle avdiiary character by sultably
chossing the cepisase
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