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li!RODUC'fiOH , 
1D the oa .. ot dfaaldo population l. e. the one, vbioll 

la IIUb~eot to chaDge troa tiM to tlat, a oeDIIUI at trequen\ 

latei'Yall ll ot l1lll te4 uae, th81'Gtore the practice of 

:rel.yiaa on the •IIIIPlel fb:r the collection of illpo:rt61lt. •rle• 
of data that an pllbl11!he4 at repl&F lnte"altlll becoa'ng 

aore OOIIIIIOL lor example a higbl:t preo1 .. 1ntoraatlon abo\1\ 

the oharacte:ratlo of a popl&l.at1on ln 1m m1 1HO aq not 
' helP auch in plazm1Di, thd dellmil a kDov~ge of the 

poplilat1on 1n 1V90. or 1D ariT other ;rwar. A ..nea of 
I 

:relatlYeq •all lallplea at enmal 01' eftD llhortar t.ntenala 
' 

11q be ao:re aentceable. 

2LANNIIq OJ' RBP&ATED BDRM1 
I 

In plalm1Di a uapling enqnlr,y the entlre ':releYant 

1ntol'llat1oD a't'&11able should be jw!icioual.Y used. Ill 

repeated enqu1r181 lt h the use of ouaulat1ve 1ntoraat1on 

collected thl"ough the IIUCC8u1'18 IUI'VeJS that 1rsoreaaea 

the :rel1ablit7 ot the eat111ate, Be.S.dea Wl1ng the t1el4 

m1 orgrud.~at1on experience 1t 1a alwa.y~~ ad'fantageoua to' 

aftectlvel,y uae tbll paat data tor illpro_!ing the eatillate. 

In the case ot dJnaldo populatiou, auoh as atent ot araa 

under illproved aeed1, the nUIIIbel' ot W1811plofed per.,Da 1n 

a ooWJt17, pre•alanoe ot chromo d1aeaee1 eto., (1) a eingle 

IUI'tlll on a particular eoca.S.on givea 1ntonat1ou, about 

th•.propertle1 ot the popalation tor that ooca.s.on onq, 

an4 1t cto .. aot gbe IUl1 lntonat1on on tbll Datu:re ot, or 

rate of chaDaelt lihloh occur ln the ~o population. 
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bl1t II8IV' a u., the interest at the ezperiaenter do .. no' 

lle a~ ill eat111at1Dg the YalUI at the character tor the 

., .. reoent ocoaeion, bl1t h1e llltereat goea be1oDC!, auoh 

aa .. t111at1na tba change ill nl1a at the ~tel' f'looa Olllt 

ocoaelon to the u:&t, eeti.llatins tha a'ftrage nlue at tbe 

Gbal'll.cter over all oocalliona in a given period at ti• etc. 

fo ...t tha11 reqlliraente, tbe &IU'ftJ' will have to be 

npeated on eevaral occuione. 
I 

It the Qpari81nter h fl'le to alter or l"'taill the 

coapolliUon ot the 114111ple, and the total sise or t.Ae sample 

U to be the ..- on all oocae1ona ~n are 11ftl'lll altu-

aative .. one caa oboo111 ·in cleligDina the sampling enquii'J' of 
\ 

thia type euch aa 

1) a nev aaaple on each occasion ( in the oaae of 

ut.111at1D& ~il occksion_s), 

2) a .tbecl BIIIPle on all occaelona ( in the case ot 
eatiat1111 the change) 

8) a partial l"'plaoement of Ulllta t:roa oocallia.n to 

ooculon ( For oa:rrent estiete).· 

Qllnsr&llJ' expel'iaanter 1'8!1181na interested in alteio-

. natbe (1) •. ·Dd.• type of aapllng 1e called eaapllug on 

eucoellli'fl occaelone with partial replaceaent_.· (Patteraon, 

tatea),a aapll~~g tor time aertea ( Hanaen,•Hurvits end 

J(adov}.,and Rotation aaapling ( Wll.ka and A.a. Eckler)_., It 

ntera to the prooeu of ellalnat1111 eoae or the old el ... ntll 

tl'OII the aaaple and addi.Dg nev eleaenta to the sample..- each 

ttae a nev aaaple ia drmoa... 
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J'lrat attapt, on 18JlP11Da, on eucceali" occaliona 

vitb pal'Ua1 Nplac:aen\1 vas aade b,r JeaHD (1942)i. lf1s 

work vu oont'1DI4 to two occaaio11sonq. 81 conaidel'e4 tvo 

llldependellt .. tillat.a tor tbo .. liD on the b4 occalion, om 

on the bada of the wd.te ooaon to both occaaione ad anotbn' 

bul4 on tbl units •leoted a f'nlllb. 'l'he lntoJ'II!Itlon on the 

tlrlt occuion vae utlUHd tor tbe ..,tiaat, at tbl 2Dil 

occaarioD. fte• tvo estillatea were weighted VS.th ncllpMoal 

of tll.eb nrlanoe-, to get aD eetillata with a1D1aua nrlance· 

Jessen &lao gcve cprea81.on tor the optla!IDI propol'tlon ot 
/ 

w:d. ta to ba nta1nl4 on the 2Dil occaaion • 

rates (19~) contends t11at ~r estia&tlna tile val• 

ot the population •an on tw IUOCeiBift occaaions, 1t 1a 
\ . 

better to treat each occaaion separate~, tolloving whatner 

a.tbod of eetlllat1on ls ll!ltJ1'0Pl11&tJ to the sample obtained 
I on that occaaion. regardless of the values obtained on the 

otber occalliona.. Such eaUaat.ea he te:raed u owrall 

estlllatea. 1ol" t110 oocalliona he oonaldere4 a aubo11811ple ot 

the orlgtnal 8812ple as also a IUiple with soae of the unite 

ret-1 ned. tro. the pl'8Y1o\ls occaaion IIDd 110ae tabn a truh on 

the 2nd oocallion. Yates has also oxteDI114 his roiUlta to Ia 
occaaions ·( b '? 2) aDd has built an o etiaate tor_ the popula-

tion aeaD on the h tb occulo~ b,y t•!d ng into account the 
' 

naults upto emd. inolutUng the ( h- l)tb occaaion, UDder the 

'llaitatlou 

l) a given tn.otlon of lZDita la replaCied on each 

ocoaaion.. 
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11) tbl variability on tbe ditfnat occaaiona 11 

CIOUitant t. •• , 6'b B a bL1 • ~ for all ll 

aDd ~ aorrelatlonpbetvnD tbe Wlita on 

succeaei: .. occaalolll S.a oonatant, 

111). the oorrele.t1on betvea t'be Ulllta occaaiona tw 

aput 11 Jf, aDS that ~twan the 1111lt1 occallloUI 
I thne apart h f .to. 

- ' llbe:re t 11 S.. tlllt uat &(!Curate eatlllate v!len call 

be obtalmd to:- occaaion ~ teJrSng into acaount the result 
I -of lampllDs up to aDd ln~udl~W tlle occu1oD ll, ~l b • 

I 

ebdlllll' oltiante tor tho pe91Quo occalion, 111qle dalbea 

denote Wlitl OQllliiQJl to oe~~uioll h u4 ( !rlh the •u on 
I 
' earlier occulon u d1~111e4 by ~ braokata, Uld 

dollblo duilea lUll te eoC)U'i.Ug on Ia ooouion onq. 'She Yalwt 

of ~ varia .fi'QII occaat011 to oocalion and it dapllllda upon· 

tll8 valwte of r alii tbe fraction /'" npl.IICGd on each 

occalioa., 

Pat.ter~em (1050) ap1'0aoh tor eucceulft 1&111Pl1118 vaa 

ln a ditftmtllt Uld alightq 110ft pneral ~· . 1111 tlrn built 
I 

on eatillate at a lltlitabls Umar tunctton of a lilt ot 'r.iP1atea 

aDl tha d9veloped a •t ot colldit1oD8 tor thia eatiaate to 

be t'bl lliOst. etfloient. Us1Dg thea oolldltlons he than deter-

ll1118d an eft1cielll\ aatiaate ot tbs •an on the h tb ocouion, 

vhlcb COliN oat to be the esaa aa giYen bJ tat.ea. ll1t'b tbll 
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at of oolldit1ona ba ~ eatabliahed a n011rX'anoa nlat.ioD 

between the weipta J\ aDd ;..,.1 aa 

\ 

Vlere rJ.. 1 p an the roo\a ot the qudraUo equation obta1DI4 

tv puttbi ~ a ~1 • -· 

lluln b la TffrT latp,. the 111dt.1!ll va111ft ot ~-­

la elven tv 

9 ~ ; 

~~~ • 
<;-

I 

\Nre >. + !"- "' 1. I 

Patteraon alae p.v. ttfft-ollnt eatlu.tea ot the 41tte-

renoe betvean the uan on oocadon b aDd that on ocoa~ion 

( b - 1). Be allo aoneidend the. can vben 8aJIPle aise 

· varies trua ocouton to ocoaaion. PattaJ"SOD alae aboved that 

the cbaDge · ~ - b ~1 (Vbare h 'ta-l be tlw re1'111ad eatlu.te 

tor the ( h • 1)tb occulon) 18 •re etftoint. t!wl the one 

p'ftn ~ tatea. 

'litld.val ( le53 ) appre.ch vu the IUI8 ae linD b,r 

tatea aDd PatteraeD, bat hia appi'Oe.llh ..._. mn (llllmnl tllaa 

h11 pl"'deo81sora. Bl all4ve4 the aorrelatf.on betveu Wl1ta 

taken on two acoeube oooallioDa to ft1!1, bllt aallllll14 the 

correlation betwen unite t110 or III!IN till n t.110 oooa.l1ona &pan 

1a eqw&J. to the produ.ot of correlationl betwen unlta on aU 
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pairl of COllsecutive o~ona tol'lled bf tben. In cue, 

tu aaple 111De and all the correlatiolll vere aasuad to be 

equal on aU occu1one, he prow4 that with lb1ting -· 

the nplacUIOJlt to 'be .st.fected on dittllrent ocoadone 11 50 

piQ"CIDt h'oa the above, i.e. UDder the conditione lllpoee4 

the npla-.t bactlon la alva:r• ~ S/2. 
EcltlBr (1955) olaritied Patteraoll.•a tund•Mntal 

•tbod foF t1!1!!11't8 ll1l:l1m1ll ftJ'iauce lll18a1' tmb1ued e aU.t• 

4114 extencled his aetbod to two level aQI! three level rotation 
'; 

flliiiPllDB• He COIIJid'ld thfte •thod• llt rotAtion tnmpU~~g 
I 
I on a coat b&iala an4 showed hov t~ ons le'fll rotation 

BUpll.ns eatillate of greateat practical interest could 
I 

I 
be derieved boa tbe tw lnel estlllate. He mho ext.eude4 

I 

Oocharan• a wl'k 111 detel'll1111ba optilllll pattei'Da tor the 

one lewl zootettoll BaiiJ)llQ& estlllate. 

ftldd.val (1956) has llhown that when the correlatloll 

a!ld repess1on ooefficlenta an eatill!lted ·troa tlul comon tmlta 

betvean tw CODMCUtiw ooculona. Yh h still • conllatent 

eatlllator of tile popul.tlon •u f- b on the b tb ooouloztt 

end ita b1aa tencla to zero vith lnoaaling Blll!lple lllM!I on 

h ocoalllon.. Ita Tal'ianae vill in pnsral be greater thaD 

the v&rlanae of the eatllaator where t\e oorrelationa are 

!mow in ednllce and t"- wlpts ( ~ ) thaeelfta 'be0011e 

functions ot paraeters to be estimated boll the IU!ple. 

P. S'Jiih (J.958) 1DTe~1ga1094 Ule pl'Ob.laal of partial 

replaaement 111 lellti-na&e de8ip and gaw tbe Oxpt'ession, 
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tor the •an at 2Dd aDd 31'4 oocuion 8114 lta ft:rlanctll 

and •an onr a perlod of tiae, vben a two .tap deliln 11 

repeated on two occaii1DD8 vith partial ~lactant of til".t 
• 

.tap unite ODly. Tbie a!lpeot of the probla apart tzoa. 
1te.tistlcal point of Yiev, hal praatloal adTantaaa.1, llDol 

ill actual praotloe, t.requant]T the delllsn 11 aultl.U,., Cld 

vJwD the ch&l'llCter under obMI'fttion chaJl&e• vith "aeon, lt 

becoael D&08888J'7 that IIUI"'VW1 Dmald be npeatld owr the 

leo.IOIIII• 

latburia (1VGO) extelldad tM 0&88,t!Jf two Page IIIIIP"' 
I 

llDi npeated on two ocC&Ilon with ~1al,-nplacaeat of 

firlt .tap UD1te, to h ocoa111Dn1. 811 '&110 oolllldlred th 

ca• ot eapUag on two ocCdioDI v1 tb. npla01118d, IIIIODJ 
' ; ' 

21111 ltage unit• al10. Be hnstlgllted the proble of optillua 

allocation fol' a P'RD oon tunotlo~ 

B.D. 8111Ch (1.962) oonllldered tbe ca .. an double 

paipllag 11 repeated on two occalioD8 'ld.th partlalnp~ 

IIUt of IUI1t1 on 2114 occalion. 

In a eerie• of paper• (1VS8, 1960, 11J&&, 11J65) !!*val 

hal utmliftl;r .tudied 'ftt:lou upeot1 of 1t10Cleul'R 

lilllllpliDI• 

B.D. Sill8h 8114 D. SlDgh (1965) oona1.ctered the oue wan 
the 1nftmlatioa Oil the ano1Ui-art ftriate in thl pre1tw1na'7 

llll!Bple il u.d for llhotizls the unih tor IUb-.IIIIIPll 'ld.tb 

untJClU8l probabll1tlea. 

Intol'llatlon obtained troa the pred.ou oooaliolll oan 

be U&ed tor foniii(J ra.tio and reare•Blon estlllate" tor 

etl'lltlfJla, the ~tton, 8114 tor Aleotllll tbl IIDPllllf malt• 

with w.qual probabf.llt)-. Bllt p~~el'ally in thlt lltel'atiiN, 

• 
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a ratio or r_egneOO.on eoei'fiGiellt h oaloulaktl, vltb the help 

of the 1n1bmation available tl'OII the entire Slllllpa on tbe 

prevS.ou occasiollfl, aiid a r~Uo or l'filgreesion estiaate 1a 

obteillld tor tho abaraote:r, under etud,"r, a.t "the CID"l"ent 

occaeion. fbls oaUhte is. pooled 1d.tll the ou, obtabled 

on t.he baaia of tbe e&llpla 18leoted catl'filllh on the ow z w.t 

oCGallio11o llnleu the aamphl abe on ee.oh oocuion h large, 

the Ulf9U 11M ratainod o~ 11Ubaeq114nt pcoaaloM may not be 

adequ..t.w. ~ a.pplS.oat.loa or regreaii.\Qn eetilltlte mq not be 
I 

valid oa the IW! gt ~utdon ea~ e,timat!oa 1D balll!ld on 
• I 

th8 couoept of J.arsa 8&11p:Z.. theory, Bu1d<te thie rogrel81on 

estimate• give tat.ter re!IIOlte Wider the 11~er model onlT, and 

lf th8 population 18 c:lw:I81DS ~ tf.IIG to ~ the change 

mt;t not be e.lvqa Jirn>ar. 

sonce tO awid theoe limitationGJ the lntbntatlon 

on the provious oc.-ealdon 11q bo utilind tor 11leottng the 

11811Pling wd.ta v:l.th probability pi'OpOI'tioD&l to tbelr 11• 

u 111easured b.r the valus ot the obaraoter obuel'WCl on the 

pre'f'icua oeo&.id.ollll. the eatimatee obtd.ne4 1n this vq 8I'Q 

unbJ.and aDd bavo 119d. eapreaaion tor variance. I 

lD go~ in a lllllliPl.irli daaign tile selection of unita 

vltb YBrJI.Dg probab111t1ea \dtbout nplacemen11 leaile to 110ra 
eftia.ent. •pti,lla'te than v1tb repta...,...ut, beowaG 1t a UDlt 

1a eeleot~ twioe 1t.willlnot pvo ~ w1ditiooal1ntbl'll!l.t1on 

aa coapai'ed to tbe 11tWltion vban it a18h1l haw· been Ulllpled 
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olll.T once. Naraln (1951) 0011pared the tw qllteu or 

.ampllng 1n a t110 .ts&e a..-pllng dadgn a1'ld t'Dund the 

neceaB817' oo!IIH.t1on. Durbin (usa) .tilted (without proof) 

that it h not d1tf1cult to t1Dil out .,.. a1tuat1on in vbich 

P11Pl1J18 vJ.tbout replaceant will be le" ettlclent u 

coapared to tbat v1tb Nplao8!18n-. D. Singh (li54) &Uo 

atudied tbe probltnl. 

h tbe ~ ol aa~~~t~11ag v1 tb llllllqual p:obab111t.J 
I 

with Nplacaantt eatiaatea am their ririancea can be euiq 
I 

obta'"-'• BUt tbe tbl01'7 of uu.qual, probab1l1\7 without 

replaoaent inwlvea llatbeaatlcal cciaplal\7, eoaputatlonal 

dltflcultl .. 8lld .,_, tlaa the eetiaate of•el'l'Or Yld'lanoa 
' 

la ~~egaUte. & tllllllbe:r of re•arch wmra ( MlclaunD (U50), 

mardn (1951), Bund.ta aDd fhoapiiOD (li52),Darb1n (1953) 1 

Iatee am <lnmd7 (1953), D. Siagb (11154 , 1959).,.•~a RaJ 
(1~1~ Hartley aDd Rao (Uta), Hartley, Rao a1'ld Cbcharm 

.cu-62) baft atteapted to dapl11J tho tb801'J', ., tbat it 

can bll eadly be adopted." ·lD"pl"a.ctloa. 

In auooaadv. llalllpliag vhen w u8e the ·lntorat1oa, 
I 

on the pre.S.oua occulon, tor llHqual probehllitJ-t If the 

UD1t. are selected v1th nplaoa.ent 1t pre.anta liot m IIUOb 
' d1ft1oul'tf, but 11ben tbe unlta are •lected v1tbollt rep~. 

IUD\, thla d1ft1cult1 lla7 be on:roc. bJ uling the H&rtle7, 

Rao and Cocbaran ae.tholi•, 
The tecbn1q111 of usqual l'J')bab1l1t71 1n tho 

tlllCCead-.. NllPUng, can be uad in tbfte vqa. (1) On 

tbe let oo~alon unite are selected vlth a1lllple r8JII!oll 

aeapllns, an<! on tbe 2nd oocaalon the aub-aaple to bll 
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tba silas of tbe units aa observed 0:1 previous oooaaion. 

(2) 'irben soee 1ntorme.t1® on SDZ1U1117 varlablo ill g;lwn, 

on the 1st oCQSion the unnl! cnn be seleetod vitA probabi· 

Uty proportiolllll to the eiaea of ths aud.Uu;y var1a'bloo, 

alll1· at the aeeoDd oocasion, ~ o.rd.to ma;r ba J'&taln with 

s.r.S. (3) lih6%l 6'0!110 information on enzl'b'7 Yariable 

is g1 ven, on the 1n occasion the una.ta !ClaD be selected 

v1th probah1Uty propo:rUonal t11 tbe ·rdzes ot thtl o.uxiUE117 

variable and at the 2nd occalion, tm/
1 

eub-89lllple to be 

rotai.lled me,.v be selected vith probe.bJ11ty proportional 

to the ahos ot .the lUiits as obaerved on pre,S..Us occallicB. 

Bel'l all theaa \llree caa<aryba-.a been e~ed and ths 

comparhon ie made wltb the I'S_gl'esslon lstiaate. 

In the last the problem on t bs optiaal use of 

a~Ua..,· Vlll'iatee, has been tned, when there aro mol'S than 
• 

oilS auolllal'7 oharaotere conolatedv ith t!le vnn.ate unt!er 

oonaiderat1on, the techniques of ratio, regreedon, unaqwl 

probab1Uty 1 strat1t1cation, oan be comb.lntld to produce 

conaiderabq ~re eftioient est.illlate .. 



U• of 'Varrl!!i Probab111tlea at the 21¥! Occa!!1on. 

a.1 111 111CC8Pive ~apllag, lt la genaralq prefllrable to 

N}*lt a traction of the unita ob11rY8d on the earlier 

oacaalon. The infOI'IIation coU.oted on the prertoua oacaaloa 

oan be utilistd tor the aucceeding occuio111• The uaual pra-

ctice it to uae the ratio or regression •ethod tor the 

utlliutioll of the intorMtloll avallablt 011 th11 pr8'fioua 

occaalon. But lt tha ~aplt lise re~ecS 011 tha aubsequellt 

oocaaioll la aa11. the blu in theae' eatiaatora 1111,1 be 
I 

conaldarable ancS it often outveigha 1tbe gain ln precision. 

liluln a traction ot un1 ta have been repeatecS in aucceeding 
\ 

oacaalona. lt la alvqa detlra'ble to make. u .. ot the entire . I 

infol'llation available trom the enquii'J on earlle.r oocatlona, 

~a4 ot ratio or ngreuion techDique the 1ntorEt1oa 

collected ho1l tba previoua oooaaloll can bt ut111Md for 

aelecting the units at the 2nd oocaaion i.e. the sub-1811ple 

:retaintd 1111,1 bt selected with probab1l1t7 proportional to 

the llillll of the unlte observed cn the previoua occatlon. 

a.a Sppllng !Ch!!!•~ for sapling on auoc .. aive oocutona . ' 

ill a unistage ~ling. ltt ua alect n unita vith s. r. a. 

at flrat occasion. 8111! on tbt 2nd occuion ve nlect t(P unite 

out of n unite vithollt l'lplaaa.mt with ftl'11r.w probabllltiea, 

tha probabllitiea baing proportional to the abea ot the unite 

ob•rved on tbe lat oocaaion. Reatntng n • np c: nq units 

are aelected vith •• r. a. tro. the pDpUlat1cn itlllllt~t 

... 11 .. 
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1.1 Ln· 7l be the Yalal of the ohU'_&Oter tor the 1 th 

unit of the populat1oa. -If' the IIUip!. -on the Arst oocaalon 
(1) (1) (1) (1) 

11 obal"ftd •• 71 , 72 •••• r1 • • • • 711 haYlDI 
•• aa 7

8 
(l) on the •oond ocoulon tor aleot1q Bp .wd,ta 

o11t of 11a we claYide the D UP1 ta into np Sl'Ouplt ran.do~. 

1'he ld.U Of tbl rth gt'OIIp belDg llr' ,111111 aleot OM uzd.t 

troa eaah &1'01lp vlth YU7illl probab111tr, the sn:obebllitr 
(1)/ , n (1) 

of aleotlon of 1 th unit 11 p1 • '~ r: 'T. • 
I 1 1 

'lhe etfeotlw probabilit)' tor~· 1 th UJiit h +Jae rth 

81'0\JP viU be Pl\1 r vbeN If r : ~ pl 

allo P1 /II r • 71 (1) I f 71 (1) • 
1•'1 

'ftut .. tteotiw probability h lalow ill teraa of 

aazple 'ftlu.ee. 

(1) •t. (I) • 71 (2) I ~ P/l'i I'. 

&utth (1) m! (2) denote the occald.oa.1at e.D4 2DIL 

I 

tba eatiltlte on t.hs ball• of theae 11p unita la si'tn 

~ (2) - (2) !r ill •r(l) 
7ap .. e»p ,. ap L 

s-1 
l&peot,84 'ftlu of 7, fl) ia pftD 1v 

lip 



' 
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E ( i (a)) a B ( a (a) )= B ~ L f 11 (a) ) 
Dp . Dp Dp l""l 'If ) 

B fei:)) ~'" ~ f lz ( ;~1) )/.n J 

' 1 ~ (2) 
"' Bl [' ~ fEe ( ""i; ~ •.. )/nl! »a· •• nr ·~ 

were S.~ dellotea t.ha OOlll!it.ioDal expeot.aUon when the population 

is grouped lnto up groupo of a1mee ~~ ~, • • • • n., • • • • Dnp• 
"' I 

_(a} 
ware 711 is tba ll88a of the rth groups ., 

.. .sJ ; i.p ( 7!1) >l ·1; ·f 1\( 7~2)) 
~r Pl. r=l 

_(a) 
.. "rt •••••.• (2.41) 

_(2) 
¥len 711 la the ~ ot the units on ~ 2114 oocll11lon 

vhlch are eempla4 on lat oocas1ou. 



-· ~., ... 
a.s Vlll'i!!!!O! of & ett1ptm 

1t\ •• 

I Cl 

.. 
• 

= 

( 1 -2P (2) ) 
+BlV"'(-.l. s /oD) 

.. Dp 11111 I' 

I 

I 

I 
••••••• .,_(2.&1) 



.,q.5 ·-

- _(2) _(2) ) 
l.. I: eov. C 1n....• 7n.. ) ) 
r ;,1 k ---r It 

ldleft r ,~a) • 1 til umt u the I' th ~lip --· 
I 1 

t 7~2> , 1 'h Wlit 1n the lttll ~ap 
I 

(a) .. (2) )t 
71 •'I, \ 

' ll 

1 (~ 1 1 a 
.. - \ ( 4. ( -- -) IJ ) 

(cp)2 r-1 Dr n 7(2 

• 

• 1 g_ ( a ( 1 1 ) 2 np(np-1) a ) 
-a ., < .L. --- • (2)'"' • (2) > (~~p) Pl ~ a 7 a T 

, 1 • 1 1 o/-= a . ~ - a L - - - ) 7(2) 
~ (ftl)) 1'111 nl' a 



llhere 

1z4 f!pt 

-· 18 ,_ 

1 I 
.... ~ .;r(2) 

l'low 

v <• , • !: ic 
0 ll' I' ml l\'~ 

(2) 

r:
11r 7t / 

p .P4' ( ....._-l .. p 
1 <.1' l 

... (2.5~} 

The probabS.U.t;r tlaat a pd.r ot t•th • 1• th ~t 

will be 1D tJaa .... P'01&P qt td.ze n outvt n 1a ~( .,_..l) 
1' · n(n .. 1 j 

(2) 
Therafore 1.1. 'a 'i ( •:r ) • 

. zt 

~ c Ia ( ~~)2 1~ ... 

I 
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llov tho pl'Oba'bUltr of nlectlni a pair of UDit• 111 

the II!III'Ple Of D out Of 11 11 glWD bT D(D - 1 ) I ( 5-1) 

1 Dr ( "r-1) ·-<~i n( n- 1) 

(n - 1) 
• r 

('b)I(N-1) 

n(n-1) (..1 7(2)1 
(l.. l (2)1 ) 

li(N-1) S.S1 pl - '• ) 

(2) ~~ _., 
I 

••••• (1.13) 
I 

'fhontore 
V( T~l) )• R • a 

-r Bn 
} . I (1 t 1 1 
"7(1). 87(11)( ~· -- -) (~~p) .nr a ) 

+ ii!9 1 ~ (\.•1) '-t. 7C2) (I) )I a L .L..Pi ~- ., 
(lap) 1(1-1) J'lll1 •r lc1 Pl I . ) 



2.6 

... 18 ·-

!Sv 1£ w deN!'!!! a ucoDd estill!!.tort 

.,(a) 
(2) 

(11) • 71 wbere 
1• - p1 n -lfr 

i• <a> .. - (2) 1 f 8,(2) .. . --
np np 11p r=1 r 

- (2) 
Br.peoted Yalue ot 7' 

Bp 
I 

- n J: lla .... • 
np r 

n r 
np 

- (2) 
.8 ( 7'np ) = B 

(2) I (2) ) ( •:a, ',)• \f'R ( i~ ),/ •• J 

_(2) (2) 
• ii.L ( 7D ) a TB •••••••• , (2 • .'11) 

(2) 
aJ )/D l 
I' 

I 

( 
1 .S?. (2) J 

• V1 L(- I: at )/. D 
~ llp r=1 I' 
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1n t!ra• 
• (2) 

1\ ~ "a ( ..!.. l... ·~ ap ICI1 
)/o D i 

(2) 1 'o <•• ) .. -a r (n) • 

l "z. ( D • 1) 
.. I r 

1 2 

.. 
(n) n(n-1) 

D(n-1) 

1(~1) 

D (D •1) If 7(2) 
r )zr= I: I: P1 P ( :.L-
(nr n(n-1) l < 1' 1' p1 

1 
!!11 ( D •1) (2) 

"' - l... ....... ~",......_ .... p, ( .!&. -
(ap)2 z-1 ri., u(!k-1) t;1 i-

Ps. 

f D ( D •1) 
r r 1- ( a l_P 

1'111 DR 11(~1) bl l . 

712) (2) )I 
_, ;rR 

Ps, 
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• ••• (2.112) 

~(2) I •••••••• (a. a) 
BD 

t'berefon ) 1: 11
2 • D 

1 

(2) 

' 
( da ) • a;e~1._ .. _· __ .-4- Pt ( ..!L- ~.(2) )a 

'ap n2 u ( .Ji-1) f:;;1 P1 

• B • D ~(2) 
Ia 

• 'i: ,...., ) •••••••• (2.64) 

_(2) _(2) 
2. f OOIIpal'iiOD of t!Jt tvo ellt.illatea, 71tp and 7' DP ~ 

_ (2) I 
The eiUJI&tl r Vill be _,N etflo1eut aa eompsre4 

Dp 
_(2) 

to the •atltuto "np u, 



or' 

or 

"-

N- D 

Nn 

.. , 21 a-

2 .eaL 
s7(2) + r=1 

np 

(2) 
n2 - n .Jl 11 . _(2) 2 

X' L p ( ---- -N '• ) 
n2 l\l(N-1) 1=1 l 1'1 

• --:1=---- r: 
(np)2N(N-1) r=1 ~ 

1 (2) (t ) 2 
1 - 1 ) P R 
1 

up 
r: 
r=1 

2 
a (2) 
1 

2 (211 •/ ) 
nr - n f:. .!J,_ ; _(2 2 

:P( ,'!'N7 ) 
n2N(N-1) 1=1 1 Pit f:l 

I 

( 1 np 1' 1 ~ 
2 r: -··~-' 

(np) r=1 ,n n r 

2 
) 

If n 1s a multlple ot np l.e. all ll,. are equal and n -n =-:: n. r np 
(2) 

n - np !L 7 (2) 2 
Then t.a. s. = a.a.s. = L P1( ..::.J."" 1r/ ) 

n. (np)N(ll-1) 1=1 P1 

•••••••• (2. 61) 
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!ban n le 110t a multiple or DP'f we have n = np. R + kJ 

where 0 .:::: k <. np aad a is a positiva integer. Thtn 

Then ( ...1 ... ..!. k'' np - k) ) 
np. n2 ~ np n 

I 
I 

np-2 • <t ~ < •y(2) ~ (np)2 R+1 . f ..L )- ..L. J 
1 +1 R n 

u2 l , + ~-=--- ( k (R+,l.:1 -, (np- k) ( R -1) 
(np)2 ( R+l 1 R 

t '(n -k) (n -np + k) 

np. n2 

+ _..~(~.-..... (ln -ne-k) + k. np ) 
np ( n - k (o-k) (ll+np.k) ) 

(n-k)
2l n2

- (nP-It)
2 ~-n2 (n2

-n
2

p
2
-2nk+k

2•knpJ l 
n (n-k) (n+np-k) 

2 ( k(np-k) 
< 8

y(a) ( n(n •k) (n • np - k) ~ 



-'• 21 1-

2 ) 
or P { n2 • ( 2n - k) ( np - k) ) 

np.n 

or _f_ . ..::_ 
2 

I (2) 
7 

op. n <. 1. 
n2 • ( 211 • k) (np-k) 1 

(2) {2) / (2) 
If w u- tbat r1 , 72.' •••• 711 , 

I 

....... (2. 52) 

I 
then \lllder the Uoear mdel, Deab Raj ~U5!'1) bas llbow that 

a 2 s ( u ) < B ( e (e) ) , 
01" Iii ' ~l <. 1., 

2 
E ( I (2) 

7 

'f!kiQg the upectationl la ( 2.62) ve see that tba 

i~1.lty boldll good. 
I 
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2.. 'I' §!!U11ato •• the basis of a - 1111 = ag UJO:I.tp 

The oatillate ef tM 111100 baaetl •• aq ullits la 

, a-ap (2) ..1.. aq (2) 
= .A.. ") 11 .. ll I: 11 

D-Ap t='l q 1=1 

I 
aa4 tbe varta.De et the ost!Bate le 

I 

••••••••• (2. '1) 

-(ll) ll- aq 
V( 1aq ) = ---a. aq 

2 
• (2) = v (s.J) ••••••• (2.92) 
'1 B 

I 

Siace beth tae eetlllatee stvea by;~:) 4114 7!:) 
are 1adqeadeat aad uablaaed eet111iite of tae •pulat1ea ~~eaa 

i~2), therefore tM Ctllllaiaed est111ato tor tile pepnlatiea IIGU 

oa the 2mi occallioa will lie 

••••• (2.91) 
I 

tllo value ot Q ls detel'llloea, such tltat V(2_ ;i2 ) ) 1a ID1D1111.111. 

_(a) 2 2 
V( 27 ) c Q V • ( 1.-Q) V t n A B •••••• (2.82) 

By cl1fterentiatU~s (2.92) v1th Pospeot to Q and 

equating to zero ve get 

'n 
Q=-,=-~~­

A • Va 
.•••.•••••• (2.83) 
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Sllbat1tut11!1 tid• YaluB of Q ln (2,82) - set. 

V( 2 ;'2) 
n 

( N-n 
Un 

2 Qooft• _l1 B-nq 2 
• (2) ......... u-)( - • (2)) y n,np (lf,nq 'T ) 

2.9 rtaot1on or nnita to tpe replllced on t!ae 2!!!1 occuion t.e. 
optilu.a nl~aa ot' 'i• 1 

I I 
I 

Wt replace tlla.t traction of wdta on tJae 2111i occasion 

v!tlok 111n11d.eee tlle variance ot tJae eatJaaW 118/lD (2 i ). . n 

N- n 2 
.. - • (2). 

ND 'T 
••••••• (2 .91) 

'a ..... (2.92) 

! 

Tlaeretore tile al.n1m121 valU! of tile varia!me vJ.tla 

respect to Q 111 t'oUII4 1ty dU'terentialiDC V( 2 'i~2) ) 

vJ.tlll respect to q and eqaatlq to zero. 

j _(2) 
o.( 2 7 ) 
~--D- '"Op '2) q 



J:vA ,a 01' 
D Q 

J VA .. 
J_<l 

-· 26 w 

( d_ VA~ VB 
r4 ~ <v, • 'a > .. ( J q · q 
( v, • 's )a 

t JvB 2 
=0 •:;:-; v I A 

1 rJl 
ll( 1- t) a 

2 
8 (2) ., 

••••••••••• (2.98) 

f 

'I 
I 

I 
I 

=0 

,a.., 1 rl-1:.~_1,_2 J!=o 
A "' I! 8 - :=f 11 (2) VA 

o(1 -q) nq 7 

q2 2 
~ Ol" "' 

·z:(2) 
(1- q)2 r~ 

I 

01' 
q 8z;(2) VA 

-a 
~q u 's 

q u 'a "' ( 1 - q ) Sy(2) VA. 

1 1 2 
OJ' Q 1J ( -nq- N ) By(2) 
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or ...!I.. a (2) - q U .,(2) 
D 7 N 

! •7(a) - N;: ~(2) 
or q = ...;;;..-----=-..;...-.......:.·.,:.·--

I I 

..l. ~ • u S,.(2) 
D N - ND 

N- n 

•••••••••••• ( 2.94) 

(2) )2 
"rt 

2 1 '"" (2) _(a) 2 
and ';,(2) a ll •1 f=l Ys, ... YN ) 

(2) (2) (2) 

f 

If ve assUI!• that 71 , 7· •••• 1 , the tinlte 
a I! N 

population 1s a ralldoa 88lllple fi'I:IDI an 1Dtin1 te populntion 

then under the liDear mode~ 
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111-n 2 tJ L(t) IJ H.n 2 
_(a)) ! ..J.If!.!L.-•.}1.,~(2..;..) -·~n~-~-· _. _Had---!~(2_).....~•0 __ ·.&.,<2) ) 

'fberetore V(27n oil' q ( N .. n ;. ~!:rlRl\ 
2 ( '"'iii' ,<t) • li"' 

l:l•ll 2 ' I 

I 
In ·,(2) • • ___ ;,_ _____ "if 

II~~ ~--D 
liD 

2 
• (2) 
7 

2 

• (2) 
• l 

n(N-l)B 
' 

I 
' ' 

t pl( 
Jla~ 

(2) 
~1 _ (a) ) a 
'p 711 

l 

•••••• (1!.f$) 

It tb• aboo~~~~~~.tle ap U •'-etea wtth 8(fQD'l moe'te'ht"ftot. 

t:rml ~ • unl ta. olltdae6 d •he ftm oeeaetoe. tlle """..t"" 
aattltiate h dftla by 

! 



-· 211 ... 

_(a) . tfca> ( 1 - pa) '< 1 •n- up 
V( 7 rrp(J,a}) a lip n 

pa ~(a) 
• n 

"' '4 ·( aq) 

~a CoY ( 1(1) • 7(2) ) 

J v ( 7(l)) v ( :r<2>> I 

I 
I 

•••••• (2.101) 

the •an ot the n • 11p 111 ~ tm1 te on tbe 2nd occalilon. 

vhtoh are tabn 1n .ddit!on to theae up unlta, ls glven b7 

_(2) ..!. Del (2) 
7Dq ... nq r:,.l 

w 

a-cq 2 ( ) 8 (a) • 's ~ u. nq 7 
•••••• (2.102) 

_(2) _(lil) 
a( ,.ll ) • ii' ( .-.,., (t'Os)) 

' were Qt • .-8.___ 
v• .. r 
A 8 

_(2) 
• ( 1 .. Q1 ) 7 

IICl/ 
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••••••• (2;.103) 

U. eet111ate bal84 on VlJ1'71n8 IJ1'9b~lit)' · 1$1a;Ot!on 1a 

\, liON eJ~ U CQ1Jpllftd to tbe es~te ba$84 Oil rqreuioD 

' aetbOd, itt I ' 
/ \ 

'! 
I I 

)! 'e.'n <S. 'Ax 'a 
Vif 'e '4 • Va 

01" v, ~ 'l 
:n- D ~(2) + a-asp ~ 

(8) 
01' p ( ;, 

(n)(~~p} !l{JJ..1) 1 l ,, 
__.. ___ .,.; 

. +- ~(8) 

2 
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2 ( ( Dp - I) ) 1• n. llp I 
j 6, ~(I) 11 • f ) ( ( np - I} ) • a J'lp. B 7(a} 

....... (2.10.) 

o.neral.l;v sa (2) 1a large as compared to .f al'ld tor the- , 
7 

SllliU np • Ill, tbe eutillate based on v~ng-~bablllty 

aeleotion la upecs\ed to be ure efti~ient, as ClOillpal'Gd to the 
\ 

eat1ma.ta baee4 on rearesri.on aethod p~~esUmation. 

It R 1e large i.e. ~ l,.a) J ~~&gligibls as COllpllred 
I 

to the otl'lt~r ttmt., then 1110 have 

a 2 a 
u ~ s7(a) ( 1 - p ) 

( lip- 2> 
( lip- 3~ 

I 

(2) (2) (2) 
If wa ooDS1dei' that the ll&lllpls 71 , 72" ••• 7np 

hu been taken from an lnt'.l.l'li te ~puhtto!lo !heft. nMGl' ltn&Rl" 

1104elt tald.211 tllo •X~~Satatt.on. ¥1 aa» t.hut t.R. S. / 1 atl9 1fo 

H.S. .( 1, 'nm l~~~tquallt.? doee &ot hoM, th81'8~'1'9 tt Tl h 
laJop, tile estl~~ata based on ~esion llf)tbod h 110:re ef'f'tctent 
ae eom-pll!'l!ld to tke esttmate baM 011 Vi!rrl!V '!'l'DbaM 11 Uee. 

I 
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2.11 Illuatntlona & SFPle ISIU'98J' for est1mat1Dg tbe Milk 

;vleld of tbe cove was condllcted in Qu,tarat atate in the pear 

1903-66. Till data sJ:wn belov givea the no. ot oova ill 

dUfennt saaona. 

it~ i&Vaprce.iiuii aa~T i·iri ie&.OraT au;..;.-sea;,.,i--
No. ot Cove lfo. ot cows I No. ot -.mr J x EDaarate4 Enuaera.ted 

- - - - - - - - - -- - j_ - - !'~- - j_ - - :.<~)- - - - -
I 155 M I 42 

I1 10i ea I ,., 
Ill ' sl 2 

IV 0 ' 2 

v til ~ 32 

VI 49 16 16 

VII an 24 80 

VIll u 14 u 
II 1!1G 12 17 

1 211 2'1 26 

II 85 22 22 

XII ae 21 20 

.Uil 10 - -
uv 10 l.5 20 

IV !40 108 100 

1Vl w 12! UG 

mx U!l U6 132 

lVIIl '" 1&2 128 
lU " as 22 

11 116 16 28 

------~-------------------------
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BllPPQII a 8alllple of 10 Y11lage1 1a taken at tbe ra1~ I!II~Do 

vith s.a.s. I11 the ll'l\'!lisr ao&t!Qn I vill.a.aes are r~taiud troa 

tl» previous 7887 tdtb va$J18 pl'Obabillv. Jbr aoi.eot1111 tbeao 

s vlllagea david~. tbe sampb ot 10 vlll.ages into 5 group1 of 

two dllage• eaah arid hall vach group select oas Yillage with 

pl'Obab!llv proportioMl to tAo=· ot cava ln \hat Yillage ln 

the ralD;r auon. 

tt.ua wa have 

no10 /J 
~(I} a ~.9SJ y ' 

fa.. .:974.6 

'l'bua VA ,. 101. 82 

!In' Z'418J'GIIS1on tithed 'A a 188.58 

!here.tol'l -vc a 7 > = 47.;a n 

The relative etficiency of estiaate on the -lllDI!IleJ' 888119:11 

ua1118 V8.1'1ing probob1Uty utJnte aa ~:! to estimate 1lbeD 

regZ'ellll1on uthod h u&ed viU be 126.02%. 



Ve of tent.• Prgbab111111eg:at the lpt Ocqal1o!!o 
J ( • 

3.1 Here tbo etbacl ot Yal'1ln& probabilities lD t1ae aucoeaebo 

lldpl1ai vJ.ll be atudied vben on tbo 1• oceu1on th8 uoita aN 

drawn v1U. •lli'JiD& probab1U.tlea ot aaleot1on. On tbe 2n4 

occaalon eo!! unitt nro l'lllta1a'lll v lth a.r. •• f'l'oll the Wllta 

-pled on the pn~dou oooealon and the naala1De unit • an 

4I"'UUD afreah vlth YCIJ71Di probabllf.tlea Of Hleotial, froa the 

popQlaU.on 1taelt. 'lbll present aob._ of 8$pU.og 11 panlwLI' ~ 

laportant \lhel'!l auM lntoraat1oA on an awd.U.aq Y81'1abllt h r1na 
I , 

Slid 1t 1a 4ao1ded to &lilt go the probab1U.tle'e on the bad. a of 
' 

tbla &l.l&1Uor,r Y:>rl&ble. 
I 

I 

1.2 Sa!pl1ng v1tla P..plao .. nta 

on thAI tl.rst. oooaaJ.on a unite are dr1111D out of 1, "th 
I •lli'11DB probab1U.t1ea of alaot~' p1 and v1th J"'pla-z&. 

On the 2ad ocoutoo ap uu1 te are reto1ne4 v ltb e.r. e. traa 

the n Wllta BQ~pled on the ln ocoadoD flDd the Nllalalac n-np 

~ nq unite are draVD a fna, v1tb Y11171Dg pJ"ObabiUtlea of •le~' .. o\, 

1\•troa the popuh'ion lteeU. 

r.e• 
th• vallll of U. e obenoter tor the 1 th aapUni 

I 
Wlit of tlse population. 

-s. • the valu ot tho llUIIlUBrJ Yariabla tor~· l ttl 

unit. 

(1) (1) (2} (8) 
4eflao,a1 "' 7,/ N P1 t a1 • 71 / s p1 IIDIII a1 • 7~ /II p1 

Iober• tho autfi& (1) aod (2) dellOtoa the lit l!lld lnd oceallioD. 
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(1) 
(1} 71 • 

K (sl ) • & I Pa, 

(1) t (1) B.. _(1) ' _(1) 
i (i ) • ... E( •s. ) .. + L .,If • '• 

a 11 •1 1=1 

_(2) _(2) _(1) ~ (1) .. _(1) 
a ( s ) • 'Ts J i ( II ) a -!: l... ll( ·'t, )· 7ll 

n np ~ ~ 

_(1) -!... !! (1) _(1) 
E( 111111 ) "" nq t-1 !l ( Ill ) • 'TI 

_(1) 
V('n )a 

2 
_(1) bll(1) v ( • ) u _......:;;.._ 

np llp 

_(2) ' ( . ) .. ap 
(1) 

Oov( 11 • ap 

_(1) 
au! v ( sl'lq ) 

2 (1) J.. (1) _(1) 2 
tdlare Cs "' J... P1 ( 11 - • ) 

:1;81 

2 ) ....! (2) _(2) 2 o-.<a " L P C ~;i - e ) 
1sl. 1 

I 
I 

I 

~ (1) (2) 6. (1) (2) L (1) _(1) (1i) _ca> 
6a "" L ( 11 - • )(•1 - 11 ) I • • • :1.=1 

3.8 Hllv tcr tka e•tt.aaUOG ot the piU'alleter• at tht 2nd oocalien 

ve can take a l11111a!' .fUnction ot tu ton. 



\ 

-• JG I• 

'!...taf .-(2) 
7 • ..a. • a 
• D D 

..:.(1) ... 
Slap • b QIICl • 0 

_(2) _(2) 
• c S( ~ ) + i & ( •nq ) 

(1) _(2} 
• ( a • b) ; 1 • { e • d) :v1 ' 

u 
\ ' ' 

~~) -~> 
1

0 
11 an uabiAIMld oatiaate !or ,,.)i 

a•b .. Oantl e•4=1. 
I 

I 

Ylaere tore ths; equaticn caa be V1'1tten in the following form 

_(2) 2 _(1) 2 .._(1) 2 _(2) 
V( •a ) • a V( S.., ) + a V( •nq ) • o V( slip ) 

t 
( .. •" ( 

~(1) --;.,= • 

t• )2 _(2) _(1) _(2) 
+ ,_o V( • )• 2 ao ...,,. ( 11 , •· ) 

Dq • lfl 

~(1) ~ 2 ( 
- mr">•e ( 



{2) 
·b"a 

ll (1) \4} ? ~ 
r" • ;f'q • .. ....:1....;;......,1! .. ;;;.""'2_.:,(..,.1);;_(.,..1!.,..) -

- q f • • 

p 
0. -----/."--------

1 - l· fa •(1) •(2) 

(1) ta) (2) / 
P• • P tz c "- ' -<1> _cl> .. - ; <• -·) < 1_ qe ;} .(1>.<•>> c.<1> ~~' nq 

2 (1), {2) 
q(l .. "l.(.l' II ) 

,' 2 a <NO) 0!) 
~o-q f> I II 

•••••• (3,31) 

••••• (3.32) 

!bV to f1n4 thl 1'al118 Of CQ tor V11ah t!Ji1 Vari nllCe il Cn hlllllo 

J1tf'erflnt1att with l'eSJt-Ot to q llll4 equat1Dg zero, we haw 

q= •••••••• (8. 33) 

2 
b'a(2) 

2 nq 

••••••••••• (3.!4) 



-· 88 ·-

It there ha4 been 110 r.pe,U Uon or tbe llllllple ba4 been 

coaplete~ retained. 

( ) 2(2) 
- 2 Ca 

V(;vo )q=loro• D 

'l'heretoN 

_(2) 
V( Yn ) al!q ••••••••• (3.11) 

V'( ~a))ept q 
I 

' I 

'thue the eftioiencr}' of thb prooedp tor eetillatilll tbe 

uan at tbe. 2ad oooaaloD au ooapaNd to tb~ one witJa indepellilant 

aaple each t.1u or vUh CXJapleteq retained 111111ple will alvs,ya 

be moN, and U1 value will depelld ah replaceamt traction of the 
' 

saple. 
' 

a. 5 Sa!pllnp; 'ld.tho\1\ J!!placme$• 

On the tlrst. ocoal1on n Wllta oro drawn, out of 1, vlth 

vaJ71ng probab111Uea of oeleot10!1 p1 an4 'ld.thou\ rep.hoo•nt 

bT randoll groap1na proclllitlN.. on the 2114 ecowsion np units ara 

r'Otained vith e.r.a. 1'ro11 tho n U!Jita OGJplid on tile lst occneion 
' I 

aDd tbtt reuiDina n- np • nq 'llOih &re l!l'nvn drellb t'roa tbe popu-

lation itself, with UDOqual pl'Obab1lit1oa vitbout Npla.tlt by 

raadDII groap procedure. 

(1) (2) 
(1) J'& (2) ~& Let • 1 • f18Dd ., .. - !L 1 If -., 

1 
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I l\i"" 

_(1) _(1) 
JS( • a) ""71 J 

Nov tor tiMI esti.aat1on of tu p~~· at tJae ltnd occalion 

we Cllll taka a line Ill' tl1110tion ot t.t. fb n. . / 
I 

_(2) _(2) _{1). ., _(1) . _(2) _(2) 
'n • • n "" •(. 11-1?\i' Y• b( •aq ) • o( •np ) • d( saq ) 

_(a) · _(2) . 
It 7 h 111 unbiaued ollti~~ate of :v8 , eq1af4.on can biJ written 

D 1 

aa 
_(2) _(2) .. J1) _(1) _(2) .. _(2) 
7 n • •n .. a( •np ) - •nq ) • o ( •Dp ) • ( 1-o) • aq 

_ca> a _(1) 2 -<1>- 2 _(1) -<1> 
V( a8 ) = a V( aap ) + a V( •aq ) • 2~ COY( sliP, •aq) 

_(a) 11 _(a) 
• c2 'i( • ) • (1-o) V( •- ) + DP . -. 

I 

•••••• (3. 51) 

~I) --'t 
... \ 
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• £ao ( ..L _ .!....) !)• (1) • (2) 6"• (l) 'B (2) • 
ap , • r 

(a) 6a (1), ba (2) • 

""-n 0 • .J1.. lUllS It • J!.. 1 Q ., nq 

I 

• 2110 ·-. 11(~1) 

••••••••••••• (1.52) 
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7he value of at C can be obtained by different1aUug 

a= 

o= 

N-nqc 
q (~1) 

N-np-q 

(~1) p 

N- nq 1 
- Q2 (N-np-q) - pq 

••••••·•••••(S.S3) 

_s_-_nq.:....--LC ..!_. N - nq _ (N-np-q) J 
(tl-np-q) pq lf~u-np-qj (N-1)p 

I 
I 

' ••••••••.•• (3.54) 

Thus the estimator with the opt118um v8lue of a and o can be 

) (2) 
_(2 r6• 
~ C I. ·-r;;;";.::;IIT.:(1T) 

_(2) 
llap. 

lhnq 
q(N-1) 

LN:np-q 
(~1) p 

1 

pq 
J 

N- nq r ,A_ N- nq, ~q)J 
(N - np - q pq + Cf (N-np-q) ~ 

1 
pq 

+ N- ns 
2 q (N-np-q) 

.:.io' \ (N-np-q}~ 
(B-l)p 

•••••••••••••• (3.55) 

IIJ1d the varianca of thie eat1matoJ' 1s given by 

B- nq 
nq (N-1) 

• 



N- nq 

( nq (N -1) 
•••••• ~ ~ (3..q)) ' 



Uaa of JmiM spbab1litlef at Both the Ogo!t!\opto 

4.1 !>ben aoa.e infoJZation on an llWd.liary variCJte is 

eiven and it is delired to nee the infol'lllation, Units c:m be .· 

sel.elcted with probability proportional to tba awd.linr.v val! able. 

Nov 1f 1o10 select units on the tirst occo.Bion with probability 

proportional to the awdl1u17 Vl11"1ate. .Ag~on the 2nd occasion 

the 1ni'bl'llat1on on the variable samillcd on the first occasion 

1B a lao gl van. It 1llBY be advsntageoua to use the infOl'llln tlon, 

collected on the previouo ocoaeion, i'br oolectlll8 the units to 

be reta11111d at the succesoive occasions. 

4.2 Sgmoling y1th Beplgc!ll!ent 

On the first occasion n unite a.~ selected from the 
' ' given population containing N unite with the p::qllllitieeof 

selection pt(li) and vlthout replacement. The ~pulation io 

raaiomly divided into n groups ai1d t'l'o:n each of tlleoo groups a 

unit ie selected 1adependent]T, tolloving tho B!L!ll!lling pmoedute ot 
Bao, Hart.ley ani Cochran. On the 2nd occasion, np units are 

selected out ot n, vlth the prooobilitiss ot selection p1 (n) end 

vltb replacement. Remaining nq units are selected from the 

population ltselt vlth probabilities of selection pt(N) and vith-

out replacement. 

Let 

.Vt = the value of the character tor tie t th 

Ba'l!plino Wl1t of the population 

Xt, "' the value of the llWd.l18J7 variate tor the 

1 tll unit 

p. (N) = J1.t J 7/ .. 
t N "' 

I::~rt 
t=1 



If the S!.l11ple Oil the 4 rat oacas1on 1e obeenea 
(:t) . ll) (1) (1) (1) ae11r Ysz •••••11 ••••• 7n• lurfiDg 110an ae}'11, on tbe 

2nd oceasion ap Wlito are solecte4, fl'O!I t.hlil Wl1t.c •lecttJd 

on the first oecaa1on, vltb pl'Obabilltine of selection p1 (n) 

and with zepls.oeaent 

I 
t .. 1, 2 •••• B' 

1 c 112 •••• n 
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( D • 1) -(2) ,.. 

I 
I 

J 



5.1 Iu t.llfl017 ot Nlll)11Dg technl<l\Ws, the tnfbll'llllltion on 

GC1Ua17 cll!lractere orten plrq a "8FT illlportaot part, Dd&ly 

*''oSDI tbe 'flll'18nolt of eatlllat.ed character• '1hey can 1:111 

u..a. tO" Ullaqual probabUl t:r ll!IIIP11ca. to• ton1118 nt1o 

11114 nsroall1on eetilbtozoa CD4 t1nall.y tor stl"atU'ytru the 

poplll&Uoo tllto I'Ol.atlv~ borlogell80U atnt.a. It tbere en 

liON thaD oue IIDC1llu7 chcnctva comtlatsd w1th the Vlll"tate 

w:!der estlzUoa, tbJ:o teab::tqQ&e can be OOlllbtned to pzoduca 

conlllclerab~ 1101'8 eff1o1ent eaumton. 
' ' 

~ pl'9bleil tD 1ta me\ ~or~ ton. ~ be stated 

th1UJ 01veD p cneS.llar7 variate a ~· Xa •••• xp. Let the 

popl!l&tioD h n.rst atntU'led on the baeia ot S( ll,• Jr:a •••zJ 
aDd thaD 1112 aD¥ p.nlcul.al' otr:.u 1, t11e wt~t .,.. ..a,1ea 

with Pl'ObabUit:r prollorttolllll to p ( z.a.• ~ ••• ~) aDII flna'Ll7 
the llieal'1 iD ~t lltl'attll iiJ eat1cat.e4 b7 m eattmato:P of the 

fbJ'IL 

_, 1 ·~-
J '1,~ a ~ j:il 



FlJ beJ.Di tlla .zmatl'lcal yal.aa Of IOal funcUOD 

r ( lllu• •u• ••• Z,.p ) on the J th Wilt ott th atrata. 

I 
I 

fhua tor optSaal. llc::J oZ the aao11J.ar, ftl'iatee ~· 

YaJi.IUlCfl upeaoJ.o~~t 
I 

2 8 
01! ( J,..; ) 

l Yi• 'l 
eboul.ci be ldn1wf.Ad ECI' the ~foDal tonul S( Si.• ~ ... x,), 

P ( lrt• ~ • • • xp ) aDd f( lrt• Ira • • • :ap ) giwn that the 

Jmlt1ple recreealon IIUJ'fuoe ot 7 OD lrt•*a • •• Xp le giVOD tJT 
i ( 7) • R ( ~·· Xa ··~z.J ! 

5.2 '1he PI'!!C!!!!p• . 

' 

the Y&l'i.ate undll' eatiaatioa, 1 .,. 1, 2 • •.. If.. If the 

n&nll81on eurtaoe of 7lj on J&u• zt2 • •• ,. alp be B ( 71J) • 

a ( llll• Xu ••• '\p ) thea we can write 
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,.1~ • a ( lEu' z12 ••• -.., > • •u ....•...... (5,21) 

... I ( •:J /1) • Y(llll' Xu ••• ~p ) •••• (!1.23) 

Ia reld1oa (5,13) tbeftl b c 1apl1o1t ••~= tbat 

the oollditional Yal'1alloe ezpreas1ona ot 't.J ( for t.lxed 1 ) 

are repre•nted b,- tba ... fUnctional ton V( ~· "ta• •• x1p)• 

1o 11PeG1t1e ton DMd ba ualane4 to tJ\1' hnut.ion at tbb 
I 

I 
Tile pn~Cec!IU'e adopted ill aubaquezst papa, tol' evaluat1q 

U. ettioiene;r of dU'teNDt aapllq proce4urea, Cld fen• deter-
-

.tnsar tae oo.IIIUUollif ~or which a partiOtllar pJ"OGII<laN ..., 
I 

J'iold opt11tal naulta, vlU colllllllt. of t.I.DII!JII f.ht upeotaUona 

Gt t!n1te popula\lon uapllag "f1U'iancea !ol' 41ttennt pzoae4UNa 

8J'1d the detel'llinf.Dg ~· opUUl oonUt1ona 1D wma of par .... 

ten belolllhl to QllpOJ' popalatiolao 

s.a Sg!e popibJ.e eetiaat••· 

f,l,2 P• p. a. etrt.late ~ ______ ...-n, 

., 



tmd 

'i'hea 

..... 'II ·-

.,, - - t Pl Yl -Let. Fl • • ., .•• = s ., ... • 7ll 
IU1

1 1 ~1 

i!•1..t,.. a 111 s.a1 1 
2 - - v ( ;,. ) • .J:_ 6.,. s ( ,~) = :ru' J1 a 

7~ "' 7,. • J ..§i. ( i 11 - r1 ) J E < Ya ) = 711 ,,, 6 J' 

- 1 2 2 ' v { »'n. ) = ""'fi"""" ~ ( 1 - ~ )., 
7 I 7rF 

6J. c, 
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-1.8.4 il•P••• zoegreeoioD eatialte ·~ 

7•....!.. \L a n 1F1 

a. 7. - < r1 - ; •. 
t:1 pl ~.:;,1 .. 1N~ ( 1 -;1 p -

8 .. ____ ....;:;;.... ___ ~1-...:1=----

,, . 
2 

V(T')=~c:: (l.ol ) 
R B Tf Y'tP' 

"u • ~.'~ Jltl\- 's..t) 

f\ 'i.t 

I 
I 



~· . l~ 

81• 
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J'H .. 7, ) { (I'H-is. flt)) 
Hl p: l,f\ ) ( (Nl pt ) ) 

1~ ' 1~ -
( 11J - 't,Bs_ ) , 
91 l'lj 

I 

-pt ( .,, - ~ 

lJ '~ 
) 

- -1 < r. > • 'uN aile! 1& ' 1 

_ 
1 

a a 
v ( .,.lll ) • - 67· ( 1-;,.. ) 

Dt, 1 t"'l ,, 
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V( t pl r!, ) • t. ~l 
~ &D 1•1 

5.4 Ji?tot&t:j.cmt oi' Pln1te Pgmzlet1on Pat"'Qt!!r!. 

l'fev wtl lhall t1lld tb! upeotat.iou of eartaJ.n .ftD1 te 

population par.-ten that ld.U be ued&d tor ov plU'pO.., 

expeotatiou being evahated UDder the aaii.Ymptiona (1.1) •• 

'1.2) and (1. 3 ). 
a 

5.4.1 i'he paraeterb"7 

• ..;lf;;..-~1 
.a 

t,.,a-
1=11 

lt-1 .. 
~ 

-•• 

' I 

•••••• (5.4.11) 

•••••• (5.4.12) 

Wbazoe c: • ~ t1 fa, ( XU• Xsa ••• xlp) 
I 

- it a (Ill, XLR ••• ·xtp ) j 



_, ss ·-

a ._ a 
~ •l..t Gt-jt ) • ,.. t• 1•1 l •• l 

P 
1 

• P(z , z ••• z ) 
u u lp 

I I I 2 
R.B.S. • I: P1 ;rl • ( r P1 J1 ) , 

la1 1:'1 ' 

• ..J... I: 7t• - ...a... < f: 71 ) a 
Jil la1 p 1 .,. .,.,1 

•••• 

. ~ t. ~. -7 ~" - '~ ~/•'I 
' 

........... , (1.,.11) 



' 

••••••• (5 ••• 28) 
' ' 

a J (~'&tilt)+ h ~ ~ •: + !r t.'pll'l •1•1 

+ ~ .a ~ ( t ·: + ~ .,., ) 
I f. 

+ + a. <PstBt.> ~ ,, ., -a =f •C1',tBt.) t ., 
· 7 '•· t ., t 't. -s 



-• Sf o-

E ,_e (J,P) • cwJA C1ttlls) + -) ' ~ ~1. 

+ t-;: VI • * ~ ., v, 
• cw8 

(P1tt;_) + 7 ~ (Pl. .f11 )
1
'fl •••(&,teal) 

1 I I t 
cw (J,P) • /.l -&- • G)' r,,,. ' j 

•••••• (a.t.aa) 
a.t.,. 

,, ,, (P1 ..J1 ) <r, -f1 ) ~ 

plpj 



tlaiNfaJ 

•t H t-

<S: • a •allt. • •: > cr, • '• >I 
P! ' 
I 

I I 

~~ ~ l !: : ~ cr, - '• ,· ~ 
I l-.:1. pi J 

+ '"!r t v, _<r~-".J, ) I 

' 
• cw• (ll•, r•) + !r bf I v, cr,. r,, ,. 

' 
•••••• (&.t.a.) 

B .. I f., .... 6,, ·?-r 

c ,,,... ( 5.4.12 ) ... (&.t.U) 

s I c, 

,. 
••••••e(leldl) 

•••••••(l.t.G) 
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and (5.4.21) with ( 5.4.42) 

-~ t 
4 2 1=1 

No ,. 

s.s Detel'lllination or :ptimum pi and '1 

- 1 2 BV(y1 )=- EE;"' n n 1 , 

I 

or L RP, R v 
or n S V (i• ) = ...!.... L ::&,_ • ..!,_ L 1 

n If 1=1 Pi N2 .1=1 P1 

•••••••• (5 .51) 
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This bns to 110 111D1mieed vltb reepoct to P 
1

, eubject to tho 

condl tion t P 1 = 1. 
1=1 

•••••••• (5.52) 

I 
aDd the minimum varinnce f'ol' p.p.a. estimd.e 1o ' 

•••••••• • '(5. 53) 

1 r 2 2 J 
- L. 8-c - ( 8 c ) 
n Y 1' opt 

a lf- 1 
J t(l•v>--LI: na 

1=1 1 1 ntr 1 , 3 1 .1 

N -r: R1 ttjJ 
1 il.f 

' 



-· 59 ·-

N-l =J 

•••••.• (5.54) 

tho averege reduction 1n variance of sia::tle ra!i!!OI.!I sampling 

18 

1 (#.JI! ) -v '-#I\ •v1 n 1 

For olilta1n1ng opt1mwn r
1

; first asaUI:lO that 

v( xU' x12 •••• x1P ) = Constt a 0 +
2

_ 

I! 2 
6 (l-)' )+ 

I. R,F 

11- a 2 
uti 6 

• 

•••••••..• (5 .55) 
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Now min E V ( 1a> will oorree;mnd to 

mu £ J:. ( R,. - RsHF1 - is> f 
r: ( ~- irl I:<vi - iN )2 

vlib s& minlmua upPI'.J' bound ls 1 and la at. talned when 

••••••••••• (5.50) 

i.e. a linear f'wlction· of a,. 
when • ( au• x12 •••• xi } rj Conatt,,n have to 118Xim11S8 

p I 

••••••••••(5.Sf) 

Jf/1 • 2 ( I:~ G1) a1 + 2 v1 _ (\ .. -
d\ r:~ 
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fboret'ore 

Summ1ng over 1, 

'2 2 a I: R1 I: R1o1 I: a~ • I: 1~ I:v1c1 • N )I ( I:a1 ) = o 
' 

I 

or )-. a - L liJ. L a,g.. ., L '11 °1 , 

n :r:~~ 
••••• (5.59) 

5.6 Co:!!plll'leon 'llet\!Sen simple !'oKI"E!Bilion oatim!lto and varzi!YJ 
l'rollald.litlea ro~~:r6s&j on estwte. 

v(i> .. J.... a n 
2 2 

6 (1 -/) ) 
7 I p,F 

·,1. 
( 1- ~ ) 

I y•, ;·• 

••••••••• (5.61) 

..••••• (5.62) 
( 

For rAinSnlei~~g V( ;-.) , probablllty ohould be chosen 
R 

2 
such thnt /) lo 11aximum 1.o. 1J 

I '¥'IF' 

' 2 :v, -
/y',F' 

.. 1 11'§- - y • 
NP1 

N 

11- 11 
or li' .::. 

1 r: ' ~- ;v, ) 

Fi -- 1 
NPl 



and olrta1n1ng e.xpeoted pro'lla~ll ties 

,.. olrtain 

ll 
If all v1 • ~ 

11'-2 
I 'I( 'i,• ) ,. --R n!f 

•••••••• (5.63) 

••••••••• (5 .M) 

••••••• (1.65) 

2 
E> = E V ( yRJ ••••• (5,66) 

lienee 1o10 ... tbat tbere h not 11uob bope ot lepro ...... nt 

ll)'lnVCiduolng val'lina prollallillt7 vben all the latol'llat.ion 

baa a1Nad7 liJIIen uHCI ln regr .. sion eat1Jiate, 



(5.7) In a particular eaee vben p' • 2, l.e~ &!von ho auxiliai'T 
yar1at.ea x

11 
lllld zu tor each liDl t of the oharactor under atur:IJ' 

181 ;v
1

• we can forw two t.fPU of e.u.at .. (1) ncreal!lion 

.,tiaate (U) p. P• a. regreasion .. tillate. 

for aiapllclt7 aaM we aae~ that ~ and ~ are 

Unauq related vlth 1 of the rona 

11 .. 81 ~1-... lrt2 • ~ •••••••.• (5. Tl) 

! 
l!:atillatea are giYeD b)' j 

I 

<t>ia .. i • tJ tit~-r1>.2 ........ (s.n) 
D ( 1,1 c-1' 

lllbere I 1 • ~ •u + ,•2 lrt.2 

- .t. 2 a vc,..a>·"D·£<'1- JJ > ....... (s.Ya) 
7 Fy,F 

(11} In thla .. tillate we uae a11 .for tbe nveaaioa 

an4 "'12 fOr the Yal')'lll£ prollaltilitloa. 

lrt1 
~ • -iijpi::1-- ' r. 
1'1 • II . t;1 ztz 

••.•••••• (5.7') 

-I ) 1 



v 

_, "·-
(S. 7.1) Ca11P'ar119n of o~tgeoted varillnoe& qf tbe tw e!!tiptu. 

- 2 
D D 

1. 
2 

b F• 

and v1 1• tho •er!BJllle iBDOrihg ~2• 

Z..t y:l. .. CollStt ... ~ll 

t- ( 1 .. p1) vi 
lml pi 

F. - II ( 1 ~v ) 
-- B & P· 1 

.••••••••• (5.9.11) 
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Tho est.ll1ate 7
11 

will be more efficient ae COII!plll'!ld to 

thtl elltlaet.e y' if a 

v < 'Ya > ~ v < 1a > 

or N-2 
r:abl 

2 
b 

' ~ 
ar N(N-2) :::1'2' + N 

b 

.••••••••• (s.V.12) 

2 12 
r.ov under tbe assym?tiono ~ ~ <;;"' • 

Hence L.H.S. is alwa111 lesser tban N ( N-1) and in 

I!()St of the oasee R.a.s. will be granter than N ( N-1). 1 

aecaueo domina tint; term of the R. H. S. 1a L ...!_ which 
pl-

attains lli:rd.IIUIII when P "' .J... a'M ln tbllt case tho valuo of 
i N ' 

R.H.S. in most of tbs CAStle vill, be gNatel" than N ( N - 1). 

Therefore 1n most of the C!UI•>B 1f 11 odv111able to use 

the 1nfonat1on as regres!d.on eetill~:~te for obtaining precilil8 

eatillatea. 



,~J4 

-· .. ·-
5. 8 CoBparhon of regrulion .. ttaate v1 th ( !l• P• •·) t . . op 

eatiaate, !¥lder the 11noar 119q..!l• 

N-2 2 v (fa) • nN c 

yfyR) ~ V(Yi) • n op .. 
I It 

2 ' 2 I 

~ b < 1f:1 r:; 2-2 ~ J .... - ..,..( P<') -R- -n 1 N H 

2 2 ..2 . '!3 2 2 !! - '2 C<: ...!.. .( l j,( 1 ) - .l. r: .( +...!.. ll - I:-< -R-~ N l N 1 If 
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2 
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2 
v ('1, ) - v ( ..(1 ) • b 
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2 
<r -R 
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2 
or N (N-2)b"" < ) (<>('...( j- R' RJ) .._ S.pJ 1 ,1/ 

? rc 
i1J 

' 

2 
_> i1J [" R1 Rj •c - R1 RJ J 

):> N (ll-1) c 2 

Henoa R.n. s. _:::, L. H. s. 

2 
b 

4 
<> -R R ) 

1 J ) 

Therefore, regresslon estiaate 1s alwaye better than ( P•P•••) 

1n the pre1111nt 1104el. 

' 



lD tile pN .. nt ll\ud71 aucoeaai.,. IIBP11DS vitll UIClU1 
probab11ti•• hal bin co1111lderod 1a t'- n.rn tbNe ob!lptei'L 

Axd 1n the laat tbo teohlliqul Of ~blalq the lnf'onlatiOD Gil 

ancU ,,., chllraotere bu , a1lo been lltu.H.e4. 

In tM mcceu1'18 lllllll'l1og three ouea ha'lll been 

ocoaidered i.e. (1) wben tbe Wllta at t.bl ts.rl\ OCCIJeSon 

IJOI\1 Ulllte ar. retained with probtlb1lt7 proportloDal to the 

., ... ot the unite u ob.-rved on the prft'loua ocC'aaloa. 

the neult.a an coapanci vlth Nl{l'eeaion ,au-ate uhlu 

ebowa that tbo rqreaaton •e.tSaate le ;.tw aa ~1'114 to 

the ellt1ute band 011 p10babll1t7 ~l't.loll&l 1dect.1on, 

llben B tho llUOer ot uite 1n tbe popalatioa Ia large whleb 
\ 

11 eddentl,y ebovD by Duh Raj (1.58) la the Old.pha• aupl1J11• 

Silt lf lf 8lld ap tbe ~. of w:d.te retdll8d ant lUll the 

eatillate balld on pl'Obab111t7 proport.lonsl 11 BOI."e ef't.lo1ent 

' aa ~ to the eat.laat.e baeed em ngn .. ion eatb~~ '1.., 

In the lad cn11 vbeD 101M WOI'IIIltion on allld.l,., ,, 
voriate lll giwn on the J.at oceuion the unite IU'e. H:t.ioted 

vlt.h prob3h111tq proportloaal to tbo &1 .. 1 ot the auxil&JT 

•mate and at the 2nd occuioD .. .lb 10ple 11 eelected by tbel 

.. tbod ot liapla randall 8811Pl1Dio libereaa 1ft tile lrd ca11 

at both tu occuion~ Wlita are nleotect vUh probmbillv 

proporUonal to the liael deteralaad b,r the eax.tlu7 nrlable. 



...... 
Ia Ute ldt u!lla •re tltllft oae 111181U1117 elw'utea 

eolftlated v1th tbe YV1ate Wll!er eoaalllerattea are llwa. 

tJa• teeUS.cau• ot raUe. ntpP:!oa uoequal proM1111tt¥ 

atratltioattea an Clallblaed to ~ .. •~re •ttt.ei.at eatta11.\ea 
.. 'tbe,y .... ....,.,... ldtll tile uaa1. .nhod .. 
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