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CJ:JApUB .. , 

INTllODUC]'~ 

The sl#l.ploot metho4 oS em.mpDDg ta to #Cled eel'talD ~· oS 

tm11s aa.y a. out of tho 'totalii'IID!he'f of uatts to. tbo popUlntWl nn4trmlv 

ouch that oaoh UD1t to the populaUOD. baa aa equal pi'Oba'blllty of beibg 

a.I.ctad. This ~ oS aampllDs cAlled·• Sl~ D.andom ~· 

Ia aatY to eoDIIQCt ami eatt""'tlon PIPOCec!ae ~ Uttle moq lba.G 

11mple .tc!ldon. But slmp1lclty ta cot a:ftu tbo oriteJ'loA fo• adopt~Ds n 

partlclula• DUIIdo of samp1lns. Yon oftco, paocceduo• othe• thaD Glmplc 

random sem.,ht,g an adoptcd,!.G pndlce 1011 opo.e.Uomtl o~e,tol' 

keepirla co .. a atnhmlm o• lozr bclnas~ tho wenU pnclalOD. o1 tbo 

estimates len a glva cOst. 

Be&Stdea the-use <Jf 4t.fle.~ eampliq dutgae. wofiDorneata 1D the 

mt!tbo-3 of oatfmaUOJt. aWJ a!f0'.-"11'U10oaly use4 t.G obtahdits ~ elficlt!Dt 

utlmateiJ CCJtllllaeocl to osti.Diatoa 'b:l&Sod \tpO.G tho atmple mena.. MllAT-n 

ttm., lo!o~OD. oa some ewdUuy chandeJF Nlatod $0 the c!la&'llCCOll' 

ande• etudy 18· avaUab!B f.I.Gd tho Wle of this blfoli'IDa1tOA Sa oa.e of tho waya 

of 1ettlos esttmatoo ol tho populatloa values wW'l lmpJ'cwod Pl'eCilllOD.. D 

may be uoed at the 8laSO ol pJapntog u Ill the caao,of Bb'attficati.oa. o• at 

the otnge o1 aelec:\lon (seloctioa wltb varylq p&-oba'bW.ty) o:r at the etase 

of utbzlatton. 

Ratio and Hpo&aioa methccb of ~ a~ weJllmowl:l. oxemplos 

where the anxiJSavy lafol'matlon ta QS$4 at tho csUmatlms atage. Rctto• 

eetfmate• an fnqUSAtly employed Ia sample 8UI'VCJG when eatimatf.Ag the 

populatlan mean YN ol.the c:Jianctel' Ulado• lftWSy v t with the bclp ct lmowo 
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aoboon (19!'1) bac 4orived ~exact foi'D1Ula fo:r lts variaaco '#hGa 

the firlite populetl04 conectlOD factol' ( 1. e • .fpc) ls DOt ceallslble. · Ho also 

",_..lacd thG wablaoed ost1mate of the vulaac:e. When the fpc la ~lc. 

. tbo tonms!a fo7 va~ of the esthuetcd m111oa -.u slvan 'Dy Ooo4mt.ta and 
' 

Rartloy (1958). \Vho also save an W!lblaeed cmmple oatlmate ol'vari.Gaee ol 

the anNaa~ ost~mate. Tby abo dle4Qlfee4 the IM1aU9e ellld~leo o1 the 

&flel'am eatimatc:ra an4 po!zltod out that \U\de:r c:enam eondltlo®, tho lm• 

biased eatimatol' la J!IUift pHdae to VJfN !e. lai'IJ0 eamples. 

s. V. SuMmtme (1961) ppaOided aeveftll ntio type oetlmat01'8 ot 

the popnltltloa meaa ta tho =ae of tw-o phase sean~. Tboy aJ'O pvoa 
- Yn li' .,. - a(A• • l) ( -w' - ll' • ,..D .!Cftt amJ 'fa 2a• + a.'(a .. 'l ) v. "rQ 'ill) l'eepec:tlvoly 

ii 
11 

wheP o' c!enolea t1w aemp1e selected out <It If Uldta hl the populaUoA to 
~-

o'bllenoo the vulate a amiD ls a olilb·sample seleetecl out of a' to *one 

the variate 'I• the obal'actew Wldu ctw\y. The tlJbd eatlmato~t lo an 

UAWaaed eetlmatow ot the popalaUon meaq an4 t~ cURC11ftml the GAO 

gl9ea by Halde1 ana aoaa (l954) fo:r slagle phsao 111amp11Ds. He olltolao4 

' the val'iance of eadl o$ ~e esUmato.s tov the samo O#do. ol app~on 

a.a4 pYe cOIIdWOJlt Wldear w!ltdl the nnblaaed esttmatol' l4 mcwo etncteat 

than the biaood eatlmatol'. Be ladlc:atod wba U lo GO. the mt.f:daaed 

nt1mat01' ls certaioly to be p£Oo1Ul'ed! to tho Wuoi ostlmatol' becauoe 

lt8 varituu:o ls emaUetlt thaa $hat of 1'0 iiQ• • Ho ~ out.howoYO:r. 

if la ... - eo, the csdmaiOJ' 'f'Q srQ. lG l'lf'4 ~oaeaa11y sn-etene4 to tb.t! 

unbiased eat!matow • eir&ce lt la blaae4 aud the biao wU1 bavo to be ID!wll&sto 

1 N VN 
acc:ouut excepii.Q thG eaee ~ N E 'Vt/Bt • 1 _ • He Also gcvo a 

1=1 --w 
oamorical1 illustl'aUon aod cUacaased the elficiacy of twD phue oornpUns 

with l'empoc:t to aiosto pbaeo oampllns ulng a abnple c:oet f=otlon. The 
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coat fanctlcm which be cODSidoncl wao C0 c c,_o + Cfl' whel'o C0 

c!cmotoo the total coot , ~· the cost pQ UD1t of o'bs011"nlUoD oo the variable 

y, c1, tho cost p unit of obtlcmrot1cm oo tho vadablo a a= o 8114 o1An 

tho OllDlO na c!efillecl oullu. Ho tbtm, 4etenntnc4 tho optimum valuoa 

af nand"' ao thnt lOll a 8ae4 coot C6 , the vnriallco of the eatlmate wno 

mlobmun. 

In tho pna=t mvesttgattoo. aoma ntlo-two oot~matow of the 

popa1aUQn J110'lD ID tho caao of ~atnso oampUns lulve booD pi'06lutedo 

Two caaeD have been coDIIldued (l) when tbe meaD of the auallla1r7 variable 

1.1\ tho popuJaticmlo luaow»t (U) whoa U ta DOt kDowo and tho~ ~oft~Ds 

Aloo tho tcdll:dquo ol symmetric meaJlB c!wol~ by TQkoy (1956) aD4 

oxtondcd by Robsoa (19!V) baa beeo lutho• e:teMe4l&l tho pnoem wovk 

foz aso lD two•B"'go diiltgM. The new toctmlqao 4evolopcd will bo~• 

be rcfonod to as the IIE:Jl<JD4cd Mothocl of SJmmetric Moons a to two.ctaso 

dealgos. This baa becm Ulllloed lo1t COMII'\1Ctl!aa wablaoed oatbpat~ ADd 

llO will bet aeon Ill choptOl' m 8114 IV. tho •eaults obtataed ho7e wUI ftdQCO 

to tho o®laoed cottmaton obtalud by Ha..Uoy auc! aono (1954) aD4 

Bo V o SGkhotmo (196!) wbCA tho fii'Bt«&IJG cmlt3 ll~ completely OlltlmOI'Btedo 

Tho exact exp:resaloua lOll the varillncoo of tho 4lfl•eut ostlmDtol'o 

obtalacd, have baeD WOI'kol! oua 8114 pi'Otlentcd &D tho O)'ZDDIOtrlca raooa 

aotntloa. Aitoi"'QI'do llllsumlDs N ODd M to be ~WSO• tho 'MnBilCOO of 

each of theao eat!maton fo• tho armw ol'do• of appii'OJdmatloD hnvo beOD 

obtalDod and prooeDtccl I.e tho Gtaodal'd n.d3tl011a. 'l'bo ooa41tlona adol' 

wblch tho anblaoed ootlalatora wlU bo 11101'0 officloDt tbaD tho blaao4 

ootimatora bvo a!lJO been Qbaatacd fol' tho two oltontfoun cODDldoi'Cd .lD 
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c:haptn m all4 IV ria. , (l) 9ba aiqle pha•e eampUca lA two atapa lei 

adopted, (U) ~two phue eam.pJSq lA two ·~su s. a4optect. 'l'be 
-

~ of n*=o u wen u uablu.S osdmator ol vadaace ot the 

oatbaate b the lU} a.ttilatto.a !lave alao buD WOI'ked ou& to-. the cue 

w!leA the ru;rmbor ot p:dmaJT umt. ami Jllimbe~ of aec0114awy utta 4D ebe 

popalatto.a a.e lal'i•• 

Tbo opdmui'Q w1ueo ot tlM lltl01!Je~r ol flnt-atas• aatta aa4 eeccatl· 

nap aath to bel a81Apltd fen attatma& a stvesa pnclaLCA, the total coat 

'bela& fixed , llaft 1:!ea \IIIOI'Ucl out ualDg a coae fuactioa • \\oth wbfta alq1e 

pbaae aa4 J1ltO ;s:IIINa ISAtnJIS'DB acheme• lA two ataBP al'e ad0Jite4, 



CHAPTEl\ II 

C9NCEP1' OF SYMMETRIC MEAN,MtJLTl·VAlUA'l'.E' SYMME'l'!UC 
MEAN ANn THE EX'l'ENJ)ED METHOD 01" syMMliiTille J4EAN Tf.? 
TWO·S'l'AO.B DJCSZGNS 

z.t. Sppmetric Mea!t 

Let ,.1 daoto~ the valae ol y, the cba~ ~ etudy {~!f She 

l th llll1t ( l o 1, 2, •••• ,N) tn the popUiatlOD ea.4 let a stmpla nlldom 

••mpl• of elae n be 4rawa. ffllm W. populatloo. 

A aymmetl.!ic mou to· than defined to 'ba a polynomlal of the type 

1 · a b e M ll 111 J •j • • • • ••• ••m • wbue the n'bacripta an e\tJ'I!JDe4 
l;J, .... ; fA 

bom 1 ton (fol' eamplo») Oll' from l to N (for popQtatlOD), the tD~pCMata 

an pcaltlvo IJS&epn e.u4 M te t2ut taurnhr ol tenDtl to the •••mmatlOD. 

When tt 11 fol' the eunplO M • (a) ol&(o•l) ....... (o•m+l), whCID lt tslott 
m 

tM populatlOD !14 • tN>zxa o N(N -l)~ •••• (N -$+1). When the sample Ol' 

popqlatlo!:ltdU U Slvmlo tho aym1n0tl'ic meao la epeclfted lrf the ~ 

..a •o ls alllmwlatec! by Wl'ltlna the ~· wtthlo b•ackeh.ao lD 

(ah)• I 
n(n.·l)(o- a ) 

.I'NIII tlaeao aeeral upreallODa • aymzaetrio meaaa of <lou"" cme, e.u4 

...,. wezo the aaznplo sa woJ1 as OVfla' the popolatSOD CGD be eaelly ~ 

Jt ll to be DOted that symmetric fAetiDI AJ.!8 icherited Oil tbo 8Yei'&Jel• 

Aa exprudOD ts eaf.d to bo IDhented on the avo•nse u fo:r a given' aample 

sl&e alliS popu1a&1on alae. E(a,...,.,etric aample meaD) ia equal to the poPQletioD 

--wure B deaotoa tho Opel'aUon of taldba tho oapoetatton •. Tllkay(l9$6) 

l&a• 4w~oped tble concept fen- tho wd.variate estlmatiOD problema. Som.etlmea 
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malU-vulate eattmatioA p~robltme do a.t.e lA tho field of •u:noev sampUns 

when eacb sample ohmODt u m.ea&UI'ed fo~r a variety of cha~~ 

J'ow ouch probleme, Robson (1957) prOJ08f.KI tho concept of mulU-varlate 

aymmetrio maa~:~~t, o brief accow::l ohrhlcll, toaothe~r wl~ a mdSpl!catlrm 

fonn111a fo11 the p:tGC!uc:t of two ay1atuetd.o QJeone, lt po. boWN. 

The polJD,ODlfal 

l au 1181- "m1 8 b- "aa- l!lma 
W:: E <-.., •ab ···~ ). ··(xij ~ ••• ._, ) 

r l,.t/Jzrl•. tJJ, 1 .1 ., 11 " 
••• (2.1) 

!A tho na variate• -.J' l ral, ••• ,an; J •l, ••••• Ao l• oaUed a eymmetvlc 

maD &Sid U deD'*"' by 

,...,. <•r) tache voc&o• < Au•·· •••••••• ._. ). couJ.c~e ... ~ twa 

tymme&arl.cl meau 
-

(<ca.,>) _ .. (<ar)(at ) ... <a: >)41A4 

<~. >):: <Cbf ) {bJ) ••• Cb! >). 

py(c~~) aL(a'J +1>J
1 

),· •••• ,('\ +\
1 

), (Asyh ).., •• ,(alv)' 

(bj +I ). • • • • • (bja ) J 
v 

..,. oi»Ptned bv parilla a11ll addlDt v olem~~Dta of (a• ) vtth v olemcmta 

o1 ~.). Letpun!eaatit by Ry ( o.;)S
0

) a LPy (•!a} J the let of all 

JtOt•u.le y.t ( w ) ( ; -) po••i!JS.. •• 'v <o..; o>• ThOll the ~ of 

two aJ"'!Mtril maau ( (o. 
: • Vacd < ~ ) ) l8 Jlyen by the fomwla 



.a. 

~ ~P (11 e )~ .. ~a •••• (a.a) 
a'"~..-a 
v 

a caD be seen that U these mo ~mt~lntCD I'OpHSCDt o almple 

l"Dnclom anmple of a o'baoi'Wti00151 fl'om an m..dtmeuiODa1 11D1to populaUon 

o11l111C N, tho~ va1uo yottho etatl~tlcs((Br)) taken OVOI' ( ~ ) 

poaDlblo oampleG ls tho conoepondlna s~ria m=an of the populatloa. 

Cc!ml:raly, U 11 population etaUGtlc 1a writt~~m u n Uc.ca• combloatloa 

of a twmoutc menae • &bon llll anbilleod estllnate of tho poy.:latlon •vmmetric 

mean ta almply sot by ~clq each a,mmetrlc meu by tho couCDIWS'dlno 

ao.mple moan. 

z. J, Ellteoclod Motho4 cl Symmet&'te Moan to Two-etagg Dealgu 

1.e1 tho populatioD bo compoaod of N tun.etaso ada ot M aocoad­

atage anSh each cad aoetUDO that o ai.mplo RD4om eaunplo of o fboot.at.ngo 
/ 

IUII.ts bo cbaWA lrom N 8li1 fli'OUl each aeloc:ted &81-ataso w:dt. a anmplo 

of rn IIOCODd•etnge anita be dl'aWD by the methccl of ab:n;lle r~Jldom eampUng, 

lA YtJ• del\otce tho vab of tho J tb coccm!-s"'go unit b tho t. tb.lbat• 

atago unit whon y ltl tho chanc~ an4eJt study. TheA ~~ menDIJ 

of oRder oue ami two foJt tho aampJe wU1 be 

II. m A 

..L 'E I: Y'ij 011 ..1.11 (t), 
lUD ' J " l 

D m! D 

...!.. !.. :z: (a), 'E f Ytj 
.. 

= ' D I 

1 
II. m 

v.!.. 
D 

I: Il ~ J: E zu>, nm(m-1) t J;lJ• lJ lJ' II. 

' 



tuad fa tho population wUI bo 

I NM ..LN 1 11 
- E E VlJ a Z: ( l) \ a (I) 
NMl J N t 

N 
..L z: 
NM l 

1 

.. .L 
N 

N M 
J;: E 
l Jf J' 

N 1 

E (a) I 
l 

l N 1 

- E (U\ 
N l 

I 

II 
=(11) 

~angle bracket with D ologle prime ( ). 4eDC&co tho ayul!h~rio mann of 
\ 

the eub-populatlon ccmalotlDg of 'M' UDlb of tho l tb firet-otoao tm1t wldlo 
II \ .. 

<.. ) with a dooblo pdmo 4!CJ10lee a symmctrio pop!.Jlatlon moall. () ._ 

wttbo1za tho prime deACJIOJJ o sample oymmoblo JPO'lD conalattus ol 'm' 

unUa of tho l th oeleclad fi•ct·.Uae tmlt, 

a to to bo noted that-Gthio tho sample to eelec:tGd IAtwo-et.sgeo, 

the oapcc:tad va1uo caA be app:toprlately wo .. w oua lA two etaseo, fim cwo• 

aU the eecond-otaso alto m tho l th fbot-eto.so ua.tt oad then mr all tho 

lim-stage aatt&, by utag tho Oldoadccl meaw. Tbls 18 diG eaao whoA 

WG bavo OliO variablo at OU dtspoeal. MllAy o Umo, we e&ll bavo nnothol' 

' vunable a which \a blsb1v ooneloto4 wlth y, tho oba~acte» .Ga\1cw .otudy. 

When WonnatiOA on a to ovallablo , tho ratlo-*Jpo catlmatol'o wiD un6o• 

certain con4W.ona. provklo mon cfflctem ootlmacoo thall the elmplo moOD 

oaatmo.aor. '1'h1arl U evo.y ladlvldualiA tho popalntJOA la conaldei'C4 to bo 

tri-val'iate taktns vnlucs 'lJ'Jiq a.ad r1J who:ro v1J to tho va1uo of tho J th 

lUtCODd•Gtago tmlt m tho l th fbGt•atoSO unlt fOl' tho choracteJr uadol' atudy, 

arq that of tho omdltavy cllanctclll' a e.ad ~'lJ a ftJ / Btj• thA ~ zm ail 



nm n 
-L. & l:: ylj can bo dcoted In f,mmetric moan notation by ..!....·E(olo> l 
aml J n t 

- ~ n 
aDd tta upectod value will be < o1o > . SlmS!edy teaM ..l. r < oo1} 

n n l ' 
aDd ..!:. 1.: (1oo)1 wU1 dODDte ~ amUi roapoctlvely. Tho Qdcm4ed 

n l ~ am 
metbcd of a~nc IIIDCU can adval:desowely bo a.SoptecS fo• 4orivlng 

classical I'OSul.ts aboua varicncoe a~ thell' unNuo4 osdmatea etc, Ill 

" chal*01t m and IV. tbla oatoudod method of oymmetrlc menno wlU be 'U8od 

to-, dewlvlos tho vadoua l!Os!Jlto. plPUODted than. 



CHAPI'BRm 

• 
ll'ltbla cbaptow, tho FQWem of oblalntas UDb!aso<l :ratio-type 

eltlmotora fu tho two-atage 4etlp whela tho t.Pfumatioa aa tho awdlln"Y 

variable la comPJ,otoly tmowo. while lAthe II8Jd olmpter, the case when 

thla la DOt lulown alltl double IJnmpJlns la MG011e4 to • wU1 'be 4isc:usse4. 
0 ' 

Let a flDSte popdotton eonolat of ·N fll'st•ataso unite of'M' aecoad· 

ltaf• tmU• each. Lot ylJ 4enotea the value of dae J tb aecood-stago uaf.t 

lD the I th flrat•stage untt loll' the cbancter uadol' study y and. siJ thAt Of 

the aUldll.nrv varlDltle • whichla htgbly ad poattlvely COI'nlate4 to J• 

Flmher let "SJ o Yt/"'J• We abaU cOD814a tho p!'Oblem of eattmaalng dae 

population meaa YNM • For We purpaae • IUISUD10 that a tthnple nadom 

aample of abe ala 4.awo faomtho N fbat•otago unite &ad 'm' bet tho 

RliiDMr of aecODd•staae mdU to be dnwo &em each selede4 fll'st•staso 

ult by the method of eirnple raadom aampl~Qg • 

-~M 
-IPNU 

.Let 
II II 

0 (010) D (101> 
0 the meaa pu e1cn:Dent of y f.D the popalatloa 

If 
.. (wo) 

• the meao "r elemeat of a ID tho poplllaUoD 

.. (oo1/ 
' .. the "'MMS pu element of the ratio of y to s tD the populeUoa 

I 

• (010)' 

• the moan per element of y lD the a tb primo:ry uDit m the populatloD 
I 

" (too), 
" the mean pc11r element of • lD tho l th ~rv Wllt t.a. the popuiatloo 



I 

(oo1) 1 

= th~· meSA pez el~ent of tho :f&ti9 of y to x ln the. i th pri~J'Y wilt 
ln the population 

n 

" 1 ::E <. 010) i 
n i 

= the mean per element of y in tho sample 
. 11. 

= .!.. ::E (100 > i 
11 i 

=the mean per element of x ln the samp),e 
n 

= ..!.. ::E 
11 i 

(oo1) 1 ,, 
= the mean ,pe:r element of. the ratio of y to x ln th& sa!J?.ple. 

= <.o1o>t 
the ntea,!;l per el~~ of y lh the l th prhnary wUt in the sample 

" <.too)1 
.. th'1 mean ~er elerherlt of. a. in the .. i th prina.ry unit ln the 11ample 

= (001)1 Ule ratJ,o of .. 
=the mean per elemet\l of/y to x ln the i th p:dma:ry ~~the sample . 

..... 
Then the ratio type estimator of YN:M is c!efined as ; 

(3.1) 

Since the samp!~ is selected in ~o. ~tage;~~, t,he expected valu"Et is 

also worked o~ in two stages JIB shown below. 

where Ez denotes the oper11~ion of pking expected value o:v~:r aU possible 

samples of 'D?-' from each of 'n' first-stage units and E1 over all possib1e 

nmples of. n. ) 

It is seen from (3. Z) that T1 is a biatled estimator of. the population 

mean. Let us considel- the amQUllt of bia~ 'Tr· 
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____.---

'tmc .. 

li"~rom (3, S) , l& CDJII tao SCOD t)lat 

E[T + ( i. • i" ii )+;"( _!_ 
l mn mnmn c 

l •l ..J. l D 
- -N ) ~l'a + to-- . ) ~ 1: a. J m M Nh 'l , ... 

aYNM 

which ehowu that 

-le on nnMneed oatlmato• of tho popalotlOD. moon Ymy• Tl:d.t3 cao aloo bo 

written no 



- - !'IS! ·ll r- - .: .1-
T I " "am~ + N(A•l) I. Yam • l'nm •12m 

- t 1 _1L -~n)(m·l) J t n +/. C~- 'if) "1i - Q-·i ) - "'fi 7 •tn ••• (3. 5) 

U la ('· 5), •• •cappo .. tbat the •Qacte4 lb•J•Itap utt. bavo 'bea c:ompletely 

....... rated &. e. U m "'Ma tii8A T a *u.cea to 

T •'i X .+ o(N·U ( Y. - i" ;r } ••• (3.6) a a N N(B•l) a 1l a 

whlch Ia the •ame eatlm&te a• oblatDtd ~ Ha.u.y and Ro .. (19M) 111 the 

ca•• of •lmple RAdom aampltq wttb011& nplacemeot for n 111lqlo phaee 

d.,lp. We •hall cout4e» tbeae two ••ttmato:re T1 aad T 2 ud liod the 

cODdltlon .... whtc:h Ta .. IDGN efflchmt lhaA Ts· 
!:.h. Variuce ~the E~t.Al 

Tl '";AID~ '" C -;!;;;J:.D (001) & J /.- (100)! J 
D l 

TU. a _ J. 
V(Tl) .. E(Tl ) • L Z(Tl) .J .••• (8.1) 

o _a 11 z 
"- T~ .. [ .L~: (ooa), .J [ (too) J 

~ ' 
• ~ [: {oot)1 <oos>. + ~ <ool)1 (oot>s• JC<J.QO'/J
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a l lp'l' . 
U•taa mdi-pUcattoo tommla (Z.!), ud taldDs upectatteo, we aett 
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+ ~-;..., .) ... ( E (ooa~u• + (M-1) I:<(oo1){00l1fll'1.7LZtoo2/ 

.... ~\n'"&...,. l,tl'· ljl'i' . 

NM 

rrr. - 1 £I: t ~) 
NM(M-1) t J lJ 
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s•~s (S. a) 'a.l14 (a. 9) ta (a. 7). ri set 
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Thel8 values can be substituted in (3.1?.) to obtain the eu.ct variance of T2.· 

Ia the following sections, the e:ap:reasions for va:elance of T1 and Ta bavo been 

ab·en for the case when N and Mare large. 
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FRm (3.10). tho ~c ot.r
1 

'l1lfhe4 both Nand Man Jm•, ta 

s\venby 

V(T
1
)=J..- I :s~ + l a1 J ~ 
~ 1 o 'br 

l.f. VariaDCe of !a wft! !>S!!b N !U!4 !!! are.J!rBe 

ate gtwaby 

V(T z) o ECi am~Ml• s\yam)a + o'~ i" B ( 'i ~ ) a 
(o _, 

+ ! • · )i E( ;; 7tm 'Ssrtl + U:(fam Yom ~M ') 
a (o-1 l 

• • • (3.18) 

- ~ E('F~iimn~)+ ~-l)E( fa..tm~VomiNM ) 

- lnl E ( y a ~ __...) + I ) S ( g0.,,_fl
1
_y ) 

n- mn am mn n(n-1 1 uu - am 

••• (3.14) 
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n m ncy nmN 

when sbqy a i.a ! ( i 1• • iNM ){y 1:.'iNM ) (i' 1M • 'Fl'JM ) 1 

(v) E(jrm"iom~) =I.- ~ ! s1"l' t ~ f\._., + yNMi'Jma 1 
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Msti.tiStlcs these valu.et~-SG (!.14} aad a1mplifySl:lg , wo set 

Y(T .) Q [var( V. ) +VI Vel'( 'a ) • 2 1'.,..,.... Cov. ( V. • a ) J · • am NM am .,._ am am 

+ D-~ [ { Ccw ( i'nmt ~ ~ a + Vu ('I' am ) v ... (limn ) J, 
•••• (!.19) 



u Ia (3.19), wo aappoeo tbnt the aoloctcd lilret-atoso tmlta, have 

bofJn complateJ.y ~via. , U m • M, then V('l 8) "reducee to 

V(Ta) a!- C~·v~s:.GNs,.J+ D(!·l) Cs!s!•s!J ... (S.I6) 

!rf Ooodmao on4 Barclay (1958). 

s. !. Comp!!'lecm af ~o:txpe J!:a!bnalm 1'1 !!¥\ ta 
Uef.Qg the eap1:04Si0Da (S.l5) oll4 (l,lS) , 'Ill(! get 

2 ~ . 
v('r1) • v(T8) • Var (rnm) lfHM-vor.(Vm:n) • v-104 Vo..qtm:n)+!i"'m&eov<vnmY 

- a • a'!i L C:OOI(Wmn,'iimn) J .. ,!!1 V•u•or_.) Vaa'(Ymn). 

• • • • (S.l1) 
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1
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U the lo1lowlzla CO«Hld'tloo Ia aatlalied. 

Vu('Fmn)~+ Zi'NM cov. (fam,aam) ) 'VIll'(yam) •~m.tV.GI'~) 

! -
+ .:.a Ccwtram'iiam) J + D~ Vnw{llmn)Var\rum: 

••• (3.18) 

U (!.18) l8 aatiafied, Ulen T 1 le to be p:refe~ri'Cd to T
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omce b l8 oablnaod 

... hu p leaa YBriai:CC• Howo'!I'O'• U V(T1) Ia lc!n thaD V(T2), T1 1.o oat 

11KIItarUy\)refc1'~ to Tz since ills blaDed aDd the CUCDI of btu wdl'ba:wo 

'- 11e toteD tmo ace~ to. chooatas btmrocn tho two CJ~Umato.-o. 

S.6. Csnnparla~D ol ~ ntlo-type EettmntoJr 'l'a with atmplo m~ !Gttmatow 

\Vben QO llsfo:nnntJOD l8 avallnbJo ccmcemfas_tho ~ varleblot 

tJie app~rfato O&timato7 fol' the populatJcn IXI8all ls 'im and ita vnrilulce 
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+ :;).. N 2ll3l7+~ N 'E SS. .. I 'iJM .J.. E S. 7 ( .J.. s_l + ....!,_ £ 8 

l l N I say- a Df mnN I ty 
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s. ?. ~ Alloca!lO!l pf lhe Sample B!JlWI?en Two Stcs,eo 

Tho Gp:toaslCDS fo'll the vario.DGe of T l and T a LD a two•Gtaso 

ulllllp)ln,g doalp obow that the prec.lotoD 01 a two~tJQ sample, apan 

a .....a 1 N a .1. N a 
ftOm tho valnoa of ~~ ~~""by" N f S&.r • N f s,,.. etc •• 4epeDda co 

tho dlat'lllbutiOD of \he oample l>etwaca the two trta&otJ vial •• OA n al1d m 

lQdlv1daally. The cost ot sVV'C'f'~ a ~4tt.lgo oamplo wUl thceeto•o 
' ' I I 

~~~ oo tho va11ws of a Bat .no ~~ wo obaU cowatae1' tho pvoblcm 

of 4otonn•ntng a Gnd m so lll3& ~ vadaa:e at T 1.at woU ao that of "a 
,, mlnfm1oe4 oabJed to tho J."I)$U'!ctloll tbat the•tatalcost of tho suvoy ts 

total 
&f,venadltlo fta4. loU tMA;oat C

0 
be wopna<Ultct.l by a IOQCttOo 

C
0 

11 c
1
n +_c.,.D.m wbe•e tho ftr~ component alcoa ta pftPO:rtlOI.Ial 

to the r:mmbo1' of prima_., unlts lAthe Gomplc aad &44od e~ Ia 

porapo.rtlonlll to the total awubcur !!1 aotond•atase tmltB i.e the eamplo. c
1 

end 

c3 are 1J031t\vo c:outaDta. ft~ret we ohaU detOll'lftiDe tho ~ val'llfi. of 

a a.ad m fo• the eftimntot' T 1 aad aftei'Wal'lta wo shall c:o#Ol4e• the ,Saa:Jle 

for the eatlamtOI' T a• 

s. T(a) Op!i!"Y!!' AJI~fmt. ~ • ~ c~Memg the ~!!tiT!~!! ,;1 

Tho cost f~ which we bavo COAOl&'»l'Cd lcJ 

C
0 

a c:1n + ct-" 
a c1'\ + ch cay 

wJaue '\ 11 n and nz a mo.. 

Also V(Ts) a [ .L s" + ..L ~ al J x a 
'\ bl' '7!i l l!.. """NM. 

Il can bo p11t ln thD fonn cs 

•••• 

•••• 

- t-

cs.aa) 
(i.BJ) 

' 



•••• (3.25) 

N 
v.. = !. r. s2 v a • • • • (5. 26 ) 

.. N 1 ll' '""'tiM 

Vlo ~ to 4ot0ftnblo na and Dz euch that (S. ~) ls mtDimleed eabjoct to 

tho nat~abanhotaalc:od of tho ouvcyls fbrod. Tocchieve tbls. 

we condde:. a i'l2.nctlcm 

vl va 
91• --;; + --;; + .. ( Cfi. + Cflz • e0 ) ••••• 

wboi'O -.Je a consmm. 

DUferODtlnting 9 wi\b reapocl to '\ eD4 "a nad equatlt.ag Wb tho 

eq1111Uons ao obtctned eq=l to ZCI'O, wo have 

?Jt~ va 
- D- a ~:; .,. •••• (3.2&) 

'39 va -"-ona oa 
2 

.... " (!. !9) 

r~ (s. aa) llfl4 (s. '!9). ;ro get 

j vl ./ va 
= 

~'\ 

ll = . cqlvt . . .... (3. 30) 

J al L"'j:1Y i + j 4 aV 1. J 

/ 



J c,_Va 
m= 

./caVa 
•• •. (). Sl) 

whore v1 and V .& an Bf.von by (S. &5) OAC1 (S. 2.6) ~· ~ 

thea~ valuu 11:\ (1.14), the optSn:nn varillneo of T
1 

la obtained aa 

(.) c,. v!. +./'C'F;. ) 2 

V(T
1
) = •... (J. U) 

•· co 

3, 'f (b) • o~ :!\ll!CaUOD. of the ~ Ccmstdeldg tbB Ea~tor T • 

Fwom (3.15), \\IJo !lave 

-...!a i' - .L -L~ s v + ( i). 
'\ D2tY NM ca N1 l f..lq' .Nt.! ~ • S 

' 
. _N - ! N . '> ~ -

[c...Lf\ +.l..14 ~s )+c!...s.'+...l...»~ nlS:.+L 'li.<;.~,, 
~ 1:~. ~ l lm ~ r,JI1 ¥ 4 h• oa Oal"trm-

Whel'O ~ OQ : ~ OWQ, 

Thlo can bo Wl'itton as 

V(Tlj" a;- [ ~+~M a\.· a';'NM f\x, _7 

+ L[ fr : s;'' +T-~M 1; : s~ .. a.-...... !. ~s J 
D3. t Y i ..,. ...,.. N l lay 

to [1- .!.. J ·l [<.!.. s_ +.!. .!.N : s, _ l1+ ( .L S:/ i if S:.) 
"'! 1\, ~" nz l u;a '\ -4 

(.!. a:. ... _\ -\;:Sa'. ) J a, aa l 

• • • • (3. S3)' 
Sloce t.!. I i.. 1, tbo ospausl® is valid d neal.ectias cenne of -orctoso 

Zll 



-_/ ••• (3, W) 

• • • (a~ 35) 

' 

••• ''· .86) 

Proceedms lo the oamo lllllllllO• ao we dld tor the o~to:r T l to ~onnl.Do 

opttrn111n val~ of n ~ m, we cao ai:u'U' ·that the optimum nrt~o of 'l' B 

• • • (3. 3ll) 

0 



CBAP'l'ER 1V 

M'l'IO•TYPllJ ESTIMATOR§ WHEN THB POPULATION M1MN OF THE 
AW'.tARY VABIABJ.'S IS N9XvKNOjVN. 

Ill tha pl'e'riOOD chaptew, it wae aooamcd thal tho populAtion mcaa 

oftbo awdUavy vonoblo le mown. Somcttmoo I& eo bappo114 that tblo 

lDforamelon b DO& avoUable. lA such a ettQatlOD, tbo method of doub.~ 

eunpUus te aad. · Thla toctmique conD~ In d.,a~lag o 141'80 pnl'mlnar, 

aunplo of alae n1 fi'Cml tho population ODd o'bo~ lbo value of tho c!mi'Oc:lol' 

•· hom th1tJ e~U'f1l'lo, all eatlmato of ~ le o\tnlnod. Then a eocon4o.-, 

aamplo cf oleo n le dnwn OUl of tho p~lmtM~ oamplo end the c:htlractw 

Ulldol' study y, la obseJPVed. ln tble cbapte11, tc:7o ntloo4ypa oottmnton ln 

the CCIIO of two"*so , two pbaae eampltug an pw~po<sed. 

1d ae bofon, tho flrstto popu1ctlcn conot~ of N fbot•otaao \1Dlto 

of •t.s• aoccmd-elllgo =tto each. Lot uo clonote by.,...,, tho valuo of tho J th 

aecand-atage UJSlt ln the t th 8•et-otage walt 101' tho cbaJ"ncMr y UDClo~r otcdy 

-ODd a1J dlat of tho amdJinr, varitlblo a. 1d lrlj a Yt/"iJ• 

Let ~ ollbllo I'LUSdom eamplc of atao n'- be dnwn fi'ODl W Am-etngo 

UD1te aDd &om oach ooleetod fbst-atago mdt , m' eocon4-atago an1te bo 

drawrs lol' obaonlns a. Apln o oab-aamplo of etao n bo dwawn fl'om n' end 

from ooch fi~rn•otaso unit thliD oolec:tod, m UDUD bo 41'awn to obacm y by 

tM method of otmpto waDdom oampHua. Holl'o wo aJm1l cODatdol' the pli'Ob1em 

of Gl'timnttns tho~ anon 'NM· 
Let 

a <100> • 
a tho mona paw element of a lD tho popolatlOD 



-'am 

.,!6. 

I 
.. (ool)' . 
• tbo ;atCQD pu olcmeat of tho l'aUO of y to a la tho J th 

primarr a111t lD tho popaJattcm 

0 .!. ~ (010), 
n l 

= tho mean pol" elemarll of y ID the eomplo 

I o• 
., - :c (Jt>o)f 

or l 
• tho a:e DO pe• ol(IJ!I""'* of a ID tho lim Gatnple 

iiam .. t i (too), 

a the mcao po~r elotno,nt of a,ID tho 00Cotad eamplo 
Q _/ 

a t z<001J; 
l 

a tho melln pel' ~ of tho ntlo ol y to a lD ~ li'Gmplo 

.. (oao>, 
• abo mcao pe» olcmeut of y ID the I tb pri.JIIal"f an1t lAthe oample. 

a (100); . · · 
• ttio moan pel' olomnl$ of a lD tho l tb pl'lmol'y Gllh ID tho 

fbet oample • 

.. (100), 

.. tho moan pav elOIIMUil of a lD the l th primary W21t ID tho 
eocaa4 a1.unpkl. 

Then tha l'etlo-typ0 eatlmat~ of YNM ID tho cue of doable aompUng lD h70 • 

msoo • ta dofino cS aa 

• • • • (4.1) 



..Sf· 

E(T ,, D ~(Ea (., r= ~'m· ) ) a El( v a•m• • "5iatm• ) 

'"Cov( V am'8a•m• ) + 7NM ~M. 

'l:S -- 1 1 I ..!. L N .. • • L Y ........ ( -· - - ) g_ .. ( A. - ) %: s N1l4 .,..,.. a• 'N ""'blnl m' M a'N 1 I~ 

•Vm4~ J .. (4.2) 

1 N 
stma .. iM z ( i'w. i )( ~,. . ~ ....... ) 

l NM .,... 

s,_ .. ;:!-
1 
~ ( ..... i' ) ( • • 2

1 
) 

... , -·-J ..., U4 tJ • 

from (4. 2) • It follows that T S te c blued oetbnlltol' of tim population mona 

VNM. the nmount of biaa bQJns oqualto 

i . ( J.. - ..L ) s. • ( ..L - ..!. ) .L .L ! s ,. X__ -
NM a• N --w>I'R m• M a' N l ita • .,NM l04 

4.1. Ug.btee9d &etlmatov of She Pop9lgtton Me~9 

Tho unbtaGod catlma~ dwl eaoo. ceo bo caeUr ~'by npSac• 

lila N Gll:d M by a• BAd m' \A (S. 4) of cbapt011' m. a itJ thus gtvon 'by 

Thl£1 can abo be writ&ea aa 
o(n'•l) - _ -

T .. v il + L v -.. i' ..1 
4 am n'm' n'(n-1) am om mn 

r. 1 1 1 (11•-n) (m-1) _ 7 1 n 
+t.. (-- -).- - .:...........:...:...........;.~"-' -& a 

m m' n' o'm(n-1 ) o l l.a 
• • • (4.4) 

Oll11Dl0l'atod vt.e. , U m a m• a M 1 thea T4 II'Oducos to 



_ ... n(11• .... ..-J· 
T .,., s + . (- - - ) 

4 D n1 .a.' (D • •r V~ • li'Dm X Am 
• • • • (4. S) 

which is ldentkal to the eatlmato o'btal.a.e4 'by ialdwtJGe (196!). Vlo otiaD 

c:onaldor these two catlmaton 't S and T 
4 

ad fiD4 the coadUion QQdew 

wh\ch T 4 is 1:QOI'O cffidoat thaD T S. 

2. 
V(TS)III E1[E

2
(T:)/o' J .[E1 E!(Tsfw)J ••• (4.6) 

Let 118 WDI'k om each factoJt sepantely. 

+ (Jn'·l) { ({002) (ZOO));.+ z(IDO)(OU))n+ ~10)~ 
!_,t 
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1 - 0 ' o o n' o o -
+ •sui• L 7J <.zoo1 (Qoa).1, • (m•-1) E ,(Jloo)(wol) 1 (ooa) 1, J 

am 0 t~l' l~i' 

( ) D
1 

0 
+m; a z Ctm•·&)(m'•B) (ClOO) (100) (001) (001)) 1 nmn' m' t 

• tin•-a> t 4 < ttoO> tolO> toot>)~ +(too1)(oo1X800>>~} 
+ a< (Oto){olO)) : + !(toot) (110))~ J 

n' J 
+ fm•l) E L(!OO)~ «001)(001))0

1, +(m•·l)~O)(lOO))~(CCill)(OOl)~ 
lllml''m• lr;'t• 

+ _,...:!C:...n·...:
1>__,_ :.' [(m'-1)(m'-2) \(10o)(100)(001)>; (001):, 

am•3(A•-t)m•1 ~~ l' 

+ (a-ll 

=•5(n1·l) 

+(m.•-1){ ((oo1)(zoo))~ (oot);, +& ((100)(0lO))~(ool)~.} 

+ (ool):, ~not J 
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Ql (I 0 • 0 

+4 ~- <.~ (ool\, <!00>, <.100>._. 
t,Ji'¥1-.. 

a• o 0 o J + E (eOl\ ~1) 1, (lOO)t (100)1., ltll'Jit.·~·· ,. 

Ta!dog oapcctatiOD.tlgnf.D, WO get: 

E~-Eatr! J/o1J .. • 1
1 _ [(m•-l)(m•.a) <(1QO)(loo)(ooa))

1 

' 'lmUi' mil 
If II II 

+ (lll'•l)[<<ooa)(zoo)j •a<(loo)(oU))}•·<:ozo>J 

'·1 _ N 1 I N 1 I 
• 

11
1m L .E(ZOO\ {ooa)1, +(m'·l) !:(QOa)1,((too)(too).) t J 

I'.IIXIn' '(M·l)N lll' ,,,. 

~~ ~ 
+ ~ aftm•·l)(m•·S) (UOo)(lOO)(OOl)(OOI)J 

anm• ' 
ft It I( If 

+(m•.a) 1_ f41ooXolO)(oo1)) +4ool}(oo1) (200)))+ a((olO) (Ole)) +2(oo1)(l!OW 

( 1)( , l) N - I I 1 I < 
+m· 1 a.. ~ L {aoo)1((00l) (COl)) f., t (m•-l)<.(loO)(lOO)),((OOl)(OOI)I. 

runn• m'N(N-1) lift" ~ 



+ (m-l)(!a•-1)(n•..Z ) · 

&l1'U1~(N-1)(N·I) 
N I 1 I I 

+ Z(ll·ll . z: CZolOi1(oao)1, + J(m'·1)($oo1)(100~ t<oao-1,. 
~m•2m•1(H.1J N t.p'l' 

8 I I 
+ (m'-1) (tool) (100)4 ((100) (oct),) 1, J 

4(o.•l)(n1•8 ) ~ I I I 

+ ~·!NCN l)(N a) LE <ooa>,• <aoo>1d'(l0a) 1 mn • • lp'f.'p't.11 

N 1 1 I 
+ (m14) z:{Oot)1,(100)1.<(lOO)(OOI~ J ,,,.,,. 

(n•l){n'•l) (n•-9) N 1 I I I 
+ ~ ~ <oot)1 (ooa>&,\aoo)1• (100) ,. • 

nn• (N-l)(N-a)(N-))t.,Ct•p't•_Jl• 

• • • (4. ,, 

Alao - 2 I It It 
L E1E1 (T,In' >J .. 01~,2 (o10)(.o10> 

(m•-1)! 11 11 J(m'·l) II /f 
+ ~·&zn·! (<too) (oot l) ((loo) (oo1)~ m'i 

11
,z • (o1o)~100)(001)) 

Z{n '·1Xm'·1) 
+ 2 

n' m'N(N-1) 

If N I I 
((J.Oo) {001)) :2: (ooa) 1 (lOo} 1,. f.,,. • • • (4. 8) 

Subatitutlns (4.7)aad (4. B) lD (4.6), we can set tho uact nriaoco Of-T s• 



Thlo ctm oloo be wrltte n oo 

Now 

- -r • am am 

•••• (4. 9) 

•••• ~.10) 

B m• m 2 a aa(n'·l) a a 
v(T4) o ECi: • , . ) + Ct+ ~·<m ,,J Etv: . ) + Be. ? mw_rr_) 

am n m• . a • nm o• A•l - -

2 D 
) EC 1: rim •tm ,a 

l 
( m• •m 
m~-1) 

2 ( m'•m 
• Diii m•(m-1) -

e• • 9 ( 0 
l ) E E V.lm1l V ir ._, ) a- i 1m am D·.a 

Z(a'-l)a m'•m 
• ( 1+ ) E ( -y ii' V ) 

(n-l)D' n'm'(m-1) am m1 am 

wbe~e 
(l) B(Y i7 x ) o .L. L l 

am am otm1 All' mna' 

+ 1 [ (n'·l)N _ (m·l)(n'·l) N- 1100 .. ,'
1 ,~,.ou)" 

11n' mi. (N-1) , m(N-l)(M-1)-L. " '1 ~ 
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+ J... L-(n-1) N 

1111' m'(N·1) 
- (n-1) (m'-l)N J[ (uo>(ooi)-..IJ,Oa)(oll:J)J 

m')(N·I)(l\4·1) 

It + L ,Jtp-lHm•-2> _ <m-1Hn•-1UM-_n aca-lUm•-rM-&> Jl(loo)(ollJ)(oOl)) 
1111"- mm' mM(N-1) m'M(N·l ~ 

( 1)( ' l2 ) 2 ~ If '' N I t II 
+a-n· . LN (too)(oto><oo~- S'l: (loo)1(ooa),(o1o) 

Dll'(N ·1)(!11·8) _j . 
2 N t I I 

+N" ~ (oo1)1Qoo>1 4>1o/1 J 
A If 

(U) E( I:-; • i' • ) " (m-lXm-a) ["(m'·3) /(lOO)(OOl)(lCO)(OOl)) 
l lm lm om o'm' 2 ~ 

m 11'm' 
q h 

+a ((100)(001)(ol0~ (<ool)(001)(200))J 

+ (m-1Xm-l1)(n' .1) N 

m1a•( N- 1) 

If II 
(c1oo )(001)(001)) (1oo) 

- (1!;1•1)(m.:;&Xu'-l) ~ <(100)(001)(001)5 Qo0)
1

1 
m2o•N(N·l) l l 

I( 11 N . I 1 
+ !m-l)(n•-l)N '(lOO)(oozMoo'- {m-l)(n'-:1> ~1loo)(ooa)) (1oo\ 

mln'(N-1) ~ ~ '/ mllo'N(N-1) l \' ) If. 
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, 1/ ,, ,, 

+ ;.:~, [(m'•2)((lOO)(l00)(002)) +{(lOO)(OU)). + ((200)(003))J 

&i •l) - It q It •a: L (m•-a)((loO)(OlO)(ool)) + (Cool)(UO))t. ((101)(010)) J 
m 'm' 

( '1' N I I (nl)N If It 
_n • ' E (JOo) (ou> + • -4J,o)~s> 

m1o'N(N-1) t l 1 mn'm'(N-1) 

_ {n-l)(m•-1 ) 

1Z$11'm'N(N•1 ) 

_ (n-1} 

mn'm'N(N-1) 

N I I ) 11 It 
l: ..tlOO)(OlO)) 1 (001) 1 + (n-1 N (o10) <pw) 
1 ~ mn'm'(N -1) 

N 1, T 1, 1 (ra-1)(m• -l)N II 11 
I: ,to1)1 \olq) 1 + · <tJoo)(OOl)) (cHo;> 
l mn'm'(N·l) . 

_ (m-l)(n-ll(m1-2 ) 

am•m• N (N - l ) 

N f / 
I: ({toO)(IOO)(OOl)) 1 (0011 
l 

1{ If . N I I 
+ (m-l)(a-l) N /(100)(010)) (ool)- <=-l)(o-1) thlOO)(Oto)~ (ool) 

rnn'm'(N-1 ) \1 mn•m•N(N·lJ ~~ l l 

I. ,, II N I J 

I 

+ lPl:lUn·llN. (tool)(&oo)Jt?ol>-<m·lUD-1) E{(oos)(aoo),1 (001)1 mn'm'(N·I) , , mn'm'N(N·l ) .t ' 

I 

I 
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< Kt- 1}( , •lb( ,, a N , 2 

+m·1 ·Mm .. ., C((lOO)(OOl)> J- (m-l\ts-l}(m• -1) ~ £((100)(001)} 7 , 
mo'm'(N·l) a:nntm'N(N·I ) l t" 

( )() II 11 N I J 
+m-l n-l N ((too)(ool))(olo> -- (m-l)(g-ll l: <(100}(001)) (oto> 

mn•m'(N-1) mn'm'N(N-1) l 1 I 

1/ ,, ,, 

+ ~~ ~ , L(m•-a)((lOO)(OlO)(ooal> + l(ooi)(UO)) +{(010)(101~ J 
n om \ 



+ t(m-l)(n-llfe'-1) N 
o8am•m•(N -1 ) 

• 



+ (e..l) N 

o2mn•m•(N·l} 

+ (n-l}(m• •l) N 

o1mu•m•(N·l) 

... ,. 
/( I/ < 100) *'U) • - (a-U 

;a;:;m'N(N ·l) 

N I I 
~(100) 1 (ou)1 
l 

+ _ (n-1Xm-1Xn•-a ) 

o~'N(N ·l)(N ·2) 

II IJ 
+( ~n::-:·l:.uM.::om~.o.:•lwX.;;:::;~,_··..;;;l~) .;::.;!'!........_. {too) <(lOO)(OOl)(OOl>}- jp .. l)(m·lKm•·!) 

nZamtm• (N·l) A
2mn•m•N(N·l) 

+ Z(n-1)1m-l) !; 
nzmn'm'(N -1) 

N 1 I 
*0/t ((100){001)(001~ 
1 

1/ IJ N f I 
(1ocp ((oOl)(Olo)). ~~a-l)1m-l ) i\too>t <<oot)(~to))i 

o mn•m•N(N-1) f. 

II Q N I I 
+ ts-tXm-1) N (zoo)doo1) (001)\ • fs-lKm·ll z \zoo), ~oo&)(OOI)) t. 

n1mntm•(N-l) 'Y nlmn•nttrf(N-1) 1 

+ (n-lXm·!Xm'·llN ~100)(100})/f ((001) (001))
11 

n!am•m•(N·I) 
N I I 

• (n·l)(m·l)(m' ·l) E ((100) (100)) i ((OOl)(OOt)) l 
o3mn•m'N(N-l) t 



+ ?(D .. l).(n-3} (m• ·1 ) 

n2n•m'llt(N ·l)(N -a) 

+ {ll·lKn.-2) (m•-1) 

n
3n'm'N(N•l)(N-1) 

-48· 
N I I I 

L !! .((wo) (oot>>, (100)1, (oos> ,. J ,,,.,, .. 
l 

+ (n-l)(n-1) (n'·S) C : 
nln'lll(N·l)(N·Z)(N-3) lfl',tt•t4&• 

a 
E(i" ii 'm' ) bas abeady boa found out whl1o dctumlolDS tho va ll'l.aaco 

QJDD 

( - )a (- - )z n_ - .11 ol the catlmato• T i and &: y • E r B , E( !! •w•• r • em mn am 1 .m 

n Q 
EfYam• i' ), ill- E( !! 7,_ a,_ y ) aucl ( E( ~ i',_ a,_';" a ) 

ammn l wu .... am t uuuum:D.DID 

01'0 the Ollllle 81J giveD lD chapter m. Thcaet valaoe can bo IUibatitutod ill 
-

(4. U} and the oac:t varia=o of tho osctmat~ T 
4 

caa bo wo:rrbd 0\'lt. 

Tho cuo when both N ~ Man lllrgo, wUl bo cODGlde:rred alld the 

I'CDt!lts ao obtalucd will be p~ecutcd lD the acandard DotatioQ&. 

4. 4. yo .. lanco o( 'l', When both N IUld M no J..ugp 

l'rom (4.6), after olmpllftcolSGD. we set tho variaoco of 'f 3 ao 

N 
'!Jtt) .. 1 1 z:s& + z ga +_!_ ya 

3 cma•!iJi•Z N l ly =•lm•l 0y n•l,ntl NM 

• 

_ 1 ~ y! + «m•·lHm•-a) 
cmn•!zn•2N l l. QIDA12m•2 NM 

+ {m•· 1 ) C .!. : (UJo) I (ooa>' + 
IDDll•lzn•l N l t i 

+ (n'-1) 

llmt11Zm1 



(a.l)(g1 .. JXm1..t} 

rm•2m'N 

+ t(m-1)(n•-1)(~n•-z) • 

IU:l."''~' N 

[ 4(a-l)(m.' -1) 
+ mn•1n•1 

+ [ .fC.Hlta•-a.l 
am•o:& 

L 4(o•l)(a'-:t)(m1·1) 
+ nm' D'l 

•r"·lll.a• -axa• -;n _,a 

- 2(p':l) J - - -
l!. ~YNNrN"'~ a•-m• -. 

2(c•-l)(n•·l) - o•lm• 
- (n•-pl 

n•Z 



.so-

' U WCl l'Otall\ tU torass of the ~ of ..L. o• -L-.. Ill (t. P) 
' .am a'm' 

all4 ACslecl cOors, we oet oacw ~ 

V(T3) a Vu( Vmn~ + Vu ( V11'm, JY~ +! i"~ Cov( Vam.i'
11

,
111

,) 

• 0. 0 (4.13 ) 

4.ts. Variacco of T4 V{,hcm)oth N_cnd M arq ltlrS9 

l'wom (f.n), 'n hnvo. 
J 

V(T4)a Efi'am~'m· i' + Li + m•- D'1 ../ S( Yam, a 
m'o'(m-1) 

a Z(o'-l~ Ei. -a 
E( 7omilnm) • (ll-l)a• ,( •om ~lio'm' ) 

n' - n 
a-1 

+ Z(Q'•l) - m• ... m 
Q 13(n•l) L m'(m~l) -· 

wboro 

n•-" 

(t) rrte7 i' i' ) a .!. . .!. • -L "",.DJD .am. 111m1 nm o•m• N 

+ (tn-lXu.•-1) 

ll1Jlll'N 

N _a 1 & 1 nl 
:&~:-1 + -s -• -;--, • ...... 
1 v tu~.'m' .... 11 m .,._ 

NM _ 

f'j "lJ "tJ Xm. 

I 
j 

_J 



+[ 2(tta·1Km-2 ) 
m~•m• 

+ [ha-lt 
m8 .a'm' 

.. J!!.l-l)(p-1) 

ma'm1 N 

+ (a-1}(9• .a ) 
n'm 

+ m• -1 
m3;.•m.• 

_ l M M 
../ t:iji 1:' I; Yu It 

... ij".llJ 

l(m·l)(n1.t) 
m!o'N 

N -
2: "'~• r x ..... 
1 •Wn-



+ (m-1\(n-l)(n•-l) 

mn'N 

- ---':_--
n'm~'mtw 

•L ~m-l)(n••ll 
a2m&o• 

l(n·!Km-1 ) 

a2mn'ul• 

aa. a -ya 
0 1 man'm' Nllll 

,, ,. 
(oo~ ~M 



+ /..._ 2(o-l)(m•-l) 

n1ma.•m• 
• 

-. 

+ 2(a-l)(m-i){m• ·l) 
olmo.tm• 

+ lo-l)(n•-2) 

oa.no'NM 

• .l~~l)(ffi•l ) -
a21tlll'm'N 

+ 

. 
Su\atltuUng· 'heao vlilo.eo 

to (4.11) QDd ~etah.tng towmo of tho oriel' of .J..... 011 ..L IU1tf aimpUlytos, 
- -- nm n'm' 

weaot 

a - - a 
V(T4)u Ve.f {f'mn ) + Va• (Siam nNM • Vall'{~'m' JFm,~ 

·Z'PNM C:ov ( Vam• .ii"am) + 2 7NM Cov. ( Vmn•liqtmt ) • •• {4.14) 

'l'bue tho va~ ot Ts ad T 4 no .-capecdvoly slven by (4.13) oDd (4.14). 

j 

' I 
' I 
i 
l 

.I 
' 
\ 



. , .. 
41. 6. CO¥Dprison of tAA Ratlo•:fype Estimatoli'S T $ fUll!. T 4 . - /,.. 

Jl~rO¥D (4.U) and (4.11), wo aet 

V('l'3) • V(Tt> =Vu (i'iam~ + Vor ~'m' )'i'J.s 

' 

' • • • • (t.SS) 

aeoD that the u=S&aed ~IJ!QtoJ> 'l' 4 wUl be au=o ~ than T I fl'OVidett 
a a 

Var( ram~ + 1 Val' Ola~zn• )J'NM• l"iNM cov.('fOm.•~'mn) 

+ nN~M Cov (i'"QJXI,iiD'm') ) Va» ('fom) + Var(Wam)i':M 
/ 

~ 

'tllNM Ccw (Vam.ll'A'm'~ ovfU6) 

If (4.16) ta 81\tttlft11d ~ T4 ttl toboJI~&uod ~ TJ ftlace l& to 

cl:tued emS be set laM nrll\ZICe. Bat U !w«:ovel', th!11 Is #Cit tho cooo, 

T s to llC$ !"'coGtJo.rilv_~e:t-li'Ct'l toT 4 cdnco lt 18. Maeed aAd the blc• wUl 

- -bavo to bo tatum 1D2o ru:ccunt u:cepa ill tho CNe when 'i'NM = TNM I Xm.f • -

4. '· !lt&Um3tea of yaDc•a. 
From(4.U) 

V(T ,> .. vcu' (Fnm) ~ + var(l0,m, Ti:.S + 8"'J~ cov. (iam••n~zn• ) 

CC%l8letent eGtlmato of this nwWb:e CaD bel olltn'nod 'Oy l'OplaclDg tho 

popula~OA vah&ce by the c;oJrNSpo:.aaiAs aampJo va1l1e8. ftell'efore 

• • 

'· f 
' 



" • Z"iamw.un CCW.(I':m•~tm.t) 

•• •• (t.lf) 

•••• (6.18) 

' 



·•· I .,o· -/ 
..._.-1--l'lf-ii V. -o-. f.: J _.,. o..J. 1m 1m usn am 

Thue the uttmatu of vadaaco of 'I' 1 aD4 T 
4 

llH ~re~vely pveA ~ 

(f.l?)ud (4.18). 

•· a. Optimum .Ap.oc!!ia at te Sa~ 

lo,'Wa eectloa. 'fie- ebaU cCIDill40ll' th1t opttmun aUocatloo of \he 

sampJo able, when doublo umpllng ls adopted to a two•stap dulp. r.et 

C
0 

deootu the'*' coat u4 eap~o tllat b t. ftud. ~ C
0 

cao 'bo 

C~SpRasod ae 

C0 o Of + t:IDIA + c,a' + Oj''m' 

Whel'O the ftl'lt COiUtOOMat of cut ll pnpol'UQQal to the G'dmbet of primaq 

UDlta to the second ••mpte, eec:ood c~ ll p~ropol'tloDal to tho total 

DU"'AJJef' ol aeccmd•stage udt. to the aeCOJUf eemple. tbll'4 com.poraat ~ 

pi'OpO.tional to the "U!"be:r of primawy ql\11 to the 'ftl'at sample eo4 ;Iouth 

-----
. 

determil:&e tho optlm~ vahtu ol o,m.a1 cad m• forr the ••ttmatol' or, ana 

ofte.-al'4e 10 shaU coui4el' the aomo fol' the eatlma.tow T4• 

f. 8(a~ OJ!!!mum AUocauoa of the. Sagle Could!I!'!Y-@1! SstlmliltO!. Ts 

The cost fuctton wblch we have co.utdo•ed u 

C0 = ¥ + cztam + c,a• ., o4n•m• 
., Cf\ + c1oa + c1o1 + o4a4 • = JJ clot 

' W~I'O ~\"Ill DJ "AID l ~·': a4 ao'm1• 

Ii'l'om (t.U), we have 

(4.19) 

(4.20) 
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I N 2 
- :ES 
n N . ir 

2 1 

_jx 2 
NM 

-1 2 - 2 . -+L- ( s r + 2 r XNM sbrx ) 
n bx NM NM 

3 

N 
:E s2 r 2 
i ix NM 

It can be put in the f~m as 

2 
+ 

N 

·e;V1 v., 
V{T 3 ) = ~ + c. · · + 

1 n2 

where 

v 
1 

4 

= 4 
1 

v 
i 

n 
i 

2 - 2 
=S X 

br NM 

N 
:Ex 2 
i NM 

J 

( 4. 21) 

... (4. 22) 

... (4. 23) 

(4.24) 

(425) 

. 
We want to determine n,m,n' and rn1 such that (4. 21) is minimised 

subject to the restr~ion that the total cost of the. survey is fixed. To 

achieve this, we consider a function 

4 v. 4 
¢= :E 

1 + A ( :E c n. - c ) 
i n i i 1 0 

i 

(4. 26) 

where A is a constant. 

' Differentiating '// with _respect. to n1, n
2

, n
3 

and n 
4 

and equating all the 

equations thus obtained equal to zero, we have 

: 
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I i)f1 " V 
I - .. -...!!.. + "ct Q 0 ••• t t.at) 

"a"~~& of 
~ ..!L lc 0 (f.28) -·- + I! • • •• 
'ODJ ll~ 

afJ •- _!! 
on, of 

+lea • 0 • •• (4.19) 

ofJ - .!t.. + '* 
()o4 oS 4 

• 0 • •• (4.10) 

Fl'om (4. &7), (4. as), (f, at) aDd <•· so), ..,. s• 

./Vi .r Vz 
c 

rv,._ 
ct 

J v4 ·J'r .. 
fli"l 17;. oa /Csos r;;· •• 
w~ch Ia luthol' ..-1 co 

- /.,..c-
1 
v~, +JC;V; ~~ v 

1 
~ 

4 
V 

4 

co 
l:rom th1ll , •• have tbe optlrmun valuu of a,m,u• ar&4 m• .. 

cg-
D a--------------

••• 

.. 
- coJ'V';' 

o'•--------------------------/C; /,.-../o1v1 
+Ji;,V2 ~ +/o4v4 J ··· 

Jc3Vf m•·· ~:;;:::­
/c4v3 

... 

• • (f.tl) 

(4. 3&) 

(f. II) 

Subatltadq t!Jo•• valaoa ID (4.21), Che optliJ!UDll wrlaace of Ta Ia obtallaed u 

----·-· ! 1 D/c1v1 +JCFi +/c3v1 +J c4v. J 
Vt'l's).- a • •• • • • (4, S9) 

vpw, C 
whore Va• V'z , Vs aat1. \1'4 a\. n•pectlvelJ ss• by ( .. IJ),(f,JJ), 

(f.U) u4 c•.as). 
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4. 8(b). OptbJ!!am .AUCIC.'!tle of tho Sample C::ould!rias Qe EftimatgJt T4 

F~ (4.16), wo btml 

v Va Vs v .. 4 v1 V('r4) a _!. + 
-- t - ·- oJ:-

n,. Da 0, ,D4 l oi 

wben 

v, a a:,+ s:. it& • ZF 8 
NJ4 NM bay 

• • • (4. 57) 

••• (4. 19) 

••• (4.40) 

P11ocoo41Dg in \be oamo masmot'-aa wo dtd tor the os~tor '~'s &~ 

de&onniDo opUmam VGlna of o, m.n' ami m•, we can allow that t1uJ 

opaimum va:vlo.nca of T4 la given by · 

C ./G{i1 -t/c2v1 f-/.:.3vj 
••• (4.41) 

V(T.>opt. o - Co 

when v,, V a• V J an4 V 4 a:01 ~relf}leCI&lvoly.slvoo by (IS. 11)(4. 38).(4. 39) 

81ld (4.40). 

,I 

r 
I 



•· 9. Name•lca1.Jllwstm!laa 

The naalta wbtch we have olltomtd wUlnow be Ulutntocl with 

I'OfeJreGCo to tho data on wheat crop, coUoctociiD Patoa dlstnct o1 BU»alr 

stoto duftAs Babl.seuon 1966.-67 dow tho eohomc opomted by~ 

of Aptcn4tual Reaeanh Statlat.tce for evol9f.Da ~'~SUa* ~ 'PI'oeedve 

low o'btalQiq l'Ollabto utim11tca of yield ntea of pi'IDClpal co:rcal CI'O'p!J 

at C:cmmnntty Dovelopmcmt Block Level. The deaip of tho &U90y wao 

0110 of two•pluuto, two-aease random eampJtns lA which tho fhoat-atose WlltB 

we:ro Ylllagea aD4 oocOGd-atap UDUo wel'o fields. "'the lbat·pbaao of 

onmpUq about 150 vWaseo wo•e aolecto4 at nnctom lo each of tho 

C:OJ'!'A'md*" Devclopmens Blocks Ia tho dlstnct aad lD each eelecte6 viUasoe • 

4 fields wen 04lectcd at dlldom fo• obCIWWls pl'O•bal'90tt oatimatoa ol ylcld 

thJ'Ousb eyo-oatlmatlola ol the yield cl fioldo. JD the aeecDIS•phaso of lhlmpJtas. 

a aub-aample of abolat U vlllap WCI'O eolocto4 f£"CJrl tho firat•pbaae 

somp1o all41D each of thoae 15 .ulagea, a 1'8Ddom aub-aamplo of a fielcla 

waa aclectod &om tbe fiwet..pbuo aunp1o ol4 fteldct. Ji'o. tho fialda aolocted 

lo the a.coodwpbaso, tho vteld of tile c•op wae osttmatod by o&>Op-cutat"s 

caponD~~mtA. 

The data coUectd lA tho aU'I'Oy bavc boca utWaect to eatlmnte tho 

ytol4 of wheat Cl'OP Ia Kilopam pel' hecta.o lo• U4h block ta tho cllmk:t. 

Tbo :roaclto ob&alaod lll'fll pnacato4 tt.. Tables I ad IL Tho eat1mat01:1 

~'ned nn proaentad alalls with tholl' oaUmatQ4 wriaace a&ld peR01114fJO 

otuQdoS'd e»J'Od anct 1:!rwe beeD c~l'84 with almplo estlmBtos buod UJ10D 

crop-ontt~Ds eapedments oloAo. 

I 
I• 

I 
t 
I 



ThHe type of eoUmate•e llavo bee4 cosaelde*: 

(l) ssq~o eatimato buod UpOA cnp~ ~. 

'· 
(11) .BJaeod ratio typo ~~ ('1' 3) 

(W) VDbtaeed ratlowtypo C.Umator ('I' 4) 

Fwom &abloo l Gild u, " ts to bo eOCQ Umt tho oatlmnte 'I' 1 Ill 

alwayo mon tbm T 4 ID llJl blocb of tllo 4latdct oxcopt Maaaurbl. '1'blo 

oxp1aSaD tbo.t Ts ta poett1"\1Qly blaeo4 an4 btn1J 14 ·~ llle01a0 blocka. 

Aloo tho vnriaDco of 'I' 4 l8 enmUc• than wdal:lca of 'l 
5 

ID ove17 bloc:lll of tho 

41Gbiot except AatbaUIIUl. BoDco for thla typo of dGta , 'l 4 It cofta~Dly 

to bo ~nd to., •. 
u ao aDo ts umdo of •app1-=aaa..,.w~ton. the otttmato of tho 

popolotJon maa Sa ~)imply sSv= by Yam• '1'hla ts tabGiatod Ia CoWan (f) 

of tnblea l Gad D I'OIJVIICitlvoly. Ji'nlm tho compadoon of tho oadJ:mto<l 

vul&DceD of '1'4 and Ymn• lt ts to be oecn tbAa variallce of T4 &alcoa tlmA 

vadazaco of V mD ID every blclc• of tho 4letl'lct except Mao a arbS Gild 
_./ 

Bllllhtla~. '1'hat tho VllJ>kmco ofT 4 tD mo:ro thaD variaaeo of Vnm lD 

tbeeo two blocks • may 'ba .SUO to tho tact that Ulo conc!atlon tultwc= the 

crop-cutting vo~ aud OJO e;tlmo.lle4 valuo llotwoen primA IT aD1ta llQd 

~.primarv umta •en lev f~ those bloc1ts • 

. - - . -·-·-·- . -·-- ·--------~-----



-- --__..... ..... _.,.~ - .. -..;: .. ...ec= .... -------

Table I 

,, 
Stato : BUaa:r. Dlaarict: Pa&u. CnJP - wz.at. Yeal' aad Seuoa 1966..67 (aabl) 

Blocltwlaa......,.... of avuapd-v yteW of..,_.,~) 

1 M'eaQ of the Moan of 
B1oc1t - I 

CJrOp<Uil• :ram ; eye eat:Jmatod 
! ]rleY fen flet.Sa lzqJ 'f'leJd 
... ctedlolr Ynm 
j'\~ 
I a..m ._ ... 
• 

' 
I 

' '----- -- -~- - -~-

(I) ' I ~) - ---,,,, ---14~-- -

J.Gldall L 28 739.26 
Z.AatJwwws0.99 66&.69 
S.Ralml Let. 6D.59 
._maua .... Loa m ... , 
s.Maa'IU'IIl 1.091005.93 
6.CJua""' 0.83 846.~ 
7.PaJSPnj L~ 6*.00 
8~ 1.01 540.47 
~ &k'idtu 0. 8l 698~ 39 

PJT~ .. 

~-· 

::·04 .55 
5'18.55 
m.u 
9U-96 
'ICM.59 
6D.!S 
488.71 
505.67 

Moan of eye. Estimated ,Va:riaace 0~ lfo.of No.ol V(Yam) 
ofthe ~ .(Ts) atf»tated yield viUagu vi.Dagu 

~lo:r (b1aaed) eftlm•ted 1 
(psu) • • 

aD Geld• '~'s yield - Iache • .... V(Ts) lathe lbd 
•eccmd pJta.. 
pbue a• 

D 
- - \ ____ -· -- -- ----- -------- -· -- -------

- -· ----- r 
(5) (6) (7) (8) • (9) . (10) \iii 

195.07 IOU. SO 11691.11 -D.Ol 17 28 1116!.1 
673.05 666.61 1530.56 5.86 as M 3997.2 
554.86 SU.D S872.5l IO.P 31 3e zaas.a 
689.D m.ss 5889.14j 10.60 u Sf. Z658.9 
937.04 IOU.Sl 9584.81" 9.17 19 ,., 4'137. 9 
'"190JI6 65'1.71 8803.63 14.26 19 u 4089.8 
6«:1+29 666.Z4 109'14.05 u.n 13 Z6 '7665.5 
446.68 454.!50 Z9H. 57 U.87 Z5 40 1891.6 
U'f.l5 59t.M li9U. 03: 18.S8 zo ,, IOIZLS 



Block I-
I rmn 

Lautak LJS 
2.Act!sawan0. 99 
l.Balaul L06 
4.. DltanaJrUa 104 
S.MnaaQdll L09 
6.CIIaradl ~.89 
T.PnUgaqj • L04 
8.~1.01 
9. &Jtl!tlu 0~81 

par 

~~- ------ _ _,. -- - -~ - ~ ----

'l'Bblo D 

a&te: Blhu. D1slrlc& : Patl:sao Czoop • W!leat. YeaJr.aad Sci:loo 1966..67 (Ilabl) 

Block vdso ~ ot aW~Uga 4q yield cf wheat~- ) 

~ ~ ~ ._ ........... .. . ---l 

Meao of tho of Me;m of a,e• Esll•m>ted Val'laac:o of of 0 l'fo.ot No. of j V(Y' .am) 
oye *'lll'moted j:wop-catt• oslimated yiel4 tba eatlm:!tod S.B. vOla&M ..utageo 
.,scJd to' .fteJ6D lf18 yield yleJda fcq (mMooed) yloht ('.1'4) (psu) olecte 
ae1edcd fOl>' Yam all fields T 

4 

1 

V{T4) 1D tho 
CJ'O~g IIi tm• I fA the fi:rft 

a 
0 

1 I aoccmd phase 
.am paae ~ t • 

729.26 846.0. 195.07 929.6 nz90.e 9.79 17 Z8 • Ul63.J, 

*·'' 635.55 612.05 644.N 2496.zt 7.75 25 94 - 3991.2 
6JZ..s9 518."55 554.86 516.Q 1619.78 7.79 It so !281.8 
'136~44 m.·51 689.U 66?.M M98.90 5.80 Z2 J6 26!8.9 

1005.93 922.96 93?.04 843.90 5326~20 8.64 19 97 473719-
846.48 704.59 790.86 658.46 300L33 s.'sz 19 22 .4089.8 
644..00 6ZLZS 64o.29 616.3& 1040.82 s.zs u Z6 f&65.S 
940.41' 488.1'1 446.68 S92.U 1790.D £0.17 Z5 40 ma.6 
698.39 509.61 121.15 sn.so IJZ09.48 Z0.05 20 " 1012J.S 



\ 

I 

CHAP:J!'R.!_ 

~y 

Ia the caae of al._ %8Adom nm:pJSJll whhovt "Piao.,...DI, 
~ -· 

VZJbfaao4 ...U~ ottlmcrto1.' •• ll•ot developed by l!a'ltley ad ~(19M). 

they uavmed tlat \b6 lnfonrsati.OD. Ol:lth1ia wdUar, cba.actov lathe popaJatloDJ 

wa• c~ a?at.bb14. 8tlt aomeUmu, f.t bappce .. tide tafon=Uoa la 

laclldol· Vadu tb1a attoii.UOD.! tile pl'Obhm was ccaei4Ntl4 by Su\'h•tme(l96a) 

who -eeo..S to th!l teQ!mtque ols~ lltllJO, doable aqmpltas ud PI'\Nerde!S 

t4Minlntlo-type eatlmalol'a out ol whtcb oma wu &A uoldaaecl ~ ol 

ID the p&"eteat ~, Wtbtatecf n~ atlmaton tor 

two...tase um.pJtDa du1p bavo ~ J'Haoate4 wboo tba ~-~ 

of th amdJiar, variable a. bowo " ~ ll'o:r o'btnlmn; qul\'ned 

nUo-trPe etUmdou, a~ callo4 liThe oxtcl:a4Cld ~ of 

a,uunutdo mea•• to two .. tap 4eolp baa 1wJeD 4~Mt1ope4 whlch f.tl aa 

..... to tbc tec:htdqu dimllope4 by.,..., (1956) an4 acm.uatt.od tow 

the muld.,.riate cue by aobacm (l95f). By 'llllns thla ~ motbod• 

ftriuc., oldie ••I'll& uttmaton c1lUldei'Gd, tor the oaDilt ordo1r ol 

appOidmat&oa. ._... ~ wo•ked oat. W1dl.e ~the eQftnlomt 

tQ# 'ftrialac ... w have u•am.ttS tbat eu ll1P!'bitl' cl pdmaay =tto a= 

.aecudarr utta lathe popdattca an '·'~"P• '1'ho coadUiou UZII!e• 'flbtc'h 

DJ:&b1Qe4 :ratio-type ~ WOI'O 11$0,_ elftctat tbaJl the Gon'Upo.Ddlq 

,.._ •tlmatou to• tho two aituatlo.u vlz. whe# amsie phase aam:pUoa 

to two atapa le a4opte4 CIDCl when two·Jiba•• aarnptsq iO. two••ta..- a. 

~. have ,.__"bta'Mii· fte ••Umatu of ft11'luce la dou.ltlo eamplllla 

to• two••taae -ipauw beeA won.4 •· U•ms a co•t lwtdtoa. die 



I 

Optl...,.. ~ .. tor • ftad cat !Ia,. abo Ilea o"tateMJ 'lise ,..like 

o11tatad Ia chapter IV..- cloaWe Ampl'q Ia reeofttd to Ia ewo aa,... 
,_.. .._ i> 'lllaatntM wl&1a tU Wp oltlata oa w1lot uop • coUected ta 

' 
P,ata 41ablc& ollllllar &edt~ RaW .... aai966.6Y Glider cu ,.......,. 

O,.a&M .,_ LA.a.s. tor ..obtaa nttaltle ••mpllaa ~ 1u okata-

1111 nllaltle uttmatee of yield .. , .. of pnaclpal ctli'Ul cnpe at 

-
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/ 

' urggcg 
a. co.a.. w •. a, (1953) ~ ......... 

a. Cleo4maa, L.A. ... 
Haftley. u.c. ' (l95S) 

3. Hadley, H.O. ~ 
aoaa, .a.. ; (1914) 

. 
4. aoNCIIlt D. S. l (11117) 

.Job 1fllay ...a Sou w •• New Yo•k• --
'flit pqcltloa ot ,....,,.._. ntto...,.,. 
..... to ... 
.temt.Amu. Stat.Auoc.,; ss.4"•508. 

Uabialkl4 .... o ..-••• 
lila_., I'IO•l 
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