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staU.aUo1a:oe Jrtstt,ut• elf .t~~'l'l.cul tva\ bMaT_Ob 
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wndr.a 'bl• thee!e. 

llf thartt• l#fl 4eo d.tM to the %astl\\l'- I'JI 
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._ .... 8 popt4a.OD Wlllcb U&Qle• "i4. tb ... a llf.Qile .aner 
"f' on_ a ,_Uoula:r oocutora1 fLl}Jl.t'l•• lbtooat.ioa, wbteh ta 

Y a'IJ.4 ~I' tbot OQfulQD ODJr t eJd l t <iOea not 11'141\~~ 

lD:ORaUon on act na1D»e of 01' rat.e of ohqea wblob 

OOGil' lft the pop.alaUo~~tt Bat maJW • tao tile iat.hat Of 

the t4114u doee mt Ue oft11 S.a eatla4U• tbe valUe ot 

the 011&1'40'- feW the ••' Naeft\ oocadorr ~ t !4 • tnteJtaat 

aoea ,.-on4; euob ae eaUJDatt.a~tbe Clhqe Su the v.ral.ue or 

tbe cbaraow t~em ono occaat.on to the nutt eatCmaUna •• 

e.v••• v.:L&ae ot the ob&l'actel' ov• aU o~ulcna 1n a glte 

per.to4 of U.me •to• Jn auch caaea ped.odlo&l ·l'et»WW mu•t 

be ~lade DD \be ... PGP~GU.OC. t'Dce we bflfe decd.ded to 

otue\Y Ole pcpdlat!oD ou e.toceaaive ooc.S.Cna, aftff!J.,at ti. ~. 

l111Uvea uo open belol:'e u.. we CQ\1 dlnft1 the e-. Gaecl 

·~• on el1 ocoae'lou, o~ taU lndepeul•t ·--•• on each 
\ 

ocouton,. Of \eke .. tabttuliJnJ,lle ot 't. prfWioue occutcn1 os-

-'P glC~DteQ' tb• ltlb. ·~· td. tb 111> ~ lmcutment •all»l• 
..__. ~•ash• Tba rel.aU¥e ad'V&an'bt8&8 ot ~ Y&ria:aa VP•• ct 
pzooe$lre (!epen4 on the rel.atlon bet.eeo \he VadtbUi tr ot 

~ uns.•a f.Jl4 Ute vadtab11111' 91 obfNu 1n 'the• uat.te aa 
I 

we'Ll 48 ca the M\aUve importence ot infoi'J14Uoa ozs the 

p)P\IlaUcn mesne flld on the Obdlaee 1n \beae me~s. 



• i. 

e.811»l1DS tbe a1 tematlvtuJ beOCJIO muoh _,., Jb»- exd~Pl• 

wben a IUl.tSat«Se 4etd.in 1o .epeat.cl on •••41 ocuatorta, 

one •• Uk.e to ~tetatn 'he ID•'-•'•• •G111P11ns Ul'llte 11'011 

occ:adon to ocoud.OQ tut aeleo' eaOb tt,,. a tv~!l ·~• -. 
of HCCD4 •'•• un.tt• bom the 80lecte4 Uret e\ase untte 
o#l ret.tn olll.J part os 'he, a .. ,,. etase uPi '' ~- .S..tb 

t!llet ~e• of ucol14, atl.Se um1a ••• 

SUJ)PQM Gl&~ •• c«e fl'ett to al.te• OJ' etet.Q tb• COipO • 

.suoa Qf the a&~Pl-, 4114 thllt e. total elllftPl.eaiae i• -., 

,_.. ••• on all oooulon•• Jf •• w!eh to llt.lidmt"' the 

Jr$d,..on1 tbe tol1011l:Qs atetel~Gftte' c&n ~ llaa• ~' 
.-l.cemeJ~t. 901ACV't 

(i) Jt>r ••U.eU:a ohanae, '' i• beat to •etfln tbe ,... 

acf.OPl• tbi'OUShcUt .U oooaa!cna. 
(Sl) 1101' eetiJI•t:S.Qa the &VQ"GSO ov..- all OC48iO,rtJ iii 1* 'but 

to <ira~ a new samPle on each o-ccasion. 

(iU) !07 cunftftt· eaUm4t•t1.1 eq~aal. p~dltlon 1e obWiled tr 
kaa.PlBS. the a-. .-looP l\Y Gb~l8' it on E'lfert ocouJ.on. 

Repl&eemc' ot p41't c« the hU!Ple on e$h occaa!ca 114' btl 

bet•• \baD theee Gl toa6U.Ye .. 

41 Jatee l\aa re.-.ked there de two 1\l:ttbd' Pl1n"a wb!oh 

me\ be bOI'l'le in d.n4 lf'1 oonneoUou .t.tb eG19lJll8 oil -.aoc••• 
lve oco.IMd.ontt• ft.»ati.J ~eo ted t-etPI'VW ot tbe aQtle urd. '• 

m.tf1 be icupediet fll.nce ~h.latQJlce to the pro,1e1ott ot ~ 

l)eceaa4l7 1ntoft4tlcm ·msr be ••~4.-.4 and aeec>D411 :repe,.ted 



• 8:1 

I'MUJ'VW aw rqult in IBOd1tioaUooa ot then uDtta relatl.,• 

to tJt• rest of the popt&aUon. 

The t1rat l4t'-Jt to a\U\\1 the tbtol7 ot afJJI)ltrw en 

eUOIMN1¥e ocoat.ona ..S.tb p•Ual ~cet~~D\ ot tm.ta on 

eaoh cccalld.OD wae ••• tq l•••• (.1941). HoW•• he oonftne4 

bU\..U 10 on11 two ooo.utoDa• Be buU' \wo lbl~ei 

••t:laatee tor \be aeaD on .-:on4 ocofd1on1 o~ 1Ch tbe beela 
.... ~--..... _- : ... 

ot tbe uat. ta ooamrou to b'> 1b ~ooMiloca ad S.JD \b•r b.uecl on 

the unite Mlecta4 atnab. on the ~ occ..S.Oil• Tbe 

tormu wae. a <fc:)tn~e ~~Q~Vpl.!DS l'eeJl!'eedon ••ttaa._ .tor tbe 

.an on second ocolldoDt tbe intonation on the tirat occuton 

•e.l"dr:tl ae ~ prelimln#J lld'S• ••»1• to:r ~_,. v&date 

-..4 tbelat.t• •• a •.Pl• ctre#ce ot the ':lnlt• oonUne4 

to tht HCOD4 occa&ton or4y. theM '-'> estlilaten ••• wd&bW 

witb reo.tgzooQl. of tbeil' v..Sancea to set lA esU&ate· witb 

mtntau• vsdano••, : ........ el.o s•• QPI'oaa1pn to~t the 
'1\; 

opU-. ,prcpcr\'t.on ot urd. •• tc be ntlllnecl on 'tbe M<»n4 oooaatlc 

'f•te• (D4e) was morellbera\ in ble QPPrc>e#l• He 
a 

QO.rttended that tbe moet ettaSsb,t torwfP'd proc~re to~ esUaaU 

tbe·, a\Aihjl ot tbe JQp:&laUon meall on two euooe•*'v• occatlon. 

Wd 110 ts-eflt e.ob ocoal1on ••••'ell t tollowlng w~tevor 

met!D4 ot eat.trDC~Uon •• •propd.ate to the ·~• obta1De4 on 

thai occatoo, rea6tdl••• of v~uea obt$lned on the otber 

oco&llona. SUCb eatlm&tea he '-rm41d u O'Verei.l eaue~te-. 

lie oonddered two ilbpOJ'tlllt -cue•• the one wh•n the aam.i4e on 
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the aeccm ocoAGlonw·Qs oact1ned to a tt.ab.eaxple of' the 

oB.glnel o~e cncl \be o:t.b.Oza wllf:fl too sub.~l• rotatne4 

trom tho ftret occat4cn 'WCl8 CCP»l.Oltented 1V1tb "f~eob ~1• 

oc the aacotl4 o ccAS'lono 

Y-&tea &lsc coll414ore4 the a~Ql· 048f) ot ettccoedve 

8d!Jpl.S.Qa to~ b ocoa.s.tone. 'Undo.r tbe lS!d.tatlona tb-t 

(i) a s,£voD tracUon ot unt ta is •etAaoed on oo.Ob oc~o, 

(U) tbe vd'iabSU113 on tho <U.tfwont. oco~s (fld the 
.... ·. , . 

GOJ'&-olad$D 'I botweon a.ICCesaiVe OOOaaiOft$ ~e OODet~tt aft4 

(ill) the conel&tton be.tweon oocOJdorJe t~-..\-(jart to _.e, 
th&t bo~OSD ttwGe cptiitt t a .a etc, 

'i'us cbtGLned tbo reutlon 

fh • U • *tf t f& • • « ib.l • [ ;L.1l J } • ~ 'I 
wlUJS'e fb Ia t't1e moa-t aoo.n•ate eaUttla\e wh.tc.lb OdJ be fibta\tleCl 

to» oocanton h, '\~ 1nto cocctUlt tbo rQ.oult. of sanpl~ 

up to end $.no1U4\~ this occasion 111 QO.i fta.1 ls " ldmU~ 
eotS.ntato tor \be p1'ov1oue occaaion1 tektoa 1Dto o.oc.oun\ 
tlle .-e~lt upto aD4 incl.1114Ula ocoaoion •1 ~ rsbero ad#icoe 

ideate tb.G oocatd.on1 etosla d~ee Lr4 tQ QO~n to ooch..ud.on 

b and b.l, the S04ltl on earlta.t" oooetulcD 'bGlQJ 4:laUJ)8UiahG4 

t'f sque#o bt-tlQi\ots ~ tbe dou't.i&.e 4oeboo urd. to ooeu.rifts on 

oco~sion b oftl1• ':tho vQluo ot 1Jb d<$fends pn ••· tho- fxrao.tlon 

p. Jt®l a~o4 ou Q.c.Cb occasion S'ld b.- W! tb 1nc:re~cg 111 lib 
s-.a.4'18 telldo to Q l!d tiCS v d.uo wbiab aqpcmds oUJ.y on Jt ~jtd }1. 



••• 
-

ld1wlloD ClSaoJ •PI'Oaclle4 tate probl.• of aucoeaelv• 

•f11Plll78 1u • cU.ttuenl 6114 al!sh\1.7 mo:.e aerae.ra ••• 

He 'bdl' .-a ••""••'- u a llne• ti.lDGUon ot ~' ot Y.-latu 
··~ ~ 

aQl 481tloped a •' ot codtl.oae tor ~t eatlaate _, be 
'· I 

-- moet eUI.cd.at. u-na these coDdiUotaa. s----nec~ 

411 efftolat estimate ot the ••aa on the btb occuton wbieh . 
f.a ._. ae that stven tG' 1:.eu-. He 4\eo save a rec~.~•enc• 

N\aUoll between ~ ..S llb.l • 

(1• !It} Cl•.f'Jb.1) • C J..+ ~l CLIIt} + tAp • o 

wher• J., P 81'8 tbe mote ot \be f.!UadJ'aUc tiQ\tat1on cbtatned b7 

putUJ'lS J;, • .e.1 • lit U. aleo foan)1 tbct with lno~et.url"B 

h) ~ tende to lldlel\ioally 111all••' root ot the qUad.l-aUo 

168 • 8 ). • rl c J..aJ; • Jl( .wr'; • 0 . • 

\ 

ftua bo ob\~ the Uml uaa value ot f u 

, .... ,,w~ -;~I:i;i!tidi1l! • ••• 
;.. • l·)J· 

Pa\·tes-1011 Gl.o s•• eltl-Gl«at eettmate ot the dJ.t.t·•r«tC• 

betweeQ the. mean on occadon 11 a tbat on ocoo&'lon b.J.e Be 

al.o aond4ere4 the a.- wbea ~~· lila• vade~ hom occMS.on 

to ocoat4oa•-· 

UJdd.wC!ll '.moa> wu tJUll more senora.\ lD hi• CtJl'Oach. 

'Be aUowea the ccuoletS.oft between unite 'akGD en two &~ccea .. 

lv• oaoar4ona to v111 ti.l' uru.me4 ~' ex>Jlral.atloll betlleen 



••• 
tad te two c.- more tbf:ID ~ occaatoa ... t ••~'"• Gq\lli\ to 

the p%'04uot ot cos-rela.tloue betwMft wlte on aU pala-e ot 
the con,nwU11o ocoadc~ to~ 11' the$-. il 41. oorrflls­

Uone we1:e asaume4 'Itt 'b9 et~~& Oft aU 'OctQaatoa.. h• p!O'te4 
~;t.. 

tha' .t. th 11Jt4 t1r.ts 11, the Uftl1UD$ v<Alut ot l'e.Pl~ ea;t to 

be affected on <l!fteretat o~caeto~s 1e lltf ta:om ~ J.••• 
under the e»nattlona ~H4 the rt.t,Pl.4C.-t ttaotton Aa 

Gl.wt~Ve sre&ter tb.&l'l t• 

.04 8111Jh C .lDIS) lmteeU.satett ttte pro~• ot repl eee~tenl1 
when tbe deaten ia sl. ttetQJet tie $$eo\ ct tbe problem1 

Cil#t from otat:1etl.ct4. oonetde .. t.AU.0~1 ha<l ~U.c$1 sl'f&nte8ea1 

t1nc-e Sructua\ ftel4t Z1lequent:&,- \be dee1gn St rwl.Ustase 

and wrJJQ the obal"eOtEI" uDder ObQenattoo ob~~e. with eaaeon, 
I. t bocemea ueceee~ th~t -.an• tbeul4 be regeated ovev the 

eeatoDe• He gft!le ~:reasiona tor the eet1mute ot mef!l.l on 

~n~ ocaasion eB4 its Vet2.~, wbea a t~staa• dedgn la 

~eate<l ou, tao occ'et.4one1f1 tb pa17t4t4 :repl.Q.QdlhJQt of f1re1 

et~G unt ts onlt • 

ltbatur1o ( l91ie) extended the O&a• c.f ~-e~e eam»11r.u 

t:(Weated OrA t wo occae.tone w$ tb pvt.1. eil. "* aaemau't of 

t1~eC.etase u.nlta1 to b ooc4Sloacs. a. 4ttP oorsddered. tbe 

oc.tae ot ee:znpl1r.s ou t.o OQC4a1.o._ 'ld.tb rfil}lacament BllC'lJ 

aeocnd. etc;se unl ta &tao. fle iDYcluttl.8t.lte4 tile PJOta.e ~-~ 

OJJ\tmum .UeoaUon fox- a s1vt'Al coot .runct.to"* 



. ' . 
Xn \be »s-eaea\ atu4J an a\1.-pt haa 'beeB ••• to tiQ\ 

tbo beet CU1bf..ue4 Url•• ••Uiluie IQI' t.be IDe$ Ol'.t MCCD4 

oocu:lon sd lta ... anc. when a~ dOuble a.-uua la repettW 

oh 111ct ooaulona td. tb p..-tt4\ ~-·c~t ot Ubi ta oa ••G)Dd. 

occuton. Ub4er oert4l'l liml i4tf.Ol'JS'ti-Jpo.dtz$ate aDlu t.tona tor 
' . ' ' 

opU~ -.looatt.ou baa Ql.eo heeh 4etertdn~ The .;uble 

~~ ~r atl-att.tloatSoo btl8 been aoaat4eJI$d---tb. td..tb 
I 

. nseot w atnsl• as well tlwO••'~:•a. la Plli'\1.CIUlat1 the cue 

ot or4J two •"'-'• ot wtd.cb o¥10 oouttd.na oraL;r; aEI'o.tlllleate, 

llae 'beel'l a:>l'Ud.4...t 1n Sl"&ctelr 4etall• 

tbe reaulta obt4n.e« fltQ be app11oa'lle to mfll7 a aunara 

'Ulat. m.tJ/1 be c;on4taete4 ID 4ue cc\11'-. 4\ prea•• oee ILtab 

8U!tYfll fOJf earU.m atha 40ft68e QJ1dsr ateo.Dut1 .atll'bW ol 

coco-sst v-.all4 10\fil. rla\41 ta 'beiDa oord.lotEKI to M••• 

ma 13Uftf!Q 1o cona14ol'e41a cbettew 11• 

L41G.J the o&A whal Gd~Plbs wttll v.,ins probat414 t!ea 

of aeleoUon :la .-
4
e,•ctod OD t.O ooo~oa•• C.'tll,po:rtlt1 
\. 

rC~Pl.cement ol lll4 •• on ncoD4 ocoaatca ha8 &leo t,etD coaat.. 

4ored -" 1e s.tven 1a the lost ob41teJ1,. 



t$i.l. :A.f 1,1 • .1 ,,. 

Raililu I~IDI.&RE;..tlblllalullliiltltl.ll? 
la.AQQIIlsUlla 

•i.ll'mdldraa. 4 audb~ ot • ..,11~ techNQJea depend 
~,., 

upon tr. poouaatcn ot atlvanco S.nfol'ttatlcn .ali)u~ iD .UXlltaYJ 

'fafiflte •1• Ratto fll.d a•eaeion ee'U.mu\e,~~z-e a Gl>wle48• 
. ·~-- :. 

ot .the popul•Uon ~DeS'!, Wb.e Ultomatton ~t X 1e 

lacld.qa1 1 t te eomeU.aee rela.U.¥elt Ohe4J 1o t6lke ·a l•s• 
Pt'ellminal7 ·~ple 1o wbicb &£ alone le mellSUredt ihe 

. . . 
purpoa• ot thle af$11)1• ie 10 1\tftd.sh ~goo~ est.imat• of X 

lD ra aun• on a 11nsl• occuton, J. t •• Ptifl to deYO te a 
paJUt ot tha resource• to tJ':d. e P'el.1111nCft1 ••~ •t &1 though 

\bia 11oc.n• that tbe eiae of the •amrAe 1ft tbft mt:d.rt I!U 't:'lfll 

on .r1 met be dGOJ'eas-. ftd.e tecbrd.que Sa kmwn as <k>U'hle. 

ea:a9].1QB c~ two.pbase •f~~WltqJ, tlld la p7!o11 tcf.\Le on11 it the 

s.tn 1n precladoll trom rett1o or ~••aloft eebatea more theft. 

otfee"- tile lose in preo:teton dUo to redQctionln ttt• s1se of 

\he m•n adllPi'e. Jf Sn a part1cl4~ fi.J*'Vfl:l 4 t 1 e found tbat 

\he 4cuble tdllP11UB tor· aesrelolon aUmate resul. "• 1n ~t>re 

preclaion on flhl e:tnslo ocoaaton, 1' Dl'f "'e re"eendble to 

4ast.m~e tlla\ 1t the e~ ba.a:lo dee!gn 1• repeated on two or 

lt'Or• oaoQiio~• .S.tb p..-'tlal »e»J.aoement ot mlta, 1t •1ll 

tlal'r4tb a, bettGr etU.eno.te tor the saetan on lust oCKJ &e1on than 

tho cor.l'esPOMS.ns ntlmate surniahe4 ~1 e:lmple ran<k>• e~1rw 

rtiU~ated ora ••• nunrbfW ot occulon•• Xn the p.re«*lt. OhtCJ \clr t 
icN lk.~ ............,_.., <M 'u-.c( oc.c.o-.saiM 

we propo~ 1D o'htd.n the beet unbiaa.t 1tn.ur ea\.1.1la't.e
11 
end f.\1 
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••1fCD08 whea • double. t41!Pl1DS S• ~"•uW ~A '• occutcna wi\h 

•-•• ,.••~t ot unlta Oil eeooQ:l oao..S.on. . 

8\IJJ.Oee that a pe~~Uon buB e-.,lAQJ uld.ta flD4 

troa ·- ot tb• u.r4te ot tb& ,ib~aUcn -~-te., as 
~ ri C41'l be meae\lrett. w• _. lntreeted l~j!~~ttas 'be 

m-.n foa- .rs on aecottct oQOuton. Oa tbe #ret occuion • 

•dDPl• of da. kna ca> J) t.a aol..oted out ot 5 unite C14 

ol'llJ 'fcd.ate Xi ta ~~.S Oil tbe• 1. *"-e~• o.r 

_.S• n t• .eLected fttom 'h•• kD d.ta - "fad4\• r1 l• 

oliO mea«AI'f/14 Oft tbell• A turtbe» 11i'bwaallll• of d.a• l1l 

(p<.U '• H1eole4 A'Otn tbe• n unite of 7••"1'1• tlld l• 

retat...S :-or 8GOODCS oco411cn u .a part ot 't.()tb ac.el.l¥)1• -. 

g.ealtl4e,. Atladep~t aarawl• ot at• (Jr.»)n ia dl.eote4 
I 

~~ » 'ud. te 1114 •gp»l-.ontet~ to lW W!d. ta ftt·ai.ned t101t 

4r•' cccutcn to ~·te ~ p~i&dnazr1Gra• aatlple ot 

alae 1m ora. ncoa4 ccoallon to!' meCd!Unna· 'fA4llte -s. orslJ'"• 

fl'O» tlla prel.ld.n$11 l•s• •~91• a e.tr\~ .ub.a~• 

ot dze nCl.») le lrdf()tnd.CltlJ Obo.eb aD4 auppl.-te<t ¥ 

the np uaJt• l'.a.tiJed aca '&he .drat OCCh'd10U to ~-·M 

the r••~• ot all ze n to11 the .-colld o-oeaatoa. iba- •• 

ot •raplicit, 1\ t• •~-' tba\ •6111Pl1Ds ts done wltb atpl.~ 

81.\Cl't at ..ob etc• 



(l.l) 

(W) 
, I 

..... ~-~.:.... ...... 

ttw• 'the 4aab 4trl>\ee MCOD4 ocoulon 11'4 JMtf1o..o 4«:r>te 

the •IJIPl.• aiM• CD-thl-cb the HCieot&ve ae<.~~• w. bdfld• 

Tbe u;pecW Velt.~•• ot tbft ae.aa ln 'tba" tou •t• 
...... ftfi'80UYeli fa t f t a• -.d. J. We w•t to QUJiate 

i•. tb tbla el1d 10 d.• •• fol't.Q a lin.ar c.ml:An"UcD ot 

theu ten •an• .e 

• • • + .,.. ·~ '\._. • .» ~ lfttl) 
Jt tbS • 11ft._ ~la4Uon ls to 'be au u.,_ue4 UU.at. to7 .. 
s• w• mat h•• ' 

' · •i••e • 1 

~·~Ae·,. 0 

~+~~g+aJD • 0 

Ut1llatas 'beae oon41 \ten•• the lln.• oolt4naU.On oara be 



I U t 

. -·. 

wbue U~ • '~a • GP4dc:&DOe between tta. • eJWI'entoaa1JS t 
Wb084t CDfdftCileD'• _. ~ .n41~ ~4$l80UVel.J• 

I 

~ ~v• eJ~JNedoll o., be witten 1n tbe .SZU.Pl• t-. 
L , Lt 4 

when L i• ~ JJOW 'feGtDI' 'J.1t/l.af1;4fl.6,.8iJ.r} ea41.1 1·• 

tM tz.al'lGD• ct L IS'l4 4 S• tbe w•tano•ao•ar:t.II'SOe aaws.a 

CV1~) 
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• 101' obta.tldaa v. '-•• linear t~DblAM4 eett.taate to•.,., *• 
popala•o• ··- .8>1' tbe 'l~ate ~&-OD lbfl ~ OQQ...,D 

· *hi. a v.,t~• .-u14 'btr ftlnild.fMCI t4tb "•"" to 11• • Aft4 

•ttt~eot 1D the cobd! Uoa 11+18 • 1 __ 

Qould• •• upreatd.GD ~~ ... '" 

- • · L AI. t • ~( L sf • 1 ) C e,.fi) ... ...., __ :....,._ .... 

wt~ue ale tbe J'OW..aat.rla (J.alt01o,o.Q,o1)t fih1 ).. '• the 
ullde1eftl!D.e4 al-.pltw • 

... 1'4nSIU8 .__.._, we bt4re 

l- • RAt'• SA. 4* 0 

.._ .. aL• a).'Jfl (a.l) 

Bow let, • ...L. ca.IJ 
A 

thlll "'' • at wbeJte P ~ 'P1tPf!"a".atPotPtf1Pt} 
ttt4 • • h 1 1 • l,a, .... ,,,. 

·~ ~ . 

._. • "" •• • ,:
1 

• ca.v> 
·--·~-·. A./1• 
._~, 11 • le • l t an4 tllel'etore '1 • 'a • f-

1 
w ).. • •• .... ··• 

P1• 's 
• • 

tbue b ..._.llue• udblued e•U.ate to. t•· Ia e.lJJJftlt 

ooabtOeUoD ta.U w~n l 1t 1st ••••-."' .,. Bi"~• by 

Lt e •• •1~·~·•: f 1 
st t 

»1 +'a / 
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-
, P1 aM p

8 
btd.ng \bcJ .Uret two ele~~Dt of '-" vetoJt 1 wbl.~ 

., 

1'.U Ia slven b1 
,, ., r"' r~ 

the mtnt.rauts v ad..-ce S. a 
2. •1 '•L' a,\L 11' * .-\&4 1&' 

. (Bt9) 
I • • ¢ 

Bow it •• .,.Ds OD\1 W Ob t4D the apnaliJlOrut IOI' ii~ t •• 

lb• tbls we •• ea8l88 that 

(iJ •: • s
8 

CIt») 
(U) a: • ~ (SaW 

cw> r;., • fqt • e.,, • r.,,. • t c s.ll) 
(l-.) 81\111lll8 ·ia dQ·ae .wl.»Cll.~t at eaOJI •••• 

' . 

-
a 

f ••• .!£ .. 
;q s.. a, 

. r_.,.. 
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Ll,,t.u1m4\a9:&1QP."' In Cfiplyl~ the tecb.nt<fl•~-- e~7aWle4 

&-4\'ldOm adDJlllns, 4 queot.toa wbt.cb •••'-~ .. ~~-~ 'e th\a. 

110w io d1VS.4e t.be popul.atton wht·Ch ia sotna to be e$Ple4 

into v /lricua atr a.tee U el.lalll' tbe atr aU.ftoGt1on 1a &>ne 

tad. th the help ol tbe heqUenq dtat:rf.tu Uon ot ._. d.ll411fl'7 

vAJ'Sate a,• w~en 'td.s :l.ntoz.-m&Uon «b<.Ut the l~aquenoy 

dls~bUtion ot the &J~iorv V#1®Lo lo. 1~~. i\.m4if 

be u ae1\tl to take • prel1m1nct7 1 ara• ._,"'. 1n whiob ., 

Qtcne 1a r.ae~re4 t~!tb a v1w to ob,&ill a t•11 Jtellabl.e 

dl4 .:cura'- eaUrnQte ot '\he tJ'eQ'l.lencJ d!etdbltlon ot "i• 
boso ttd.a Pl'e1.1min417 atiiDJ4e em41l.er mb.eam,ples OQl'i ~ 

tndeentteatl.J t&kla·1n dltt_..,, .• tttat4 €1.14 tttU!ztns the 

oettmatee ot etrQta tdus provided bY tb.e ,rel.Smlnon sCIOPlet 

we o~ 1'a1ld m tan'b1~ eaUmate fOr tho population llleafl• 

tble tecbrd.q~o wb.tch 1a !mown ae doUble at~npl1ng to:r ltl'aU. 

f104Uoll·ie taetUl Cnl..v 11 1t i'e.,t4ta 1D S~bltfl effSc4eDCJ 

over Sltcpl-e :, end~ o~t6t -..b~ect to e~ ,..um o% t:> ,. 

uust 1'1ll:01b tile caao•• 

lu the P:e.senfl cb4>td1 we w1ll conaid.eJI' \he th«>>'f of 

doLlbl.·e seJU1)11ng tar· straUtioattqn to~: 'N>tb a1nslo.atlf.le $1<1 

fi'IO•et~Se aE~tJ~liQJ repeated on two occaeiona witb. partS.£ 

replacemen' of tm1 ta (d.l.'at.et.£Se Uld.te in o ll&e ot twc.etlll8e 

»aJ'ldDm •fJUP11DB) on the second accMS.on. 



• l.7 • 

.ltl.,.lll'ilaJ IC aiMI,".JIIW!JI,t.•411ala·•• ftl'at we t)be\1 

eonttcter • 'lf/111 roatrto••• elld po\tcula1' ca. of •• 

4otlbl• ••gltne tel' ft.J'~t:I.AonU.O~ •• uaa.ae tbot th• 

poJU.l.aUon ta U'Wldod illto \we ava,,. one oonlis'• ot 

-&I'd •• oD Wliob r1 the 'I &date under ... cortdderaUo.tt. ~·t.a•• 

'aluee other tbtt2 P%'0t wh1.1it the othG" oonetat.- ot onll 
I 

auah Ufll'\8 tot- wbleb ,
1 

• 0• ~~-.,___- '·· 

Let 'thel"o \'te a ur.d.Y.~_.tJ..~ flnt ~· JCptloUon 'I w1 tb. 11 
. 

aa the vS'iete. L•\ tbere be H Witte ln tho popul"\\on. A 

.-tatn nuatto»et tlnt.ta •• lir»wn ~ hate It• 0~ tbe 

l'teru~ainl~ eud.'• bate va\uea rs. ~ o. ibo ~ ot. ..-o w4 te 

1e G:Jt brlown, Lot We rwalb• 'be • 1 GlJ4 pat JWJ1 • •e• "• 
wet to oeU.ate tl• popul.atton aa.-

to eaUmate lllt e an fl!u11t:lm atol' of eS tbaf Y.- •• i 4. wl11 

b• eu:tdoteat. arow two ata11,Plins prooedLlree •• ope to ue• 

( l) '• a 811114• r~m •GDl\1.• of dae n Doll tbe wbDlct 

popUlcUota P condeUns ot B um. ta. 
l -tl 

'lbe ot:lmate tor f h -r f,.e 11 • f,. 
&ft4 ita v4!1 enc. la Y(f J • .,... 

e .1w a 
wbere s • '"'~:'"I_, (Js • f> t the etAt].1~· 'beiDS don. 14 tb 

r!i!'!ll'fl'lt. 
"i 



• l8. 

Alia •S4eat eDile ct theae '~t' e wfll "• uro 4tl4 their 

lnolut!on!n 1be afi!Ple te!• to •-~•..,_. the ed1Pl1!W 

. I 

Jt with .,.-,1!W GJ)ced1tmtea of ~ta fte·• unt-t.e 

b•.trw aft> Yal.Ue1 &'te tbtlld ~ l!eted~ 1110 

M safllt.ed tb8l'l 
I sa 

"l ............. 
-'1 

.. .g .,r;. I!. f I 
1 

thnt ther n.-.4 mt 

1 ( S.el 

s 
'Whe."O fJ is tbe "fat14ltlete •he't a11 mtl'~ uM ta G'r$ GC'lUdtl<lf 

1 I 

If the PQJUl at!o.n S • ••Umated trc~n a eb!Pl e t-~ et~DPl• 

ct cd. n a, S t o_, "• tbc.m ~at w1 tb the 8#4u *'-en· ot .., 
tldt• the fraattcr.uit redtlcUon !n tbe 9ar."!illoe of tbe estS•at. 

te (J.Pl) ,,a.u ~ 
cs.:~ 

2 I where V • fi Je t!Mt ccett!cf.c~ of 'fGl'iatf.on J.n the ot-S.g!na\ 

pcJ:1UlaUou• ( Coobran' • •IIJPlfrw Tec.mtqu•e P88• fO) 

(it) llo1r.,tt 1t we oat.1rl) t t.lftci llft4 1t •ia tbe aero.tmt te •• 

o.n re1.10r' to the eetboc.t .ot dou""l• adUPltns. w• aetect a 

prel.itatnS~J la-rse I.SllPle ot dza at t.rea \be c:utst!ts poptdattcn 

•• aappoee th.1\ f)Ut ot rif • n
1 

W1l ts haY• YQl.uee attt••• i'JOil 

ae10 ~ a2 • l'l.o1 the vatu• ze20, tor tte vertete 1s• :h'om 

111 n:>x..a~ antte, • turtbe.- • .,..~e ot td.n ft(nJ_) ls selected 

where R(ni le 4 rat'll1om 'fliJit~le defined as toll.owat• 



l 

.. ' 
I(Rl) • D lf a

1 
.), ll 

R( a1) • ftl U Dl < Q 

i-3t~. 
wh4tre o 1• a f1ae4 polAUve f.ntes• 1eea ~~ Dl nt.t. ••d•• 
ltoll 0 tD nt 411'¥1 R(Df fi'Om 0 tD D.t ~-.... ··-~·· · .. 

the eat.'laate .... ar· Ja(nj.) Slvea an \llblaaed eaU!l:sG'\e - mean 
• t of J10pul.Qtlct1 '• wwe 

RC~t) 

fR(n
1
) • C ~' J,_) I R(u1) C3t6) 

ltDi bu Cle condt \:tonal v ad dlCe 
' 

, L· ... 3 
• [ p~+ ca.al 

It 1a·wo1"th mtt.na \bat ll (•P{ N unite b$e tuiJle <»netan' va18• 

o tor tbdr f•Ydll'ica\Jt1n.t8Ed ot ~. tJ1eD tbe ~ve tOI'II.lla n;.r 

cod Uorusl. v•1 Slce t&kee the .torm 

a 
,•,. a [ ,:. ~1~~~~-J ·!~(~!!_ dl. o)

2
. ' 

R(a
1
) , a 

I (S.?) 

v { .;.L 7R(n_J )' • V [ s ( ·;t· · Fa(n,l / R(n;J J + 



• 8) . • 
.. 

.. , en •• [' l ;;.. ;lt•t) 1 ll(.y J j 
• !~ .. '~!. ~~. r ,la + ~~~t.]' . 

nt - L rt .~ 
8 1 

S K ., ....... ••• 
J. R(.nl? (a.l) 

.... , (f) • Q 

~bt ' 
R(oj • a. f. wbc'e e. can t• 1111 vca.;e ttoa Q _; 'is~· 

'· I 
~ ·~-.... . 1 -·- : .. 

• l1l ~:lr. • a • .;: ~ ... 
' E- .1. 

• j- B (1. ·.i-J 



• 2l' 

J.t rtf ie VEfq l#J;;G ·<:om.P,erect to D then ~(Ot a D 14 tb 

n probdlit.,v wblob te -very closo to l. AS rl 1no:reeces 

\birrs pi'Obdbllit, acuv~ee to 1a al14 n-E B(n{ (l)d V 1\(raJ? 
I 

bO'tb ~d to Ze'IO• 1n &1Yi case D.S R(D~~-.. V ll(D~ v4U 
. . 

bo _.mall7 1111 $111;11.1 tbllt ~"I~ ~t fll4 . ! .. ~~IIi,. 
D ~----~~ ... 

be .;reeJBJded. as ·ftGSlialbla ae compt:re4 to ...1. wblcb to the 
D 

1owe:r botand ot E 1(;.
1
, .. • 

.t 

fbuo '[ ~ Pa(ny) • ~~C-~i_ i~ 

.:t [ h ~:i!Lil, • .. ~~V!~> + temoot oaodel' -~ 
& ~:!~.a~!i~. f! • [»~ • ~'-:!.1) ~ ~. 

• n. (s.18) 

' J t Sa .or tJ;l mt.mtiord.r.rg bel'e tbut 1D DD st ot tlle tat.~ ke 

on sa»ple ~vcqa the ~~& <U,.UU to givGD ee an e:uot 

upl'easlon tor tho YSJ1tllce ct &Mlble $t:rnPlins Eu:atSDo~ 

'lhe poced.Ure descdbe41n tb.ese tools.D is to eE!eot e 

eu'b-ecJD.Ple ot slze· D cu\ of n
1 

ll'l1 ta falllna into flltet 

stratum '•Q• ll)n.zero e\l'atum• in the p~elimin'ti?)' Ofa'J!Ple n• 

tor oa\tmatlta the s~ata oisee• lf'ovfoverr, t4n4e n 1a bCUnd~ 

atove by t.be •~dom vaft.d)].o ~t11 (0 ~ a1~ n')• :lt cen \e QGVel' 

tl'ee'tl~ 48 a constast t1xe4 .tn advance. ~-if we obooso D 
. •~~- s<'.,.,.,e 

ao a VeJ"' smEll p&e!Uve iD\es.Ell'1 t.llare ~- ealot ~ 

I 

' 



• ee •· 
•· ph\lmift$7 alSDPlea wld.cb OQftifl.c unt. ta tl'>a tu •• . . 

atra'ti.Ua wtx>ee t..tal. ntaber la1eaa 1hdl a. ~oaelr 

•• CliP tX»t •oleo• n l.rlS\e "rom the• e-.1ee-. Jbe metbo4 

e.doptfi4 be»e,. det1DU\S R(aJ) u1u CS.4) ~e to bft ~· 

oft:J.r 4 \emaU. ve.. fo diOA4 Urmetfla8"t »ep! tl'01'18f •• wUl 
"Q. 

* ".._ JleDc•torth use the pb:r~ • 4 ~aa.npla .of ISze a '" taken 

ftall tboee nl ur4.tf4 'tUt' It should 'he 4~~·~· u • 4 

dlhaaf!Pl.e dee R(a1) ie t~ trcm V.eo D;t f:4Jd:ta1 where 

B( a; • ll S.t 81,~1 ft aJd ft(D1) *' Dl lt a1 ~ rt >I 

SeaS.».UIIIQ,.llilAidhl &LIIitnAt&it.~t:. tCil.liJi• 811'1Co 

P ,,_,~ a 
• .. A ... 71 ..... l • Vf/11 •aU in co~iaon u!"b p 

1 
, the v r;i ~· 

a>rl'llla (BtU) OfJill bo 1\a~ttber ~podQJated b1 . 8 . .,a a! P (.J.p ) '• , .. i. .. a-'· + .,i ••• ,.at •.•.• nt 

I:t o1 ia the e»e\ J«f t.nd.t o1 mell~·~s tbe v.Sate ra. 
d14 o2 the CO a" P• &ad t tol' detarmiltS 11batbezt 9' • 0 Of 

,., I 01 thea e ad.tfN.e coat ftmoU.ca :toJI tlia p.tt'tlcular oaae 
of doUble 141tpllrta la 1 

whar• C ie the to'al oos\t 

JUdmialna Uta V &ri~co 1ft ( 8•18) with res»ect to rl eD4 D 

tor ttle met tunoUo• ·(a.ltJt"lt ts oaellv tteeD tlla.t 



- • aa • \ 

I ' 

ooa-:respon4 to ib • o,ptiaa~ .uo.&uoa. file ~rue40li to:w 

•• Jd.nbta varSc- !e ... -~- .. · 
~ !t /c~' I . v • :-c CSJ,JP1 o1 • x1 (1-li.i,)-· o8 ) · -· ' . ' .. ~~ ..... ~ .. CS.la) 

~. vadmce. wheft or:tJ.r a atmple ·~· eAJ~Pl• '' -taten iii ,. 
D 

1be 001t AaaotloD SD \hie 0- le 

c • ol ao·• •a o 
CS.l8) 

• -
wbu. 11o l.f tbe Dumb_. o~ mn.MI'O uni ta in •• •ell»l• ot 

alae o, wblle ol. aDS o8 •• AI bd>r.. fiddrc \be es;peot~dloa 
. •· 

ot tie ••t tuaoUon we ~ 

a c ia (plo1•o,} a. . .8 ' ' s . 
lbe opU..- • t.daPGe Ia U • cu.• le edc:lentlrJ -c•• (p l.o1+oJ 

Htac• tbe double 1eJl.ba. win 1le ot q ~v &fttll• U ... 
a! p ' • 8 

...... ;; .. CP;a.ot-•w ? .Gt •. c s1Jp1 o1 + t 1.J(:a,.pl.) •j 
a s .a 

'bit 8 • '1 81 + '1 (;a,..pt 1'1 · 

wbta tbla rolatto·n la u.s, tbo· etov• !Dequ~y l'e$aoee to 

.a l s . 1 ,;L T . }!~.'.l:!.i."ll. ] ) o 
.t •• ·Cs.l?J 

wbtob '_• al.w,qa true, unlue f!!-.~~~~ ~~ • •1 

y "1 '" 



t 2.4. 

ttl• coettlcient ot • 4datlcn ln th• ncn.aeJO l'&rQtum1 ill 

wblob cue. tbe a:lmgle rti'OdOm aernpl1tte a'l4 the dou~e •~1~ 

pstodd• tf,l au., pred se eeU.ates. 

a.t.JGM~I ,141Pit&Di .. 9.Qd.liS .allluiQ..Ds. auppo eo tbu' v. 
•alllltns ac'belle on tbe fiJ'et occ.aar:lcn is tb$ sdle •• deecdbed 

-&..'b. 
in (Si) ot noUora a.a. On tbo aeQI)n4 ocoaai.Oril··re,a1n ap tl'.d.t8 

tJ'bm the original asaple ot n unlta lltd aup~' it with 

nq, (.q a 1 • p) S.ndepemeot LJ)i u soleoteci .bolt ~ ~ rcn • zero 

unl 's ot 'UJe p~tel.JminQ~Y lerse saJl)lle n• t~ atreab ter 

the MOO~· ocoatd.on. go,. the eak.e of dmpl1ct ty •e tUUlUite 

that the sliD911n.s te done with repldCemertt on "'tb tbe ccc(481on-. 

L•t 1 -nj) ,,., • -n;-2 ,, 
• meat~ in ·tile ttr at str a.tJm f.o~ .tlret oocaeion 

baeed oo tl) U»S te wbldb -• O>R:ob 1lo to tb the 

occaaton•• 
1 <tl"V 

;nq .. •oq·~r, 

'V)\' 

• •til t.n the tuat svafwD to-r tirs' occa!d.oD 

'baao4 on nq· tm1 ts •bS ch ure !n the eample te7 

bued en q> un1 t.~ which are GO~t'£Mln to ~ tb the 

OC#..S.ona. 

••• lnq -L1r1 
nq • 1JlofA 1n tbe t1ret e'tra1Um tor 15GCOD1 ocoae1on b·~ 

n 
" 

on nq t.rd t• whtc~ are 1ndtPendently selected on 

aeo:>r:d occuton. 



I 18 t 

nl. + n' n-1 • n.• • • I,. .... ;DP 1114 ••2a; ,1 l'uq •• unhiaaed e•Umates 
• ott the populaUoB me.n to'l lirr;t ocoaaton.wbtle, 

•• we 111.ab to ostial ate I bJ .a Une# ec~Jn....,Uon ot tbee• 

foUJt eattmatoe& 

where o
1
* lu th• ll.lllbe_. of mu.•..ro ele~DtDta in the pre11ad.nt#'J 

large ealt4a ot else rl for 8&COI'MI occaaton1 llld q • .L-1'• 

The -.ecw vulue of \bla Uae&J- eaU.&to le 
' ,.b) f + (0 +.d) f• 

lt tbS.e UMS' eaUllate 1e to be an uflbiaaod estimate fott 

• x• 1 •• =•' b•• 
a•b•O &Udo+4•1. 

fillaa, the ltnotl' eutlmete teo:..fttee 

t . 
Jt, • nl r ,,!II • • • ] 
oto ~- l a "'JW •'1-oJ + II r'QP + (1• c) r'IIQ (3t19) 

ami \he V~dloe of ti'l!a eat1mate1a 

a2 ( v u • Vm}• o
2 faa • (.1 • c) 

2 v46 + aao 'J.a 



• ae .• 

Bow wa wdlt t.o cbf>so the ocnetlllta a an4 o 1D -•ucb a Wtl/ 

t?lo\ va:rl~ce or tb!e lino.W tmb1~~84 eat1m cato 'becomes 

mltl.m- Dttterodat.t._ tbo tUC;Pl'eeaton to• tJle vurlo.nce 

ot this· oatliJGte vd. tb reeeot 1o a dl4 o Ol4 oquat.tas th4e 

to &'eft) 1 we bdro 

.ea (Vu + Vr) • eo v13 • o 
' 

20 v l8 + I(J,.o) (•l.l v ... Ba '13 • 0 

ft&eae '\'10 ecput:l.oft.G aive 

'a • • 
!~ Y.ii • a If nr t 1 t n , • r 1 • 

''u ·v~ ''• •Yiflla) • '~ 

ft.l.ls fihe esU.GJate .tbr tbo pcpul eUoa mot.ll on tbo second ocooaioD 

te cn1 • a~ I et1 f • • 
Cvii • v;;r·ti33·+ v4,J ·.rv~ l vls v,..tvacf ,~ + 

- , "'" ( Vn + v.,) ;j ~p l v,, ( v, + Vu) - '/~ J j!'/ 1 
\l·~~J 



' f(J • 

wh~ 

v u • '!6 ~,}..- ~~ 

'as • P.J~~t>- t!' 
'!t~·). a 

vaa " 'i• .a. 
\ 

'• • . !f.~£. f.p 
sn• 1 

(l.at) 

'•• c:oeftlcen' ot ~tatton 1n V1e 1:0n.ze1'0 etratum l• e-. 
' 

on bet.h oaoaeAoo, tbeu 

If. • !sa~ • ~~~~~r .... r »a• ~,,~~«. ... J c:t ... 
:r 1 fi1' &J' t 1 en• 

~ 



., 
•• a, .• 
'· y~ 

I IB t 

II ( .. p) 
..1 ••. b L • 
2ftl 

!~MD 'OJ' • f/ tl 
• 4 f!' .12~ ~-~a" • 
CA+·B> 8 • o8 

-~ 
. ·. '(-8.17) 

•a• .. itDIZI\Iatl&&D ,JI~,fi.dla!ll U. let ua a~ill*- tbe 

,..,uoul., tJM of doutile allllltrw l'tPNW on ·1aflo occulotiat 

ooual4ue4 e:P.Ove t.o \be 811\td'al o--. ot dolal'le UBPllns lo~ 

atrAUfto~tton, repeated oa two occa.r.one. Let tb8're be k 

abata.t4tb avab slsee • 1, •a•••••••"•t ~~'» wheh 
K 

f:" a;. •• 
~""\ 

The »oPI1•Uo• me.n on th• d.va\ ocoalllon &·s 

i • i P, f, wbere Pi • ~ 
( :::.1 

• .....1... f'lt' th 
6ll4 '~s • .,-.,: 't, ra~ .ls the-~ lD the~ a'b-atu. 

M au uUmate o1 'h1• we Ofll uee 

K A ~ ~ + .!1~ 
; .,, • ~~. P, I'' Dt) where p1 • en• 

n• 'betas \be atn of lht:t prel.Sid.Dalf l&J'Be .-~e tileS a{ e4 tf· 
the a.ulbe o$. unt ta o~ tb.t e •a~tt;:Q.e t CU.ltts tn tbe l 'Ul etr QWSt 

Oft tirst 6114 eecona OOci&aloD ftlpao\1velJ t Etl4 n1 '\be af.ze of 

the AUb~e toJI that at:ratum. 



•••• 
lb \be ·~· o-coutoa •• n•.tn • »o•Uon t&rta ln \he 

itb. abat(Qm ~~ tbe\ ooceuton elld dlPrAell\Gt it .S.th a 

t•eeh •-11• ot d ze ( 1 • 't.l II£ t.tren tndlp•d• t1t oa _,CI2d. 

ooc•aalon. 'lbeft • b411• ao~ u. .cb11ow1• tou ••U••'-• 
~~- s·s · ' <fatl 1 • tr __ ,, 7 '&"1 · .. · 

' I 
"'~- ............... . ~ .. 

<retia • 

To obWD th• eeirliDate tor U. lle&t'l ou aec~>ld occuton, 

•• to.-. a Un...-r O>mblrul.UoD ot the~e four .-eU.at•• 

H tbia '• t0"J?.e an li'Jb1&aed ••U•at. of theJ poPI).atlon .._ 

oa tt. ~ occ..,ton1 1 ... 

J<... 

f• .• _ t_, P' fs r •• •• .... , bla'• 

•• " • o, - 0 • 4 • J. 

HeQCe the tt-'1••'-~ ... 

• [ <f ,t) 1 • tf .~a 1 • • ''~.> 1 • < 4 • o> ti~J a 

(a_&,)) 
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. 
wbere s: &a:~be •lificace 1ft the i th e'ba1UJI on .flret oc041Jlo~~t 
sJ. 2 la the v Gdance in the l • etra~ on the ..aoD4 ocoaato~~t 
atdfs la tho oo•;-.-aUoo O)eftl.f.d.ei ~--- cbaewaUob• on 

ur.- 1M eeoold oocdiou ot tbe unt. t.a so i tb. •tratwaa 

)U.rd.Jde1Da the v ad anoo O.a» •• bcfe 
. "'13 VM 

• .. .... • t T t f'RW ' I II .. PW 

(Ylf' 'eJ''s:t '•> • v~ 
. v46 tv11 • 'e:d 

and 0 ••••• ,.,. • b ................. . 
._ 

.. 



••• 
• ..,.utuurw taue in •• aprea.etoa. tflt -••1_._. 

aBbl.aet ••••'-1 we aet the l!e•' UuaW onbaerl ••\1Jaah. 

'!'be .aat•• -...s.aa. ie P.ven1 u !te.fcl'e ~' '· . 

'• [ '•''u • v~ • v~J '· I ~"""'--:.,_. ' .. 
• llil' i ' ,R j • I 7 I f • 'l it U '' I !f t' • 1 .••• 

••• 
• 

.... 



., 4:t.U iSS~ ln tho pa-ov1oua Cbgpter ~we otudlo4 

a ~~Uculat oaee ot dRltble asn»l1ns repeated on trio occoslone, 
~~ 

w:l'b »•U.al. ~e.Plac~~ of Utl1 ta on second ooooeton.. ··· 'bo 

4oUb1.o e~ttU ~natdereeit wao t99lied to • .P0£1.114~':' , 
oODelattns ot eioale at .sse &rd. tB cmtv t nut freqPentlr ~ 

pop\alatlor~ te U"'S4e4 trite mul\\elf5e t.\Ct\a lll4 ita •ws'\US.caUon 

aco01"411'18 to too ft~et tt~o tid. te ls ooll(d.dfd'sd osoen14tli 

Xt tho e\ret~ eSzea t~e etJtimatQd t10a a preltm1nQrY' lc«se 

aauple tiom •1:4<!1 a S1otb • ~· of flJtst at$o unt t ls 

fileotQd Sn eAC'b e'retum o:c1 tNtn eQ.Cb flrot. attge Wl1t6J of 

tb.Se fllb • ~let a nt.mtbet" of aocond st.ase tm1 te- 1 s ed.ectte4 

$4 I'IOtn o4Gb or fbeoe ~ et£.se w:d.te a nW'l!hui' ot ttd.l'4 • 

atase um ta en4 att •• ~ thl.e tl~•ra ~que cq t.e 

callo<t two • Pbaao UMl U~t1\llfA& sdJl91tns• lo the preaent choptol' 

we FQJ.»ee- to obta.bl tho GPJ'ol81ons to~ tho un1d.~ eetlmllt& 

tO" the pop.tl&UoD md4'-t a~4 Ate val'leJWe, wbat1 tbta \ype ot two 

pb.t.itee mu1 tletll~SC ed!J»l.iQS 1 s ~-atod o~t t.o ocoastone1'4 Wl 

p-Ual repl.Aee!Df.Wlt ot first • .e1h,8e u.nl to on aaoolld oooeaton. 

'lho etu.a, wtll ~e ~eav1cW to two ·atliiQe e~U:.g OnlJ• 1 t 

wm be tW"tbQJ aea=ed ttwt aU the tll'ef. etcee \14i\e C4ft be 

dlvtdet tn -.o ovate, 

($) the ono aocalattas ot tboae tl:rat • ataoo r.nt.tts w!d.Ob contllln 

at leas' one mn • ae:c e.ec»~ etu&o • u.Ql ,e, d 
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(U) tbct otb• couateu-as ot tmH Iii'•'. •'•• Ublta 

w!Dee all ~ etc• • UP! ta •• ceao • utd. ta, ( # 'th 

.-114 ataae tm1 t 111 i th Uret a tfSe unt \ J.e a arro = t, 
tl Jt~t \he walue ot tu v"'l•te on that ur4' '1a &CliO)• 

•• -eh..U tCA'.thO aa~W!tlt that replaoem~Pt on ~ .~oo.S.On la 

4Clle .onl.J lD ftl'et • -"•• untta, that 1e1 4i1 t£• ..,4 • •'•• 

unite ·~led on the tl•et ocoeaton, hell title a'?8'\"atas• Uftlla 

QOB!X)D to to\b tile ocoaalona •• ~atnet!l oD HCOl1d: ocoestoD e110 .. 

-.,a ~~~a. ata~~t !E . ..:.elltiJI!!i!!!i.C?ll.,tf'.~~~~lJe !i!!l. 
ato! .. aS••-\UII.ta. 
Le't 

B • eudld of lSI' at. ••• W'l1 te in the populnt!oD 

Hi' rut!b• -ot tiret etQSe W11'a in tbe .azet atrabt 

R • aall1beJt ct a.ool'ld etese UD1 ta S.n -e eCb ot the tll'e\ elWJ• i 

W\lt .. 

d• .lee ot pattl1m1n.-11arae efll£4• ~~:>r MUI'latlna the 

pro tor \Son p 1 • "~""• 
a

1 
• m&Ube» of ~ et at~e um ta 'h6\onaJ.ns to the_ a... et 

atret.t~tt 1tl the eaaBiile 11' 1 on ~e tl-ret occadon, 

Dl.• zultbel' ot ttret •'•• t.dta belo®rss to the ftret 

e~J~atwn 1n tbe --~· rl 1 on the soao1'l4 oocf.Uilon, 

a • tlz.• of tbe sub .. e.a~J.a• ttca 111 untt• belo~1Da to 

.tlwe' •t~atull 011 t.ll' st occulon, 
• n.ur!,er ct 11%' ot e taso un1 t• coar:r.on to to tb occ ad m., 
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aq'a al.a.»> • ~· ot ftr;-et ett~So ~tafae ~ ublte WoDSiDI 

to tbe Arst stJtatum on: tb& eeool'l4 oco..,oct 
a a .....,_ ~ oeoofl4 P••unlta hl:lm e40h I'JI tM ll.rP l 

et~Qe W11 ''• ~~ ,_ 
f1.Ja_. t:.l 1.- 4 " tneall I)Sf MOOed. .tog& uni\a ln·~-0 etratte 

GIP l' a· .,_. . 1 
... ~--~ 

to• tbe 4••• oco.Soa tor J'lnj; ~ '• w!ilo~·· •• 

OOflllOD to bOth oooutcm1 

1 -.ntv'\'1\ 
; o • .-.. I I: r. 4 • Dle&D per ...-M •'•• il'll te ln ~D~esro att&tua 
~ •q ,· a .,., . . . 

om 1be MCDtul \'ICOldllO» for tbe mq UDSt• wblch ate 

tn tile~~~· to., ti~tet occaat.oft orlft 

• . 1 'f'IV'n\ . ,-t • ........ Irr1, • ae.a.p• tteQOa\ et•• unJta lta mn...-o evQttm 
R ftaq 1;'1· tf 

OD tbe MCCC4 OCC4110D t.;>J' tbe mat .• '~$. ttbich aN 

4n4e9~tll oalectecl f($11 GGQOU d OGC-011 oalf t 

tor f 1 tbe »oli\ll~t.tco mean on tba I be~ occQad.o.a1 

. wbilo n + ft! a • o1 .. i ........ t ..• f• G1'l4 ~-··•••• ft a're uftbtued eaUMtlle 
• ~ 1 ~ 2 

tos- I' f tbe popa3..~t!.CD mctat& OD -- oeooDcl OCC aa:lon. 
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lt •• ~ a." thd all \Z. A••' •'-• uat• W.O..., 
10 tbe fl~•' 1M e.caon« attaa '~•tPeo14¥8ll od fire.\ oooutoD 
~eloDs le the ... atra- OA eeGOD¢ OOOaioD .... We • • 

•• to •• u..-. ... b1 • liD•• ---·- fd tbt ~- .. 

• . . • • L a1 + ~ , i it.,.,,. b w: •• 0 '\• 4 '8) • ;;,; .~. -----~~·- : 

., . 
IC'JJ .• (a·+ "). ¥ • ~· + cU f• 

II .,y ft ie to ,_ .,.. mtblant£ ••"-•"-to.- I• •• •at 

•• b•·O 

«•·• 
llalloe It. L•'•. '" • o ~ • ca.o> iLl !:J !1. 

, •• a> 

a .a 

~ a p (_, ) 1 .. 8llf blii . .\~ ,. ( ..... .,. ) .,.l + •• ,. • •. .. \ . . ~-



••• 

iD #~e\ atra~ 
' I I 
~ • ~. tf•, • i!J 

1.. ... ~! '.' 1 ..... 

t':l 1 

• v ade.ttee 'be..._ til' •' etas• unt t• ou ·aeaolltl. ooouloa 

ill tbO ftr .,, •• ··~ 



J ff1. 
lVI 

• • .I.. ..•• I. 
Ill l'.::l 

• v (ftcJtOe .s Wrw s tb ttrat ate~ .ant' on eeco-' ocoaaton. 

.ra4 N, •' tiP • • l, (J"l • % J) ,,, • •1> 
1$1 I I Til • I 1$1 I I Ill t• I ....... 't I LJIIIII!IIiill 

••J::r. .... 4 ..... ,. •• ·~~ F • .. I I d a.;. 112T 'I taa')a T 

l~l ,,, • %~ J 
""' M • • !.t <r,, • rs) "' • ") 
I• ~;:.I :ta IIU; a ;n u • &a IIi 1 J If ' t11 1 11 ••rtnNI IF r; 

. Nt M • 8 Nt "'1 • 8 J
ll a I II I ' IT ••• , IT lfl IU I IIi Ill t riA I I H U I. I I 1 II. 

, J.~ .. ,<ra~ .. Fs> J, ~ .. , Crlj • r;,> 
\ ''•6) 

the •••••'• ;i la 'beet poaelbl• U.aat.\1' unbiwsed ••Umate ":' 
• tb.e cona•a.ats • 4G4 o _.. abo ua £a auoh •111 tbat f('t,) S.• 

ldrd.m.am. D!tfer4tlltlatlra ·•• Miinteaioa Cl\2 rJsh\ baP4 atde 

Sn (ttt> w!tb ...,epeot to a o.r.d o .OS equattrw the I'MUlU.bB 

81Pf"fta..S..110 .-ot fll4 ao1'91JJI to• a 1134 o •• b4v • 

v v 
~~ .... •• • (V .U. + Yge} (Vas+ VM) • v:a 

(t.?) 

( V11 -1: v'\,~) { v~~. + v'tf~-t J -~ Vn 'L 
I • 



••• 

• v44 cv .u. • 'eJ ci~ • ( ~83 ,., ,f '~sJ • ~i.·A ;~ J 
c•.s~ 

a:n4 b.ae the w sd.e.tlOe 

v .. , ( v 38 ( v u,• v . ) • v1 1 
~ as l8 

• •••• Ill' !II I till tlU flllilr I lA IAI I ll'lllf II fl I 11 , 

,, ll. 'rrl'' •• '"'J• ':0 
wwe 'lt• AM deftned 4n (4t8) 

Bc\1 l.t •• -~ tbat 

8 st .Ja._ 
..:JL.. ~-·. c GD4 f. l1 · t1 a 1 

Vsa ·V 1r• .:.r,r • B · 
l 1 

.I L.-nA.tA.~l~~ eJi~) 
( A.+D)

9 .cl'-



••• 
••• .1'18 •• .e-lll ,,. ,.,.,, ••t&•· sv ·• .saaseii9MJID~£~Y& --

Let at• n1, D~t Itt 19 aJ'd aq !MD dttlr.aec! Jn the~~·"" 
aa ln uo\'lon '•S.e tA4 1•' · · 
H. • ~of aecQftd e\,_e~W'd.te In bl ~ a~i1~i'-re·un1te .. . 
bf t.be a.a-a'\ at.e.tua (& • 11 2au•••• • •t 

. .. . . til ... 11u • lllmbW of setoD4 e tes• UDS\e afii~J~le41D the l til' a' 

•'•• Ulll '• ot '&ho tll'e\ euatum (S • 1t e, •••• ··~ 
'rip • 

~, .... r'· ,. 2 x .... l'fiJL\ 
1. D.P l ,:, .. -"'-.-

,. '""" • • ··· .• , ··" r •u l<t~tl I • nq li1 l~l 

r. •. a.., .... 'r'\p • L: •J.ll(.._, 
,• .. st1, l ~. 

•• •• I Ill I "'"" •• ,,, .. ,> I [ 
I • • i=l DqJ11 

~ 
Nl • I Jilt -~· .1. (:-1 

.,..,l. 

(~!S) 

• .I. L -, 
11s .,~, ~~ .... t ' • 1t 2•••• ••• 111 · 

• s--e eeaa pu • eooa4 at •• tm1 \ in U.l th ftre\ 

atq;e ani' of fl~et etratum on the 41' •' occuton. 
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•'-• ual' t1011 A• at avetua..oa tbe aeoom ~oc&lfloa. 
Jlbllowltt~ \be Pl'Oaedure a!cPW lD ( 4•8) it. l s eat~~~ to 

,... t1at V.. urtbf.aae4 e.U.ate ot. 101-m (t.l) tow tlle 

popllatlort ... on the eecond ccc.ton '• -.--.in tcr ,(4lttB) 

CiS S. ta "l.d ance 'h1 ( 4.9) , ' 
... ~- .. :~.R· ... : .... 

'''-»r V • .1, n •••• 
28 ant 

..... .,. alb 
[ 

1 a 
llq 
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• 6.\. 

I, I 
r~-~ ..... -· ... . . .. 

aJd ,._ ;ao~~tt~ maan in f&rat. evatum on I!» a\ occ&aton 
• l I !! . 
I • -;-ar L H ,., • 

.a. •rl ''=-' .u. • r' bdna the ·top4ots.on •• 
,_. ~· eice uNI OD d.Wt\ OOO&!Il'iOft So 'UJ8 & tb fbtflt 

ataae \Ud.t ol V. drat atrawa ( I. • lt'*t•••••J 
N, I 

J .,,!. • l . (..:- ft • f• ) I 
%b ftl ,:::., KJ. , i .l 

1114 -.popal&tloo m.-tn ftra,. etratllm oo ftret oC.tCaaion 
' \'1\ 

f• • -fr.. 4- •a fl I! WD& tb• JO~au.oa ..-1 1.. l=-1 • .. 

per ~Dd etc• ura1 ta on the aecof14 occaatoa ira U&e l tb tU at 

et·ce u•• ol tbe &et •••• C Ia It It •••tiJ( 

4114 1 ~l· e 
sfs • •· ... !9 cr,, • J,> •u J:' -

• JOPU laUou Yurt &nee • .,! tbS.o I tb tll'at ••• tmt \ 

mm 1Uat ·abQ1alm on the tUe\ occa~Sont 
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•••.lolm~J;It&a. TOo 1c.a' tve \lhr:otcre wOM t::evo~ aar 
#n<it ng tbe boot l!nfJQ11 uttlla.ao<t eat~q.to f'o:r tho tloat on 

\be oecontl occafi\oa $14 i te v t~l (llloa w~ a purt1Q4~ 

t.YPe of <.tJQblo e~pllf.ll· le ro.il04tod oQ 11No· ocn:~pe, with 
""'~--

pattttol rGlacemdlt of untta (Urs\ steea tmit~; in the 'ollie 

of tJo. et~e autDpUq;) on aecom occaetcn. ?:be v ar1 ante 

WAS mDSmtsod u4 tb ~teeoeot tc tllo co:u.~tdlts of tho l.tno~ eett. 

meta. itte alae nt ot tbQ P1'a1.4m1n«r~ efJbplet a thA\ ot 

to» eecoD4 oocaaton, tbe eQJ.nplo Glze. m tor eocontl stcee tm1 tat 

uel'e dU etfJJ%164 to be t'S.xec:t. -aut tbeae n• , n, D Ell& m Oa'l be 

o!)o eiD 1" G O.PtimU~ Wtl/ SO ~ to m&nlrdao the V ar.lllllCe fo~t a 

given ooet or mir.dnu.ae tbe coat ftlr a stven vodatlce. In the 

preoeut chQPts we will otudy' the problem at opUn:um dl.looaU en 

an obWa ~oatmote S>luUooe ot n1 '1.1 tileS P• 

o..a 91._. 1\lsgaKQD.. aa.IIWA~&oa••. cMJ:J.•~ a•ila&m.a 

,. 

~ : 

. I 

j 

' 
• ij 

i'be v6J1«11Co of the eoV.ma.- ~~tel' tbe mean on aeot>nd J 
oocaeton when a ainsle •'£.Se Gbuble e~1ng S.a repoate4 en 1 :tJ 

tao oceQ4lon ~th J;>dUIJ. IIG;pl®elZIIInt of UD1 te on aeoolld occalll.or(:'l 
GS o!)t4ne4 unde» the atfU1m,pUon that the ccot.UoSente ot V#1at1• • j 
an ~be Q)fttZtlf'O evatu~ en t\0 tb tbe occQ81ona- are ~dDe1 Ia ): 

L , 
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P'\ttwPo.dcJt oq ~ G Ill" a IV 1t:o ~« - VO~Cbc:o n tp831 

A8A ·~ npt. tA •••t• .eJt.,. IO UOl\.J.tJUOD 8qt •ou'IS 
8o « «"'' ;r, 

" ' '"O~~:ri -r;-5; f ~~~ J • 
. . , btl tUI 

~- [·· ·rc-:rr; • :• J • 
118 ....... ,,,. • a 

(ttJ-r, cJ 

ex ,aa 'J ,_. 
~ [ •·(ta:.f ;tf + a' • • , •••u •.• • ,. .... •" 

o . i'«-t l tc •.-q• 
:> • fl., •• ) 1' J. 

r ;Jl J' r 11 t...,., j '"'i ;. ..... 
' 

-



a 4e • 

n• [.I ( 4+13') * ct 
2 ] . . • ... ·•--eu , " ... "' ........ . 

( II + B') • Ct 
2 

a (5•3) 

c,1 • 1 •• bare 

(S,t) 
~ 

!be eJP;eaalon (t';,a) #.e to be cd.r41DSee4 -~• Dt nt t.114 CZt 

~~eat 1D tbe <lOot QOnntdctraUOna. ibe coet ttibn tor 
t.ho t.trot occutcD can ~o WI'S. '"- as 

c~ • a1nt • oan 
(s.s) . 

where o
1 

Se tbe cost per t.u:d.- ln ucel'tatntqa wbstbe:Jt o 

p#Uwl~ tm1 t I. s Z6l'O un~ t Ott D:>D.ZOl'O un\ t. 

o
2 

S.s \he coet fie'# t.mlt to~ observ!.fl8 tho v.-ta.tel.n 

/ ron.r.zem oU'4twD• 

end c• la tb& total co at ot the St.arV'Ef on tbo Ur at occQS!.on 
0 . 

mf.l'Ne the overall e,peruU tul'e on that QCO&don ob etaUone171 

oonttqJeDC!ee d'lci mQ.ttltenStCe of otclttbticc:l -at~ mt atrectJ.y 

rel.G\ed to tho field UOI'btt 

fbe coet. tunoU.On tor- tile accoa4 oe.iU.liit1i1 .Ul ~­

"W a o1rl . + Osftel + 03- II) 

(6.8) 

where o1 dld o9 fie as betore d:Jd o8 1e \be coet par ur4\ 

toJt obse:rnQB the v~1ate em the lml ts eire~ efll!Ple4 of til' at 
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' 
oooa.toa, wb!le e: te d.Uiled Sa -. ... •• u ct GCePt 

tbat l t a-at•• t.o eeoont oooutOa, 
- - !lOW the ooiD'btne4 aoet tunottoo O-' b• wl'l \'-D u 

Co • e& + c: • ao1r1 • y ('lltq) + o8 <-.>..~. 

wbloh oan ·be wl'l ''- ae 

~ • "1n' • 0 'LD • aL bfl 

•h•e o~ .. sa1 

a's • 0a • 0s 

(8t8) 

11ow co014d• tbe tucoa.on ' • . C a0 • C) 

-:- t ( l.o )f. llt [ l .• ,.l!, ~ ~L..e.&!.~) +) (~ nt + oJil• •!Fl .C•l 
·· · J l JJ: l ( A' +If) I • ct I 1 ~ 

(G.t) 

wbtob Sa iD be rd.nlmS.eed w1 tb ~"•••' to Dt rJ q an4 

J>ttt.-etlaU.r;w (a.f) p•UtAlJ td.tb reapect 18 n, at, q tll4 

). ... _,. 
+• A}P- • 0 

.C\ y I I P • " ~ Sa,,. • 0 
aq 'dJJ 

and o1a' + c*gD • oti" • C., 
cs.lO) . . 
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' I 
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19, a [ C 1 • •• l a • ct a 1 

" • (D') ... ,( .. + ~h .,. ••• ._,. ~ •• t:J 

8114 

CA8-"I\ [ Coif • B'l 8 
• "a] + IIPJI

1 
et

8 ~ ....... 
. ···r Ia a ''] ' • <•) . ,• • 'bll+t..a' • bat • t.6' ,.._ , .... 

• ... ct (JI • tt•)· 

[ t ., • B') a • ct a] 1 

• (nt)•' ( •o••l' ••a'a ••a'' + ... ,• J 

-· •• ...,.., •• I all4 • 

!~..A. .e .a ,-, p q 
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b.•• 
.,1. ec~r) p•1• 4 ,.1. ,,•1 
be•· a('J.ll ,.a+t(:a.r)(S. fcal ;•a ~tl• ~ ... ~·lP ,.1 

~-a .. , ... .• IP-p~~~ -:-: .. _ 

., 
8 

• au. b u• r t> ,.a ,{' .ac .-e )( ~ r';,'> ; 8 ,.a. 
', ,I 1 

, ,.1,., • •e J.aq•l 
• 1.. l. a. _. •I .a .a 

b 
6 
*C~. f __ )(J. r q 1 ~ q • a ca p F 2-

41 ••• ,.1,•1 +2p·~ ) • 8 ,·1 
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S.l t:..a .. I,Mi&la.a&~l l£1a,U48~1CQdYAUH 
''' 1~l, &;.t.i~lda !be pi"Ol'tletna 4rocd)' dlact18na4 

lo the Cht~twe UJ, XV £t,ft4 Y •ose m~, 1l'l ocmneoUoa with 

a BQrfer pla1ned ia AeoQJO -State tw oatlmatSrs rtreo Wld• 

pJ'odUcUon o: cooomt in Jatsetn. !be saner •• first plfim•4 
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(SU) fo ••Um~e tbe eYC'tllG ,te\4 pOll be£1'Sr8 p&Ua 

dld total pSJOC!QcUon of ~tat te e6Qb <:er1Cl4tu»d1. vOrlt oto. 
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e~auon ell •• t .... ewo.e aanSett cut. !be ·~~nt 

OD'eJtdiCMa Vltst baneatuu1 coUecUon ot 4at& on cwttivauoa 
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ael.eotton ot af!JII)le ot \tlllea•• 1ft tbe tat a-a.a!24 • atltbeJ' Olf 

dtatiWit eQOb of ·a.,. ri.l.l••• wOUld,_ Hlec\e4, ·u. mlthel' 

ot euch cl.un-.r• bet._ -.aa to tbe ma..,_ ct tJ-eab 'IUl••• 
·to .be aelecte4 tqr .._.aUtw QOOODl\ pill••• rw .aJI!ltWaUoo 
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the p»cporttoa of wO.l••• 81'.C~d.f8 the ooco•t crop tJe1l8 . 
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In S114Pb DO It the <:llt1c1orJ01 So plotted tauiflot 0
91 

c ~1-1 

the OQ.USO of the coofi'tc1oD\ of 11 e'f14t!oD iD ~f!/3'10 

o~·atum. boo cuneo co:r.-aapofl4rla to p1 c o.4, o.a asci 
Q.S raQPecUvoly aro df4l"n• Tho grcpb ohowo tb4t ~~ 

b!gbos' p1, 4Wblo o~l1qa is tt.ero otficiont ort1.J' it ~'l... So 

otndll, seq leao t!W;D 1. tvboo p a. So no\ v~y 1 QYBe tho 40Ublo 

eaJ.l1)1irG rem4 to Sn ttei"O PJ'&O!c!on oven U '& 'L to aa 1 G\'SO aa 
a.o o:r a>7c• lt to a:loo outdont ~m tbS.s sr4Jb thQ\ co .s 2. 

1ncraa.noo the 1P4te ot dOCI'o~ in eftiotonou !a Vf111 alc::r• t.o. 

r,#tor a cort.t::.iD limit tho ettict~ is not ettoctod ,_, 
-

wob 'by. s ltn't~ inoraaso ln &-·1-• 

.. , 



tal&• ..sa ta.aueta1M.dli ltadrs 
I:U,IW.&I&u. It .11\IIS&s. 

Let tbe JOJUl•'loa eolldn til It tmS•e, 4iD4 \t. 

p,.Oba'b111t7 at t!l'•1ras tbe Stb unit le 't• Oa the tbe\ 
""~ 

occae1oa • •eiPl• ot D uldta le dl-I.IIIDt wltb npi.._.,, aD1 

with V_,1!V pi'Ob4billtie• of aeleCUOD• Vl •. · ..... ft, a •41• 
ct at• JD w:d.t• ot the• ft tmtt1 tw tb• MaObd ·ocoadet en4 

eqtpl••-' it ~f .n Slldepem..nt •~1• ot qa ur4ta Ct • q •ll 

ealected .Stb ••nr& p70btbS11 t1••• the pl'obab111 tt•• ztu.tntrw 

the a.a • w the tbst oco.ton •. 

wM'N 11 te ~ •~nt on tthe tuat oooaeson and 1J. 
DIJaMtrea»t on the tJfiOond ooo.Scm, ors the tth urdt ot tbe 

pQpulatS.m. 

the llef.lllUe•nto on the po utd.'• th«l t~• OOIIDO'D on 'betb the 

occaatotW:a 

1 -.'\ " : • ....... L -d.. 1 wher• • * v ... •4'1 t1q .,rtt BP£ •pDtl· · •••••• •D ..,. 

•b• -~...,_,, OD qr. tml\e \b4t a~~ \be: ·~• on first 

ooo.atcm oDlJ'• 

821d1c111 •• bare 

• -L "Y'I)' :vf. _L ~ -Is 
i.f. • ~~ '2 :t-- t aad ~- •· ·wv 2." . -pra I oPFS ,.. np+\ . (7t!) 



I. t 
'~~• wm ••u.at• it the --· ,. the 180~ period 

b7 • l!rle# .. u.at. ot ._ top 

" it. .. .; + ba"". olt • 4 ""-pD ...- pD -.a 
" C?..a> • • • •• • • It ••• ,.,a) • b • ( ·~ • 0 • ';J + 4 • c ~· 

. ' . 

• •• Ia t••'bl Y • (o+ 4) 'I' 

• 
,ff:tl 'If we ••' bdle 

•• ,.o -~·-4•1. 
fbu.e" 

it • &;qn • \J • o l;n + (l • 0) ;.qn 
(?eS) 

j\ • fba van .nee ot 'I' sa 
~ , 8 8 B 8 

V(!') • a '.lhll+ l/CJtJ) cr a+ Co hal era + ,.11, 
.qD 

e 
() 

• a 
cr ' • 

,.,..,, 

' . (9.?) 

t.J 

f:zz, ~a a-at a f 1'1( BJ. • ;, C aJ. • .. 
N ' 

-z = Ez ~ f rs.PsfBPi • i 
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We wllfb to oboo• the w.tuu ot a -.t o \lua't ldalldM 
• • • 

V(P)• Wt•enUaUfW f(J') with retDeo' to • at'd Ot •• 

htlf• 

lla ( l/»11 + 1/QIJ) crl • 10 P_. G"""• ~hn • 0 
• f 8 . 

· 10 ~ J»a • B(~o) ~ l111t ··• a. W a~ a;, Ita • o 
--.:1\-, 

!tua tbo eaU.aktr wttb tbe 

.•• 'be1t#l\t$D 
~ 

('I .B) 

opU.mm 9 dJ.UOtLfOJt a Qtl4 0 

• 

(7.10) 

How we 11 "'' \o 4•t•d.• 'bat v il.M ot q tt'A- wbS.cb tide 
. ._ __ ,~ le d.nt.~. fber4cw• dUt ... mlcaUqr with rec>eot 

to q ~ tM1U.&t11'.8 to _,.o, W.e bdfiJ· 
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~In \be p:reeent otudf~..rzpUJU on two ocoudono 11.o1 

'botm extended to oov• the o .. (II dOUble a~·'-18 1011 

ztES»eaelcn llld avuUf1oat1on. Tbta '; a1't1cul r# cuae ot 

~· 88!1Pl118 ff111 ... a•uto&tlon when the!-e -· ora, 
two •trata1 olle oondet1rw ot ont~ aero wd. '• baa bi'Mn 

1rhdJsG'lod 1ft QJ'GQtfll" clo"t&U_;] ft1e OaM t:Jt ~~11'8 
with varytru prol\ubU,1Uea f1l eel.eoUon hu& f.l.lp~~"D 

:t!lOlu~} 

~ opUe:tm .ecluUons tv rl , n aDd q b&B ,..een Ohta!Md 

b)'· tbe nstl>'.od ot auccoso1va t.&lprodmatton. 

[Tbe 1,0bf.lV1~ ot tbe Gfficteno1. ot dO""lo o~11rw. 
for Vt$1cUon of p 1 Gild 8

1 
bee 'hOo1'l oaa~n!ned iej)w-4te1.yJ 

lt bca been found tbuC t011 p~ sm~lt d.Ouf.tle odlpl!QJ Aa 

htslaJ ettiolen\ •ban fdmple r~m s~sru. J~·ar p1 11e:rr 
J1J.Qh d.OtH.e odJ:Pl1re ts tJOt v•y effiQ!ent 1414 Sf 1' Je 

,._,~lled at d.lt th• Did at pra1.1dnf.#J sQtple ebould .,. 

kq,' as omGll as posa1~e. S1mU~1 the ett1cSeno7 of 

t'IOU"-le adJ,'Ip11lU la Vf:f~V l'ligb COC;>f#eta to sit:?ple ro.ndotl •d£Pl1ru 
2-

&f S S.e em.Qll QDd decroweee f'lrot r~icll.y alld the!l 

sr~dUdl.l1• 4t~ a ce-rtiii1n 1Wt, the t&U in Gff1c1encJ 1• 
2..... 

~lls1"le evon U trlcl-etiS& 1o S la st.sn.UJ.cQ!It, 

-....11J&t h~ been estimated tor l5 sw.&v1atone ot cocotut 

.. IZ&r.A of ..¥JseJ1Jand lt ttwa ~n toun4 'that except 1D two 

OMt dOUble e~lS.~ S.a rtOre eff1c1Gtlt \hi.lft dmple 

' 
~-
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