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1,1, Tho Sa.POftoo.oo of tbG otudy Of inboi'Attmeo ot qoant1tot.1vo ohcra:Jtova• 

v::ll't.t.oulorl.y !to etwtr u tho ti.e.\d. ot pltflt ontl anim!.l). bl'oedlnst bOll lii)'O 

boon voey wll ~oeliaOO. '1'tl(l progroeo in tb1e ~ttot'l hat,~ ot ccuf'ae bOen 

vor¥ ol.o\7 oa OOl:lpCl"'d to tho gODOt!Oll ot qooUtt\t.1vo cbarootol'll, 001ch f.o 

ocl.nly dno to t.bo foot, the~ ott,o; tho roolnoovery ot llaoool •n pr.t.no!p.leo 

ot borcd1ty u UOOt t,hot<) weo o aontUot. ~othev tho 11'1bcrltr.nco ot 

G.tto•t1totlvo ob!ll'ou~nt '*f.cb o:dl1bit eontlmloUo vo.rlat!on, could l;Jo eapln!no4 

on tho bcolo of ~ol'o tbooi'Vt 'Ohlob <Coa thouabt to exhibit o dlaoont!nuotw 

horodity meob mllll!lo i\otuell1 q~amt1t&t.ivo !.nboritr.nco had boett otudlod 

ovon bofo" tho rc<llocovory of !!onde11sm., Frano!o Galton mtldo olttondvo 

otu<l!oo ln tblo tl.old in tl:lo 18t.tor holt of tbo n!notocntb Ollfltuvy. Datt~1n 

bollovod thot cont1nltous1y vcr.ril<3 ob!Wf!Otoro ooro tho onon \11\ich btld avoct 

illlporl.cnco tor ovoll.lt!on11 1n hio efforts to devolop tho theor1 unllorl~ 

DOl'l:l1n I o boUcf • Golton llltlllO llO PfQ3I'OCD ~1»'4o t.llO GOlut!on Of tho prooblomo 

or llotte41ty, bat bo cltA d.e'fl'be qxoo~ btomot.l'!ool toolo for t.ho doacr1t?t1on 

eM onolyou of vcr1ot.Soono 

1.a, Chon ttcntloUnn b.Qft\4Aty oa:~o to tho foro \'11th lto eophlls1o on ob!ll'ply 

d1aoont.11ll.101111 um,b cbOI"I'Q~te11 it oppootod tbo.t thJ.o ves compl.otoly 

d&ob~ va,t.b t.bo Goltonion otUdloo eM t.bo boUot TieD t~idOOFOed thnt. 

q~aantltct.!vo &rlbl:tr&tenao eoul4 mt bo undorstooc1 1n t!«<doU.tn t.omo. It lo 

to eho credit. of NU.Ooon.Eb&G A ~M,. 13 !'St., to hovo propoood 1ndepondentl.y tbo 

lliL11t1plo tcctot hypot.hoo1Gt acootdilu to vhJ,ob. qUant.S.toUve 1nbet1trnoo could 

I» r.nclyoe4 in Mon4oUen te#flll U lt be oaoused that thot'O at0 ntl::ltlr®o 

Wop;lnllc:ttt. peJ.vu ot scnes, oaob pll1r comrlbUt.W o lll:lllU e:noont. to tho 

dotol'lllinntl.on ot a q;aantltoUvo Ohflf'eotor, tboee oontl'lbutlons beSrl!l olmllnfl' 

ont\ oupplc:11mt.UJ t.n t.bob offoct.. 
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In 1.909, Johoono<!n $bo\7ed b;r W.s expeJ'lmont.o em bo~WJ1 tbot. YtWiot.lon 

in a etwoctort euob as bocn ouo \'1tl$ t110 oombinod l'oau.lt ot ao.not1Q!!.l 

tSe..olQ flllli \be cnvlvcn:nOnt!!.l ll:lf~ ot. \70rk end t.tlct tho ottcot ot 

t.n.a• t.IIO asono1oa GOll1d be dlotini3uhbo4 by ~ t.eat.o W¥• 1n v.t.ew or 
tilt retult.s obt.~ bJ" 'l!Ut:la<III*Bblo i\ .t()bonnscn, S.t. boo(ll!lO ®liUl&-tmt. that 

t.llr®.1h n pol.JGQN.O qotcm lm'~ o 1.argo l:lll!ll'boJ' ot eonoa, vt.tb e~lat tlll4 

tQv~untary ottoott. $11 o loraor ottoot. ot envUonmont, oonta.rw®.s 

411ltribut!ionlt ot ttlO \no oboervcct• could 'bo prod.aeo4• Tbwl lt '1'1!10 tbo mul.UDJ.OM> 

fllOt.or bfpotbosb t.ogotb~ with tho f.deo or then b01n3 en 'offoot. ot Cll'i1'$J'on.> 

lll$l'lt, wb1oh roeo.l~d tho ooutU~ of ~t47 li Uotl4QUBIIlt or continttity nrl4 

41soont1nt.IS.t7t tllo.tob1 rmU'14Ds tho Ulln40llm 4\ l3J.I)motrbel appl'OilOboo to tbo 

etuay of icllet'lt.cnoo ~t q.Utntltottvo Oheveows,. 

1,.9, tho ltnotllod$0 tb&t tbo pol.JgenQ!.I aro borne on tho otu'O!!lOaomoo pl'orides 

t1G dth o bceo froln wt.o.h to caplote \bo 601lof.il'l$1. FOPfU"tlos of oontlnuoW!I 

vcrilliion, I.U.oco tllo qlltmtJ.toUvo ohevcote&-9 &r"o oontro~04 1>7 o lcJtgo nttnber 

ot goocs, 01.10b hnvW a. .!,ltllall. ottoot. 111111 ato ~ol.y ettooted by tho 

envl.Jtoment, the ~11114ual ~not.Jpo oc:nnot bo diot.J.ns~hOdnor tho otto~ ot 

varlotlo aonllll tollO'Je4 up IM1'i1'1dtlt'JJ.y'" Tbie mcd~ nooouolll'J 4oV*£llllont. ol 

otct.1ot1oll.l t.cllbn1qll(lil b.V \1ril&.~b thO I'Gnult.ont. ettOQts Of C .l.fltso lUilllbel' or 

gOUQII ceu1d l>o tol.l.ohCI .in p)gQlcUons, <Oltllout. at.t.omp\103 tho ir:liJOodblo 

opproooll ot reoognJ.ollJ3 tbo intl!'ri4ue1 son~ or sonotfPOo• \Utb t.biG &.don An 

mind, Boot rmd· hia CO.liOV.ICata• oollld obo'o oat1ofeototUV that. tho !Mcrltanoo 

of a tllll!lbot.' of qUen~tatl.vo chtlt'eotm An 111o1.11o & toboaoo oen bo eap.lo1ned by 

tho !Jl.IU1plo tcctor hypotbooS.o. Tho ®l.tlplo factor b,ypothoaJ.o, tbuo weo 

ft.nPU., t&ken t<> bo l'~eli oa ptcf!dlOs a I'Ontillnnblo CJ\i~lM&tlon ot t.bo 

ln!'l0r1tcfl4o of Q.Ut:ntttot-110 ohePootws .. 

1•/l• 'tho tull il:upUO!lttcma ol We hypcrt.boolo hnvOt ~or, only SFelliUaUJ 

boocao toal.toed.t cs A.t btoU3ht 011t mony problema tolat.Am to tho nt~~nbol' end 



~todoo ot ottoeta of tho fr.otoro, tbw IJIOdo ot oot.t.on, t;betbf# &d41Uvo 

or J.:llll.tt.pUoct<lvoa thoU l'la:n1ncnco end ~o fc,}.otionoblpa, 1beso vrot>l.C:DD 

wore srllllua.L~¥ boUod b,1 o '*lbo# ot roaootOh 'IIOJ'IIOI'o, fho ogcdrl. \JPOIJ 

ol~~~&porl.altmt end 8\e\kiW.Ool ~18 llOCCasc.ey tot tho ot.adJ ot conttnoous 

'101"1oUoll hso onJ,f 61'~ bocomo o.voU~ Nov~~s1 \btlttsb ol.owt 

p103101111 bns been reel cud we qto DOW S.O e, p$\llm to oee =' ~:~01'olf bow 

continuous teriat.llm oaG bo o.aploJ.N4 sonot..t.ooUro but. $o bow esperimente 

con be C!OllClu.at.ed oncbUD3 llo to url4orot.enct end to COtlooro Ute opoolal 

<Ptlllti.\108 s.o terms of wblob ~llluoo.o 'l61'1a.Uon oen. bO annl.Jee4 111111 1\o 

bohcvlour predtot.od I.D SOlllO tl!Cnst.ll"'e be ot tho ot...Uottoel toobnlc:~~oo 

vhJ.oh havo been 4etclope4 ao fCP w1U bo Clllploi.Dod 1ft tho Mat Clbaptep. 

10 8, 'l'UJ'IliM to'aat<ID g.\tGt end enima.l. bi'co41Q,J ~l!CtiOOO OA impOrt.ont. I.Dat.mQe 

of tbo opplloatlor!. of t.be ot.eUot.J.Col•oe:ll:a:n~otJ.onl opprooob in 'Nlo 4welo~ 

of tho p1Mt breo4lr.l$ \octmiqUe WGO tho «V~ltcbcwor ti'Oill l!lllGe ooloOtion to 

prosony toW bVOCdtA$ (Mut.chilmoa & .Pense, t.llSV), 'fhio O,pl)J'Oooh ennbled t.bo 

plent. bt'OOCIOF =' onlJ W pt'OOeod 'I:IU,h soloet.lon GJO\ccllt.lcfll11 ell4 

orno1tlntlf blrtl IWJo to ont.tc~o tb' ~ ot eanott.o YDI'iebU.1t.J auot~ 

1n hlo ~:~c\epf,eJ.. -1.,pert. from 1Jonctlo vntlnbi.Ut.rt q!lll.l'lt1tloe Uko llillll~ of 
-' - -

t®t.oto, m$ltud.o ot ll«!l'fonoo otloot.a1 t.ho ~ of UlllcESO preoent. 

llllllm tbO tootoro9 oto ero ~ irllpott-cut tor thO I.Ulll«et.lll¥1"~ 0£ the 

sonot.t.o lllt.uot.acD. fho JiJ'Caon\ We~MeUon Corl& W.tb \btl Ccvol.Qpmlll\ of 

appl'Opl'ieto ot.nt1ot10el mot.hQ4o fo1' elaoldllltion Of t.hoce ~1Ucot wit.h 

pel't1culll$' rot0l'e%l4o to oeJ.oot.lon in plant. btoo4Sng• 

1.6. Tt!G 11100t p~>aot~el pl"Oblem ln plent. btoo4SIJB '•"• dot.omlnf.ns tho 

opoed of scmetio tflVIIftOOt \lll!a Ametlt.J.gnt.ett b1 Penuo (1940 e A b), \1bo introdUCed 

tho aO\IIod ot SQnGti.G l!\04olo ohi.Qb tol'lll9 n ve.I.Ue.blo oontdblrt.S.On to t.ho sttld7 

ot lol.~10Aith1p bOtwocn tho cwmt~el' Ql seaot1o teotors end thOU vort.abWtv 

on t.ho one bea!l ond thO ot.ctleWE\1 propovt,lCll of the Doloot.odfi,prosonloo on 



the other,. 'Xhooo l1a • ptcpettJ.ea are, tbo srmotyplo mean, neen senotJl>1o 

Y~~riauao dthin l»'tt81»\Vt ve.r!anoo of PJ'Cil0¥11 raesno11 ooll'el'lr.tnOO of 91'0SC>n1 

... flf, tWI {lenotypS.o Vlll'f.onoo w1t.b1n ~euv end tho vevS.onco 01 aonotypto 

l'llt'iii!ICO vitll.ln FOSen.r• He SCVO a ll!Othcd fer o~at.ltl$ tho otfoctlvo 

nu:~bcr of tcotoi!D M4 bJ aot.tam up dlftoc-ont. ~po~ta.ccl potio mtto1s 

re.,;!li'Ciinl tho 11111tmo of 6enotlc fcotot'ot l:lPgnltlld.o of 4ombttl1l.OO off&ete oto. 

hll studied tho otfeot ot Vtll'lot~n b tho nu:nt~Qv ot hotoJto oposootirl$ to 

prociuoo o alvon GI!!ODI'lt ot 6Qtl0trp!O vod®Wt11 CO tbo obo110 Uvo ~~'s~ 

propott.lco. Tho ll'oou1to fliQn We lllfiPl'OCCh, oon bo ueal to entlol!f"to tbo 

roeponao to ooloot1on tmdov n ~ioulev aonott.o oot. u., l:lnd oleo to JudSo 

tro:a tho II'Oou1te ot oolcotion, tho gonotio !Jltullt.lon obt.ainins in M1 

prrtiouw lllt\torw .. 

1.7. 1\doptil:ia t,ho oC!IlO oppl'o$llb es Ol1af.I10Uy stvon bf .Pono~ do/lU (19~) 

'l'lurltad. out oioU.Ql> "3Ul\o ln. t,b.Q oneo U 18 otho't' eomtU mo4olt! '3h!l)h 

oowrcd o ouffA.o1onUy w.ldo e1111 uaoml rmao of tho nlll!.lbOl't cr;r.nitu4o cnt1 

t:om.lnt:n11o rcl.ct.ionobipo of so.not!o tnctctn. Xn thooo Setll:lt.io lliQ(lola, oono111Cil"'C1 

oo~·rr:toly by iCQ.$o e. BoW, t.n<topell4ont. ot'Sfeso.t1on of tho !Jl)noo COJlll(i!l."n(ld was 

r-J.1:::1o4. It oay be mont.1onmi that t'IP~ ttoa1 tho tigout' ot oclcotlont 

effooUrto nlll:!bo.t ot ttt!ltOto, lti!I'~BUon 1o ~tlltlo ot ll0t1on ot tbo tnGtoto, 

tho1r 4om!ntlll.IIO relot1o:ls l.'ltlll tho Q!ae of tile oo.ntt1bUt1on of non,.hQJ11tcblo 

113onto to Fa • ""'"l~ioft, Unlltao ~ fcotovo· to a!Do em Smvortent. teotor 

WluonolnS tbo opoo<l of 13taoUo advance ll®er oo1oot.t.on.. Although tl\o bt'oa4 

Offeot of tho Unkago Could J>o osproaced tw tl.!llSStlS b0t.1:Joen tho t'I>O 111:\ltot 

n0,'.30lf ntt.y p<II'I'IG &'C¢ombU1dion, Wbi<lh le o~lvolcnt to &ndop«lllent 

t~o,vcsot1on ot thO ~o laototo oM. co:.npleto Unkosoa whlob 'DOUlcl lll:lOlmi to tho 

t\70 ft:.Otove bohev&n$ as e oinglo faatol' v1tb 1\o Qtfoot. b01i'6 Oq.Ut.ll to the 

o~e~ or tJlo t,wo0 it lo 01 oona.ldo.rol>.lo ~lont.ltlo int.OI'oot to ao.rls out. 

u.,Uoitly t.ho o.tto<Jt ot v~ ®snon of Unkoso tmnS tho eonoo ~

on tho ett"'lct.t.Qol pro.,ortiCG of thO o~et!ns po~~t.t.on. 



1 tools ug ~o prooeut. invoatt,aoti.e o1t.b ~c ob4cot t.o ctucly tho 

•tteot ot lil'lkeec on t.M o~ of s~l<l 1:1(\vtneo duo to G04cotlon Oilltl on 

Yef'l!M1a ~ot 1a propott,ieo. tallow~ \he Gtctinti<lol. ogptaaoh 4ovolopcd by 

Pane•. Tll.b $.s pres~ in f«'A l ot the \hook. 

Dutlna tbo ocme pett.cdt J undcrt.oo.~t f'.l®thw ptoble:n• M:lfJ,lJ 

"A et.ruly on ~esG bQt.~en genes tor p•ntaUon 4n vtrlollo poriD of t.bo 

11tt pJ.ent• wblch iO pteuentell 4n Plllt U Of tho ttleolo, 

-



a.t.. we ell.eU II® ptoOOOIS to stvo o rovt.ow ot t.M clovolopraent.s in \be 

ver~ ak\S.Ct.~tl1 \~qpaoe edoJI\04 tlf '!tlll'iclla teaelll'Oh votkotn &A tho 

tloJA ot C1J,lSilt.1\do1Vo iaborit01ll1o to obtaSn $laO ~J.on ot so.net.t.o in\eftlat, 

uootul t.o \bO gl::m. bteed..!OP• 

Tllo Clloourselon ot thO genot.S.Oill llcoie ol ®rdllralolw varlation conoesw 

t.ho role$~ bo\'lfoen sent) lml1 cb&l'eei\CII'• Btoll411 t\"10 moin prt.ne1p1ou bwe 

ecc~ocl hom s~t.es llf.lde oo tct. ~ tmt of thcso, trniab w O'\'JO to 

JobennDen (UO.Il) ie t.ba\ t.bo phOI.IOtitpO is t.llo .Joint pi'OdUot ot sonotno cne 

cnv1ronmont. ~ 'lt11'1&\J.on 1n e obctGOtet 111e7 tbotetOI'O toault tvam ht't.at.lono 

1n SOt'IOtJiO on4 envbonll~ Jobamulen cholre!d that tho tuG ldnlle of Vr:l'1a\ioM 

in ~o ebatootv, bofoltoblo and UOl'lllOt1\ablll• OIIMOt bo 4ht~llec1 bf 

111010 lnopoction. Only a btoe41QJ twit ctn 41otinslliob tbo ono trom tho otholl'. 

Tho oooond pV1nclple lo t.bnt the Vctia\&on 1r\ a ohllteoter l!lfll bo oauae!d b7 

oltoro.Uon a.n otrt of e lllllill>ot Of SoDea• Tho sonoo ~ U10 OlllliO 

ohetaoter oey be rolc$611 Sll varAous Wa)'S,. fhofflW1 oU ho ~:~cobOte ol o 

,olll.;on.W o,atet~~8 or thOr llllll oU bO me,6ct semoa wboso otfeo\a on tho ohatactor 

oro no1thot ~~~~:~n.U llOJ' attpp.J.emcntory, or het.lt t.bo ~ 1'1101 be c.o.o plll'Uy 
J 

to o l!l.llJct scao !m4 ponlf to c:~ 901J3onio eJotlliD. 

a,a. UnU!ul cU.acont.Amnms 'leflc.Ucm ~b t,s pi'OdUOcc1 b7 senoo ot ~P~or 

otfcot., 111 oont1Duouo Vtll'lct.60J'J .U. S.o DeOOl:laBST to "'"' tho ~11'1oll& t.oolo 

en4 q,wmtJ.t.1W Ule IIIG1!1DOt 'leJ'~OO llrt.o on O()l!lO IIICalnU"c.blo OCelOt 'fbio OC01o 

llboiiJA oblt1011tl11 tiO one ~ \'101:114 ffl01U\at.o botb \!lo analtsis ot tJ!.G Clatat 

11M \bo t.ntorptetct.iol1 aD.4 uao ot tho l'OSUl\~ 11\atletloo. 'lbo u1r\ cdtvlo. _ 

of (UllllJ.zlat llll hatO bOOn clillCU01Uld byltnthot (19i9)t ei'O two. Ono 4o tha\ 

tht son1o etft»tD on \!lo avohso ., ol.mllf oddJ.Uvo. the ooccmd u that \he 

oont.rlbut.lon 1!1!1110 by Qt)tlhor$.ta1>1o escnt.e IIII:IOt. bo 1Mopondcnt of t.bo sonottpO&. 
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If tho ohoeon oor.lo In dotlo.lon\1 in oithor OS' both \7CJOt tho ot.cttet.loo bJ 

vb!ob tho cta...ttlbut~ 01'0 d.osov1bl.li1 will be diotorl.ecS in svec.t.or or l.Gss 

dosroo, For t.b1o p!U"/jll)oe tiOl!IO oc~ tQ!lt$ c.&'$ dtW1cod (l.tc.t.bOF 1~9)• Date 

on tho e~".n ®llll!WC!!lCIIlt.o ot t'IIO po.rcnto• t.ho 1?1 4 ll'2 aonO&"ationll end t.ho 

bt!OltoroooQll of the li'1 t.o the pt11'0nto bt!11C boon _sivon by .Pooern (11341) tov oia 

obt.tc.ot.ol'll in Qul'taln ~ ~o<fa, whore be bOll dloou.oaoa tbo cdoq~~.c.ov 

of tho ooll1co llll¢4 1n ~ tho t/lOGSllrcmonte tov rnprooQilt.tt:Q11 ot tho 

obllJ'alltorQ end tov ~0111 of the vw1at1cm, 

1n e lotov popor \1~) t ~s beo 4ot\lt tul'tbw with tho Usl',l of tho 

.l.o3£1J'itbtlilo tfmat'Ol'm·ttcm for date on bu.t.t. wo15bto to oonvort tile Soo:.lQt.J'lo 

cotton of aoac:~ into tho l.llldl Ut'O ono • The uso ot trunstomet!ons to rlllmOVe 

opietooy f.o ti,PPI'0,91'ioto, but. thoi'O mnv bo oonoicle&'able ot.bor dJ.ftloulUco in 

tllct OllCb oct of dots 11\tlf toq~~.i.J'o its 0\'in indlvS.du"'l tv~netol'l!latlon wM.ah 'I:OU1d 

o~l> sonorr..Usat.a.on tmposdblo. Thf.o oO!!lell to our attQnt.lon totoS.bl,y uben tho 

l!at!l o.n tb<t a!llllo pOpUlatlon colloct.Qd in dt.ftCJ'ont yet~to &"e~cxl dli'fol'\'mt; 

trtnOfol'lllatSmlo CD eholm bJ ~esoo (1950, 11155}. 

a.a. i'lnbeP •a ot.u~y ot Gorrol~1on betmeon rol.o.t.1voo {191&) bas bOon or 

eroot val.uo ln th$ 11t.UdJ 01 qJ,umtt.t.uW.vo lnhorltonco, eo tt sovo a oUpJIOl't. to 

t.bo wtUootovlal. Jlypot.boeiu, tb.oHbJ tlelplz13 l!l tf.~ lip o SllP between 

v1o::lotdonl l.llld 1!emlo11en opptomhct~. f'Ul'tbol' it e~ bow tho obowtcd 

varlllt$.® in t,plllltltotlvo ®el'l:IOWo eou14 bo egUt up wt.tn tho ho.l.p 01 

cor.rolnt.len ooett1o!ont3t anto oomponom.o e:tolsnablo: to tb.o ed~U1vo ~tlon 

of 6Cooo, to clolllinl::nCe tm4 to envlrOill:lont.oJ. fluot.uat.10JW0 ll'lshor dc:monottlltcd 

thlo 01/P'O!lcll on Pootoon 4 looe •u oublt mooourelil1itll.t on bumen 4aboo 

Tbo O.'l.l?$sili!ll gepol' on 'll'ot!ows tll!.rd 4cgoo etot.S.StiOo en4 tb$1..1' 

nonot1cal lntotptotat.f.ont by Fiobet, lmol't & 'l'edtn (1932) 6o Of noto.lllo 

!opol'tOMOo lt sovo o lllm!l»J' of resulto relfdiirta to oeoond dGSroo ototi.ot.loo 

end also rolotll\3 to tho proadoe ot tho thivd senOl'ctton, vblch t.&-o 

olltt!inoo b7 t.m.ororoo"ini.J po1ats of p1t¢o token ot &"md.om ttom Va (blpotcntal 
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prosen$eo) OJ' by expoo.t.ns one Fa plrnt. • mother to pol.J.f.nnt.icm by tho poUOn 

ot Fa !lS a nolo (lllatornol. fl'OBonS.os). l'hiald 4oareo ot.~>t.UUOo obQI7ed. bQI7 \be 

!11'8FI!gO d11~0 ot llmtmlnoe tDenitos\011 bJ 'll'l!fioUs i'cototo Otlll bO easooood• 

a,4. ~ t.be muli>btaet.orW hJpo\bosl.a wtnt woU •ecoant.aol\ by the 

sonot1otot.n, t.hc scnouo eitull!\lon I'O.'.J~ t.bo number ot scmoe pfolluoin3 

Ylll'hb1Uty lD e06t08ntJ.rla po,Pillat~, .iscf.t«l t.he ~t of D11et.~•1oe1 

l"fteu;:b -ewleoro. ln \tllo 10apoot1 Stuclcnt (U~) $n hie 90i'el" on t.he 

ool.cUl.at.lon of tho t:~SnSmgm rwmbOr of senoo lD WJ.nt.et•o ecl.ootton QIS£)0li'Smollf.t 

ntta:lp\od to aS.vo ~ oot.bmto of tho ~boJ.i of sonea pro6uoirls vcritlbW\f lD 

ou co~ in mdao_ .Bos1rls hb oot.l=lltlo on tJ:Io Mio ot lllrr&iC!Um scnotJplO 

rqo to t.ho e;on&tAo nct¥1atd 4oVlat&t:tn. BlloU!Ditla OClllel otfootG fol' v-eriowl 

tnatorD end o1tJO t.mopttlllonce of t.hOU oi)SIQ3ct1on, ho roncbcl1 the conolnoion 

t.1u1t ~re wore e'l.l lcuot ao pol,monco cont.l'OUIDa oU c:ont.ont lD maJ.ao ln 

llintet 1 o er.periaol:l.t.o 

Tho pbellO!llcnon ot UnkDao bet.WQQ ~oaoo t01 tho llle.ior genoo to 

c11lo en lntorolltSm ono. No ~ \'1CII woU d~w~ b¥ Saa (1923l 

wbo ropol'te4 tbo oase of o.pp41'0nt. Ualsoso bOtl1oen pol.Jsenoo ~ tbo 

chCI'sotor' ot eontlnuollo vers.eu.on, ftGI!lD.I.J bo~!Sht cftd a llle.iOl' aeao 
I'OoJIOO!'liblo i>OJ' lto ~atton. o ~oUtatf.t'O ohareot.ot., 'l'ho toaulto fi\IIU111 

b7 bJm 4&d not ssvo mttofl ovidenoo of llmtr.so l'l'EI it. oppo~od that t.bo eftoct. 

on tbo b~eisbt. mJ,gb\ bo G plol.ot.ropio e00Jli1QPV otfoo\ of tho moJOl' 

sono roopotW1blo tor ~et.s.cn.. 

A l!lOI$ comrlnoirs w14enoo on ~o ~es• ol pol.Jaonea wS.\h mn.10J' 

senOG weo p~ by ilOGUmkln (1.9315) eho &nvesUao.t.o4 t.he ~rctt.AtloA at 

flo":IOI'.l!!;$ \Sao ln OfO&UOO of 8ct4Cn pea. Re CI:UltUmo4 tho p&I'CGellQ'O of llD!ct:GO 

botl'lOilll poqgCIIlOe 60'1~ t.ho f~$.03 \k!O Cll4 G maJta: SeJlO 80'1~ 

tlaacr Qolopr, bJ obt.aS.Oina 11rloo1 in lliW.ob ~· (lOnooS.atl.on ~ tvo 

cllaroct.cre 'WOO absent <ad also Utlco in dd.ah U VBO toV<Jn~ The UnkllSO 



botvoon pol~ cm mo,1or eonos hoe becm eota.b.Uobcd in. owotel o\bor oMeo. 

l.lat.hor (1941 & U42) beo cl~e.tc4 \he proeCilllo of Unlscao betwoan pol;rSim.DO 

t.~lven in blo otuq of abdominal ob~ DDillbor l.n Uo&c~a em J.ta 

tert.Wt7 • 'lbD t.no obea'eoto.-o governed by t.'l\10 pc~ oyot.ems wero foan4 

to bo nallOI\Ibt.od• 'lhe pa~Jelb1Ut.y of t.be-4~ ploJ80l.ll0 CJQtca govoftling bo\b 

of tho obotcotcn (ploiot.roplo ottoot.) 'floe I'Ua.td out. when \bo UnktSo l:leD found 

to bo bi'Ol!:cn \'~bon ~q with bi'Co4Srla and ooltllttion a1~11. 

a.G. / u. t:lieht. bo onlll that. tho 1&n!tcso ot pclmence em tho conoo,t. of 

etfootlvo JlllWbot of lllOWa J'om n moat s~lo,.,.Q, oopeO\ ot tho ott1117 ot 

pOJ.ygenS.o ll'l.'ll'iet.ian. Ia W4u tcepoc\ ~ of naoonaSnb.la tho oftcot1'i0 

n~~&~bor of fr:ot.ots cloveloped by VIFigbt (1934) fWl 1'cnae (1~) eta of llpeo1el 
-"' mportmoo. i'tirtihor, \be oet.~s.on c.r tbo opee4 ot c4Vsnco oonoo~q 

t.o n stvon dosree or aolootlon lo /mo'Gn to 4opono ~ tho IUII!lbot ot 

llr.;tOSt>t.1nis teotol's wbloh 80'Htn tM inbMJ.\meo ot tho pm'UO!Wlr o!wl'o.Qtet 

under lltll4f• 1G 0 pol.J8onia Ofdo::lt l\ bca ~cq bocn pc~ G t.hnt 

lt. a.o &oprco1;10eblb to m~ tbo ooar-esau.on of A.r.uU.tUilel BOACOt At boot 

OO!!Ib1ntltioM of 6CMO coul4 bo oono~ eo out Ul.Umet.o ~~Alta, '17!1J.Gh oro 
brotl;lbt to be 110 oonst.J.tut.04 t.bfl\ PO tooozb&nnti.OD oooato '1'4\bln tbomt whJJ.o 

it. 4ooo ocelli' bot.veon :fibo&O unt.to w1tb ~. fr.oqt.tWlO.V• Tho ~ot10111IUII!l'bot 
" 

ot tb08e un1te ero lmOtm oo t.bO ofloOUvo l'lU!Ilbot' ot faotcfut QOVotrWlg \be 

111bort.t~o of tho pettloll).er o~orootcf. ./ 

Wr&sht (1914),. Good\71n (1*-) aM otllers t10tk01\ otl\ es\bll\os ot tbo 

number ot taotoN on tho lll!lslll!lptlon that> the mesnU.OOe of t.ho effects of oU 

thO faotoi'D 1$ tbo OQIIJO end Wtbor thn\ ellolmOJop litO d1at.J'lbot.td 

iDodll'oOta.ona1lf. They oo~ thO number bJ tho to\lo 

. a 
ik f!!!eW <lUtcrenoo) 
Ootr~ 'te~>kmto ill 11'2 

'l'bo noaumpt.i.OD J.molftel &s btJ'UU JUot.ltle~. olqOo tho ofteot ot &ncompleto 
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oonecnt.rotlon of Ull;o Qllol.l:lco.PI.)bo w~ bo to r¢ROC t.ho pOJQA\ol. dUfoa-onco11 

th~roby IUldOl'et~t.SmotWs tho ntl:llbo.r• Tho Ano~aUt.J Of m~o ot nU tho 

tnotor11 turthor lo\'IOftl tho ot~til:lcto. Pollt!o 0.940 e) WlVOd ~\bot oo\Socto 

as.vun by tho ~lo 

(b!oon sonct.ypt.o V<:flen.Qo 1<1it.Wn fa progocy )
2 

vorlall(lo ot genotypt.o vednnco \'d.t~ Va ~!mT 
!, 4 ot-:._,....,.__ ~· 

wh!Ob aooW!loo tho Cl;IQDM.t.y ot o cort.c1n tunobion ot mc.snitu4o of f)tfoote; Tblo 

oati!:lnto overc~ tho dJJ'tict\ltloo ot in.oOI:lp!et.o ccncent.rot.lM M4 ~tG 

roWorcom!llftt• / 

;tn l94o, l'anoo introduced t.n eno\hor pepor, o tGollnll#lO wf.tb e mra 

~,.»''aoh of vlt.ai impOrt .-nco ptll'tioul.vly tor the Dlont broC<lJ.Qa o~tea. 

1:.1t.b tbo IU!o ot \no v2 g01:10t1Pi0 end onvlrOlliAontal varlenco, otu.tel'VC~d &n o 

glcnt. bJ'ood5Jla Wtpor$.mont onc1 wi.t.b tho bol,p of bypOtbOttoE\1 GQnctlo mocicle 

r~3111'dil:ltl tho t'IWlti>Ot ot tnctoto ifmltrWl.il tho ehOl'cotOf Ullilw atudy fll1l1 tlla£1' 

d0il1ntlnao to~tJ.oM0 bo obo\'le4 1»o tho "ocult.s ot o(IJ.ectlon ~, 41tferont, 

;;cnotle oonot&.t-.tions oan be cntlclptlt.1ld1 oo tcv as tbo a~ ot eooot.S.O 

cdvenco and ,crtoue fa ptOper\lw oro conoomoe4 

tho I!!Odolo cot up by i'ezmc vtli'O bona:\ on Qlll)OVlnlen.tol d4o on b~ 

lemtb ot Fa prosentoo oi' ~co cotton oi'03soo. fltom \bo en~ tJI t.bo 4atn 

1t oppO!lJ"cd t.hot both sonot;p1o tn4 onvirotllllental oCID~• ot v8 vonllllOo 

'1101'0 Of tho tllll:IC mran1twi<,\ aM WOl'O t.S wUtDo 'fbO eftootWo nu:nbor of fnotoro 

t~co naOl"abaUt thl'et~0 \'Jltb t.!lorao qllont1t1eo ne given• to~ vwo tbo 

5 t101l.o1o oot up. 

1 • •In Winit~ oott.OD of teot;Vo •» iJ.d.orairJ.,MOt tbelv megnit.l.l4eo 

ropl'ooontcd bJ the ooJ'lot~ / f ,/f ,{ "if • •••• 

a • 'l'br«l oq,uol laoto#s 1111tb no <lcednunQOo 

a ... 'XIio l.nt1nit.o aetie:s ot tootola wltb 4ornwe.noo &o oppos.6,to dl.reot.4.ons, 

tho atGtl1tu408 ot tt<Otofn in i'opl'oscntcd {tot bOth ocr&eo) by tho ootioo 
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tl • Tll.reo fcc~o w!\h Of<!Ull. V'nl"j.lll¥JOt om ~oq "it.hollt do!DSnonco end ot.bw 

1;,70 havAQs dot:Wlooce tn opPDQ&.to dlteotk!ml, 

5 • 'l'llrce oq,Qd fnctol'o, two uitb dOmlnanoo &a. opposite dil'aotiono t1n4 ono 

oltllout clooinanoo• oo lD &.n 1!104o1 •• 

In the l®t 111011o1 thO ctfeot.l'lo ntl!l.lbot of faetom '11eo If , 
fanoo obtot.ncd the rearoooScno ot flvo oto.tlllti.Ool propel'Uoe of tJw 

li'a en Fa pctontal 'l1tlllul onl1 tbuo obtaino4 tho moru1 volueo to-~ those pi'Opl#t,lco 

ackin3 the oolooUon ot tho hlshoot. 10% of tho 1i' 2 pQpUlot~ Tho ftvo v3 

proportJ.co studiocl uwca 

(1) Gonot,ypJ.o moon (a) uoan aonctypto ~tarlaaco uitbin proson, 

(3) Vadonoo of tho prQSOXIY mean (4} aovra-lenco bet\'IOon tho pi"ogoey moan 

cno. sonotyp!o ~tm"ll:lnoO ut.tll1n £1Vt\3e1l1 (5) Vnrlenoo of e:onot1plo veri~ 

'01tu1n Dl'08l'!Jl8• 

13'1 t.hio t«mnt<tJaOt ZK>t onl7 tho rocUlt.o ot aoloot!on con bo ont.lolpntc4 

~lilt QJ.eo \be lntoreu:\ion r050V1Una tho sc.not.\o oct up1 by Co:J~pnr1113 ootlonton 

obtcin.lxi cxperimotltoU, Wiltb tllo theoret1co1 vnlueo, om bO d0t1vod,. 

la ll:l$4• llok#.l oonddotcxl onothw oat ot 16 gonotlo mO\iolo, tlitb 

141dOr applloeb1Ut7• Tho mo4e).a 1:10?0 ba.Cli on P'2 e. r 3 4otn em fl~l.onatht 

-.on:lllt04 co holo.lonstb, obtoinod i'VCCl 16 t.nt.or-reohl cotton OI'03aos. ~ tho 

btl:)1l:J of tho rqo of 1101':Ulb1Utv o\laoned, lllCttw wore sot up with ll'2 

sonoiyptc VtdtlllOOII Of 0,5t 1.5 r:md 2o5 tmitat the em1.l"'O':!Ontnl VaricMO 

boin3 200 unttD 1n onoh acoo0 Tho no:mbor ot ti'Ctoto tckon to bo 2t S end 8a 

\'luN t.holl!bt. of to cover a aattloiontl.y olc1o m4 lliiOi'ul. rcnso ot tho ottootlve 

llll::lb>JV ot tactoro1 ropreuout.ins oltant.Aonil f.nvolvW$ a emeU, a oodCI'nto ond 

c larso mtnbot of oueb taotos>a. 'l.'btii'G WOl'O tbu~:~ nino OOZQb&nats.onc ot Fa 

varlabiUty on4 ctfact..S.vo uu:nbot ot tnoto#oo out of 18 molloln, s wQfO etud1e4-

uith no daUntlXICO end othOJ 9 wltb fl.lll do:ll1noncoo 

In au the scmot.&c oodelll, 110 tar aoncl<l.od bf ,QJ)!)1) end aoan. 

tho to.ot.Gr!J uoro acelll.!led w bo lndopBllllcntly oeGl'esfiU!la, St.tll11co on t.llo 

Unk~o C!!IODS tao~o nro ot e srcat impot"tctlOO t.o t.bo plant bl'OOdeso ona 



aonc\S.Olo\ ~·• 'J.'bc prueat. kYC!oti$1lt.Son &a baaed on tho atudf of tbe 

'W'loUG seno~t.o I!!Odcl&J on )J.nto4 tootors, t~ tho 'eo~cpc c:loYOlopOll 

bJ P(lll:lo, oo u t.o oeo 1n Wilet ~ tho Uneu~so llffoot.o Ule apoocl fd scnot.!o 

uvence end \bO ~ i'a etn\ioUocl ~~ otter mO!Wia of4octlon 

in ra• 
Botero tla&ab'aa w~tn \be,revJ.ow, lt &.a~ to I"Cfor to 

Uo.tbor'o bools on .6icmttf1Cil), G~lee (1M9} alfOcdf tolePI"'c:l to, lllbleb has 

hr®Sb\ t.Qsot.hot tho 9d'4ot.la 1>JP(I1) of o\oc:lt.oo s.n tho son=Uo& of ~e.tltltet.ivo 

ob!lhUOrtl s.n o t110t1\ ~ Cll1 ~bl.o tote. A.Uo Iii ®lllpHilCil\81\'Q ecooQtlt 

ot terlcus 4m1osments 1n otst1ott.on1 opgUoc\ion to sonoUos, with thell" 

tu.U l:ltl\bemaUo~ ben~, stnns tbc bes&o ateti!!Uolll C«~C~Ol)W end ~ 

whJ.oh thO s~ tOOON'ch 1!70S'Il01' noo&• has teoeDUJ' boen &1von by 

ltoapt.bonlo (l.SSV) &n.liJ.o booJI "an int.rodllO\&on to Genot.J.o 6\atbt.t.oo". 

' ' • 



3.1.. lt. is ncooooetr to poira out. in t.ho bealntWia thw to11ow1ns 

f&obv (U30}, t.bo t.ormo •aoneuo l!lld •senot1Ji4o• oro uocd in 41ffGl'ont. oo.aoos 

t.o ill4ioa\o 6lttcv• qptmt1\S.OO• ao~, tho 'sc:neUo VarlQQCo' in o 

JIOpol.atiM, ~ Eot tM 9flR ot tho vCJ>utlcm or#.GSon5 trOI4 c etr.t.oU.Y 

Cl1<U.U'IO oot.t..on at ISQQQG• vhU.e tho •seno~~ vota.onoo' u).so &a.olud~• 

boo14os the Sl'.lti.GUO \'ntiellOOt the Yf'l'ittion etlolrta haD. l!Cfl>llc:4cU.Uvo iatCJ'flCtion 

of cscnoo ou!Jh oa dO:dQ!SlOO end opSotao.r,. By P~ tho I'CiSI'OOel.on met~botl ps'OpOUcel 

bf i'li!1lDO U. 010 oJ, In tho pteaOftOc ot ~onco t.ho ~ ot Vtll"I.Otion In 

18 oct~ by tho I'Q310Udcm ocn bo ~n to be n q~ent.it.Tlntermo.U.fl1io 

botnoou t.beoo I'Cf4'0Bcntllla tho ~ en<1 gcmot,-pl.a 'ltlfianoos.. 'lb1e 'OJOD the 

bed~~ Wtcel "' rlltlSo etl4 thoD aoJtUt on \'fbiob the 1U115111twee of tho aenot1Plo 

vorlllllOo veto eDatl!l!o4 In tiftCIOnt 1!104o1s I!Uiklal u&o at eapcl'lmont.nl &toto on 

tho ohctaotel to bO etu41o4• 

3.S ln. the lllOCle1a GO\ Qp by i'tlMOt tho l'Ut.!O Of IOno\FPJ,O 'tatSJ:uloo to tho 

ll!lVbOfltlf.llltll!l one '11ea rmwnod to bo oonst.ent via. tal on4 thoU o~ val&lo 

1.5 llnlt.o CY t~ to be tho liECO tor oU t.bO mcc1olo. l3o.kU (111~) Oozlsa.d01'64 

tbo ottoot. Of IUID~fll 4omintln001 COI.\Otiruotms tl04o~ ttitb teototo 
' o~ 4om1neDII)o ~ in o= \Ufoot.iont thi.O ~ an oat.rcme cnao ot 

dordl'UlMOe A l/lOIO Serull'ti1 Di~Uotl as ~ \M ~ eahibi\Lns 

do:ld.nenoe f.n Op£111#$.\o 414'00Uims dO DOt. bBl.anoo 1\ 40:!1plc\0'11t. 

1n eot.ti.Da up biG ~. Bo!rU. oo1oote4 woe ~ttorcnt; values ot 

t.bo s~r£110 ~. n~ .a. 1o3 cad 8,6 unttat ~ omrit~fll 

VDtleDOO 110~ 8•0 Qlli\u in OeGll OtlilOt OOMidell'e.t.ion Ot tlleo& Vel&\Qo '11&0 ell 

~~ 01101 ViO oao o0118140104 bJ' Pense, ea tbQao vol.Uoa 0011Cl" o VCf1 

tu~otlll tqo ot the Jntio ol senot.JPio vetlf.ltlOo t4 Wle omr1l'onrtlonteJ. «met 
n~ • t.o i Ml1 eo ouoh tho mo4ols uo uocM lllsl.villa roaulto that. den 

btJ c~cd Witb o ,..._ l'eDSQ of 4a\o OOMGl'.l'd:lg vwiOUB qJent.ltctl.~ ohsteototo 

\bet. an" bO obtoSM4 oxpotSmtln\eU,., 



3,3. Tho codolo .otudlo!l by i>(ll'tlo tool lnt.o COOOS4¢MJ.cn the ot'foota Of 

vr.rt.ntlon in the rlll!lbot oJ' ftltlt.ora Wl4or tho aolldt.Uon tho'; t.bo ottcot11t0 ~bot.> 

of f'eetora ves t.h.roo \'lbloh f.loltlln woo booe<i on axpemontol dote. 017~ t.o 

tb!u FOOtrlct.$.0n tho 1nf£rlUo !,!:OO!l!Otl'lo oOFt.oa Of i't!Otal'o 001::08 o~ to be 

rll,l)1dly QO.l'ltrenlMt 11M onlT tho tuct. t® tt:4toro cvo ot lorso o~ttuie In 

oo::ap~lson to t.bc not ClU1 conao~uantly account tor .coot ct UJo ottocto 

oooovved an o.oattaet.a.on.. Thlo oxplolna to CO!IIo extont. tho llll1tll.l dlf'feronoo 

wt."'I..;n tho rooult~ for ~ COJI!II.Qt~ reapentt.velst' of ~ tibveo tectora 

end at m. W1nit.o oott.oo of foototo. ~ tho 11sbt Of tl'llot E!Oli:U. In bill 

l)l:l!l'lr baa 4eon w~th a ~o ct v~o to:o the ottoot1vo nu:;~bQI' ot tsOt.oro 

1n b1s 18 dcl:J COVe&'~ t.bo Volllo3 a, 8 ttnd 32• ill1s boo b~t out. t.ilo 

offoQt ot Vll)I'111Uon 1n .IUI!:lbeP ot ftlOtovs on tbo senet.t.o ed'll'llllOo tlflli ~'3 

at.at1:lti0ol propol't.1~"' moro al.oe.vl.y • 

l'bo faotoro consldoted by i'tmoo d1d UJon b;v l!Oltll 1n t.bo.\r mo4ol.o~ vc.-o 

tclton to bo Wopentlontly oesreget.~ 11haro~~D t.bo l)l'ooont ot!Wy t.o comwncd. 

with mo4oltl ~lvina United faatoJ'tl oo 1'1:) to otu<ly tho ot'toot ot ~o ot 

various dQ3VtlO on tho tlpeod ol sonot!o t.tdtrenoo cna Vtlrioua Fa otnttnt1ool 

prop;.~rt1oa• ottor moali'IS 10~ oolo<Stlon 1n r2• 'l1le ,pbaDO ct tho lltlllaso boo 

bo<.~n tllll:on upto be •c()llplJng' An thlf.t otwlc,. 

3.4. In the 004olet which btlVO bOen dealt ln tbio '110l'k1 tho 4om~O 

rolct.1on .~ tile ell.Qlos ot a teeter 1e ottppcsod to bo OQ!IIp).otol; cboont .. 

'L'biD llll boof.ltlso tho elsobrn wb1ob tondo to 'boQo:\le VO'IJ ctl!llbel'so:lo t.n 4o~ 

1:11t.h Unltnzo 1o olmpliliod to s01:10 en.cm~ 11'! tho nbao&WO of 4ominll!14o• 

The vrJ.ueo of aonctyplc en4 onvbOil:l!E»\t~ vanMOos t.oacn to bO 

1.9 Cl'1ll a.o 'llnlt.o reopeoY.vo1y ln the ptr!sen\ \11ooortatlone ha.vo ~ 1:101'l"'tt((4 

tro:1 llo.kU'o oot of l'~oa tot the conot.l'ncti.cm Qf the~ dealt. hovoo 

lt bee bOon COM tor OQnparloon of tho tocul\s t~1th l!loltU'o rosulte to:~ 

I!!Odob filth Independent. fectcloo 
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s.5. AetuoU; tho proacnt CO<l()la OM bo d$.1t141Xl !&\to t.uo olnDaou. iho 

flrct. ola:lo dcW.s uith tho ll!Odolo• t:betO t.bO' Gcnot.y¢.o ver~ano:o ht:o~~ boon 

ltOpt. fkrxi to hi ~Wits end tho 1:1~\odos ot tho ver&out; t'sot.ore Involved 

io <1t:!lO~Od from tb1.o1 tiogendSng upon t.bf) anount of ~o ll(l~ lltln::.lldGJQd 

ln a p!rlio~ lllod.ol. ln tho dolo belbJUSng to sOl)ontl oleos tho ~to4CO 

ot ver.t.ouo teotors hsro boon caloulotc4 on tho aon~iotl tbet \boy wero 

indoj)Ondflllt1,y ll.OtSn.l dthotr;t M,V 1$rlkll$0 end tho II' 2 eomt.ypic Vt>l'lontl& 'lit!O 

1.5 tm!ts., \'iith t.heao 'tbed l!lt$l1t.u.t\oo of tho fnotoro, Vf!S'i.®t:J ra etlltlot.loal 

pro~oa om1 the ~io e4Vanoo baR ~>eon callllllatod cald.na 10% selQotlon 

of u2 in.dlvlttllalso '11:lo tnotoro whi.Ob bnvo pveviouoly boon tllkon to bo 

indopooocnt, ero !lOW taken es Ullllod in ptllrs koop$n5 t.boir miJYlit.cd.e3 

uoohqod for t.bo eoootlli ol.aoo ot modo1G11 'l'b<l o&lD polnt oK dUferenoe boWoon 

tho tao olcsoos a.o, tbct in tho ru .. t. elMo tho oegnit.ulto ot varto= fnotote 

obQJJZOIJ w.t.tb tllo chango in tho Unle(liO Vl:ilUOo of tho 'VIWI.ous ~ poUOt 

tho !1'2 13et'IOt.JpiO 'II'BI'l.alloO bo1Jls fUCO ~ to lti um\Sj VhCrtlC.S in 

oooond olc!Jo tho ~\odo of tbo tootmo t.o ko~ tb«<, tbo goootJPlc vatt.Moo 

bo1118 otumsocblo with cbqo in Urmcse vnlnon. lt. mn.y bo ~ out tbst 

tho ftl!Stoto 01'0 kop\ O!l uol. in tbo1r m®litudoo. 

tho do.~~oript.t.on of t.ho vorio\lo !'.104ele io s11flm ~' 

\edo~ t?'-ons%B5 to g)rpt olpsa! 

(e) 'l1;o :u.nk04 teotora eqt~ol in mosnlt!H!.eo, pi'Oiit.lcin\) »'a aonot.JPS.o 

yarf.DnOQ oque4 t.o t.s onlt.s. Tho ditforont. 'lftlluoo of tho 

voaombinn$lon fl>acUon 4~ by •p•, gbioh hllVO boon ocna1<1Cl'Od 

1n tho l:lOt101a ero o, o.1, o.a, o.as. o.4o, o,45 en11 o.5. 
(b) 'lv;n t.rncpondont p~s ot .llnked ta<lt,oto (4 teotcl'o in oU) 

pl'Oduoa.t!S Fg s:ODOtypSo vcrl.cnoo Oq,uel to 1•5 unlt!l• 

'.tho dittovont pai&'G of rooombina\1on vt!l.uea oey p ana 9' wbloh 

bt.'f'o boon aonalclorod ~ the C1040lo oto (pol!•=Oh (p=J;i=o.Sh 

~.io p•a0.4it (gcop'...0.4) M!1 {p:rg•aa.s). 
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(a} tho clloreotw l11ll1el" oted7 1D govonux1 by two S.Jnkod eomton. tho 

eenotyplo vol.be of O&Cb of tbOl:1 boJDa 8f#lOl to /r..& .. 1..224'1433 

unit.tt. TbO verioUo I'OQQllbinat.lon va111Ds C0%10iclet'Cd fll"O ocmo eG 

J.n modeJD (a} of fil'ot. Cl.COIJe 

(b) 'Iho ~ 1s aovornod by t.wo iutlegenckm~ po1rs of llflked 

tactora 01111 the cafnltudo of each factor bo!ns Of/Pal. to 

/. '15 • ..8660254 anita. Tho vvtouu poSn of v.a of p & p' 

ere 011® EfJ t!l'O aon.s14ol'cd 1n ao4els lb) of tint clf!G8e 

lt. may bo pointed oat. that. in the prcDont. Smreot~ tho vGI'1olzo 

vo1uoo of p tlDd p• erc so chosen e to GOVOI' tssht., ~ate md loose 

Unkt6U tho#oby 311TJng o clol'll' pi.ctwe ot t.be ottcct ot 11nlloso on the 

a'Ollult.o ot oeJ.ccUon. 

As cent.Joncd Ol'll'l1Ve tJlo ~ Vl'll'1tm0o bau been kept 

conotmt for oU tho codclo md I.e ecpal to two nntto. 'lho eel.ocUcm lntesmlt,

hau IJocn lb.ed st. 10$ m all tho obovo 1!104els. 

3.6. aamg other ooiiUI:Ipt.iODD J.nvolvod in the present. 1.mrostlgnt.1on &a cmo 

tbst. tbo tactOII'o llJ'8 e4ditl'll'fl in acUoD. lt. &a ~noun.co on tho 00%113~ 

tbnt the cot.ton of 80DOS oEA ~ aedo additive oaP"""Im:.te3a' by old.tcblo 

t.rllll3tormnt.1on ot t.ho obole flDI1 ew.m 1.t there Se small 4ov1ntion £ram c.dUtilr1t71 

it t:OUll1 ohou 011:&.7 oftoot.e otnuu to ~e of 0SJ.1111'omcllt.o \i'1oboP0 1918). 

Tho ottoots ot ~ of senao nt. tho sane loouoe ~ dnmlnonco btlVO 

boon to!ten t.o be oom,p1cto1y ebacnt as ot.cto4 euuv. Tho SCDOVgio 17tll.uQu 

of 1tlli'1QD:l ff.Ctoft Smfolved UI'O 011$umed to bo C~Pel. ~ ODSI.llllp\ion, OOI!!<Iij!l 

t.o tl03t. ot tho Sm1ontjgetlons 1n tho genetics of (#lanti~vo cbaroM.sl's tm4 

o1aD 1!1011.0 1n tho pesont work, Sa tbA ot nbsemo of tcl't1Ut7 M vlal1Wt7 

dioturbt'lllCoa. Ass!ne t.be phaoo of t.be UnJuso a:KmiJ vnrlouo po.tro ot UnJrQd 

tllOt.on bt:J bean toit.oa to be 'couplSrlg' Sn the pecont. won 'I'!Jlel'eM tor 

ropa!nlon ptmuo. ono bOI'I to repeat tho obo1o pf'OOOOo o1'ro$bo 

-



v.,lo ~ ocmvil.tl1~ '>4tb a peAr of ~od fa®otut eay A•G end 

u..b, t.bQ orooo M/o.l:l :& MJ/ob sill'co too. dUtoront 9C~Solblo scnot;y,poo &n 'a• 
J..ot p l:lo t.be 1'0001:1~ tr~ t!W.ch obol7o tbo tllilO!mt Of Unluso bQtwoon 

t.nc two to::ttn"n,. loot x1, .&a end x3 I'Oapo<~t.ivol.J dcm.oto ttl4 r3 pl11motyp1o 

vnlllo, »'s-so.not.ypS.c 'IOJ'~ ead li's"'!onotyplo moon to%' a part1c~ aonot.ypo 

in 'a• 
Lot. 4u tmd 4r; (mo®UI04 ttom COVI'COpQnliine m!d•peront '1aluco) l>O tho 

sonotypio vellloa of W!o taotots A-!:1 and a..b oucb that An tho aboonoo of 

dooinonrto tho ~tlbU~ of the sena\ypeo AA0 Aa ond oa cto 40 , 1> cnl1 ..00 

roa,paot111oly !l.l1l1 of liBt Sb tm.4 bb ero dbf 0 on<~ . ..clll tol.tpoGt.lVelfa Vo~ 

1o t.bo table SlV&n!J Vel'lolUI ValU<IU of ~ t.broo eol.'IO\yplo pl'OpetUou, amo:l.y 

~ • Xa and .lta co metrt.lono4 ebt.l'fe t1:1r tho ten SQtlOtJpOO. 

Toblo "•"' Vttluon ot ~· Xa !ll'll'l X, tor vllHolae li'a eomtrpe:;t from 

~aoAI.l/nb X fW/nb 

! Xt (Fa~~~pt.c xa 
~.llo. Genotype Fvoq,tacno1 1 (li'a·ph~yp1o (1a~}'pto 

vnlue Val'1MOG moon 

1. tuVA.:; rf/4 4o."''db+ e. 0 cill-t4b 

a. t.o/Ab pq/2 da+e. vb 4o 

a. Ab/ll.b rl'/4 4n.ctb+e. 0 daoodb 

4. AJ/u pr/9. dl:>"'e Va c.b 

o. AD/eb (o) .fta e. Vo 0 

<>. A'lll/aJJ (R) sl'/e e. Va 0 

v. Ab/o.b pq/8 -db+e Vo ..clb 

a. aS/all /-/4 -do+db+e. 0 -da<tdb 

lio on/till pt/a ood.a+e vb -da 

10. ob/ab rl/4 ..c!.o-db+~ 0 -4o..clb 

~orn ot tho £ll'OpC1"Uco• 0 t~>c 0 

>' 



ihote (o) tmd (a) ilCftO'o oonpll.n.s cnct repulalcm phaseo ~peet1Vfllrt 

bolnr& tbf:l oou.tr1~on d.l.tc to OMitGmont to ttlo pbonotvpS.o 9c1lao «at1 q 

~. d a !nsf~ be~ O<pel to (i6p). Aluo Va 0 T. vb 0 T' Va 0 b +4c'b(l.ap), 

vR .. 4n~r'~ • 4Qcbc•..ata> • D0 o 4oa • 4r>1 • att..a»)2 detlll* 

. 
devt.n\lens 11'00 t.bt oan>tvpd!ni fa IIIO!Wit ilt otdov to ob\ain tho ~e 

ebaUt. tho l!ltarl ttlle;t~ .a &bas ucHQ3 W'ocJW.Osa:rsO ed.fuatcronto 1atol' tor 
•. 

wonotomlna tbo llltXI1tmt4 abolt tbo. OISQ.Q 54tO ~o n~ tho =en. feblo 

4.2 ohoml ttloso i1GIV2.t~Ucma ~ t:10 o.mo» X,.t JSa tlll4 "a• 
feblo ~· Dt?t.o.iSOI» ot .,~ Of &J.• &,a ewlla troa thtt.t lllO!;lJ:IS 

s.t~o.la~ypc &::~~~P~; 1 "s~p&o f '(Va-s~rp&o I q· 
(F a-aonot.y.pio 

l l 1 911140) 1 .,.Atltl40) l IIIOtltl) 
• ' 

"· Aa/MJ til• 4a<tdb.''e. -tllo de~ 

a. AB/Ab pq/a da+e vb-too do 
a, Ab/A'b rJlt• dflfl4b•e. ...to() 4c.~b 

"· AD/a» wa fb'fe .,~0 4b 

a. AD/eb(O) .Pta e vc~ 0 

6.. Ab/llB(R) pGfa e. Va-tPo 0 

'· Ab/fJ.b P_q/s il4b+e V~o -41> 

e. Ofj/d 11/4 toCla<tdb• e. -iDo -<letdt, 

9. oB(e.b pq/a t~Cto+e. 'ftl~o too4e 
10. eb/o:o rfl• ~b·e.. .;Do .-datoCib 



4.2.. Co.tttlUor ~ tllO ~'bl.lt$.® ot ooob qf tllo t!IRO Vlri~ &s,t 'a 
ltl4 XiJ Ln ell t.tto \1m ao~~ 111;lpcrato>q. 'lllo phonot.1plo t'Gkto .X1 'OD bo 

400Ct.cl0l'Qd to bo ~ dJ.utrilltlt.ed ~th on ~®.tal vorlollco'v'Qbolrt. 

tho CIOJ!M~G~ ae='-1pi4'1 mocm, s11on a.n te.bl.G ~.s. tor vc.t1ow; ao.t:l.()tJPO•• 
ftle otllw two ¥WA.d0tt :&a l!ltl4 &3 CIW1.!Zlo ~e.nt, Valuwt otnoo aitld.n a 

genotype CU. 'll'lll.UeQ ~ acn.otont. $1.n® tor a ~ d!atribl:rt!on 

Ita, • 11s., K2 o u2 orll'l x3 a ~ • o. t11o ~lt!.nts ot tho 4lot.l'itmtions 

of~· xa end &i om bO witten tot twfl'l s.=otUl»l ocperat.olJ. Tbo;rl'laVG 

been abt.Rm In tnblo 4.& $.ft \h()· ~ co1lltm Of 'tl.bicbo t4lQ Jolnt o!.'UlYJltll't\ 

tlul.llt&cm ·~at~3 (tl ttu tJU tbc tbt9e vctkb~ bon bo(ltl aivon tor aU 

f3~a Hpt:r~. 



TQbl.o ~o3a ou:::Qlt:ntD tor ~~-bl.rt.~ ot v1ll'lo.bl.oa .ltv ~ 111¥1 Xa t1Z!.d tbeb 

Jo.t.nt. cl'll!!'>lore tur.u~~11m tov IW'fel'tlnt. slltiOt.tpot). 

~a 
0 
0 

(4c-4o)'t1 +tsl• 

'iDcr ta + "' ~ • 

'• AD/eJ 

Ab/o.b 

a, 

cD/ob 

0 ., 
0 

0 
0 
0 

0 
0 
0 

-4b 
0 
0 

11140 
0 
Q 

(-4a~b) <t.1•ta) • 

(•iDc)f.a 4>V ¥ • 
~a<tt+ts)+!Vb*tDolta 

··!t!· 
(.da•4b) \tt.•~) 

-iDe ta 4>V t~ • 

-------------------------------------------------------
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x3 oonoopon41QJ to v•&ouo senotrpea en stvcm 1:11 tile •e• rwo4 to \bG £lOt*'• 

b'l t.ho OSptOGfiliono g1fca in tho J.eot aoluam Of tluJ tD.b1e 4,36 Tho moment 

aonwnt~ ~woo to:~ the '"~ 4S.OtvU!Uti.DD <mtt tbo *lt Fa 1.o t.he s= 
ot t.ho ooneap0tll1l18 i'I:U\ot.loft:l ttr~ \bo t.on senot.J»>Q multJ.pUod tw tho 

relll\1ve> b'<l~onos.eu of tbe ~\~ 1\ "' tb!Je awe bJ 

v ~8 
( a (40+4b)(t.1+t.aJ-iOo 'a I!!& da(tJ.+ta)+{Vb-tDcl'a • 

oT•<'Ii"".o +1r• 0 
(T . 

~ 0 (lie..cSbHti•t.al-illo 'a .. .p .t~4b(~+tta)+(Vftl'f0o)\a • 

~" 0(Vo~olta •J#.. 0 (Va-tDolta • 9 .o•(4bHt1+ta)+(Vat'tDolt8 • 

~ • Q (.Co+«lt~J (l$-ttaJ~o ta + £f.t.cl8 (frt:<tt.tl+(Vb•tDo)ta + 

) 
) . 
) 

On eaparmi.OD ot ll'anous e&ponont&ol ~. in tho blaokot of \J4a 

~don Ml1 oa dlllpU.ft.oaUon lti ,GI!.ueoa to 



+~ 
thiP AD tho I!ICI!l10Atl sonc~nt.ina Lf<nt c co4c1 oona$.at.lrl3 ot o pe1t ot 

~ te.etote, ~0 11101'01'" eM ~ be~ S1von bf oootttcif.nt,c 

ot tho Vf.lltlou t.ON:J lob~· 'a eJIIl 'a• Oll tnrt.hoS' w;psno&Ot\t tllo .,~ 

1n tbo btcekot. oell '» W\ &n a to~ tom ~ tt1o ooorno..-. o1 t.ho pOWOIO 

or (tt+ta> en t.be cno tw10 tlll4 - ooelfl<tlotlt.o' 01 tbc ~· ot ta on t.ho 

ot.bu. 'lhk bt~e tawn sl'fen in t.~· 4.4. 'i:bo vencou \(fttl in e~ oeU. 

ot tho table 01'0 oo ~ that t.t. t.o '1eFI d.Ufloalt to pub t.hom to fattb01-

Ql.aohnli1: tl'oatl!lon\0 '10 ~ t.ht.o tho t.Qma liaro boon d~ b1 t.bo lettow 

(AiJ) co ohotm in oecb ooU.. 

"•"• Us1Di ~ MtaUoi:ID AaJ'o, tho mOI!lCnt sODeteUllg hnotlon glvOn in 

t.cblo 4.4 ocn be f0gl'Gaonfi011 b1 

~8'( 
o" ,... f l• llao(t.s<tta>a• 'Gp(t.s•t.a>4 • ..... . 

• Aat<~•'a)it,r ~,,,,.t.ai'a • ... .. 

• Aea'aa·~<~~illt.aa • A 4a(~'t\a)'a • ..... J • 
'1bo Oorto~:~p;ncli£18 CUI$tll.t:Gt. IQI:IaUon toP t.bc:t JoSllt. 4Suttl'btl\~ OVOI 

th!.l \1J1o1.o Fa t.s ~a, e_q.\l~ to 

., !? . los r· llao(t,.tta>a• ••• .• fiaa. '"'""a'~ + ...... Aoa'a e~ <;ne)"ta ~ .... J. 
'lho toto in tile ~ ocn l'la. Q.1tptJndcc1 et 1CS (l.a) GUIJU tho OUI'Itl~ 
~ 1n tQiaa Of t.bo l*'OI!l of ta end (t,.+t8) 'l'1ll10b boo been~ tn 

t.eW.C 4.&, l.o ·a totm otmiJC# to table .. 4., 

thO OU!IIt1ld m,. q.l't &u SlYGfl bJ t.ho OOGftioJ.d ol t.bO 'terra 

't.P•ta'•t.." 
Pl qs ',/f " an tbo ~s.on or tbe <IU!liDiCil\ ~ s1vca in \fl1>1o 4.s. 
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'loblo 4•'h l.!o:;:tmt ~ina ~ £0!' ptliv of ~ fcctoJoa (l.mkOd 1n con~ pbono) 

I 

~ 
'a 
D 

!f 
! 

() 

" 

2 

{) 

1 

0 

( 
?:it<oa•vb2)+ 
l 

La ~ n3.. <> 

~at <tt +ta) 

I 1 I a I a I 4 

• a ( 4 4+6 4 0 (<le '+dba 

' 6 • 
0 ~ 2 bd~:~dta 413 .... ,2 • 

dtr,(1-3p)~ (4o244!h(1-&p) 
) +a a~a ) 

Q8 -Ct-a,..apZ)) 
) 

!lizol '~w 

t a~c ~ 0 (~ . ..a119Ybi• 0 t .-2pq.Vbi• 
t ( 48 

a 
db4& ·~ ?f~vtJ• 4a : -2pq1a} • 

!f:b .E£(1..ap) i ... 4i!b·~(<ta2..ci~) 
) 

'(1-2p)~a2cstP 
8 • 

) 

~gtap2JJ 
Vlat) (.\4t) 

o t ~a,l1trtdnla• o ~S ~>~~<<~a..tb>4• 
2l ~ da2<vtrof>a + ~c~r .. -D~a..,_., ... 

~ ,..- ·-
+k~.._. ... J. ___ • 4-~-- .... ~-__::~·: __ ~·~·-·-';.-,' ,.., ---~~-~~,.;;':::~--"'"' ~-r->--'-'~-~:::..: .. ," •'• ,,·~--~-~M ~--

~ 

I 

l 5 I 6 y '1 I 8 

~ c. ·~ ( 1®0 
~ 4a4b 

Q 'tooSO 
(34o4+34bo.,10fJ.aadbal (4a6+?4o. ~'ba•'lda2db4 

(1...ap}~a~l>at<ica•4t~a> +d~/'Ht~p)+4a2dba I 
a· ) 5760 I 

{t...a~ap) ) 
(24o4•M,}~~~t·~b4il ) 

(t.:t.pi>al 1 i I 
(~ (Aso} 

0 1~ {!f ..ZpqV!J..cl' 0 
(14® 1 

<tt -3XvcJ-~ % 
43de.4•toii,t~dba.3db4l twu) 
~ »c (de,a'ffilh 

T) 
',(1-3:g.2/}! 

(Aol) 

0 

-A 

~ 

# 
.'0 



To.blo 4tG aifoe ~'e clt!IUlmt tunc'w of the 12 Uctdbut.ion tor a 

ll~Qllol c~ 01 ODJ: Oll.$ pob of ~ laotaro. 111 onae t.hoto cro 

tlOf'O thnn one ~ndellt pdla ot linked to.otors, tileD. the o•l!'!t!lt:IJl\ tuMtion 

ot t.bo r2 Uatrlbot.&on toP t.ba\ I!!Odol wUl bo tho Sl.llll ot otJmU1ol1\ tunotJ,ono ot 

tho -.n41~a2. Utii«<4 ~. tbS.s is OlllJ ln tho cooo, WleiO tho lntltri.li~Jal 

llnlto4 9aU'o en ~tt4ttgon40rltl1 4.btf'11'1Qocl _, dlttmm o~omos. Xn 

that oooo \C~ 405 Cion bo 1!1011lftc4 eo m t.o t$l'te c ou.maJ.oat. tllMUon tn t.bo 

o~ ~ \betto eJO osmn lllll3b0t ot Ulaopen4~ Un!tod poire amo1vo4 in 

t.bo ~ 'me tem an ceob 40l.J. ot tho t.abl.o wW b!l'Vo to bo 1eglalet:\ b7 

t.bo c\10 of t.bo oori'Ctlpl.'l¢$._ tei'PlD ~ to dUfe~ UMCl\ ~. wbS.ob 

con bQ Obt~ bf C}eJf'lW~ dUfo.tout. vtti.Ucs ot AJJ'O lnrol.VCd tot o.QCb 

ll.&lM4 "* oopetnt~ol,f. 111 tabJo •.u, t.bO 1ottw'o ~-•a D1:loWn An b.raclt~ in 

Q1:!0h oou ~ t.bo O'Ulll ot tho oorrooPQndU~;J expsoeulono of that oeu. in 

~·c, o..w all U.ntod p~o. ~ tile IIIOdU&o4 t.flbl,o 405 in a...,•o wU1 

40ft0to tho ~t. tuneUon ot t.be P8 dlet.rl\lut&on to. tho !ll04ol fmolvt.ns 

Votiola indO~ p.-u Of U11Jte4 faotolee In tho Otli!IO of 0110 Ullked palt 

Onllt ~10 tdJ.1 dCII'lOtG tho~ Cllptotla.t.ollo in A11
1s ot tho OOJtoapOndJ.Q!J 

oollo eo tboy ~o. 

4-,.s, tlhUe t:Jl'l1s:l8 ti'Mo•o ~ eo ment.t.oMI\ oorllel' ono bCI'I to tlt 

narot~o40n 11noa ot v8 oheff10;\eh on '.a • parental V'olucs x,_, 'l'bio !lnlkce uso 

Of thO~ IIICIIllefltll en4 pftielQQt, IIICI!IfmtS of ~ Va cU.aW1blrt.f.on '~ 

found OVOf' oU tho Uld.e~ontl 11n!so4 paU8 lnvolve4. lt. t.hrW boOQrlOIJ 

JIQCCIIO&f1 to ~form tho 11104Uie4 tablo ot ~'o &ato o \n\)le alVUia tho 

~ lJCIIII'~ i'al\Ctton cl&rooUJ in ~ ot tbo ooottf.C~ ot vet&oua 

WII!IO &1:) "-• ta MC1 ta tft1l1l ®loeb t:!ll1 ~ o-1 pt«~r.~c~ l'lflliOt!tl oen llo roadllq 

tomu1 to~ aao11 f(lb).o 4.6 obo'\78 t.boso Qoeft1c1~ An~ 01 ai,S•oo lt mily 

1:10 .bc:Ao m mlM t.hfltt thG nat.rl'UOJll:l A&,s'o e.tl\t nw•o lul4 to be \14C4 on1r t.o 

~ ~ .\(qJt.ltfl!3.aobl'lll4 oa.PrOest.mm eM t.o ~tho 'tllt'f.Oill.t fl3Sobre1a 

opctallonv im'o3.f0do 
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Ql ..q 0' \II • ttl t;) .. 0 . . ,.... + ~ ..... .. 1,; ( ~f ~( ~(( - o-~"'s .. 
fut +M~ 0 ~ t;ltrN~ 0 ~,N 0 totra 0 ... 0 

~J1 ~ .. ..... 

=ir~ 
+ 

e;r 
8~~ ~ "b + <CI ·-
~:~ Nr; 1 

0 rf C) 0 ~ 
<CI $ --

i 
t .. 

. i . ( I 
~. l ""'q 
"t<N~ 0 

i 
0 I "~ 

... -~~ .. --
1 0 c 

u= 
0 ,J' 

•"" 
d:_ 

• --i 
0 J 0 I 0 $ tf .... 

i ., 

N~ ~ ( 
l 

........ 

0 ~· • 1 i "'O> 
N~ 

""" < 
• 
tt . '1'~ 

' I 
l 

. --· 



l'l 

1.1. w, ,.. oonoidor £304~ with a oina10 pair oJ Urlllod taoton. fheao 

QOClolo •• ~ dealt. td.~b tn tho patooon\ cbo,ptor &n ft.0\7 of tho tact. tbtD 

tov \be lll04o1o ~ ~ pelt of Unko4 telltoro lt. t.o poqaiW.o \o 

ClllmiOteto 811 ~ton poc~sUlo s~n~Qtr,oo. and eeloulato the reeUlto of 

ooloo\ion ~~. 5o\ on1)' lon ~-'-' etliJ f.nvol'fOct &n thio me\hod 

ot <mumvt\t.lcn but. also it. AD mote aoctii'&W ~ to IOJf1131' o,ppi'Odl:ult.t.onn 

lnvol'f'C4 ao compart~t to t.bo s.-ol 109'eaa1on moV!o4 si'len by ~~~~U~e. 

~ tbo hotore 1:1volvoe1 br t..e Clll4 »-~• t.ho • sono\7,00 

on4 thoU felll1i1'10 fttecpcnaao sn t.Oftlla or p f!D4 q. (c:ri-p) &n tho .r8 C!lD bo 

a® 4own eo to11o'o'01 

u{Mi ~14 tl.b/llll(R) 1Pta 
!J;J/Ab PtVa Ab/® pq/2 

Ab/Ail /'/4 oD/oJJ 
.,.,,. 

AIJ/oJJ pq/2 aa{ab pq/a 

llB/ob(o) ~/B ab/rib cP/4 
1n aU t.be modolo ~ousoe4 &o tho pJeScnt papa>. the s~ 

v•:Woa of tbo vat&ollo ft!OtOJ'C 1!110 asollllle4 t.o bO Oll!sle flotOeftOI' ~ 

oo:11!:10n ~JpS.O V- VUJ. bo 4~ bJ thO lett-or •a• CO t.botl 

' 

1n tho ~ola bi>)OQ'!tna to ~ Zl, t.hb Valo(l Of C lo ei?Clft 

11hol'em~ Aa tho ~taflo ot o1aoD 1 We ol'ft llC ool~o4 wltb the Jlol,p of tho 

el'IOn voJ..ue Of tho il'a 80110tn4c VEII'ltmrlo• W1t.b tho ~Q Of 'a', thO 

s~ygio 1t~o of the Va pos~ lliCon f!D4 the sano\n,;f.Q YotUn.Oo vi\b.f.n 

lli'QSOl'W CliO ~n ,. OQQll of the ten iS4DOtf908• tbo phomtJPI,o 'lol.Pou ot _ 

tbOeO semnv~ uU& bo ooct.~ aboUt ~ scnott.r£4-o nluao V4t.b vlll'iPO 

teFOUCIIltod bJ the ~ao.l componcmt 'v' of li'a• Vlll'ienllo• .Lot. ~ be 

tho 4of10\o or tho fa Obtr1bu\• toJ' tho •oq,Ui.to4 lOfC,J. of ooloct.IAO 
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&.•• 10.4 Comltpemd&Da flo eoob mod.lll. one om oololllate s tlii1IU tbo 

p1'00e41JJQ atvon &n \l:lo •• p~~t~ ~ ~ a hGnoe ~ v*• tbe 
ect.u~ t1odtlto t>oJ'QII4 vblob tho Ua tntllV'ldla&llrJ 1110 ao1eoto4 s.n cW'tottnt 

eaoes, tho pro~ Of Wttlt~ s~ an tbo ao1Gcl\o4 popDlatt.on 

can 11o o~ and 11'0111 ~ the 11101m valf.lee tor 'tllrlous propottlea can 
~ 

bo ocdl1 ~t«1t tWoby elVin$' <I&Wotly tbo tcau& of oolcctton. 

v, £13•1l.Bed hero• lo tmalli'a• 'f!Wl~ ._ •• tho fll1I!S tit * ra sCI!ll)tYJille 
'lafl.eneo 01111 the ~el ll'ari.enoo. 

a.s. fbo 4111V'lf4o ~ • co ~ ~o 4o or.sreaoil>le a.a. \Otmo ot tbt 

noS'IIla1 ''"14e•a•~ t;o tbo oO!IIo lc'tol. ot eol.foUon 1!.\o tbtlb 

ot 5 lltl4 croottutoao •• bt Ot dt o.otc Wblob 4opcm.Q upon tbo o\li!IDler.d.o 

't• K.:J• G\Ctot tbo &t.JolW'&on llll4ol' ~.~.,, bJ tbO I'CU.OY.tma Kj,..m 111 ,..,t, 
ata 

Ka•V • bV 1 &8 • QV eke m OQCl v bOIQa Hapcclf.ftl¥ tbo mean 0114 V!lticnco 

of tbo QGI'IIIel 4~buUt'UJ (aotmub & F&ob!li"t U'lfi • fiJO 'l1'l.IJ'.t.Ous ~ 

't• Sa• -· oen bo toWld ~ \bt 'eblo 4tit tor <W'te,_ aoclolo. FoP 

OCIA1I'ODAonoo tbo v$10o ot o a v taso been t.olml t.o oo ltf. (..0) a 'a 
toapcoUvoq, wblob ~- tM ox~ fOI 3 to "'" 

....... t.~(x.2.1). ·~tJta~.a.>·ti (2J'.b). no<a•·(lxa.a) 

.. it <.a4 .. ~a> • fK (1aa4..u.8+J.'1) .. fao (88.1osi•15a)• 

~sai..a~•sta) • a,.caa~.,v..a .. Zb, • ~ <t.~a'-.loaa&+to~ta> 
• fWo \a&aaa.t608aadi1ta~. 
ln oat I.!I04ole theto IIQ&ns DO CWn!JIOOOa tho coeti'.lof.en\o o CD1 o 

l.lfO coro a llenOo on ellbo'W.t.utiQJ ~ 'loklo tit tbo aotmel dovieto a oquQ,l 

lo l.aatU ~ 10" ~~ of oe~ \be CBP'QlllJ!.on tor ""§ ~ to 
' 

• &.asus-,m* ... ooaavt + .oovvtA8 



29 

l}J sebo\S.~IIUna \bo mtlllvlool. 'flllt.aeo Of tiw aootftoicnt.s 4 eDd t 

oonoapOnding to ell@ moclo11 tho hlp:) ot ~ ba9'C b\lon o~ tOt eU 

lt!Odola. tho vsnoae vllltloa ot ~ toJ! t.be 11104olo vWl ono Unlsed pe1r 8S'C 

Si10n in tcblo s.s.. 
fablt s,s.e Valt&oo of ~ toJ' olseo t 8ll4 n 11104ela <dt.h 

one &tnte4 Jlflb ot fnotoaoa-. 

s.no,~=~ ::r.: [ g:sp xr..:o: ~: 
I 

'· o.o 1.S9N1V& 1,3086019 

a. o,t.o l.S94*1 1.iot95'1l 

a. o.ao 1.2Dai'183 ,,8010'155 

4. e,aa 1,2W2989'1 1.29 9C»fl6 

a. o.~ 1.290~'18 1.293'14a) 

6, o,.o 1,88915$69 1.290$066 

'· o.uo 1.,s.aa320i 1.aaaa200 

&,a. Fov f.Uasv:Uon ot tho ClllO!Ilfll'at1on IIIO\Jioc11 lo\ us \oko the lll0401 

vitdl p • ,a& tfOrD ~II\ mode&o Of olaso x. file r8 seno\ndA 'fOPltmOO 

a9
1l8 lo Siven to be O(Jlo1 to 1.0 ww. IIGflin a"'a • t< 4t~2..st~2+2(1io8p)4n<lb) 

in tbo abaent~C) Of demil:II!Ua.. Fot 48 a 4b ~ 0. tiVFa a aJs(lo.p) '~~blob 
Sifts \be scmotrplo fellle ot o ftte\ol' • Jfa ) • CIA o~iwt.ift!J \be lin:'» 
velOos ot a't2 • ltli tiW1 ot p o ,sa, wo ll1111'6 o • 1,0 cmt.t. Tbo Fa sonot.rpto 
va1ttca ot the Yet&ooo s~ caa \boa be tcnowr~e 'It» N~e\liCfO \bo vnlUO 

tGt \be ~ M/Ai u s,o =~ m:1 110 -. Tho aot.oo1 4CY14\o toP _ 

10~ ~oou.on ot tile bJabest pbot10~ u ~ v* • s.,aoa&s97 a tr.S • a,4!81l618, 

me~ Ett1iiS tlbo ~'a mtten tmkA &s t<IH llm'<lt on ttso ote&e ot s~.vp14 .,~. 

To fiml t-ho propoRs.on Of tile ~po Ai/Ai1 tlb$.oh ie aolco~ wo ctoJ.oulu\1$ 



iO 

\be tlOJ'JIIalll..,._ -- " 'i&8H}t2
•009:PQ09

1 
• the fO'.ltor /i in tM 

4encmSnf40J' ktlls tluJ O(#leh ~ Qf td:le yelp of.,_~ OOillpoMrlt. 

Of~ r8 • Yanet~Ce 11111111194 s •••• .,; 
'fbt tiOtllialllm..M • ..tB?I41 • .ag&so 

.ff 
' ' 

57 .m.Sna ·w. \tl~ ot thO no~ pol:labUltJ ~el (Tebleo 

tiJt steUstl<lteDr~ 6 ~OlDM _.If ieeriiOQ, 1930) t!IC&M\ tho etlote 

'f"e1Q ot t.bt notme1 4tftflh end ~- ~&on '' f.G tOIUid that. 
<.1••61"~0~) • .aaJaao~ o1, \ht Aai.U.tt&dtJnlo belollil~~S to We seno~ l2l't 

llOleo*• TtlU OOMU~ 1&- (.aaa&a09} • .o:tiilia6 ot tho 1dl01e popu,dSoo, 

S/1;4 ~>•Sqj ~ to t/'/t, V. ffecp_,, Otmt~~S90Mki3 too tho IJeno\IPfl AI/AD. 
' . ' ~ 

I.Umilatlr the pro~- ot \bo *" a0110tnu oea bo foaM out. 'lbeso 
' ' ' 

pi'Opot\iorla tot.ol Upf.o .,aoo~ V!l10b ia .;lito Olollt to \he fJ'aot.ioD 
' ' . 

li!Ol.eotea eo ~ be ~ ~ •• ot \lllllae ~10~• n oan 
' l ' • 

o~llkM tile ecmoUO ~· eu4 vcraous 0\11111~ Vp ~. . . . . 
fctt.ooo tot~~~ ot oo1-eotLon bato bMD ptoaent.ed ~ t.~ s.a lll'll1 

a.a ~cM1.J to# tn04•J.o Of oll!WltltlO Of OJ.er#O U wf.th Goo ptlD Of UMod 

t!IOWe. 118 •• ~~.the f'!!ldt ot ra-~ VU'lctlOe aV,.a &o tblc! 

a ~ wU.ts tw Olfll!• l lllodei.G 11beto• tor ~ese u ~ lot i.o ohamslt!G. 

fuioua tollulo ot Fllt2 ~ 1ettV 1110dt1i'!t toont\ Wlth thO. llclp ot ti&od 

lll.S."* Of the hciWte encs· t.bo .,~ ~pondiQI ,..,. Of t;tle 

Hoemllirlllt~ treot40fl, • p' • ba'P boon a.llollln In tilt' ~' MlumD 'of tbt 

\able u. 



fablo s ... lloeG1te of eel!IO\.!.on fOP 1!104ols of clrum 1 'Wit.b cmo pair 
ot Unko4 fnctoro 'Witb'f.t'fa .. s,s tmlto Cllll ont~el. 

11etlclioo • .,. • a.o unitu, 

'1 

a 'fa l H'fiFaftFa "'a (' I I wS.iLut 
eeloo\.!.on 

l 

1, o,o "· faaO®S 1,84:MS63 'I'I,B- ,a2419~ •*7882 .,4355360 ,BOU$06 ,'1500000 

a, Oo10 1.,8U'141~ 1,.1!4'16lS42 O.ID$ ,8aQSG16 ,6'1G®'I7 -.886alsa ,1Wi904~ ,6BB33SS 

a, o.w 1,93M916 l,Ulnat. 6i.8fl1. .aaaarm. ,IAOWI!a -.at<r.was .S602ltla ,68'1DOOO .. o.as a,OOOOQOO 1.8i605t& tn,aof; .84:10576 ,6814'181 •• ~aov ..ai'lOfK>l .6250000 J 
II, o,40 a_aa6009o ... 868~7· 61,aJJ' ,4Sai.W tt'Ali3US -.3008:1ol .aoolOiS ,61}00000 

6, o,4$ 2,8314968 ltmSVOO Ga.05~ .~73'1 ,748'1001 .,soa64tt ,8078'181 ,688634S 

'1, o,f!O a,4494SM 1,36U'I31 16.8~ ,llUVi'l6 rmuaat .,8!JW199 ,ai355fl0 ,'liOOOOO 

Tablo J,s, Rollt!Ue ot e~ m 1!104tla ot owo u ~t.b ono p!!V 
ot .1.t.ak04 tetwa Wltb sODOIYJI1!a toltte'e'• l.Ja47432 tmt.to 
&.a tOI' •cob teot~W a ~tel ~o '"' .. a.o tW.t.S, 

i, • 1 8 ll 'f i lO 
of Ut:llt Of fa.i'ltlllOO l:t odfa- J: n'll'a fl'!Jatvs3 .. (' \he .,. aoleoUta !lOb~ o ns a· i' 8 ' i IIOCiel -lura Et 'ra b.i8ro nam j 

t I ot!leo• aelcot. 
t&.cm &.em 

t 
1, o,o. a.46~ s,atMV81 SIM~ ~18'1 ,uosm •o6S01'ml .mt069 a,oo 1,5000 

a. o,t.o a,~4B66 ~.ovaovvo a. •• ~ ,6196709 .,saaoa~ ,61S&ave a.'fO t.aaoo 
a, o,ao a,46Me66 '•9l80'141 'latBSi ,18.86501 t69'116$l. .. ,&3'166$'1 ,6'180668 a,40 t..oaoo 

•• o,ao a.~Ma6t l.aJ'*lS '••n-' .to~· t'l266UV -.492506\ .• 4U0963 a.as o.93n 
/ -

'· Oo<lO a,44~ 1,G'134821 ~~ ,48'1~ e'l'lfi\911. -.aa~ .avuuo t..eo o.'ISoo 

6. o.~ 2t4494866 1ti'lia81B «~.Bi$ ,&180918 ,f82432.2 ... 144614(1 .84469va 1,68 Ot75fS 

"· 0.110 2t4494664 ltaBUV$1 IJ6.8~ tGilfif6 ,'1SU&a7 •• WG'Ii9 ,a835560 "•60 o.v&oo 



a••• 'lo ox.trsot lllOIO ~ion end to me~te \no tolltllto Of tol>ltn 

s.a CIDl1 a.s hmd7t they bavO bccm iftnatom.= t.o the besla ot tm.t.t 

Fa• scmotyplo VCJ'UMO e.ad cro put Sn tebleo O.t on4 G,O tospeoUvoly. 

Thf.& ti0119f0l"l!!&t$0n le doll" b1 cU.vU&ni the f*lll'lt.s fQv (l) CkluUo 

ad'tanoo ~· (a) v.en sonotrllio -t~e w&thiri ptoee&V (HVra>• 
(3) vartf.ltl.Oo ot ps'OSO.O, l!IOen (H'Fa), (4) OO'fcti~ bOt.\lcon tho £ll"'SCl.07 

r:1.0nn Dbl1 scnotJPf,o vat1Ctlllo "Cltbin ill'Q!JOI9' (aVVstv,8i t'lld C6) ~o ot 
[j"' ,.\f;;_, 8/a 

aonotmo 'lcriC!IIOo Y4t.Jd.n t»""Z<In1 <v,, h 111 {W¥a • u'v,., L (H"~v8) a . 
OSld Ot"v~/· toopootivar. 'lf)o llcluo ot tho 'a s~pto 'ltriat~Co 11\0J 

obqo ~ dol. to mo®l p!!ltU~IJ An \11$ ca::~o Of CIIOO.W.. ~ 

<JQtlOttp1o vo.t.co ot tho teotor t.o koP' fbell• 'ltlcae ~ GboUld 

ent.Wlq the 'tW.\01:18 t.nblo$ to tlO Wt«i lliOJ'O oesi.IJ l:tlth o\btr sc:mtoel l1411f 

o~o U tbi'a " b thG Yori®:o «J~ of fib tal::!loo oco bo ~llb4 b1 

the taotoN oboml ill tbol.t bot.t.o!D tc:IIJO to a1w t.he nluea epptopl'&nto fat 

tbO oe:soo OD4ov OOMid.lll'aticm. Also \bey ocn be POd to ccmpllfQ 't4f>h tho 

F 3 YelUGG eot.uo.U, obl:lenod so O!l to enablo the plant. ~ to ta.t. .e 

otaitl!liJG senoUo mOal to bl.s ol~ it poeslblo,. 

lD tbo ~ ~ Of kbJ.$ 5.51 tl'lo OOft'O!Jpondt.QJ ChQ6od. 'lal.!.teo 

ot tho ~~ torlr.DCO e.e ccn~Mt. tho tm$.t. va10.o tf rhao b.tJ.vo o1oO .. 
been Bf,m3 •!4oh onaN.o oa to Judae bow 'htl.ou ~ en at~ \11th 

tho ef,mul$on'/10Ud ~ s.n tbo llnllll!Se veluo ana the cnv1rorlr:tdel 

vorf.anoe~. AQ ettosaed oorner, it it ·• tho ~ Ol" tho 
sooctr.Plo ~tcnanoo 1a1t thfll' rt$t.o 1'lht.ch !tl &rn,po,.._ 

AG a llp$4101 to.ao '\eb~ a.a et~tt be ~ ~ f.he tot'lll ot>teS=4 t1ftW 

we=~ tho ~ to tho bu!e or tb«l aatndo •~ O\'fl~ to _ 

lltli\1• '12W.ob wUJ. em-eo tJJo. ~ vorf.~ tt«l a.o ato: to·· 

l.asBBW ~ tot 'Cill w mod~h »toaOD\e4 itA ~ tsble. - a'u2 w.Ul 

~ be dltteron\ fO'I' ·ctutot~m J!lOdolo. 'lh(t v~ vrWUu ba'IO 



'lllblo 504t aoaul.t.a of soloot.San t~ ll'Odch of Olll$0 l ('hblO 5,a) oo 
tnnafol'i!IC4 to ba8lo of dt ll'a- ~plo vol'iaMo, lliS.t.b 
tll'tlll3fome4 lfolud of ~Gel '!tllJ'll'lllCO •vt o lo3333Sa3 unlto. 

1 8 ' a -ot ....... r-- a'fa 
I "Fa/Y•a t •.,., 'P' loelJ>ot,lvo ~wed eo :'r aVr8 ... 1 Jeci'Ol'.l#o s.n v a u.ou I t.bet. 

1 I 1· l 

1, o,o 1,414m.86 1.0969118 77.&6$ .as.6tSO.S ,aMSaiS .,.a3'10VS'l ,t69t190 .5000000 
i I, 0,10 10090'1120 1.100~ '13~ .atmw ,asm51 •.sioaaat ,t4otoao -5556 ' ' ) 

•• o,ao 1,fm.13S9 1.10*DC 09~. .,sa14'114 ,G0'1326B .,l6'1'1881 .u~w ,4250000 

•• o.as 1,6ll29W S..tom.P tn,ao;&' .a~4 ~9831 -.t'l8660V ,S.®a&$3 .4166667 

.. o.oo l.Gil'*O t,1.li4960 6l.a~J& .ooat015 ,4'128'1~ ·.1.~'1680 ,osaeSI.IS ,48S38lJS 

•• o.~ 1,9069313 t.U21f38 os.s~ ,8328100 ,4951890 ,.,1W18W ,0931656 ,4$9090!) 

'· 0,50 a.ooooooo 1,oli'm04a ao.Bt$ .sq;8sat o&a1021B •al'lOO&mi ,10ll5037 ,5000000 

lllert t:rb ./b 
llllltl ~ If"' b b 

'IJ/2 
b rfJ b 

fcblo s.s. aeo~t.o ot ~ tel' r.1011o1o of <4cllo 11 (Tablo o,a) uo 
Vcrt:lfm'll¢4 to fx!Dls Of lml' FQ4' ~ VCI'i~ 

I,No, 8} 6 'I a ·· ., I t=t ct IA4fCnCG Fa advtlliCel ~ I s'r8 la"ra/Y>al ,., \at . 'p' oo1ceUvo ~ • propor. u , 8 ·tlt lil4"taCO I t.n '• Uotl of ~ X l ' 3 
I t11t4 I I l eu4.~c •• • 

1, o,o 1,4143136 1.!79t643 00~ .otema .1'1236$8 .,uum ,.oa&?St6 Oo66'1 

•• o.lo t.'!OOfUO 1.,261634$ 64.,~ .,1834t9f .Uew1'1 •• 1~9 ,0846460 0,'144 

•• o.ao 1,1181~38· t,8BSU.11 w.mS ,11\!MOO ,8904855 •• 1419195 ,08899'14 o.ass 

'· 0.,25 1,68399i3 l.S3422'19 ¥4.~ ,l&U4M ,8289489 ... l4593f'1 ,0819948 O.SSP 

•• o.4U) lJJ86'1430 l,l'i28Cl4a ~M tB'109aa9 t4319a&6 •.11'18716 .osS(S.S'I t..lU 

.. o.~ 1,11069353 J..S.&l6S90 60.8t.' ,SU9890 ,4f4a009 -.168!1el1! ,0898761 1.818 

'· 0,50 a,ooooooo 1,..U'loot3 &6.J~ o86'l811!Jt .tal031S .,uoo~ .101isoa'1 1,S38 

llltro H~b /b 
IIUUpl. bJ /b ' b tl~/2 tt2 



boon (JUon k\ tablo &io6 \71tb tho CIOJ'l"O~ Cben304 'f7tlJ.llGG Of fa- eenotYplc 

vonao ln t>enoun easoo. 'lbo lt:Qt \10111 s&vco tho conoCUon te.Ot.o• vltb ~:~bleb 

t.& !lllllt.lply df.tforent. 'folw'lo co as to 11'10 I'COUlto of var4oun pl'opt,loo for t.be 

oodolo ~\h 8~~ 'fo.l.Uo ~:~~ 1 o'tml'fl4 fiaod tot ttO!Ib tt~~tm. 

Tebl.o 5o6t flocult.o of oolcct.t.on fov mc4o1o ot ol.Qms 11 ('lablo a,.a) w 
Uellst'orl:rled to boob ot wt sonot~c talllo tor caah tootor, 
w.ltb vctonned vell1e ef emlrOll.I!IOntel 'f711i'ienco•,•cs1oasaa8U \mlto0 

1, o.o a.ooooooo 1,1109'1498 90,4" .ta~ .MS'ISU ... ~ 0 31\31586 1100 10 000 

a, 0.10 a.ooooooo 1o6t466a6 s4.6S~ oaasam .4l.U1Bi ... aaoaa~ ,av41!010 l.S o.aao 

3, o.ao 2,0000000 t.B6610a1 f8o8J$ o8tit106l .MM''16'1 ... aa'i2252 o21M'l35 106 0,6SO 

4, OolJ$ 2.0000000 10 4998608 '14.9~ .S'11'1811 0 484416& • 0866066'1 •1844672 1,~ 0,635 

s, o.40 a.ooooooo t.aa4'1<K5 64.a~ ,82510'1& .ss.sM.6'1 ... ao6avoa ~~110110'14 t,a 011520 

6. o.45 a.ooooooo t.,aowa98 &J.S~ ,84539'79 .Ga162oa ... s.sV$!Wi .lOS'l&Oi 1,1. o,sos 

V, o,&o 2110000000 10 12'18068 86.89~ o36'18* 9 5a10318 -.l'10092S .1038027 100 00 500 

a 1 

Tho vui.Oue rosulte stven In tbo abova tl!bloa bl!ll'e been clf,aouco04 1n 

Chap\0# VUl In the U!bt. of l.S.nketeo ll11ll other llllpeRso 

1\ oq \10 ~ bote that tbe o~atlon oot.boll lim e1eo '"' uso4 In 

get.~ \hQ goalllts in tho o£180 ot ~ ot clcas 11 with two 4ntepcn®llt paS.te of 

link04 fMWI'dt optll't tf'Q!!l tbo GOilOJ'd. regoaoion ~~~~ ~bEllS been dOnO in 

Ol'C!Or to oeo, how llii10b ~oUon t.s lnvol.W4 J.n the fll(ltiQI'ol mct.ho4 par»calcr~ 

1n the preoonoo of .Unluso SrJ ~ to the mll!lCre\lon llle\hod• Thcro a.o no 

doUbt. tbnt. tbe rotltll\s ;lven by tbe GJ~t~mO..ot.ion motbo4 nt0 moro cacot. as oompei"04 

to tbo SO!!Orel. lliO\boll.• 



f1, ~:@?IIJ ,9t f.a• Ollll.'\ftmRS ON Fa PA!!MIIL fW!BS !96 M 

~ ~'lUS! np Nf!UID£!1 f6WJ or WRJ!R lli.O'fO!Yi• 

••t,• It ._., boen ~ eatUfuot tho\ t.n IU'I1er to Dne tho 
' . 

atatl.att.cal tectud.Q.H~t a1l'fm br fCDSO, ono boa \o tit l'OIP'OWI.on Unta of 

r 8 oh~~te.ttclte~ oa 118 ~ ~ Is.• 'flht.Ch m:pltos uno Of tho vet1oue 
; I ' , ' • 

-~• end~-·~ thc. ~'a• Cll.otft.bU\i.m\t 8cdl:Mv tOill1d .,.., 

eU tho ~.~~to~ p~ ot Un!ot.l tcoton imolvC!Cl. hblo 4,6 P'IOI? 

dltootl,y tho ~ ~ .. and p.o<luo~nto tct 4Uter~ 'ao4ols 

(8th no dQr!SnB1'190) oltGt ~-thO valuoa ot VCS'iws ~·o tm4 a...,•o 

tmcJirod Wltoan, 4~'c· &low t110 ~ of tho u~ ve&aos ot t.M 

· two illdopeti4Cl\ paUO 91 :LI.r!U4 f~o (p 111111 p• • oq t.n tho ~ oan) 

• «Wl ol \bo'~:t0Mt1g.t.o voluo$ cl!it 4'bt - .. ·eto • btltl.Oo of •o•, Gicco 

, 4a • 4t, • 4o • --. 'Jt!'tl1f07 on t.bo Jllf:ICl~. 

IA l'!laua u IIIC4ela, •a• 1iao 8 tk04 ~. ~oae iB olaoa 1 

· lllOilo~, ·~· ofU\ 1:10 ~ tatOI;l \bo etvon 'f•o ot Hv~'e• tho v~ a~~ 
' varlanoo I.Q UffOIOJl\ lbollolo dOJ*II'Ir~i Utltm tho Ve2.ac:J ol p CQ(I p•· t~ 

· Attot tho 60Mtftllo ~ tat' b !snt:nm 1'01' a p~111at IIIOClol, the ltiOmCilte 

ftDI1 ~ pJ'OdllC~a felt that !II04ol oen bO obt.elsle4 98S1l,y from \cbJ.o 4.6. 

~ ba1l'Q bfiii)D ~\b t1JbJ.oe t>.t. to 6.(> toP eonvons.moo of lllt.er 
ool.ctalt.Uone. AU tho ~~~amont:J ero oboa\ tho motmo ot It• Xa IZlt1 x8• As 

ttle UUo ot tb&.o ~- GbOWiitt tho ~ &Mo1vlft!f two llld.~ 

pdta ot Unktld toot.ota bdOnsitl.!3 to both o1tllmlo wUl bo 40tl.t borG. 



p=p'cO 

p=p'=•8 

f'P2tP'••4 

P"P'"t4 

P"P1"o5 

FP'oO 

p~~p'o,ll 

P"•a, p • ca,4 

P"P'"•4 

P"P'=•J 

/ 

p=p'oO 

i"P1=o8 

P"•a•p'o•~ 

P"P10o4 
ppto,l) 

'fnblO 6olt fble~o of It• ll'a• pbenotyplo Yolao tOI' !11046lo of ola:lo I 4 ll 

(All od4 ~~ o 0) 

s..s 815.,6850000 SGV.48'15000 18.816;.0318500 S.O ~5000000 1~.,0000000 461'14.11000000 

&.5 S\;.r/6$63~ 6g.l•1~'1K9a U50VoOila'IVO 4.•4 89,.l14ooooo U22.610COOO 30591.!345000 

a.1 W.,6Sl633'1 59'1~ Sa65&.14'1V31t 6•1 46.,6300000 9301106'15000 Ml6'1040US50 

~.5 86.ooooooo 606.,3906250 ueee.n6'1069 a.a 43.8400000 '1M. asaoooo u044.e4:0VJOO 

a .a s6.sav&ooo Mt.43'15000 1~6035156 a,i 36.,18'11W00 614.43'1$000 toooo.6035tiS6 

· fablo 6.2• l'l'odll.c~tea A;• OonQt7&4o CI)Gll Ol Fa ~ Qlll'l ~ 
of ~. i'a• p!umotJpS.o vlllUcl, tor L':04ols of 4looll 1 A n .• 

£todol.o ot Cllooll 11 

BsB\ r~t t •sat 

0 1.5000000 0 14,6850000 0 s.ooooooo 0 40.soooooo 0 

0 1.,8000000 0 t4.'16U260 0 0 a.400oooo 0 89,1600000 0 

0 1,5000000 0 t4,ali16Sa6 0 0 8,1000000 0 24.0800000 0 

0 1.5000000 0 t&.ooooooo 0 0 1,.8000000 0 19.4400000 0 

0 1,5000000 0 1$.,18'15000 0 0 lo5000000 0 t~8'1i000 0 

0 0 .,56215000 0 •10.,1850000 0 0 ..a.ascoooo 0 -~.0000000 

0 0 .,to?a1.81i 0 • 'lt45'1es89 0 0 •l.,OMOOOO G .a3,<>'110000 
0 0 -.i'IC>$806 0 .. 6.;00SlWl1 0 0 .Oo'1.1180000 0 •11,!5139500 

0 0 .. soooooo 0 • 1,68593'11) 0 0 .e.4i2oooo 0 • 1),'1005000 

0 0 •tlOUISOO 0 • 5o460'l50 0 0 ..Oo38U500 0 • 5o4Sil371)0 



~llbl.o 6.1la ~'*'' 1.;;8, o~eto ot Oonot~o mono 01 r8 £110.lleJW 
mw tho ,li0ti3rt> of~' Fa· phcootyptu 111llue tor codclu of Ola.oa 1 & II17 

'~ of t!o4o1Q of ol!llla n pIg' fO&' •·l; laa2•tl xl•-,.a la~aa31 a'§a :5 @JIM!Is 
. w•l!J a 1 

..-p'.O 1.tl 0 s.oa~ 0 11~18'10000 J.o .0 sa.liOOOOOO 0 Gas.~ 

l"$1'•,8 s..a 0 So'l6562~ 0 UG.3666993 a.• .0 19.£1600000 0 833.6800000 

.... ~.9· ... 4 1.S q s,aa1~o 0 teo.~~ e.1 .0 ls.6SOOOOO 0 a&..t\2'15000 

,.., ...• 
f"P''"•o 

pp'IIO ,., ... .~~ 

~.s ~ "·000001)0 0 3.B!l,.S906350 s.,e 0 u.Mooooo 0 186,®5Dooo 

~...~ ~ o.1S'ICOQO 0 181.0620000 h5 .0 i.w'iSooo 0 181.0b21l000 

foW.O 6.5• i'toduotMIQlnlllltl«~t Ia lao pl'Ot\l1llt ot J>a ~On)' aeon em 
fSOIIOt.fgA.o v~~o t~S.tbin Pf03CII'.lt flllil po17<:ro ot X111 
1fa• pllQ!low¢.o vt..~Aao few co&».a of o~two 1 a u. 

0 •• soooooo 0 

0 -.~12500 0 

..0.'1600000 0 

.s .. ou063e o 
":.(:)390~ 0 

~~>3,.8859375 0 

.a,.'le63'150 0 

t!odolo ot c1cas ll 

sl•a,a~ 0'11
2l •a•st'l 3 

o .a.asooooo o 
0 •1·~ 0 

0 ..o .. '1000000 0 

o ..o.43aoooo o 
o .o.aouooo o 

~.ooooooo o 
11116.'1(1'10000 0 

111110. 930~ 0 

• 6.196SooO o 
• s.v9t6veo o 

Toblo 6.6• i'ro4Uo~t xl•, t;q.Ua<OIC of ikmot.YPS.o ~Ol'lontile tllthln 
ra ~ t1XI4 po::rorn ot 'v r2 phonotyplo 1felt.lo tM l:l0(1ole 
Of 010011 1 tll JX. 

Uo4e.J.o of oa.nao 11 

{aa2a1 "'28*1'4 ~!l'a,al-aS.sCJ 

_aawwo 0 ,e$43'180 0 1•096S'IEIO 1o2.850000 0 &,6250000 0 t)lfo5000000 

e19$35i!l 0 .~7es9 0 '1.,06'11®3 o.-&950000 0 8o0921400 0 29ol~ 

,..atu1~*o~oi'ia&9S9 0 .. aa~~os 0 6,~0 o.aavsooo 0 1.8420350 0 19.U3376S 

ji'Jp•-.,\11 ,1800000 0 ,..4000063 0 ~.S66SSM OolSOOOOO. 0 o.6SMaoo 0 a.aSS0'195 

1"11'••1! ,t406a!i0 0 .~Ga18V& 0 a.~ Ool4062$o {) o • .e$21876 0 ».~ 

v 



6.2. i'l'l:l."a tho ~ ~ ptQt\lil~cnt.!l 0~ ebo'let ~b d031'00 

t~r&IJ1on c~ 01 t$.'11'c Fa eropqt,aca on v2 garent.cl vl;llu.o ~) '~:~oro 

oeleul.F.t.ed tor ¢nob modol. Tho tlve li'3 ptop~ca c&'O (:?.) .l!.3t tho 

i\SOOOt.y&4o corn Of,, proao~ (3) !a• tbt;laanotyp!Cl vetf,cnco W.t.IUD fi'a 

·pmmq (8) ¥3t tho ps'OdUdt ol FOSMY motm (WI V'crlllllOC W.t.IWl P'O:l~ 

· (~) r..,}~ tJ» a~ ot tbe li'a ~13V cecn m.cl (&) &a2
t t.bO Ol!1At!VO cl tbo 

6CII'»t.v»Jc vat1~ within Fs ~onr tcupc4Utoly. fbo loot throe qpantf.tiea 

·ero uuotul·frut o~Uin t.Do·oovrdcnc6·ot fi'a pi'Q$01'11 soan aD4 vctt.emo 

''1.'11~ pf'CSOh,Vo the ttedOMe of proaony !:~eM end th\l vl!tf.tlQX!c Of 1tel'itlMO 

vathtn P'l'/:lf!.ODil• #'Ctlge¢tiwl;r.. eJ.nOo rQatoao!otlo ot tift 4o~ 

1tetf$cl0 on tho COlllO atl4cl)OMI?ni tmri!l$0 oro to ~ onlilulat.od; it S.o 

convon&ent. to obtcln t.bo CfWetl.enoo llllltllb tof ooch of tho CJOClolo' ftoa 

tho Ml!lml\5 Qi' X,1 tho 4.n¢G~ont '11t!flc.to• 'lhU uoc <1.ono tot cU tho 

mo401o tnv.ol'~Ua two ~l.'ll'l4Cnt pcire ot ~ faotoi'Go et.noo tho oodola 

CfO .t!ltbolrt. cl~Ot .t.bc odd ~ otO a:U ,ao;vo tll'l11 001130<Petlti1J tbo 

~o o.aoott..O~o ln tho ~a.ceo obt~ Gl'O o.J.Qo aoto9 .Tbuo !n 

~ t'litb FQ'=Ot ~!!U to tho oo401s ot .olooo 1, w l1nvo tho 

t~ o(rt. Of OCJltit~ ~ t.bo ot!l.cllle.t.lon .cl tho OOVOI"le.Mo QU!lu 

A • o. B 'i1' 8o&O ~ OJ) o. $:i416250000 S 

q.,A + i.,S.S • OofJ • mlo62SD + O.E 

a.~a·. 04& • ~.6ai0 • O~Q • &67048783 

01111. • 85116268 'II 000 'II 58'1.4876 D • Ot U 

co1EIOOO 

QOlOOO 

a00100 

o0001.0 

S540621in • o.a • ssv.48'1SO • o.,o • tsat6.0312&B r; o o o o 1 

aolvka tb«Jo ae\8 ot OQ.UuUono t1o obtaln tho fQ~ ~· 

•• ~410 0 •oBOS9M& 0 o0120936 f 
0 .v~aoo 0 ~27.8~ 0 

f ... sea~W~n 0 wl£1~ 0 .. .,00'11060 
) 

0 +t<»$2'lat 0 .004M7G 0 ·~ 
.ouooao 0 • 000'1106,0 0 . .oo~e) 



p=p'cO 

p=p'ca,8 

By t.Dl~Ani ~ mQIII.onW <lOn"'opondlzl:s to tb1a t!Odol trom ~ 

o.PPtO»ti.ato t.flbl.oo (t.l t.o 6.~>. go otlttWl tho cootta.o&~ a. a, c,. u 

aa4 s in PQ8108oJ.cn e-J.onu ot the \1pO 'I o a..~.ca,a•~~at.a•Eat. o, ~ 
1 ~ "" OliO of the t19c propoR&oe studa.td, 'i'b!.Je wo lle.vo tor J til xa1 

A a t.Gii08410 (0) + o, (1.6}+ ••••" • 0 

a • o.(o) • •94653 (l,a),• •••••••• o ,4576759 

o o •.ass947S (O> + o <t.s>• •••••• o o· 
D o O, (0) • ,0458131 (1,8) • ••••• Q •tOC28i92 

s •• otsoas6 Co) • o, (1,5) • ••••• • o 
1n the p&"OOcn\ ll!04oaiJ tbo oootflolento A, Ot B Wn oat. t.o bO 

sCI'O tor J)l'Opcttlf)& Xs Wlll y 3, VhUo ooott'.t.t:llento a 11t111 a ato aOl'O So 

'll<tUAUol:lll toJ t11o •=~ t.h#oe P"QpOrtlos, Ttlore~o-to tho q•.t.ono 

Ol"' Of tAo ftfftl. Y • litll1 + bt I and V 0 A+C&1 Q + b.t, O ia tho too oasec 

f0$pcoti10l,r, 

fllO t~siol:\· ooot~lOSlts fOI' the wr~ propertioa aM 

pvon bOl.tJtlo toir ~ ot aluo 1 41 11 s.n tul)J.oe 6,'1, 4.a en<1 ts.e. 
ra~ 6,.,, ROSfCB!lAon cOCittla~ tot ~ ot proporUe:s 18, 

~ meon ot Fs P"'8~ • Ya• prod~JAt ot r8 

so~ 1110an CJll1 s~ulc ntJ.enco 1'11thin Pl'OIIIZJ• 

(eqp.itiono 01 t.11o typo, o *t • oat'> 

.wt6V59 .. Q028593 •oUilla9'1 -.owsn o6<144928 •• 0031&5t -.8381065 

o4a870f9 •• ooaos~a •,0'188UO •e00861101 ,snat.sa •• ooa728s .. 129'1563 

-.01i!a26 

••OOS5U9 

p,a.p• ... o o4~6Ss. .. coaat68 +.O'IB20fi .,.oosa$V3 •Mt675a .. ooatesa •o106SSS'I -~006l618 

p=p•c04 o44'i320'1 ••001823& ••*'* .,0*081 o4e$Uiit .,oouan •.0612.081 .,0007808 

pap• .. .- ,442402'1 .. OQ$.8388 --*1063 .. 0086990 .~, .,0013B$i .,otal06S •·003(>994 



'ra.bl.o 6.,0. ll.~an1C?O ooo£'£:1.cS.nnto £or O'i1Jn+ too? o£ l}r'Opor'&...l.oa X.Z.• ,acmot.y,p.S..c Yt:rJ..cnco. 'D~ 

~- :£g2. end '1:3
2

• O~ltlrC or Gaao~ypS.c QCQll or 'a Ji'S'"O&CD,J' ftJr cl.t::<><J ~ QOdoluo 

(e~~ ~ t.ho t.n>& 7 "' A • c:%.2.2 
+ E:BJ, 4 l 

--~------------"- - - - - ----~ viiliWs ot-t>-&- »' r- . - z .:. i2 - . - .. _ l ., • a.a4 I .., ..,. ii' 
=~ f L\ 1 0 I g f li I a I B f--.~~..---,,---:;Q~-xr---;;B~-
pop•-o .0964366 "'e031246a .~ .a92'120'i' ... 00111451 .0003a .1131Jla5a .1S747'n -.00211319 

-
prp""'-8 .ot:BflltR .... 0220235 ,.D002U6 ,.20.S221S .... 0048420 ,.ooouaa .91a91M .1869tl56 -.oo1S73a 

,...~. p"=.4 .0634604 ..... 0204093 .oooaaaa .,1795383 •..OOS620S .0001~ ,.91o:rl24 .185Sa4S -.0017043 

p=p• ... t .. t)486399 •.ot509S2 .0001222 ,.!286664 -.oo:um .0001116 ,8981206 .ta6S'l83 •.00142M 

P"\9·~ ,.OUS698 -.013*'1 ..0000'184 .1445969 •• 002J019 .oooua9 .asss:m. .1868249 •,.ool09'17 

tablo 6,91 ~ton coof1'1o1ollttJ tor e<l)latJons or~ "a· gono~ypt.c var1lmeo o!Wn ~<l!\1. 8 
13 end &i~• eqpere o£ ~,JPic l:l8Cll d li'3-~ tor alssa li modclo., 

(eQ.OOtiolliJ ot t.ba t.vpo 1 ,.. A + ~lata + ~ 4) 

VDltiCli or » a p•l .., ... a.a -- · ··--- ---- -r ,. .. ;;;,a -, l ,. aaa. 
tor veriol1tl ~ f 'l A l • 9 

pq?-, A 1 o 1 :& a 1 o 11 ~A 1 a IE 

P"'P. r::(J ~ ... ,Q6'1&11B .~9 1.&820988 -.QoUS0'/3 .,001'1090 1.2654338 .G033923 .... oo39989 

P"P• ... a .,145'1861. -.oawm .0003693 .,53588a9 -.016806& .000591.1:9 1.15'1:1SS7 .111101.47 -.0020061 

.!Foll. p•c;4 ·.t094'l'l8 --~- .~ss .35'19035 -.ocss92a .. 0003310 1.0685910 .£745393 .... ooaa-168 

prp• ... 4 .064oS'l80 -.018'1344 .0001475 .ta66MO -.0036833 0 0001733 .9932251 .23111422 -.001'1111 

prp• .... li .C03869a ...,013344'1 .OOOO!ISf .. 1445969 -.~a .0001139 .assas9G .1868?49 -.,00109'1'1 



6•8• fbooe o~lans holp 1111 to otwlt thO otfco\8 ot oolcot.I.OD OB allOW 

1n t.hO nazt. ollnpt.ol'. fbooo ~:~lao bolp in lnt.Otpl't}tSDa the tol.ctlcmo between 

tho variouo »'a• propoi'U.es DUd 't• tho Fa- gerontal va.l.bo, In We rcropect 

tho tii'Gt. tvo proporUos, nmol¥ Xs, tho seaotl'Plo IIICien of li'3 pl'OSCD1 

• Xa• tho aonot.JpS.o 'lm"laruto WS.tb!n ra PJ'Q3CD1 el!O ot p&l't.lcnler a.nt.OJOoot 

in \be\ tho.y toptOCon11 <lll'eotlt tho q~rmtt~os rc1cv~ to oel.eott.on. 'lhe 

POI!IDJni!ll t.btoo •cmt.i\S.on 11b1cb ato tbe ootmD of thO ~nnfJ.\iQS Uke tbo 

'lotlenoo ot tho mOOJ'IZI ot li'a prc:scnleo ot.o, eloo rePre&cm lmport.ent 

propott1oo ot tbO mat.ot1al Ulllltl ooloct.tcm. ~lltloDD tor the ftrot t.\10 

p1'0p(ll't.1oa ete topto81S11t.c0 SJ'Ilpbloellti.n ll't.suoa 6,1 to ~6 tor eodels ot 

both CllltlDos tor 4UteJPon' paita ot volDon ot p ClJI4 P'• li'iaarca 6.1. end 6,8 

rop:rooout. tbo 8I'OPb& tor "'a• the aonottpio ooen of li'a proocn.y tw lilOCiol.o 

ot olcsa 1 am1 oleDo ll rospcotivol.J, 'lho rCll:loint.ns flaatcQ oonoaOOQd. to 

the Sfepllo tot Jl.at tJlt aonot;pio Vot1CDOO 'Dithl.o Ia ptog~, 

6,41 .ftom fil3UIOS 6,1 QDI1 6.8 itl llppoc&'lil tbG the r~oeion ot pi'OSODJ 

lilf!Cil on ~ol ~ l.o ~ Unoer cwor o \7l4o r~o of »'a• 
phonot.yPt.o 'folllon tor botb ol.ssaen of moclole, tho OIU"rGtl bOlaa OJCmot.dcol 

1n fUo\ tmd tbUd cpeclfdo toDd to tam boOk ~erda il• edo oAor 

covetln!J o Unont pntb t,n oaob OCI)o, WS.th tho tt.aaUon ot o~t.u4e of 

oaob tellltM &D olCIIO II ~olo tho ottect; ot Unlt£SO em t.bo V03J'OGOion in 

cUot.i.noU, Vlslblo ffC!I ftSIJto 6,8, llS the 41ti'eS'en\ CUIVCB 111'0 ouf'tici~ 

41atlft0t fi'OI!I OJ2IJ on other, UDWce cunoo obcml in Fisuro 6tt tot cloaa 1 

moclolo 'Oith ftltcc1 ra 60JIOtJp1o vol'lonoe \7bcto tho 01U"11S ero 'fOP1 clooo 

t.o OliO on ot.bor, Tb1o 414\lnotion botvean otlJ'VeiJ ehoOQ in rasaroo ~~ Dlld 

6.St Dn7 bo t.rnoe4 to \be tact tilla\ whotO Ja-- sonotyp.t.o vu1co0o 1B tbo6 

C)DfVOo Dhow no dUfotonOo on6 ~ tnaton t!70 &04 in lllll3ll1~oo, bGt. 

tho i'a ~pt.o vlli'113D408 tlJ'O 4Utcrcnlt thO OUifell orronao ~ol'IOs 

1n \ho 014<11' of 1t.nllliiJOo t.bo olopo boirt3 otoogor llit.b Ughtor Unluso. 
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fblo CC)Bi'~ the Oboona\$0n \bet. l.t le l'g• S<!IWtypiO 'larf.MOO on0 PO\ 

the ~t.u40 of ~QcU,'fidGol fll(ltotet 'l'lblob ~ 4ot.or::lin.oo tho 

rol.at.ioutlip botucon Ia• volaoa eD4 cocna ot tboU' .Fa ~eaioo. i'i$ato 

6,1 ebowa f) '10'1¥ ~ oppoat\e t.rer&d co· ttCIIllpll.f04 t1o fi6Ute b.Bt so tat 

eo tho· ottoot. ot Urllr.C6o J.a eoncornod. fOl" n &tel l'r scno\~a 

Yel'1enoe, tho oUsb\ d.Uterenoo &.n the elope of tbo o!lfV4& (VJ.sure 6.1) 

is 48~ bJ tllo oherl..1o In t.bo Umuso, 

6.1h wo .llllll.t mflt.oh on to \110 f'01aUoa tx>t.weon &a• tho esenot.Jpld vert.enoo 

'lllltbln Fa Jtoscn,v oDd 1,, tbo ra- pbalOtyptc 9'ollaO. Act.uuUJ \hlo 

relot.lonSb'p oen be W.sunUeOtl co at~npooetl of tl::O t.1J10o of' ofteot.s, cs 

fol.loaot 

(1) Tho relation botvoen t 2 sonotyp.lo VDl'itmGo end tbo moe 'lm"lanao 

vttW.n ra pl'oa .. and · 

(a) fbe tolet.S.OO of 981'l~~~Mo "1'* in41'1W~ ra ptq~cmioa uno 
ra~olv~ 

Tho. aeoon4 ettoot. ocn be otwU.Otl fl'o:n t~ 6.8 81111 0.4 tlhete fiho 

OIU"VVa buro been~ botwocn 'lctiO!la voJ.oco of As.• Ulo ll'a ph&rot.i'plo 

vnliiO eD4 \bO 4ev&at>ilm ot the a~ Vcl'iflrlOO t4t.b&n '~'a pJ'Og\Ulf ttOm 

.t.to moen otV moll aa 11111 ~ obt.~ 1n tho tosfCOSI.orl met.boa• tr# tbo 

modc.l.o 01 two ~oo tupoot.lvolv9,!6o t.htlt. tbo GO!DptltJ.oolls ero· ZlOt. atfOQtocl 

bJ 4Uforen\ vo11loo o1 coell vottemo 'fiUI1in r8 ~etl tor \he 4UtOI'Ofttl 

CI04old. 

A8cltl. tho Glllll t.otel of t.llo obofo two otfeo\a on s~ vott.efteo 

wltbln r 8 P'O!Illi1 om bO at.udt.o4 ttom thO srogllo bomon Xu tho i'a 

pmoent.£11 value an4 tho obtlolu:\o v!Wlo ot tho g~ vedfll'IOO tlttbin ~'a 

J41118GU1 t.o. Ia tor tbo tvo o1f,Jacqo (~ 6.1) end 6.6). Those almo111\e 
v Yo1uoD aDJ'o o~ l:ly cdt:U.ns tho valllo ot H F3 (W.t.boUt so100t.io.D) 

oorrea~ to olltlh modal to tbG fn).uo ot \llo cledat.a.on of Xa f~ .it.o 

moen oo urecU,y obt.oJ.rleCl lQ tile ~ion mo~. 
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\'lo abaU <llcour~o. tho COM1Illllono t1rcr,m fe'oln t.ho obovo ~o etndlos 

oo~Qtol.y ~ tol.l.ow• 

Rcforrtns to tM CIUVQo ehoan 1n tGeo.roo c.s onc1 6.4 tor tho e~ 

bteod on tho ccoond ofteot, it m113 bo polnte4 out t.bnt tllo:Jo ourvou ~leSn 

boo t.ho vm'icnoo t'litb1n 1adJ.v1dll.o1 Fa .proganiQn f.o dll:ltrlbut<ld orouM lta 

~:Dflll+ Tblo d1otl'lbl1Uon bchllVC:J in tflo BtmO focb!on fort tho trJO o10ll80*! 

of co4olo0 ~opt. tbot tho oi.U'110e tor oltuw .1 ao4olo 01'0 t:IOI'O oborplv 

p(leted" It ocy bo o point of 601!10 opoolol imporl.anco tbot tov o ports.oular 

vcl.Uo or .ltv tho Fa ptll'entel vlllllo• tho dlfforenoo bot'GOO!l tho vrlueo of 

a3 tor t:ll>dols V1th pap'o•G end p=p'Ool), t.bo ccooo or oxtrcmo1y and modorut.ol7 

loose Unlt~o roopootivoly lo loJ' loso than tho dlttcronoo Of the vel.Uoo 

for t.ho modolo \"11th P-v'IIIO on4 p=p'o•a• tho oll:Joo of oatrc!:loly Dllll modwatolJ 

tight Untugo roopeoUvoly. ~b1o obooo that. the Cllaturbmoo ln tho VoJ'ionoo 

vi thin an u 8 pr~on;v lo vor:r Cllob arot\t.Ci' tor CC11olo '1'11th olooo Ullkt:30• 

li'urtbor t.bo modrllm 11cluo or vor1ouo OI.U"'CO lnoroocoo oo tho Ua!:c:GO Au 

t!sbtonod• 'lbia toot io voq ooU d~ntoct ln the a.boVo srophQ 

(l!'lt.SUI'eo 6•3 !lJld 6•4) uhovo lt lo observed thot. tho ohtl,90 ot tbo curve 

obqoo t~ ~1o to Lopt.o.k.UvUo eo tho Unltcso seta t!shtcno4. 

\7o !:lOW paao Ol1 to l!t.Udy t;he CIU'V011 groacntod ln ~0:) 6o5 onri 6.6 

tor tbe tm ollll!OOo ot oodola. 'l'hooo Cllrv'CS cxplo1n tho dllltrlbutlon ot tbe 

absolute value of the !)OriOt.;p!o vorlcnco v1thln F$ pl"OSOnf J.•c• l:J• \"'hlcb 

cotuol17 ct~ooonto foP tho sue total or the obovo tt:O otfocta0 

'lho bchllVlOtlt of tho d1GtS'lbat.1on of tho ob3oll.-tc vohto Xa, tor 

olooo 11 mo4oln where the mDan!tndo or tho tnatoro ill Haod but. tho Fa• 

scnotyp1o veJ>1onco t.o ohq~ from model to mo4ol.t t.o ai.cUI.lP to tho 

llf.otrlblltion ot .1a oroutld 1ts tlOCD (dlsoooacd aboVG) in that tho vos>iouo 

oiU'VCO eJ'rt:nao tbemo.t:l.voa ln the 01'\101' or Unkll3(1 vollloo {F~. 6.6)o nut. 
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tor oloso l oo4~ 'abOro II' a• scnotJ¢.o varioneo l.s tbCIICS, ~ diot.l'1buU.on 

ot t.be !lbs~o 'te.l.uo 'a u cho'm br curvoo lllli'lso C.llt AD llDt. koop1rls 

\"li.tb tbo ~ ~ oho\m in otbct QtopbP. BotQ tho vctiollo curves do 
' ' 

not anqo thE~C~~JolVOs ill t.bo ot¢01 ot .'IJ.Ditcso valneo• 'lbiB $.o beollllOO ot 

~ opeo$al bobnViallt at tbo fbot. off'90ta ru:m~, tho rolation bOtvlclon 

li'a sGZIQtypS.o ~o ec11 t.b& moen 'tfll'li!I'IOo oltbln v8 pqant.GD, ~ ttw 

o~o 1 II.IOClels e.xpl.oino4 t~caow. Ubm pp'e~9$, oU tho tour laotots boho.vo 

A.114o~ Mil lfhezl pap'fliO, tho fouf fno\ota bchnvo ea t\'10 AndOpOJUlellt 

tanors osob v1tb tloobl.o tho fJI$1t.uilo ot e tcotot. ln bbtb t.bOl:lo oaooo, 
' ' ' 

tho tlSGA eoM\JpJ.O varlanoo w&t.bin D'a l'tOSOl\V tll1'll3 out; t.o be belt ot tho 
' . 

Ja- gcno\ypS.o 9&dtl'lll)e if'l'oopoct.lvo ot tho mmt&• ot ln4flpOZl4onU., 

~ taotolo lnvo1'd'Od thor<~ln. \\lbon tbo teotofo ero pft~Uall,y Unltoelt -. 'I' 
t.bie dooo DDt hoU trc"'- Vol!Jet~ Of H ra ~ vrrlous mo401s ot o1oao 1 ODd 11 

eto !SlVOA in tho acu olwp\ct 1n tnbl.oo v,a f1D4 v,t rcopoqtl.!fOlq, It oen 

bo ooen t.be\ ttn o1c:lo n ~ l:lhoro fl'v2 AD ~ '*'o:n modol to · 

I!JOCiol, tile vol.Uo ot n1ra lo not. ~ bc1t ot Fa• e~ v!IJ'1cnco fOI' 

eU 1r8luCo of p•e• except ~ pp'eO rJI.t1 pp'••J• thoQsh tho tronn ot -ocmtinUollO. 4oorocoO in t.bo vnlllo ot a'r8 with tho looaonlD.$ of .unrscsoo &o 

~tr!KI 08 that Of S1Ba ('foblo fo<t), On tho Oedlt.ral')' f'ol' Oloos 1111011o1o'~ -t.bo li'a• sonot,JPio vsrlaz!Oo AD tt.xoa to loG nn1t.o, tbo 11D1Ge ot s'ra lo w 
01 tble t..o, ,'18 ont.t. tml6 tOI' lllOdeia with pp'GO a A'otS aJll1 &o 1o:lc -then thlo tor o\ber 11104ola vwo tho ottoot ot UnfstSO oc s'~r8 t.o oiSDUtOont 

(fab).o fo2) 0 We I!IOIIM \hat. to'l thooe modolo tho va1uo of BVfa ftM 

4ooteeooo tfcm t.bo volllo t"'6 tmlt at pop'cO fl!l4 t.hon IJlcloOeoeo \o B!VO -vel.Uo o'm cm1t t1311ln fl\ P'P'ooflo 'fbSo tf<lnd ot H'~ra foP o1ooo l mod.elo 

'o llD1l ocmos.otont. ol.tb tbet tu oleos 11 mockl1o. 1t io boet'IUII$ of tbio 

fOEIOM that ubUo Sfa,phs o!IO\!Iirla tho dJ.nt.r1btt\ioD Of 'tel'leMO Olthln 



f.n<lt.v111uo1 li" 8 ~cn1elJ bobtl'XI in a IIOl'lllal. focl!lon for bOth <S1C3'l ot 

codolo (ll'igul'OO 6t8 and 6t,4)t if, 11'1 not 00 in tho ilOSO Of efOpbO OOatl'Ol'l~ 

to the oboolute volu& of tho sonotyp1o ve~t.onoo w1tb$n 113 pt0ictl7; -epeoiolly $n tbo cooo of ol.ea11 1 mo4olo 'l!lhore tho bob!l9iolu' ot a'va lD not. 

tosuw. Obvlouoa., Unkeso ottoota tho eomtyp1o Vl!l'icnoo vitll1n Fa 

ptosony protoot:1Ci11 evon wboro th& s.nttJ.al Fs• aonotypio Vlll'icnoo lc 

t.bo o (Jll.(t ~ 



fllo is flAllStlOU. rJWP!mTml! 9'! smaw f'Wll+UOI'IS fpi\ Pm 
!:lO!!,Y ltffl?LVPU w ~~ PAXL\3 Of l:lA mmaa 

'•'• AltOJ' ob\~ ~o ~·s.on eC!):Ioilone or thv tift ri IBat.lBUoel 

pPOpoi'Ueo on x]., the ~~'a• pbemtqpio 'ftll8~1 1111 4ci80rlbe4 lc tbe ~tao 

chop\ef1 ttiD l!ltlSrll valuoa C$1 tbOQO ~t\$.oa · corrt~ t.o f.ho oeleot.o4 

potWin ot the 'a• pc)pol.aUon""" 6b\aln04 br the toohniflll.t slftrl bJ 

ie.rl.tile>, A bfief atotoh of t.bO 1110thocl 111U1 M 8l'10n ho•o• Tho eoloct.lon 

~CJUdt.J" 'nil Up\ Gll!IIO t..o. to~ $IJ 11eG in ~ OCIIO of 1!1 oirJ81o pok' of 

~ faototo. i'ot thS.n loYGl. ot eeleotion, tho 4fll&.ote ot tho Fa • 

wva.wwm 5 • 'I!IQO coJ.0~\011 tor tho mOiicJ.s oati'Cittpomkls to oGOil 

peA.I' of vnl.v• or p Cll4 P't tor bot.b clcsteo ot ** b; 11~ tho 

F0004Uf9 lld.Optod t.o c.bcp\OJ 'I • 'lbo vaJ.IlQ at s obtoinQI 3a v~ OlilOOO 

bun bOOll e&1'en a.n t,nb3.G '•'• 

'l'nblo 'l1S.t Vel.Qea 01 ~ m l- ooleotton tor modol.o 
of Olcss l DtJd ob:ls n. 

!e!:l)e~' I ::o t!;;l; tor : I :e:;r:;; tOt 
pq•..o l 1.888820S 1.8948$91 

" "'-.a l.SS7%81 1.Bt1U49& 

.-.a, ...... 1.88'10'153 s.aa~ 

~···4 1,2860460 1.&8'12408 
• 

»=JJttl•S ,,2!»9069 1.&Mi069 

:1: 

941S. Tbo valcoe of ~ aiven in tflba. ''-~· uo 3a ~ l:lteoOfet ~ 

veJ#® ot tho eotw 4evl~ ot \be i'a dlstfl.tltlUOcl ~ bo sl~~G b7 ~<:r• 
' 

'Cibclo <J a.o tbo IJ\NllleH ilOvlo.t.S.cm ot tho dlaUlbUt.t.oD. 'fho •m voltlo ot 

q ~'a• Pf0£1Gt\1 •r• tGJ" tho oolce\Oel ~ of tho Fa• pepUlo\lon 14 



ob\c!nod 1rc:1 tho lnto#al 
i'O? 

S r.t(al)~a, oho!'o f(ss.)dat $9 t.bo 
'S<r 

tro~ODI31 o1~, bf Uvldf.n3 tbt.o ln~ bJ' tho trao\!on ot tbo 'a• 

populnUon colcet.ed, 1.o. b7 o.t. sa-~ tot a,. * l'Opr~to t.bo 

1ooor Uoit ot Fa• gbcnot.;vp&o voluou oolootoe, tbo Pppor U!:l1t thool'Jt10n.U,J 

bOJn3 + =. The IWlotlon 'f' tolseo !Uttercmt. lh'lluoo tot' !Urtoront fa 
pfOporilloo eD4 hB!l boon ~sc4 ln tOl'I:IO of 'a• pbonotaplls vellloo bJ 

aoDDO or tbo f'G31'01Solon e~ uatt.onG ot tbo \JPQ (1) 'I cr ~1 + D&1 3 oa4 

(8) 1 c A.o&18 + &r.s.44 Y.bo 10~011 ~· ~ t.hlli'Ofl>l'O 

(1) r ,_, • ~8) t<at>&&t 

(a) 5 (A • ex/• + Eat 4) t~)~ 
'lbo t\'Oc:JJOM'I o1aaont t<at)dat) ocn bO roptooon\e4 by 

f •Ult..o) dr + IT ~..v) ~ • h 'a t.? 
e 

t.o btllS been tmp.\&lnad in eb~ '• n \tllto o " &1 l!llliS v .. &a• Also tbO 

044 oll!:lllllll\ts oro aero 1n our o011o. 

Tborctoto (1) J (~1•~13) t<.xt) 4at, 

tt4 J... ~ B 
o J t Bxs,+llxt "> • ~ ~· dat& + if ~ Clat .... , ,J.tv .e ~ • l1xt 

llloo oi.Mo a 1 co:Svll. t1x,. A vi' dY , tho s.ntogrt!S. (l) oon bo'oapS'Ooocd £ll1 

)~n-sv*~ sSv312) ( olt • * $ ~ tt !~ 6 ...... )JiB: o-11 
52 

• 45 •-
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Btlbut.itut.Six:J fllrthOS', 4 " il• t 111 ii 0 b c it-• .... !1111 rot.oSntna upto 



<liS 

c/.) L 4 & e -a.f 
co ) (n,Svf+» 5yfa). (o 4& g~<; • fr ~ • h fia ). %u o .dg. 

~ ~2 
OD aa~ tho aapononUel om pllt.f.ins a ta~ ~'1.1 o CZ¥1 

tho llorm!\o ~ ~ v alvon b7 8~» • & co ~, &p \bo ~~ 
(1) f.o rct1ucCJd. to 

c-O 

S (a~vt • tPg¥18) (t• i4 .~4 • -fso \ • ( *0 • tda )'58) aocis 
""S 
llul•S.~il6 out. t.ho brMkot.o o1111 oobn\1~ s.n tbo ~~ 

• ~,.s.:.v ~v•l t.:w ~- ~ ... \bo 1!4~ tu~ fGd.uC09 t.o 

l.sv~rt~, • ~<~s~~a> • Ttfo t~v+6~s) • ~ • dfaH.Sa.as.,> J t: ( ) 
s ( 

..nvstala~, •.Sa • d- <~,.2J)~st4B~s+243t>• do-< !:""9.21~, • toa\-t;UI~s> 

• < ooho • -diaH~u• av59 • 1ea~, • U6~6) J 111~. 
llo\7 Dinco s~.z D ~ l'll>lz and ~OfOI'O Oft lr1t.OgVaW.ont lt. boamoo O~al to 

.•. [ ... r·. !!< ...... ~ • Jo' ~ ... go) ., •. """'' ... "' ol l 
. ( . 

• nq3/a r~.a•&t ~( ~o+15~,.oo~a·2~) • fro<'Sa+21 ~6+108~4•120"'-Sg) 

•( Jaao • 6tJ,.rto+2'1~ a+193~o+3S6.S,> ~ ~1> 
'Ibo oOCC!ftiJ ~ol. odl abo bo tm.tt.en dol1n as 

J (~ -sflv•s sY> b• If~~· • fao ~ • ( ~ • g53> i~a > z:11~ o 

t~hich b)' CldcpUzza o pl'"OOcdUto otoilt11 to the\ UliOd tot tbo ·f'itot. .. t:!Gfol 

8l'ld o~.nao t.c1 ~ o I' ubicb in hero o1$Jol t.o o.1, can bo oxproos(ld s.n t.ho tore 



a,t:o, (1 

49 

o.t(~.av•asvi•sv294) 

.. [·!t.~··f..'e-'~· r ... ~·. r. 
ov { 1 • h-<~ti•ll~stl2'S1) • 7fo (~~lO :S5·ao~8)•~o• tfaaH~ g+1'1~5fta> 

'1.3, fbo tw QllptOO<Iii)J\0 s&von 1n '1,2 •opro!:loa\ 1 bottloon tho ~ts .s vfr 
ctl<l-t 00 ODd IJJ'o thorotoro oql11valcnt. to i'xo.t, 'Jibero i lo tho ooan voluo of 

1 bott10e11 thou& Utslte. 

lly mol1ina Zlll!lll»'lcel subatttuUono for tho borm1to pol1Domiols!: 1• 

~ 2, ••••• oto an4 fo'l t.be ooeltloiont.o 41 t, h oppropJ'li!W to CI.Utaront. 

ll104olo, tho tust. OXpl'elluUn con be ucoel to 131vo t.ho l!l<lOU -:a1t1o of ., 

l7bon 1 co &3 or Za&8t eM tho ~onl1 when '1 o Z3t &aS OJ' a/'. 

'fnb1o v.aa l'lO:lo.lt8 of 111oleotion tor 1:104ols o£ olcao 1 v1\b t110 
i.oe10p0lldcnt. Ja1rc of linked feot.ore '01th aVFa o 1,8 UDito 
end OUO"~ol 'ltll'lonoo v o s.o cm1t11 (BJ noucaolon !!otbod) 

a 8 4 6 7 9 
o1 Vcl.UOn or~Llolt of lA4YCI'lCo v8 cdvc. v 

I HWa fa"fJv18 
l av, 1M p a p* ool£1c1Uvo }oobio,vc4 o c.s a .11'8 , .... Dl4oll cdvcnoo an r8 lprcport.. l 

t 
\"11~ 

l I 1 l'on or ~ I ooloot.. 
&on i x::!tb:Lo" & l 

1t pe.p'oO a.~9GSM 1.88121t}S 56,3'1;( o,aS194'11 0,'19'75886 •.OO'IG2Sl 
I 

00 2349M4 00 '1000000 · 

•• p;~p'ao2 a.'laa6128 l,SS49045 50o5cn' Oo4951502 o.aaotflB •• ata6276 Oo1619l'l8 Oe63'15000 1 

s. pa.a,P'"•' a,oanoat l 0 Si610'10 4'1.~ 0,5115846 0,8288068 .,1958051 Oo1467~ Oo61\285'11 J 

•• p=p'a•4 s.t6all'l!la 1,3906311 os.oo~ OolWT4609 0.85590'10 ·o1640591. o,.uaus9 o,65ooooo 1 

'· p=p'o•5 So4al016 1oS956637 40o8~ 0.,6554360 Oo89490a9 •o15~99 Ool2066'10 Oo'i500000 



I, pop'...O 

2, p=p•o.e 
3, p=0B1p'o.4 

•• P"'ll'='o4 

s, P~P'•.s 

i!l..ro aV~b 
11Up1! bJ 

T!lb1o '10 Sa fl.oollUo Of eolQotion ttw mo4o3D Of cl.Clo 1 (Tabl.o 7~2) ll!1 

U~fot:rtr:4 to ba4o Of Wl&t. Fa• eonot.yplc 'ltct!MY.)Gt ott.b 
trans~ 1'a1Uo Of c.m~ntol Vlll'~O v ,., ~o8Si3388 ~e~ 

9 

I IJf'i"' .. l v,li's a'us 

I t ~w1t.liotlt oolcat. 

2.0000000 t..W'1'171S 56.,39$ 0,.36'19f:H/ Oo5St7217 ~.1565107 o.toe3S97 -.. • ..c ""'J\.10 

2~0 111t.SC'1'118 50o5# o.ssot.oot Oc54f.'r812 •o1.15'7899 CMYI11)6S5 o.~.:eoooo 

8,3904633 1,1atfa~ 470 34)1 o,341Cast o,s5253Vs •.1060029 o.ot.5am 000285714 

2olm9\JM 1013SM>'11 43,~ o .. attr~ae o.m6006 •.OS93026 o,049a'l37 004383388 

2oEI294309 1013115562 40,89" o.<Mo&sva o.sae$!93 .... oa6'1m o.wn.asa 0~ 

1 b '08/! ba b 

'lho ~. eonotyp!o coon ot so1coto4 's F~<mY on4 tho 

varAcnoo '171t.Wa Fa l}t0$W~Ye &oo• f 3 cnc1Ia 1!10 clia'coUy oalculetoot ~ 

tor tho propofti,Go, VN'1anao of tbo i'a• gl'QlDI\Y ll!Otll't tho 00\!'tU'lC!Mo of 

li'a pt0501'11 liloan dl4 sot~ot.~e verS.po ""t~Wl ~~ oD4 Vl31'1enco ol \he 

gomotrpl.o VQl>S.anoo vith&n JF030l\Yt tho 1:10cn voJ.uoo ovo obtoinod by 

oe).cuJ.!rt.in.J tho 130M 'lhii.UQe Of tho ~M\1tJ.oo lASS t 2Sa"s m4 1JJ.a B on4 OUb:lttntJ.n3 
2 . 

froo t.h«l rocpcotlV'Qly Vlo quent!Uoo G8~ t ~His) and G;a)2• fho vo.v.t.ouo 

pt()f)Ol"t1oo ao Otlloul~ bll70 boe.n JWooontod in i>nblO!l 'loB nn4 79//1 tot 

modql.o ot ol~s 1 & ll toopt!Otivoly. Tnblo 'loS oi-.oo tbo roolll~ of 

toblo '1.,2 tvi'S10toeln04 to ttlo btu:li.D of Fa• (3CI!Ot.vplo vnl'lomo oa tmlt on4 

oO!l:.loq!aontly ~:rlth tho ClhePGed ~ontlll vasi.OMO s..aasasss tm.lto I.Dotoctl 

Of B0 0 tmitao 'l'bl,o ~eb).o hOlp:J $.n t.fmofol'lliSII(Il the l'O&ultn to tho bcaAtl 

~ cnu r8 $~ V'~illll(lo ceq b on.lto., b7 QQ!cf.ns uae ot the old.tablo 



&1 

'loblo 'I ott a~o ot co.\oot1on, to¥ £104ole of o~a 11 vlth \uo in4oponrha 

go.A.ro ot .uakocl t'ootolo 1:IWl ~Rde ot OtlOb taow, 

'n' a ~ (~1 lilD4 ~cata.l vot.l.$00' 

v o a.o Wl.\t& <a, lQP'Oaf!1on UOtbocl). 

t, pap'raO a.t~M.Olo a.allBSttsa 66.8~ OoDMWM to88680St •o6418893 o.vatavaa. 
136.sa" 

. . 
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~ ot 'bt ~bl® ~:~bon 1201U.pUcd 'l:llth tbe recult.o ot Wo t®J.o aifGn 

tllo tltmetormQili'OIAll~. WkeriOOt tho otrt~B). 'ltnQJIOo 'l:llU ~oo 

bOCO:uC 'b' ~ to tlb~ a.~ Tll!IIJ botote. 'rho OQlTCO,potldlt!S ~of 'b' 

bavo to<m ai'IIOn an the last. vo;r 01 tho tow.e '•'• 'la'b).o 'lob aJ.voa thO 

l'OCUl\a of \al:llo '1•4 if~ to the baolo of unit. !lflSil1twlO of o~b 

le.Otot, with tho ebenpi ~onkl 'llria=o eD a,6666667(CIS/3) unit..oo 

V~ V$JUCe Of Fa• ~~ 'ltll'i._,o Coleulr4o4 vlth tho aiVOA 

mQ.lll1~ ot tho ~ 111111 lTatloue pdra ot p l!ni1 p1 t tbo ~o 

tr~ invol'IOilt havo c1oo bean f.neSucled 1ft tablon '104 end '1.&. Also 

'fobio 'I oJS 1$1VCO tbo fOGUlti:l Of 130loeUon Ot.lfl'OB~ to t.eble · 'I o4e aG 

ttms.ton:Jocl to tho bula ot unit ~'a- 1$01l0t.)'p1o 1'fll'ienoo, Wo ~blo boln3 

olm&Jer to toblo &05 Jn ahogbcr '• 

Ae ,90lnt.CI'l oot. eerl&or tho onurlOI'Iltlon llGthocl ~so l!lco 

QjcUl.\aQOCW!lJ tflot In thO O!lSC Of Ohoo J1 mo4Q1.o With two paiN of 

Uftltod ~~. to brii:IS Clf:l\ b.o'o II!Wlb ootUUonnl Q1lpto.dmn111on is iD.vo1'l'o4 

a.n \bO t~os.on ~. Tbo roeQlto tolllll1 by We motb011 have been 

prcoented in t.IIW.G '•'• Tho l$liJt 'IO'f1 ot kb1o fo6 aives tho usuol 

wti»J lcato s\11t.obl.o to aittwmt li' 8 pl'OpOJ'U.OO eo tllil to hrllls tho rosb).\o 

to tho baa~ of tho s~nS-e ve1t1e O<flel to • a• ata. 
AU t~ to~ Snolude sloo tbo Maltlllt:ll Ums.to of tho 

(ldvOmo pooaiblo in <lUfOl'Cl%1\ 411110!) en4 o1oo uit.h tho pWConlt«O Of tb$.o 

J.iln1t. ot nd\'t!P.Oo cs bee «muoU.v 1loen e.oh&0904 4lle to oolqOUorJ. 'l'tlo 

oAanU'lcao ot thollo roGtllto tmu boon 4uoucs0d An tho 110.1tt obaptw. 



So111 HavJ.rG o~ tho roolllta or 111oloc~ Sn dUf~ ~. 

cc atvon s.n \obleo G.,8 a G,a of cbc,pt.or V tot ttlo ~-~tb rw> po5.r 
' 

ot Urlkod. t~ a t.a t.e.bloa v.a. '•• QU4 911'1 ot oboptw m tar tho 
' ' 

de1o iswciriDG two ln4o~ont. ~ ot ~ taet.oto, conoides'tMon . . 
Ae DCif1 st.wn S.n t.blu ehagt.er t.o t.bO All~onoo of vllliouo taoton and t..llo 

' 
&nt.onslt•J of lJJ'IItcso cm t.bceo roattito., tho ~:~aSD ob,1cc• ot Wo 

. ' 

Ot.®o~Utton 114 ~ 011\ ontU01' lp to tnvoo'tt!gato tho ettOO\ ot 

Unkeao 011 tho f6Gillts of aolllot.t.on., lin ~ hllD boon lllf:ll1o &.n 

fopteoont.lna thooo toSl.'l1tv 8f~all¥ CG~ the a.nt.omt.t.y of Ualllrao0 . . 
S'o" tbo tocUlttJ Of tb.o Cl)(lelo olth otlO poU Of Unkocl fcot.cwo, ~ 

0DJv QruJ V'OlUo ol Pt \110 ~ &~ Q.s lmo1Vtli1 it. 1o not. ~rti.Oolt 

to pot tb.oao roeulto Ill a o~ Bta»h cs~ veft,oun vellloa of 'P' o 

On tbo otliQJ bend tot the o1:1000 'l'l1lOl'O t\70 ln4epondant pnS.J'S ot UD'UI4 

it!IO'tol'o <a8.th tmo Un!r.t:6Q t.oot.LOI\9 p end p• efO f.nwlvc4 lt. lD not. 

poociblo to f'Opa'Ofl~ tho tooal-a ISJ'ephJ.ool.J.J' An a oll:lplo 1\l(m.ett., 'lho 

epptoaoll of J'Optooon\Jila tbOll S.n t.htoo dtmonot.orml opaoo 1o Mt. oesU, 

sonottlUaeblo to tho nth M.menalcmelapt10o tot tho ooao ubon a lol'go 

mt11boJ' of p'o ere lmtolvo~. }tc)OOVQI' en cttcapt ueo mll40 to find a 

0\lltnbl.C tunot.a.cm. ot p•o ubt.Oh ocn bo llOa4 w fepteoont. a I\\OilOUfG ot thO 

~ol.l Unltteo ln\011:1£.\1 tot tho Ctii3Qa eto ll M!:IW of lnd.epcm4en\ 

p' 0 01'0 &nvol.?e\14 

In tbo J~QsoG IIUlilOJ.o 'l:lhero Ataiopal.don\ ,Pfl1ro ot Ulllt04 tacton 

c:te cone14ofc4• thoro 1o M a.ntorfOI'MOO ~ the ve.tioUG pcifo vhozi t.bo 

prooel!ltl ot cnet4ne 0110'1 to toAS.ti!J p.l.ceo. 'lho var&wo Otoo04CWOI\I 

OOC!aa' ~ llt. fcndOm ell4 "*pomlont.a,yo OI:IOil (1950) cSonnoo Pt tho 

&"GCG!:!Wtltftt ftt:Otion ll!l \bo pro'babillt.IT Of OOoattiMO Of on oct4 liiJI!ibot Of 



tmOhorJSo pc1ntD on tM f.ntowel bQtlrlcers tho teo ~. 'fbl.o f.4oo <len 

bo oxtom1oc1 w tho pros<mt CllPOt Vlbcto OllCiutonco td on OC4 .QIJQbol' ot 

caobqo point:J tdmo glsoo oa.wl~ &n =to t.b!U) ono &nstopondont 

poS;\1> of UMOO fll.lltoroo '1'ho prolmbJ.Ut.J in \bia ~ beQCX'IOll tho oklplc) 

pro4uo\ ot veriolw p'.o• tho t'OOCDbklcm. f&OEIOt.lollo QDd ocn \lo ~ont.eli 
' ' 

b7 Upt..;. fto mdn lmO ol th&o llll~ion .lJ.og iA tbo too~ ~tit it 

(Sf.'te~Q o ~&o llltmDid'o ot tho lll!lOIUlt Qf UMq:so gteaonl'l ~ tho vara.ouo 

tce~.-o. 'lb&o tunotlbo mo¥ ~lot 'CIQJ'!s in Clliltl ~ ot tho p'o hoJipcns t.o 

bo aero An 11hioh oC~C 'Ulo oonot~pi)Dil&n$ tt<o o~ UMod tcQtoa'D 

can bo \t!Mn in tho modal to bO eot.Sa!J eo o siPsJ,o fGC\of tt1\h c10Ublo 

tbo Jll.ll3ll1t.udP tor otbCJ' tactoto 1Gblob t!.ltq otsnble eo to rouo.o tbie 

OSpS"OJi!ol.on tor the J1CIIdniaa &MepOildcnt 1!nked. polto ot fnct.ors11 

~ tllCfo !.o o liQOd ot ~ of eoob D ti.!Mts.on, wbloh moy 

\'JOtlt oven tor GCob e1\ut\tolo113 olt!o11 

a.a. 1\ lo ·~I'Oot.J.n; to note that tho ll!Odols vltb no Unluuo 

(1,eo p c:~ 'it tor one Un!le4 pat.r DM p op' ~. t tor two &lu:l(lp011401'.1t. Utlll04 

peUs) in t,M t't'IO Olc:!G(.)s ot modol.o t..e. fot' cadolo wi.t.b f!aQ(l 'llg,• 

SOZIOt.Wio 1I'CJ'ifltiCO l)lll1 ~ ~ fho4111esnJ,tu4C Of tho fQCtonlo 1!1'0 

ldentS.Onl. l\ is ttl.. oOtlr.IGil point. '17b1cb b.eo been UoO<l hero es tho brulio 

tot QOQgetq ~o rosu!W ot ooloo.tlon lbl' t.bo two ~ooo ot mcc~aao 

SJ>apbi~JoUJ11 for oooh ~~ ot.ntaett.ce1 ptoper\J tbo stopbo btl\\'0 \loOn 

plo\t.Qd &Stlino11 the l'OOOt!lb~ hno\-ion p tor tho mo4ola 1:71tb ono UnltaiS 

,9W (IT~ Sol to BeO) em IIStWmt. Jlpi lbl' tbo CIOC1. t!ith tit» 

Anll~ Ui1IS0<1 po1e'o (FS3DI'Os 8o6 to SolO) eopllf&.t.oJt'e 'lbo 

~oopcmll&al$ ~ tor tbo roadels of ~ olosaoe• bwo boon plotted 

on tho a«SS 61'11Ph -o!tb tbo oemo soolo an c&'des" to llmliO CDI:IpJ!flson on t.I'IO 

basin of tbo O()tltBOD point raonti.oned. abaV'Go 



lt •o ktpi'Wt.., to note thl'1j in noS~"J¥ all the l3l'ap!l3 ~crt' 

aodoJ.e ill'tolring t.'liO ~- peiro Of fCctorD and tilth tA:r.od li',a• 

genot$I4o vc:t~£1110Ct tll.Gf<t cte oUGht b'r~t"o OOGr tho po!nto tor 

tho !!l~Xlolo wa.tb tmeq,Ual 1'o10erl of p • P'• TMo cq be ~~~o to tho 

unocpol. otteot of Un!J:~o ~ p tlll1 p' on tho t~C'GDltudo •a• ot ~ 

fllOtotoo. ~VOl W tbo $GOMil Ol.MD ot IIIO(loio ~ tbQ ~ tot 

he$ boon k!>pt fbo4, ncb ureauJ,llt'lt1eo in tbo sfs,M oro eboa end 

thQ uapile eto ~ t:ll'.iiOCitb, 

a.a. t11o l'Oettl.i.o ot o*llt.Hn tot ono.b ot tho fl'f'O li'a• pto£10ttlc3 

11411 be dieoW3-Ge4 e~• one 1>1 cmo In tho to.UOW- patllSt~ in 

tho U$ht. ot ~ Un!t«SC nth a.w v~ ~Wee attcoto ~ 

'lbo t4rot pi'OpOny wo 8lltlU conoidcv !.o x3• tbc sonot:~¢.o coon 

ot tbo ookc\od prQS<nWlo l.o. cf pJ!tiOSonlOD ~¢attltla3 tl*Olli:Va tnd1?lduelo 

In tho ol.lleot¢ port.icn of tbo 18 ,pt>pulsUono 'fblo mean elno toprcseats 

tho. oapootod valUe ot t.bO pbonotyplo moen ot thoso ptattanica end lo o 

pii'Dpflt't.lf ot oonoidotl.\ble p~~eotlctW. lntei'OCl in that S.t. el9«1 tho 

Smmodiat.o sotn ttom CJelootl.on. VOI'l®O to\lloo in oba~ V end. vu: 

gtvo Peeul.tu tor th$0 propotty nemo.l¥• tho moon of ~'a p0£1UlaUon moe:~ure<l 

e:~ 4oriatlon tvcm t.bt IIIQml of tb\1 unsol.Qotc4 F3 popUl.ct.J.on \11bleh ill tho 

p~~oscmt. oe::~o $.11 aero tot CU. ood<tlet t:\llo to the ebeotl4o of Gcm~nonoo, 

'l:bUt,;J tbo OQml Of the i'(l popu.\tl\ion w!JJ. S.teolf sl:ro tho ~onet1o e4Vd!OO 

4Uo t.o soleOti®. Tbooo taUoo ~ w1tb tbo rolltl.1.\o fct' ot.bct Fa

OS'O~t $0 alfO tbo t:lt~~#mU!l ~t ot aOlooUvo advmoo tor 

-.ter1cl.lo mo4olll. 

S~ ~~ With tbo diCOUIJOton ot tbo NZultl'l Qf oo.'Loot£on -

tor mo4o&P Oi' ot.fltls l (fObleo &.a d'.ld 'i .a>, &t &a obeOP9'011 ttu:~t ttlth 

atno r2 eenot1910 Vt!l'illiiiiOt ~s.msw of o~tvo etrmoo oto erector 

tot cU QOSQO of Unlc~ when the ?ot!t:JUU,I voonltD ffOm tot&f f~ 



t.notoro of t'\10. 1n oaoh oeso the Umlt $.MI'Oet.~OQ with tho loooord.na ot 

Un!«ll!Jo eo 1o apeutod. 

A1thol.lab tbo t111vonoo ~ in r8 lo no~.~tlf semo, vot. with 

tout ta()toto " 1G aUstst.lJ ha.$bor thct.l th~ t1lt.h tTIO tectoro• tht\ 

dUfot'O%\I)o bOil!$ locat \71th no Ull!lrao in oaob oeeo. On OOCl~ 

loO~ ot llnllt:SO tho porccntoso ~o .In the o4vcnoo oCbiovodt 

ovw the aeoe vith o~'telJ tiGht. UnkQ30 l.a &lmoat. 2..,4$ ~ modob 

rith t\'10 p&Uo of Unltoo taotol'o ('lab~ '1.S) es o~ to a,~ loJ' 

mott&:Ls with o a~CI pU (2ob1o id)9 It appeoro fftr:1 thio that. tilth 

t.bO inllroeso s.n num'bi'Jr of toctol'tl \hO rat.o ot irlorGaso &n senotto ll411'one~ 

13008 on beocrn~ ineplll"'OJ.ablo tor tt4a oJ.coe of IUOdels0 This faot blll3 

bOon wq \'IOU 4~ by tho elopes ot tho oouoapcm4in8 1.t.nca in 

li'Ss\U'Oo 6.1 an4 806, 'l'lho1o \berG t.u a ollabtlJ motu pol'l)Opt.S.blo inoi'O(ll)!) 

in tclvenoe eobi.O'IOd wS.th t.'GO taotmoo t.hm t~ith touto foctol'l.l. The result 

I.B that ll'llth o!llr tw trOtoro llltveneo eob1ove4 t.u stell\er pe~~~ont.eso ot 

Um1to to bo mbicnd tl)an wl.th fOUl' f~toWB ent1 obooB a Vli41.1f .tQO 

(56 to 'l'lf.) ill t.bo fcrn~GJ' thm in tho latt• oue (4& to 56~). 

Asat.n eo oxpeo~ tho lldvanoa ill 18 for o pdP of tootol'tl with 

no Untco t.o 14antlolll 'l?itb d,_o trltb t.1:10 polr of tcotoro With 

oompJ.e\0 Urikt:Gc in oaob ptdJ'• 'lht.o 1o vue foJ' the rooulto ot athol' 

~'r pt'O.PO~ Ullo. 

wo ~ FOQoed to ~ tho ~\s to? oloao 11 I!IOilclG 

('fabloo 5t8 end f 414)t IIOto tho Umt.t.o ot ool.oot.lvo nd.VentlC ,go t&ae4 

vhen tho sleo of fB<ltcrl:l lD fixed il'l'oopeet.ivo of 'a sono\ypio VfiJ'Sf.ClOe 

ot ~ ot lln!leso. tile 'falo.o ot tho lW\ 1o J.m;or t~l.tb t.vo 

rcOtoro 0cnch of lt118ot sJ.ae tbta vlth ~ rootOro oaoh ot 0111!!1Sot ~ 



FIGURES CORRESPONDING TO MODELS INVOLVING' A SINGLE PAtR OF LINKED FACTORS. 
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Wlth taotor dat~ rb.olt to cOJ"toopom:l to Fa lftlri.cnoo or s.s Dn1tu 

tot imlependcnt~ coarQSUtJ.o:n in oltbor OMo1 tho 'a senotypio vorisnoo in 

I!UlCSolot ~o Unke(Jo bot\7oon thooo tcewo sato oloool' l'.l1l:u) otoa4U., 

inoft\llt)OD !IDI1 eo ctoou· tho SIJMU!.l e.dvS'IoOO coblovcd in li'a• so that t11th 

closer Urlltea~ tile sdvenot DtocdUJ eoco up0 fho rGl.o.tion lo Unooao 

'l'l}u)ro on1¥ o oiqslo p• of Uallcel fcot.oh l.o inval.ved (J'ts.uro Sol) cn4 

~ otzl"\\''d ~ J.ooocno Pete ot klarolltlo 101' ~CIW valewD 

or Unlleso1 wllon two p~o Of tect.ol'o opornto. 

'lbo lliOI'It. importon\ ocm\tcis\ trl.th olo:se l mo4ol.o in bot,b o ceoo 

lo the stoop oblllliO in aclvl!lnOQ t:eb&evo4 as 4esf'OO ot Untte:oo OtU1 

OOl'ISOllflG.Il 1t,a• VariCliOO Oht'lllSOQ ill Cli.IUO 11 moclo1o G1l COI!Iplli'Cd to oll:zD3t. 

e fb~ value Of odvsncoe foP ol.1 ol~ 1 r:104olo ool'l'eefOJVlSne to tlae4 

li'a s\ll.'IOtv~o VPtlCJ:lQo. A«lvcnoo is muoh IJ&'O~r tor oU modolo In oltlou n 
Oeft>Oe~ to lefsu li'a 1hlrl.rmoo All oleo" 1. ll.o wlNI olcoo J. l!lOClolo 

e4VflDOO cohl.lmld v1th fOIU' taotol'a b uUsbt.l¥ Maher th$11 with t.w faotCIID 

end tiS botote poroont.eso 84Vonoo neblove4 i.e 61'oetor tln4 bon o vl4W 

r~o {56 to 91)%) wl.th tiOo tcct.o~~:~ thlltl \llltb tOQI' (40 to 66.$). 

lt mq be oonoludod that tot tho mod01o \'lith &84 ll'a Vf31'l.!ln0o; 

cotofll cd.?onoo l.s wo ftaod end tho 11flllbam utta!nnb&e edvnrlOe dopendo 

oa tho ._t.udo •a• ot eMb fe.otor, wberoeo tol' ~ mo4ele \llltb 

m(GQltllOO oe lbo4, tho mmsf.mD!ll ntteirulblo ocl.<~~mCo l.s tiaw en4 tho et\Vllni!O 

I'.U'IhUvo4 dopontlo lli~CQ tho 18 Vlll'lmeo *"" a.t J.noJ'Otl&OS Vlit.h tbo Snol'Ooao 

in tho li'a sonot.Jpio vatJ.onoo. 'lbS.a io elso oonf1Jrle4 IJ'O!ll tho vsriollo Yalllos 

of .r8 sonotnlo vertenn l!lld t.ho oortooponctiDS vlillWila of sonoV.o l\lll1'o.tl#o 

aObiAVodt gnoi.'!Atcd 1n tho ~l.oo 5o6 tSI4 'lo5 ohouln$ the \ranotormod 

rooul\ot Ji'unbOI'• t..h¢ otteo\ ot ~nt.el. 'i'cri.meo em t.ho $VU~Go 

tln oan bO eoan trcra tho tot4aa 140 t1Dd 'loS lo that t.bo sdVI.UlOo do0roa::10s 

wa.th tbo t.auiroa1:1o AD onn.rottaonta). vanonoo. 



a.4, \To tiO'O ovlkb ot.1 \o t11o ncm. t_, propens.cs necolJ, tho mean 

varleMo ~ o~ r3 Jlf03WGU end. vcrlanoo tlot.tloon e~otli!D ot t.hwo 

Pl'«lonlea. 'lb.oao propVU.oa oro Of 11f.W &nt.oltcut tor plant. brOoder An 

~a\ the ~& wJ.th!a ~ r8 pi'Q3oaioo OOWCXJ ea an ln4ea ol ocopo 

tor &!:lptO'fomont ~ ot.nsle p1en\ ooleQtlon -o1thln P'OSODJt en4 ~ 

b0f.1Q)n me&no of theoo ~ 1~~~:U.oetco the eoopO tor &oprovomonfl ut 

tho o\cse ot Pl'OBCbt ecleOt.a.on. 

rro:a tho nsUJ.w ,_ olooo '~~~ procentod An teb1oo a,a 
an4 'I.St S.t l4 o11eei'W4 thtt\ tho moan varioniso wl.tllln r.o1eotc4 Vs 

pJ'Oa .. s Au cppJ"G01e~ sno:$er wi•b toot fcatolo \ben vUb t110 fmtlorot 

~ t.l'.lt!.t. &liiJ!lbulo ot oeareaatat~s tnctoa>s klt.J.u.oooo thU propon, ann 

wJum et.ei'Urls w~ tA<JAtUal J' 8 vaPS.IIIIlOe. nth laoo~ ot Ullkeso thO 

obo1:1so t.o botlovor l:llmh ~ olth t110 tt113lofe ·• oonto a \'l£1lW rqo 

\bell \'ll.t.b tow taotola (fiatlfQo o.a - a.•l). In ot.bor \'l'OJ'ds ohon 

numbor of ~pcr;UlcntlJ s.JOSICSa\S.us taot.ota ohansoo hem cno to tw tho 

toto ot ohonsO An \'llt~Wl F 8 ntlctlCo t.a SI'Ontw t.hcn 'tlbcn l.t obrmsoo 

fl'Cill t.'l¥0 to tau. the 40'111ral'lt4 dip, whlob In tiO:Io'llh4t peat.o&t v&th fOIJJ' 

tllOtot& 1n blrt.b ~ t~ a.e me a.n t.e to t~o coe®ntCti ~ t>J 

tho leOti the\ .,hUe &n ~ otlliiCS• tho vvlentto wt.thin fa fll"'S=lca at 

\loth C&ttQII!Otl or Un~seao va.l.beo (p = o a u o .a) t.o .vs ot.l1tc in~ 

wwcleoted popdat.l.on ~belt tbo lnltlol r8 ~o. t.birJ vcfionoo 

tlltb.Ul 'a an tho tmo~ popuWI.on f.tl ~ an eU <t!IOCS of pllftf.a». 

Un~&eso (clolu:ms 9 ot tabloa s,a lllld 7,8) ea1d oot~ntercoto to EIOrliO 

Cl'ltt.&mt tbo \tczus towotda AnoJemocl vfll"ltlftto within otJ.ooW Fa vltb &011 

lf,~ve,J,I&Oilt 

s&mu.er haotlts ~ to vcriow! fQatatoo of vc.v~o 'boWooO 

~a proe~ An tbo ~(10\CI:l iOJ'tllm 01 the pOpU.lct~lotat oaoopt. t.bat 

thoro U 1!.1 OWC!ISf ~G In Volio.noO ~llotrlo CUI u.n..c:eQ bCCO:IOO 
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loooov botl'l in lll0401s tt!th tw Clld ~ f'e~Jtora 'IJA.tboat en ~~tto 

daproos!Qn (F!aUtoo Q•S and 808)~ 

ROi'Qrina to t.abloa s.a end '1.~; s!.vllu tho rotlllltQ to: c:Lt:oo 11 

co<lolat 1t !u ob~ that fe? tbaoo codclo cl.co t!bofo t.bo to.otov oiso 

$.G tUod.D tho Vl:li'i£:.®0 \11thin uo1eot04 Ji'3 pr(l3on!.Oll CO \'iOU M bot~an 

®cnu Of~ F~os1 lode:!~ by tllo fi!:DboJI' ot looto.top 'both 

V~G:J bOJ,rla cubatent&~ ~Ol"SOJI' 'ldloro fOIU' faotmo of oocUQt obo 

opWoto c:J o~ to too faotcwa of ~oil' o1ao0 In tt:a f~o . 

~0 l:rotb vanenoeo l.no~ice® . otoct1llq 'a'!th lool.;~ or unt:cco, 

tho H~~g beinl Uftotll" t'oV ~tllki ~OniQ::I Vtll'i~O (Flt;'lt~S"l) 0t2) 

dld GOil!O't!bnt. ou&'V'ed sharlln::l. &ClO®l' rotc of bl'Oaoo td.t.h ~'1 l.oooo 

Unln!So tor bot'C®tl Fs 'U'EII"li."XIOo (FJ.s~,wo a.a). Tho sonorlll tram t.o 

u&mllllS' to tbo.t in too toot.ara l'lOClOlo \11th Ila senot.yptc vcncnoo thea 

(oleso l aot'le11l)o ln folu> foot.cn- .I:IOdolo qf ~llltJO n ~t the tfend 

io C!Otl~W:J.)' ~~ foil' !loth 'J'tJll'lcntlotlp t.ho YeJ'lM3SO otG!'il.UJ 

deer¢~ \"i.Ub looGo~ of lillkttJe (F~eo a.'i r.flli 808). 'l'tt!a 

oontvon. om be oap.\tlinetS b; ttw l'olotivo Wlacnoc of mtnboJ' of falltetu 

dld moon "'it.hin Fa Pl'030fll vot1.cnoo in tho \Wloloct.d poJ,llllat.!on 1ft tbo 

t.no ~:~ei>o of modolo. In tto tnottu>o ~ola tho ohonGO tro::1 ono to tw 

toot<wo t'li.tb 2.ooaenin3 ot linllego liooAnatoo ovo~; lovorcd moon t71tbln 

pi'03¢ny vr.rienco !n cnco1ootod 1st 'tlbU.e tho ohali;!:O fFI'CO tw to ioU.r 

rcu~ !o not cuttt.oicnt t.o col:ll'.ltcl'cet. tho lcOOted ll!Ocn vulcnoo 
' (ooluono to og tobloo 5.a ~ 7•4). 

3&1100 ~.i.amo tritbin ool.eotcd F3 prcao.niOO end \'t\&"irlr»€1 bot.trOM 

ocan ot t..beoo ~Qnk::l !o !.ollt:l& Of potont.laUt.v iOto tcrt.bor toopomo 

to co!ooUon in tMD mntonc.a., At. ~ olou tbt~t ~Cl' Utl!tcco prori.doo 

a.ronto$' acopc to:- ta.nbot' oeJ.ootJ.on an llU oc-£OD con:JU\ared ~pt. 

tho ltll:lt ~ llC\'lfil.U • taut iuQt.Cr codolcl t11tb i1J:.ed tcator ciSco 



AsdD ss in oeon ti'O!II 'oblo::l a.& md '1.5, SIOetOI' ~ol 

vadablUt; ln toln\J.on to tho somt.JPlo los4o to o sroctOI' vt:rl.ontlo bOtb 

t~1tb1n ~ bot'OOOA ra FOS<lZilco.. 'lb1o 1o to 'bo upectoci• toP SJ~oator 

envlfont:l~el 9el'lnbU,1tywctll4 bS'U:I;J t.aeothe• l:lOI!O 41YOrso SCflOt.yp03 

11:\to tho ooleotc4 pottlon 01 thO populat.&on. 

e,&. 'l't1o roaulto fO'I oovoricnt~o ot tho ~0!11 ~en Clld somtyplr.t 

9llJ'lcncO wAtbJn li'S ~ DIIJ bo CODS1dot04 DDt. Tho import.DnOO Of 

tb1o pl'OpOft.Y Uoa in t.he.t 1l esplaSQG tho r~Son betvoen tho alvOJIDo 

~ 84blova4 llQd. tho pot,cuUoW7 fol> ~ od'ICUOOt 'lost all tho 

aodolo cOnoJ4cn<i betot \110 ~S.llllCo lo acsat1Vo ~ o!»Ws 'hot. bighcp 

tho o~tvanoo t.o coblovc4 lA u8, tho lOGO 1o a.on. tho oaopo tor~ 

odVcllOo. 

fa&' oloDo 1 oodoMt tho OQVGl'~CitlitO 1o DU!:lOl'iocll¥ 1eeo t4th tour 

tcotorD \!loft vlt.h tw fm\ofo ('l®1ou I.S 0114 f.S) abo'aq thai tho 

nom~ ot ~ean\lrls fectoto t.Atluaneo this propoft,J avon t/horl otcnJ.Qc! 

with oroe l'a s~ ~o. bOVfla't an both Ce®Ot &t 4001'001100 

nunOI'SOaUy v1t.h J.oooonlna ot ~ oaoop\ that. ltt oli8ht.lf k!OS'Omos 

t~1t.h 110 Uolst:So tcr ooso •bOlo t1to fcoto~a ere &nvolVclc1 (l?Jsuen a.o A a.9l • 

.ror olcoo It I!!Odolot t~hofo tho teotot ol&o lo tked, tho 

00\tcr&enoo f.o 40DS1dorcbly offcotod bJ tho iaiii'Caso 1ft t.ho nll:lbor Of 

tectoru, 1.t bcJ.ns Utll:JO#loellJ lcoo Ylhoaoo I~ tco\Qfo ot Gl:lallof mC6ftl,t.Q4o 

oporctto eo OOI!lpl!fed t.o t.vo tllO't.Oh ocoh of letsmo oiao, <:oept vb.en tho 

Ur11uso 1o o~ tt.sh\ to7 tho tw oCJC:J \'lhoto the ccnctle::noo ill 

elulo:3\ GU!IO ('l'ebloo flti eJld 9 a4) t II) 't.vlo tnctoJI modo~ tho CcnnfteslOO 

~ ~n=ori.Cclly) atoad$11 \!11th looGCJ:I.ba of JJ.allcp carl tho 

re1ot1on beiDa lSAoot (i'Jsuto s.4), '1'hll 0a:10 t.I'Cn4 1o no'nfl.elncd tor 

tho fOW' toot.ot 1!104ols e&eop\ \hat \ho rolnUcn lo curved shmiJ.rlB loooet 

•ato tt lll.l:lCtieol C1eoto1111o Uit.h loooOJWis ot UnlstSO (i'16Ufo 6,9)• 



1\ Oppo!I.I'D from the oboVG mo4c1Do tho\ flitJlltJol'Oo:JO S.n tbQ 

lllll:lbor ot faotota, tho oovsrlGmo dooto81JCIO Dti::IOI'iooll¥ lrroopeotlvo ot 

~ tho m~tado Of tho toototo lo &Cid. 01' tho i'a genot.JPia VaflQllOO 

t.o topt. CCIII)• lt, ts tbao olonl' thot \he co~ botwcon pi'Q3Qn1 

®on 8114 Vff'lsMo ~tobin pl'OilQ:IJ 'I1101ll4 llOl'VO 011 u 8QCd Srldo. for tho 

nDI!Ibol> Of fllotoJD OJIOllotlna ln 18 o~ 'lf1th tho omall. V01bO of 

tb1o ao:l'ro1tMoa vhothCI' po:~t.ttvo o.. ~vo, a.t. mS8ht be lnfwrc4 

thn' tho mcbor of tactoft t.s l'lltbor lore:o. On Ulo otb~ bro:l Wo 

numbol' \YlU be Slldioctod sa Glllall lt tho ~ion la olsnUiOtlllto 

Sot>. wo ftO'l7 pPOOoe4 to tt1o 1aot groperty ~. vanonoo ot 

s~.vglo VIU't.omso wtthJn ra p.roscn$Y. 1t woo nrot ~ ot to otUISI 

tho Vlll'Sous ro!JUl\11 Of ooJ.aot.Son 1:'11t.h f03Peo10 to tho cttooUvo tlll::lbol' o1 

tc:Jtoro, tbo 00'\kl* ot 'l:lblch &o s1von b1 i'cnoe (2.~ a} u11t1ro t.bo uoo 

Of tho o!lon ~~boa bOon tl&do. 1t. &a malzl1,)' tor thla 1'0~ t.hl$ 

t.ho -pogoltq ~. V'OI'lt!!Mo of vodcnco wltblu B'a PJOQ!Sfli\V boo bQon 

11twSicxt. lliA latof[lt weo follnd the\ t.bo roaulto ot oelcotS.OO m vatioWJ 

otbOI' propoftloo do ~ 8bolll a oaooth rolntloncblp l:'llth tb.ls pS'0£10".KJe 

ponloolcl'l,y tt. t.o oo tar tho oleao 1 moclolo with fOUl' frftol'll. Tho 

t.doc of s\114,71.a8 tho rosnlto of oolcoUon CBtrinot tbio propoft.J V\l:J ~ 

4roppcd0 ~ at.t.cmpt. \'1011 then modo to ~ n sui\nblo tunnlon Of p' o 

wbioh ocn bo UDod to roprooon\ o monauro ot tho motoU Unkcso lnt.onaltJ 

tor tho proocnt 01.100. tho utWtr of t.bU tunot~ boo been IU.oounao4 

ill tho f&rn\ ovt.J.olo of thla obtlpW. 

Another uao Of ~o ot s~ vorioll.oo wlt.hln i'a Pl'QS=l 

1.o tbttt. a.t enelbleu uiJ to o~nt.o tho cotrolot.lon botwooD pl'Qf!OJV a:aoen 

otJ4 veri0J10CI W1~ ptQSODJ ln 01001 to 84.11'0 OCIIIIO s.ctoc oboUt Vlo I'OJ.oticm 

tot\1QCD tbo ed\taaco eoh1o?c4 tZl4 \be ooopo Of flu'thor ad'fenoo~ A1oo it 

"ill 81\'0 oame ldoo ~ the auobot ot t~ ~. es •U.oQW;JSOI1 

1n t.ho pi'CIVI.onD ooou.rm.. 'll1o ~to fOl" t.h&o pro~y baYo boen \a!xllot.OIS 



aJons vi\b t.hoco to:# o\bct proportliiD tlD4 hllltEI bOon pteeen\od sraphiocUJ 

elllo· (i~ I'M~ IIIIlS &,10), 

Au mont.iolle4 enl'll.Ott tbo H~to ot co),cot,ion tot claoo U 

c:odt)Ju 1:1itb tliU tact.ota be1$ bOcn gbsU:lQd b7 ~a\Aon ~ apart 

hall tho 80MI'C1 ~ mot.hod alvon bi' i'Ol!SO \fc~ '1.4 al'lll v.·n. 
Ito weo de® eo iD oHQ' t.o soo bot! lliUOh sp~llUaD lo &nvolVOil iD t!lo 

eenwol ~ u ~ed to tb.o ~ lli.O\bod.• A oloGe et.udJ of 

\hG I'O!Ju& ehow~J ~ \bQ ft!Jialt• tor tbo pro~ (1) GcmotJplO 

moen ot r8 pi'QIJ~ (U) Moen @OJ:!Qttl'lo ~S..o wi'W.n r8 Jlf'~lln1 flR:1 

(W) Vatt.ao ot aonotJ'}llo 1l'atlanco 'fd.tllin 'a PtoalmJ' etc almont tho 

S$:1il tot botb mot.Wo, Tho 4,.f.ff~o f.G shcml ltn> thD tllJ!!ainSna \1':o 

~ft IUiflol,rt 9fll'iat Ct Fa proaen,y lllCIIUl 01111 tbo CCVol'iMOO Of thO 

Fa lllQan a vll&'lao tlitllift rs ~. 'lbo$0 pt"Opottieo etc aUS"tl$' 

O'ltor.eatitlla\ed Aft tbt;~ rostoa2.cm Diet~ e& OOIIIJ.fliOII to thO orwmoratton 

ll10tb04• a. &e .,uut.ulab.'Lo to aQ \be\ cmo t:1rlf bQ¥0 to vorl Qll\ ~ 

tesnooion ~til. to b ~ 4osrot~ 'l'litb tbo bclp ot IIIOIIIOJd,a Qf 

Mahu ~. tor t.htl3o pi'OpOI'Uco, 



tho moot klsonent problotl £n p.1.Mt. btoed.lll3 1.o to t~tt.el"'::iru.l 

tho opood ot eonett.o ed.vanao tm4ol' oolcot.Sono 'lhS.o t1m1 lnvost.i&Cit.cd bJ 

Peneo1 vho ~04 tho ootbol1 ot soncUC lilOOolG vt~t.ob bo oonoli\OI'Ocl 

w:ltb Sndop81141:111U7 e03"'6nt1ns leatol'a. 1n tho pauent l.slVeotSsatloD 

to~ t11o otatiot.loel flPpi'O&Ob s!von by M4 e Db~ ot.udy boa boon \ 

mtlllo at sonet.lo 1!104o1o \ri.tb Unkoo faotorao Tho ottoot. ot Unkoso on 

tho opood ot geaot.lo etivance and vcrlooa Fa• ~et.letloel propo..Uoo ott.oJ' , 

mllld.ng eolooUon in F21 boo been etudt.o¢ tol' 11104ola \71tb ono Unko4 poU' 

and l7ith tl\'10 Ul4epctldont pe1rs ot lJnked tnotoro. The vot1ouo te.otote 

have boen tolton to ba cquel ln magn1tll4o. ln one uot. ot t.ht~Go 1:104olo 

ot.teot Of Unteso AD oo:a,ur.ts phaao hos baan stadJ.od kQog~ tho 

megnit.w\c ot QoOh taotol' tkecl1 vt~Uo in tho at.hcr eo\ tbo effect ot 

Jcoo~ tho Fa s~~ vnrionoo An tho at.stt (bolero eoleatJ.cm) ftxodt 

boa been st.ud.f.Od0 Ttlc v!U'1oUn 'O'tlltlea or tho l'eco:nb!nent. fl'€l0t.1ana bcvo 

boon GO ollooon, oo es to oovot tho \'lbo1o l'on&O ot linkrao • 

Tho verl.ol.w li' 3 «JtsUotiOnl pro.P'll'tlOe ot.a41od wOI'Q • (1) tho 

sonot.Jp1o moen ot li"s F03011.1 (2) moan scmot.ypio varlllliOc v1tbin Fa pl'ftBOJ'lf 

(S) tho V81'1ell0(! of t.he ~~~ moM of Ia PJ'080l'l1 (4) tho oovot1e>Mo 

ot tho r 8 pJ03tmJ moen olld voriohOo trf.thln Pl'OS~ alll (I) the VOI'1anao 

ot sonotVPf.o vatlcnoo ws.~ i's pros~. For tbO ClCdela '1111tb o olftale 

Unkod paJ.&o ot footoi's cotrooli'()ndlng to tho both oots of 11104elot olno«) 

tho nntl~ of sanottp!o cltiCCOS 'I7SO not lat'sOt t}lo I'CoUlto \70i'G OalcblntOd 

oair!S tho 41toot lliOthoiS ot ~~il:lg the moMtypfltl• wborcoo tor tho 

modelo Smmlv'Sna; two tnclopomlent. 1lnko4 pll'o tho I'C3fO!Jalon IIIOtho4 glvon 

by Pcnco -ooo estoptocl. B'C)f tho bt.t.~ t.n» Of ti04o1o t tho ll10l!IOUtG Qllll 



pi'Odllot-ll.lllllrl\llllto of tile tbtoo Vlll'lateo, a,_p J' 8 pllellot1J,llo Vol.u.o, Mao 
SODO\rp!o vena~»e wlt.bin Fa FOGent end .JSst t..bo go.tlt4.yp$c l!lOotl of i",a 

pl'OSMJ• woro ob\t:ltncd tor each~ cad t.ho restoOI:It.ml o"'o:Uono ot 

mo li'a • pto$1(1rtf.OIJ em tho 'a ~t.n$4 vo).QO 1t01o oolof.l.ll4o4. Dooe 

o"'nt.lonu QnabJ.o tho ot.l1d.J ot t.bo otfeota of VnJ"lollo ohcre.otel'iot.loo 

ot tho modolo on tho 1'01&Uon boWeo.n 1 s ~lao end li'a parontnl ~. 

'ti\t.h tbo help 01 theeo tesrQ11olon Oq ~ t.bo fnlaQO of owh 

ot tho n.vo r 8 ,ro~to won oalcu:Lo.t.e4 tor 1o$ 1ew1 of a~ 

To obt.e!D thooo t<1«11w tbo mcllft vo~uo tor tin r8 popgn, 'atUI ~oo4 

in temrl ot tbe toPeuSml ocettSAloDo• 00J110op0Ditlzl!s ta that. propott.11 

1/C~a or \bo r8 ttu~ a%14 bo.fnl1to ~ ooJVcoprmilil\1 

to \bo l.O'fOl of oo)AOt~ Tho Gfte4'Q ot 'l'aJ'ioUs aspoot.o Of tho ~ 

sot. op on t.bo hlSUlto ot o~kln "'e oonsUcr<Ml. 

a 1.o conoltl<le~t t.ba\ fOI' tho modoln wltb tu04 'a gomtrpt.G 

Vfll"i.enoOt aouol lllltCDOo io alco pracW.Oclll t$t.ciO !llll1 \bo ~ 

at.td~ ad\rellOO 4~ on tho ~ Of eQQb taotov, vll.etoClll tor 

tho co<loJ.D v1t.h m~ ot tcotoro cs f1Jtc4t tho m•'rni'IM e.t.tam!Mo 

edvtliiCo io tboll a t.ho t!d?enoo t!Ob10'104 ilep0l'l49 upon t.ho i a• ~ 
v~e ~ it ~OOIJ \:'4th tho inoro• a.n li's s~ 'hl'iMDO. 

In 1!104ola '1:'4tJl tbotl meanltuto of thO taatoro, tlle 'lel'l.ellco 

\lOtwoon en "u M '12lt.Mn ll'a Ptcle~ O.OCI'QtlllOS vUob olosor uaoao, 
l:lbon oDl,v om pet.r ot 1&.ok«l toet.ofo io cCM$derot0 wttUo t.t. $naroc»co 

ollQn ttzo poits ot United tlldtote ero oesrea~Uisl• In I!I04e1o uflb tbQ 

ird.Ucl r8 .. Sotl0\n40 9'fltienco tbocl, \ho •ocOU.o etO C®Olst.cn\ tot' ono / 

a114 t.1:10 poi.to ot •St!lrod 1110\orat Reto tho tcricMe ho\110t1n G1'IC of.f.hl.o l 
5' 8 ~o 4ool'<ltldD v~t.h o*OJ' UDlltUe. 11urthert ttto cotelloi!OO 

ot JfOGOW !!100ft lll1d s®O\tpto 'ltGJO$.ml.Oe rit.bia pJ'I:'lllOJII rwmoHOoUJ $na"emto 

wt.tll cl®CI JJ.nkap, uroopeouvo of Wbo\hOJO the &n1tltl1 'a g0Zll)t;p1o 



VQI'~o o.r tbo ~t.llllo ot tllo i'cot.oro 4o !!.opt. ~ Hotlovcta tbio 

WI'OtlllO AD 84 sonc•ol.t care 4!1 ~ let.t.ot' ocoo t.ann An tho i'omor" 

'll'.looo uorc tbo 'broliiC.t conc.Jus&ono dor~Vtl!l fl'oa tllo rollll1tao 

In tho »tto~ t:OJ"tt t.ba l)QQO!bW.t.y of llaMs o aAn31o indOJ$ fM 

.unk£Go vbcA coto tbon ono pc4r of UiaO!l tc:Ototo to .oeg~o.Una tloa o1qQ 

'llOtln OO!Ia~. £GoUla tbo f'Ocl.llto ol OolOOt.ion fo~ l!ll)(lolo tlitb tt."O 

&zi4opc.n4~ UrlkQd poWa of tc:st.oro; vboN tho acnttl.o osg.nltudo ot tho 

tcotoro As lio~ ftxo4t hevo bOClll obt.e.lrlail by tho 4ireot ~tbod ot 

~at~ tho QOmlt.,YPOa, ~ fl'oo t.tw genwaJ. li'08f0os1cm mc\bod stvon 

by J'(ll)S(I0 1\ voo dQrto $0 An otdot t.o oeo bQW mno.h OWJ'oa&cution A.o 

Smo4ved ln tho 6¢11Cl'tilo t:IOtboo t:l!l c~oO to tho ct@!IO$'ut1Dn metboelo 



lmol'o tf .a. end 

'ledt.o, o. 
Goo<ltlln, B.oflo 

fluoll.inoon, J, B., !l1ld 

Ponso• v.a. 

(195~) 

(Ua'l) 

\1018) 

(1930) 

(19M) 

(193'1) 

(1909} 

"11. otnt.iot.loal. ot.lldy ot qU!llltit.at.t.vo 

ctlor!lct.ora W.t.b epccl.ol l'<lfOI'enco to p1nnt. 

I:II'Oedt.PS" • JotU'0 lncl, Soc, Asflo. Gttrt>, 

Vol n. Uo.a. 
'"Boa~ and otlmUlC1lh 1n ~o opooU't.oat.lon 

of dl.ot.rlbut.lons", Re9Uo 4o l'lnot.ltu\o 

lnt.ornat4ona1 40 at.etisti<~JOt ~. 1, 

"Tho oonolat.lon botwon rolot.ivoo on \tlo 

oappoa#.tlon ot Yon4oUen inhoritenco" 0 

Trmo. Rof• llooo &U.n., &a, 

"Tbo aonot.1ao1 \heol'v ot notlll'el ooloatlon"• 

Olerondon l'I'Cas, Qatol'd, 

'"the sonot.loo1 &ntwprotat&on ot ot.otlat.t.cu 

Of tho tblrd C1oarOO in the 1.1tt11ly ot 

QJ&ont.l\ati.Yo inb01'1tsnao" • Ganotloo, 19 o 

"Tbo 1nborlt.cnoo ot t~ timo lD c 

obortocloy opeoioc• SoUd.cgo oOmpol"V'i.rono L"• 

<kmetiioo, 29o 

"Tho d.ooign of tlo1c1 toots of plant 

bteellf.lls oat.enol". 1ot1., Jouro ~c. aos.. 

7o &31, 

•ucoont.e 4ol" eaut.o.n Kl'bUobkOl\OlC!bro". 

Fiechor dona, 

"An intl'odllot&on t.o Gcmot!o Gtat.istioo•, 

Jobn WUor & 8orl8, Hoo York, 



(1~) 

(1950) 

(t~e) 

(U40b) 

(1930) 

(1941) 

•veJ>S.at.!on end seleotlo:p o1 ~onlo 

ohstootottt", JOill'o Ge:pctS.co, et .. 

•tbo bolanco ol ~onlo oombmotiona* o 

Jour• O«lotlooo .s. 
•~U.omet&tloa.l. OoncUottt • Uot.bl1cn Dl ao. 

J.t4 London. 

"TTlo t.boory ot sonot&ool rcco:nblnotl.on". 

Ad'lencoa 1n ocmot.loa, Vol. 1119 

'"Tbo iabor1tcnclo ot q~~onUtnt1ve oheJ>nctoaotl 

en4 pla btecCJ.ng". Jour. Gcmetloe, 40. 

•t. ete\S.otiool etuey ot q~~entl\11\lvo 

il'lllorltonce• • Am. IQS0 100 

0 'lobloo fW SteUotioil!lllll onl1 Bitlmott1o1ono" 

i'erl. lt 31'4 CI!Ut10tlt 0 tllla um.11, i'I'0$8 0 

"lnher1tenoo ot q~~ontS.tatJ.ve cherectoro 

ln orollSos an-tolvirlS t11o opooS.oo Of 

.I.JCOIJ0'01Cod'a Jous>. ~. 1\0110 68, 

•tt.~e not.Qro ot tllQ ~too of onv~ 

vorl.onaoo 01'14 thO ostimotlon of tho soneUo 

vor1ellhll and tho aoomat.rlo motlDD An <JI'OOBos 

ln'lolv1PIJ opeolos ot LJooporaJ.con" 0 

Oonet>1ca, 2fo 

(1950) .. DototoSnt~ soelea o rul tho use ot 

blltlOfol'l!lett.cmo ln sto410G ot t:tlght per 

100u1o ot tGmato trult." • Blo::Jotra.os, 6. -

"'O!!Ip()nOnts of Vel'illliCo 111Gt.hoc1 end 

petUUonlns method ot senot.t.o en&lyels 

eppUQd to ~ojght. pel' m.Lt of to!lloto hybJ'SA 

f.1XId psrcntol sopulottons•. Tach. auu. 
u.s. Dop, Astto.. 11a~. 

~< 



(193-\) 

(UM) 

ttstwU.oe on tbo iDbetttuanoe or qeamtltntiye 

o:horcctora in i'UIUOtl• i'reUmSnlll'J ~ 

011 the gonet.ioo of flowerq•. 

Hetldl\esa ao. 
"fbo eeeooietSOD of sl.aa Wteroooea wit.b 

eee4-ooet pat.tMtl 11114 pt.pont.et.1on in 

i'ht18eolu "'UJalll'f.o'". Gonotloa. a. 
•a oeloalnt.&on of t.be 11\lnmn number of 

SOli08 in Winter's ee~ction upcuotment.• • 

AM. Eugcml411t 6• 

"'lhe toaU\8 or crossea bat11Gen inbred 

at.teino ot Guinda pSae, 4Uterill3 In 

numbol' or di$lts•. Oenotl.oa, 19, 



• A S'fi.Jtll 00 Lltlit!IGE ~U G~ i'Qa 

PIG!mllATWN ltf fAtUOUS fi\RTS Oi' 

THS RIO& iJ.Ml'l " 



A !!flllli Of! J.lflltAGR !!m!lt!jJ Wf'!$ 

!'fin Pl9g1m!AUQN lN JNllOU!i f!i!'l'lt 

QF \!:Hl$ !U<J!UiMI· 

1,1,. Th1o von deals '\'1!\h \he 4a\Ot I'OOC1vo4 ffom Oon,\J'$1 8.1.co 1\0IIolli'Cb 

lnl!tit.crt.oe o:Jutteolt• on ~ese bGtliODil ~ tor pisl:lont.aUon 111. vavl.ouo 

parto Of tho doo ~. It lo tho 5' S • Auto obow.&nlJ Dcal'0$1lt1on to11 

&ndlvidud abDtliQtOJ'O C1l4 lo1l1t. D~aUml tov poilo of ohttrt10teto t.a 

dO Oft!So da .&u1ho X lm101"0 lt. beo boon 111ta\Cil t.b® lll(lmO ebUlQ'I1 otooo• 

~· veluoo h!IVO boon o~• b7 uoU~g bot.b (1) r.taalmtlm moUbootl IIICt.llo4 

un4 (U) !.!Sntmtw c1botopenq l!lftho<lt alven bJ Rnlt\tme (19SS). In tho 

saocn4 mot.bod, \110 ~9#Dosllmo tor \be eot.Jactoo af,von b7 Uurt.y (1~) 

lltO nnt.o4 to bsvo boon Ulletl, 

1.a. lt baa boon fDWltl tram a oerotnl. ooftltin,y td tho ortslbl 4ete 

l'Ooolv()d., Sit'Gn ill \able 1 thet. o0t10 of tho obllervo\I.Oil!l ere lQll.OD&ietQI'I\t 

so till' •d tho t.M&11rl!lol eGSltosatlml te.t&oo on oomornc4. The t.Ml~ 

a~otl.on raUoe tormd tiOI!J tho obCOIWfl 10111.' oogtc:~Setkm slvon An 

~ il, do tiOt t.eU, \'lit.b tho b41Vi41Ull 00St'Q3a\I.OD Pe.tloo, Qlnn 111. tho 

c\n\e (tlllt).Q a) for Q gnttklllct per\ ot tbo pl.cn\• i'of ~Ot fOl" tho 

t.Mivid.UnJ. oesr.eaot.Son c\etlvM ttom tho Joint 1103S'es~ tot' \be pill'\ 

Up IWl lll.ett$ill, lt. l.c OOOil ttOIJJ the otmonetitonat tba\ -.n 6 00$00 out Of 

6 ll&:aOOt 109 pJ.tmto obow p~on 'l:lhiJ.O P \hi) fQI!Iolntos two OMOilt 

1fl pl~ chew t.blo cWl!O"to1. fho onl,r ~llllllt.t.on \7biob oon be sJ.von 

"' t.bo mlaolollolfiol.lt.1on ot t'CIO ot plontlo Sn. tho J.c.t.tot oouon. ibo tw 

pknt.o bnyo boon ~ p1no0tl f.n tho ~Otl al.us• Undo• \hooe 

~ltOUiliOtntloOO tho ObaOJ'V~ for ~ Joirrt, oeatoautitin bdre bccb l'.l44wt.Qd 
oo eo to am en tdentlool ratio tor ell.Cb ialidd.ulll ecatQietJ.on t.n aU 

!ts oosoo• as ~ C!Ofe reUcbl.c bb11lst 4ota ttrt t.bo ton ot 111\tte;!lll 



o.nd oat.S.auat.!on Of 1\G 'lolao. 'Eho or.woo lmr01'11rla tho pstt s.ntoriiO<lo bnvo 

not. been oor.w1c1orc4 at aUt oo thoro 1o no pooo1bJJ,J.t,y ot onivJ.us at e 

d.Qi'~to f.n~U.Vitltto1 lil¢SteGnt.1on ttotio tr= t.bo date, '&blob ~ obviOI.la 

troa tho ¥-tli'Atlt1on .s.n tho ~ ot ~a v~tb .s.nt;OftiOdo p•ntOd 

obtllino4 Sn dUto~ oQ®o of the .1o!nt. ecsrosc.ts.cn. llU!Iolf ata, aos, 
1~, 211, u.e., ttW cma t.s9. 'lbooo ®mllOro avo not nt. ol.\ cutualJ.J 

~OMiotont. 'f'hu.:l ti10 ~~ ot d.nt.o t:borcovo~ lnt.omod.c t.o conoomo4 hc::t bOcn 

C!lllttetl ~ conel4crot.£on. 'lbo ret~t~ <lc.to., eftw aokJ.us opproprin'-0 

cd3u~ hn'IO bo(')n etvon in toblo 41• 'lbetO \VOVO 1n cU 36 cooos out of 

TJb!Qb a clltJOQ toll' ~o hevo been Oe4ttcd and boneo 28 OGI.'IOD CFO to ba 

t.t:wosttseto4 tot 1t.n~soao11 

2.1. 'me \\'otloUa- eypotbotlo!!l Fa f'EitJ,qo ttUggtlllt.ed oto liP• lGt Oi't 'liJf 

2'1F.a 8VG J an4 1681>& e4G \VhOtO P et.cn4t.t tm• p1slzlent«l llfll1 Q to.. srcen. 

Tbr.wo havo bcGn Ol!p1ct.oe4 on tbe fOllotlina Uliltl4oU.cn b7pot,b0oct1• 

AA lo Q beN.Q 6Ql\Q pal.t Ol!OOI'lt.J.ol for ptoduetton of l)!srilonttlt.J.on. 

Oc i.o onotber b~ sene .col.\011 tbo o~, oql~Dr1 to 

M1 em abs@eo Of oithov ot tbC!ll tliU. ll71tbbo'-<l ~ot.J.on ot pt.sment.. 

ro, tho prcdllot.i.on of ~ 1n otJ¥ plQI\t pcn0 b0s1Cieo tho t;co 

ba:~1o s~. om oP l1lDH J.ooollo4Sor.~ 13=ot~ tlJ'O ODeontiol bOtoro NV 

~- Otm 4<>VOlop t.n that pllA1clllnt pett, 

tho at,otbot.S.co1 ~ScmtT~ ot tbo tw paronts cto pven belo\va 

~~ w e£• a-em lse,.t 1B.Pa S.SPat lops lof!t 1mp llnPt 2sp leps ~.~. 8btl, 

b¥ 14fl ~EJ. nt:a.s 2!-ea nt,ma ntpa ntu• 9 8lllpJ 4p •e• op og 

Du!c&~t ~. liS, ktpt, L:!f\ k!lpa ~ L:IP3 kiPS l.mp !S'.f 10 L(JP Jb9 Jbp 

14p t.llg Ntp1 Nt.pt N't.£12 lt92 Utpa Nt.ps 13t:tJ limp A' Ap .Gp Oil. 

tiboro Lep Lop lo tho stmo pdJ' ecve~ t.hC ChtUteotor ot 

~ou.on toao tho pen loctohontb, kip ~P to, tlp lltlt8Atlt lap ls.P tor 
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Usulo, Jbp 6bp few 3unot.utc. oo~, L:!.p Lll.p teD< leal axU, mp .Ntp fot' 

lllt~t Sp 6p tot' ®pt.w:lt Ap Ap tor ap#.cul.ll3 end lbp &tlp tor 6t~ 

'lb.o. ~~aU® 6P.ile:J kg lap Oill1 Ap, Ap cro not aQ3fC3nWn:J a.n 01.~ 
01 the t® paHn\o, ·t:llil ifw1 hew boca· Qbcr3n o.bo'lo ~ tho acnotlll® of 

t.hG - ~~~Qt ilo thOJ1,1GVO 11UQSO$\el4 ·U. 1\CQ boon t:aGW304· t.bl.\t thilH 

is ~=~te 4~ a::IOJIS kG· o1 .olc:t ct eey of. oUeUo ~o. 

Tho t~ !.llgot.liof4ol!ll li'~ tlCli'O been oe\ up fof' vara.ouo 

~at.J.oa cl\otactcvoa · 

(S.~ fot3.o IJ! •· 1G tot the ~o ~lib$? end' &got tl!Ut• 'ibo t'» potcn1o 

4Woso Ol\11 sa OM I.JCM pall! 'l'lbich an thio <hao· 1G tho o.o F• 
(U.} llflt!o IIi o '10 t~ tho pano HR 12Wlg, &Mulo, ,nmoturg ~ tii f!~karu .. 

'iho ~ lliffOto 1n o.-o eono ptllv l:lft4 OM loonUno.t.Son sene 

pa$.f •. 

(W) 1\tltA.o a'li' • 3ft~ tot' tbe mgopj.y;";)l• Tho p~ll 4Ufor ·1n c..o ana 

two a.ocaUoatSon scm Pbilao 

(f.v) R.nt.lo .t6ai • SI4G m tho pent:~ &w o§nf,h ~ A.~!il!.• Tho' two 

petent.G <ls.ttor l1'l Q.oriJ aono r;QU eno ~o ~Ell4G~!ml scno pcito, 

i'~otJ.on lo Pl'000004 'C'!ho.n bQtb tho ~o B~ n.te ~e::onto pll:m at. 

loeDt t.WQ ot ·tbo .locilUDatJ.o.n $OMS, ~ tar 1Pclf oboctt.b t.ho 1i'1 ttUl bO 

lit> Go l-of1 .&op, !c.Pa 1o98. t.e~a la.P;, • ..... 

~ b1~113. htio:J acn bo ~c4 a.n t.ho <W'f~ 

on tho bllsio ot thi)OG l"atJ.oo, ~ SrnU.ri~uol acercanU<m!1 of 

cu.ttCII'Ollt p$tt3 llave boon t~ ~ the ~to b$0 boon nllo\'m kl toblG a, 

'iho c!.ata· do not ob0\1 O'll1 ov&®Mo ~b a3• tol:lt rGal.nst ~ 

~etlon~ l'at1ca tor <W't~ ~oo 

a ,a. 1t $a Atlvonard~ to !'!Oto t.ha\ no t1:1o o.t tho tlbc:JV!O. h;~t.!c~ 

tot.Scs ore~ ~- of coob Other• " tl'lo 130l1Q pair O..o $a OOI::lOll to 



evwy ta~. '11mu to. sottinl t.t10 JoU!.t. bf~OU.Ool rntlo :t'J»' n Jo~ 

lil~CSot~ tti &s ttot cortoot Dimply to aul;t.ply tho two M#.O:I bl.it tUo 

Joint ~&ae4 ratio bas tel bo 11c1Qu1at.oa sopet~t toJd.n5 tho 

o~ C..o pe'-t .\nt.o (li)count. ao tho e.a~~ s1'1¢n ~ ~ (1~) 

tl:»' tho Ootiraute ot tbo !IW'Ooo""'Y~U" ~ ll\ l!li~ 4i:I0&'1:1ptll»l lllOt.boda 

Dto oot llP.PUcnblo hotoa Of! tho ~tunl ~~plm4ooao fit ~ ~ o.t ratioe 

hos ·bOon oalllllllotl tn~. 111Q o~ .1o~ capeatod t'Otoi<le bmo ~ llbo\'IQ 

&n table 4 1il:lr ~~ pi.\U QJ' porto, Ao sbo'lvn m tho 8CI!le table n toot fort 

UnllEGo bi~m bQen otll',S.C4 cut. iG onoh ot t.be 88 ocQfU:l10 it 1183 bOQn tl)l.Ul\'). 

out that· out of aa "~• 18 o~oo 4o not slw an,y eviclQ!l.l)o o.t Ua:llseso. 

Tho OrtOUtr O'l<lt· 'i7l'll.UO'b&ti t.h~to to bo cetklntod e.n t.bo ~ SO Ot:GQo 

et> ~ in tho OQliiO tolil011 tho cU.tfort~ :t;cooo brtro tl<>on 40cl.t ln tbo 

tGl.J.o'.11rls p~~epbo tor eGt.!mat£-on 4$t tho cl'OOa.oovot valuoa. wf.th their 

ot.®d&rd or•oro• thero ~ &n aU toua> t.15100 o£ CO!loino.ts.ons. 
(II) !Wtio $1$'1 \103't!IW ratio i)J1 

(a) ft~t!o 9•V 174POUO rnt!o 27t8V 

(C) Rotio !A 'I \tOi.tOI10 fO.tiQ l62a $4 

c.nd lostl,v (11) aatS.o 2'1f3'l Vl:lnuo tntio U\2o ~ 

30l., Ratio ~;i•'l 'ltf:l'SWI ~t.io ~l'l • \,ypo (A)c .. 

Con&idot1.Ds tho omso o.t Up t!lltS1n (IM) vote~~.o 3J4sttlo (9.11) 

~~ llN tho obi~ ffl:lquonqloe tD1 t.hW <lol';POOt«\ taUo ffYI t.lle 

OCllll'IWI.® ~ot.klno 

Z~a=l1 :13"14 

-d<1.a)~>:na dC!..S)Cta 



vben & <~~ (1..p)2, p l)oltls tbo crooo ovet vn1uo butt!Ocn tho tpoc 

1~ ho'Wo• OS. omt tll!l1 oro \bo o~ aJII1 a&poot.od 

tl'Ot:t.tonat.C3 respoeUftlr. 

(1) isti~AOl!L-af e •• t~ CliO ~ too ~ uet~C~ tor 

ta\l.t'lo.UoD.I 

(a} ~~ Hrt1tb!g4 -~·· 
Tbo ~ ot U!sU.booa oxptouua.on i.e Glven 

br L • n1 aoa fra • e) • Da J.oa f; u• e) • na los fc;u .• &)• ~ 103 

fitw e). !'.fsdr!Aekl:J ,t, '~~••• to e, tre btive 

t•~·~:W + t1e• a 0---- (.) 
wbioh ndt14tD t1o ~ (lll~atlc 

W • (n:~.+10fla+10Xl3i'~) e • fnt. + 1Jna + 803• 6nQ, •O• 

&ubsUtc\l.tl$ Uo twmeriool voltuJB ot n 1o tre 118\fo 

• &
8 • 010 e • ua6 111 o, sS.vlDS 9 • .nu146 

:. I • t. VI • &<t/Jiiu.i& • t•.,aast • .tu 

(b) lfsMp'e .~ 4lg<!tpPJ!Mi J!IS!tb!!9•• 

tbo capto~JeAon al1fm br aokJUIO (1953), oht.oh lD to k 

r!!Sntmiac4 ~ eat~ of o, .. gt'IO.D llS 

ri'IJCelli (.amp)~ 
~ n;;r- 0 ~ c;+i"' ln We OUOt t.blD G39fh0lon 

u of#lQl. to f ft (7) ~a t ft(1~) ia 
t Ill• ) • na• • 

a C a ! ft tl.e>~ \ fi<4+aelf nutoronu-•- t.t ·n;... • aq,+l • .._ 
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A 

e o 0'1'191588 

•\ r • t•/S • t•/.vdtW • 1• .asa a ,ua 

(U) Colou&et&om tw varl.lft\8 of (p) 1.n tbc a~;JoVQ \'1'10 COQOsa• 

_ (o) 1ll Soxlctn JU•Uboo« QQ\llod• ue lql0\7 • te • sty~). 
liiUt~UsU.Da J.on· bo%l4 <IZ~lem ol (1) t w0 V"0 to o eM cub.UUt.uUDIJ 

capoctcld v•ao ol n, lto at;.• wo hcfo 

+e •• ft ( te + dr. i!-ae> t!hlOb st.~e 'e 0 t; •;surael 
llJ.ao s!Mo & a (t"'P)a :. 'lp • ~~ lit ~ 

vld.ob Ql'O'W $.Z• @) o/fj c 002a6 

(II) Ua.ln:J dnfe!W!t 4$ecropmoy ~~ .$.\ bas bOorl IOWld BbarO WI~ 

~ 1;1 9r •. P.t•l • %+1) • 'J., 
• ~ tP!•I 1 

Aallln au .st,ven by Utl\ll<li' (19$1) 

l v, • a l a,.~ ~~l/ } • m ~ >a 

,. a ~ (~)e l (a) 

u ~ a o l.n tho oaae l!Bder oonuidoret11:in. 
~n 



a 

t'r.mn4 out alvaAs t~by tho voluo ot Vvo 

Dut o!noo i D W &• fa o VF a Ci e2vt.o Aloo 0 o (1•g)2 
(.;) 

•\ V§ti !fre. ~· fvv 
. . 

'• o.s. (p) Ci .oaaa. 
i$mU.crly &n ot.hOII' Sl.l!llli!IP OQ:300 ot 'h'l VaUo ~UO f>.'/ rat1oo 

ouob tts »e e!fid.B !2££!RP ,1pngtarn l:!po~, t!p !.'lQ!illn lllll'POO J:!\!!!mnt ll!m&a 

m'PBR Mnet:l!!a "'5• Y=sult !!'l?fP'U' o.»sma * &ta. ~?pprs ~ nt!tm!!t 
1libo outiimo\ea Qt thO oi'Oos over v~ (ln(!. thoU ohrl4crd otrotn oon bo 

t10tk04 Olltio 'b1 t.bO ftto ~u elVCZl aboVO, 



a.,a. 1\n\So Oa'l VOl'OUO wntSo 2718'1 • (B) typo ... 
Oona14ol'iA'5 t.bO oaoo of lllnOWo booll (9a'7) wroUs ooptua 

(2'1a8'1i toUaakl& Ol'fl the obaorvod ttoqponof.oo end tho tmpoot.od rntlo, 

t.eld.QIJ rft11 ono of t.bO t. loooUont.lon fSCJDOD An tho cypotbee&.o for the 

l'ntlo !9•8'1 to bo ~ mth tho ono loCioUouion ;ono An tho bypothoo&o 

tot rotto 9a '• 'l'hO cxpeotQ4 htlo han boon ~od out., tolliA'5 tho beo1o 

lector 0-o• vtl1oh iG, cotl!li0!1 to both of tho l'ot.loo, ln\o oonalderat.ton_ 

f;b -~ ~~ £;;; e;optoo 1;ol 
~od ~o fi<a•e) f:ra• e Jev~q efu .• a lco:aa t.<96+19)~ 1 

Oboorvod 0,. u 1.8 .. na•ta 03 "' 18 114 "' 128 81'i=n 
fto~ios 

(1) l!.!f!tl!!l!l»ml 98 e •• 1~ en \bo tw motboOI:I uoco tor ootlmotion ot • 

(o) ina!SA Ul!lJI!qgsl dfmat• nte JosrotJtim of tho UWJioocl 

tmpi'OOCJI.on 1s ss.vcn bJ'- 1 

1o"' nt los it<a. e) • ~~a loa fi<a•e >• na los frl•e >• ~ los if(e 8+19). 

tacxa.ms...tna tt., \1•"• t.o e, wo hew 

.Ilk n !1 • !a. • !! • ~" 0 0 ·-·· .. (a). 4o a.e a+e 1-e ~.. · 
vb1ob I'Qd.W)OS to cubic:~ -, ~ 

~·<an1o.2Bn3•19n3+9Jl4)e8•<B9nJ.-na•36Jls•S6DQ.)6+ (san,. ..a&Da•'6Jla+36nt) .. o 

i'tlt.t.ils t.ho Cb::IGI'1Csl valoea of nr•o tor tho eboll'o oaoo, S.t. alll'OS 

aa&S e8 • acn. rl' • 9860 e • 5'196 .. o &ol.'I'SIU tblo tor e, 
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