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m««wpoii &a tilt n«ld of Idi^ «B«rgr l«ptM^Biitfl«on imUwm&Um 

hmm X9A -to o«v«faX ojipoTiaMitia mmA9 m^ %wp%mM»uilmM 

i»r««tigiitioB pfogMWMo 1 ^ ^ 9am ^ ^ « r la psoipptM now or 

ao«r ii^ •o^^a.otioa* ^wwmH mmh tamlmtttm 1OI>1HMI-«»«1MB «xp«fi« 

•mto iMCfO liooa ooiq l̂otod vMlai oitlMr ooMdo zogr aiaoa* or 

««o«I«v»tov proSnood Itptoiit too^ ^ootvomi toA MiMUit villi 

Miosar i^to 18 doT. At Mf^or onovgioo uB«tt«tiiatol.o at pvoooat 

toy Moolowtort voiy ttic>i inorij oomlo nqr •ttoa w^poylMBto Iwvo 

tooott iiaa«rt«lc«B toy ••voriA oipoxiaoatal. ffoiq^ uaiaff Iraio •oaip&oi 

liuito3lAti«m of ooiiiiot&ofttoA o^itifMttto* 

At tbo BOW laivtipoity of Vor^ ^m§^ m sow atart woo 

a««o ia 1910 la ovginlsiag ooao voooaroli aotlipitr ^ osfociac 

iatovoot ia tli« croa of liigto oaosiy oeoaio n ^ auoa iatovootioao* 

I t mm Bot poooitoU to ttaiak of my oeiMotioatoa aqoipaoato for 

roooor^ « d afford aoro aotamliy ooatovo« ovomA oia^o 

•ai oaoU iMppovatito tooood cm aiiltlii^to Oioud oliwtoor ia ooatolaa 

tioa oitli oeiaMUatioa ooiaitoro, A pxopooal for roooaroli ia 

ooUatooratiim nitli Prof. H«8. Siaha (Xarootigator ia otoargo* 
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mi lst«VMtl«i ei« MWty iM îMBtftl MMB la m aiatlpUt* AouA 

olifti*inr At i.B*!!.*' MM Mdt ^ mm ^^ptaetamt of Atoala ftm^Tt 

§wmammt of XiiAl«» »̂i» li«A.3i« •^pww^ tlw pve^M^ MI« l«muMI 

tilt BttXtli^t* «2.oiia oluntetv iq^pwmtus en lorn to V*B«tr. m o 

ftflpAStttiio «M Inil̂ Mt 1» A pifovloiio I»*A*B* Pvojoot unAoir Fjrof. 

1l»t» IHUOtti ftt Booo I«otlt«tOt Cl«l<mttft» flio Ae^ oltn^ov ttPiil^ 

sont ffWi Piof* II* S« ffiUOM'o ]̂ «A«B. lo^emitoiart IHwgî pwv «oo 

t»aMif«s«A to i«B*ti* la 1971* Aflov a omitlaouo otmiiglo ftov 

etotttlalag 'MM i^it**"* fMililtloo tho otsdLfaiBt vao lioitooA taA 

•ot iq̂  oarlj la 1973 t99 %hm piopoood Iwootlffttloa oa lat«eao--

tioBo of Mi^ 9m§9§f auoao fipoa groatljr laoXlaod dlvootloao* 

flio aola ooBildom^ea la laidovtolclas th9 ooi^ «ao 

^lat tbo lato:roetloa otuAy at §f9&w^f laoipoaalac \ maon taovi* \ '^^'^^ 

loo oeaSUI W ao4o i f •pwrotlag tbo oppomtiui at ggwmA XoroX la 

ooToiai. Mtgloo to «to •wftlwiX 41rootioa. Tko oSa «poo pwUmxtlf 

oa aaoop-^neloiir lat«aotloao mA airoet pvoduotloa of Aootvoa 

l ^ i a la dlfforoat taxiot aotoviaio* 

fbo woxlE dooovl^oi la tblo ^lo^o lo ooiMO»od with 

wmm imaXoar latrnmotloao l̂HiXy, 



I l l 

fbmm mf •9wml im^mwitlMg ^Mvotioa pyepowHs 

mMm9 mm *M«1.« i8vwl«ao«'» •victor aooim AoiBditMieo*» *R*ttt* 

t»%9 tlioosarS flMMro ovo ilMi otHsr tHoovoti^a foxM&atioM. fi» 

tvMido of tlio iMlMKVlowr ot TMrieiui tboorotlOBX inropoMOLo ovo im 

moi of m mAtimiX otii4y« I» wm&t of th« poot liivo«tlgatiQtt|», 

oao 07 o^mr wttrUo* tHoovotioid. fvepeoolo vovetakon for tli« 

latovf TOtotiOB of tHo MQ ôvimtttoS. tela, tbo pro¥ioiii|piitoliolioi 

VK̂ M ooatoial oiilf fi«|p«M«Mqr InfonuitiOB on tbo rolot&iv 

•totiM 9f t ^ irofiovo tlMioretleol propooido «i4 tholr ooi^ilot* 

ioao. f&o atftto of %b« tliooiy of tlto SJu^Mtlo l,opt«ii»«iiOXoott 

•oxa^ioioa pfooooo liao to %9 ovoJltaotod ^ twiiif tlio olioowoA 

4oto for « o2.«or uaAorotiiidJUiiC of tho prooooo* 

Tim veik Aoo«̂ to«A itt tMo -Hiooio iaoaivAooi 

(1) A oritiool ovoittatioii of » iiHBtoor of tlMorotloal 

foiMOotiOM mk ittilMtio loptOA-wiolOQM oolUoloa (eiMptor 1) 

(t> A roMHOyolo of tHo tiifortiiBt poot oig^oriaoBlo m 

iM:iMtio wio«-inM3looB iatorootlott preeoMioo (Ol»ptor 2). 

O) 9oooiiptloa of m oiqporiMntol ioroi^tiiillw vmiag 

000^0 ngr »«BUi f̂ mi «aoo Mni«t mgular tfirootioao ma vMlyvio 
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of %hi$ mooz^oa iatft m mml9me lnfwtatimm$ w&w ^lovoyo 

oMtaiaiiic poBOtmmif pwptioloo mA PMMUOI. mltli^o atiomi 

(OlMiptov 9) 

(4) Dooeciptioa of alHiolttto mm»mmmMt9 on Mroononal 

iiî oMiit&oo of auoM ftt MBltli in|pl« Up to 89^ (Qiftptwp 4) 

It &• volofwit to pmmax% IMHPO O ouHMxy of tho mrOi, 

ia tlM tliooio* 

OlUlptOF 1* 

flM i«ltitil iimi«n»fM«iikov oosl-^JMoloal fovKOa* 

timi OS tlio eoaoopt of ^irirtuA 9iu>ton oaohMigô  && tlio lO îii 

«A0«|3r lOptOA-BUQilOOII iBOlOOtiO ]»OO00O lUHl bO«i AOViVOd fOV 

uadoiro'tmdiag of ^ « n̂Aoi&iaoA pliyoloiaL î eooooooo* fte li«lt»» 

ti<«s of %hm aotliod to oAXonlato ^ o diffovtatiol orooo oootiOR 

foir •ttoa-anwi—g lat^NMtlon iMiifo lioos poistod oitt« flio «iMai'lH« 

oliootfoty—totfl tvottlnoiitMaoiac *«lacl« phetini omiluaigo* tevo 

¥o«a bviofly awitioBod for ovoluotioa of tlio oonoopoaAliic 

Aiffovoatiol ofooo Motion fymaHtm* OiOy tHo oiooo oootioA 

fonmlao art gXwm m^vMmg tHo 4oti^lo of otflouUtioa. fte 

tiioorotlofd tfMtaoBto itood two *o^?a«two tamUomB* vol«to4 

to tmnofomo «B« Imt^^uOtmA irirtu«3L pbotwi-BiaoXoott 
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not |NM» filitsia«d ia t*i«w tvootawta aai appwwlaatlaui about 

tlMoo ovooo oootioao l»fo boott w«lo. fhooo appvoxlaati<mo bilaf 

la tHo UfUmmnA HoptoiHRriadlooa wo— oootion fonMiaOt tlio 

•wmaxm wm^mm olootxoiMiaotio fOf« faotov*. flM *«o«3.o 

isfWPiMMM oottjootnfo* Of J.S. Bioilc«i ia tlio b^unriew of 

otsaotaro l^notlon (OIUM oollod iaoiaotio fioxa faotor) of 

9y«31 aai to ia^ to dlooBMoi* %• vivtuaa. pliotmMiiaolooa 

latomotioao tla 'vootev aMoa io dlaoaaood* flio aa« of tido 

• aoAOl ia ^M ^mAt tnA Wtlkm^ fOiaiAatloa aaftor io^Maiaatloa 

fov ^wmmwmmm mA oo«Xo» vivtaiO. ftiotoa osooa aoottoa loaAa to 

a tiffosoatifdl «rooo ooo^oa tmanUM owittolaiag tlio ofHiKro of 

p •aOocat pfopaiator«(fflio o^itvlbutioa of otl^v Tootor aoooaa 

CO oao 

p «aooiai Aoâ aaaoo oa]loiilati<aio of tMaovovoo aad oooioir 

jHoitm ovooo oootloao tevo booa aood to obtoia diffoxaatii& 

loptoaHnnaomi mmm aootioa fonnaa ooataiaiag p<-aooea 

pmfm^mt ia %tm nm% fomw, fl» irogioa of appXiMil»lXitjr of 

tho vaotor aoooa «oaia«ioo aoAoi io «iooiiaoo4. Tho oatoaoivo 

aaaovioaX OM^tatioao lanro Imoa aado of tlm difforoatial mA 

iatogrtX 0x^00 oootioaa for %%B aiMOî nifliloon iatiaotio oiooo 

•ootioBo aoeofdiac to (i) looolor fOimaalioa (!«• 1,4 )̂ aitli 



twt tlM mm foiMaiHiMui iHi 1«90 ^ t , f1 ) , (Ut) lidRnmi'a 

9t mmmeimmX tatft SM «lv«t in taUlM (1«f <» 1«21> mA ivavte 

(1*9 • 1*93)* flMM tfHow «Kr*I«Uoii MMif ^M UitmmKt 

OiMip%«ir 2* 

itt i i i # «MstBr wmi»iA«ni Ml l i s im MM vMMi3Mr««4 wAm§ mm 

9mim^9$ YttXuM of tlioevotloi^ Smmt 99&*imm inAv/UA im 

Imtion fOiwdji wmm mmmA tmw tim 4m^ iatevpfOtatlOM, Za soM^f 

»oi« m«i« mm»i»mtm mm^^ imMA f^mAm (M. U^^t 

Mmm€kmf t KMioior ev SHOT fom Hiotov i^p««slaftn«i fotnOA^ 

{Mttm 1*90 ft 1.51} «a|eiio«i mU W ^ «MI KoswajMi « « M «•«€ la 

two 99 iiamm oj^viaoaia. Xa t ^ aaA«eiioiaii oowlo yogr opoil-* 

amta ino OMUMNI «iff«xoatiia mon apoottiai HuA laumrtaiattoa 

•kottt ikm m^mamt mA tHo aoaa mmmof ILMO lato in ^M poaatea 

tloa Aoptii of aaon ta ^ o xoolcZa tlio pxoomt amdc «io laiAovfii* 

o w i MMHi apMtewi la oairti of %\m past wq^vlaaata «<mal4ovo« 



I f l i 

mm ioviirvi twom m^miHf MMOVOA Twrtioa gmmA Xovol 

•fMi^rm m i «IM nov vooialto (KetayiUanNMl9f^ «ir MMRI mmfff 

looo yato ia Ĥo «oolc« Ouv ranolyaoi ooialo n ^ 4ftta «q^laift«« 

(1> tlio o^too of fi«iPieiufMMiufoa«iU (11) o«Mlot«B«y or 

iMmmAwUmt^ of tU9 An^ wl^ o«^ of oovovol ttioovotloia 

ppepoo«].o laiAof ooaalAord^oa* ioao voooat aooAovator iota 

luevo i««i MMM&yaoai* f M vootor aoooa doalaaaio aodOl «aa aot 

api^loA la fte/UzIc ot A 1969. fo «Ml9# ^Mdv tO.9 OoT f ^"^ ^̂  

»ioa iota tlioy uaoa tlio foiaiaSatlwi of BIB4 A Ulaea (aa faotoi 

la papor of nxiE ot oS. 19i9) aal miajaoa tlM teta altfe two 

«K^pf«o l latta of aealov irlrtaol plMitoii «poao OOO^OMI tho 

aoalov irlvtuA ^%tl i^toa wroaa aootloa aaa aot ovial to 

tvMMVWPao vlrtttol. totiA i^toa otoa« aootloa aai ttmarorao 

irlvtoil total i^ton ovoaa oootlon aaa aot o<|iua to aaso. 

#ala ot A (1970) la tiMlv ftaoX aapoilagat « 1 ^ 10.1 OoT aaA 14*6 

99f aaoa t9mA wmatm la ooafUot « 1 ^ oavUor vooalto of 

Moto«io ot tft (1919) at ^o OMIO anoa mmm0* * • li«vo ^iMa 

timt ik% data o# £lsk ot oil (1969) avo la IOBOMX afvooaoat 

altli «io pMdlo^oaa of vootov aoam ioalaneo* Tlio 14*6 OoT 

«ata of #ala ot 9I (1910) Uo Utaoon tho pnilotloaa of 

• a A aoAol «i4 <̂ w«o of Koaalor vmAmr tlio flaotorlaatlott 



nili 

i0la%«« 011% ̂ ui% tiM MMWisrMMmt of rmef I M U ( « o^iwo 

o f «1M MUM o f Wimd ff«M«04 lOaV WMMStlM tMBOf lV Uk tilO 

mtoloov iw^dUm l|F«M oiibjoot %o wMMnrtaiittf oaA ^ 

HolMnriOttv olMo«vo« tm #oiii #« i l (1970) Mlov 0.08 Oof̂  Mgr 

llO #IMI IkO OMM MTfOV* 

A iwa.tti&o'lo lAmA tmabmt mfm oo«tioa. Mnwu^MBt 

of f^Mtio o^Uî ^aiJiteip ooianoy toIoMopo ooo iooifMi to 

otttl^ ftt ooo loviil ftt loipgo ooallli ovgloo tli« oiv obovovo 

taoitottt OA ̂ M it9«rotoOf povoUol waea groiqpo oal itttomo^om 

of MioMi I A difftmnt oolKI tosvtt •otodol.o 9loooA«l^iia tho 

•^^BVMMI* Î IMI 01NHM?VI|1^0K OOO MAO t%9K% fov WMWIO flrflV IdlO 

irov^ool. divooMott aiA tlMtt iov too x •ndtli oim ô vomoo 

40®- 90® amA 70®« 80® tooi^ot&villf• flio «l.oiiA ^MM^OV opoxot&OK 

«M Myntoft oot mAmt tiaroo ftfU oelaoiAoBoo oAooUoo ojoto* 

oot fo» il.aglar l»^4int 9o»tii3.oo« At 70®«* 80® ooaitii oagXo 

vottio* H M oppoiotiio woo itt o^ofotioA okout 1229 liotoo 

(o«Miitifo tlBo). flio INMHO 4mU of okooi?votlOMi ot tlwoo 

iivootiono ovo oinioliO<l «i4 on «soljr»lo of auAoor tatwoottom, 

iMi«iB% o&ir lAwooio oBi tnrollol. MUti^o fortlAoo lo fiiroa. 
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flio oli«orr«« tt9mm9f of nMAottt ̂ t««M«ion M m f9m%im of 

soa i^ oBî oo toilooto « » t «io oteowod latmMio^mi ovoftto «l 

70^- iO® sonltli Mi#tX«r siAio oN>«a6 ^ «ao to iail«oii% MMKO 

eiOy. % oppljriiic ooaoidonitlomi f w pvot^ui and ^ioM oontei-

toittiaui Klso oboovfod »io3kOa» ovmto ot ^lo Y09tioa3. Mii 40 • SO"" 

smJLtli aiiiiilav oli««vvttti«ui« mmi laAitooA 8ii^o«r tatostotiom 

V8M fouMd to iM Mgligmo i» BiariMiP. taiiini Hio mtoloav 

lttt«rootloBo at tHo 70^* 80^ opoyatiOA • • duo to anaoa tlM 

intogzoi ovooo oooUona iMfo Men ovaXiaatî  foip ivont l̂ oai «i^ 

ooaovoto ( 2^11 ) i i ^ iatoina onovir tiaaofoir opootvm lOv 

iiron and load luivo too«i pvoeotttod alottg oitli tlio pvodiotod 

opootitt aooor^Bi to • a d aodol* Our oiit*viMtttOi data oa f i i 

to %9 oonoiotont «it& tlio idoa of •ootor aoooA doalnaMo* 

iag Fortloloo Cpattotmtiott of 29 vadlatlim liAgtH at %o 

vortioia and 40^« 90^ opovo^cmo rad $9 tadtatien langtli 

dmviai tO^» 80^ Of ovation vo«ia«od of tHo iadldcat pasptlOXooy 

and pafoUol msan «a3.ti]̂ loo IMVO INMO malyood ooptt»to3^ fO» 

^ 0 fwplatlQA of t&oiv fy9mmm «^^ im&tli anglo* l o ^ «io 

pliononona î oo tlio OMM tvond of iMliwriotiv and ai!0 osaî Uiod 

teiotbor for an iatoxi^totion ia tosM of wwloajr iatosaotlon 



gkm$ 9mA turn imamst %m%mm»nm moA »isa >gtwiittiMli«n 

pfOMSMt. I * i» •h&m ^Hmt «it ob««ff«« fm^mm ^» ^«» 

MiH to lio «QploUM« soXOljr toy mo»-niiolo9ii iaoUotio î roorao 

fov m Mum iq^tviai oxtwdod i^o lo to?. It wmm teoMotmawg 

piooooo lo ittiauAoAt tlio otooowô  fk^fiMiior ftt 70^- 80^ 

•oal'lli amg^mt »»mo to fomA to too OloooA to itttoaii.tloo 

ooXotdjitoa for mago of offootliro ^lioimoo^'of IdM otaooî ioro 
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for proitt^jig otoMMvOfttoo oiso vongo lo 10 «• 10 « 

Mr otoMrom twom ttooxty toorisoBtoi l^rootiom 

(ooSloA Wm} moA poioUOl anoK svoî o !i«vo too«ii tiio oinrmit 

t o i d ^ of Isvootlffttl«m« mio otoo«rto4 footuroo of KA8 i« ttoo 

owrvttit otttAioo ^ ttoo ffotoyo fptmn^ (Xotino ot aSL 19(l9t Harm 

ot al 1970) oafl ^lo Soil (BotoB ot 01 1970t lofoBO ot ol 

1971} iiavo IwA to oovorol iatorootiac propooiiSJi (^i^^«p 9t 

ioo* 9*9) oottMXBlaf 1 ^ inroioottmi prooooo of 1148 ond ttooir 

poroat portico* Oao of tho propooaXa istt aaeiMBioXooa iaolaotio 

iatoraotiott proooos toidlat pilaoo at tol#i oaorgr oitto laoroaolac 

oreoo oootioa io roqgioaoitolo for 848 ovmto. tbo ovoata 

•parallol anon grot̂ a** toavo toooa otooorvod toy aororal aoikora 

aaaoriprotaiA (Mmm taA iNHgHt 1979) mA tor Bogor̂ ot Ol(19«9) 



1^i« •vwit Iwfw 1i««i «aAl3r««tf 1^ Swrtott * S^okA 1968 tnA 

m§itw mA Ihdii^t 1979 Viilai MMl«Mi|fiiMa «q^wH«a of 

Qwtmmk (19^) for auiiB in «iip aliiNNHra* 

1^ tTMtiag tiM ob««vv«di MKm gseiq^ • • vtajHits of \y^ 

idr # 9w«ni oBd OHM^IIII^ ttiOB wllili air obowovot tlio prooMit 

aiMdI/oio of !̂MOO oî iiî o ftvoo on iiKltpoiiAoiit osî lJttiRUoB* 

fliio oiî &aiiiaMoK to in ottî pert of tiMit of ttm tnu^um fvonp 

iiXmumAwe ot OSL 1970t iixnisr ot oil 1971) ana of Bote «i i 

focoBo (1979) 

flio oanMBt intoroot in tho ilNioiixto soMMvonMit 

of dirtotional oo«id.o ray a»an intonoitiM H^ tfinoumoA* *^ oot 

of inAofiiKlMi'l oteolitto MwoovMMnto of nuon dirootional 

inioBoitioo ot iewov fooMMPOtio lotitudo ( 1 < ^ km ^m 

oazviod oiit 1^ noingt*:^^* inot»iaffit« Tbo notlioA oAoptod 'lokon 

into aoooint m maalbw of important faotOM inOiuAiac (1) tlM 

off00% of inoidont aliowoxa on tlio appamtua^Ca) of foot of n£lti» 

ylo aoattoviag of Xov «iox«y aaaona in tht abmrhmt notorial 

vi^itt tha apparatna (fig* 4*1 Ik 4«2)« Ateoluto naaauronottta 



luKfo ôoB oonrioA o«t fOr oovondL iivootlMW of mmm iB«i«0MO 

f««» imnUwA to tho iiipooUmi to 89^ MMitli MMHO* HUI Xwrfo 

latowiitr te^ ovo ooB«l4«fo4 ooMtMaf aov la tMo fitfU« 

flM ototuo of ^o ooxij MiioiarMMito im volotlott to «ovo vooont 

MosarMMoito tu0<l %9m mmnkmA* k voooooooMnt of a l l tlio 

mmvmt 'vortiMl intonoity mmmammm^m hten «loo ^ « i «oio 

ttirlag i a ^ MdoiMt lotitaAo offoet» tte of foot of tf fmr 

ojr^o of aoUv ootttitr to f i a i ^mt i^m io m food igrtwiBt 

of imrtioOI. iat«yiit|r ioto mmm§ ^9 Isd^ume lotitoAo oiq^oviatnto 

of I f ot wlk 1974 ot 97*^ I f AlXkofoir ot tl 59^» Aot(« ot ol 

97*9^ nd ^o |̂ roo«ftt omiii ot 1 ^ lotittido of l i ^ >• 

1 ^ ptoviouo mmumatmmm^ ot Ijurfo Mi^tli amploo 

mm oô povod vltli ^o proomt •ooongwiwuto tmA OIoo witii 

^MovotioOl. pvodiotioao ooeovdiai to oipootod intoMltioo, 

ooooidlJit to (1) voomt ticovouo ooloiiSUitioa of K. Hoote (1973) 

oa ooBfoationoX pion to aami doooy aodol. sad (2) ooXoulAtiea 

of Aotoa ot 01 (t9€6), AU tho oi^ovlmntol dote OYOV tiM 

voBio of lOBilii flm^o ^ ^ 90^ oiiigoot o n anoB piodaotlos ia 

tte otaooplMso f̂ raa i^oa dooor and oi^port ^ o ooonq^m of 

oao«g3Mop«idoat iaolootlo oxooo aootlmi tn ooaalo vagr 



slii 

hmtaf&oHm&mm t«%mm»tt<m» and o^«r MMiaq^oM MIA« in tn* 

«o4«l.« of o«loii3UitioM» 


