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tiM aim vmrn^tt rnjitarimotfin^ to otu^ tiko

aiotrllntiOR of tliMtioiit la tho oaA to aotoi^iiao tOo

aooo to tUiOO«t It fwrlooo Obm mmm of thomtroet ^ • *o«4#»

epootao otdiuft oaA ito oliftiMi iiiOi«tloa offooto* 1!Im» tooliaiiiiMi of

•wtoiodiogrepliy* iwrtloalorXjr th« aothod of ooatiof vith Booloor llottOMMh

oaMlolott o«oA Iwfo^ oio ^ooofttoO* Za. iho ooooriiMMttiil oork Olm wSkfhm*

PMTt&olo ai tHofotvoet* Its traristioo with tta (sio^rooiiw^) ooA

tbo diffosloa and oaoooytloo of olsMmto wmm A f roul •

fer ^ Isaetts of trsoks soooreoa to ootoviAtoiin^ ooO opplM

to snsljFOo tlM scutitr or Hsocul ooetioos OOssvtl^ tlwi

sotlvlty oosr long poriods of tiiw» aim mmmm of toth lon^Usod and otioi^

Utod olsosnts ooo dotootod sod • Itasilo dsriooft fOr oaloulstii^ fpon tHo

otsemd sotivttjr Ja.je||$a «aa the aita»f»otog ^ iha ^SNOUoot t«iO

proportAoo of olsnofito »ot«t»id ia sdoo <«otiiiktiooHr*otor}* flMi

Stoeoptioo of iapli»«psfti«ao onosir oitlila wphmrimSk sigosgotos- of ^iico«

tfoot oas'ooOostod Ir oiMovoftait their siso sod thortoo iinHiiit^ ttoooo
dOM«s OSS oslottlstod ffMi the mume^ of the »lpkko.fortioXoo

oiticdk dops do oo the. rolstioo oottvitf of th# ^wimm gmnm^ tho w»l

•otirilir for ooit i^iooo said ttut ooif^oiMMifptiici*^ do UMi tlwwolioot ooo

distvihutsd iieaiMOoifoiolf' this oos sopioosod ^os ths' ssorsgo dooo for tho

"Aca. M«Mt M *iw •Mrtmw «NM la «te tiiMw mnauaMat «h» Immm

Oddngstoo iod so tto oailtNiOi dooo frost omoosoos otosii addprogoios* IRmi

wmmau mm far mm Ump^ Omm mmmm mm oihar mrnrnrn mm

risns pfttisi^ sod ooo rsisdiiit* fsristlaiis intth ths UMootod, ^Nnmi .tad tho



%iam »tnom mrm Wmt tlM omMmlm^^em wT nlitttJUMiI

m^/rwpumB wltb v«dl«tlcm dcM^ • Mortt |^raot«.04^1* apfproiK^ «C o«lotti»

Uktine «l!ph*«1p«3rticie aeee twtm ^mm wy oMmiui In ll-trlns

SISuelNMitefl tti»tas rnXntiniMi^pn li^fwuxu nXylu^ #»»& g»iin» »f3»tyXty nad

vnrft4i%l.0t> o>r awteweSeeHranter *«d aip»«*C««fiar»

intil .-;i, -X. .V: v.,^ - , ^ • , -, «,
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thi» ^imwU oMrtAlMi • dvMlpUon of • mObmt of mmrimmm oldLali

e«rriod at»« tgr te cnttior l» coUabormtioa with ior owrvMrt

IMommt ^SothUt la tlM DepertwrnS of tlie* Mrfioii OoSUw of

^ 8t« 8Mr«ii0IOMr*« JiDopltmit lOttSqiu Hcwh of tl«i |»!Uw|ioi of tho

^ oSQNiflMetito and Idw intorffcotation of ^ fooiiita^ In forticiaor

£ anaS^ia of tha oiatxlbutiao of ^roolc loofiha la Ohavtor wofo oOflM^

oot to diaoiMMitoo oith ftrofaaoor tothlat a»s tho autoor la toty i^potoMt

tor IdUi iiOXi» aoA ooewKirsewite Mtor of liia aoi^iaottoao m '̂r»^*n*Tf owK.

oio tratotoUf a^mooiodfifta

«i ara aafi tototoafl to tha toto I5r» OtM. Haarlooaa* Um^ Ch» Miaooasi

and all tha other oartifa of the ftoaan Xoatltoto ataff oho ooAo aooilOt^

ao^ oatariai aod tote ali|<^ tonaad tha haaia tor tha •aaamwentse

^too tha p?ooioaa of too expartoenta othara hovo i^neroaaly ftaoo

toair aapfort to dUtotoot oaito i^a ara ptottooXarl^ oratatoi to

Xitf* Taaartow aot hla asaiateitto tor too tonoor Moiplttoi* looilQO# tor-

toair hato to toa aniwal oaiortoaatat aoa to Shr* tuat i^to hto

oolleaguaa, Dr»G* thoaow at toa tottonai ItoaidtoL and fr»

at tha itttoaoit Movtor Itoafitai^ loodon^ tor oatootoi tooo thoto fattototii^

9m mXm wlto to tooto syofaaaor mtalMai ftor arfaootoo too oadtotto of

aaatiooa to hia Itooratcogp at toatoid«a aod 34aiit* 0#% toaiMf of

Bethatoaf tor ootttoi Itooi loattooa#

toaaha ara aiao hia to too foitoatol oeahoio of st# torthotoootoo

floaplftaii Dr« Otnotoo of "too 'PathoioKT ^Sofoartoetit tor



•*>««», Or. mmmtae or i^inaiagr n^Mrtiwrt ttw iMm
•Oout hittetottMi eeahrtjpes, aoa «« ui •«*«« af «.• nv«tM
OmrtMok aho lalpad to mrt«M w/B, «*piMtoXly him a. sinatoU tor
•Mfl* tWat MitonUoffBPiv •"U Hp. J.O. Lwrtner tor tmlf «itb to«N*
mminnento*

Qnnto pmtMl If tor todloal totowah omhU aM tor Irlttoh
frplM Ommmt OtoFid** ««to mto rnrMUM.

, • t'/C vi/.' ,

••ii-Vrifi%'ry"i'r' • Ir^'rr
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MQT idad af MiiailMi Hm %•«» »• ^tlw wiirtwwi dM# «# t«Aia^Un

%o vhloh • pairtttt of —ftli «•& atatmni <hhi 1m rnmimmA viHiaMl

•fwdmtUjT •iMiiitBd Aspr BigiMi «f tlw tmrnm r»dUiHBfk ddawme^' t!i» tea

wfeioli mi ooiwill^p MMiim fM« a*t«ar»3. Hbmlt %m^ tvm iuittif«l

r§Aime%iri%y of ISm ««Pth» troa eoowlo xodintimi aoft trm olnu%# ^qfemntitlmi

of rBdlOttottm oMitmpiolo oikioh oso MMlolXotod ioOO Mir# oooaolo to

0«00t fopo por ooolu It la Imoou from tmwoa murmrloneio moA fieam rHtrrtl

•ipofiioanto Umt vmmtm radiatioii oaa to Amagi&gmmt ooooliitf tonoiloto ooido

iXlfiooo Mid foialitloo or later ohrcmlo iXlnoao and tanotio otoofoo# On

lAio toaia of ttia datap a aoxioiM poi«iiaoitlo lovol Itr iKtoi'iaal rai&atloo

two taon fixod at 0*5 rap* p«r maok# itr irradiatioii ffoo itiloimilSar

dopoaitod oatevialt ^tma data da alraady' atailatlo froo rffftwoff olm toio

toea ooataaiaeted otUo oortiiig oltt radioaetira oatorialo. So tim mtatt

olaoa in OeoohoolofalEiay ao atooraaSljr Saw endwr of oaooo of dimioima of

dha Song itt ntfiero ooa attritoted to tta iOhalatloo of doot

portloSaa of radtoootlvo oloaaota of tto oftolimNnddoo ooHoo* So ^

dlal«paiotioi iodoatfp oonmni iogoatod oraS:i^ Sonloooo palota oootaSoti^
midl«a» ottd lontr died foaro Saimf doa to tto ooot&oooiia irrodiatloo of tim

^ono t»m dofoalta of iodioo io tta otaSotoo* ttaaodoooaota of tfao amoiHl

of radiatloo foooiaod tr tlmao potioato toiO' oado it pooaitSo to dotocaioo

• oafe Sooal for radiwi atorad ionmally# ffim ppMoa

dayoaitod jotoyoaSIf too oot taoo jimmontaifod iwmriofoay' «od mm^ wm
protlaoo arloo taoaowo of tto oyaoSaS irwftloo of ^ofioo lojoiitiil la w

faro of tto«otioit« So ttia oaio idm o<aSoidaS yartioloo of

am «WMi««a im »• oaUa af «»• mttmHaMaftkMMlui mtrntm



3^

tlKigr w^mUk iatefinttcljr ta an inaoliMa «ni tli»

•ufvoyndiaa tiamMMu Bom of Htm doo«gf j^rodDoto aim wfiSkiMm mA mm fmm

to mam to diff^rottt 9i»t« of ^bm Hoatf tligjr «fo doiilt ftoooaAiiig

to tiMdr oheolool oottm# B^ointoo of tiMi long of thorioo^ ^lo

ixvodiottott fioottitioo todof&nttriijr^ oaA tkio ottAoaao ooigMtto tlMt

olttaotoly alnwciiiol^ offgots «»» paraducMd*

fliar&iai otiA ito dooigr pvpduoto oralt olfiio^ boto miA gmrn'-vmsm bot mi

obSjr tho gtMM»-vo3n» ovo atimoi«iit3jr ponotoottog to b» #itoot<b3.o at ^

Mfooo of bo^t coigiw nrwMitotf ojimtonaiuto m Itvlag fotionto oib

ooofbX ocCijr ib Mootiog tbo j»i»ooBo of iMioiiottoitar aaA la ootiorl.iit

mm QontiOt of diffmat eagw* fbo •Xybo.^fMuvtloloo mmny 90f of mm

total mrmffsy of Oil typoo Of mMottoa «aa mm tfeMgr mm rnibmammA orlttdUo a

owy iilioft aistoioo in ttoHMNi tMgr eoatrlbtito aoot to tloouo Aooooo*

fb* «ilplui«fMrtlolo ootioitf ««« calf bo tmrnummd ooiioK o aloaooooyto

to<AiidO»o ooob oo tioob iotoioaiQOBbs^ la lOiioii tma oootloMi of tioono

mm aooA and tSam alisiia^rtioloo raoovdod la • fbolopN^e ni»» Ybla

oatboA boa tbo aAooatago that •• tMoib of tbO' olooaato paooaat iMMlta o

portlolo of ebofootorlotio aoaoa la oaO>>iott» tba loan^ mt tbo imtmOm

oaf bo uooA to Idoatlfir ^ atawtma «a« oaloulato Oto offbotloo alfbo*

owrtlolo aoigift 'liaoocioor la tbo oatopadlc^iti tbo i«A«|a of tbo

looti49loa »of bo fOlotoA to l^io Oofoaita of thocotraat la tbo ooXla*

tbaao Aotoalto matf ^ «««* balog mrnmrnmrn oltbt of ooaa gfaotor

tbaat aoitott of Ibo olfbo^portioloo la tlooaoa oo tbot foit of tbo

oaattf of" bba foytlolo io obOOBbat boftoo •ooabiiai, tbo tlooBOa la tbo



9

i
i
i1

I

sI
I

I

I
t

I

9
I

I

i
l
n

!
%

I
It

?
i

I

II
«

1



5#

thla ImM MmllaMe Mtwrial ulteuwNtr thtt eppartmiity mUmmm

Ab tha coXlccting «f raaolta Vrot& automdlosntplia ia irwe^ slov it

UMi not praotiaaiaa hem to owmtnt tinmitn f^ron m nmaSMnr o#

pationto tn alien m ctatletlcaX inaljrtl* ^N» fwwlts ems a ooivnlation

with eXinloal tqrwn>tona> If It oan ba aliowtt a^t faotora oontnilmta tn

the aXiaha-partlole tiaaoa dnea in tfiffienent patianta» it niglit be poanibln

to apply tbeae «n«iaXta to the aaniaa^^rty oomta nhiah ana none easily

flbiainabla ftna lac«i» maAena mt pattanta* ftaian imy oooEOta mm ataMOy

been eenplated an atvaral mmdifnft patisata in Copai^bayeiw

Xn |>raae»tifia tbia «nbjaet« tlia litaratum daalinii with tborotnaet

tiaa first been annnaiiaaA briafly^ partienlarly abate Vila ylana an

inaioatiea of tba nechnnlm of the uptaba nf tbwmtanat ana Its pmpattlaa^

or of ^la dataila of the eXitiio9l affbota 'Ptnmaanft nUuai aay ba naaf^ in

intarpraiibS aaparlootitaX raaulta* tba Copaabaa^ invaattiM^iQn ban

baan daaotllNNl aep«r»taly ana in anna aataU« aa it fbcna tba baokgrannft

for tba tiaana aoaata naaanrananta# lafotn daaatibixis tba esoartaentai'

tachniqnea ueed In tba laaaatisation* tba ftaia nf anteraiBSaflpwpty in

genavi^ baa baan fwtaaea aa an indiaatiaa of tba taabwitaaa aaailabSa*

tba vanainsar of tba tbaala ia ooBoamml nitti an aoaaintt of aaaantainmta

of tba irartena faotora ioaoaaaaay for ^ oalonlation of tiaaua daaana*

ia an iXlwitration of tbaaa naainimnanla ami oalonlatiQna^ tba naai^ta

for one patiant baaa baan gitan in bataiX in tbS' taxt anO than anaaMorisad

toga^iar with moaa for tba abbar patianta in fbl^ lOr't nbitb oan ba

tntnad ta at aay atsia for a oaaanriain of aaab fbabor aa it ta diaaoaaai*
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7m

Of livmr ftfia vIiUo «i^« Mmt# «ip to $ tO ttCL

P«r Kgn* In MH»t tli* i—Tt1,t—i do^ Toorwmti^f giiNm is 75 or eppewei*

Mtoljr X aX per Xga for iMpstospXeooffrsi^gr* lia^ swiXXor mm

eirmi for ottior fnrposoet tiio irtntow hmixm Of ^ orSor of f md i»

rotttiriUnilosreptiQfw

Altboa«h ^ prellMUMgr rMolto witii tikorotroiit moro oo rawooin^oi,

tlMro mmm mm mmt^ wmnimgm o«a»it the introauotion of rm^iomtVm

mOMmmm into lOie bo^* It mm eboitt tliie tiao Hiurtimid (X92< oto*)

mm pbbUehing reiiorto of immmoimi oho bed booo oootoaiiiuitiid oith mi$am

•nA ttseothoriOB oliilo —plQioA e« IooIxmnmi ont<A dieX peiotem* So fOttoft

thet aanr Toero Inter eerioiui reeotiono ifipoeorod in wmtni e oho heft

ingeetoft ooon taitwte «Mtttitioe of reftioeotioo oeteriele* Tliooo iOmi

oppooofl the uee of lAiorotreet (for oswioie# OmamtX on l^heooeor

ChMftetigr* hoeooe soft Sttioh» 1938) pointed to tho powiiliilltr of

•iniXer effeote efler Xooft poirioae of tine boiieino ^ the noiXljiihto

•eoretlon of thorloo t»m too boftr# On toe otoer henftj^ mme^ entoeritieo

felt toet it tree eooh e reXoohXe toft to ftti^p^otoe toet toor oiXXittI

to telse riohe (Yetert OtoXX end munor^ toiXe otoere nrfteft mrnmm

until • oeffioieOitlft' Xeoft tioe heft etepeeft to eettXe tise of Xeto

effeete» or eotoieeteft toet ite nee ho roetrleteft to oeooo

(ihittoer* Oeeio end ihwt^tetu^ ^555| lUhXo end ftitohie# X93h)« e» •
reealt of theee eeffiimpi the neo of thnrotreet hoe hoiei Xiefttoft end dorliei

toe iNNit d foere oeer reperte oenoeening toe enhee^ftent hieteer «f the

eerlr petietoet ee mU ee lurtoer reetoto fmm etooto oepMtMite* hevo

eppeeved in Mipport of hoto pftinte of viee!» Xto eoet Oimeeii ueo nee is



thMi it %m iamM$t mmMoM^ to taMtiu^

l.a« wareloal «i>a Chalol Propwrtf Jif n»a»ot««t

AocMMPdiiit to tho mp9a%f%xmtUmm tboamtfost oonttliwi tf to raC ooli^

of tlioriuo dioxiOo a* a ooiloiiaX maytmioo lo tiKgcAA nAaolbio with iHidgF

fhMw t% tm atalMUiaoA %€ to l^r ooii^t 4Mf tettrin paioperetSwi

•ai oootaioa o«IS^ of wti^^p^tiyerolwBeoato oo peiaoerwtiw* mmm

of olootioo aiovooooiioia. waiiwtleii (8oiirl<|tioo ot al» X950) It wmm idiowa

tlMftt tha partioioo aio Hv^ttUo* flat ylatoo f to 10 i0ailiniera« in

diaaatar. % iMaauriag tta radioaotliritjr it oaa •tiaoa ^t ona aillilltao

of tHaootyaat aootaiaa aypaoaioataly IfO lag of tOovtMnw fho miraiil doao

injaotad oaviaa tm 9 to lOD «1 aad tbaoafsMio aooiaiiia ffoo 1 to 90 urano

Of thorioaft

l>amt tlicHrloa (tli932) aadta onajr al|iha«oattioloa» bat ita

pooiacta aoit tata and taona-iodlation aa ini11« fla solatSooailip Imtooati

^aa alawMRsta ia yopoaaaniod tn tOa dooigr aohiwa to 9|«a«o !♦!» aldob

ooolaicMi tho atoaio iKina»ar of tmah alaoant» ita lialf^^^taloo paoiod aoi tio

mdiatloo oaittad# mna ia foUonad tsr aoaattiooiaai 1 and t isttitm, and

lOitlii) ai^«di aoit beta and «am-r«9o, Miit» of laaar «i«MPt Mf^loo

patiodt taliii mmtsmrn alooat lonadiatolir ioio radiotiioritai (ddtb)

oiM alfitt^aadttiiid alaoaot* fhao foUoa tbraa laoao alflia«aoittiiag

alanonla Of aoaoaaoioolir ahortar iMMdodaa tbcMriao o (too) diaintaoiratiso

ai^Wiar to th©* (d€*^) w to tIdSi** (2^^ teldi Of mm fiaaHy

tranafomod. into ttia aMla Xaad iaotiool ,fl0,iaitli tha aoiaaioo of fOfthar



1

•.•• '' • - 'i.fK' .

•'if .. '• '-!•. •••

• v-r

•»«;

&

>.:

! ^
• «i1

"'•^•. fkv. ^

I

! 'bo

iv '\^
I

^ I

« 8 # 8 8

iiiwri"r"' •

« Cs)



•fUC i

•Isiiii-* mfA tnidiiktioBiyy tliO** «A«o jawwi «if"<^yi> gMvlh ot

prodeote %m wtsHjr ^ly tuiir-^lsia

that of Uafia (€»7 jpaaM) mm ahoao ty tha oimaa for tho jtroath of aXiihag

httta and gpmm radiaticm (F&fura U2)* tha alpha^iparttoXa aottaitar af

VhSi32 is 4«1 dlaintaaratlooa par aaaovid par ag and ttia total aotiaitsr of

all gnaapa iooraaaaa rlth t&oo to aptraaoh air Haoa thta aaooot* tfaa

initial beta and gaoaa activity la aaro and ali»a thava ara fbor ggoopa of

bata^partiolao aod ata gaeopa of alpha^^partiolaa aadLttad la tha ooaplato

tranaforaatlan of Th, tha oaateio hata antirity la ttro-thlrfla that of tha

maiiwBui alplia«<partioXa aatlritar*

fVaahSy paopaifad therataMt oontaiaa ooly too Of tha eiaoeota tlw

oariaa^ Tli250 and ito iaotopa tha othar daeay prodoota havtag huan

ahaoloally dtap&ag the praparation of ^Mirotvaat# llMia« ao omOI

«a 9li830 ahloh gtoa# la aotivltp aa ahoaa la m0x9m l«2p thara &a l\wwiho»

aotirity faoo hdth* Tha alanoata fhUoalag HOfh aaoy ontelOy oooa to

oqtaiihriam with it fmd than daoigr with a pariod of 1*9 foapa# *haao

ptommmmmm will ha traatad oa^toaoiticMaiir la Chaptar % ahnoo It nil ho

ahoan that tha aipha^partioia actipitp Of ^hwotran •daajraaoaa fiar tha firat

fir yaapa» than inaaoaaaa to raaoh ahoot of tha nMnrl.oiat ia 30 yoara#

In iha ttienaa oanaa thara ara aovaa' alaoaota aodttiog alptta^parttalao

of aaargiaa raayiag ffoo 3»n to 8*ltr aa giircai in Tma i# tha

oavraapondioi paagaa la too diffaaaat oad|«« Poeaoar Haaaaaah aoolatoa

(llford CO) and oot tioooat ara aJao talMaatod* thara ara fira aiaoaoto

onttlog 1aHla*p»inoioa of tatal aaaaoio oaatgr t *ho| tha

gaoonHPigr anapgy ho sftrao *fho**»
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oontAlning s&sn»eluBt oalclim •aA baritiMb flMi lieh«vi0iir «f

umA th»ir jwo^uota Ims iMett lugr I^imi Bveait IHwipalmxMi Mit

15^2} with partioialar rcfanwau^ irtMir ihipwiitiee In noun*

ilAlhlt ThX (mbA te nvw aeSeibniisea iSJMi cmiolnn imiA mnb Itaift ymifWwitlaliy

in incMPAtnin ^ nmM nlMmws 9h «aA B9fli ntn fimsnA in thw nrgtoin

P«rt* viMiiinr ilM nffii fanwA Am itaffia almAgr awposit^iA in ihn

itwrgtnio ]M% i« trmiiifnrfnA to tiM fMrgonio 9«rt» or li«m oni Wt AmnA

Aron 2h miA OAfh In tlio ovx«ixio vw% mftm tiwnoAefmA to tAo inorpKAo portf

will dopMlA OB tho OolfMltHI MrtoAo or tho OlOMttOO miA too tiM of

trBnofOr in ttm Ao MafWtA tmA Stoni haim 3ono fiiFtoAo

thco' hmtm new* tino to to foOtotrilRitoA toforo Ooooytioi* IBIm nast

oX««Bento in tto oorioo* thoroii (Tn) onA rodon (at) aifo Aaoorwia

OioiMMltO lilKr tbo OthoT OlOMNBtO Of OfOno Ofttt AlffOoo trirwiiTi Uoooo

and oooapo in tho looatti tttt tto pmportSons oooofAng in tliio 9^ mA

im ioopootltoly, OOO aiffoiont OaoMm of ttoir AifforoiMk Oalf-Mino

ptoiodo* fho olonento which hmm ooty lAmrt Mioda ond hamt iittio Uno

to raoot otiooloaiijr will raoain with tho i>atont oXonant iiioiwaaii« ito

ikotiwitjr* to tha raaninliig oiooMitii lATtor tn in tho

lAiorian aoiAoa with tJa® ptmaihXo fsasontion of tha- haXr^wnXna xwnrlodi

of whihh ia j^wPtatli^ Xongar than tho tino talani .for iho tawwAtap of ataiaanta

to diff%ra«t faiPta of tho ho t> ia alao an onoaotion ooA ita longw-

iiwod aotiwitsr *• • mowoiio who Haoo ii^holot »a*

An aAoewainato thtoiMoo dooo fhr thortoi ooiad l»o oaXaaOotoA Hr

ooooorlni liai aotiwitsr tdf thmrlno with ^t or rod^nn* AOa awBiiWii

manaioamo iowai far fwdlno has hoan ftwod hr tho lotoinalioiiiA ghaoatowlMt

ai»
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oa SadiologiMl ("roteoftloa (193'^) m • total bodjr oontent of 0#X isloroeirwMi

«liloh i» la elslMMFMrUeXa •oHYily l» ^ 9f^ ^ ar

5 ai af tti0fo%Y»8t« Hewaiar, far an aooorato aollaata* tha dUtarent

aiotrlbvitlaBa of radiaa aal ttwriaa la Iha tha Aiffifaat aawiwta af

Ta aaA 3a loot la tlia brtalli aaA Ite aiffataat mn&tgkm af Hm raliotiaBa

oadttod Hist to tslaa lata soooaat*

r.1. ptateitunoB ft T>wmtg»n% ftrtg >f»» iaii«otini>

flw aistritatlaa af tlieratreet la tha tad^y^ daimia aa aiwM^isr It mm

•liwintstataa IntrMPaaoaslyy tgr latrsosrltsfy la|aotloa» aaboat«aaaasly;« ar

ty aoaiaaot parlw»aaidlsrly» bat la sXl oaaaa st laast saae af It la tilwa

«p la tta «atiew1a»>w<tcitha1lsl (R«34i) aystaa* llila Is iwsUar ftawaaitritsi

by thtt ayaasrsaoa of roaio*oi*nw alisdaso of the llrsr soA ayXoaa mm

hamm aftsr lajoottan* It baa Iwaa fovthsr aaaaBstratiia (1) Idy lilata*

logloal oaoalfistlon of sootlona of ti8aias» (11) ty oiiealeal aoaSyals af

otiaaa aftar daatb soA (III) by iliyaleal aaaaamaata of rsAlaaetlrlty of

lirlim patlaiits snA saotlooa of tiaaaa*

(1) Vha oytsba ^ Hiotalyaat In lamta «aa staAlaA by IniootliMi a

caaibar of smb^ts with wsriooa ioaas» btlUnj at lataoaala of Has

nftaiwMfAs aoA aasaltilog aaotiana of tlaaaa tstao fraa issrlaaa aayswa

(Xfwifiy 1932| ^«n«» 19551 BqlOa m& fUtohla^ I95l| mwmaa^

193I)» Vba Aiatribatloa alwiiya ahoiart la»ia AapMita la tha Itrar^

sftXaaan taaa asitow and lyapiiQiA tlaaaa^ anXlar aaaoata la tha lAfaaala

aoft ovsriaa aai allilit .taanaa la tisa IMaay* Iftar inlaattaw ^

thorolrsat finatmi oollalAai for fit* aliattaa bafiira aaXXaotlai lata
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fino fpnaOmm vhloh wmm Mm in M tiyMSMi «r M

3jO ainiMt tlMM MM •1m4^ mmmmMm mt Pbofi»tnis% ixt tho •fO^MP

ma afWr 19 adflnM flwi smoPIm ppgppwiA ia M Umt mA Pom MiVM»

At poriotfs flTM OM Mok to tM mkMa aftor in^Mtion tho ttrrmtnitt lifloii

OP3L1S MM gittpptA i» oPU nwiOM of to tp A5 imoloi^ mimi3Lw to tM

ohoM lo FIamp X»5# a I'oAioti'tbotlon fMn tho oi^toM to Ww XtMO —frm

In hMMS out^Potot mtakoo ot al (1933) Md KUmo mA RMOOtai (1957)

IPoaA oiollAr dopoolto of thoMtmot In tbo SNpffW ooXlo of bioppF

•OOplM of llMT ttomio*

ftl«to)o«Soia otudlM olM mmoM oom oMaoo Ixt tho oollo i
MmRMiAinc 4o|Mit« of thoMtraet %n M liMr« mAom m& ttOiior (tsripoli

•nd Baaa, 1932| Steto ond Ikivio* 19351 Bablo mnA RitoiiiOt 193t|

193tf 193B) Md oMr Mootiooo (Haomxin^ Ttomjuio
August# Md Altots 193f)# Omt • fOori.M«r Obaorvtioo portod, Om»
fOpofr« ftoMdtIo Md i^tpMdtd (1936) fMoai oooMtto oIhmpm wsd othor

sbnarasl eff«oto»

(il) In olMtesl estlBMiticaio^ lolyoft (1951* 1955) dotoMdntd tbo

•oouat of lAioMtMOt i>M#oj»t lo th# IImo* mIom* kldttof Mi Mioo firniroi

of tOldl 9#tlont» OOd MWtltO* Hoot of Idl# ttOMtfSidt IMO OtOMMOtM^MI to

tlw liMO Ml M mOiMo io ottor ori»iis oogliAmo io

ood^fiooo* In flM pttlettlNi, tko MiMt# mmmmA in Idio Hsowr Md

mplmm, MOMMOd #• • poMootoio of tto lai|«oMii» Mi tto votlo of mm

oooMt 9or «fM of trnmm lai tlio too of«iM mm ## glMo l» t#bl# ix«

If
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It will hm uoMamA tli«t there mm ir»ri«tioQe in eeeeota tehen In

diffrreat pettente vhi^ de net epfner to ho rpletod to tho doso oi^ to Hie

poriod of tloe la the hodp* ElnlXar rerietlone ooro aotlood la mhMLtoi

for oxenplet la • grmp of oinht rahhlte reooMac tajeotlotto of 1*5 *oi

end 5«4. gOt end kiUod at vmrMm of tine froa one to 477 dcgre eftor

injootiecit the frootlen of Hie totel iBjeotioa roe<n>ored In the llrer end

•Tiloon raried hotnoea 45-^ eoA In rehhits the retio of the enoont per

srea of tieaue In the eploen eaA Hirer eee greetor Hmo in eon end foriod

betneen 6 end 40» The oontent per grew of tteone In the tone oonno

period free 0#2 to 1*5 ttoee that In the liter end la Hio long fron 0*1 to

0»d#

(ill) the retention of thorotreet In Hw »»: # H^etoo ooor long pnriodo

Of tine eon dononotfeted hf «e«Hi of rndloootMtr noeeneenente on liPii^

petionte end eiitoper of tieene. Tefl (1957) dotooted eeUtitr

Oier the lifer region of e Hiring potlent end eoepeini 1% with Huit of n

ton phenton of einller dinens&oiM# It entofpeg^ ho ooeonred tho eotitiiir

of eehod ergeae end ehoeod Hiet Hio Uter oeotelned of tho enonol

injeotod end Hm epleen I einller oetenreennt «eo nette tigr JeoOhoi*

end doeenhoMH (1958) tho found ^t the liter of e petlent fite poesn efter

inlotttSan of 75 hi of thorotreet oontelned «7f' of Hie orlglnel inleotlan*

goroehwH «ad. fiiroh (195?) oeeenrod the redleeotlte oontent of Hio

Hfoo of o liting petlent 95 fmmwm efter ialeoHoo of 10 nl Igr neldng

entorediogreuhe of' hlopef eenploo ool oonotlng ^ elphe«portlolo treohi#
•

frmi o eootlott mi totao 0«007f eh$, loo treohe wire roooriod in 99 deyoe
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fli» moHcm mm #qai'V»le»l ia to 0«(X125 mbi^ of tnflsiadL tiomio

aXXowine for ohrinleace during prmpmntUm of tlw iMwtlMift iiwiliig tl»

ooliwwi of Xionr mo 1500 eo'» tna b«Xf thn totnX iwrihor «C nlfim*
tmrtlelm tndttod noro looordnd in tlw aiitoirnOiofni^ tlso agotoot of .tlwi

otaoXe organ ima MTioow to to oq^ralont to 5«a wOL of ttootrot or 960( mt

tiM originol Injootion#

fto ooooXnoion that ttkorotraot rowina iiiMinita3jr in tba todif oao

oonfirttad tgr ooaeureeeots of tOa aaoonto oaorotod* wiohoao and ftMMi

(1959) ottaaotod to oaHaoto tgr ehewieai and alootroaooi^o tfao

radioootititjr of tha nrino of a potioot nto luid toon gioen ttorotmat* tol

ttajr oaatXo to trooo ogr theritw or mdloaotirltar* Stimtraa (19U.)

oMiad M alinioation Of radioaotloa alaaonia froo too patianta ain ani

oovan paara aftor roooiHng 75 OX ami aXao frao aolnaXa* fta initial

•Ipta^iMuPtieXo aotiritr of the faoooa oaa ogaiiraXoni to 0«X nX of ttoaotvoii^

tilt thia daoraaoaA oi^ tloa* tgr anaXpoIng tha dacugr 4surya lOoir atoaot

^t 55f of tto aetlto dopoait dooi^oai oltt tla parlod of ft^ lod tba ottar

2^' with a aooh Xangar poaiodft fta Xong«4ioad aotiiritjr protatljr eaaai ftaai

tha daoajr vaodoata of Oifflil whioh ia not itaalf al|iia«aotioa IMk aonXil to

axoratad with tht« Xtaf o^oa oaaanrad tha aotiwilgr la treath and tmmA

that thia inoraaaad in tha firat far taafo aa Ml and C worn tmmO. tot

than daoreaaadi praaiad that it waa tn idildt waa anaratad* ttoar wora

nn^ta to dataat aar aoHvitr in nriaa and apatnn. ttaaa roMaio ora

iaoortant aa thap indioato that no It ia annratadf tut tha aaoration of

tha fcodoata iiOXIi» thX and fn. oaoNai a daaanaoo in Mi toloX oXiiia-

partiaXa aatiwitr ^

^ • -linri
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entering tlM ^lood Terleoa other reeotietui lianre been ebeereed

after intracMnrltetar iajeetleiit eon* ehoeiiig tliet tlnevotraet reowina flgeS

in tbe eerltar (aedoeicl» Baagan and MielXer* 1955; rtoelt end teevee# 195B|

Berea# 1959)a othere tliat eone o/t it ie earrieA to otiier perle of tiie betar

(Alexander^ Jbng and igman* 1934| Freeawn, B<^KMRifield and Ueera* 1956)«

Pometinse daring attanpta to in^eet ttiorotraat itttraeeMicialaf aKdiirianne

ia deposited in the tiaotM etjurrMnding the irein* Xn «ioh oaeee the ftnpoati

venaiiie in thia pcMHLtian or laalce to tieighbotulng araan* tar eaHMple^

Xantnaan* Croa and Itea^r (1990) detaotad radloaotlritir at the site of

parliraeenilar iajeetion in two patianta aihl Ifiara were ooonta in tha seginn

of Idia liver and aplacai alao indloatlng aooaa nptatga in the agrateaiiK

I.&. Oltoloel f»ndltln>w "rg1»-|n^

tallewing the aiggaatidn that theretreet heva earatawgeiile '

affaota* Bouatr* CihrUng and Oaawin (1954# 195^) inlaotad it

into rate and wdom and fhiaad tmmommm at the atta of injaotiaai tmm It to

18 aoatha latar* taara «aa alao a oorralation hatwaaii the dgao

a^teiniatarad and. the inoldanoa cd" tmaoiira one fnara S pandnoifig

tumoura in lOC^ Of the aniatala# 2*9 nl in JXS and 0»9 ad in 4t<C» ia «ha

Ifioidanae of tnaoora did not inoraaao lavqportiQiiatolr «ith the doae# it nan

ootuiidarad poaalhle that evan raagr anall doaao ^^t pminun tnnoora*

SMlar oa^p^Pinenta wmm aarried dot tr dalhlo (I95<a 2I939) who ahowod a

tnoour ineidanoa in rate of 5:^ aiftor 14 annhUn nith injaationa of Otd ail

and fsondda <1959) vtn tmaA mttmiiir inoidaaoa of 44' in gninaa tiga attar

J
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57 Months with iajsotlcMMi of 0*8 to %m2 Solhio maggmi^wA ^tuit the

effsots were ^eoduoeA hgr • oo«MUi*tioe of two fWter«» eeeOy, the reiie«

eotlwity of ^ th.'>rotrMit« pariaolpolljf ite slylift^^jportiole eetiH.tr*

the ejitfe eowMopttbaitar of inflitw»to«y tieewie whidi i« peetiiood Iqp the

pewMmeo of thovotroet soting «s en Irritent#

Sladler offtote did not eppeer et fivet in eee end oeteeel renerte

eewleeod leege nonhefw of «ieeee in whioh thovetenet hod hoen need withtei

deeeee^ ror eeer e period of ftte r«era» teter et ei (1538)

etedied 200 p»tienta» noet of Hion reeeleed injeotieae of eprwoeSeetHr

7$ ed intrwvenotteiye Xenor of then wem ooriooeljr iii end eiH eoen

eftemipde hot <0^ 47 etlil iiHngi^ eeee feor jreere ieter-s *• one eeeditieae

ettrlhetehlo to the redtoeotiHtr of thorinn weiw oheerred« Seven

ietflif Teter end Coe (i945) were etiu eKt# %e vwport no ieewdiete «i*

•ffhote imn their oeperioBee of 284 oeeee^ 44 of when hed dived fven one

to ten feere after indeotiofu Sisdler eetKOnelone wnm (honm ty 8igler»
Xenetkgr end i^tmdien (4955) fHe their eto^ of X75 petlente ever e 9f yeer

On the o^Mir hendt ieoietod did enpeer whioti were tTnirmHit to
indioeto deoHO prodoeed hr redioeetiHty^ rUedng end caheee (4954) oited

too oereo} one* depoeite in iivor oeneed emteaniei eenSitSsise end in

the Hher eeee thoxotroet vhloh hed eeeeped into tieeiae neer « rein

fihroeie euneoiniding a granHor ivwp in wtiioh the hiatiot^too eeee

eith thoifotreet* fhe iatter reaotion heoane odtte •(Munim^ one oeeo heii^

reported hy Hera (i9M>)^tvo ty riffran it9m] mm W ftwitiiefm itiMh
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iBor moA Haronh (1948) mA

rtt^ipgilw (1952) discnpeefl m

A«4eoted rsdloaotlvl^ar in ths

(1999)» in m niall»r

mitox*adXogstmptm and ooimtcnr

nuwpounaing tinaun ntlll

•otlTitar to 9 to 6 «1 miA

ia«

tfayoo iQr Viogtlln aoA stiLndos* (1992)«

thornsWen 89 jpssmi nftnr snft

nurrotm^ilng tlssiis* Pieh8ns» 43«ns sett

AstnotsA ths notliritir nsteg nl|Ain«trnsit

tnaumasnts snA fbnnd that sftsr sseisimi ths

Wsntssst s^snlnnt in ssnasHisgr

slsn slii^t ooonta user tha liter naA

Morn snr&ous mnetlons ssrs slso raportnd^ lertianlnrij In meonS

jnnrst XshorSs (1999)» sy&sstio aHanets sTMer 10 ysnaei Waniishsiia

nnA Bntoa (1947)» enlisnnnt nwAsthnlUl soil saapooae of the Xlimr sa9

s^lnstic nnnsaiin nflsr 18 jmnsni ilsessll snS Lindlgmn (1944)» ahnenmnl

liner oondltione 10 fears sftsr mosinii^ 79 el| 8aiieiAt» Sohelte set

(1990)» mtanttm aplosis 10 f*«m sftsr srtsriogmpharf Ahrahseson^

O«cofiaor and Ahmheiascwi (1950}^ let^ nsroinoos 19 fosrs sfter 79 AAt

Tbgtlin snA HinAsr (1958)» priesa^ m^mmm sell osroiiiswa 18 fssie sflsr

rsosiniiig 90 mt iinss«hin« Msnti oaA Gomann (1999)* f^tsl psnayeloips^

7 fnslas sftsr 90 lAi HoAoliilii (1990)» aeliMBsnt taeown fHaf set PhUlipf

(1^)» S^miinesr (1949) snA Orahs (1954)* hlooA AisoeAsss«

fipiert Olttff saA Orif (1947) »e|airtsA seslAer owis of sflsstis snseiiis

»|as fsars sftsr ttwcntrsst eiaeslisstiSBi of the splsee*. ^ssfies of Umi

aplesn end hone nartns eere snslfssA miA ^ie sstieilor it ess sIsMe

thst ths sfH»rB7 AissifstsA hjr sliHs^iNMHIiolss' ysr moms or ttssos ess

129 ««Bn for hoar Iji ths hotis esceee set i«9 mm wm iMwr is ths sslose,

Ths fietinA ihs tissvis Aessgs ie ths Immmi sssioe is jpeotir i8se is



tiM la wwual*

BaglMW (X955) diagneeea ahMHpM in nanlral unmpwia nyntafc «• dmm

to tlw griamix or ttieriwi In tho ovtaim and aplna 1? foam aftaof

injoctlon of S aX into tbo ewetral vontHxtloa* ilylM-fMRrtlolo ooontn

of tba thoven In tHa Iwoath of tiM patftont inaioatod tHat «io total oontont

of tha bo4ar wui tibtat 5 nX* Vbier nor* unable to «ll»tain angr eaiKBn«»7agr

oownta ttom the Mljra The oontont wan alao ontlnatna the nxna MOta

denaitar of raaio«opatina tflMianim abcarliig that at loaat 3 lA wom pawaent in

the bvain*

naoaatXy^ ioooajr (X95<^) haa found tnaiogmphioaXajr biM thooo hatO

been ohan«aa In the bonne of aoian of YatOir and Gee*n piUMa mm 15 io iX

paara after inlootion*

^ammnArnm bhe finfifnta of the warloua obaarwMHi «r the Otetntbotloo

after intrairema iiil«otion» it la eetablieliedi that bim thsmtraet in t^iaii

op ill the eella of the ll»r* ifata% fartlaolaetir to the lieee^ epXeeo emt

bwie«iaiar>xwr» where it etapa iadeflaltelaff onljf aeall aeeenta of mm deei^

paohae^ Mafhlt Wt and to belso tataatai In Hie eeareiiooe end bnoattk*

it firet it la preaant in fine pnuinlea in the oella twt later eeeuenlatee

into lartor agBtegaten#

Aoooraind te diffarent aatlnatea the llrar tatoaa mb between 50 end tO

Of the aMiiint ioleoted and th* agleei I to IQ^'t the eido mnga of eeliioo^

twined bf diffsrent ohietoei't onf ahow aanont of eerlatioii batnan

dlffawent pktientat; eaiinot bar aoah faotane mm dSffbeimoHi la the mloilno
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wi^iine 70 KiiM» Wemmofmr^ ^tm mOimUkmmefm 4lmm gimai to mm^amtm

vmm%x»A 2ooali8«a« « oooditSoo ofcAuh «o3|r oriooo ia pottooto oBea

injttotioo hMi Wea teaijr odoitiioiwcod* «iw ooemwUwISsa «t «Imi olto of

iAjeotlon i« onioialo porabwbljr •«•<•§> «h«t ta tlio wueimm ot«MUi in

pottonto toy an ovati c»o«tor raoiova
2'

Altogattoev t? oaaMi ahioh aleii* 1m gijgwyiaa «a •awteao yoaotlfiMia*

Iwvo toaao traooA to tha litoraitivo^ fidU wurthir aaqr «mmmi iwall oam$nm%

mttH abm total mmltnv of pa,ffiooi arnut Iumo wm^ti^amA tiwotswot* tout

it Mwt tta oafiuMRUMii ^t ttawotfoot to given to patiMita olio aso

•ovtfiHoiy ill liaCOiatiaiKl aoi tm lioo mmm tban a tm jNMtfo# Tatoy Mii

Ooo (19i5) out of iSl€ naUaata ooitliS traoa ooljr 6S obo had livad mm itbrnn

m yoaflf aod of thaoa only 10 oho had Hood lO ymm to «Im tiaw ohao

thair yoiwtf-.'wso oeoeilod# fbo OMMhoo of iMtiento oho hat^eliood longior-

tha» tha latont pavlod for radioaotioo omotat ohidti oaooa to ha iiHiot m

yooio aiooo lfiJo«Uo% «Mdt ralotttoSy far and Iho oaoMi ohi<di lum

•ypoavod in tbo litototuvo MMit %o rnmmm mm olgoifloaot ooidoooo of loto

radtoaotloity offaato* tliia a«oo]«oiion ia furthar au^taotiatad hy

foot that tha affaota of a aaaotoogaoio oatoxo era ooloaar ooooafoad with

tha o«p»ia in ohicdi tha oaio dapaaita ora fotoal and alao ly tha faat that

it la oail aatabliahad that aaaaotaa and othar hlood diaatOaoa mm •gFOptama

of xodtatlao daoaga* An amateiiir of atodyiag Ota oaaatiao afatioi

•tieaily oa&og a laaga iwahar of iooio i* thtaofOioi of gioat SapoFteaao in
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n i

ifmm oy vwrnmrn

gfla. -r ^•M?tr.9f r^T-Annfilto|1>^

msu

SDn 1940 faUwrn itt Cwp—iliaawn •oggeslea «lui% • nmiribwr laif olSMMnirai

iiiiinaB'tWft t» bl» pm%tma%m hm ao* %o ^Imi Oootifli mf

1(ho«o%ra«4 ttdtelnletesied aoow jtmwm o«r>Xl«Mr andi 14 «»» d»ciia«d 4o li»p«tt%l«»4»

this poimlbllllir oore fVilljr# X4 wmm femciA 40*% dorine Oh* jp**Mm X958 4o

1949» lOoO prno^Hm In IM wwelw# aOoaroimuil for vwr&oiin yttrponoai

1% tbnofoao •••BOft an eaeeUant ofvortonllgr At ornmryUm * «^41»4iMa

maaewt^rn Thin wmm waOwMKmm 4gr BeeartqpwNB wl4lk n %nnwi at TprnthaSLa^mMm^

hmmmm%o%oe%m%m moA m t>har»lnin4 n« tim Finnnn lni»%14i»4n. I^%l«n4n Oho

vmmmtrnmA 4hofo4rnn% own eswOnea, naft llwir onan hiniannn nwn lww,inaiO%

up to dntn# tAiln lAmaA %**%• and awNiuBarumnat* of mAlonoOloHgr onrn «1«

UBdnrtnhMU A4 th* mmtm tlnn « anrlon of wcpnirtooBitn with «M«UBnlo»

Involtihf iiiihnoi.o»l# hln%4]oglnol noA hwmiwtoiloglonl wol^spoooji^ onbo

In o«0«r 4% ovoid olomdUis Iton iMttlnntn* tiio mnultn hono not hona paKtllnhoO

but hatm bnofi »ioo»iPlon<l in o wdw at mporto olvcnftlntoO larlvnteiy txmm

tmn to 41«o (nnariqdOO «4 mX^ l990t fi^tnhoily 195X| Unflwriniton^ 195S!i

Uneriqune, I955f Jo^wtoao® i555n» S,9il50s ooO iliiaao»- X.9$S>a

Altt^othor onor 3K)0 pntlnfiito hono bonu owalxioO 1» CaprntiAiaeAmk to dnto*

ilovo it In ImtenAnd to fnnwol m«i:a.t« fat mXX pntloidis^ mmA to igMoi

dntniXn of' thn oooo htntooloo ooA mmmmmmmmAim at tho potlooto iiMoo tliioiiOii

hwo tonii otnoliowS. notoinMttotitifiir lo mm pvooont otodyn

C4
oMdytoooMpSMpSHSRiBlMMnKEMpSIH

Thn mppmrnmrnm wmm AmmlmmA Iqr A« Onol (.nnckntann nt nl» 1.99<3) out
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aiu

•o-e«tlled "•ffooti've doM«« TImi faotor" 4« a Marapa of «io

of tha tborotMst* d»%a«wdw< «!>» of Aooflar psoaaoto aor&os

tijao IntanraJL between the injeetlon enA eaft le Aeftoed ee

the pereeeteee of ^e mMtwmm eetivitor widoli le reeehoA wliett all pa^auote

ere In aqallibvAm*

the anr«ra«» reeolte ftar the fleet 100 patlente (qfiaotea bgr ttlt^aeXle

1951* AV* below* In thie erwp ^ patlente the laaeiMeei Aeee

elft the winliwne 7 elt ehl^jr fbeip netieota reoelveA mmm then 40 aA

th^ evevage injeetloa wee 19*0 el« the ttttR intereel beteeea leJeetiM

end eeaeiifw—Ht earieA fwom k*5 T^^am t'> 15«b peeffo enft the eeeeeiie'

4ntervel eee lO^O peete*

finAieeotiwlt^ ef bceeth 97ft alfha-oatinte pie* eltu per 4-111hr«

bleeA 1*92 elplte-<»<»nkte per ela* per «2L
ifH" -v •

l»5t beta^Ksevmta per eln* letr «3.

1*09 elptae^ooiMte per lelak* t^Mr

eeheA 0*63 alphe-oounte per iNlti« per ev
feeoee

Oeaee oouiite Over the eprfeoe ef lAie botp

liver 1033 ooente per eth»

epleen 837

neeb 263

letp 307

fhe eeottie totel oootent of the Uter eee l*i ge ^ ^iee<ine» of

the fi|Aeen» l*t mA of the bowewMPtw* 0*t. glirlaii e tet^ eeoteeS

of ?*3 gOi^ M 19 ei oonteia 5*6 a% of the AOee liijeoiea oee

J



95m

*11# •lpBS*0##B*W saRX# voCMTOU 1X1 #9P##WI' tlO#*##Pfll*i#fl

ilRSMt 10*^ oKirie par Utr# vtaiiali la at Xoaat 100 tin## Ite

hx# «#ai##etiTiiar ^t nm ioooa «#« oi## awt# t#i##wio#*

1^ tha a'fo#### fien### qa#t#0» tli# ti##u# dieo#*# ta lii#

4 t# SO rap# p«r «#•#» i» tto# Itvor ^ to 4 rap# par oooli® and &a th#

wmwvom 7 to <S0 aillirat# par ae<#e« Vb### rolxa## war# ealoulatad ftaoi

•oiiinaiinpln ooaoidaratiaaa and roproaoot eroreg# r«lu#a» Tlitgr do iiQit

iBt# ooooont tlM highor do## In tha n#S4|jhboiiactiood of tliorotmiot*

tha rooolta gi### to lator raport# (lt##iriqin##» l99d>» wtmi tli#

^ pat&OBt# oaiotnad loo# nowaldorahty n#r# than lOO, oonTl

toMilt# tor too aoorago potiaot*

'Prtm tho radioaatlrlty ooaoixxnaanta It oo# oloo aticom tont tto#

ootirity #^ tlood oQrvaap#od#a to 10' of th# aaonat of p#r#nt tbortoot

in th# liror and aplooa* tfoot of tho aotlrltjr «no ooaaoontratod to to#

nggipiieel## (9S:''*) toito oontotood tld^ th^ and po##llil|r toShla' too
"(K

qlaotrit* oar# pooaaot to th# to# total oanamt^ anerotod lN»to8
o

«3M^t 90 olcropNMMi por day or 500 wllllgraMo to 10 yo#r»» tooo of
pooduot# toon th# orgao# om oi## eonfiroad ty too fhot ttiftt th#

ootlrity of th# otipsna rooored at i^lenoatoay imd oot^OTf inoreasoA wlto

iina 0# to# doooy prodoot# tolto hod h##n ra#oafid. tiili# ttw> osm#» #«» to

to# lirixid hoay aeoni»lat#d to rltrt^^

jMstlolty Oft# al## d#i#ot#d ^ naaii# ttooli totoatOlogyaflto to to#

ramir of « rotolt (Itoiio and BJorlt 1^5>« fli# trtiote# ortdtoataid to #

gioiNlPL# ^ toorotroot to # voUeooim oonoli th#- gyaoRiitl# ###% hor# 1##ii

aonioynd to th# hlood atroa# atid lodyod. to th# ootoil haeiaii## ^ tt» loafto

tolMla



•^P PfiLI !

iBtm tmo%B uiiMiitii eteewe gkm ma indioaticm tlM

involvpd in tranpfPr ot nlimrlp Po vwripiiii pnrtn ndT Phn Mly* Tbp

Min 4«90Pilis at tlwmtveH in tfap mammKm at PImi lUr • wgrptwpi mtm mmwimA

l|gr %iw alrottXatine bleod aatt momm at Pha «olal>ila elenente (ItiiBii

MPItil) mrm oMrrlpA aanj tn tba PXaod aPvaaaw fiamc «r «ha aoPi^Pir t*

Piwwltenepd to %tm hmgm siwo It Aoooyo to ta oaft i« broottioP put am

givoo rtmm to ootiirltj In Vaog tio—ma flono nf it in

in nlno mom trmomtmr of porilmilnto nnttn# lor tNi lilnedl

She oXinionl invoatigntioa of patient* wmm ooopliontoA tgr thn foot

thnt ttmno patinotn linn hmm giOMi tiwotnnet for now nnriPR

naA it tan diffiooit to iMor nltiHatf to nttritofto n oltwinnl.

tfan tiMMrotmnt or to thn dinnano for rhloii it wmm giren* A intent pool ijfl

of S to iO jrenvn mn nnpootnd tefom tho npiNnmnoo of i^muptooa r««oitic«

from mdioacitlvilar nwS it onn swotiotoA that n dinonoo owonnd l|p ^lorotmot

nfaonid inoionno in nfloeritar ritii tinn teoiiisn of tto inoponntng notlritgr*

A intent foriod of iO to 30 yonso onn. onpootod 1»efom tto oooiweenwn of

oniisttio* tononm*

Host of ttm Oopnnhnion lattontn roonitod ttiofotiitMit for oor^mi

nnglogmpliar mA m ftnr for nrltMeopfiqptgr of tto Jctotn* andSoimjMo

MiantiOttn ooprespoisdod to tfeonn doooritnd in ^lo prtriooo «di^piNMr»

in^ dintinot' nttntaw in iitnr ond oplofing noolior onoo in tlMi lynnpi*

noSon* oont oootAon gnimml oynptonio mm inomnnitm timdnom md

inntiilty to mm$ mmmommAmA inmtimn ty n atitoti«^iiiB» pnin# tmm of
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pv«IindnMigr <tatpoaitiCQ wliloh wmm ooeq^let« ia 2k- hotkrs^ the maeaxitm in ttia

Ulnw* <7^

53^

5 to

Vm Pi—iwing 3i^ mm dietrlbatol loteat^aiisr in tlm

Aftar 15 inwitha» thato mm m dlffomnt aintvi^ntiOB* Ylm

in ilui livnr IwA lunaiaaa and tkiwn wmm m daupinaa In ttm aflaan»

anS otb«r orgmmm fha anaiint in tiMi tami laai'ioa panainaft oonataait*

Mkmt padiatrlliutiaci mm liaar a«A a^laact oantataai 70^ ^ the total*

Diffaeant dlatiihutiooa aojra aXao aotiead with aurrorant doaaa*

Vith aauOl daaaa tftn livar <iaotaitiad mt mm total* otth hUgtmm doaoa*

90^ flia tpaatity in tto aplaan SnereaaoA Itoai 6^^ with aaall flawiaa to

WOf with Imrgm daoaa* Vha tiaaiaiaffiwi wan not naodi arftotoA iQr dii^tinaxt

daaaa* Mumaao oanalniad that tha aplaon |ilt|ra the part oT a iwmtootogr

oiT tha taawwaaaawar fmct laatpa

la tha aarliar ixivnatiiatiaii' o^ tlni aantaainatian patianto

radiiaB^ OifPiOMit patl^UaMi arsoo mmmrn or tha dirsforant ohaatioal and

maioaotiwa paofortiaa of tndisin a«id fha mmmrn imtiaarto wtan

aoatip radivaai dial ptiintaaw*. aoaa wnra fiatipala' who inaooiwadl mdiaai

aolutlotia mtmpmtkrnmXlyt aithar orallp or tp IhJadtlona and a ihw oora

aoiantiata^ who woatnd with radiwa* Xn all oaaaa tha radioa woo hapoaitai

J



3U

ta «!• iKMM wAstww tA flMaar of tiiooo ipotiooto aovolopod %ubio«m «r otili«r

<il%inCiWi in dlfformt p«rta ot %ho akolotoa, «mxbo of olilob proved fetel*

nm ficurea for 50 patienta eora doen Iv Aoi^ m% mX {XWl)m toOd

Oodjr oootetit of the petiente vaa eetinetod fOon the Sn elphe^ocnint in the

iHtoetti eaa to eoae oeeee iBtp the »•— ny ooanto frtn tbo bo^ olao* Adna

oentatoad ualhl aa eoll aa Re* Yha patlenta ooao ggoOi>od aooordtod to

aattoated hodjr iMBraen mmA the roaolta are ewomartaod to Tahlo ZXX*

the table ahoea that there la an toavoaoo to the ntohar of doathe wlto

toacoaatos botty ooggiaiit tot that the tuamw toaldaoao la approatawtaly

dpaaatant far all groope with aara toaii 0«7 tatoragrwMa The alyliaApartlelo

aattoltf of 0*7 Bdorograai of radtoa» aooMwtng that 50^ of the Rm mtmmpmm

frott the patlentt la 5*95 x Ifl^ par •anonifa thoa CW7 adorogram of vadtoai
la aoaltalaat to 17*6 el of tborotrasts oaanalfiv all pradtiota to agoilihrtoi

aad oa aao^ite of To* to the thorotraat group of 100 petleata oonalderad

Igr hltohoU (l!W>)» 62 had the a^aalaat of 1*0 adorogram of radtoih ato

of thaaa eara qfilta aortoaOjr 111 aod one had dlad* toa Hi iUwo oMatant

aaa Odtoa^toil to 5*5 adcrograo* ttm thia timxtii Of ooa third of the

patienta elth eara than the e^valaot of 1*0 adoragrMa aod loaa toa»

5*5 adUsrogvao oho have davaSepad rediattoa affaeta* to oeapesdble eltik the

gifoap of radtoa patienta eith 0*7 to 7 Xn the radtoa groap tha

latent pmdod for the of tontora eea atoat TO paera# to thto

parlod haa not pet toto ohoaaaaia, tp aiop of the toortoa patiaatat tt la to^

aarlp to aap ehathar toe afftota of radlaai aad toofidsie are alndlarn

to aall aa the total radtoa otot«o^ of flg^ree fto* toe

tiaaaa Aoaaga at toe alto of radtoa dapoelta to tooa ara aeailahla fraia

j
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35-

Alsb»«»artldlee la trmth tmmom ^ oomla par wln» par a«

in wlna coonta par adU»» par adl

Ba%a«*partlelea ia ariaa 1^(5 aoanta par ada* par al

fraaaat oontfllloa • ra«ua egmrtoaa «al rati«aa« alMMamal tOaaA

CiMHirtoal analjralo aT «ha aplaaa (Randa^ 1955) - tborlwa oontwttl aT

0^0272 PMT •» or aat

£BUCBtL&JaGl (Maiao, l?nj JaiMMMii. USSa)

Bara 1912# *3 al tbomaasS an Zk/4/39* fiplanactCMv 1950*

Mlaaotlritgr «aaa»»aoant« aa 5/2/51* that la aflar 12^6 pawpa*

0aan* ooaata tnm Urar plaa aplaan 8^55 aaaaia par da*

Bala aotlallar af MaaA 2,3 oeaata par ada* par ad

Alpiui aolliri^ «f tMraatli $lO0 acMmla par «dU&# par 4 llPra

rsiad In lleaadar* 1952 fTea aplaallo annawila* Aolkapasr#

nwaitol analorolo of o«1#»na (fimaai^ paracHMil aaamnlaatlan) • Vba llrer

aantalaaA l*5fc> of ra% tlaauai 1* waa aaay larpa and prababilpr

aai|9M»0 alJOttl 2 Kgfth Stm aplaen aaa alaa larpa* 355 ffo# «a»*aliil«m

0*75 m of tfaoriaa*

Filftifll (l^#3) (iHtdliallii 191^1 iiaarlqjmaa* 1958)

Pom 18/7A893# fdai 83AA951 fima capiuaad aoraia anaaafm 14 dapa
altar moaldai 40 d of ^Had«i«a Urmtmat* 44 adapar « li««o

af tleauaa aara adtalnal ad ^ aoadaad aattaaMi*. iiaat tlaaiina

aara Asia®) 4a aaatala aowe aalidlp'* Qara aadjr t4a ttaaiiaa aanlalnlap

ana iMTgaal ammtm aliioti hara 4aa« aaad la ^ atttaraPiaipniiiPda

dataraltia^loaa will 4a ipaiad*
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fhtr firvt tvo petlente (SeMi* 4 «iiA 5) ihm eoBo^rolkl^ •• ^tMQr rewelw*

inJ«oti€»a» of tho mm MiM of oos»tit«ao im« oo>» OMoliiea mt%mt oioitar

^Miod* of %isB9« iathooi^ tlM iNWoeS, aoM X o^o fOoOoT io

f|^ %HO Oii—^ botli ^fco gaoiM iiiiiiiila and tho olSolesl oyopdeoo ooo

OiTfMOOlhi X% is i^MfOfOvo ovldoiit tiftst fOrOiisr fsotoro Oao ooovotios*

for oMOipie, ths diffSMoO of psttoofes to rsdiosotlvttar

or * aiffscoot distrtlMtloo ooidi that mmo oosooptlbl* orssoo

s IsxvMT MM io tbo ooo osse tium io tbs otbofii

- ^.
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m~Tm ?

^irm% It ttt iofflta tft •wimi! twMnjr tiMi dgfolaifuait <>r

redlogrephy •• • mmmmi of* looatlcic roAloootiw MftiotARCMMi In 1>l«»2<ig&ool

•pooiatM* Portlooaor Moeotii cmT tti* f otmiqut will bo aionuoooa, tn

ilobKil In lator oaotlocMi*

Thlo too^mJkqiio iSoimnfto on tho iihiiimwoibon ot tbo bloolweSns of jAioto*

gir^qatiio oMaXaiono iQr rodlcwctlno «eibet«Qoo»» OioeovomA bgr Beoqwnrel tn

399# Mat firot vmoA to otw^y tho dlotrlbntion of soSleooSSio ooibolonnoo ta

y tioonoo tor bpnten in 190b« A 9>M»to0miililo fite wmm plooodi in

oontttiot with o oootion of titwit nBimto# on • olido ond boid In :^aoo rot*

tbo votOifO# oot^omm tiao* Tho f&ln woo thon oo|iorotort fbwn tho noobton

oni dovolooed litm an oriitnotar pbotoiro!)li« Tho Intonoiisp tho

biacakoninis in difPooMit onooo of ^to ftin Inaiootod in whioh port of tho

OSijIMiian tho oodioaotlwo olooont woo loootod*

lonAon^O' tooh»it?»n illOotootoo tbo oooootioi fbotwfoo. of oogr onto«.

foiiografh* At ri«wt it woo oootrloto# to ifho otn^y of «bo aiotc^botion

of natoooia^MMMKatring rotfio«>tiwo oObotofieoo whioh woco of Tioitoa

ifitoroot biOiottioo3^« With tiao intfoAootloti of ovtifioiolSjr pfoaooofi

yodioaotiwo ouhatoooOna tho tocdoii^ offBOoi now fn^ibilitioo portitnalooagr
in tho iifirootigotlon of bi03o|^ool 900000000 hQT ooono owaioootioo

toaooao#- fMo t^po of oo^^xiiaoat oo tho foot thot tho owiiMfceti'vo

iootopM oxw^ Ohooioaii^ idontieal with tho ttxn»«*o904iiooo>tiwo OOfMit tbof
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sr. 1

AlU, ^sisaai . |
tiMi wHHMr in nMbob an tana* 1* ftmmmA in a itetogsn^pHio nin in

iaaMrilw^ in nnqgr tanta itw asanpln# maa» 194S)* 9ha fiJai oonainin

aaaentlaUjr nf a Xajrar oT ailaar haXlda graina fi<«Ra 0»2 io 0»5 nicmma in

iiioaatar^ iiiifcirtian in nalatiaa* aikan an innlsiaa »ar%iala paaaaa ^itraag^

mm nf ibaaa «vaina« 1% ralaaaaa aloctanoma flran bneaAAa iaiui* Itoaan

IVaa alaotrocMi adgvaie tlMNHiili iha eagraial latiiiX thagr mtm ii-appaa ai

apaoifio peittta kmmm aa aanaitiaiior apaolWi» Sana ihaar uaaHiwa wittt iha

ailaar imm ta tan a mpmok oT aaiallie atiaar leneao aa a iaiani inana#

en davalapneni^ aaialXia ailnar ia paaoipliaiad mremaH itia ipvaiaa alilolk

nean aa biaak data ta»m 0*5 to i*0 niovoaa in djaaaiatf nntar a oioeoaexagpa*

tHa oaoiitiwi tar paoAsaiinn of a laiasii imana ia Mtfiliad if m

aiiffioiant waAar of iana ata paotoaaft in tna sfai*^ peniwAiiity nf

a grain bain^ rendaned davaXopabla ^karafom dapanda an ilm naasigp IneS

^ mnieaiioB %9r a pariiela in paaaing tbranidti it« flm ratn of ioaa of

enesgy 1)^ ionlaitkg fiartiola in paaaing any naditaa in s*«praa«mied

igp an #<®#aiSn«t nf ta taen .
-•dB/da o6(zsa>®^®

Ptisan a io ^kia dsarga on a pariiolo nnrlng wXth ^waXoeiigr ir ihtmidt a

•adiOMi oooaisiind df aiona <wf mioXoan oOaipga f3o« Vmt a ptoodiatppapnio

wilalen^ iMotk ia a ttatanaaaoaoiia nadiiMl aonaiating of nodooalaa 'Of

gaiatioo and of oilirof bfooiclar «Im ARexgy iooa p«f^M»lao in ttm gaiaiion

in fMoXiftiblo csoapafod oii^ ilio looa in ta allpar %ro«Ado gpiiina* tat
oBssgp ioaa paf' onli Xangib of leaili iboootant dopotifia oH' iOa aiao- of iiwi

—



fv«iii0 fnA thalr •oaoentratioa to 91m e^paSloe •twrii* th«%

th« mmrtar Icmw •Xao depends on the eherce end velooltaf of* ttm pertloln

whlx^ is peeslfic thsmiili the gireln» end henoe so the <ufpe sC pMftiels*

These ooneidsretloos fOna the beele of nethode of tvspering ssnleloas whloh

SIS seosttiTo to different typoo of psrtloles of dlffWnent enersl— hST

'sexylne the else end osneentvntlen of flsetns*

In ootttreot satocredlodmphgr reciuirixm esect Xooelis«tioo« host soeoXts

ess ohteinod tislnd fine-greSosd senleioos of high cssin esotent eo thst

the e'^ln eiee of the issts is snell esnpoood with the hietolodfissl

•taootnew heins exemined end eeeh pertiole has e high pnhhahiiitgr of heing

jMiiutilsdj nm isos of aeneitleity d«as to snelX gvsio siss wmw Im

the edditioo of sensitissrs eiiioh iaoawsss the intaiaeio esnsitiwitjp 4

toe grsin* types of oewlsion prepavwd for eistorediogrsphy hflP Kiodeh

ere eeneitieo to dO ts 100 ho sleetvons (llers» a95i)#

fjsproeo now tltst the eherged pertiolo pseess through s inotoin of smins

in oinoese<i^< So»e of these nop he rssdsiwd deFwelopehXo sad if thsp sws

soffloiently oXooe togsthor ths peth of tos pertleXe viXl hs rooegnissble

ss s series of bleoh dote or s trsote* The wBHiher of grelne in the traoh;

nnS its total longth depetide on the si«s sod oensentretioto of the sHwor

broadde gioins end the enmngp of the inotd^ot psrtiolo* i-hetiUiieew whitdh

reeowd pertiele traofes# ioiown ss Ihiolesr Beeeercdi eaaileions» asw prepsrod

with tsagriiid sonsitititlos# Sons owalslons twoord slpha^pertiolos end

other heaiQr pertioloo hot the nest sonsititw ^rpsa omOsieos noar

swailahle reoowd sH ^ pertiolos inoladifig hijgt mmmggt hotSMpsriiolsste

Ths tawohs Itemd e»w dhatwoteiistio of tos psrtiolose for owsnplo* s
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4M %te iwwlviae Dwwir oT tte wthoO* A eetoewBtieel trestiwuA «r «h»

jimiMli tniil MMft pho%osr»pt&lo propertla• «bl<9b deWrwlti® tfcwe rmmolMktm

wmm sU«a ^ SOoUoh aaA (1950)* ' tlMflr imtimA ^ pomme
fte* • •ouro# oC MTO 4AMM%Mr as Itia# dlslMrWi 'bvtwMHH odn^re of*

laape wImmio tho lulwwllj !• a remli—i and tho point at vOieb tfao lutaiiatM^

ia halvad* Xlia wiiMr odt Araiaa is tha isaga at aaxdaoa diatanoaa

tte point odT ^ istanaitar «»• giaas is taraa «l* tha pbotograii^

laapfw^a ot tlia •—lalim to aXatstrosa^ tha aapoauro and ttio gaonoitsgr ol

tbo aaresgwwt fhtflsad alMoa* ' a aosvoo in tha tasm of* a rod o^

dianatar and thiclooaaa d, tHay atvtainad as ospraaaion far ttoa is»»»or oT

gfaisa at oarioita diataaoaa» alMLoli* aluaa aomloatad for diffOraot raXsaa oC

j at d sod At aAaaad that ^a soat Aaportaat faotar is datarsining th*
raaoliittcm of tha aatorediograpb ia tha aaparatioo iNitwaas tlia caaitatos sag

aaotlast thr a aaatias f ataaoaa thloh asd aaiaaiott slorooat if ttia

gap ia sfoAtioad ftpoa 3 aiartsa to 0*1. aiaatnat tha raaoitrtsg poaar is

iigwoiafl fvos 17 aiarosa to 5 adorona and if tha g«9 da f^upthar raAaaaft to

OtOl atofoaa tha aaaoltisg pcawMr la g siorana* Tha ttilahnaaa of tho

aaoticm and aaolaion affaat tha raaolution laao* ItM- a aaotios of a otoroo

afia. as amfligflai of Si adUsrsna tdia heat rMsadstios ia 1«S igoaoso* do

aataaaiao of tha ahova aalaolatios of raaaltiag paaar to aaorooa of llUidto

atoa aae oarrSad oot tgr ^wsot dtggaoOhit^ ISNMHop OBtd lahlosd ftrot

thtg cHiloitlatad tha reaolutios. <0r a liio atorso aod thas aatandod tbaao.

calotiXationa to plana and t^ptisdrioal ooqypoao aa tliMwa ooro saarlgr

rapraaoat tha dloanaiona of aoorooa oaaosntoifod is praotioo# OaBraoa for

<9arlindrioal aoofooa ahoa that tha raaaistioo ia aataf ao «®od mm w$,m podst



41*

ta tlMi thlali—« oC tha —i1 •t—# —otioa and Intav^

iMwa • salat&valjr aaallw agf»<a» an tha saaoMiion*

Tiwrtnn moA Wmwrtmrn (1955) iatamAeoed a aair daftaltiaa «f

for oowaoo mt fln&ta ataoaoloti mm *tbo dlotMcio *d* If 91ia i«o#Mi aT

or atwwtw *d«

oro oopomtod ligr 9110 4UL»%«fioo 8d**

rowilrliig iiuaoi n for dlffOtoa* tlitiilwiooooo of oondoiaa ood

•••iiolm: oovo dap io tho oondit&an oppvooohoa In ixrootloot ^

of strlpplUBe ft^ liquid oowl oton (5#d)« Por oplSiidrioel oiiwooo tm a

of shlolmeoo t •Aerooe, «Im rooolwttoo io 2jiil •tarano*

tHe atlMM' ioforioat faoior In dotertaiini»8 «ho roioo of —idorodto

gropli Io ttod latwftoiHr ^ !«»«• ppoaoioft in m eMrmm »,apo<i,iro^ dljao* far

InlOTiai ooorooa o obord oxporm mar bo oomolont «e plre oa iaM«o odiioi^ to

not dtfffInipi^mUMVim mm ooporoto drolao ona ondor hldb oodotftoottoa onft tbo

in dtffdront orooo io dotoroiiiod bgr imao of o^^iooai doaoiV

naiiiiniiiiwonti thkm tppo of oatoarodiodfopb io vMod lar tho iavioottdotloa of

aoinft if«««gr fiia oiiovo on optloal doaolty ^ 0*5 io oaitobio*

tisra (X95i> ooimOottidi i#5 * ^a of piopof tiiwaai ora

nnqnirod to jwodaoo tbio daaaiir i« ««• «iar*n «*«>o«iw»» ^ tbo otlior

ia Mdb roo^tioa o«fb» ^^eaiooh and Polo oonoidorod 10 Amm&mmA #POi»a

aiwfo 0 ^11 aanlooo to la oooiptoblo oo oa oiitorodiadfnt^ doowmiaB oao

dovoii^od dvoin lar boto^portiolo oad «a oapoaaro two iki^f«liooo.|i

oonoiadod ttot at looot 30 rodioontiirai atoao aaot bo sreoooS in a ooH

anolcnMi to irodaoo «» oatiMPodiodn^fe# Wm dtota ptotd oortoo oi^. «io

fiioo of tbo ••giloloa ood Ibo otoMeoy of bto rodiotiono io dodidi Sirtppiod



4e#

9Um (5«C)t Tiairtim «Ni Hmm'tmrn tmmA Umt «mp oamlJjr

1*8 gralcMi par

Xa Mttonkdlagr»sAM •fAciAana af low «i)aoifl.o aotMLK^' 9Imi

faotor la aMoiniaB a raiinaalBaMa »aaaX» owtar 8a tba AanalaC

tte OM^A jriAl4 IM 0*9 SMM* tfUMtMWk .imA >1u—»

aooroaa of r«dlatioa| with oarafiil hwiAltm aai para ohaiilaa1a»

aaft Barrlaa radoooA tha tiaiitiMiaai»^ 8o 1*9 craloa par 100 aqpara alorcweia*

»» » i. OM •v.Hi.rt ..liw P» thv rara atill aaljr alOa «a aiMW
sAalSsMaally a OaaftOlns of 98a paalya aaaaA- ai8ara laMtiapaaMMl aaar Atea

aaolai of laolotaO oalla*

rtm arraaeeaaa* of aaotioa aaA ami ataa Aa atailar to taaa af tua

coa^nat miAaraiSiagrajii bit% aae9i parttala la raoariaO aa a atngla araoii*

Tkm aoettimop la aaaaaalwig t8a pi^at of arljeiai of Itno tomea OmpmnOm

prlaaalXjr an IHa Hiielnaaa of tha aaolloa* In «Imi dSsgraa (Flaaaa 9«8>^

a parHala arlitlnaliiif m% T %m roomaaa aa a taaoli aa in aha aiinX•iaai a^

aa anela # to tlw plaaa of tlm aanlatan* Xf the poalttaa IP la anlwjaA

It oagr 8o aot&aataa 83r aatancUng AB ta O aa P" anat 11a at aana ladat aloiiB

BO tUloli sapnaaaia * OlatMioa d/alaO* ^la wwallar ttla. diatanoan, tta-

groatar la tiui aoonrtap in plaoliig P* it tbasafbre follaaa l^t for

Ipaator aoonraop tto oaotloa i^eaia Im tmar t81»* th» ia alaa

««a«toat flea!' trooto at lanft mglaa. to ^a aatilalon» taixMI atpal ta 4^1*

tiiloiHMNia .of tba aorMM for traoisa par|ianiS:iotaar to tOa awnloI««<i ttiija
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m fUatlw mA —fcianitw •NU** MW Bhwwi* Xa mitorBkliocniyliar ar

MttOM radlSeiwtiw tha aoIiaidXl^ aC %b® ijn

tlM wrioKM eelutlam vlll i1»l«iiBln> ahioh proeedors fa ttoat aatlafaelnay*

''-li iiifi hHi/iif

Ylar tawMtte tbm mom% eommen mf fwmMM ant
Doniach and

•loofaol. / Palo (1990) fotmA that sloahol ia fmrntrntMrn mm tHiiaa la Imb

intamMitlan liulaautt «ia flaatlaa aa^ tl»a awilalaw la arMfaeta

in tbe autocadloftgapiw *&• tlaaaaa aaa vMHHiXlljr aafcadOa# Itt pawdPffS*

•Xidaa* «han pr«parif« Iba aelwaiiosraphs tlw ««« i* «wwraa Iqr

dlaaoXirins It in aorlOl*

Tba jaathod af vvmpmgim aaotlaoa aa 4NMKigriM lAnmm Inaolaaa a

•r aparatlCNMi muplaefim wrioaa aoliratita aa aell aa wmMna la aata# aoA

thia «ar aat ba aaitabXa aliaa tiba tlaaaa oaataiaa aalabla laatapaa* mm m

oeaaldarabla prapartSae mt bba laotopa aajT be loat» Aa altajmatlaa la ta

aaa aaotlm paapatad tor Ibaaaa ftiylat aa daaarlbaa Igr Soatt^'i^fbiaaail^

OiaiarB aatf Blaliap (1911^) anft br Ooatait aad wasvaa Cl9b9)a Vt»a

tiaaaa la a^^ld3|r giiaata ta aaHmt -a9<A> aod MsrAmmML at abaat

aflar ahioh It atgr ta awaialdad la paaafTia wmm and aaotlaoad la tlia aav»al

a«ar«

^ Cantaot alAali iaaa iaaiapttal alwaa hmm tlia -•adaaataija aC

atapXioltgr tat la IfMtaa ta wmmt0k wms^ aad ta apaiveia aaat-iaiia aaaii mm

mbmmm atbwa larittiiiSa aifa mat Mttlaftatam^ Paa* aaat aaaaaaMMi It iMta iHMa

tawat floiMkiniMaSaA ba ana af* tba ifoHaalaa aaHyteaiAa bata tiMi



1

ttiat th* moMm mH *wl» la M»tMt Itirongheii*

•as aaA aia vi«atA eiadLUww*u4r th» alcflroeoeeae

^ fjnumim tho moUoo U n*%«tat4 «a ii«%tr ma ttiia
aiiaotlj on • yHotogr*^ tbia avIM mm mtA ly SaAlaoH

•ad Skgada (1947) to foapw olplM^tMaK oiitafaaioijmiiMi oT atottM

oootoining tla^ mod moloor tiaelc pUtoo moA fmaA tbat tbop

oould diotlneoUb liiUno tVMte oiUob origiiiatoa in tbo MolaiMi or optoiaMB

of etUo* *'>m (1947) omA • olailor proooduto fea> pvopMriag oontrooi

Mtofotiofn^lMi of ia tbfvoiA*

fbo otttoroaiagffopii oootod oltli fioiiid owiloifla oao firot mmmAmA tr

9$lM^ oal MSoad (194i) obo aMatod oaoliMyoa fvoa a pbotOgrtpHIo oHAo

•nd poinM ttio liooid Ofor • oootloo of tioano oli&el^ tad Seea fXrot

oovovod oilb ooUiMUIiii* niM anr propMOo opeolal oailaioiMi in gtl

tmm fV»r tlilo poppooo# YtMMt waloltiii aao ooiudtito to olpla^poildtoloo

•as olootrotto (olaU«r to the 02 ond 05 oarloo) aad tar bo foorod to i«r

dooliod tbSolmoas# OooolSjr ^ fol io aoltod oad pourod oror mm aaoiiot

tofftlBti 00 doeoribod liigr fttoodotX oafl BoSAdot (11K51) fOr ^ISmi profNtrotloa

of tmtk Mttomdtotfaili* "iww ai**. I« «» mm MT
MM, OMT a«a aoMMMondJSa) Moortia fcoto-farWoiM trm 3r^ aoS
•ad aliihviiMrtialM fMa thnwteMrt* l««t (IMS) Meectod altte Ml

titOMfoitioloo ftm tiMHOtfoot oinwiltioooiwly la o <15 omUoImio aowatlaio

Offtfiloai art alxod vitb aoltod rnmXtim mm doioflbod lip Btttvio oai

flito«|rO (1951)#

Ifootood of ootttifig Ha oodtioa with li«|itld owo1iiiaa|. it mm^ m rnmmmA

with • ot^^iptp fila# iodih Otripfdai llUte (Sofo^^
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1990) of • 9 Mt^Pta li^wi^ MMil%t<i« m» «a « lH

«apport froa «tiich tlicgr are oat oaA otripfaa oa ftmulxad* A plaoa or nia
I

•nffloiont to ocmmv tlio tiapf to fleeted <m wetee eeA eewiOited eeor ^le

eenttfi ee tiwt the e—lei en !• ie ooeeeot with the eeotlon eiel the «el*tlne

fhe fleetis^ eethnie of iNPeperlns eutopeaiosrepbs efrtoh ineolee

fleettae etther tlMi eeiittee or the eewlelne ee eetee mm eet enltehle fhr

1^' eetar enliOne treneee leiA eeeeeel eodlftoatiane hev>e he—i ewiBeeeteeU Holt*V

mA TTejieu (X9t9) •eperwted the eeettew tmm the plete tgr

e wttterxareof limner hut the I'eeelutlon ie ileueeeeed Am te the laoreeeeS

ei^iivetion of ^ eeotion end eaal elom hinturiaghea* Hsrrteoo e««

Havsend (1950) took the preoeMtiMi of wetar tar pmmmim tht

htftptthB fUet tit itfmtffft the eeotion tar neene nf e woAwt tspuedie

itevriee sieene ana Kim (199») »ettoA hat nettwrnid «hn

eetTtinn on enne neenuey nni feneeed am phototiephlo plete In onnteot nlth

it oo that the eeotion edheenA to the ein>1ethn»

iltiMMigi the eheee nethode of propmAm «atojr»dio8f»lAe hwee hoen

Ihnatl entiefeoteoy fhr nengr pnwoeee, ^leeo een aoeeerol d|B»ihei'tiie<|<iiie in

heepint the eeotion end ewnlelon tnnether tiamii^MMSt eegmwma '

lirrmeeetTnig end oteiidndt nneh mm eartefheie doe to intopeotlon hettneen the

eentlon eed aewitilmei dlfflottltloe In eteinliid the^ eeotlan nhnn thn

eeiaeien ie weeni (5«7) end loee of In dhe fimtogPeshSo Ae^gp*

fhene ooneidefretlooe hmmrn led eeewral ooyhene to .edept n nethod nhoin^

the eeetinn end ewnleldn mm im odidiot dmiyied oiiNeiinpe mApjf mm .•i



47« 1
vna»m9A miA mUimmA mA M %m3Ic td tlwlr «riglaa

peeltUee ftv ftm sMt difflmilt part ot muh m procedkam

is tha KMlipMaBt or tiw aoetioo aod aaolalott aftemrte» oopaoiiaSAr oImhi

hUh fMoUtM t« WKPiArdI* BooelHMf» TVUidUwon aiiA TSeUiacNi (1953)

ofwoseo tli&o AifficMltir Igr aooBtiog tlM Motion am • floxiVlo i^Mtlo

•lido «oS owiittHfl this at atta aod to an aanlaioo-oovorad platoii

tha aipoaoro tha tao platM mm praaaaA tagathor and fOr dofolopaaal Umi

plaatio alida oaa bald mof from tka awwIaiiOi WIim 4«7 it ooold bo

vop^Uoad ta vltliio a «ioi«i« thla tTP* of antoraOiaion^ mo doaiioa« lOr

«M vitb baoa aaatlona* slwAaU (laoaibl ialiat) acAoad tha poOhlaB of

niltjooaat oaing afaatw of a radioaatita awlNrtaiea m ridooial poiata*

Ttiaaa mm plaaad at tha aoA of tha aliao oo ohloh tha aaotioo mo mmML

and oflMMd with a aoall piaoa of atripping filn* IXiriag eaqpoaoM olfha*

partioiaa paaaod tbroufh tha atripplag filo into tha Haalaar aaooaiwtt

•oalaiiM ahioh aaa aUo raoaiOing the radtoaetiwltr of tha aoatlon*

Altar devalopwmt tha tao anda of tha alslia«o«ytlolo tva^ ahioh aippaavoA

la ^ atvipptag film aad ta tho IhMloar hoaaaroli aaOlaloo a«MM teooght

into Una aoHog tha alldo holding tha aaotloa aadi atrippiat

Mlatite to tha aaulalan* A apaoial flaa ad^tcMnt wwhaaioal ataga

aiiioh aaa fittad to tho nioroaaopo waa daaigaad for iMligaiai tlM

fha and of a hiMh ooald ho datMnlnad to aithln a aloaoa oaiag idUa

<Opanitoa<ii

fhatoiogioftl idaatiltoatloii of ooll ohhtotia^ MfBtiiaa ^lat 00

liiiwo ihoold ho atataad «I0 '<hM ahioh mm thaoihod ttf
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mp^oitto pm3r%m oT tte eMm In MttamMMiiVMfiito ifgnpmmtimm ttm mmotX<M

MOr hn ntnitmd in the opftUMaqr ««dr hefhpe ooet&os t% vllfti MaeUei Iweft tlM

mUim MOT he inpmirmd «Im jemieeeiHg the eonleiiso* Zm cmSmr to jpetittet

•teioeA eeetioae^ BlonAell enfll fiothtet (1951) eowwett theei otth iHyerMehlei

leyeye hefeso ^le ewdLeioo* Othev oewtHMfo {T^itwtinriti enA Pnto^ X99»}

^mmtnwMmd to eteia tho eeetlew tlupoutiih the eoalalen eltor ipooooiHilnc mmim

dilotot eoCUitioiiie of the etelA eoA vqroloeteA eotidtoSe Bdwowor tho iMi

tetall in the oell etrooture ooopered otthbooottone otiOiMiA witiMt hto

preeenoo of eoeaeteo eoaoeee the wmhm nt Vm eotoi'eil—eegii« Bolemger

(1990) profoefl oa tmeelet ewtegoOteiyreph to ohieh the ewaleieo*eeotio»

enflew poepevod tgr the oeetiat oothod wee igwoved feoo the eltto enft

reooootea invewteA eo ooether eltAh for etetwtng# A farthetr eeNltftootthh

introdosed h:' Levi (1959) ocMletod of e oeoetttioo of the toewetoB

pgoeeee eftev eteioltig ee thet la the flael eoteapedtosvevh the eewiletiin tMMi

en top of tim ooottoo* thie weo eo eiAeeiilehe wheti Aoeltng t^th ojpotiihi

tMtoriel eooh ee thenetreet ee It ellewlatoa dtffiotatgr oif ooiwitiym

teeeha heaeeth the thCKrotreet# fhe atffieciilttoe of ehteiotfus w011*»etelhhi

eeotloae eve eleo oeefweiie hj aelng the eeeligeeieaEit teohwtqiooo (5»0)

the eeotiowi oMar be etetioea. tfolte eepeaotely fpMi lAie eooletiOh^

j>.a. Atipllii»tiawt ttf anltBwkliflgMiiaa

the ei^toetleiie of «itogoAtOAf*fO*^ bhtoli heevo been iaeiitto»oA ebupm

Inoltiae only' oeeee- la wiAah the aeoA heoe beea of opotftel

latttioet* fiteee teehwltpto hevo been epgilteA to oeoy Molofteei foObieno

whloh heto veeeofclf beoa •miMoi'teedl tn. eewovel «!i!ttoeo <^roe ot el#

— fif'ttai
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&9511 AMmt IMl IMUirti* fitoMft ••»

8iaa» MMBP oC Vtmm htmvm Xittl* rdevMao* to tho pnMMttti

««ljr brlof AwerlpSieee «••• W givMi hMO#

IfeMih mrk IMM «MO dm <m tlM looatfton oT •!•—n%« «» ^OiM#

Iselott peodisoSse AasdiMo 4MpMf%MKt »j>p14o>ttow o4* wiULoh MAtVP*

•ppew in tK» litWBtWBm tn Vtm nptidM in «id olSnl»eS

invnatllSAtlao of olnwrnilHIdn «*» Aftdionttdiin «« tlid

ogrMoiKlnol Xnvnl inolndn tlnr pen»er»tien of ontorodioityoi:^ of oioflo

oollo onfi oiMKMOotooo doiiioniiilintlqf the Inoorpoeotioo of

rllmnnciloio ooid* itatooodiOifoplio hovo oloo Ooen jtnojpoMod of

tiooiio^ toboooo MMMio Tifoo •«& omOi opool* non

la ooaoludiag thio oerwy# ooio* ooKWiJowiio ohiok oio oooi

to ttio ymeat oteaajr ol«Ht bo oiottonoft oyoeificmiljfr. «i» aooonotrotioo

of •li)lui«'portlolo troolHi oooooiotod oitlk IdNMOtvoot ta 1^ ooULo msA

in boao^ oad tbo doMndnotion of tbe thorita» ooatoat of OtooifO f^ooo

portioXo oonato# boon boon dooortood iwooionoljr (i«5 <oid 2*2)* A3oo

noing portioXo oomita Oroo# Ooor oad RooboCMKitin(&992) ootiootod

*wi1y of ttionolBroot oggiogotos in Umm* Xlioir twoOXto wtXl bo

diooiaoood lotor (9«5)*

• •• tbo goooibiliir dotofolning tbo poottion of o tioi oton tm»

olptwi*|NMrtiolo onittod bf it wm oHggootod liy laotbliit (X94$)« d tfoote

m%o3mA%»e^pm^ wmm smpmmA twmm mbloed onoor fnon • o^ioli bo#

bo<^ injootod ttiB» tbo oXjIwMPortioXoo oowp oliBoao ooottig fteoo o

oingXo «roXX nisi br on mljwio of ibo tfiodt Sooiliio it ooo gfofoood to
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tbe fiotat 9ft origin or •roelni« tm pmMAa^Onut i*wSlw tbm mi

•ttaohod «o tlw iwitoiio or tbm ooU or olioihoy tt fioo wiMd» oollo

Th# lotiuBfllni ^ elsho^pertlole trttoko rraoi roAlan dopoolto tm %mm

(HiMokor ««a IMP** 31931} deooeotrotoe tho ooo oT troek oouitio in Mi

i1ol«iMl nation oT tioouo do—ae» A mmotion of kooo mmm ploood in oontook

wtth o jiiMitiigrry***^ i»l*to ont tte kotol «—Immt or k—oko anoonOod, twmm

• gl—tt or— Aon? in o gin— OMgnmo tino t In— wm ooloiaotng* flm
of in ohlob tko portioloo originoioA w— doto—Anod tgr kko

raago of iiie portlol— in kooo» R ntofonot knt onljr Ir of tko Ootol

of mrtioi— oniOOog in thie Ujw

esloulotod Ikon tho grodnot or tho totei mwibor of diointognotiOoo poor om'
Mfy. _ « -honr^ ^/A mnm 10^ mt and tho noon energjr or mi oliiio«*portloloo*

v^i' " '

• V
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In Vbm ast^niAmtiffR •T ttsewi tmm <llwf<itgiii»»# It irauB

to jpwm<Mg» Mk witaitiiit^raiii im wtilrti Vem ml'ttm^^pmrtUklm Wwmfu

SaeHlw with tti# %gmmm oalia^ «• tlMt ttNi imniini' tii • oortaiii «ra»

thalr iaoc^ka oovEld %m aataiwitiK*« 9hc WKmpiup»%9iim wmrn ataq^l

•MM or thorotiPttttt ••ctloMi •• tbogpotimat to « twiity iMoilxibl* maA

i» a»t !•—qwr»a to asgr gRoot oxtoot Igr ibo oawtaS. hlotolg»g$o«X rt*Si^

prooeeeoe# Xo •Moftos# otmrtM taioMjogiool iNRtoll «•• oot •lagooaarj t

it wmm mmtvly maetftetmoM tbmt the ttaoaa oollo and tiia tborotreet ohouXd ho

ownraZatod with tlM» iunmlmm Thaoe oaqgtraowoiila wmjm fhiriilod Mm Mhm

•oatod liq^aid finailoioo antoroaiogttdpiia tm mmm eiqportSwete. it woo awt

• "S

oaooaaairsr to iBoaaaaa ttia lawtiani of traoltti Mm a .gttMi acoa or ttaooo aod
oootaot

ikUt^opAhtotttdiOBriigli aliiali aoOld to oood^ itNT: .WOitOi'liiig 'taarii tantltio

.fctg> iii;p»ftrffir»ttai>i nf .PHrHmt

.Matt' of tlo oeft tiaiooo oooei oooo ftooa to aod oiiitMilad to

ptkwMim wmmm Xo ooftor to <ilotor«iioa oMboo ttMOo oao moot loto or ootioitsr

in the: fixatiwaa# alX aoXtttifloa oaco gooaaaf'tod fmm mmm oootoe of oagMweSiaaaOwi-

and toatod Ito oadioaotiwitgr tOT oww of XitNUI ofsamtociia gtor gyootoot

aativitgr altiagoad Mm otr tf' tbo ooXafttono ooioooooiiid ooSy OaOif of tlwa

oftgioai iojootioii «»d it woo' oanieiXodod.iSMit tlio tiOao io UMLo wmgr mmm

aigltiii^o* aooOit did ^oot ao»oo oith tho oaQpNgSoeoto of

(•wyrtteltatiod) Mm tdio ftmoid oono wmMmmmm: 'dooar prodooto
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fc.5. Tt

fUM (SI fNoXMT Umifnh masHmim la gtl torn w» aatA to ooot HImii

alldott* Thsoo omlttwa am atoiai la o—loa oaatotam ot oboat ifb

frtion aot in hm wad oofo Iwdlid la mni» onf%ll#t» fior aidtlac »nA

Ittaoeaalad*

Before oo^tlng mt oeotiono* tbo vnx oao tamowd aoias iq^lal and tlm

•UdMi am tfaoa Men tftrooih deeoenaing dtmslho of o3oci)0& to diotliaai

aatitfw olldfo am amod oa a hot oXat* ot oboat 5C^* ^ oaaloloa

m atltid la a toat tOha haft at 9Q^» Tho aaltad aaatalaw aaa aaawarod

etii 0*180 a Itataiip pipatta tad foaaod ma tiia altda ahdoii bad baaa tfoaa*

fbrrad ffoa th© liot<ifdato to a Inrallad boaad at fooa teeiwwtwfa# fho

anaaiaa corned the alida to a onlfm Xipar ead «aa Uf% to aot* tba

volm of OBiaalaa oaad aaa ooofaroXled br the aiaa tba pipotto to glaa

a iosar of the faqjalfod tblelnaaa* a aolooa of OnTS ad of noXtad ailalow

wpmA 00 a 5* 8 1** alldo s«odiioaa a Xagm 50 nSomo lao day# ibH

aaa tha tbiotaiaoi oaad fenmXl/ i» tbia aorb ao that tiba loogaat aX|ilia»

partioXa tub fm 9b d*# «l6foiia« «»• fyaiy raooodod* obon aat liia

aaa dvlad In a.atmm of aaivi airt paobod aeaay in the' daa% dnrlwg
A

the mcpeenm and mmaad altb the aaatH atlU im oootaot i»ith two

muHeixm

sitioa Oba ce»sX0ioo la fomdlat taaolai i aoow »a it oom in oontaot

ai^ thi aaotioOi It I* iaportiini to cmML tho tlna tati far the aooXoljOii

to diy» liiltlftX3|r it aootalaa a Xaria mmmt of aatar and ainoo M

etoppini nar of «at aanXaioii la im Idian that of dty«. tm^ fmoi
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m^mm ••• iBiiir than aMnMl* In m nor—1 6»gr o—liilioii m

alplui^—rtlole traok ooooiote oT mi oXaoot ocmttanoua mnr oT graino iMi irtMa

tho mmHrnhm le not tfao groi— mm opooo<i ontt to —fa mo oatfa—g that tlin

pMTtloXo faoo to trovol • oMnh giMotosr dlotoaoo to otrtfao tfao oooo 'WMwiMr oC

gM&oo* A troele fO—od -ohlle tho ooulolon lo not io thus —oognloofaXo

too—o ot Ito nido gmio opoolog ond ito g—otor Xoogth* Xn |«notl.oo«

nOwn m !i^oto lo dogriog* tho notor oootont lo oootlaooXlgr doeoooslos nl^

tfao OMMlt thot tho Xcngtho nt trooko faoloogiog to otio weoup voxy tmm tho

rotiao lo wot Millntow to thot la ^9^ ooolsloa ($«5)» Althotagjh oono of*

tho trooko forrood In tho not oioil ulou aro aooognloofaXo oad no|r ho ovoldoA

la —ooarooent, oooo oro Inaiotlagalohihlo fkea tho aoofBol tooiifao oad It lo

thoxofhoo lagoxtoot to rodooo tho di^srlag tlao ao thot It lo oiioxt

with tho total eotpoooro* itunMlly o 50 alorea jploto tokoo olwat 12

to dx|f la tho otnoapboro ot room teaqporohuM* o oonoldorohlo Xoagth oT tlao

oooporoA vlth on oopo— of 5 or 4> dogro* acMMitiaoo os!ikmksx*oo ooro

wioh longor than thlo» ohoat 40 dtgrsf oad tho dryiag tioa lo thoa aot oo

iooortwat*

flio prooodoro flrot odoptod torn dx^yli^ plotoo woo to 9009 oat tiM

ootor In o 000000 ogotoo. hot thio ooo aot ontlrodjr oottoifootakr ** al**

m tho oaiTnlTin and olr looko faotooon Iho oontlon oad onololon

oooood wrlnkdlhg la tho ooterodlogm^* Pxgrlng la o — oooooat or oiir

ooo foaai to ho wmm ootlorootoxt^ ont rodaood tho digrlag 1MM to thoodi tao

honxoi on olootrlo holrwdxiyiir yloood ot o dl.»t«ieioo nt olmat throo root

Ikoo tho pdotoo ooo oMd tm thlo pasiwoo*
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90r tiMi pr^Mfvtioii of oootaot wmm

pmpwA ma m *lxyve« An Xlford^iiiQaNMii 02 HiaoSLMr Hoiwufflwiti
l^Uto v«o ploooA in ooWoot «i%h tkio sUdo miS fostawt ^ tmmm of oo3l1i»-

looo tapo to iwofont olipplOB* tho too i^too oofo bold tOfottMMr in m

prmm for tho rm/oOxma oxpoooKO tiao* Ulio olido hmmeism ^tio ooetion ooo

ttMo fomofod oad tbo 02 gatoto proowtod for olpiio«*portioloo In tbo mnmt

oof« L»t«r the too plotoo ooold bo ootobod roogbljr la orOmr to ootiaoto

tho octlvlty ooer oortaln orooo of tho aeotloa*

pkA aoalalaiHi ooro ooooooood ibMoofimi tlui ouotal.

ftoooovoh oMil»ioao» Siooo tlio ••bIiIooo mm ttnolaor thoa ordiaof^ plmto*

Sraphio filoo it io eoeooosey do «hm» dilnto doooloporo and to ptrolone ttso

dovoloxoK^nt tioa oo that tho dovolofwr toooboo to old doptbo of tho

omuleioti* Sbo oothod uood for dooolop&itt 90 oiaron C2 oioiliihimii for idplko*

portioloo mm to dooolop far 19 oiaotoo la Aool ot 22l^ fho

dovolopiMnt mm tboa —laotod tif ploo&og tho oaolstea in 2^ oootio ooid for

10 iBlnntoo* flio fixotioa ooo oarriod ont in *9tqpo** ot toon toiqpoyn^xro

aal ofotdod mp tf oontitaial ogitatloa* It tohoo oboat oao lioor to oloar a

90 nSnroa glato and lOm tixim wao oontlnood for o farihor BOf of tMUi

tiaa* tlio glatoo noro tlioa oaidiod ia naiiQdai mmrnmt for 1 to 1 hoaro oai

drlod at mm toaporotiiipo# t^rlag the fiaitig tiio oou^otiia loooo o

oonaldorablo voltma of unoxpoood ailrer hronido and ita doiith ahrinlai tgr a

fiotor of atottt 2*9# tho aatcaadloieraph. at thio oto^ tiiomfOro ooaolato

of a layor of tlaana oovorod oith a oalatino laowf alMont ^ m&rmm thdoie#



the porooeduee fleeeriheil elwri ie M&tehle fer eetiLaleiMi up t« %0Q

ihlokt but fer thioher eanUlMie yfuoettliene Moeh he tehMi «e evelA

dtffhmnaee in devel^pemt in different leyere ef the eeMleieii* Aithewi^

the top Uym of e thi<A emleion m«jr he deeeleped ooewMtajft the Ihraeiai

toireFde the hettoe my eppeer underdeveloped* the iiiwpeirettire ••teltpiiiil

epole used bar Dileorthy Ooehiellnl end Bvgme (IM) iveefliendi tble

difflohXtr* firet the plete ie eeehed in dee^U>per et ehont m thet

the ecOiitieii pewetfetee to the bottom of the eieaeioa bat deee not develqp

it epfveeithljr* the teepeffetete Ie then teieed to ebewt SS^« hat ia eriee

to avoid further inoneeee in the eeeeeatretiee of tho eoiuttoa in the

plate it ia fimt removed fhee the deteleper hetli« nem^LopaMii ie fhilioeet

bp a mmHxm in oeld elhP ^th« than bp * tiae in taoperetuana end the ieai

rapeeted with the fi*ative» thie prooedtire wite followed for peared

iodlaioiMi aoo adovooe thiob, idMn the tlwM tahaa were 30 im 9Si

AaOl developer et f% H nUwtee et ddPCt 30 atnntee ia oold atop hetht
10 aiiittee et torn tawper«tara« nxetien tabee eeverel hoare lOr thiak

entilaioiie«

the tieeiaaa wera etaiaad teeofl^ the pweeeaed end dried eMnleion bar

aeahifli in tr heeiMktoaQ^liii ihr ehcNit It haore* It wen mmmmm neoeenaegr

to firet MiM the ennlaieii eoid bp e prellolnarp mMm to eoetie eeld|

mmflm m mmMm tended to tehe the etftlfi to e deep Mwe end the

oontraet beteean eeotlon diid iiaiWIew wee foar* 1%e eeetiew wee

•hloid* in tap weter# tm the thoiotrait iMotiene# «ie etipwgetee et

tlofolrett ippeafwd ee peHew iprwailer d(W»eette egeiwrt the hlsie'*et»MI

oell tmalei* Vhap mm more eaeilp dietingaiaheble withoiit me^ eoein ee
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PXGOSB 4«2« AutorftdiogrviAk af • Mctiaa of livor firoo iMt&onit I40»9t
14 Atijn mf%mr loJeoStoe of 40 OI of tlwrolUFwet#

2.0 »TMtrTOr«S.

FIGDRE 4*3* FOlat'siMHuit of porfc of 4«2 itiotrliig o
oolX diJitociteft with thofotiwot#

I lO micr'ons
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FXGQRS 4*<S« iiatorwUocrttpb of « blayogr ««otiott of livor fm •
po%loo% jMfs afbor iniootleai (mo Stgioro 1#3)
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59*

the tmok In dtgr «NiClaloo» thn dip nuat bn ocn'rnotnd in mXliam Vtm

(OaUaem^ fnotov mt nm Tfcilo 1» dnCiniid mm lOm wm%%» mt btan

tbioloMM or tho mno^iUMBBil —wliaoo to tlMit ot tbo piooooood oon1»loi><,

tbo iralno nood haro for C2 oouloiooa wmm 8»5 (flotblot oad T«l« 19^9}*

ainoe thlo foeftor rooioo olth tho pfwmmmtm «r tim owOolen and tm

diffOeoot for l«i«* oagioo oT dip» ewosoromeoto ooro nouoUy oooTlvioA ^

traolM at angloB 0 to 50^ to tho plaoo of tho onolaion &» oorOor to adyftioloo

oifjora diMt to tlM inaoooraoloo in tho ooIimi of the foetor ooad* Xt

•Uo diffiooXt to a»o«iio l*«tio dtpo with oooovoor onA otoop tmte

likolx to ho diotortod* In dooidiim oAiicdt troolw to oooonro ohoo eoomtins

miiloto, it woo found thot with tho opopiooo ooolo wood (oeeeteStes of dO

ooolo dlrloioao oq^woXont to 50 odooooo) o trooh wmm ooooptobXo no X|rlti«

within 30^ to tiko p&ono oT tho owoloiim IT ^ horioOntoX parojootion Mm

oooXo diwioiotto woo riwo or wmm ttooo ^o dip in niorono# It won

thocwfhiw rolotiwoiar ooor to dooido ot o glooon wiMO o trooh woo mmmpMwMm

for neoomoooRt* MM mmmmm wtwoo MarmxAm worn noooiwod ot O to tho

OteiidBono woo oorrootod fOr otooo trooko tsgr o' 59^ dooroooo in tho ronno«

Xf to tho horioontol prolootioo oo ooioonrod ttr ^lo O3wpiooo ooolo

in nioroiio* tiwi dip in nioiwno ond *o** is tho ohrinin^so rootor^ thon

tho Xo<i0th of the trsoh io siwon hp i.^ o n^ * OftiooXotioa or tho
mw to 1 «»• «> •»«*» tn »» « «,« dwn • fsSs *

68* if n ond d oro ooooirod to tho nooroot oiopon# then fhr tim

ootliiiii ondio nf 5^ mwortotetp in gtwon tr o md*5 ^ «^5o tho
oifffiiiBim mwwmp mX Mm if'" for shortoot troolai ond fhr ^ anonoot

troolGo# fho errore oto loos for trooits ot imollor mnglmm to tim plooo or

tho oottlsSon*-
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(t) Tbm la tha mvartmom aT Idia aaolioa nHqr ^ mno0tame^

^ yoorlnc avar It a aaagr ttatia ligrwr «r a aalntlaa aad^ aa pmgwpmm or

aolniftanoa aad alloatot tlikla to tfiir baftoaro eoattag It irittn

aaulaloa (Bltmdall aad aatblatp 19531)# Tbo Idaloknaaa odT lajras*

aaatrollat ao tbat tba ga^ bataoaa tha aar>tlon aad iwiIiiIom la aot

jfiBfoaaad ayotaoiabldr vltb oeoaoqpamt loaa cMT oaaolatlaa# Tlila

alao lnt«odixoaa a fiu'thar dimoulty* naaaljr tha pcoblaai fiadlna a

aiitiua ablob atlofesa aall to ttaeae, glaaa aad oonXalon* 8a tw tbaaa

taetelgooa haaa not boon taiot baoaoaa tba dlatoatad troaba aora not way

nteaaztjKia and oouXd ba avoldad ahaa aMbtag aaaaaraa«ata»

Tha oT tba aatcaradSograph dapandad to a graat oatont an tba

anoHtr tba aatarial uaad* beat aaaolta batag abtalsMMt arltb franli^y

prapajpad aactlcme# Piflflaultlaa aara anooimtavad altb aooMi aT ^ba

aaattant ttnm Oopaabaaaa aa tba aaa aaa aaaaaafl aoaa tlaa baffoaa tba

aalwnNidlagraplia aata aada# A» tba tlaooa wmm hy Idila %imm tboaaaigkly

dried out and oaa often alvoagar peeling Ibora tba alldaa It did not Ha

flat obao. oofttod with aatilaiaa# darlaoa aaiwwa oaaa tbaaafbaa Intaodaaod

aban It oaaa to aaaanring taaob laajitba aa tlia aaotlon ooald not ba

ragavdad aa a flat layov it la alao « gmat dlaadaantegaa fbtia.

the point of view of atainlng^ to ana dried ttaaaaag mm tba htataiogloal

datalla btatwa jUWimd#

Uta. aia^of oontaot autoradlogr^^ bad aar^ral advnntagaa aver ^la

ooattd' .motoradlogjaapb# fbaro ana no dlotortlaa oaf aidia traoba daa ta

difftvantial abrinbago af tba oimlalofi laid tlaaaa and tba ttaalMi tNKra

ganarally batter far aaaawmwmt* It wmm- alaa gaaalblo ta toaa tiio
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of ttm filemento mr* Ay •to* mnA iheir notlvittos A» B* O* •im
gii<«a A• PA^» B« Q>^» 0 * 8A^ «%o« The nnaeriiMl imlim of
toigr ocfrm%tax%m m« glvaa la tahXo XT* Slnoo iCaXh 2 he* • very abort Ufa

ooapaaei eith the other eXoMBta* «e ngr easlaot it to tbooa oalcwdiatiooa

aaft eeawe that urfhl daoaya Aireotly to itOTb*

(•) Cw»th of TMfoauetB fVaa Bu InttUUjr ••• Pq «"• »•

than tha inoreaae per unit tima in ttia auaber of etOMi of the wwt oleeMMot#

IliVhit ia the mber wop^ieA %iy the ohaiisa of tha 9Am» imidber iioe to

the obaaia of MtXHI into 2<STha

Thtia df/dt m <f)
I

4Q/At m <2)

da/dt • A|jl| • A^S {s> «td#

Sahatituting in (2) the value of P in tefsaa of F^a ^ •

«5/dt e ^

the aolutioii of thla oouation ia of the torn

t e F^tejp* A^t ♦ e^o - A^t)

eObatltution Of toitial oooditloiio^ iMoly Q o 0 oboii t o oo fliil

that ^
®i • T^hr Oa •

Sta» « Pq X"" 'i'x" (•'V • •*V) (4)
" '^8 ''t

••"TffiT • --^'"iti-r ' ' -rMp • — I • itiir' '

.M
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YAHUE ZV* Oieintoar^tlop, Oonm%mi%m o# ttee ChorltMi SertLee*

Serleft
V0m

rJL«nteiit Radlatloo Haiir-wlue iDttrloA Vmamy OoootaiBt

1 •m 1.39 * XO^® yr. 1.58 m 10"^

2 M»Thl p> 6#7 yr. 3.29 * 10'*^

3 utota p 4.13 ttt** 3.X5 * lO**^
4 IWTh 1.90 yr* 1.14 m10^
5 OliX OC 9.44 d«^ 2.20 M10^

4 Tn OC 94.9 «ec* 1.27 * 10"^

7 thh cX 0.156 iHKs. 4.59

6 nm P 10.4 hr. 1.02 * lO*^
9 TbO « (34")

p (44 ) 40.9 ndLn. 1.91 * 10^

10 The* oC 3 at 10*^ MHO. 2.34 * 10^
11 TbC** (3 3*1 ain. 3*m m loT^

"
TISkD

•vt,

.11

' •• . . .I"'"J '



8inc« f WT mmtox uaipi*«i mtm W

The*«ifb*« «be •otlvl^ «r MMUl atf^vr ci!<MMi l«r

B « A (1 ♦ (5>

ra(b«tltutix« «lie wlu# mt Q f!Mm miutttUMi (4) ttt 0> W
•: . • •

tiMt for BdTti

s • • o^.*V ♦ o^\*> C«

"5 •

The sotLirltar IbitVli ikft«r sqgr ttM» t ftolAom*

» • * (* - •'^2* - •*\*> <7)

ll^tittti<m(7)yepv«««nt» «l># erovrtH of o^i^^iportlolo •oBlurl^ otiuptltts JMm

^i«Mi thm ttk Ofxnm 3.* i^laoro 5«1» 13/4 mi sltroB l«r 4hl» mxp^mmtmk t«

iiiiiit«Mit t*

W Pfmnir ^ ^ ^mtmtm mm $m mmrn tlM

•tfNiafiitian iwpeiAsttstBf IttMi *oti3*viti3p <«p SMi tlJi»>1My4l3|r i* «««sfc *#

that me 1%
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Attmr magr %l«» %§ B m 9^^^ •

OC D • Ho (®)

Kiliiiitian (0) &• 93Ui%M ta Onwa li# »*»w 5#1. «»• mt «lui

total aotivltr or BOim with ttoo to «lvw» «» »«» or Oimoo l a»0 IX

•ad !• •boaa la Carva HI*

FMa otttwaot tho worlatlon or tliw total aXiiba«*partlolo aotlvitr

or all with tina aay ha aaloaXatad* Slaoa tl»a yawdaota foilowlaft

RaTh bava short haXf-aaloo partada (ror aaaiiyla *••€ dajna tmt Vhl* tha auRt
^ ^1^ aartaa) tHry very qaickljr rmmoh aq^alXltriMMi with EdtTh^ agiil

«>• MUvltr «««»»• *' «o»t»t*jr or BOTH
throughout. Ttw grovth oT «««» eaaiimmm wikU oil i»*«<h»<»%o at* te

•qoUlbrttaa agala» a»a the total aotlwltQr haa swaohad Ita m»v%mm waXsia

ar H* *ha total aotlalty at aor tl«a t la A ♦ 5l>t or aaswwaaad aa »

rractfton or the 1/0 (1 ♦ S»A)# «Hi« ra^Xo noivmmmAm to ^

•sa^raoter In Ohsq^tae t and will ha dasiotaa aa ^p>*m Tbm valisa
or |3 tyiffTiliatad rwRR curve IXiv Jolp and ;]^afttad agaliiat tS»a» la
givan lo Oorao X# I'tdara 5#1»

Otxrva 1» rapraaaata tha oaaa In whlcdt tha aatlwltla^ oT
Th and aa9h saw Initially ogoaX» that lot sdvpllaa to tha flrat SMaparatlsMi

or produota f*a» * alatiaea ahloh haa raaohad a^iXlhrluai* Stumosia iMmr that

aftss* a oertaln tlaa than tha sKJllaHy hSTh haa raXla®. aa Ih Sul#

a ttntnrvl aaparation la owrrlad out# Tha Inltlil. aoHwl^ oT hiXh la thm

Xasa thufi the aotlvlty oT ^ smI tha varlatleh oT totia aotlvl^ l« (ii0mm

iiy a eiirvw aooh aa IX or 1X1^ depot«^lng on idiat fraotton af ttdfh ro^-wlna

I
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ALPHA ACTIVITY OF THORIUM AND ITS PRODUCTS

isi 30

FIGURE 5.2.

CURVE I Initial activity = 1

II " " = O

RdTh/Th = O

of RdTh zero



47«

wbm tha mpwBtiotk tafeM ylaoa* Ourva XV i-epreeei**# tbm

whero thaum 1» n© HOTh peeeent lnitioXljr« This oondltlen is onljr syqprooolisd

•n«p s vwry Isi^i Iiinniiiiii' of sspsraiione.

Vor shjr Bomple of thorotrsst the initisl value of p wmjf thevofWe he

•i^grthing two» 0«17 to 1«0» sna evsn IT the <l«%e of pcopsmtiim is ltt>aw«i»

thitt la not euffloisnt unlees the relotive esiounto of th end Hfffh et this

ties are else lonoen* Alternstlveljrt if e sacq^e le evellehlet the veXuo

of p osn Im detemlnsd expcMPlMHitelljr «% different tlase end fitted to e

eom of thi fora shom so that ths eotlvltr et eiqr other tla» oeo tim %•

estlseted*

Noolesr neeeareh eMaeloos eto frsqoeiitXgr oeed to dotsMhao Mke

epeetMOfli of from e redlosotive eOheteneo (Fowollc 19i3)

eesm of o tsohnlQue le ohloh the enuXeleo le eoetod lit e eOXsitleii of the

oOMitaeoea le thla eoT ^ radloaotlva atcno are liioorioretea In the

mit^fffnn asd eaoh alpiia^<ifMNrtlole eoltted le reoeoded iMi e treoie^^ tt the

lene«a» of the treelts era eeaaured «)e range wwiidim eurvo ehooe seidUae et

fa«Ot» oorfoapoodinfi to t^Mi el|>he^«p«rtlole groi^ eadttedy the Intenell^ of
the easliBa helng e eoeeiire of the tolatlve eotlvltloe ^ the dlffenoat

elemenle p«o«o«it* if the redloeotlvo etoiBe nm&me&et eeverel

dlalstsgratioeie durliii ^ «woaiire tlae# setoiel treolee orlginotihg et e

sHilile 9olAt» e otaf# ^ reootdeda the sertber of otere le alee n
infifnn^ ehn eotlvltf of the dlffepent eXoeeiite*

,.r
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ANALYSIS OF ACTIVITy OF THOROTRAST

il 3l ^14 31

30 35 40

length in microns

SAMPLE A

SAMPLE B
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te Si mA tliA pMlHi o«a b» diaiingalehvA at 50 and 33 ad^ercmn*

df Hm eSfneiUas of alyht nforttal— In oNaXsionf naofa gsnugp in

fnpgwmlad t^r a Ganaaian diatribtttioa of ttnekaj tlie hiatosfMHi wmm

iMdiraod iaiNi onma of thla form aa ahnm tha dottnd linaa an lOm

fiima* Xa bmh aaa»X«a the hainhia of all iha poatoa axooj^ tha fik yaate

aca aq|aal« indioaUag thai adTh aaa ia a^lilkriani iri^ ita nnodowtn,

tluMa mm diffafaoooa in ihe Imlglita of tha Th pmlm IndloaUng iiint in

aaanlo 4 «emi aoUn^ar of am «aa alnoal aa gnaai aa tliat of fli» im ia

aaMo a tha aetivliar of am aaa about ooa fifHi that of fh* Vwm thn

tatio of tho mihbar of tvaoka in tha th gnMn» 4» to that in tha otiiar

grou^aii 5t>f the value ofp can ho ealcolatad*

itmlSinlgtlti ^ doiarainiaft the ralatioa taMhava ^ teooha
ia eaeh of tho nranpat a oomotim anat ha a^nUnd far tha traalci

yaaa ani af tha to» and hotton aofflaoaa of tha aanislon« ihippoao tha

thiotaaaa of tha aanlaitm ia 8t traeha ara naaamod In tha ranno of tha

aaflaa d to 50^ and tha langth of tha trtolai in tha aonXaion ia a (Figm
545)* the naahmr of traoka originating tgm an mnontaxr onXima of

tihiofcaaao da mid area Aat a dapth x In tha aotilainn ia Xttdx^ oham if in

tha wmimt of traoto* anlttad par unit voltme* fha trooha ohioh am aot j
milf raonvdad mm ooatainod in tha ahlld anglo (# « g^> ohicXi ia gkvm
If iTTCain « • ain tha mwhar of traoloi in thia aOlid angin ^ia

iKaln t« till t^iora a araiox/he thna m total mmm of

trtake not fhlly raoordad ia givmi If

0
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70»

ftftao# th« toML wiMib»ff fff tMi1» to •o314 •wgto # to VM/B.

•to 9§ th» proportion of trsoko loot to tt too ontilotoKi to

100 adoroBO to thlelmooo onO trocdM wltlito tho onstoo O to 30^ Pto

ooMoroA# this Arootton to* too tnoXiMi 0«125 tor a o etorcwo oto 0«OSI

tor R o 20 iidii.irmo»

Qwrmlto iftKB mmiM ^ •»

SlgMTo 5j«li- oro wlAor thon ojcpootod oomiolna tlio otnicsltoa of* porftloloo

to oofoloioB to to t to 31^ of too roopo (xMOlot^ 1950)| oloo oovorol

of too peoto oto olUUPtoA to imrwiiiipini to • rooao ono or too. odorooo

profttor thoo oeanool oafl thoro oro o oooitor of trooto of rov^pt 80 odoroiio

Oto kO adorono oiiito to oot oorrooptoft to ongr of too avtopo froo tooriuo*

Sltioo trooto rooortoS. In oot oowl olon would hooo tto oftoot of

laorootons too otrogalito ond tlio mn roni^ of too e«wr>, it woo thtotot

thot it ototo to pooolblo to inpoooo too rooolotioo of too fpemxpm Ipr ooro

ooroftil oontxt»l of too toyinc ttoo of too ooalodOB* tto oftoot woo

OtoAloA in • oontoollod oxTorinont In toito o oorleo of i^too woo

ptoporoA tmm ooiiiofto ootitoiniot toorotroot (Sooplo B)« too firot

ploto woo Oovol<>sod liitioAlwteiy too ohbIoIoo oppooroA to to Airp'» thot io»

oflor k toorof o»A tto other n^otoo ot oortoiMi tiooo op to It Ooyo l*tor»

In thio oty it -mm poooitlo to prepoato n^too in oOioli too toplUti ttoo

fopeesontoA different frootione of the totel onpoearo tioo^ mrpina

mm %mm to too t^to to oto«t 1^ to 'the Iwit ploto tondoioa^,

fto longtoe of too treoto wore neeeumai end too rooolto oro plottoi to

flpitto 9«i* ' 'to too firot ploto to otiito tto 4»:rtoa tioo ono otooi to

too eepooore tine» the oeifioan for tho to of olphe^portioloo to-
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8.1m. awlto me te8-f«oter rifHfHitallWgt

nKot of tuofotfooi mmSmti ot Oiffmnt tinoift a» imUt

M §§09^ A iaA B MitiMiod obovot too latof botohoo of ieerloiB %hefotoo«t»

0 ioS 0, otrift Obliiiiieo# Th« dato of tooporotioo of 0 ooo loOBMMfof D v»o

Mia to bo loao thoa oix mmtht oXd oImmi pimhoMiO in FObniMrr 1994» fho

nxxma ar^S ooro oolotOotoO froo the Oboorroi OUtribolioiMi of tioolc loootho
•ofl oemotoa •• doaoribod obovo# Tbooo oolooo tcNlothor with tbo dotoo of

MMOfils tarn 9hmx in Fiftivo B«8« Conroo of tho fOvo obeon in ntmm 3*t

fittod to tbo ospertoeotol fOintO# oo tbot tho date* of proimratioii ftod

tha initial aotioitloo of tho •taoaoo could bo dotofodiidd* It «oo

Intoodod to ooopare thooo fidoroo with tbo dotoo of lowfmtioii giooo br Ito

dMrican litydoo Oompaf^» but it oo» fawod tbat tbio ooovoogr boo ooo dio*

oontinaea tbo proauetioo of thoootfoot and inftowatico about earllor batt^MO

«Mi *«t fcHboooliig# fbo ooijr cboob avallablo woo tbo doto of innrahooo
of a oaoi^o or tbo oaolioot loooidod dato of ooporiowiio perfdeood «i^ ^nn

batoh*

It will bo inticod that the wolooo Of p oWNilood for oami^ » do aot

oorroapoad ooouratoljr with tbo otttwa drovnt hot it Sopooetbls to fit
thio to a bottor curoo wbl<^ did not contradict ^ fcnowo data about mm

oatO^Of. that ia^ that it wao oood for owooriwooto to tbio liAopatoiy in
195i» fho raaacfi fOr tbo looorod ootlri^ oOwttwod wiU bo oonoidorod
iitor {5f$«»

fliiifo 5#B:i mi oi'ooro twfoooos tbo otatiotiooi orror in tbo
1 '̂• nmmm of tiwob» oiAoiiiNNl* do ooota^ iooo trooiBi wo ooooomd on ooob
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plate anA p ««a oaltmloted Igr Alviaing the total teto tee approxlraatelp

•qpd fraiip«« tlie emr eee tlKMl

Porther ermre Mgr have been IntsoAiioed hp Inoonaiatenolea In aooepties

er Mjeoting a tnek toe iiniufinim» bntb la AeelAini abetber It lap

aithia an eagle ef 3(^ to ld» gleoe of the ainliloii eas oleo itMther It lap

olthin the ewe belnft aoewei* Hth wgeft to the letteir eoon rgle anot

bo toft oooh ea neeoovli^ ooSp tweto UxHoM vithla the opnw fielA op

ovoeelne the tapper boieadafp on eecOi treiewe of toe i^te oo thet nolthip

too long nor toe ehort tweto we fovaowA* toea treoto aw orlenletoft

la elX Oireotiona eaft eleo at all deptha in the ewlelon aa to tola oaaot

waotoownla often too^w aovtog the ogoiw grettoole fWn Ito ftooA

travewe end It ngr tot alwyo to replaeeA aoonratelp* tor oeeh Oboawor^

piwonal orram wp be oooeidowi eonotaatf oaoopl poetoto toen llio

obiowattooa aw ande at Xing totawala of ttoe* tot raeolta gtoon now

obtatoaA tern neeeawnaiila ante hp ten Olffawnl Obaewawi it to not knew

ohotoer oenototanop betoaen the too toiiwaw we anmotonllp pmO to

insffiBpere wanlta fairlp to

a*8tu.i,Ptfei>toi«f BIfflWtiB In MllWB

Xfi. the analwie of toe 'eetivitr of tbiiiiilraii iwili'io tsiloianNOldai

•MMlatonai it wa aaaOtot that no dllfaaloii of atananta aBinoi'ii» that to^

that the aotiiritp ebeewii to the onnltoon tnui too oano ao that to too

thorotreat Itaolf* thia eaouaptton to oontwAietofp to too obooiwt

liiUhMton of im Iton o ftoto looM irito « wAtoa iolt and. oofoooi to

toinetlp olJillar ooniittoiio (5#|), too oootot of »» «• •••!** totowolwetot



75.

aa • dacxtiaaa ia tha aottvi^ ef fta ralttive t« Ba {nm* MU A» ta

la an iaolopa of it ««• tHat IhU oloiiMil mSA BIffte IM

• plalo loaM with thorotraal^ toot no Boomoi In tho octM^ of 50

roUtioo to ItoX woo otooortoO* k ptooltolo os^oiiotlott to ttoot olnoo lo litft

o ooah lofiior toolf^aroloo poxlod ^ {3,6 doyt ooapaffiB witto % omois),

10)0 iroyeirtloo of To diflMag lo p«botoi3r oom loot ttoot of So* If

thowo wm nor 4lffuaioii of fo or osif of ttoo oltoor oIoomAo* ttoo wm&m^

•oUirltr wmOA «ol toe 0 roUotolo ooHMto of tlie ogo^ftootor* An atornottoo

Mttood of oolcNaattot ttoa og^-faotor^ wliidt la loSiiioftiiit of «lffMUM»

waa tfwoatlgatad aa foUooa*

wa ftiti M ^ ••••*«>«« m» »• ooMitMi

althor tvm the aotivltr of Tto rsUtiwe ta all the otlw ataaola aaaoOU^

tliao ta toe aqoUltoHmi V5D, or ftooo the aettvl^ of fh v^Ukim to WSt^
^/ji§ riinoo Th and MtSi are liolapaa aii6i tootti toavo lUwg half*aolei ftfrtoBi
oaaiMfwft with the aaiioMiro tlwa of tha %% om too •mmmk «iat ^

ratio ^/O wUl toa iwaffootai tr ttoa diffiaiAa ^ ^ alawoot* ttoaa
Otoaervliis tttia fh to WTTh ratio, a« ataniaUva oaltela of ttoa ata^ftoetar,

ind^^endaot of dlfftoaloo, aof toa ititaiiiai*

lUttfelng to the dletntootSoo of traok laog^. itoaanaa io the

^lorotraat flatiO (fMsra 5*4), it la aaoo tiiat the aaHoltor of tto aoa

oaally too iatafMlwN!# tot that for tiia of ttoe aoliwltr of

Mill It la to aipfato ttoa Mmm mm of alistoa-fanioloa fno

iilto fim tlia t< olowo mm tvm fh x* la § iifat mm to ttoa

otfiitollao if itaaa frau!)*# the ilatrltoolliNt loa iitlAOl Inia toiO' aafaoala

I



7<»

Honpe, one for treoke ooourrint oingSijri ^ olhor tot Ireolii niiiiiim lif it

krenolMie of stem* The tm OletribiilioiMi for one of tho Hiovotrtol »letoe

(oaa^lo 8» oigooeed ia OotOhor X95S) ere given to Figaro Hit

^lieiritmlldfi for tlogle trooiBi (Oarfo 1) oonleini aXX Iht Tk groiipi virluelXjr

•IX the natb eooo of liio isac« ThO tog fhO* gfyqa «oft • voiy

iroporlion of mo fo •nO fhi gtoiqio* TIm AiotrilKtticm of txooki ooomritif

in otMTO (Oiim XX) oooleino eXiBOt eXX Hio fn anO HiX fNMpo onA mo

riHMdnaor of tho thX^ ThC end ThO* groiifNi* The •otoeX nnrihtrii of tsoolH

In the voriooo grouge oto given in tehXo •« It ooe ioi goooihXo In

Mporete the RdSli» Thg end ThO gweoyo In Oorve X« hm ttio loleX mOim In

the oonniaod groon In glveiw The gmeg •! 00 nlovoot «»• ettrilMlig It

Be (W).

Wot the eoonsnte eeperetion of the iMHi^ TMC end Tho $mm ooewrlis

no iingXe treekop e Xetge noebor of trumn ^ XengUi iO to 10 nlmno mo

meeourod mry eooureteXj* MeeourMeento mm oonfined to fUt treehi tt

oXlMlaeto orroto In the neeiureeent of the din end Ihe voXge of mo

•hrifileego feotor# Iho diotrihtttion v»« oa«l|nod into gpoom no mem In

Figttro $tlO» ttMi mohort of tvooho in mo ThX ml The memo ^

mo rotio XtO*54iO«fSt fho oomiiiift gmm (tt ms tfoeln In Qnrm X»

H0xm 5i9# mo mm. dlvldod In the oom re%IO| oo givm in TohXt The

total oRaetovo of troolco m mo vorleno gmgn om oXoo givmi tho ooHeimie

of fOf fhl oad fhO oMliiod oim ThO*' ore o^pud Indioating thot mooo mm#

gmeiMi mm In ogolXIMnm There efo etml 10 Urn Imrim In Iho fhX:

gttm end iteol neve In mo lldlh tnt thoio diffOmneos em mdf

•Ximt3r gimlnr men the otatietioel or«or« OetmXalim of tho ogoHTiotor

I
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tASLS •< ObwmS Tbwftwii of in Czoupa«
B oivomA la OeMMHr 195S

Bitpomm tlao • IBO tunam* BiMdMr of tnabi aotiuniA m

rlOOMBt storo totalo per
Oroua

2o3o

til (OB 0 m

Bi , 0 %

HBSB \ 151 i %%

Ttdt |«8| 55 122

fho J IB 27 45

ta t 152 140

fbA W 140

iW3« 26 (5 55
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fgvm tiMi 9h to IWTh mHo am tlio wte Q#99f fmm «Ni mMm

of fh to oil other oXoaentet oiallor to tho aathod uoot Obovo (5*t)f fsvo

tlio roloo 0*3i« AO ttio too ooXooo on oitfaiii th# UoAto sirm to

FtUmo 548* it voo ooaoIhOoA tliot thoxo voo oot ooffioiont ovidoaoo of

oooopo of taoaooto froo tlio o—loioii dotiog «uqioo«fo to oooooot for tiMi

looofd roXsMi of ^ o8o**fiotQar^

.Warwlt «miwo m littXo mnamm tlutt «ir

olonento oooopoA oooplotoXar fM tlio owii1iolon» it io toXMoooo tet tH

dooo aiff^MW aoffioioutlj to owoo • •]>littii^ of tlio raflio oetioo otwro

(Domorof I9li>7>« An omcflo io o '̂̂ Nnuioli otor fMMoA tgr tiM oljUo^yirtloloi

onittoa in the tronoforcntloii of Mfh to tho otal^ olonent^ oliioh

opllto into o fulMrnwih otor ooooioting of olplMHifNurtieXoo frao ftith «i^ W#

oof o 5«bratiaik otor ooooioting of <lilioi»ponicilo< fooo ta» 9101 ondt oithur

9h0 or 9liC% 9lio ooatroo Of tbo otm Ini iofiotoit Igp o far oAorioo

laAiootlne thot tho 90 otoo hoo oAorotoA fmm tbo foint oImmo it ooo fonoat

from tbX to tho poifit tfnoo it Oooi^ to 9hA» Stmior olgraition&of thr

ototto 9hAa ^ 9h0 or 91)6* iMooi oloo hoes ohioraod#

fho imo nf ovoiito whloh ohooU lo tooortoi In • giron oatpoooro tloo

oon he froOiotod tf oonoidoring tho holf^naoo 9«rMo of tiio ilaoooti ooA

^lOiraooaonQO in tho rodioootioo oavioo* a far of itoo ti'oiiofaiMotioiit in

rhioh the poront end AMght^ olomiato horo oonoeretlooXf itng hellMnilsao

porioao.» rill loud to the ooioolon of • o!higlA o3piio«fiMrtlol* ooXj^* othor

trenofomatloho inroirini o iwattir of iiMrt«litod olaeioto rill ehiwf* 80

roooraiMl oa otoro* the ootjoonnoo %m idHoh tho toriooo tyfoo of oaooto

orieo oegr ho tebiiletod 00 followo« {the eXeoeate oolttiag the eXpho*
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pne%Mmm uaa«rlloid Mii tot Umti^ Hid im Mm liifilttte i%»

9l%mttmtk9m daiai^titer i^mtoem thO* miA fhO*'}»

SinflXe triMlni g^-*»auitlil

RflTh -^ThX

5«toM»h •tav» ThX —->tt> -^gjf —:>tia

l^lMmnoh stMni ^ yftX-» ga —-^!g|i8 .i

muam mrh-^
1^^ ;•!

fh« ttMiMnr af •iphii«<p«|itl«lMi i»W<?»h ««« yaowNhuft mi tAnifim «r m

tmaeitmm ot aiftaricit ^9pM of Kturo 4«»«iia« oa tho Mepomnni Mm mt

ilM 0Mi1sl4W ai«l tHa fovMa of Irlw elswewle* Hmmi M •ifOWBWi

tin* la <»r iteo orOar <»f 809* Mf IM •••Mwi tiMit fli oXmsm oppo^mm mm

•mglo ««ttolw «iiA M tifovprnmsr mt %h» «t«t« l^inMA Hgr M ImM x'lfaiwo^i

mmd^ %« Mmmrn Mm mm m amMMMm pm moM

mt waem m it» pfoduoto aha M mmto ot m%mm ot map mm OlmmmO •% mt

Mm 1« Vm Tbm M mMt ot OimivMMUm ot OM mloimmo im

otmo A i» Omot ommOM ot Otm elieeet# fiio mMt laiWAtAlai wiili

8IIII mmA%op oUmM ooO oootnimttfii Oo mUm %m

, (1.

i
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moA Him frftotion df traoks in %hl« eXasn in givmn Hgr

f -
1 ^ •

At

Tbln Mi^^ntion im» imm mmiiintna ti» AUttmmA elwnte lir Hmumt (iM)

•aft ia aaqpMuoad in tbe aovtaa la YtgaiNi j

(Xsraa X «iiMa tiie ftfatmaaax af aoanmaoa af 5 liraaat atiMt

Ckirva H ia lar Vxteanoh atavs^ ThX ta ^tWi -» W —^ Bg' ThD

anA Onrva IZX fbr Iv-^trntih atiaa« M-^TaM-->!t^

faa arAlaatea of Curvaa XX anft ZIX ata in tlia ratio 2t1 aaowwa ^ M

Alalntagseatlbm to XhO* aaA 94^ to taO** Oartaa If aaA • aia fpr 5 twawBlh

•Ura* aal
tPiaaoBa aaaaa

raapoetiaaly* Oorvea tH
aitpta avMiaair

aaA VXil ata for aingXa tvw^ fOoa ilAfii aal fh laa^aetiaaXiP*

fkoa tlie ooraaa in TLffisf 5*11# it ia aaan ttat if Ite Hvpammm Him

ia 120 houra, af tha HAIH alfhattwrtiolaa aia laoorM aa aii^la

0 aodor in I^^^Haanii wHm awl W ia 5 tmaatii

t1®)# ahafaaa aftnr 500 aauta#

Of too naSh aljUa^rtiolaa a«a raoorM aa aingU aNMaia# la

Mwonoli atara aoO ia ^mmmaix atara*

the traaim oaoarring in atara in tha plata ainaiad aihora (aaapXa %

oattbar i55«) ymeHi o»a awaaa for xao hauriy wmm oXaoaifiaa ioaaa«ai<ii to

ohathar tha^ oamnred In >« or 5«Or«i0li atara* fholU^ loag^ ooaa

l^iottaa on aaoarata Aiatrihwtiona ahi<^ ara rapoaoaaa in Figara 5*X2«

fmm thoaa diatribatioai tha nailni'i: of toaaitt fnn oaali tlaoamt aoiMuwiin

in oaan olaaa of atar aora datamlnaA* fhoaa anaOnrt aora aaXooXataO aa a

1
fl
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XX 4
XXX 4
IV 5
V 5
VX 4
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VUfotKB^t^t^ of tho «0«a iwrtir of tvoolHi fxoBi fUmoniti «• giwo in

fitOo ru Itt ihie mo Ml# tbt (M909ttd Aletrlbntioii an l|a»

Of Xao hoMvo in alto giOMa Oo^pifiKKi of tha •ts^M attS oftmorria

diatfiOutloii ahooa that thaio aao aaiqr nora aing3o tvaaha tluai twtirtj,

pafticnlavljf fiMo wifSh and l!hXt tlwra ^re a gioaler mdbar of 5«i*rwwdi atesoa
Itwar ooA 9<*^r»iioh etava a»} alao a mabar of 2«*meh aUfO*

Z% la poaiMl^ to Intarsnot tha aarlima mrnm Udob havo haao rotmarfift

tgr aaouming that other oXaaamta «a vail aa TO ara oapaUle of |»

falatlno* Dmnm oloMpota aira W aal ooa of tha alaoanta ^Uoaing fu^
oithor TUB or !fhc» It ta not paaelblo |gr oaana of otpha^vartiolo atoiloi

to dlatitsftiliih batooeo tha too lattar alaoauta aa ThB ooaa «ot oigLt al$li»»
particl08« M aa IhB Boo 0 3i«0i» half-oal«» oorled than M Iwws

ooavmd ifith K) oliMiloo) It ho* mm tiaa to dlfl^aaa hafOft dinajtiij,
fha al&gla mh traoka ooild ariaa IkiO tha dlffviaiia of «hi in ai^ of tlw

mh ^ ootMOoooo* yftmmm lo tha ataanaa of dlffutiei oolf of too

il3!ti alfBa^wtloXoa Ohoold ha rooipftiO ao olaiila tioahi la tha gltott

oi$oiMro tiiaa» 9^ taan aotoallr raoofM» Ihoa, out of mm$ 55 atom of

IhX fongead turn mtm diatotogaotloii of Bfm Owii^ tha oxpoaotoi 55 of tlMw

havo olaratoa froa tho ooaltloo whm thaf oaro fOaood hafOoo dlalolieio^Nb

that 10 5!^ of tha thK otooa havo dtflhaai* oittULarly^ the atioglo

fartieloe fioii 9hX ooold aHaa fhoo tha dlffhaiott «f Ih In of tho

fhX fm mmrnm* t% oao oalfMitod Ihoa tho trngmus^f of ooctii Imhi

that Of tha th atcwo «Etat havo dlffhaod* ttia fdoili iho m

tfaoha oould arlaa In tho difAuiion of fht or thO ie a tmUm of tho

aootsMoooa# the o^iar uaajg^tod oaeot, f^traol atara^ 001^ arloa faoo tha

x**. .j
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wtm%m or bM «ft mA «IA «r M i» «h» MiMm

2|£-^fbCV tlt9 clag^ ^Tk «ia M |M0I» aif lfiHo«li IflMi «f •

(mmU tfHUwwrHutt of fU*

A wwlnff of oIlMHP ylotoo oofiiaatii otmlo S tmnftioilt MpM

OMFftOWl looiliio «r ttMlf hm OlM bM «l«l|«(|d Ift llUft # VSW jjiplMl

%imm «r Hio wl«m ilwMoti aiffMot il«m in fbt

plstOB ofo iiWiOfiA ta oti* of iocfwitiai biyowwi itoi* flMMM to «Mdi

Ibo teflnK «to «MNi l«i!ii oitii «to Hao (5»9) m biii

tnoIaAoA «aa it io oicnlfloaai Ibti io IImmo plakw iflO^ of M lb ma M

otOMo iMtfo diffBWii booiMiMi Of tbt Hafm oAoitiNl if «l» trniSLtim

ttw MWO OIOOMI ill nho oHht fivo iiUtio MO 89^ fbr tlo AifXMMi of

9it mr tho AifftMioo of Tb «0A ir" «ir ti» aiKMoo of M or fio* »

OM oooolxiaoA «titi nut Aiffyjaw aeto Hmo «o lootOiO Of It* lii jii

0»lot swHoAd ftlfioo 3MII to m lnolAO* Ofltt it li WaOf tM Html

MKfr oloo Aiffoto bot *« It I* Oil *0 tlilNNOiiitlfr it «M oit yiattMi to

Aototfl Wm tuofo*

Oawrtrtlan af BlixHe twoln wt*k Ik «bt AnhMIm aT «w «lMn,

t* kks iHiiiiltoM pMHEtliXk to w>k|»lto • kUgla totok • itaik

Aiotwnoo foAo ttio oooliso of o otao *01 to oMinw* tii Hfitunoiol of Mo

Otto oblcti. loii ilffiioti* tlo ooil ooi'OM olottlo. tiliao oitii to rtjinjoliii

«•«» ttooo iiiooliri«o to* AIMtlofi of fo# Mot |*| ! ntf•ooO •tMO

oonolotliM tfooto: llto fOi ftt mM ihO or Itc* ooa oliigki mm Itoo

tm or tliooo ooool* oim otoAloA br ootlti to* mmmmm of Mm

owitt of Mm mm oti ooloiiiotloi tto ilitnoi of ooptitllio if MM toA of
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iNi ii^« irtolt aoA Ibt D«iiM iiT l&» tlav^ fht mm dUiilsiMBiml m§

9tt9 asicromi ttM wirteM atfUdfiBl mi Ik Wkomm M it i« 9ii«iblft

tlMt in MM «NMM tiM ailpiiMMBt «M gmMtBT tllM thiS tnl tlMI BlaglB

tviak MMia not tt foctpilBit \mwmt of ooofteion vitt oUmt iMiiii*

SoHi OMMto Miw iMMgBloofl — }'»t>moU 8t«M With olnglo TUC t«0^ MMltgn

tbo tli9iUoMM»t of tho ThB or fbD otcno woo onljr of tho ovAor of 5 oloioiio

In thooo OMMO* Wo ovoolo ohooiat tiia 4ifItuion of DA oooid bo fooopilool^

pibboMy boooooo tho ftioytioonim woo too groot* tbo rilotlt#

dioplocomonto dboorood ofw oooolotont with tho proportiooo fbi» Th tad

fhO otooo aiflMng flMt In TMo Wi*

%.<. to—af i ter Aa«OTtla»

tho oaportMMlo on iiffwiioo of oUnoato {9t5} oilolaotit tho

yoooiblUty that tho dlooroponoy bitomn tho irodioctod ofo of «ao of tho

ooavioo of thovotroot (ooaplo 1) oaA tho aoooaroO ootltltr oooH bo Oio to

omm introduood into tho nooonmooto by tho oooopo of oooo oioooato iMn

^ OMloioatt Imothor oaploaotlati woo oonght In tho adoooptton of otno of

the dooojr pwoteto on tho glooo oontoiaor dopiag otorifo* la thio oooo

tho ootiiltip of tho oomlo fowOTil IMS tho oentolaor for noo «mI4 hi lOMr
I

thou ^t in tho iiflid yonaiaing In tho ooatolaoow

fho ptnoonoo of odoethod oIomoIo on tho lanit ooolhoo of tho

oootoliiir woo tooted diiootly by yonovtag the Hgiild and f&oolni o anoU

yiooo of otfipyini filn ogoioot the gSooot fim doooloyod ftin oootaMI

0 itigo aodtor of mm lOmk mm oeaolotiag of mor mm oviilaatlig

'fyon ooooMii poliit* fhoio 'tial^* wmo .otodlof to tho woli-loMna iMiOi



89«

piPttdttosA irtkMR ilirops oiT 41 v»dSo»o%dliNei solutloQ. sssb yi^MHiA 411I' ASil8t®|PNqpllS<l

(^^tiseie, X9S7)m Tli«gr mmm mXmo ^ocMMijkMuilljf mniirflaflt im tiMi slatee

a^edsd wlfh tlKiL'o%M«% (5«2)| mi mbmv^« ia ahoim in Pi^itura 5«15* Umi

tmthoA 9^t Of halXm wwm atodtad Igr Mbrsajoaaki it9St9) alM •li(Wii

«iMt %lMi ataw tMid «rsi^ ttiaMialwaa asMMS partloolata mttar ppaaanft

mm am tafmattar* Xt la iwaalblc that a aiodXar of fhaamaamott laniwmi

tha hal^^ In timataaata
Tha total wmtibme of toMlBi Im tha hal^ oajriad oooaldevabljr* Xa tttia

ilXor cwiao It mm ytaaihla to dlatii^Mlth lodlriaiiaX teaoha aaS to

thm wham It mmm fboad that thatr lami^ttia oartaapaodad to aXyfaiN*

pavtiolaa tmmm RffiCb and Ita parodoota without Th* Zt waa tTawrafimaa aan»

aludod that tho SateamaiSata a1 taunt titXhX a&nirtNi on tha oantainaa^ A

•tiilXaw oooaXualam waa aaanhaig tf «tm«a (X!^5) who alao fOM tha aattaitr
to ho Xaaa than ^t paodiotad trmm «ha ago of tha thorotaaat* tha

aaaaao uiwan ooa that MtZhl doaa mat aaiat in tmm at fB? amt

adaoiha ataongajjr an tha oaot^naw whaaa IdfH ta fheead fmm It hr ftfftfu
Zt ana not poaaihZa to datamalma dtnaatlg^ what raaiiaiHaa «f itothl

.M ; aaa aofMUMtad hf adaOKytioiia hot am attaa«it waa amda to dataaadma tma
indiraotZy hf Ohaaawing tho aotlvitr of ita iaotopOi Thx* zr fto: woMi

aZao aofMiMtod hr adaaahtSom* ita aetlwitr at tNi tiaa af wapartmi tha

amiilaiou wmM. ha fadaoad^ hot aauXd iiiaaaaaa daring tha with a

h«»Xf«w«Zma !gaaiad af 9«d dafo* t)m aagpamta^a td^na aMf tflha aMatZ^dbKht tmBwa

Mtfflolaaitldr idiartt oliht ha yaaaihZa to dataat a tmrmti ia tha

•otiwitf of mt aoZatita to tifhw 2f h ia tha aotmtsr of hdtli and a

.fhooiioiifof tho adSh ta aagaaratad aott ^ oatiiri^tf af fhX at tha hagtahhig
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%iaa to hm on yrttcmlaio mttnr fttvtWM of III#

•otivlliir ohloU Mjr Iw iatroAoooA into tho bo<^« Thia jbono—nan is to bo

Atotlnipilfllioa tr^m the oggrosatiOQ of ooUcMol yrtioloo vitbio tioooo

oollo#
1

Another ongr in ohldb olonawts wgr oooapo fMn tlho«iotf»ot> sitorlng |
iy eotivitgri^ is bar iiflMoa* otnijring Mo phiioaniimin In fMnginMa

eonlsioaa^ it has been shoon thsty sltboosb ths gsseoos elsaentt Tn^ ni#t

im onpootofl to diffbao nostf M pmpwtloo of thX diffnoioi is ootmUy

Ipwoter, ponenoobiy booonno of its giHtstnf lMif«ar»lno yrloA* tt one not

yooibio to dotoot the dirmoion of noM in Hm >lfhs*»sftioio otniisot

bnt it is nnpootod thet ot Xooot o olnilor snomit of Hiio oioMOt oiUl

diffooo* the snoimt of difthsien oUI dopsnd on the nsdUm in -sIMUaii the

OMtoaao in yrooont* in #o»Oiin#l<i amilaion it hos boin ttnan that

ntt dieyHoonont of the dSffwA oton ie oolr of tbo Offter of o Anr nlerane,

flio onnpoeition of tho onaioian is diffOxont fton thot of tioooo mm*

tolxMo thorotoeotf bnt it «i#i ^ ssonssd that M difiOalon of tho

irsriaus oloawiits Ohaofoad in aaaaaion oanld at iosat gito an indloatloo of

tho diffoaion to bo espootod in tiaanat m ^ta oaoo of thopotreet In

tioooo in odditlonai faotcwo «iU oinanto, on tha ooa hand* the

olananta oro oontalnaMl within daoae sfgnaiatos ohioii oili tanl to lin'iaoiiil

tha osoaiMi of oona oiananta» ood on the othar iuaai^ the aaoapa of oliiawiito

oUX ho aided ^ the hiooA fioo ani tha eeteiblUtir tf aleannli^ in bleei»

mem the Obeeveod foietito |»0SM»ftlina of tn end tht diffheln«t it nl#t

he deduoed that e oxoator yopertiiii of M fhi ifoeeol In tho hlooi lo

dofifod mem tho dooay tf *** ooe^m Ittn M tianiot than fwn Hm
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iPTffnpnmTww, an tfrowpio^ittfWf

t.1. INirlwitloB at th« Di«teHiiitia» nf »if«ek

as.

In aittoradlogfttsii Moh svdiototivn elsemt in tb» timmm

•Ipbewperttolw 9t olwireoSerieSt® tMok lamgldk iriMMli «i|p Imi «Mft 1m M«HI)||i!

tliat poftloulMT IT th* atoiMi weSWiA 1^tm0h»

ottft tb» •MoXftiMi IwtttM iPiafliP<>i woMlU 1m m/mX to tho rtofo 1

of tlio portioXo In aioirt nim m nHimm in wirlotto lo

•tttoradiogpoipii^ iwoofoiP» tho ol^hoiptrtioio* originato •% aiX dapKNo

thxootfbooft m oooUoft of flnlto tOlelnotOf mm of tho oooo^r *» «»ooi%af

in tho oootlon otitl ooXgr tlio rooidtool ratio io wxpiiOofl In mm raJotniii

Vhaoit oooAk sfooi of olplsa-iJorHoloo oopooM •• « oortUBOooo

of twMsfc iongtho anroo rao to tho ftaU raiio of mm pottlolo#

ao^raooo Hio oootiCMti to to of thidltnooo of inflnlto ooi to

oontoio on olonoot otrilttltig o otoi^o pernm of olfto-iottioSoo of f'Oii *

in ooaloieii^ cvraiior « paaptioio orlglnatini ot « pilot f 'OlMo t

Aiotonoo n of tloi top of tlio oootlon ood ooittot «♦ oo ooflo • to tOo fUoo
of tOo eattlolon oo olioiin in ^iguoo If i lo tiio Jooglli of tfco trafc

fooooftod in mm ooOioion owl mm totio of too otowdog sow of mo

oootlon oad tlio owiiiilon. 0# %onO 0^ mm miotod to tiio otootsen

in. ^ M MOMflhriinn
il •«»• * n I•iMiit^mno

too peototiiitgr of tto moot tolni ^

wiiym m oC3i^o(t)ii

(1)
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nOrnitm * wufU0 trm 0 t® H, p(*) * • rwMim tmm 0 to o ana pC^)
im ctmm tgr tlio aoXid Mglo^ta ia,

Thua p(l) mJJ
lha of X a«t • oary aooeraint to 1«

«»•* to, p(i) • (»)

ypr 1 > H 9 0^*^^(M)a|ail

that ioy f»<l) •

m»9 • t» tlio ifio*l«MW OBglo to oMoli StooIbi aoo •aaoBniaa ^?1ioiUoc »(i)

afotfiot 1 0 oopoa la ObtaAooft ol4oii viaoa to a oaataaHi at A • S

aoA Oooaoaaaa iiaaarly to aaoo at 1 • ft* tlia $0»ltl«o of tba yaak to

tiMMi aotaoMtooA by tlaa thiotewee ao& aOtq^oliii yoaay tlia Bontliwij tlw

Intorooyt m tlio 3L«a«io to 4ot«aalaot br tba raaaa of tlai ^artioia^ Ia

nsura «»ap KD i» plottad afatoat 1 a i ao3 tao OlffWiWt

oatiaaa of »» 14 aos ?0* Xt ia aamwiit tiMit tba aaotloo oaotalm a atft*

atamoo ofedcii aatta oomX ouiOora of pavtt^aa of ^ too raoQoa* tha

olkoioo of thtt vaXtio Aa axbttraxy to this ^laovatloat gaia, flai

aojctam poobal^tllty ia tlia aaaa to boto aaaaa bat tiM tooa of tba una feo

ft ai 30 ta ovoatar^ oa- tba total nmiOiar af taaoba faaoatai lanfaaiii i^tb «•

tba ftaottao of total aiM^ao of

toaoba aoaooOoft ta Obialaof' fpoa tba Atetrltiitliio of traali lanjiba itoMi

by ootiftloiio W aot ($}« f-toao pit) to a IbaotlOB of 1 aat 0, tba

urartatloii of pit) Wtb 1 ta glaao ty ^p{l)/^% at^ tba total oaNbar at tioia
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Yha tatal amhaa aT tvaaina aalttad la ^ dttaatittt taawpda «ttia iwliitiiiii la

mVs* ^Charafava the l^tioa of taaoica raaeidad In the i<aa«a af «fl«Xaa
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V oto* ho tlMlr daoajr oaootaala aa AafSoad lo Qia OlaMMlt
fwm HtWh oniorfta oora In oftiUhrlua lo the tiawoliial Mora it «••

IsOootaO loto tho aaloala» ao tha fitloa of <o6 i a that Hot ooa VfW
lo the tlMMi Intartai halaoMi io|oatta»aal moamaaiii oaa iM«f limrte tida

•loo Koftfooonto ma oaloa af ^ oc ^|o the thMotoaal at the ttoa of

oaoriflolK^ Mie aoloaii aiaooiot m laaa of aif af tha yooAoeta to tha

floAnal# Sita^pioa that tba aotlfttiaa at tho tloa of Aaa^ aio flirai If

0^ oto* la atooat iaoaaiatatr oooa to aoaltitrlai olth
it* orodoota^ it mf ha aaaoioa that 9hx tot oat tHh att lo afiUHfiiai

adtH ita vnoOoeta ao that

•
(i)

AflOir lloo t HuMai tha faoioala |pio oithaot Iomi^
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o»30$ 1 •019
Ow?01 • #019
0.315 ; •015
0*308 2 .OlS
0.518 1 •CIS
0.358 t *018
0.487 2 .053
0.W7 5 .088
0.380 2 .080
0.590 t ,m

0.897 * .025

0.374 t .080

; .088
0.578 1 .(00
0.551 «.oli
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6 t>di':tfii
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0.250 1 .012
0.275 2
0.882 1 .012
0.383 2
0.347 I .C88
0.353 1 .025
0.405 5 .085
0,415 « *085
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oC^ wur MlURdfttta la ItiMi of Ibo aolifltiM •! 4tilli If atsat of • otolio

of ofoiktlooo |\Mr ooUirltf of ooeh oltoaiit of th» miIm la toiao of Ibi

iailiial ootioilar of %ho paraal m fitoa la (Suplor 9»

mo oeUoitf of Th oflor tioMi %U gloao If

O A^ I

tho ooUvitf of OOlId l)f

« 4^(1«»"V) ♦ , ,
Abe ooUirilf of Mfh If

®*" V* " ♦ Vs^ *•'*^*) ♦ v"^*
•aA the ootivitf of mx oaA oiob of lit ^rwhiolft If

». •V» - ^ .-V ♦^ fV) ♦

o 5^.-V ♦^.-V) ♦»,^ (.-V. .-V) ♦

tbo oalao of ou ^bm fisiloin fM ifiillfla (f) bollt it otto nnwuaifil l>
1 1 ®i ♦oftloolftiod /o(^ oiiloh it filirta if ~

t I

o 5 « 5 * I ^ 1"*^^
4* t

♦ ^ V. .•V) ♦ k̂ ••V]

t ♦ 4^jt (o^V *t*y) ] ♦4(I)
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If

KML

(5) I* ula^Ufldl tqr MglMlai Iww «r Hm «itttr of vbm

valuM givtta to Ibo oottatantsi ttet

\l. .X * , X9 K »-

♦ 4 •3*) •"V U)

AO o Amp th» mofftogr ^ tviiUoii (4)» lol t • • ina Miii

1 *®ii^ ♦ 7* M •fcowi ovmIIm (I)
OG^ •« *0

90r MwU iTttlm or t« ^90 Aa|«i o^miIImi (4) tMoooM

5--|- « (5)
*0 0 •

«ofi for ItrfO vtlMit of t# tt»»t !•# > » Atyti

Efuttam (5) •na «) ••«• «»**«• wIdm «• m* -^-t

VV VV VV <**"•"* ••"***' "*** *• •—I iih 11 ft
alaM tr thU tiw ttw vnkanAt «r MSh hwt mna ts k» b, ,„»n,|||,

nw imAmb tAw a Bgid^ i« An« V tki «»la* tf oc. u th» "ii,nj.,n ^
jtajaottMb Aaawdlnc *• Hgw* 9it» 'a ''W •• *«• !••«• U\m
pmwrattM* taMMlat that ttiafa ta MMU iNiaM aftar rmaiatlin «t

«w ttmrntMAa «m aattfl^r «t wm rt «» ttw tf iiibatlaa u |1nb tr
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lOS.

• • *{i.vV)
<ir B « B*2A tftar 2 jmxm

tlile !• tii* Taut «r ia ^ moIIm M «r Bm HmBB. iMft

Bi«R fte pawiULe Mag» of vcOiim far It ihiitlBft

0 ^ < 0*a» Vht raXttt tf 06 tl lii3«oH«Mt it a«e5, Ihtl it|

ViP » 0»«5 wB «!• iMBtiUa ttiatt tr «rt 0 < 0#25* ttallirSjr

B«r ®i/A^. Motlljr •!«>• WMfc Uta Itottpt tf tb, thtit vlU tt no iota
af Bdyii rttltUrt Be fh •«& iht rtUt b^a^ an bt ttaanA It lim Bb ajiailiii*

rOim of Oa25»

vtrln» #f fi^A^ tna »/A^ ifibtta Iht itifn llnlli tiin tBNill*
tultA la (5) tai (D^tna ^ ttrrttnoAlai vtlna ttloOtltl fi«i Ibi
mUltm/S^ « 1 ^ fat «wKaittg nmt nrt lOmiii loftitwr alfb

tm nsotirlittata nlatt nf ntini • ligtvitltiio iiiottotU* tm Hgrn 7*1

ma onwrn twtnaicyA^mmtttaimmt i«mtq»oiioo*iomA

0m Hw lMN»% fll m Iht •tptrlatnitl potalt trt imraAiiota* wim mt

•aotpllMi «f mt msb ftliilt l» mt mmm tor amtt Btilt mt ttmiMwitl

XI vat moomi mm mt

hli^ tiialt vtvt' Bat lo toaintntHtn tf mt pltlit Btrim twwt am Hi

rttaXIt Btr tMNHw Btui ttdoli tjflltt lo mt rtptti timlmil ottflfa

Sn mt Sttlm mm$ mt bttl fit ttt tbltlati glvlm * f#mt 0 o»tl mt

ly^A^# Tlklt It tll^lly M#tr mn mt taina ottd Itr mt ttrlltr titt iB
ttMiAt Btfif bill It iiiii timia mt aitiit for mt ttmnit tr mt ttt^mtiif

tT mt morolr«tl« II vtt otnoSaitB Iron matt rtaaim ma| Unit tti t

%mm tf itXIil tnB mi iBn ma ttgnt ^ vim> mnt tat it Ittt tf aitr

•Itntdln tmm Hw ntolliii ^ nil m» aolivilr Itiwtiti tt tlnanit



VXGOn 7«2« VwrUUm of tola •otlvit^

MOUSE I SPLEEN

mouse. I LIVER

mouse?! sPLEEKj • A

• • i • ' .. \ '

••i

)y« '( ♦•ill" 4. f. .,*»• f—•««* • V^fr«-fc •'

5 10 20

TIME IN DAYS

109 U)
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HldUKIi haA iMMft i »inia iBJdtefc ww ^ agititt

Hw loMi of fhx to MfH ooild m% W MmM Io tlw dlotriibo*

%iidiii of tHraoii loogSbo ^oocumi of tfao difflotiltif lo ••lofo'tlog ttao olofoo

ggom> of olplio«)^urtieloo fam Bdfh Mo tlo oloreo em» Mo W# Ao

9liilt fpptfa ^11*^%otMi3t mmAoo of toooidi Itt tiMi nirnnni of yooflOBto jtooKOwwil^

to roXoOioQ to tho nmthod to tho fh foov Mid tlw iiwodio otoUjr

dotootol^o*

JWUuwJS&tiSSStiti

Since It hao bo«a iiiQoo that Moo of tlo doeajr pcodiioto^ McXhX ooA Mo

ooeopo' Aeoo living oigMMi tot ttot oftor tto tiomo to iwoaiot Mo tloi

•ogon tlio oottiritDr fwoo oitloot fortter %om» It lo poooiVIo to todooo tlio

oronootiOBo of oho onvtoao oloooito OMOiOt in vivo to oooootoo tOo

oettoittooi to tlo oicititOM otlAi Mt In tio ttocotnot ot tto

•Uowtne M* tlio tloo MoMt totoooo tettog M seofle ool

ootiiritif* Mr tliio looytoo' it to oooooolont to tofiot tto Vdtoittoi

foctor*^ 00 m mmmiam of tlo proportion of the totel •otioitr aklct io rotoiiioe

to ^ o««oib if ' to tbo ootloitf to thi ototloo JijUsb io yioo .

onft/^o ^ ootirity la tho thovotreet et thot tlot» thoi tho

A to tho thotrotfoot fOd miho tiOMO ONO fOlotoi to Umi
H % '*1 ^

oooiroooooiStoK oooiaroi volooo Of oc thoo o /t(i4 /o^)i )So /t(le '
Siooo MOM oat M oio toolofoo My loOwo otiitloiHlar to M oopo oot tho ^

Mottoo of fh* osdopiiK oiii ho tho ooo loittioo to MSU m liot of floM ^
ooletiiro to fli# Mo W Ohoorvtog M oottoitr ^ rolottvo to fh tho "



•h,

lOM «f fM My IM Mllatlta* am iml Im FeMe «r flm§-

fm mA ThA haM imry ahorl li»Xf*v»IiM *Ad «oaId a»t hgm moh Umi

%• Moapa fnMi FFA* mj ^rtAsva aaaona that Hw Thx 2afl Ia tl»

organ ia in a^ilitiriuai with !%• ptodoalat fhia wy Ml IM a vaUii

aaaUMS>lion im the eaaa of IM liioh Ina a half^valM ptiiF of I0*€ MM

•bA tmm am tioa to oaoapa* ^ aoUyitlaa of Ito varloaa alanaola

ioutivo to i;ii OM glMO itt IM fliioitiif aMwaff

Hi

SAfb

OMr rieamHo

iaJ&aatBilu.

1

Jfti-iairt

I I

w
CVo

^Oc'OC

<h2u»
5%

I 2^
Ja* oc

MMOOliig ^ im Mm of Iba aoHvittaa of Ma Mloiia Mwwilsi «o Mi
p a (1 ♦ ^)

CMinUlg IMo OMlMa «iM Ma ayiilMl

•JF • C/p '̂W'YT'Niy
00 Matn att oaiFOaAM ^ ^ riMIUMfaolop iiirtoo In Mim of Mt

soMAIoMraolor OImmM liJilBI M Ma iga of Ma Marolfool*

tMaf wiu •vuMm «i» imatf <>» ittitw iiirttiM

am oaicmlaM* fMa for fIMI M4 an laMUlai lo falla till*

fho iMolraal tmoA far Mto l«MiM oaa MllaM M Ml



I

i

m
.

8I

4
I

11
^

11
III1

1
^

f
n

5«»
•

*
•

H
O

•
f
t

illI
I

I

g
i

I

!
I

I
«

ilH
l

S
ilt'

8
%

2
I

I

8

I

s
2

a

I
I

I
!

1



T^

1*00 Mfter la to 20 teOMM Aft tbft f«ti«Uim«€iMtftr i* t tiftftfttfi or tte Somi

of tfftXia fitm tbft ox«an It will wy nith tlift MMont of Kideta joiftoot itt tllO

tlmrotroot* T^lth mm ftfttiyl— »• in tha 12 •»! to hour ommm (SOft«X msA a)#

tlio UiOaiX <Mt«ot or tho tborotmt «•• vMy loft» otOjr 0»ot «iiA 0«0t. ttooo tteo

•otMtj of tfe» oo that loftft of MftThl oftio bftoUy ftor tiffiooacio to tho

totftX ftot&o&tar to thft oOiMu nth olAar ftaoplos a* in tho 10 aoA It $mmt

uftOOO thft uosta oootoot hid itoim to hboot M ttoaft thft ftoUolty of tho oo

loftft or thlft olftoont had • mtM offoot to thft «ot«ntioo faoter. Xo «ift

tntomftdtftito oooo otPtoy Xt dajo thft MOthX Qontont ooold not hoio hooo oooo tho

0«4 tiraftft that of th Oft ft timt—ii tho loo* oOX oloo dopftO* «0

thft otoo or tho OiOftvogfttoo ftft tftftft <iiffuoloo ftiXX ho poeftthlo fthao iho

oXononto ooo tooypoA to IftOfo ftSgrosatoo* ®t»oo Ihe ftogaoiftioft ^pmrn ottb

tXtaOft the Xofto mill ho croatftT aoOi «f1»r toiiottoft thin «ftftr oovoaoX

yottfo (9#a) oo indiofttoft hflr thft valoft of 0*^ U dayn rmmmmA otth
0»83 and at XO and Xa yoftiO^ Oooftioln® thft outono oootlooo of

IMitiont lio»5f it la Ofton that hm ftlfto thft folft«itt«n fftotor dootoftood oo tho

oottoltar oad hoaoo tho otoo of thft ft|8*0|$otoo dftovftftftad,
tho oaXoea in thft Umt ftftotlooo aUi^tSy difthoool tmrn thooiiii

tho iqpXooot ftTtor 12 ftoi 20 houva» 0*ti oo® aftir XO «od 12 jFOftOW

ood XftO ftftor Xt digr»# It ia diffloiat to ftaiftftft th* ft«toi« thioo tnJwo*

oiMm aooft m ofto oalonlotftd oithoot a lwolftia» oT ^ ftgo-fhotor of tho

thorotoawt oood« X» ipati««t l«o»3 thft hii^oH ftotiofttod aotivitr i» tho

Xtvor too oiod* ao that th# oatontloo footor in «»!• ftovoa oan ^ doftidtioh

X«Oi irtwioo it oiqr ftottiftlijr hot* looo«v ai«wo#i in th* xt «od iO
hOkOP OOMMI» tho oowtftttt of thft thoootioot ooo ao lao that no
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nBitaJKiJ»W!8 (V ne vntL wnnoumrr, uumiiOT or . 7 |i
BBOBomumamim

8.1. hb*«i ,iPiimni hi Timin rimiiiim

Tht mn(»m%3fm^Um tit thoroiiiMii Iti iisotiiUMl immi tUmtfkt

tvm tiftft «otiirlt3r^ Ht «r the totel naiher of ^rooteo «oooi<kid in tiie «ki|9»

foNttomwipH pov mtt <»f tiMKM ptt tmlt tiM* tSm tflOlHI «MNt

latouaMI in • mhmwiw>< of ti«MO tm ftooorihoft in CPM|i%«f 1^ tbo

wmm tioMlnollir 5 mimtmm tldolt hot «• ttnoo wmmi wlotiAMi ta

diffMNMkt p«rte of the eeotlon^ W^xUmf of tmh oeotloei mm aiooiuroi

41% M Mg/tmAfiifgg, ooottioao* Bomhhmi of tho dtfftMat j^hetiftiBMEO of tioaoiotMioit

gHoft idLoouop tftio tli&Okoioo of tlio tftioiotooot Oiooo&to ooeotiod lOio tlilotaaoio

of the tioooo oaa o» tbo IdiOfOtreot pitKiOM^ did oot itedikk %o onf

ojpgoooiohlo oolMNitt ito thiolBiioo ilMmSd bo tho ooio lolldblo ooiioobo of

«ho thloiaooo of ooetioeio ohmi oot* 9bo dopooito maeitA tmuOJlmM^ to

l^iolioooo^ oooo boAoo — ooc^ oo 10 olooono ia • 5 oiotoo oot^ttoop St to

tboosbt yoootbaUi in oootlonSfii tbo •utmaftol Haooof tbo otootooo MJb

0mm not am thfOngb iho diooo ootooiid. loodint do itioiolofitioo

ia thlotaaooo* Sotao of itm ooiiwoiaiBti oad tbo ooieuXoboft ootiOlir of

diffoooiii wootiooo^ foOiB yotloot Il0p4 mm giooo la tMm in# coo of Hm

mmmmm tmm mm oobbif io oioo siooa for nBiiii^ioooi

^ooooiNi of iiio loio of poodooto ii^ ofoo tbo toioi ootMir

io ooiiioiijr loiof 0bm% iooieotod If tiio wmAm of mmem immmmb

ifftoop fbo f«>iotioo liw lota ootmif lajQba^

aao aooiood br ^ wmMAm rnmnum of ^ Wfmmm otaaoo

1
4 p m«

i.J
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I

(7*2)» YfatMi Hbm total motkwXtSf ^ inirltgo 1 ♦ Vod onft In

1 ♦ ^/soc'*' 4.<^5o? Ott® ^ *•%!•

IStS KtfH^ fcoot ty tro 1 ♦ /ot

If,

9)roai tbo voXotftooo in 7«2 ttoio mtio i» Vim mm tm tbo tatio Hf Vm

0oton»lon»IWtog<it tliot in aoi

^SisSS^riLtitiNlBijdbSLie Id f *
Aotivity in vltxn ^

Wm iwtio tNMi fvrani to iMoo fSme fMe 0#70 to l«o *ai ttw ootiiritien

in irloo nim nloo ntnon in grtlo HI.

fh» mntate fiMT *11 lOi* •*eti»B* Artn Vm t$m WtmmVi vrtSmel* ««i

tram Vsm wmtAAt wr* ftiawi In OoIuob* 13 to 17 tn tyblo X3U fh» jorrtion* «r«

arronflod in tli* 4Nffi«f (QploiWd livwpp ton* n**fo*d tdxMi oHiin tlUMMOO thMi

i*d ^ ooon* iMPoopt ofMit in onter of doowieolng oetioiir*

SifftwNwit oootionn tMMVo onnotMOl in tt* fttit oni tn* ootioitioo of tlm

tlOMio* follaoins tono mtuamt mm tmmd to t* owir Xo* In ooqparioon*

1^' Xn mm oooo* pMmlk no#5» * ovotAen of ten* ««• *wto<n>i tot no •otlvltjr

OOMI# %o tfotootoi* In ooter to uomnn* ttao aotioity In tlio iifftoont

ooipMnai in ooi^ 9«tiontd tto •otioity onlttloo to tli* «#•** of oonti

ho* toon tatolotod (Oolnon 10>» It i» aom tluit tin Unor anO toni

oontain oliiKMit Ml aont aotiaity ** tfeo opl*** in ttnoa of tto T»*ti«oto

... • Hootlna^S) Mift tto oflOMi oontidUMi ooiiiia**otlf aoao An Hm oHmt tan

fpotiontof <lioo»4 aMt 9) *ti in tto mlftit*

In o»««r to ooooaro thoao xoaolta aitt ttaao of poiiina IwanHptloiia

on# .to toot tn# tanoWMOio ttat tt* oylaan taliaa op nof* ootocial nalatioa



• ^

Uwr torn Imrm ifm fwmwI tmnHU Im ^mm vdMM toisttMir

with tboM of ZAarpart (TitbX* IX) in Figure 8«i« Itailitit «wBiilt«» SwXelliis

tiMMM Of uopwrt toa JthaoMn (8*9) hm lOtt twm sOotteA Igp aliMiac M

til* fwSotiwt WitWNa of iwlMlt* enA pe%ient«« t mad 70 Xgg mptotiteljrf «tift

ewpmsinB the dOM in pi 9«r Kpi* vmt iMtlMile tbMf* U • teoieofly tm

the rette to loasoeee there eeihr fKf the higher Aeee» Bar rthbite the

retie« mmpe higher then in petlente« aojr eieo ineraeee^ bat verietieKMi

heteeeo indiviOoel eolaeXe eee eeoi^Aevehlei ie weU ee ewrietieee In the

Mioimt teton tp in theee aepna oith tifftsent Aoeeet theee ftsaree wili ie

effeoteA tp Aiffhrenoee in the reXetire eeeeee of the tee eeteee* Ae ne

fi«ne»e for the oeeeee of the ofgene eere eveUenie in nop of tfee eOhJeete

it wee not goaeihie to etoflp «ile effeet ftrtimt

Another ftotor oeaeing rerletiona in the retie of the eotlrltiee In

eOXoen md liter ie the linioeeelhi eiee ef the egleen in theiolieil yetlenifti

TlUe eoolA fMKtoiMit fOr the hipier iottO In the Ippiietiiiftlitt oeeee (ittoel

enO 4> oooiMaed with the reoent oeeee (]lae*lf 8 aoA 3)»

ftiilh.

the meesurmaonte of the eetlrltf oer unit roXone of tleete ere heeet

on the eotivltgr of eliBite telwua of tleeme i','i<eoeiet wHn the tetel

Of the oevMise free ehleh Oo eeetlooe e»e <nrt# xt ie ometftin

to <floioiTiiiliiii wheHier the reheee illihiioeA eeo lOMNNMMitetl'fe of the etole

orgna or eSWrtAior ^lie rar&ee mn eeetlon to eeetiin In Aifffent gerte P

the oegene A oeeemfonewl of tho totel eoUfitf of the etoSo onen eoOhl

mlm he of waXne» fheee neeeomente were feeeitle for too of the
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nmm e»i« ••rutiMi u «imi i»h» or «mi ietiinir of opai«i«
%• llVMP for OiffMMil HMmita «f «horotru«
injectede
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Wmm from ^ imnAtn flomiMtlB (Hwi*! tsA t)* Bi «mIi <Ni«i

«h« hAmjUo of Hio tfvtMMi Uw ioA «|go «% MrtOftIf Wwi
j

mmrm mtA MnenX UkKM ooro trm MtmemA iMNrim of IdMi

oorfftoo for Aiio yfoforotte of tho lootiono* fho opoolfle ioH«ll9ii AM

im tlMi ootivlAgr iior crwi of tUouo «m onloaHolHiA twm ih» oooiMMo of tiooio

mtA tbo aoOlrlAr of AOo oioAo ociao ooo Afeoo ooMUAoA* An InaiimOltnil

oooomrooooO of OOo OoAoA ooltibrHiy ono (iMotiioA ooIok oooiiMMni ooft AImI' Amo

oolooo oolfo oonporoU tbo noooIAo for Aho Am oeAo of OBooitrMMBAo oro

inMowinflood boAoMT ooA lo TMoo mi aoA SX7t

yn^ont fblo yoHooA roaolOOA 80 01 of HioroAfwol (oioHo 0) §0

houro baforo OooAh* throe bloote om ooA foooi the oplom aoA four froo

ttbo l&ooof twm «o<^ bXoflli V oAefOn oooAlooo oOfO o«l oaS oooAot toAO"'

imflitOflrmiito jpioj^onNI foot Ahum Onoi Amcdt eooOAo on om oooAtoo foot ootli

MooO tlio OEOOolflo eoAirlAj of Aim Alooot om otXoOltAiA (ttMo ^^XXX)«

Zo Abo o^Xoen Aim aoiM aoAMAf o«o 4*31 9«r io' fto otwiHt «o8 Aim lOiiiloOi
onrloAion froo thlo la Abe ifevAft Abo otto ooAiTlAQr mo %H ym* on'
imr oftooio ooi tbo oootooi mrioMoo obooA ^

tim flfsoroo gAtoo to tOblo mi fofOr.Ao oelMAgr of aooAitooop AAmI

iO0 of iiiokMi' eftor ArtoAoenA fbr ooeAtonlngi AOo ognlA'ttonA mbaoi Of

froi^ AAooim oooA 'AbovolAHro' tm fOoiii# tlitfi>i"AiiiwiAol3r to bbgo oooot AA apoo

'oot imooAl^e to amio enr witminotoAt oolU afAm Abe aAmmo tmA Immt imyA

An focianlAn for oooo Alamt SSoebi oiio ooA frto ftmA Mmo ma Aeami

AlmmNifi Aiio mitoiii oAogm Ao Abi ftM aaboOatwi to ftmmo» tim

OAmiimtono of Abo bloM ooro OoAmaAota tA emb oAtit ma At om lOmA AboA

tbo giooAooi iomoiMMi imomioit oA Abo lOltiiiiAl olaiOi. tbo AiM
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•hrlBlENie la Um linear dlasniaioa wm» ihfti KK^ in Vtm votoii

fSiir r9«al% wm ooanuwril with thnt rf itrnahiWi «oi aimh (1*9) «li9 ilmi

ifan ratio of onfintd tiamia to tho •qulwelmt vtitmo la Ida acotlao to h*

1^67 m roaalt ohioh agraw otigr woU* their nAOi wisloh oaoli ailoe

for ehrixOMieo la -wtliowi in flxetiirti the epeoifio eotirllif of faoah

tiootio mA tike eotiwitjr of tiie «MO of the earoeae wore eeleoletot (TahlO

flao ootiwltgr of the thorotiaet used in thU laieotiaa, oeople 0 (5«9)

«M ••••oreO h|r a tnoaa wotoaa with ooaileioB mA oowtlm lia

of tmolea par oalt woiaaoa in a giwaii aapoaura tlae« So thia wn^ it

«tid«m that there wore 1#48 x 10^ alyiUNfiartiela diaiatiifatitaa oor 01 far
oAooio# Stineo 1 ai of tharatioat oentalaa 190 og af therta tlia aoilrilf

•aaamraft oerweaipeols to 7®0 ileintairatieika yar og of tharioa par oinMta*

10k oapavatoa tvm ita taeaf 'gwotieti haa aa aetiwitr of MO al|Oa'*ftateta»

grationa par ag par mliiata# fhia ratsaine oaoatant with tlao^ haoea the

ratio of treolw tmn Ih to that of all tha praonota ia MQ/Mo a 0«M«

Thle fit^ura waa oonflroaO aaMifing It with that laaaiaft praaiaaaSy fltr

oooySo o (9*5) naaaljr 0«.90 * 0«a7« fha taa aalwaa agfaa withta tha

aeawaoy of Mio expariaMMot hattar than axpaalal aaaalMtag tha Mfflokltir

ilk aoaauring aoi ponriog aeoorataly a woluap of weltai anilttion» tha

•otiwity of t^ liwwr aoi aplaao wmm thaa ogaiwalaat to IMS aai M79 ol of

thorotraata

thoao fOiM^ta otfa ahielMO in m iaaaia»twii mpariiaiat ly iigaating

^aoall piaooa of fixoil tHuMM rjimiitaatiy ioi Mtaialnlag tha swMeaatixily

gf mm lIMpId 0ht«4iiaa otlni UgalA aMWiarit the aoMilta are mMrlaag
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in jtttliMit Mid !»%• and x^oS In faSUnt ih^t, mm i» §0mHm0 wim

Um vwMilta 0f lmi9mp% (fiMm n)«

ttm ihtt flfiuraa la tibia xx?« tha ftaotlan «f tba total aoXtioM ot

tborotmuHi injooboA obloh mm ftmns In tha Utar miS iplMO omOS b*

oulatod* PatlMit Ao*l laoolaod oprvoxIflMtoSjf 7 lil ot thoirotiaot Md n

taiol of 6*8 aod 9*9 ml aoo fbond la tiio mm mmmm b|r tMob Mid oweiW

(MMMRifMMnia foopMiilMUjrt /Olmribmi tbat Hw ni'mtfy ooMmikImi Immi

hmcn 3mr§ It appoara that thla petiatit mm aotoalljr bano tooofvad • dioo «f

ot loaat 9 It la hnnm that 7 al mm an aypmloata aatlaata

IcnMMnc • ooi«ootiim ftsr tba da4id*opiMi Ih tha 10 id hyalait aaad ta

taileot tha thaaotaoat* Patlant ho^a toaalvad 80 al aai tha wiaws

ootlMatod to hawo baan aotatoid In tha Utao ani. n^aoi aftat SO him mum

17*5 ai and lli«9 al hp taaoh and oountar MMauvaoanta^ sepraeaotSns 89^ aaS

78^ of tiMi total miaatlin* thaaa ftcaraa m la afraMMot with tha

tiMMpilti Of lolpiit (tahio XX) althauih hia ahortaat tlMi aao t«o difi aiA

ilia oottiaatoo fOr dlffotittt patlmlo faitaA aanalimMpw

ana».i3iMi.

Jhft CSmmtAmmmu tmbblta mao Inlodtad lilth thaaatvaat an8 hlUai at

tMKifeiiiiiia poitlaNli of tloa aflaoioiia* tha aaoMW aiia anaSiOii Iho thatiiii

oboolcallp aai It vaa mtmm that tha aptaha aaa oaaalata withia a lio

horn (^*9)* Saotliiii thaoa trim hava alaa haao aaiolaai hp oaaot

Of' iMtOMaiioiitolii jMii Hit apaalflo iwtlfllp oalliMtaS Itoa tha tMaliio af

toioloi: inaoooiot par lailt am of aaatloa* tha faiMlta aaa ylatiai In

i«8 ntim mm aaH-vltp So 0mt sn aimda amhar of taaaha m
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fMUl of vtoo« 31n aotlTlV in V» liw had iiliNM4gr wmheil *

imHam mi%m iVcwt lioi9»« ttwrt la tte liMnniti «^pi8l|r nt

than doomiiotfl to m ofvvoxiaatoljr alooAjr tolot oftor oboai SQO hounh

Tho initial ataap vim w— Intao^talai «» «n laiUal nptolii In tha iplian

folloNOd tar a nodiatrlbutlofi to tha Umr mA attMr axsana* priaoitaXlar Itat

bona naraoa# tha apaoifio aotltltar In tha oplaon taaatafl a ataofly mlaa

tMCLto tiiaao that in tha lianh

tha vnaolta ahtainoi tor patlaiBta <8»ly 8*2) ahoa that tha i«te af

ufytalm atgf ha' eaaewtthiaa Itr nnuvln^ In ana aati' 72 tn i9iK of tha wsant

In^aotat bad aXraatr taan talnii np la ^ Uw and ^iaia aftar 10 hoani*

fhana van tn aotivlty in the tana aiVMNr aftar 12 houra (la*l) tat tham ana

adtiiri^ in tha hocie natwcNT oQafaaahU vlth Unt In tha Utar aftar li iion

SaaaanPt thU mgr ant ta a mlid tn^^iiiiini. aa» An thia aaaot

anvthav faotart tha mffmmm daaaa (7 m ani lib ai) alii alaa laflMi*

tha ymfortlniia flnalir Oayaaitad in tha diffttanl arpna*
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Tia«u0 deease !• • •»•«(«• of ilia Miefii aiiiiiiiA tnm

t|r oaii mam of itaaiw Ia iMilt iiaa* Hit aeit of aboofM doa*

%m ilw A*a oMoti %a MtoA ao 109 ««!• var gm (tolomaiioiwl Ownitatoo

am BodiolosioaX 195^)« fha raA has WBlaaaA ^ba vm^ aa a mA% «f

afbooaMI Oooof tho batag ofalmdoni io 93 ifti vat

•Vmt olphai-pKriioloa froai thacoiiaai Hbm aaargy abootbod U glaw Igr

bto gvoduob of ilMi aoilTiir vat vali matea of Haooi Vf and ilia affOeiiao

amoogr tlio oifiia >>oailalaa| fU Olaaa iba ilMKrilaMii i* Qoooanifaiai ba
•gljsaigotosf ocma of the aiabawpariiele anargjr la obaofbaA la iba ofgaogaio

and onljr « ffwtlon f to dloolilaM to itoOMN tot ttooat tooaga, D» to

ilion gtoaai by ir fi f«

fho •otloiir too ttooooy ooa r «aaUratoaA ftoa iha aotialijr of

MitoMi (Oaa)# too oltiMitooo aww of ito altotoftoitotoB, ig waa

oalotilaioa faww tho xolotivo aoilvliiaa of iho aaaaa alitoMparitoto ifamo

{7#9)a flia tooettois of too total aotfigr of iha «lyiia«oartiol«a ftoo

avtmrikoml aggaogatoa of tooroitaet toiito to OtoaltotoA to tlatot to aalto*

toto6 tot tbo fOltowtoO' fNUMiiMMtott

*.a. amif-i^wntian to

yniWliWillfflA n» rti#. .f ii» to UBwpUr iwt
IM oonaltoMil •atortoiA •• » fto«t eiaewlwlfato ••#••• 111*

ta <at w»Um r anl •iAto • '•tofto 0m^ elllwiertteles •f *•••• • ••
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Si^ ^ oyiMyAt—^ fiM MommOooo of tho oogMfitoa is Umi oitu tfO

ihd&ootoa ^ tho omui of tbo esgKogstOo i» tho MMUooi* ooeh •ggnnrtt o#

'.If maiuo r in the ocuen giving rleo to « iiatiihitlioa of tagrUnSolool mimliTiii

of rMm p i» the oootloet gii|ip<i • ifinoteal oggpifito of toitoe r to

cut into ft auftOwr of fefoXioX oioliono of Hilnlmoi 4s* fho mdii sf thooo

oiyonlttr Oifto aoetieni^ p» toay with tho flUtaaeo s fwMi nit oostio of tho
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ap m 4ii« fho ttoriMRr of ooettofto of foaimi p io UmmoA^ popHieool

to thftt i» pfOOonioiNiX to p/s# ll»«r the oootfto of the q^hooo ihMO «

i« wtoif ooftil thin hoooooft toiir l«iii oaA •% the ootolOo of the wfimn ooim

X • Ww p» thift tMoSo to iiiO* Honoo thoto ofo o lifgo ooetor of oftititiO

of ooiii mm thot of the leoliiaft of tho lotoio ooi o oaoU motor of mXl

oolO it 000 ho ooiiaMNS mi on opipgoglottKiii ttot tim diotrlMlon ti
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of w^bmm lA tlMi mt/m U ib* mwi m flm HaWMUm if iniii

of •gsvostttoo itt %hm xioiioat

Xo tiM wNmdiesreplw %be urtt« of ttw «tr« aMtani

•OA Ah* roiii of AivpSot «f •AOtl MM MM Mloilaltit Ho mmIM tm

too oootioos •«• ahoon tm 9«3 ia abioh tM mANt of •ggvoAoliOt op

is jOottoA atgAiiiot tilt foAloo ^ fliMt ditttitntltat art «9i&oti of oU

wMiticMMi oolrtnoi to that tMr tlMr tlo yiotiaat if a Um wokif «f

•CIpNi^tiMi fOkS a aiMU ootfeor of Xatit agpoiatoa* Xo tta Utar aaetiao

fvwa patloiit At awaeatoa of fftttir Hito 10 oloioaa atoa fOvoi

to tiM aoMi oaotloo tern paiiaot Nott tha mwUm raOina oaa II

Xn oaktng tHa oaaaui loaula it too oftao itfflaoit to iatiH tM

«wr tho OAAfogatoot fOr oataOtet alxattiM a bmiU a«pMiata oap a

•gggogoto or a fii agatiit of a oaaitf iaita ontt far it la foaalhia Hot tba

aflSfigaloo aoT t»» MOOao op ta aatttoi tha aaotlana# la oiAm!> to allot tm

tliia unoofftototr Hi oaloolatiaoap toa Uaitlag oaiao oam aaaatAaaalt

o&a in ohioh tha total aioa of tkHOOtiiit In aa Moa SO aiatioa la HiOilM

(ooomarabla oith Hia aoaoa of tOa al|lo«oaitlolai) taa iMiA taoHW aol

tfaotoA aa ona laiio aioi«sata» tlo oHar la tlilali Hia aaallnil fiagpoiiHi

ootro tooatai aa oopafato aWiSetaa* It aaa ItiiaA' tbat Ihato aaa Uttla

mffmmmm in Hi* MaoOlaM of f la tba Im mmm* la a ftolioo

onooli^ tHo AiottflHitlim of aogfooataa obaatwil la a tHa oaatlio too

ooopoHt Oitu Hiooo i^NofvoO la a tMot oaolloo i^wotaloatiajr SO Hama la

tlHoi»oao«, flia mm oot toiqr aatiafaotttf taaaoao «f Ha

Oiffiool^ Itt ooolai tittooil a oooHok of IMo tblolMai« lol aa ft# at
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DISTRIBUTION OF AGGREGATES IN SECTIONS ^
•I

OF LIVER

A'V •••'.V-.v; •; :
* f ^

A • ,V '
•V .'

I AFTER 14 DAYS

PATIENT 3

1

•'-r- ' :
. •-. '", •*"..' I ,

V :

•;» •-. ; • ;*•' •'•• :••'• • • -A-' •
- >* » "t' . .• •

II AFTER lO YEARS

patient 4

•" •; !• '

*•• :i'%u

• • -'ff'

. t

%' 4

** >. - irM, o lO 15 20

Radius in microns

x=Q
25 30

, • . •

i«'-
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ocnaa ^ w flirrjiWii# in n# H-ftT iiMi

• flMi distrlliaUiMi iBtf tlM» aiiM «f sasvennwi am^ «o» W iNni to toUm*

V, fWr» liA MotoMM OttBtod* 9to MOb tofaMI of It thft MfVMMMMilll

mJjm at t warn eMataee fawi VifBtt M ^ itHnn • v«lat totot toltllvt

o# t&MMi tad tootttottto tlii owitottttoi tf tot ttowgrtto

but >a»awttii it lacKialttt of M|» tht foXtllTt ttoptotoIs ntt

of toiD^ tna Mod tiOMt otloOttod ttom tlw tUgmm in (tilt 0»ti«
Using this oslus tobis XV too oonslftotoi# tot toiott of s taft s totag

ohtsinodi fton vigiifo 9*5 tod tht totott of S» thi ttogt tf t1|iit"prtit1ti

in tisooo fktoi fitltoo X* toost otor tf tot rttitt ttt ttthtr ttoAltr tolir

tho graogo tho ^ M TUB* sort imhiAod is tin otloiilttitii*

BotogLio ftor Vm otoor gvcmpt mtm ttoo Istotwlntd Ig iuloppltttooi fto

oisoh vslno of B tho ratios yUft/r «ftrt tototoiiod tai tlit oonatpootiiiii

osiooo of f yood Mo tht oaftt in ?lfi»« 9«t* tots tor tttli a tot talati

of tm^ wmm oslciastad aod toaaaA to fiat valato tf^tor' at ttoim la tot
loot vm at tttoio XV# Iht vtiaat of t tor ttoli gtoto tis thtn it gitoi ta

tMm XVt* 9iftii3g» In otatoattUg tot tfatogt tohw of Vtot tU ftotit

of itortioloa mossnt in tht thorttvait* too ffalatlio atotoni of torMolta

of oo(to wmm n 'glttoi^ In fihlo XX otia otad to ittaiatat li&v ..•ad£NjV.»

fho oiOtago toiXoo f is «ito« too oatitoltt m* livw^ totw

iiXiiatvotod in flgnto 9»9« tor tht iltot ttotloa of ptitoi i hat

m» amXm 0«S8 ood of ptitat »t»9« t«8l« «ht nOat la tot Ittlof otot it

Mi^hor ao thoao oooo m iartt iwoiitti ttOtototto alto Ihttt tooai la toa

taamt and thoao inftuenoo tht vate of f ioti#
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2 47 8 373 •98 346 13.7 .97 369

3 73 27 2103 3.2 .68 1893 1X,2 .'^3 2082

4 47 iS4 4286 2*k .88 9513 0.4 ♦99 4074

5 52 125 3500 M2 .73 4940 3.7 .94 3U0

6 40 iX$ e3w> 1.30 .39 5932 3.3 .95 «o?5

7 21 343 7205 1.57 .32 4433 4.6 .98 3387

e 11 512 5332 1#20 •93 3098 4.2 .91 9189

9 3 729 2187 1.03 .51 1094 %7 .90 1938

VoMm n9 inr' » 5<9>a ilftr^• 25275 34383
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LItw PatiMt ll«A ilar's 19)000

oalo^ntad inUn-loltttad
RftloUvt

Off
VUHNV Yi

Hh 0*345 X *Xi3

Him 0*490 «538

HOC 0*93 *5M>

0,57 •€V •^9

ihk 0*00 .330

rm Qi59 *89 •m

tliO* 0*790 •M •319

£t^=h.i5,

^\h
7wr • 0.92

I»iv«r PAtient ^ w36900

ITh 0*007 I •<87

Mfh 0*630 #389 •388

im* 0*09 •389 •587

0*86 •385 •336

7tl4 0*691 •389 •3<4

The 0*67 •m *m

fhO* 0*930 •191 •857
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7tm 9t f tmf all tiM mm UMtM tA (kikmm^ fftH* Xl«

There is a oQgml«Uc« Witwi f MI& %lw mUHIT iaollMt (Q^Sw 17)

|V»r utMM thMNi is s Isvgs MWl sf Miisnal to tos svgss it sollsets to

lisr^s Aggssestos shioh sbsttA s grssltr yroiNtfltoA tf tto mmm ^ *>•

fA«>%iolAA« This is 9«rtiaAl«^ a»U UtoitiAtsA to tbs sms of tii> ffstolt

LVT Ahere a Isrgs mr^T of tisAAM «im iMrtmii to tooss «r fsvy too solifitf

v thA AggrsgstoM A«A OA smU tost stosst iU ths snssgr to diasipstod to

tieMw AhAVAAs la thoso Af lOdMit sstlvltr tot t«giraptos tsit mA Imem

wkA to# fsAotiim is An2|r |0^ Sines ths sAMitt of sstsiitl to toe mrpm to

asTA oovsAotl^ gtooa tgr ths sottoitr «f psfwl thovlxm ths settotottos to

hsst shown hy piAtti«f * sgstoH the tAtU sotlHty onltipUsi hr •

Ahtoh lAjAASABto ths sottoitr «f to mtottos ts the tstsl setlsitr*
li ♦ Ow

This IM bssn agos fsr vetlsotinbse^ ssA 5 to 4 toierttlito

hAA hASA asaA tor ths sotlvity sf to stotosesA to dittotsitoltose »*

•A^ tisstts pif tors soeurstsiy t sepsffsts cnris ebeiaA hevs

hsm arsAU torV sAWtostoidtog ts siwAi sf ths esws isw sf pssttoiss ts

f is not s siftolA AAsrsgs rstos fsr *11 «««•• tot tshss tots soeessl tos

rasing AAsq^Niittoiis Af ths sstoHttos to tto diftoiAto ssfsnt* f1#«« 9«i

ffApiAsosts Aha sAlf^Ktosoapptisn s#t<MP 10 ts 18 ysais* toethsr osns sssH

tA AssftiAr tlnsAf few psttottt* tos»l sst tos tss sssitost ssssto

thA Asltots Af f STA to ths mm to to 100^ as9 tor vetisat Ms*? it to toto*

.Ifli, „ -iBmr

to tos Astolilslisn of ths toAlllia sf ssMtor stoSStsA to thoretrest
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Fitfisr* 9*5 i» • dittgiwa one of tho atari olilab origiisatiei 111 m

iggloiiato iboiing tlw lootinogr «ith ihloh it ii poiitblo to Setermiwi iHm

point of odsin of tin itam# Cmri of the orOir of • oiorQii ooro iutgo*'

Ooeod tgr imgoiaritloi in tlM marfan of abm tIniotiPiit# Hi* •ooofllnitio

(j^ ]r« •) of tho too loio of tki tmoto oofo tilnatJiii ootnt tin olioi

oiiJOfHwwi oaft tbo Alp «oo natlflioA ^ tlio ohttiOoji faotor of tiMi

own>t;oi, Ooao Urn laootitar of mm loootoi tnoit lo4 Imoo ootalAioM it

mm yoooltio to Itatif^ ttn otboro faiffljr oaiiljr* fho longtiM of tho

tfoolto lo mm olor In vtiooro t«5 ««o gitoo in Totio mi. fho ooni tolao

of yu (Owtfsy ogmo oith tbo oaloi cwXetUtOt frto tin ooopooitloo Of

oqA louliion (0«71) olilohl ooo oooi for tin ooSonlotloo of tin oolf*

itoorptlon of tteootroot#

Wioaooo of tm aioeoofMnioo titoow tin oofiooi oottntoi of ^ ^

iiaOta mam telm aa ittiat Oi^LoOlstOE iiaaoini that thamtiaat *»«* tin OHOO'

<3oii»it3r tm ftnO^ mil 00 tiamit 0*^1 inA i«0 r»i!>iotiml|>« Inaiowlatioo

Of talkioo Xf ioA m oo^ttno yu • i«0 fiiroi a nlot for f io tin iltor of

potiont Hoai 0*7t or 90^^ tighor than the ureirioin ooit tin Units of

f in thonfero 0#5i to 0«78» This rents of rsiass «ill iftSf sovroxi'̂
'MStea^' to tho seotloin frdci patient tot in e for oaeesf fOr ossfflQlo

mm ttploeii of fetient niHkt the Units olU he irtetet# In eeees stwre f

hoe veUno tO to iOO^ fer y^ « o#ti mo oometieo itr yu n UO oiil ho

tptilto isniia

the valoee far the three feotors lf» I soft i toosthor laith their
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tJOUJS imu 0*XouUU<m of iho l(ol««ivo Stos^iog Pomnp oT
TlMfOtraot M TmlMim frcMs tb« loimWi» of 9l;oiM
io « HoSioeettwo Bteiv

C3mhki.1(
'Traoili; V«n^^
an 6*11*14*1

I

inogl^
in *661110* in owtilsSeB

R r"

ThD« ao»l nioiOiw 4*2 aloM* 4ft«7 sdcaron* 0.4*

ma 29«0 2*4 99*2 0.96

m 22»6 5*9 a9«7 0.69

mx 21«5 3»9 24*a i^TP
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Kf.

fyftnut in v$m v«p vnele mm gkmm In Ontani i7» 20^ ti «t0 12 rM» tSm

Xt «M tiiiMMfl Hint tte Ameily nf M«Mit In X«0 gn nnT^^ I mm «alai n 20*^
«(«» «iiA & MA • 200 p«r onm «r Umm$

tiM flamMi flMii in fiMn XX Anjpi'tiMit IAmi nymgn .mmw tmt mm

mtmU .orsMk vaA An ma M» into nooonvt tho fnot AMI Hit HwotMOt io

MNi mitrii'MiiV atfttfUmM* the Invon iMthor of ootll mmgernesmmrn oUX M$mm

Moo to 0 mo»iX onAfom Aoot onA IM fm %mit§m nigMgotoo Mil «ot no oin^

oootootoA mmmmmB of ootivity tr *liot a^ioto%. tfao irainoo of tbo osAfmoi

ooA hot JH*ot Aooto oioo AotofiiiJfioA tmm the Mloolng ooBolAmWoie

illlSaBaJtelli^ AMO elsho^liwrUoaoo of mmm A pmiot l» M

0iiM»ot« Imdiatoo • mtbmmSjoml mm of Hoooo of tMokaono R iniinpaoaAlog

tiMi ooAMgoiOf AO thoro oco oofoanO. wmm of olfhoiifootloloo of

mrnimm of R* tho XojfMfo of ti»M imooAiotoly oA^oooiit to thO' oMPtiwhO tOO

itvoAlotoA tir m 0mm or yootloioo hot 0m ootor liotPO oio oOSar iloo*

AioloA hf oishowoortleioo of ^ MirliOOi foogo* AlthOMh tho ouoocr

Aioolptttlon oooloi oithAn tho ImiltloA ooXmoOc oo oo •fiOOiliiiltoiii thio

OOfloilOO wU% ho -IWAlOOtOA. hOOO OOft It Olil ho OOOIMii thot on OggfOfKA* ^

iwAiiio o owito $XmM**P9ae%Mm of oooo oongo 1 oMUAi ImAiote • oghMPoioX

OhoU. of ^tiohoiiii 111

fho Aifttslhntlon of Aooo lo oiooo)^l"olo^ mltwm tttroogtiont tho tBoooo

if tho oiAfOMlnn mm oleee toootlioo Mot thoir irooi&otoi

OiloMOo too oA^NMit or ovooiopMiie* thoot ^ ooifooo liooAlotliOO MoiO

lOAot ho ot looot oao ogitfiioto In • ooSoot ojppfoyliotolyr otpol to thot of o

ooho of oiAo ti^ that in# tho 11011100 for hoit ipolwoi* % tPOt ho



15U

thin Seflpeee Umi «# aU nspuwektii weweS I* t

•ad «!• wmkM of oggwif»m of Mdlno r <AMwmd i« If wliwo «f

thorotmt piT SI? of Uomo to tlto «nMi»tr of «i0E«a»tM of fudtoo r
por Mi? of tt«Mo to » fho oooaitioii for iHsifoni torodtotieo to
tooxaforo fOlflUod if

m iWMi sooto Of oiiOuMiMrttotoo ftoa tho thorlua mtIoo to atome

111 ttoauo# *lw» for oalfoxa imdtoitoa too otobor ogpafotoo onto to

irootMr thMs Vto' FMT attora^ or toOO par oo'* Binoo too diotottotooo of
too otooo of oiiMiotoo foxto off ymrr «tloielp ftoo o to«po motor of oooU

ofigreootoo to o oooU motor of toiio oinroiotoOf to to ntoHtoto otof to

tootoo totoH ooatollRito to too rndfoni tooopo ooA olilto ooaprloo ioototoi

tot opoto '# to to oooaplot too dtotritolito to too itoor oootioo of

pottoot ri&i to ooostderwl* ttcai too nltaoi of exXoolotod to

tobto XT, too totoX totooo of oil oggtoeotoo otoorood f to to

toto oooiioo m0*0M> ond too ototor of ofgrogotoo of rodtoo r por or' oro
torn to pioen to toliXe XfX2X| r toloo gtoopod to $ olsoto totomlo tor

r>f<» to Xim» too tooatooo fto oodtoto ixrodtottoo to

tor 0 <n<w^ tor toio oroop of oooil opproiotoo too ootoio

o«jd£fnr' mxm mm totoo Xf ood i mm UVkm wru

mai alnM.WUli' ^ tooumi mm mm mm m mmrnrn
mm too foxaootof ooooldorottooo# too roXooo of too iimdtotoi ttomo

to V^Tr[(i ^ r)^ r^]« too totoX onoiif otootood por oolt ttoo III toio
roXuoo • V3TTf% if otoro h io %ho motor of porltoloo ooitooi foBo oiii

ootoio of totooifoti for ooAt ttoo m WIo toe fmotloii of too totol
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of tlMi pMTtioloo olOeh to aiootystoe to Hmmo#

to HuMi «lvoa Iqr

o,i"§rir', Ml,
S(8* • A> « 5«^}

90r ma^plo, in tho llvor oooHoo of potloofl tlM

tlio OKgiOflotoo ooo t6 MdMNMON flio foiotioo of tho ootw ^ *

of I'oofi 47 itUooMo lAtioli to diooipfttod to tlootio tem m oggiosoto of

rodlvHi 88 itoooiio to 0»54 (Pi«ciro 9«8)« fho offiottoo OMffy Of ^ oIjtM*

wMoloo to 5*80 Mor* iHtttog 0 • 399 dtoinOoji'oOiOBo for wk? spot otonio
(9»9) tho aoocMToto to tSoooo to 8»85 loOo pov oooli*

Vlioiinlfoni and oiatim dooofoo iwM ootooliM for alt ilw ooottooo

Of pot^oMilo Hoi* '4 aoft 3» tuo too eoooo to ilitoli tlio oggngotoe ooro toiiooOi

•od mm itooo to fMm m totottwr with tbo ooortfo doooo ftoo tdMlo »t«

tOo oootiiow dooo to tOo ttooio ovonnmndtng tiMi oferooRtoo to oororot tlato

iffootor liMO tho ontfOro too# OoUootod M ooaU •i8iiot»too» ^

oooourootftt or oiooo of aooiopOoo^ tiio oioOir of Xorio oosMOotoo

otpoomd o«o oorr oMlt# Xt to ttwarfOoo foootUo that aooo Xafyor

aggrasaloo f«or Hofo tooo olaaod and tOa oootaoo doooo oigr Oo oooo gooalor

than ilioao tpiotod* fhm ooHooi agoMgalo that haa Ooao liioroog ooo

|00 oftoroot to rottoo gtotit a doooHmto of 10*9 loio for

OOOOi

igtihii.iiBilwiiwiiaf,;:jc-A.,

ttio mmmmmmrn iinoiaoiA to tito .oaMoiiMMo ^ tio ttooao

OOa Ootoiwlootloii of tliO' .iodliNwilloo oiNiool of aootloaa iioo Ho



ViMLT. DUMbotiixi of txm In soottw of Potitnto
Mo* 4 mA 3*

m M

Potiool Soetioo
" "f«ft«ppr*

Rofltoo Ayovojpo tHolMtitt VoiidwHi
of Aigffooato Dooo Dooo DtMMI

MHP IMMIB

4 SfAooo ooiollo 500 00 20»9

S^oott H (.23 0.18 22*0

HUon of oiAooo 55 8.12 0.75 7#5i

idoor ii 5.15 1.50 5*115

JLjjPOlin MNIo 10 0.78 0.25

^aoil u 0.51 0.0( 4*»

» 52 5.30 OUl i**9

Wn0 3$ 0.55 4*98

3mm wmnm X 5i 0.85 048 4*00

f 15 0.87 •0 4t75

A-
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3Nnil^ th# taM irtKf 9t ^amoUrn otmMk In • iiiaaiwiii tmm «# liliM»

tti# thloteeeea 9t motimm «nd the mm* of <Mio oagrogetoi*

A3itfaoiudi ttui I otimlloii II faoliii • voni fauall Imi iioa"j ftnooi iouticiili ia

Motion fMm §0 to XOO0^ tho offOotliro iwoaajr of tho olybaiifwrtiolee diiA

not M«y tgr nOM th«n in tbo gmp elwoiiig tiw nosim ooriotion (lfi»»4)«

«ho oomotidn feotor to oeinrott nosauma MtlYl^ i§ vitoo to that

MO or ttM onter of <U7 to Uf>* wimmm in onoijrolng i«io tiMfc iongHin

into iocNiyo tboMfOM lioft o fnUtitnl|r omU offMi on tho HmH vMilt

oompoMO «ith other omro inwiliint»

fhoro noo an diftioiiifir in noooorlin ti»o mnOwr or-tmoloi orS^^toistSns

in o Moanrit moo of tioone or tbo me— of tlM oggfoipitoii odtii oonotAkntdUi

ooourMV^ tbo thiMBioo of tbo oootlopo ooo noro difflrndt to ootinoto

onft io oonoltOMi to ho tho looot vnoemto of tbo enporlnenlel flpiseo

tbo ytiNiihlo iialto far tbo ooSno of tbo. rOUtioo otoyttnt iiaoar of

tberotroot nod tioooo noro ooaoiAorm a»o»o» hot tho .giootar otoiftni

of fihrooo Hmm tho oifoiiMio oBajiitiid nitt l^t of naino&

tioano ahoaid ol«o ho tohan Into oooannl# tbo doao In tho fltafoiao tloooi

amrantidlni 'oigiosotoo nlli ho goootif than lOio flgaroo glron for tho hot*

opOt dooo hot tho wUX offhet o onoIiM tOSnaio of tioiwa

and tdooso inMdi«to3jr ontolOo tho affhotioi roiiio oOi ho |iirtaaiai> It

000 aSoo oiiwiat In tho oolooiotlon of ooif*ohooryttoii of oogoaiatii tiioi

ooro fblo nagr load to on nadoiootlnota of tiaona dooago

oo iooo thO' totoi oinaiy alU ho ohooitai idtblii ongr othor agaOiiiitoao
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13%*

pw Mm%m ia wmk ti—Ttm «MM jr>iWWJI<m «««.es <!»

tiiwn Mia no attMVt ten m far tete mte te telnte tei« te «te tenn te

wte Umum* Xt ten ntennar te«n •temi (dt3) ttet Hnnan niirlnte oanaltef^

ntejf in stepnretlno ter enoteeatog nni ten onmotioa ten tenn 4Wt|nntea in

ten onnni te nanpnrtng ^ten notHritgr tewfluxna in anteenfttnttefte nlte tlinl

nntianted in nnt Hnnmi mini gin gn|r wnnmnniitew iggajrite ^ten

eomwiioii to tlin mnnlte ncMOa attemnt ten a»nn'>gnte to tefitefttetoXf telf

thnt <|iiotea iter tegr tinnte> Titeten tte iiiHntegn pinfcttay tteinn

nnocwauig to tte pnnmintn nnnat it MMont te iiiiiniiiiB ttet n ntaUnir

oortnotlon npglinn gMMtellgr* Zn note of tte nnnte tete Copnnhngte figorte

nnn nvnUnten ften oteotlenl nntlwtiote of tte tteoite nonteot of not

tinnun with niiioh to otevate tte tetomaiigirnpti nntimntnn* llin

ttetinn oentnot «f tinnan tiftm tte tetntetingiteli teneerdwote in giten tgr
06

iaa

tlin Oopontegnv--. ontitetna npgir tn tte teitete nteiiii nt

ote liter olftaifinai nt aatopte* fte flgnmn fte mtitet note Mft «tei
I

teanten it nan not taten nlii^ of tte titenon liotoi oot'innponina te tte

tinntinn ntodini tgr ntoosn of ttutomdiogteSitea

* ^lini

% ohMilonl anaS^in tte tlteiun oontnnt of tein tepte nnn ifat nil'

fte gn nf not tttete nlilte oteten nitli ten tetoteainpnst^' onttente of

pnn gfnui#

tte total noilTity p«r unit toitnn tooitipUnd tgr tte fnotor XTIT

if otenionl nanlfnln tte oteteni won 1*5^ ng' nf ttefinn pmt

Hmm ooofnttei nitb ten tetotediogteiii telte nf l#7i ite' in»





3U8t M mA M ^im%m «f
I

9*4» iti mA ^8 ittte 9«r vM n^Mpeerttwly* TUm oma&s ia tMU HiUmi

•li^ hitva MaiMT thm ia M* •• to yatlMil* Ami^I «fiA i

«iran m %Imi a»%nir»iiagpiiti aaHcmta tm&m hliA m

oMvaotiott facitor «ef aivycmftattoS^ t i» anpAtaft la HA# mm «!«•#

X« la sKuisUaK that |a MWHna «f tha mrnm rnmlAmm «ha aatMlgr

par \ml% yoiham oT atgr Uaana la 0m%m IImi liiat af aa% ttiaiaa l^r a faator

o# ateua 8 abavaaa la atbara lh» pai'atiaaul tialaaiMv tha iaa aalaaa la iackb

It atgr Iw atsnlfloaat that tha ahrialniia ia fgaatai' la oaaaa la ahloh tha

thorotraat la diatritntad fairlgr anifhaalir la alasia aaUa aauyaaid with

thoaa in ahioli tha thaaotraat haa aocmiXataA Into Aanaa dapoaita aAAali

raduoa tha total ahaiahaga* It ia aiaa paaaiVLa tet la aaaa oaaaa HMHia

had haaa a Aaisaaaaa ia «>a talaaa «f tha m$$n la aiyifi «iA Hw danaitgr af

tha tlaaua «aa graatar ten 1«0» te aatiaata dapeaBa aa

aaaauraaanta of aotea teraaa te ahaMLoal aatiaata dapanfta aa laiiwanwiata

of aaaa#

Aa tha aatlaaida af daaai #»ta qteai laaalaa aataral anpaaataatliMat

a vanea of aaltiea te te pttehUi daaa 'rata la art tiaaaa haa laaii

taWatad (Ooliima $3$ TMm XX) ahaaaaai' paaaihla tahlag aa te leaar Itait

that apsOyiiie a ahriidtaipi tete aa daiaoaft teaa and aa te m»at' Xtet

oaihB the adnlHina aair«ah«Q»ptlaa* Aa la aaaa oaaaa thoaa oaavaotiaoii

aaro eiinUor^ a xaohit agittal to te te tetad te te ttoaoa ia xagariat «•

te' aaat pttehlaa alth a poaalte acfte la athoa oaaaa#. tewl# i and

9 a loaor Holt oaly ia glaMi aa te oaitetiaii te aolf<«teorp%te tei

Unite ti' ha aaali tea liltelaoattiMft aaa aaiill#
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Ca'aulatian f «ltiha.wtlole nnutt tram nm—m Onunto

te aator*dt«st«|kr <Mna bM snvld* • jraaUoiiUa «i«r of detarmtatai tti

aliba-ifavUel* 4om ta IMag fattanta to a mltoa taraaMgaltaii* 1*

IciPortMit to oMMidor ohothor it i« ytooitXe to oole^ato thio ffoo

ooubIo BoldJii WM of the Aata ottaimt ftom Mitotrndlograiikui#

Yho gaiw'Tay oount i« o ooaoora of tho onouat of fliO* in ^

Bonoo ttio opportnl toluno of tlMrotfoot in tiio «rs«n ootoulotofl ttm •

Oiroot oooiM&rioeB of tblo ooont oilli ^be ooont frooi « lawim ooJIooo of

troot ttndor olotliwr geoaetirteal odnSltioiui^ vllX bo }iOO tboci tbo ootiiil

eontont of the cagin onleoo o oorxootUm i» smAo for the loio of Aocmqt

^ Vbe oorroetloii inof bo ooloiaotoA bf uioolrtoflni tbo

oetiritleo of the varloua olooenta oo]>arotolf {7*2)» Xf tbo ootlr&lsr

Th xolotioo to ito loodttcto io Oc^ to the thorotroot ooA OC ta tlMi oogao oaft
o freotloi^ f» of MothX to rotoiaoA la the orgoa ^ tiio ootltitloo

of ^ roviotto oloaoato oro oo g&ooa la the IbiXXootag seheae*
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'Om mpparm^ ipolq— f HweteeeH |» %tM effsao «• iipom ttitt

ragf MMBt will Ummtmem W «iff«riM% l^ram Um (MvIimX ¥iluai» ini tv «

fmaotioa v «IhXm AMttHeM wigr %• Mtmtatd lA Mw if tte

vitiRtiitt faotor fbr this wtatt ^ wbA ibi ifi-^ttiiQr if the

fVtMi the fffllifflffiwe eonaiiei^tteMi^

The fetentlon feetop^eee Aefieid Mfyp^ ^ ^ veSee

A An*

%

tram ehioh f m|[(i.»*|^) -i]

ee thet T m
W.

(i^ao ;r

<«

(«

Cituetiie (t) ^eee the eetoel yaHmm of thoipotraet t» the esiitt lA

the eypeeoiit eoliteiji the eAeHteeter of the thiiOteeet taA the eeteetlott-'

feotor Ih thie oesen* the ege»feotor of the thMOtcoet eeeA Ihe enf

IMitieiit te oeuellar net haewe tut i» eeer ««i<w ^ ineoleet Ia eewwSei

thet the oge of the thdcoteeet ooiTeepente to the Hm leteeeel heteeee

in^eetteii eet aHMueaiPiNieot elli net te i*eet» to eet4»»te of ^ teieitleii ,

fhoter te eXeo fotilsetU Xt hee teee eheee that the Aitteiieoinfeutiif

imrS.ee with the j^iSeshi ooeleivt of the thort>tr»»t» eat haeee ite eiif eeA

eiee with the eiee of the engfeietee* the fiiiiree etteteei C7»2) te

e few eeeee wltli iiffetwnt weltiee of the werieWiee# het afi *•% eeffleleeit

to ahow how te <mMlete the reteelioiwfeolor 0m m mmrn of the

eertebiee# me eight he ftiNime hr eetiaigtai the egeeyNbaewli te-

I

•y''y-; '̂~^ *

I



(•) ^ Vtfit lA< vlil/Oil iM fviiAiMA in flwrlTfTfilf inlm^iift

with diftiwnnli ai^ylgi. of fborotroat of Aiffesotit l^iw ond (^) tbo AnKstioo

nf IKM& oliioh io rotolnid ia ob,I<wiI» lajooM oilfe ibo »mmi ioipld

thorotMMit «% iniomlo of tiao on iho oSBPigotWii iamooo in «!•»•

War tiw oeloalsttoo of tiooo* «o«o it to iMOMooty ^ ^ o^iHifitt

octiirligr» or M volane of nwwtli'—» por wdt hoIomi or mmhi of Hm onpin*

IS|ITil« OlOoOUtoa tbo OOtBOi toM tlMMMMiKt OMliBt ff tbo ilfiOll mitt tiio

^mno«N9otmt» tho spoolfio ooHoilgr Mlooo if tbo iumm or roliMMi of Obo

orgoo io imooti* 0iroo% Aotoraliiolliia of tbo mmmi of imttm io ool yoitibio

in IXrktm potionto M it oftgbt W foooWo to imI» on ooliiato of tiMi

i»oliM ftoa tho oioo rod Ooaoitjr of tbo rodSo^oinooo oroM of tiio Uror onft

oploon or of tho mmmi ffoo tbo total ma»m of Ibo potloot* fbo oipOo*

S»ortlol« oottvitr of tbo orom i» thou aud mItO dioiatofrotiooo por

oiilt todiMo por ooooott# obovo • io Ibo oOlooft of ^ ovooot tbo ootifitr of

1 «g of tb with it» iHPoOaoto In otoUlbrliiiii io tli«d OioMegratiooo por

oooooi ood 1 id of tborottoot oootolioo 199 m$».

fho ttost factor In Ootownoing tho olpba^partioXo doao io tbo o^-

Oboorrtion of tbo oggrotatoo obl^ too oboon to to o Motliit of tbo

ooooontratton of tborotraot in tlooun (opooilio actirilf) ooi tbo tiMO

ifltoirtol oliioo io^ootioo (9»«)# tbo i^pbiNoartielo octlfiif if tb olooo

io t&ron tir hit %199 ^ diointoiaeationt por onlt volwoo par aaiood. IM
old^ f ooti- bo Oitofolood for oacb ^htlm of % tbo moio Of tbo^ ad|lio«r ]

poriicioop fboo mxim of tho tism obfioo it flgiro 9«b«

CNOooiotioo of tiio lapioNpiotlolo doooHsiito fno tbo Oigiotiili

H o 901 oor fdlooo oboro ^ faotoro oiNi n^ran bp'
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f*r

t
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Uidu

PUP indit ^iHiSsmim ««(» iMIodikS*

ix ttM flmtttm MitMlQr of ^ Ol«MOt i« ♦•«••

t io gtvoa ty o^Hofi (X) ooa oc^ V '

Xx «• owwipio of llko mHImKI of proQoa>tf»| the oflXoolotlOO Of Oho Oooo*
roto fkrax tho oouito toowM in the *mmp^ p«lio»%* qpioOoX Iwr tfltohOU

(X»S} iviXX bo giVMbi IJhto iMOXont roooixod 19«0 oX ot i^opolioot o«A

xooourooonOo wmm tmOm oftor IM fOMt oho# tho oflWOSs 4» tho Uoor soft

•plom wovo 1033 •»« Oir opi ioopooUooiy# nth tho oowOwi onoif Xm

of *01tl** thoriiMi aamoeoO oo • 10 x $ ooP oioo oomoo ooAor 4 oo of ooOto

obooobor to oioiaXoto oooflXHono for Xioor oaO oploto oouottoi gtm « ooobO

roto of 1000 op«« itonrtng "OlX" thCNTloo tofooo Oo ^ in oq^ibrlwo oith

ooooar iNMooOot tho oaoiifOotor olix bt X#0 ooi for ^ poOlont oflor 10»t
^rooro It wtll b# HOooo tho ooooio to tho livor oaX ojjlooi «fO

iMjolooloot to Xeit onA 1»3X 0K of (HttohOlX tpMi ftiorto t#

1*5 too X«4 go to thooo orB<»os to tho *iry««ooo petteot* Ool it to^ oot

OtotoA o»iM»tl|r hem thtoo ftforto oito oblotooi}# Jo tMe XX tbo lototttlool

fftotoro oooeorea oftor oioowrobio loogllM of tim$ tQ ma %& ymmg hot mmm

ooXooo for tho too pottooto out I) Of 0#13 to Oolte tbo Umt meM
mpMmm ibo octtua iweikiisio of tbaarltoi In Iho livor «Ni otXioo Itr

OOUHitloo oboio^ potttoi }f • 0»73 oot ^ oOiO^ oro ttioo tt57 ooA 40

:i
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l4jlL

to to dr yrtop» Mil** m ••piitng to «•!#• 1000 i% too

OMWto uoutiml to toto ocum is 1*05 m tor to to wm% tisiMS* Alteiot

s rstonllBH ftotor to 0»7f mA m sftoftotor to tto ssiiisl sottlnl to

•« tor to tos totol altoMPStoiole satMliy is S«lO OtotnligwItMi

•h' tor atoMto* flw MMfir to pmmt toorteo toto to 0*719 4toto«^
PSir ••r ySF •SnsSS SSS SaS esSOSMSS Os fRMVUr sssssppsss sa

ttoM ttfm Fitoto 9*4 to 0«52« fto totooHrs MVito oC tot

portiolto to 9«99 Oto# llw tost iinto to tosn 0»9i mto ftr Mlit ssmIikI

laost' torn tot tutortOtttoaiOla ttltostoi tol tact to Itot tito tot rttnlto

totoiiito tor pttoM nt*5t

'•'••" V .. . " •" •• r/«*:s« >•

• - ', f'-, *. ,Vr'* 'V> '(>:,•¥> -U'v.. .-v', .V .'H- y/*<- _ •
« **• » « • . ' '

;'•"' ?•! ^ ^•- ' .%'y.
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•,• 'i.- .V • ••>' '•/r*S'-

" iH
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' ' '
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Vhm finflings plMMT tb«% In • y«%ient Pho hui vvopIipi^ i6 piI if Ifciil*

tPMi# tiM Oom In ihp nj^liiWji Xtvar iwi l»oi PMiiw it «f tbt ii»«rif 1
to 6 f>aA« ptr oiatk^ This itoo roto io eoBller thatt ttio

HQudi ooggMit fir ipo impU^ laio lort if »9m of ^iiif pfoa*io%%

%iii MMTO wpxtalXy ilMi lolf in iim tliorotrMit ntf8rit»iii»

In MM wiiiW'iiMWiH if tbi obnbwl of iiffiriiit iViiM it mB fmni

tiiot fntn 50 to 100^ of oil tiio olimti •*• retaintft !» itii if ^

lA miloli tbi tbMtMt i« 4«9ioitii» ^ iiewto loot wwm

abown to bo KglhX iwafi Ihift in ogOMntnt *ith tMi flttSlW if ffOilittO

rpytoro «tot ttMNM oliotnto «• prooont to Hi* blooi stms «ii «• owwotos*

It wwi not yoooiblo in tbo onowtnontol oonaitiooi o*t»tiiio to Aotoot mtujf

tmmtBB twm tbo otpmbo of tbor«o oMab io lr»»li»oi oot# or of ®iO ^Ai^ i»

•loo prooont in tbo tlioi# aoto of «ioi»o oUowio oit* ^ iot!itoO fiio

tho oortnl otowoito joiitoti in btiod otoooo oni oioi ^>0 ^

tioooo' oImmpo it ill fomdf. bat o» tho liolf-^iooo of bbOO too uloifinto «oo

owollor tbon tbooo of mmik out m too liootliiii of tto foraor WooofwotS

airootljr ftfow tho orgooo «*o pfObob3|r ooeb Sees* i* Ibo nolofition^iotor
io o oottonoo if tho loot if aiilMi ftroo ibt it wiii i<opoo« «• ^

mmmB of uolbl foooont onft boooo on tbi o«» if t®oi Iborotroot# It

Ibtoii tliMit to oiAOo obiii tbo tbwotoitft ooo ooito fwob o^ii «bo iblbl.

oontoot onoll tbo ipoto'>tiob«f«otormi Oiiiif 10^ tot o* ^o

Immmm wim mim$ tbo ootontlon^fiBitiio (Hoowmoiii ioottoor

nbioli mo olMiim to^ inflaoooo tbo propdrtlen of miMBtB' oSooonio



•n oriM 9mMm m cMonot #r H iB yt'u»<iil>a

Imn^i ^ gslf •bMiryiitan of tho 10*90 iiginntoo fbreeS#

Iho wocihonloa of tiio AMoUon «f flwoo oggoigotoo to mB tUma^ mtoOolOOt*

iilMa %ho tfaott>%raat io iaiootod iolo tho bodjr tho footioloo of mm if

oollotiol oiao (oOoo% 7 nrtlHolcifono) %ot oImri tOo tlwoelsoe* rnpsmm

ia tlio ooUo oflor oOoot 15 wBrnBrn^ it htm niowwinlim tato fPHMHoo

dboot 1 idoMi ia dtemotoTh lotor ttiooB gfoaOloo eeeowoloto wiiBAm IHi

ooU and ovwHttoU^ ttao«o 1» oo osgwsBtSsa of ilM»M*Modoa oollo «t^

depeeits up to 50 aioioao or noro ia roiSsM# motoloitool oaailaoHio

Itiat tho do|i08i%o ftaoU^ ooUoot la logloao ofcaro tb«gr do looot

to tho orsoa# fOo AMRoottoa of ooao omoioloo oloo oloorly atoao

that thoir ocamlot of o uau>oi of tteroimoModiia eoUo ooaJootod oloooSr

in I^IOCMM oikOBo mmsm of o^llo of tho %m tolm w fovolin aottir ooo

not noomfillar found* Xt turn toon oioMOiPtod that tliio to • radioootivo

offOol tn aliiah oono oollo foeo&OO o oaoll dooo ontoO to onffMont to OMOO

m^UforotiiMk aithocMp omiioi tiM 4Md ibo a«r oiaxa foniod* Maf of iMlof

tfOO|» tolBO iqk fMftior aotorlol oikioli tooooo* fooo in tlao Hood otoooo Itoo

ttoo to tiao* fKoidair soXooood ttm oollo oHoO Itooo not aorit»*ii»

Bopertaonto ««o ot jpooooot in Ooad to dotBoata* oOottor tko 90000110000 to

oonnantod ottli ttm rodloooHtitgr* Xt Ooo toon foooi tioii oOoa Ho

ofioigoto otflo to iMuill (1 to f otMoo in oodloo) ool|r IA to 9&f> of tto

000099^ of tiko iil|dko«^poftloloo to ifciioftod tot lotor tiion Ho idifOjBtoi

thovo «90im. tHoar atooiti it> to dtr^ of tto oaoiigr* Ho- footor oMoli tOo

diOO'ioato io roioeiod OOXf^Hooootloa to Hoon ia Qolwoi 8t Of ftilHo- XS*
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U7^

yi'^bifcly telwm plaob In 20 tb 18 jwtr l«A«mile Ibr Kmi tiRi

Shn imMlbla r>r^ of wlewi Ibr mm of tho rtooc'ratoo oalaolaM ooo

sutbor liur^t %o mibi o eoooooiaoii boOwn tbo OMrieno poblonto •otisf«otir&«*

SjT* tlio oorlf svoop of tlifoo 9»bi«nt«t ^ ooliMMi oio oaoolotoiil

o deoiHomiSo In tbo oplooo of abool 9 ooAo yor ooob for 10 ol ln|>0"

ReMslts for tbo otbar boo foUonlo ihoir frootor Hooiooooo oUboofb

tho floooo oro otiU of iMlor iriar of noeniiiaio* Ao Umi oolf OboarilttWi

bonoo bgr « foobor of 1 or 3 botwoum bho tro i«<ooiw« olbor too fool»x«f»

ooooyo of olotubo oai roft&oMbtib&on of ootlbltgr unol bonl to intoo tho

dlftbreneo» Ibo fooolto oo for <iiitolO«'o lodloobo ttnob bbo tirlotloo of

doGo with tino to olsdUsr to bbot of bbo ootlrltf of ^Mootfoobi inltlGXly

of tbo oodor of 90 bo 100^ of «mi mwimmg foUlas bo 30 bo 905= oltbln

flbo jroiuni» ^Hbm Siwmwoloig bo bbo niolowir bo3no io oboob 30 yww*

Vhoro oloo onooMfo bo bo • nrloblon In bbo tolobifo if

^lorobrMib lo bbo borliMO Offooo «b oifforoob bloio* In bbo tbroo oaoif

ooooog ^MMO WOO' on obgromtowboly oftoT dIobHbiibloii of owborli^ lbiiiai|il*rt

^ biooiio of bbo ofdooof Ibror onl booo rnmmmm tlibo oorilb oofooo wbbb

bho itmrblmib MHMHitjeMdObo tuiiiwaurtii* idoooloail 'Oih^jmmo of Hflonoo ob Ohorb~ owwo^wow ooaoawaPfHroo opom»ww^^»*oppo|^ -• -

!>eriodo of bino oflor iii|oobl«0» In bbo long^obondloi ooooo thoxw m •

ifoobor ojwiflo ooilbibr io bbo oiiloio tolobiro bo bbo liworo ^

bho rottolbo obbolood In Ooponhotoo* Mo borioblon oonnob bo onololfiot

bgr 0 rodiobrlbi^Aoii ofior oono bto oo Mo to ooia bo ooo«ir tmm too

Ofloen bo bho llwor# bsib oor 9o oMoiM bjy « obrlnbioo of biio opSooii Hio

bO bbo soNNWeof bborobfiot#

A HoooMOobo of 2 bo b toio oor woob io wM groobir bbon btio muUmm

pifwioiilba# loiol imt of d»l r jpor woolt o«|w«|gilf irtMni oUoonio
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%m mmdm fbr the blelogloal •ffioi«natgr •3.viM->ipiqrti0l6»* HiUUi

tte iifvvMit to otgMM io loioHaiil In aototwInMl vodioiMilMlir

oflMot oootoor fwottoDt footer w^r to tho too* in SoooUooa fOgtoc%

portiouiorly in <lotoiraM»i eseotoegwlyo offtoto« ftr iMo* o oowyortooo

Mogr to «odo tiitooi tlio W'>opet toon nco'loo froix tho mtiMi a«oooi%o t»

tho aovmifm oTitmo in ton* oiift ftm tto tteotfoot o8sn«ttoo in ooft

tiMRiOft Hm roittoo of 1 to 3 rote yor ter ter ^ooolroot yotiento oro

oonporotXo tvltb tbo Sooor tiait of Soootor ooA teoft»o ootlaoto of I to f$

ropo imm tuAhm potlioat oho toft « totoi toAy toftea of 30 oteHPO*

grooo of rodlMOi tot ootMng ooofonitio vlth tlioir iMwii oottete too toon

OtoorvoO tioro* nftr oBofOgnoo of roiteo ootnoiljr oorroooiteo to « ooogr

iovgo ooltMO of ttoootxoot# 9t7 oXf otiot to teoot too ^boio tlMi maOmm

^etm oooA in potlootte *«t of tho wMm potionto laiteteS mosO looo tl«m

30 oiorogrooo' ond oooo with onijr 0«7 oOo^ogvoMO oofltooi offouto* to

^00 potioikto tiio ti»t«0|»t teooHrotoo wiSl. to mam oteiiirttlo with thooo

In theowlfoot 90timto» rnmmrt thoro i» o AmdeoioOol OSffOeooeo in teo

notiwo of ttw hot opoto in tho too oooooi in tho oooo of tteooteoott tho

inooiiAklo thoriim tegooito ObooiO moonftitenftOo frootiOR of tho tOtoS.

onoogf of tho oipiso-pootiOlnot wtMOooo in tho oooo ai ro«la% tho mMtm

•tono tsm ootitoi^ leoeopiPBtoS In tho hono ood tho oipho^jiortioloo

aiooiiiNito olX thoir oQiifr ^ Holag notoariol# tho thiiotfoot roittXto

oioo ihow thot If ^ oootrihittloei of tho hot-ofoto to tho totoi teoo In

ionoood^ thovo i« otiil oonifoin hoQlgpiiiin/teoo««roto to tlotnt li ii
i

mm 00000 ooooit^ ttnoi toliMioo*

i
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Wo •otvt^t&on of ollniefA i^'iiytawii with «M«aPoa fwOlAtlMi dot*

is pooolbXo with thooo cwaulto* Iho %iO Xong^otondlse ommm of 10 ooft It

jpooro mw ihm otkXj oo— of iolotoot in th&o toopooh* Althooi^ the mmimIo

of ttaorotroet injootod sioUer both ttaoir oXinloeX hietorioe eaa lAw

•oeemod dowo*ewtoe diffOr* The toeowretoi in the ii'vow ood ejpileen

petiont Womh- ere ootioeeMjr higher theo thoeo la the oodlweiont ovgeoa of

ootiont Za the letter oeee the roet of the thoroltoet lo eoeomHoft

for tgr e OoeoHrate in the hooe aefToe oooforeihlo with ood eiiglitijr hlgheP

theo thet io the livor* Thero wee eleo e ooneldoveliie de^oelt in the s|do

of the nook preeuaehSgr et the eite of iajeotion* Ho e«a|^ of tone eomer

woo ooeilehio fkoo petiont who ie etIU Uwing* Zt woOld haoo been

itttoreating to deteroine whether the doae wee hiipier in the bone oercoe of

the fotieot who (3iod froo i^ientio enoonUf thie belag the noet oeom fetei

roeotion ao fer reported* Zn one of the oeaoe of lo^eetio oneeole

reported im the Hteretore the bone aeevoir «3oo oontelnei • Wf

oreportioa of thosotreet* mm hli^ter then In the epioene Zt weuXd eeen

thet where the liwor end ei^loen fotein the bulk of the netetieZ# the

noreblo bone wmmrn ie proteotod*

^t*o oerreXetioii of doe««owtee with oilaieei egMptooe w43U not bo

poeeibie imtii e ireip lergo of oeeee hee been ewadned* Thie ie not

prootioobie uciii^ iMitorediQgrAplie to etodir petientet do the

otop$ ft poeeible nethod of eelotaeting the ftlpluMpertiole doee«rete tern

ieeFhe*rey ocRinte oelng Idio eiiloiiidiogfopii reeolbe hoe been wofhid out*

i>'rcittt theee rowoltft it hwi been Ohoen. poeolbile to dodteo the eolf«

obeoirptloii of i^plnMipertiolo energp in. Hmo iggfegitoe if tiw iMiMnt -if

J
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mtMi tor wtrf 1mi» •iaerti>%n of wMm iBbm M iMttiiMII

forttotioalA# ttMmmm of ttawo

Vhm lorn «f ioMblo j><»>hi6li mfi ^portioQ;!*!^ ICw ohmH of

Ibo ONorMlooA oooo oldob oooiiyio frm tbt «giw» ooid^ iMi MtflOAtaoA

Ir br mmoo «f ootoMdtofMVbo of .bMI «•!)«» fM

poUowto ond •r.iMljM ibo aimouliQr oitb tido jJinoidMOi omM Id tbol

Umi oetMi^r of Hi* bXooa owooo woM Oo «o owiXl dMd Uto Mtoor of Otooltt

idoOfOod ^ too fio to |N» iMufnl#

5» Ao t^dio «xo onoertoifkHoo in ^ thiotnooo of Mod tlOM ooi

tbo oModtont ooXmoo of oot tioooo» o tottor mmmwo of tho tijom Oeooso

•il«M t>o to oopmoe thio oo tte dooo iior ooXl lii»toi|d of v^r 0tm of tliioo*

Ttato ookilO iamCbro ooMIOfi Otm tmfmr of ooiio to tbo iwotioiio nothor tboo

ooomrtoi tbo oaoo ood tbioboooo*
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U# 0*0QWMMrt Mrfi tUU (1990) Mali J^KaOtacdUf
ia9» 939

AlMUMi3«r» Ut ^>^m9 *09 XfWg IU^>» (193^) AfvditXsttVlltl't^^ 99»
1143

imxp^ft ^1« aal BimoIi» »«F« (1946) SttdloloDr 51^ 651

Mm$ Mm MM mmiiu, W» (1935) ]^»S«e,Kx9»dM»»wU9 50» 1105

inliy awe* ilMvetaMit uii* «tft UiwiUttU B»0» (1996)
5i» m

Belwafter* L*F» a«a L«61oMit (1940) HnSooriiiologjr* 59> 9

aelMVjer, L«F* (199o) AmU^m$ W$ 149

^wwbmqm^ mo* aoA Mtob* C*&« (1953) l4uio«t* 9* 099

Bwnni* P« (1959) Apemt^ttw * 68» 57

tMiMH* 0*w** UtHpf* mu« mM Ctmaa* 0*V*w» (1990) arit*J*ft«d*t 2li 4|t

BltiiMail* m aim J* (1991) 117* <49

BoMQflEW* 0*11* (1996) BdUriURw** 67f 106

ciMMi#* c. (1907) c*^*A««d*nei«* 164* 1245

GMHifiil Oft nmrmcy asM OhMAatiy (1952) JmAmiJtAmA99»$ 99* 2103

IImmpaa F* (1947) 2iiU*Att*P!^6(io** 22* 17

QilMfftti* C*0** Oooh&Alifii* 0«p*r>* asA PaynA* R*il* (1940) Ihtwrn^ KT* lOi

^1.9»I>aiiA«iili* 1«* fSMMurd* a* mM Mo* (1993) $m
Vtan/aoKk I'nMiA 140*^ tJHiiaiA

nmdtHht i, MS Rtfa, S.H* (UM) 85» m

]am% C* MS BuMnrtlif S* {19J7) imot^t ^
»

FfMioott* X*m MM iSkiMi*# ^ CI947) Mo*0MM':i9»I2<i1iWif* 14* 110

mmm^ f*C« (1947) Mo*0oti#£^Bl6l«MAA* <4*
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ileesnt, n* (19^) Ball«0«ii«re 6m llii^liticd^thiiir^IBNrux*^ lb*5

Mm MKl dwesf Cl95i) fkmammimH Urn ImmmH# 6$ 58^

VmOAmt Lm (1959) Aa.J.Cimr» 55» 385

y>f»uiiMii, 8oboaiifl«ld« UmBm tmA Utmmt C« (1958) 98

WmU-'-%9mom^ c# (1952) Mm rinixm MU Oonftio BiMileirti «•
FIsIms

A* (1988) WmoUmdmm^ S* 8* 50

Grilw* ?«F» (1954) fltr<ilil«ntheMpl«« 84# 311

OffMi C«Jt«9 Omt, P« *11:1 Biohammmt (1992) C*S«Ad«a»Si0S4f 258i 2258

Gvomi» J«» BotorooSv Mlert K«J« tail 0»?* (1951) Aai»2^»iM«l«
i^§ 820

UixnrUt Glomt XUgt r«T« (1950) nttuM 188» 85

nmmriffmm^ 0*i4#* iTntWj P«C*» Obt» T««A» A*B* m8 2Imwi> K»II*
(1930) Pr#ll«l»wt^ nwpM m c14«1m1 »«AiMoti*i8y

PMmo jhitiKWwIerye Oopmlttaitt

0«m (1952) OonfiOfHiilAl 2«pM ftm fUmm

fle»rlqiiMt 0*11* (1955) Pmpav pPtittM «% 7tii liMmsHflNlil Qi«fnMii i2

Bmm (1951) MXaoiliM* 9» 5« 28

fl[|0r5» 0# tioii iiwiaoy (1959) ^vor pmnmmM *1 ?I8
CMgVWMI 4»f

]ioMleir» FA Md lloofe» PA W8jisi*iy

WKKitor. F.t,, «Ukti»wi* ».«. •»« WUlMi^ J.r. {l»J)
11» 12# 80

HoXtf *•»#» Cowlnsi iMl WiuPfMi 9* OftSiMt 110» 918

R« (1955) t^iR«3r«Soo#Mt| 8^ 191

ilngniiiilni <08 Albot» 0# (1952) iliiu 9# 885
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Ziit«matioiiftX OoirtHatoB tm HBdMogio*! Pro%^aiUm (1954) arlt«J*t!»A»»
27» 2^

Zatvmtional Oeowleeloe <m HlKlts (X954) 27# 249

Inriii« D.A. (X93S) 27# 150

JMOibaoii# WH* mA noAMteia# O* (1998) HeAioilosr ^

JedraeJoMiki, (1929) C«7UAM4«Soi»# 108, 1043 toA 1U7

JjpNaiww# Ch« (1999) (•) (4) fHwntaA «% 7th loliffifttUMMil
^ ^ "

J«iim11# J«1c« Mid UMXtfemn, M9 (i944) i»d#Cli»«# 13# 191

KinfMnn# J«# Gvo«t r:«n« taoA Meonr# (1990) <2# 801

Kiag# ilivrls# Md fteoiyk, r* (1901) Mwni 187# 279

(1959) 9wmm WU# 47# 999

LeiMrtcm# L#F« «na 9iivi«it B«8» (1995) WtpFtet fwr _
(kmimmo9 on the SoUne# end Aii^eetlM iWosreshy

£«ip«rt, t« (1931) n«n*iain*FelttMoht*# 44# 1159

UAvw%$ f« (1959) VlMi#Sll«»«^8viMht#i 48# 994

I^itaery 7.* (195B) ieniiMiti 1# 888

l4W&# B# (1991) B|«eti«ii#Bld9h9«i»Aote, 7# 198

I«ri» «# (1995) 1SetMff«, 171# 125

8« (I904) 0wi*e8 OiwMi enS MImsA (1948)

I^oonear# (1954) lii#7*Ttoent#»iMS-«»Ther## 78# 858

WrnimAm^ II» ♦# mu^$ 4#S# end Bette# **!• (1947) 589
IterlltMid# }!«!^^ (1988) 4)eoli«-'«th«t«V'^#i 8# 289

tiHe*ll«ndt (1989) (•) J^#4M#Jleaf4iMi## 98# 488
(h) 7«AHbMhdfliUMMi# 98# 998

ilwrlleiidi 11#^ (1951) 15# 84^
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Km* (IHl) A* Itiieitr or th« niel«ere|!lito Pvoooh**
fhei MMflilUa Oaaviflart ^ ta% ' '

ttitohell» /♦s# (1951) C14iiie»l «ad Mortttoigr ^ th# Sfftota «f
YborotrMHu Icpevt to tluk on • nisft to
tlio yjwoB iotaotoiar

uoooohlii* Wiou» %% «ot r^ioitwi» (1955) j^otfoot la tuAlolfiiyv
«3i 7«r

(1953) Xoaott# If 11^

itoroy (1910) 115i HS

OlHk» 1|» (1929) FQrtoehl,o»(Uaomd*11o«!itt» 497

Orr» c»a«» t^opofft G«n«» nooedele^ ft«ll« mA ^teoaooaooo %% (1939)
aaftMoar* 5o» 570

i^ohiog x^iu ooa RitoMot o« (1934) iii*<i*BaMit«Boa4»fiior«p 5lt 5li

7to«dnM«» lU (1934) iMUaloAr* 91

<^11» (1949) Itroo#l»tr*^«Af 344

Thtm9a»t Aanm^ ^ MtiT* '̂ «0« (1953) Btdlolosrf ^ 173

MMoi> A«^ Hooiont 1* «»l MbIUy'# 0« (1919) C«n«Soo.fitol»t 114t m

A# ond utiWy 0* (1931) aiil»At}o«d«]i»a«» 1CI7» 314

todtf Pt (1999) Xltit»9^(^WN»lar4it i» XlfS

0»U ««fl rifcKslif JM4 (1958) iMaolno^ 17^ 37

mi««^ t«G.» Xtaolort %% mA Mm (1939) MtHosr* IH

aotbutg (1949) !irtt»aoi#»wi»i a* I9i «oi

MUm%^ (1990) iitM 10» 387

RotbIot« «gia (1949) ifotoro lltf 835

%$ Oborllasp 0, Md OiMii^ 14 (1934) l4ilM6Ni4«aoati Hit 809

Qoorllii# a« ««i oiMwrta, a* (1938) »iir»iataH>ari»IOf 38» lii

% (1^0) ir rmo (1955)
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TABLE XX

'iIt ^

X

m

t

PJrtiwBt

5

Sl«t(»(qr

4 3

Bait

<

Tiatia ^

7

Afis-fMlor of
%tamtr»s«

6

SooHoii

9

Sato of
m

10

(Via
ifitro

U

fi la
litro

12

Bolooiton*
faotsr If

13

Estpoouia
of Am

Aa|s

14

tnwlK

19

mr

14 17

* . .m ^. . .

aauvial ISr
ss^ pas aOa.
ia vkm

1 AtldaMm jkoff
l«qr aoivit«4

4»kop^ 1994
X2 lam*sf9sy

laj«<Hklon

7 41 tf#8»

tot 889
r#i9l» D

1954
12 iMMtM

^ Q

0.73 spiosa
Livor

Bone marrow

AUjr 1994 0.29
0.30
as ao1

0.74
0.72

Mtar

1.00
1.00

85
29

r^n
IfTKl

39.71
40.10

4*0
4.0

M
2»QX

8 XaHiDAl Aisitiwr wx
^SOf lioari
•ftaip

'l«|teU«Mi

80 wX tf*S#
ttevotnuit
X«t 811

c

1952
Oct. ,

80| liittii«i\
0.88

/

spiooa
tliror

Roy-1952 0.27
0.51

0.78
0.71

1.00
1.00

4.3
4.8

78U
5436

177.5
115.5

4.0
4.0

4.55
5.90

3 Aiitop«2r ^951
a4iAf»
•f%*r lajto*
tjUM

40 41 0«S«
ttaMotvwit
Batoh I1P4
ldM#VB

1991 14 dais
0.49 CplMtt

iivor
uOQB MUnPOi^

Hlluo hapatio

Dk»#1995 0.74
0.51
0.64

0.39
0.49
ft-V

0.48
1.00
0.74

40
40
40
40

8388
9355
3418
849

' 8.00
11.52
5.95

52.53

3.8
4.1
3.1
5.2

9.99
7.4»
4.18
04054

4 ^iilMiiii ToMtilcotCMor
1947#
tulinr Mft
4jL#piKliMi
1949

88 ol 1959 TORUllS

$ jwmtm
Othirrm
10 yoars

0.78

1.

Oplooo Mdollo
rpioan
ifilun of SplSMI
Uvor
liysphBodo
Tooail
Panovaai

Mai 1951 0.45
0.5?
0.99
0.89
0.49
0.27
ao aol

0.54
0.47
0.49
0.74
0.94
0.74

livilp

0.44
0.85
0.54
0.91
0.44
0.99

8

4
9 ^
49
18

89

544
189
«9

4911
yn
m

0*84
0.75
1.59
3.14
4^5

21.8

5.8
4.9
9.7
4.9
4.8
5.5

m
89.4
••99
9.85
I«rl5
0449

5 I 3<3^ ^ ^ 8pltMM9oil||f
1990# m^t9»
99 I99t

89 •! 1959 12 fSSiS
0.74 Op]e««ii

Us«r
Bcmm smnrav 1

« « 2
Boflo

1995

r^e. 1995

0.?1
0.49
0.98
0.48
ao aol

0.70
0.94
0.44
0.51

ivity

0.94
0.99
0.47
0.55

33
33
40
40

1325
3014

TOO
495

.1^80
13.4
f,4a
•'IP aip

5.31

4.7
9.8
4.8
4.8

9.57
1*54
U53
0.88

wm%
OOfMBlMIgM

Mtow 1949
• MSUW
«ft«r
l«l|90lt«l

8 4l C«r*

9IhhwInmw%

19W 8 soatlMi ^

1

)

i
% .

1

0.78 Oplom
i4^r«r
iUrrcm from fcmx
P4«r
ISMBl
BUus of ISSB
Kidtaqr
nsurt
TTgrRM
I^rmptMiodo

Hair.1951 0.48
0.48
0.59

o.a
0.51
0.47

0.37
0.50
0.49

4
9
4
154
194
154
154
154
154
154

1000

514
171
708
879
813
84
75

118

87

1.00
1.34
0.70
4.13
7.92
4.48
1.45
4.07

15.10
19.95

10.0
5.0
5.0
5
5
5
9
9
3
5

4B.1
^1—a

8.95
8.58 .
l.lQalO^
0.94>10^
0.99410"2
0.37*10^

0.04x10

• / 'V j_.,
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TISSUE DOSAGE FROM

THOROTRAST IN THE BODY

By Prof. J. ROTBLAT and GILLIAN B. WARD

(.Reprinted from Nature, Vol. 172, p. 769, October 24, 1953)
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* (Reprinted from Nature, Vol. 172, p. 769, October 24, 1953)
' <#»

- Tissue Dosage from Thorotrast in the
Body

During the past twenty-five years a large number
* of people have been injected with thorotrast for
j radiographic purposes. Thorotrast is a colloidal

solution of thorium oxide which, after injection, is
- rapidly taken up by the reticulo-endothelial system,
t particularly the liver and spleen, where the thorium

remains practically indefinitely, and only some of its
products may be excreted. In the coiu-se of time the
action of the radiations may give rise to certain
clinical symptoms', and this fact offers an opportunity

' for studying the correlation between the clinical
effects of radiations and the dosage delivered to tissue.
The amount of thorotrast in the given organ is often
estimated from a measurement of the yray activity,

, mainly due to thoriiun-C", observed with a Geiger-
* .' Midler or scintillation coimter®. Since, however, more
^ than 90 per cent of the total energy dissipated in

tissue is carried by the a-particles, which have a very
* short range, it is clear that a quantitative study of

the radiation dosage requires a technique employing
microscopic analysis. Furthei-more, it is known" that

* , ^ thorotrast in the body forms aggregates of size similar
^ to, or even greater than, the range of the a-particles ;

some of the energy of the a-particles is thus absorbed
in the thorotrast itself, and in order to determine the

^ energy dissipated in tissue this self-absorption has
to be taken into accoimt.

We have studied this problem by using the tech-
, j nique of a-track .autoradiography. Histological

sections, 3-10 p. thick, from organs containing thoro-
* trast were obtained and used to prepare autoradio-
•!. graphs by means of Ilford C.2 nuclear emulsions.

; • Two methods were employed : in one, liquid emulsion
* was used ; it was poured on to the mounted sections
* to a thickness of 50-100 p. and then dried quickly.

In the second method, C.2 plates were placed directly
in contact with the sections and exposed under light

» pressure to ensure intimate contact. After the
» required period of exposm-e the sections were pro

cessed in the usrial way and the a-particles observed
* - through a microscope.
» In order to calculate the tissue dosage it is necessary

• to determine the radioactive content of the section,
that is, the activity of thorium and of each of its

* a-emitting products contained per unit volume of
» tissue. If the section were infinitely thin the various

radioactive substances could be easily identified by



' i.

ihe length of the a-partiole tracks in the emulsion.
With a section of finite thickness the length of track
observed in the emulsion is shorter than the true
fange ; even a single radioactive isotope in the section
gives a continuous distribution of track lengths, from
zero to the full range. The shape of this distribution
curve can, however, easily be calculated. The
measiuement of the lengths of the tracks from a given
area of the section thus makes it possible to determine
the radioactive content of the section. Furthermore,
by comparing the relative amounts of radiothorium
and thorium in the section with those in the thoro-
trast itself, it is possible to deduce what the radioactive
content was in the organ in vivo.

The next quantity necessary for the detei*mination
of tissue dosage is the fraction of the total energy of
the a4particles dissipated outside the aggregates from
which they were emitted. This can be calculated
from a measurement of the areas of the aggregates
in the sections by means of a square eye-piece
graticule. The thorotrast shows up as yellow granular
deposits against the blue-stained cell nuclei; the
accompanying photomicrograph shows the appearance
of some large aggregates, together with a-partiele
tracks recorded in the emulsion. From the observed
distribution of aggregate sizes it is possible to calculate
the fraction of the total energy, F, from all a-emitting
substances, dissipated in tissue.

The average tissue dosage is given by the ex
pression D = NFF, where N is the total activity of
the organ, that is, the total number of disintegrations
per unit time, per unit volume of tissue, ^nd E is the

M.? \ jJtM A^'J- ' '

PliotomlrroRraph of liver sertion showing large thorotrast
aggregates with a-partiele tracks
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Tissue DoUge to Various Organs

Section

Disintegra
tions per
min. per

mm.'' of
tissue

N

Percent
age of
energy
dissip
ated in
tissue

F

Effective
energy
of a-

particles

(Mfv.)

Energy
dissipated
in tissue
per min.
per mm.®
of tissue

D
(MeV.)

Tissue
dosage
(rep.
per

week)

Spleen
(interior
portion) 260 1-8 .5-33 24-9 4-8

Spleen
(exterior
portion) 28-2 26-5 ^•68 42 5 8-3

Hiliim of
spleen , 12-3 29 -2 5 05 181 3-5

Liver 12-8 56-3 5-80 41-8 8-1
Lymjili-
node 1-45 81 0 5-33 6-2 12

Tonsil 0'40 66-6 5-88 1-9 0-4

'effective energy' of the a-parficles, which is related
to the radioactive content of the organ.

The accompanying table gives an example of the
results of such calculations of tissue dosage. All
figures refer to one patient, who was given an in
jection of 22 ml. of thorotrast in 1938. A splen-
ectomy was performed in 1949 and biopsy samples
from several other organs were taken at the same time;
the autoradiographs were prepared in 1951.

The figures in the last column of the table give the
tissue dosage in rep. per week. In the organs which
took up most of the thorotrast, the spleen and liver,
the tissue dosage was of the order of 8 rep. per week.
Assuming a relative biological efficiency of 20 for
a-particles^, this corresponds to about 160 rontgens
of X-rays per week. The accepted value of the
tolerance dose for whole-body irradiation is 0-3 r.
per week'.

If all the products of thorium remained in the
organ and if the thorotrast were mixed homogeneously
with tissue, the tissue dosage to the spleen of the
patient referred to in the table would be expected
to be about 40 rep. per week. The greatly reduced
dosage-rate actually observed is partly due to an
escape of some products from the organs but mostly
to the formation of the aggregates with the resulting
self-absorption of the a-particles. As a consequence
of this absorption the tissue dosage is not proportional
to the concentration of thorotrast in the organ. Phis
can be seen clearly when comparing the values in
columns 2 and 6 of the table. Mobile the total activity
of the various organs, which roughly corresponds to
the amount of thorotrast in them, varies by a factor
of 500, the tissue dosage delivered to these organs
varies only by a factor of about 20. The process in

•• • i
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the body which produces the aggregates, probably
of a physico-chemical nature, acts thus as a kind of
compensating mechanism which results in a reduction
of the radiation delivered to tissue.

The tissue dosage shown in the table represents
average values for the given organ. Actually, within
each organ the dosage is distributed non-uniformly.
In most organs the distribution of the thorotrast
aggregates shows the presence of a large number
of small aggregates, of radii about 5 p, and a
very small number of large aggregates. These few
large aggregates contain a considerable proportion
of the thorotrast in the organ, and despite the
self-absorption they produce a very intense tissue
dosage in their immediate neighbourhood. On the
other hand, the numerous small aggregates produce
a imiform dosage to the whole organ, which is several
times lower than the average value. The dosage
delivered to tissue consists, therefore, of a uniform
radiation of the order of 0-3-0-8 rep. per week, with
a few hot spots in which the dosage may be fifty or
even a hundred times higher. The significance of
these results on the occurrence of clinical symptoms
of radiation damage has yet to be established.

Our thanks are due to Dr. O. M. Henriques, director
of the Finsen Laboratory, Copenhagen, for sending us
the sections, and to the Medical Research Council
for a grant which enabled this work to be carried out.

J. Rotblat

Gillian B. Wabd

.JatcA'Jh.,-

Physics Department,
St. Bartholomew's Hospital Medical College,

London.

July 17.

' See, for example, Hughes, B., Proc. Roy. .toe. Mnl., 46, 101 (lO.OS),
wlicrc further references are given.

8 Ward, A. H., and Jensen, 1'. G., J. Sci. Tiislr., 29, 181 (1952).
Jiloom, W., "Histnpathology of Irradiation from External and

Internal Sourcolj", 543 (McGraw-Hill, 1048).
* International Ilceoinmendation on Iladiologieal Protection, Jin't. J.

RadioL, 24, 49 (1051).
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