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,A. :IN1ERACIIYI CDMPU1EJ G~APHJC8 aI8~~ 
'01 '~'-J) l''tONatRUC'IJON rAO" 81AJAL SEC'JOI'I 

:AN ~APPL1CAnO. IN 
f 

'.vnU Outt .chl,UI ..... nl. ·!heal. 

O.pt. ,ot 'i~ect~icll 'lDoine.mino 

,MCOU1 'UJ\i".raltv 

hS'I'ACf 

'Ihit tlr.elt1 •• '4 •• 01l1b •• r •••• rch to dit. ,\on. ,co.put.r 

ba •• d IYI~" tor tb. Inlly.1' ,o~ th. oro-th ot Ipul.onaty a.· 

. tl.t.,le tUIQr •• , ,'11'1' oo.p"t.r ',It •• Ip.r.1UI 

1. Dit. ICQui.itlon of ._~1.1 l.ct1onl. 
, 1 

. 2. ,A ..... ly (lllQn •• nt) .of .Ialll IICU,OIlI to Itof' 1 

I~OoIPut.r aodtl- of ,thl .lune. 

1. .lh ••• dll,".tonll '~'~Io.co~ic .t.play ~ot the ·lun, 

on 1 .'Qr',I.tu~e 'trl1ft.l. 

4. Qo.puta'ion .ot Oh' ,.01ua. and'.uriac. ami' .ot ,the 
1. 

ttUI'1 ~o'v~t. ,ln·th' .lune, ·Ih. jint.r~lIodul. dl.tane, 

, •• C"tl ,cu. ~lao :Il. 10"'."', 
.1. ~1,.,l.,iQft\.è , .... tlh' •••• I .... 10".1 lraftdol "a'tt»ll , 6 

01 .io.,' .oC .t.lot ~ ••• )~.\in,'b •. 1uaO • 
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1_~1.1 •• ct,lQnl.n9 edf.cta hl.lr'fno ,r,lccm.truction .of 

•• t •• tltle Q,olth hl" ~.ln,1d.n'I.1Id and CODllctld. 
1 

'."."Int. "'1 conducuecl to .tud, thf .~o,th of 1'· 
1 

tllt.UC tUIOU in lou.e lUnl. ,rhe ,colputer .,It ••• al UI.d 
\ to ~'OODltruct tb'.lunOI undtr Itucly end :pttIQ'1 'quantitl. 

~1~1 enllyal •• 

't1d."C', ,j.lul$ea',... thlt t1'l. t~I!" eth •• lonll .p.'tll 

dlatrlbutlon of tUlar .n04ule. lin aou.. :11n9. .ay ,be 

non",rando •• 

'Itltr ••• re -ide dit •• llincl. li,n t1'l' .1.. .of tUlor :no

dutl. ,in tb. lindl.idu,l lun,. Il .'11 Il ln dit •• rlnt.luno •• 

th •• t •• ,0' ,pII!.nChyI'l ,tulor ~odul ••••• luOh .1.l1er ,thln 

· th. It ••. 01 ,p.llpb"al tUlor lft04uJ. •• , 

,'b.,co.put.r 10It'.Je d.,.lOP.d,~,~. ,,.IAee.lnt. an .11-. \ 

·porCant •• ObOdOlo,icll JalltlkthltouOb .in tbe ... 141 ,ot ' •• p4Ull-

'.ntal,oneolo", 
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RESUHB 

C.tte thia. dlcrlt le travail fait juaqu'l 'ce jour sur un ayatille 
l, 

comput'ria' d' analya. de la crot •• anee dee nodul •• de t,*-ur. 

~Daire.. C. syat'-e a .. tat' par ordiDateur peraet: 

1. L' acqui8ition des donnle .. die rivant de .. a.ction. pulaoaa1r .. 

2. 

~. 

1 \ 

4 • 

• ucee •• ivea. 
1 

L'a.sembla,e (et l'alignement) de aeetitn •• ucce •• iv.s aux fins 
& \) 

de stockage d' un 1IIOd~le computlriae d.. poUlMma. 
\ , 

La reproduction d'1œa~e. st'nlo.copiques tri-d~.loQelle. de. 
1 

poumons sur Icran gr~phique a mlmoir •• 
- 1 

1 Le c::al-cul du volume ,t d. l'aire de la aurface des nodule. dan. 

les poumons. 

Itre calculle. 

La mattice de. diatanc::e. inter-nodulair.. peut a~.i 
1 
1 

,1 
, 

S. La aimulation d. patron. tri .. dbaeuaiou.n .. cle la croi •• ance de. 

~eur. dana 1 •• pou.oaa. . ' 

Le. di.tor.ioua intrOduit.. dàne 1. reconatruction d.. t.agea par 

1 •• artlf.cte provenant du d'c~upa.e out 'tl identifi'. et corri&' •• 

De. «zplrienc •• ,ont 'ta rea1i.I •• pour 'tudi~r la croi •• anc::e de. 

tuwlura au stade d. la lIIt •• ta.e dalla le. poUllOn. de 1. sourt. Le 

..,.ta.. a •• t.tl par. ordinateur fut utili., pour reconstruire les pou.ona 

etudia. et pour effectuer d •• Itude. quan~itativ ••• 

La. r •• ult.ta da cette Itude ind1auent -que la distribution trl

dt..p.loaelle de. nodul •• u'.at p •• un*qu..-nt allatoire. 

\ i 
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ne. dUferue.. importante. furent: troma clau 1 •• di_Ddona 

de. Dodule. localiala dans un poumoD ou daDa da pou.ona diff'rent •• 
\ 

La taille d.. nodu~e. d. tU1lleur. p&retlcbyMl.. 'tait beaucoup plu. 

petit,. que, la taiUe d.. nodule. plr:1phlr1quea. 

Le lOllc!.l developpl aux ~. d. cette Itud. repzt ... t. un • . 
parc'. "thodoloaique importante dan. 1. do.ata. d. I t ODColoai. 
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My line.re . thankl .re du. ta Dr. Lion Glel. tar hl. 

Ixpert Qu.idance of tM. projtct. 

1 •• Qrltetul ta Dr. ~ullln p~octor, AllIQhtny Gen_ral " 

Ho,pital, Pltt.bU~Qh tor tht benttit of .any frulttul dl,· 
, 

eusliont". ,Ke undertook tht 1nocullt.lon of the .1ct wl th 

tUbor etlll end tht hlstoloQieal pr,eparltlon of the e.cl.ld 

lunOI. 

lhe lunQI .ere Ilrlally seetlontd, .teintd an4 .ounted 

on microscopie .11d •• by Mr. Maroel Anto •. of the Dept. ot 

Patholooy, MeGtll Unlvtralty. 

Pr.of .... ar A. ,8. ,MIlo.any OIlI.tlY .alilte. in ,tht 

oraPh1e. dt,play aaptetl ot the co.puttr .ystt.. 1 benelit

Id 1 ••• n'.lY frOb hl' '1" coun •• l. 

'lb' 110 •• dJCll 'In'~ft"lln, unit .(o.puttr 1~ltf r."P~d

.t. p~O.,tlr \0 ,our •• nr ,n •••• and ,ptoVl"di •• cllJent IUp· 

pott. 
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1.1 Mat .. t,tic Crowth. 

1.2 , ~tit.tlfl lfttbod •• , 
1 

1.3 ' 'l'bne 1) ... t~u1 IIcoutnctlOil T ..... 1. 
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4.1 Introduction. 

4.2 latloaale. 
• 0 

4.3 Materiai. W Hlthoù .. 

4.4 lluu1t •• 

4.5 Diacua.ioh. 
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A.l The Prlury' AM Sec.oacluy 'Ue. 
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1.2 ~tlt.t1on ,01 'the 'qI_ And Surface Area 
, 0 
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1.2 eo.pntlat01lc Irl'O~ Alcma ~. Ad. 1oruI: 'lo 
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There haVI bIen lev.ral Itudles Of the initial Icepi of 

hematoQenoul d1.le.lnat1on of tanter cella ln ani.al lodell 

(3,7,42,47): It has been po.aible to ànaly.e quantitatlve

ly the arrlat of tu.or cells ln tapillary walll .of va.cular' 

bed, , and the Ibll1ty of theae cells to traver •• the capll

lary walls to lnltlate tu.or no~(tO,24,25,a6,4.). the 

proUferation ot ar~elted tUllor celll .-~.I dep.en~.nt on fac

tOfl of nutTltlon! and 1 variety of h~st fac~orl lncludln; 

Uctor (12) , tUIIlOf .blo.od supply 

(11,16,42,46), l.mune re,ponse (29). the control ot VIStU

larilet10n .of tUIOt ,nodules, la _ell es the pOI.lble lnter-
l 

act,tGn betn.n the va,set1ar supp.lV and other 10CIl environ-

lIental tacto.rs .h1ch may influence tUlor ;ro.th are pOQrlY 

underatood(1,9,l2). 

1 ha~e Itudled thë thr.e dl.en.lonal .pltlal dlstrtbu

t10n ot tu.or nOd~lel ln aOult lun; produc.d bylntravenoui 

inocullt1on ot tu.or cella. Evidence ItronOly indic,t •• 

that ,the apattal dlatrlbutlon ot tu.or nOdults .1n louae lun; 

tl non~r.ndo.. th. 'pattern ot QroMth CID .elucldate th. 

proc ••••• lnvolved,ln t~. oro_th ot tu~orl. 

1 
1 \ 
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ttt. :nuab.r and al ••. of ,tuaor nodultl ell' 1 •••• nt~~l _L'~~ ___ , 

••• t.ra l1ft th. 'Q~.ntit.tlv •• n'ly,ia of i.otorl .flectlnQ 

•• ta.t.tlç Q~owth. -Guantlt.tlon Of th... lP.r ••• t.r. -cln 

provide .inv.lulbl. ,lnlQrlltlon .in the Il •••••• nt of ,verioui 

trelt •• nt aOd.U,tJl •• , 'IUCh Il ,t.dlation th.rIP'. ,eh.lothera

'p, I.to, ~aucb deterain.tlon. e~. ,n.o •••• tylln the analyal1 

of k1n.tlcl lof ,tulor O~o~tb (31,1') Ind \11'une In •• ponl. 
-----"'----~~ '-"-' \~ 

(4,39) to .etl.tatic oto.th. • 

A IYlt.llt1c InllYll. ,of III •• rlI1 I.ctions lof ,In 

oroAn ,(with dlIP.r.td tuaar ,nodul •• ) .11 'n.o •••• Cy to deUer

alne th. tnuaber and Il.e ,of ,th. ·tUlot -nodul". 81nee ,th. 

countlfto and IlalnG 'of tUlor Inodull.1 lia 1.bQI\10UI, •• verll 

inv •• tioltorl 'hIV' de,elop.d epArolia.Ulon t.chnique •• 
/ 

" 

".xller (<tU, IÜ ,tQnductiln9 "xPIllia.nt •. on aoult .lune, 

,ln,.CC'd ;ln~11 .ink ,1nto 'he tflcne,lto.tdlfttiiYPul.onery 

•• t •• t..... :,tUIQt "'OdU"".on ttte l\lft.Ct oi ,'1'1' lun9 .'lIt 
\ .... 

-- -tUlor ,nodQ~.' tnot .on,cn •• Qtf.ae,ot ·th •. llft".'" .19n.~.'. 

L .... tet .1. U') .. ctionect 'h. )lvtr. and lu" ,of 

ir .... t. lln, •• l$oel'a •• ·'hlc. andle ••• lne,.'ht •• t~.t~ •••• 

1 
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the volu., ot an ,eQulvalent sph.re eo.putto. lt li likely 

that exlrealy SllaU tUIIlOrs Ilay have eseapeo detee:t.ton.-l 

Me119ftn 8nd Ba_ryo (4) a~apted •• ethod dtytloped by 

'-lekseU, (U, .. S') to quantltate the nu.ber and a1~. 01 any 

~ structur •• (Iuch al tu.or nodules) ln an or~.n (Iucb e, the 

, 1 

lUf\Qc). 1h~lr lIethod Invol VIS t.he t)t.l'ln.tlon Of a 1),1.1 ted 
/..... "1~/-\ 

nURer-of--sect1ons eut at arb! tran levell thrOUQI"I ,"the 
1 

orQln. On the allu_ption that the turor nodules art aph,rl-
.= 

eal (or el11pso1dl) and tnat they are unltoflly àlatr1but,d 

thfOUQhout the oloan • eDlPir leal. tonul.e .u~rt ';dtveloptd to 

quantlt.te the number a~d slze ct lle~&taSes. 

Knato et al. (19) used the .ethad devtlOped by Mell

gren and 80eryd (4) to quantitate the nU.ber and 11ze dll-
\ 

tr1butlon of letest.ses ln lunql of tats. wood et .1. '4&) 
\ , 

UI.d • ItChOd developed by I.ide.n et al. (47) to stUdy th. 

relat10nlhlp bet_e.n let.st.tle: tu.or .1z. Ind the nuaber of 

lunQ .et •• t ..... 

the ln1tlal ·'fedlno' af tu.or ~Odule. ,là cona.td.r'd 
• ~ D 

non-r.ndO. for •• ~y type, Of •• 1~.at cell,·tll). AllO, it 
bal b •• ft tound tbat . .o.t puXaon.ry •• t.at ••••• re loceted on 

01' ne.r t.h. aurt.Ct o~ the 1UD91 t29Je/ c~n •• qu.fttly .. ,' .~IU. 
abl' quant1tative •• thool ~ould leld ta .,.t ..• tiC .rror. 
'~ J 

" ' 

,-
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r 

on a.IUlptlonl that I.Y ~ot b. tenlal" 

Jt ,ta ,d.C .... ., to ,.0U.ct lyn ••• Ut dlU ·'~0j.,n1n9 
Otowth ,ot I.talta~ic ttU'Of ,nodul •• Iln an att •• pt ta analY.' 

th. ·control l.chani.J. rr.,vulat~nv OIO.th. l 'have dlvllOP.d 
<, 

a ·colPuter ~a •• d .y.t ••. to "econ.truct an IQrQln·tro. ,lt • 

• IUIl .. ctian.. ·'IIi' ·nu.bU and .1 •• ,ot tu,ar lnodull' .ay 

bt a.c.rtaln.d Ica~~.ctl,. '1n addition •• tIlD" dl,enllonal 

co~or .tl~eo.aoplc -dil'lIY ot tht luno,"Y 1110 bt ,obtlin'd. 

Thil .y.t •• len.blel UI to ,clrry ,out .tudl •• :r-el.tlnQ to tht 

8101o91.t'ha~e Ipartar"d thte. dl.en.lonal Ir..aon.tru~· 

,tlon. lot .~ructuD •• ·i,:o. '11111 •• ~'lonl iQr IO~lr a \century 
,.< • 

CS4),' '1Itly I.t'a~t. Ulu.llY ;~ •• ult.d lin th. IQI.para'ion .of 

:phy.&c: .. 1 IOdi11 ,Qr I~U.t.· dra.lnvi iof the .'ructvatll Qnca,r 

Itudy, lOf loutlSift ••. ot ,th. '111'1 •• etlioft. .,11' car •• n .an 

,tranIP.eent Ine.ta. 'It ,il dlf.leult ·to obtain 'quanbit.,t.t 

,'nlor •• ,iOft,.,o, I.oh·'.oonl~ruotlon •• 

.... r.l ~'n ••• ,j,.tQr. til,ao,aa.!l,l'.") in.v. .tullnld 

"0 ·co., ••• r ."ChAi, •••. ot IlIlconi.ruoe'o.· •••• ".,aal '.te-
~ 

.'hI •• Ji.''''U~ll.t ~i. 
d 

(22,11) .... ·oo ..... r w.oon~',uc-

,-

- 1 

'" 
'.' j', 

1 

.1 
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nll. 'R.ddy .• t al. (15) d •• crlb •• ,co.puter IYlte. 1~1 th. 

rtcon.~ructlon and tn.1YI,1 .of neuronll· Itruct~r. ulln; the 
~~ , 

Iplcl!ic IIX •• pll Of th. ,loblttr I.I •• ,rlt IYIU ••• 

, -
~tcQnltructlQn .01 ,thr.. dl.enllonal Itructur.l. ·er.o • 

•• ri.l '.ectlonl ln~olv •• dl.pllY .Of thf.' dl.enllon41 '1nlot-

.aU,on :on 1 t.o est •• n.lonal ,pline • A virlet Y tOf technique. 

1 • ' 

,1.' to 41"1.y "~'r.l afthoQonal ~lt'l lueh 1. the pl.n 

.tltVltlon and .tetiontl dra.lnQ" .Ho •• ye" lit \11 dlUlcult 

to cototive ·colplic.ued .truetu~ •• e~o. lueh v~ •••• 

, : 
'r' ...... 

iAnôth_r alt.nnltl~. .1. ·P«r.~.ctl~. ',J.. d!,plIY, 

, 

Dltttl\tnt typ •• lOf .,ptlllptctht .vi •• 1 ,eln bl ·cUlpll,.d, .ta, 

.lr.·lr.... , .0utl~l1' Ind .nldld vi.... "Ch lof .the •• ,1eton-
" :niqu •• Ipltodua •• a 41ftlllent t.l.uI1 ,tUtct. 

"0 al.ulltt dlptb t~n·thr.e. dl •• nllonl1 ·pICtUIIII, dlptn 

·CUI' lelD ,tit 'J'O,lcl.d l~n l'tllloUI 'l". 'R'.OVll .of ;b1d4_ 
\ 

11ft"tGr .btd •• n Ivre.c"li •• vlry :.'''ot'v •• tlnUenl'tY·CUI', 

Min.tic ""'lb t.tilet 'f 1n4 .C.,I.OIOOp" l,tt.cl .1l1 .0.1 .of , 

... ~.o.o •• ,c l' .... ",octUCt an ~io.l~ .. t I.ft... '.llen

.10nll le.it.t. .1.0 '"rIPecitv. i'.'" l.t.thl, .. ,e.t ... 

/ 

-. 

,- .r' 

" 
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~r~wn: one vte. tar the 11ft eye and a rlght 

Iye. the perspective vlews ar,)gener~te 'apPfoprlate to th. 

location of .Ich eye. lng to .elch .ye , 
o / 

can be d!t,ctld to the approprlat, Iyl by ,.Ian •. of Itereol-

copte y11.lr.. fUllon of the t.a Imagl' ln the br.ln Ire-
, 

IUltl ln a three dlmenslonal'vlsuallzatlon al th. opject. 

, ~ 

stereoscopie displays (stiCk JOdels) have been extln-

s1velY elllployed ln tl'le stucSy ot .tne lIIo1eeulu structure ,of 

organle molecules (5,21)~' hire-trame stereoscopie plctures 

are cpJ~onlY dr~~n bY topographers. 

0' 

~Ivllthtless, ta the best ot my knoWlwdge, w1r'-fr •• , 

.tereolcopie di'Play ot reconstruction tro. s,rlll sections 

- has not been Itte.pted. 1 have developed an .lnteractlve 

computer grlph~c' Iyste. (Lung sYltea) to .reconltruct an 

organ (contalnlng dltflrent structurel ,lthln) fro. Itl .er

lal . lectlon.. Stereo.cople w1re-tra.e Plcture. of the -re

con.tructlà 6rgan can bt dllplayed on a Itorao. tUbe tIrai. , 
~ , 

nal. ln the tol~~wlnQ èhap~.rl, 1 pre •• nt detaill on varl-

OUI .,pecta .ot .oftl.r. üeveloped for thi. 1,lt' •• 

Chapt,r Il lntroduce. the Luno ay.t... 1 d.,cribe the 

dat~ acquilitlon ,y,t •• and proorar •• rLtten to tranlcrlbe 
\ 

pertinent data Irol hlatoloo1cal Illde. to'the'data ba.e, ,on 

tbe Itoragl dl.k. 
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ln ,Ch.pttr .111. II dlvlloP thl aloorlth. '0 lperior. .the 

a110n.ent .o~'fatlon lon,thl Ihl'tolooical 1114 ••• A10Qr.ith.' 

to ·ce~ry tout ·th. ln.d •••• Jy tranlforlationl .on tht date ba •• 

to dt.~1I1';thl It.a.o.co~ic 111aQII 'on a ItofaOI .tubt tlrll

nal) .al 4.,arla., '. llOQ~lth.1 '0 •• trect ·quantltativ, 

data luch t' VGlu.1 end aurfaci .~ta 01 tUIQf .nodul •• '~I 

allo Ral •• ntld • 
• 

I$nelly, Chapter IV d •• c~lb.a '.Plrlllnta.condUCu.d ·to 

Itudy ·th. Q~o.th :0; tUIOf .nodull •. 1n thl upp_r ,l.tt ,lOb' of 

10UI. ,1unO;~uantltatl" data Ir..qu~a.d tOf thl enalya!. ,ot 

.thl'I lllp.nil.lntl .a. 'obtalntd vith ,thl ald ',of thl Luno ay •• 
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.Ihl. ·CbapC,r IÀ~.'eDt. afttov.,và •• 'ot ,tbe ~~, ·.r ••••• , . 
- 1'''~ 

lIt. ,tuncaion.l 1~.OQi.e~ti .~e·.ir.t ,.ejine •• ' .tbe ,operat-
. / ~ . 

llft'{'ft.~'Oft.eDt,cOn~"lft.\O~ ,tbe Ico~put.r b.rd •• ~. ~d""-
'c ••• o.t •• ~. az. ·detatled. Itb,jQ.lno~pl ••. Qftd.rl,ih, data 

.0, •• as"'Oft ud ab. 4at. ~ ... , ,oonlt.tat". ,oi '''e I,~'t •• 'r ud 

•• coadarr,at ••• ale 'de ••• ~ ••• 
.... 
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LUAI,i. ·,ne ,C •• p~'.r J,., •• ~80.,~a ••• "~9 .. ,.~o,.d at 

th. .'oH41ic.l 'ln,in ••• in9 'Unit. ,Mclin Uni'.rilit'. ·jor ,th. 

,'h •••• ·dl.an~lon.l ".cOD.truolion .oi :.taln ~iD,.c,.d ~)o. 

luno .Sth •• , •• t.tic tuSOf ,nodul'" ,to .abJ'" th. 90all 
\ 

,~bpl,.d ,in lo-.r IIl •••• l'ch \..,S.e,'o. 6Crr,p'~r lU, '''11 "",. 
" au.t ••• t •••• r.l 'IVRetiQ,," 1~.qQ~~ .. lftt., ,lPecl.iCll1r, 11t 

.,'U 

t. aoo.pt ,Ud ItOIl' ,th. 10utU.n •• 'of· ,tb' .lu"o. .tv.or 

nodu~.. and 'h' .llon.tnt •• rkl 11n th. ' •• o,ion., , 

I~ 

2. • •••• bl. lU ~thl .te'loQI 01· ,thl ,1\l119 .'o,.' ... r\o 

led,r., •• ·e •• 'lel,thll".dl •• "aio611 .Odl1 10', , .... lIDI 

and.'ne ·tu •• r ~odu~I" 

' •• tl •• rl.ttm."i •• d ,q~&6'lt.,a .. ,ifta., ••• loft 10ft .lb. 

'.~l~ .•• rut'\I'I' ~b ". ' •• ~ ....... 

:1. • ...... li." . ~OOI" .'0 • I".,i~. , •• r ,tar .. ~.' loi 

·io"t~.,." ' • ...,.Ir~ ... d~~." ... ,oa •• 
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,'h' \Qroant.a'lon 'of tb. !ynetlanal unit. .'Ch rl"Plet 

to tIM dltl bIll 111 d'Jl~ct.d .ln ·lio.3.l. -',Ieh funel!onal 

Ynl~ ·1 •. looiell, ,ineS.pendent ,of th •• othlr and ,oper.tll .on 

th. dIt. :b.... AlI tQroQrl" ,conoern ••• lth' d.t. lecaut.$tlon 

l'I.ult .1n th' oener.otan lof l'CO'Plct datl b •••• 

"h' .Lun; ,8Y., •• , 1. lit .tlndl todlY I •• t •• 11 th' .t.t
-Id ·lIteau,,., •• nt.. ·'1h •• ,.a •• 1. ·lntser.eti •• , Iln.yr."'o u •• r 

control .t i.~.ry ,eruol'l .t., •. , u 

'lhl ~Lun, SYlt •• :11 Il.pl'.ent.d Ion a PDP-UJ'JO 11d100 •• 

put.r .lth 256K .byt.. ~f ICQ~' Itor'OI and .1. brt •• -of 

,on-11n. "11 Itaraoe (DIC 'RPO.). Oji-11n ••••• ,tOf.O' ,con

It.tl lof ila.-OOIPlttblt floPPY dl'kl. 'hl IQIOlnlllcion loi 

the' lidloo.pytlr Ind \lt. 'per.ipherll. ,1. dllpl.~.d lin 

u.,.a.~·. 
1 

\ 
Hl,h 'P"d ,2'kc~onil 401 •• torl'. tub. ·O.rainl1. .1. 

~.td 'Ior . th. di"l.' iot th' ••• " .. n.lon.l ,pletu, ••• 
IP,r.lnanc ,OO.a.ltOf th'.t ,pIot,m •• Ic.n •• tobtlin.d Lon 1 

,raphici lhlrd -Qop'.r tltktJonll ,4111). COlQaed I.AltYlt, .a, 

,b • .-taln.d.oD ,'h",i,ltal ,.lot'., Ct'.'fQniÎI4"2), 
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The BUaonica Digiti •• r i.,cona,c~ 2.2. to tM 
" 1 

PDP-11110"thrOùgh a .~~al 
, 

interf~~. '!bIl 'D:1~lUl 
, 1 

l 
... ·~l 

Plot..tu-
t. ~ Il 4 ~ Il Q 

(~t:rQQix '4662), cu }Je u •• e! to obtaiD 
i r. 1 04 0 t. 

:. ~ ~ 0 ~ l 0 • u 

cOlored, p:1ctur.~ 10 'Tb. *tO;J' ~~d copier fRni.a.a 
1 t. ~. 
, . " 
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pez'llanerat 9opi46. ·of tbi .tara~ tube cu.aplaya. 
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lntertaced to the PDP-llI10 (tl0.2.1). The a11de to bt dl-

oltlze~ 11 mount'd ~on the projector. the projectar lent 11 

adjuated 10 that a w~ll tacul.ed and .aonlfled ,projectl~n of 

the .ection la obtalned on the tablet. The outllne of the 

contour .ay be, tuced ullno the 'pen' (the Up of the aUd

lno au) •. By preslln9 a button, the position .of the pen .1. 

tran'Il'ttid ta the eo-.puter Ind dl'Played on the CRf ta pro

vide 1 •• ediate teedback to the uaer. 

The PDP-ll/l0 !runl under the RSX-IIM VOl OP.ratino ay.-

11 written ln the PDP-ll FORtRAN IV PLUS l.nouao.~ PEC JUp

plied oraphlcs SOftware packaOe (PLOT-IO) 11 uaed ta dlr.ect 

,oraphle output ta the Itoraoe tube terminll.. the 'sctent1f-
1 

le Subtoutln. packaoe (SSP) ha. allo 'been used lextenalvelv. 

2.4 Data Aoqui'ltlon And Data Bise. 

-
The PIUPO •• Of data acquUltlon ,II to ex14ract ,relevant 

data troa l'Ich "ctlon tar U •• by th. allon.ent .nd dl,play 
1 

Plaor ••• , ,'1ne rtlevant intor •• Uon conallta .of the boundllY 

ot the lQno, tQ,or ,nodUle. Ind Illon •• nt ,.rka in ,eaCh l'C-
"-~ 

tton, 'lh, bound.r.le, tQr ,contOQfl) .ot .t,he., l'ructl,l,,e. ar.e 
". 

ap~rO.l •• t.d by 11ne .e,.ent., end 1nternallV \~epr •• ent.d •• 

th. coordinat •• 01 th •. tnd·po~nt. of ,the line 'tQ •• ntl." 

d 

1 

---~ 

• 
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Pige 2.3. TIl. hi.toloqieal .lide i. mount.cS on th. 

projec~Ol'. A magnified (21.36X) image of the èontOUl' 

on the tablet cau bit d19itiaecS. An in.tant di.play 
\ 

of tlw contour can be ... n ~ri the di.play terminal • 
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.tQf.d lin '.0 dltl 

1 •• conet.iy d.t.'tl~t. 

tht coorcUn.c •• ellt &toll.d Sin th •• tconetlry etetl ·Ul.. ,Ihl 
1 

prl.lry etlt. 'Ull. let. 1. a tlull." ot ,contenU to th. I.con-

dary, dltl "1111 ,by Qi'dnQ th. Iddrl"lor locltion lof lal1 ,con

to~r •• to~.ct lin thl 'Iaondary eill. 

the JIUll •• ry dltl ,lUI li. orQlnl.ld ln tlrl' .0' IlIlcord..,\ 

'Ieh ill.cord ,btino 1'11Qft.d~to •• ptaitle .Qructull. 'luno. 
1 

tUlar Inodulll.or auon •• nt •• rk.). ·'1h. ,r.~oord Inu.blr •• "U
citlY 11dlntl'*I. 1 .eruetur... ,trOf ,thl .aM. ~t ·conat.tanev 

th. followSlno Inu'.rll 11119n.lnt. h .... b'ln ,cholen. ,,,.cord 
, 

,nu'blr' 1 ,2, Ind 3 art 1,.10nlct to th. Ûhll.' 1110n.tnt 
1 

.arkl' illloord ,nu'blt .. to thl lung, Ind lub.tQulnt 'r..cQrd. ' . \ 
\ . 

ar. ..'19n'd to th, ,tuaor .nodu~ ••• l ,A ,,,.cord, Ip_rt.lnll\, t.o 

•• tructull. III.oord, tht .ddll •••• ~ ot III ,contour. cOlpoaino 

~lt. ;"'1\01, ~n, 111t\Of III ,oon~oqr. 'ln a "tUCtu~' ·ean b. 

,conv.ni,ntlY ,~~ •• d~of,; -er.ol ~h' I~Qond.ry dit. -'11'. 

.Q •• illtOOrd,in ~h. 1~~l.ary dlta 'flll .1. I~ ••• r.,.d ,to 

.,oe. .ib. l.coord~.C. lot ~.11 lhl •• ctlon. ,colPolin9 th. 
~ 

,.1,",'. 11ft .d.Ul~n. ,th. lv.,r -'lr.t Il.tord lb .'h' 'Ill\i •• ~, 

de'a "llt ,oontainl .in.qr •• ~lon Ion 'bllcu~~.nt·.t.tu. ,o~ 'di. 

li'i"'lOft. ~"Pl ••• ,d.tallt lon,lft".ltl .,ructull' ,Of .'b' 

·'Il.arr an. ..aoa"f' "Itl ·'tll' .e •• ,.tl~l. ,in ~p,.n4à.--
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2.5 atQ~19' 'R.quil1e.lntl. 

l.cUon.. ,AocarcUln,lY, ~r.l.lIry dltl ~1J1- lU ,co.po •• d .of 
·r..cord. 6 ... ard. lon, .Celch .ord-conaiatino lot t.o byt •• 11n 

the 'IInt.,.r tar.lt). 'A •• ho.n 11n ·UI.a ... , '''9 luah III.cardl 
(>. \) • 

li' 1 .. 

. .~. IVltllbU laf u.- .'1h ••• condlr" ·ctlt. UJ.' lU -co.pO.ld ,ot 

1000 III.coret., .• Ich ·1I.card -"'Jino !12,"Ofd •. lono UI'.2.1), 

80th ,th. 'pr,i.afY Ind tn ••• condar, datl "11 •• ~.allt Il rln

dO. 1001 •• -611e. ,on .Int,.,.t •• dA-•• Ifnt,tot.llintor •• tian 

'content .of, ·the.e ,t.o eile. ..ountl .to 1 ••• 1.u. ,ot ·1.n 

1 

2.6 Dltl Aoqulaltlon Pr.oorl ••• 

'lht Dltl 'Acqui,i,iGn 'RIIOOf ••• flctlltlte t~nput of dltl 

Ind 'lta .tab",u'nt JrO\l'~no ·to ·tht 'ÂI\OPIf lOCltlon lor 'ato

.fIO' -ln.th. dltl b •••• ·Ib' 'P»Olf' ••• 1' ta,th .thl .tnttrIC

tivi la'Oc.dvr. •. in .hlCh·t~ u.lr •• , contzol .th. ,Intr, lot 

dlta. 'At Il,.r, .tl'_, lht 'dltlltl ,ah_c~td lor lOIlcal ,ln-

,con.t··tIf .. •• 

'1ftt 1"'1'''' ,o.na.~n.d .1'h .•• tl. lo,~i.l'iOft .... 
~ 1 • 

"11'.'~. l 'Dlti'\ ••• i.i.,., 1I1.,r~. Di.,la" JeOlf' •. LU, ~cI 
Il •• ra. ' •• ,_ Illitr •• 4oll".e\lOft 1,1. ", •• Gal, ~iacltld ••. 10 

l .... l.~ .... c'l ... \.i lthl d~tl •••• l' ~ft,·iut~'t " ... 
w 

.\ 
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. ,1g . 2.4. The primary data flle (randcm-aac ••• } 

cenaiata of 10 l'e,cœd ••• ach l'eoore! ,eanta:l.ning. 64 
~ . 0 

\- vo:r4 •• Table. namee! XNPOR, 'MIM'l'AB. ITAB, CONAD are 

atœe{ in recorCla, a. ~hown. AppencUx A detal1. the 
j 

inforaation content of the .. table •. 
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1':1.9- 2.5. 'l'he .. cand.l'y data ~il. (randaa-acc:e.a) 

conalata of 1000 X'.c~da, e.ch r.eœcS cCIltain1.ng 

32 ward •• 'lM X. y' coordinate. of pointa along the 

contour are .tOJ.'ed in thia file in addition to 

information pertain1ng to la .pacifie contour. Tb. 

data atruatur. i. detailed in .lppendix A. 
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'IIlb ,0ft.pOtr I.illl.~n.' th •• 11;n.,nt ,oPlr.t&.\on., ·1h. ln.

,c •••• ry trtn.lor.tUon •• 11. 'd'~lloP'd. ,'lb. IR~lnQipl' :of '3-D 

It'l'tO di.llllY ,U Ilu" .. na.d. ,A1QOI\""11 .'O-l •• ~r.ct 'quln'i

titi,. 'dit. luCh " vllu.. and luri... te •• lot t~.or ,nOdY~.1 

III' 'pll'.lnOld. 
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, . 
3.2 AllQnlll.nt Ot S,cUon •• 

'IO e ,9fnuau 1 ullble 'stored .~d.l· ot'thl 1un9.'pl'41"'_ 

11111nll'Y .nonlfent ,'openuon 11 nece .. er~. Il The" '~lQn •• nt .op-

10 erauo., must Gorrect tor vlriaUons ln th. po,altl,onlnQ of 

th ... ,'.Q' ot the section 'on th' input tab'let. 

ldentical \ .1.andftluka on the t~o .,ctlons, 
" ' 

1he 
, 

lend"leka can De the c,ntera o't the Il Hmment t'ontours 

an dl or the centen ot centours of oth.' lt.rUf:t~rel UunQ end 

tumor nodultS). The pOlition ot corre5~ondlnQ land.lrka on 
~ 

the h,O sections 11 und to t'olpute t.he d1,spllc.lllent of ont 

lecUon ,elat! ve to andther ln telllli:~ot a rotaUon (anQle) 

.'nd translat! on fact~or. t:ach of the.e' factora ,li cor.puted 

l'. 
bet •• en the. cornl~ondinb lanc:tltarkl on the ho IfcUonl. 

th'" tr.n.tOJ •• tlonà cln bt IPplled ta III th. contour, 
" o 

co'lIPol1nQ the .,cUon ce.\nQ aUQned. pepe,atlnQ --thl' proce

,dur' for aU "cUon" ln th. lune;, rflu.l.t' ln the ven.utlon 

01 1 co.pact rod.l of the lun;. 

1.1 Tr.n,l.t.1o~ And ~ouupn factors. 

, 

<) 

u, 

Alvor ltnrl to co"put, th. U\.nll,tlon and, .rotetloQ I.e-( , 

toI'", ~r. o.lta Oh tn. 't.ultl ot\t~. tollowlnv •• th'.ltl~.l 
Q 
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"tt X,and Y, b. th.;) coordinate •. of ,th, c.nter ,of •••• of 
f , 

th. t th contour :1n 'the r.fenne •• tc,tl01\ •. , 'Allo, .let tX.l' 

and Yt' r.pr. ••• nt thl coordinat,. of the c.nt" LO~ ••••. oi 

th. 1 th ,contour ln tbe •• ctlon belno Illon'd" il! tb,"a.e-

t10n àtIRO 'al10ned \1' aov.d by tr.nal.tion f,c~Qrl of 'A ~in 
1 

thl ;X-.ll., directIon .ndB ln the Y·lxl1 direction, thl (f,'

IU1,tino chatanel Dl b.t ••• n the eorr.,pondl!,O .lan~.~lrtc' ,c.n 

b ••• pre.l.d .Il 

, 
the lUI a .of 'the IQu.rt of the,e dllt.n~.1 'cor IR ,contoura 

, ,h •• pt •••• d .1& 

:>. .... 

• 
Mt ar. '.lkLn,,~ .nd,~ undtr tbt condition thlt.8 .la .1nl.· 

~I l' 

.latd" . ·Henol, If cuu,r,.nli.tt 1 v1 th fllJalct to ,A end .8 
. ,\ . . 

.. ,ar.t..lY and 'lit I.ech 01 th.,e dltl.r.~tl.11 .to ~.ro. 
, . 
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" B • i, ~~J1. • 'Jl' .'~' a J.f. .'" . " • .. 
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8 

••• t. lif t'he 'Iction belno altgned. ,1. rotatted ·by an 
1 • 

'aRQ1.'< .1t~~~e.p.ct to the r.t.r.nc~, .ection, .the 'dl.tene, 
. \ 

... ~. 

:Dl bet.~.n . .the. corll~.p~nctlno land •• tlC~. cln be 1.~·Q~""d ea, 

la . 
Onc. IQaln.tbe .u. ,8 .ot the aqu.r.. ,of th ••• ·dl.tane •• 

lor N Qonto~r. 111 •• ~re'l.d ,a.a 
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91vlnQ . ' 

""-. 

lanl(. • li (11 x~: - ~:1l1 eul;t (X1X t- • '-ilt') 
" 

Allon •• nt •• y~~e l~p.rt.ct 4ue to truncatlon and roun-
" 

dotf~ •• 1'1'0rl Of du'- to ~.p.rtectlQn. lnberent ln th ••• C-
1 

. ~ . 
. • F 

t.iona. 

anOlf , 

,th1s lerrQr .ay be del1ned .s .the av.rIO. of th. 

(Ln lfadianl) .eàcrl landm .. rk .la dlaplaced 'r.1at1v. to . , 

" the reterence section.", The lyeraQ. 'error e la dfter_lned •• 

to110 ••• 

ln .quattan 21, •• aa. tnat 
, 

:D: .• (Xi · 'lt,·,COI-C • .111-81noOl+(11 

1 

.1t .1,lon •• nt 11a Juu·eect, 
vi 

1 o tOI' al1 1. 

. 
~ .... ,. 

Ji
jco1

" 
Yi-sint<. IJ t '. -

, " .1 1 '. Xt -alno(. • .1,f·CO.~ 

1 

.aotVl,no, -:Ia and lb .J.aultaneouIlr, •• Olt 

. " 
b where ."Olt ec.. la tht a"Ql. the ,1 th contour o"~O\Jld be 

; rotetad.to ,~.relctl, .11on lt. 
1 . ' 

" ' 
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1 . " 

3. 
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th. avera;e .rror e il th.refor~ 01ven by 
/ 

/' 

.. 

" Al1;naent 11 1 t.o atep proeedute, the factors A and 8 

.a co.puted 1n equ.tions 11 and lb deter.lne the ,trlnalltlon 

al the aectlon. the .no1.O< cOIDPuted '1 'ln equ.tlon ab 
d.t.r.~n.. th. rotatlon :n.e •••• ry to ,co.plet. thl 1110nl.nt 

01 the lectlon, 

1 

prOOf •• Altgn,co.put.1 the tr.n.latlon and Itot.tion 

-flctors :ln Iccord.nee .ith .Qultion. land 2b. lIt- 'P«rmlt. 

Illgn.,nt ,of I.ctlon. int.ract1v.1Y. Pro;fl.~lnput (Cb~Pt.r 

:11) co.pute. the-cent.r of .I.~ ot III conto~r. e ••• 11 a. 

,the .t.e -enela •• d by th. conto~r en4,lt. peri •• ter. 
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- tAn ,1J.lv.tr.tlQft lof th. all", •• nt lopera"on \1. plt ••• naed 

.~n fll.3.l ,thrOYlh ,tlo,l,t. '~',.).1 PII •• ent. a dl.pla, ,Of 

thl r~le.menGI '.Cllon ,~.o. :J3) _lth all-•• '.)ooardinat. lof 
• 1: 

ua unit.. ,Con"o"r ••• rllica l,a and l ,r''''II •• nt ,tht .oiatic 

Inerv. ' •• ct10n. end .ar ."1 u •• ca 'tor al',n •• nt~ .. ~lCJ.J.a ·cU.-
• 

,pla,.. ·th. ..ctlGn ,... 'li) blino a~lintd to th. IlIee.l'.nc • 

•• etSon. ;~'o.J.J .bo •• ,Ohl •• ectlon ·,rlft'lla,ct .lth 11I.,ptct 

to tnl/~".II'nc. 'Icelon. ,th. ~ran'l.tlon ilctar. lite dt,. 

,pll~.ct Iltn th' uPP.r .1I.ft ·collntJl. Rotation li, th. 'nl.t ,.a.p 
,lI) the «110n •• nt .optration, :.'0 '3.4 'di'Play, •• ctlon nv,ta.r 

1 

. ' ( 
'li/fotttict .1 th l11 •• Olat -to ah. III 111\.nOI •• ct.lon. ·'11'\1. -co.-

,plICt. ,bhe -j~r.t ,io.r."on tin t • allena.nt top.ration. 10 

.iIPI\OVI •• nt ,ln all",.,nt Il' ••• " e.c.r ith. tMar. .le.ra'lon 

,oi, . thl . ala,n •• nt ,oJl.r.,ion. :.au.aiao\1ory eliln •• nC 'oC, c.o 
'* ' •• ctloal\i. acba •• t •• itbini'bl.' t".r.,ion •• 

[II 

·,ti",'''b~C-d ••• l.' .Odl •• lot lb- Luat ~ar.". l,.rai'. 
'fte!yai •• r -,. 1 •••• intI'ne lltOea.truo .... l .. ,\'n .en, •• 'di.en-a'.... III li. lpo~.h ••. ,. t.i..... ..... .~.. '1.0. dili.llent 

-...... loi I.i., 111' , .... Ii •• ' .... ~.a. ,lot Il.ta,'tn ~o • .'Cltl 

,la, ~'ll 1~ .. 1 IGI' , •••• 1.. ·t~ ~~.D .. , ••• ~ •• ~, Ita. 'I~.i •••• 
\ J lU-l'''' 10ft • "'CI .. a.. 4 t~. ,.r~".~, 0 '~~~t 

c 
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,1g. 3.1. comput. di.play of •• ction number 32 (Z-112). 

cont.our. Mrked 1,2,3 are the aclatic n.rve •• otton. 
,1 

Il o~ 
u •• 4 for al1vn-nt pœpoa ••• contour 4 l'eFe.ent. the 

lun9 •• ctlon. Contoœ. 7 and 9 are the outlln.. of tumor 

ftodul. ..ottone in thl. ..ation • 
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'19- 3.2. Compucar di.play of •• cti6n numbar 35 (Z-11). 

contour. 1 r 2,3 are the .ci.tic neJ:Ive contour. in thi • 

• eotton. conto,# " repn •• nt. the lUIl9 •• ction. Contour. 

5, '7 an4 8 ua tlw outlin •• of tumar nodule •• otion. i" 
1 

Hotiœ nwablr 35. 
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Mlg .. 3.3. ccaputu etiipl,y of •• ction nu1l\ber 35 can.latea 

(by :raotœ. indicateet ln upper 1.ft corner) ta a1iqn i:t 

with .action number 32. The tranelation factor. are comput.et 

by applying a l ... t .quara. arrOI' orit.u1a to th. po.ition 

of COIitoV' l, 2, 3 1ft the two .action. bain; a1igMd. 
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1'19. 3.4. CC'alput.er cU.play of .. c~lon nUllbu 35 rotated 

(by rotation ari91e lnd.i.cat.d ln upper left corner) to 

.1191' lt vith .ectlcm n\:lllbar 32. 'lb. rotation &ft91e 1. 

caapated _ .PPlyuV • l ... t '.quu •• ' eft'OI' ~lterl. to 

the poal~lon of ~tOUZ'. l, 2,' 3- ln the two •• ctlou. 
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colortd-cople. ot the plctur •• rt obtalned by dlr.ctlno thl 

output to the d191t.l plotttr. 

th. st.r.o dllPllY SYltlt we d.velop.4 ,t'Iulti ln 1 

thue dl.en,lon'l wiU-IIIelh lIo'd.l of the luno. th. tol'10.

ln; .ectlon d.als _1th the prlnclpl.1 ot .tereo plcture 9.n

.r.tion, 1he nec"lary tran.tormattoUnl Ir •• 11~ d.velop.d. 

3.5 Prlnclpl. Qf Stereo Plcturel. 

H.n', Ibl11ty to percelvt aepth'by tUI!nQ tOQ.th.r the 

t_o 1ml;.1 (one ln Ilch e~~) of ln abject li th. blili of 
1 

, J 

'Itereo plcturel. EII.nt1.Uy,. pair of ptrspecuv. pro,ec
\ 

, 0 

tiona 'ot the object on ct common pline II obtllned. The two 

plcturel _hen vit-Id throuQh 1 .terealcope tQf .ven _1th 

unalde4 'yll _lth 101111 practlce) .nlblt 1 l·g Plrc.ptlon of 

the object (11l, 

C.ntr.l to the prlnClpll ot Itereo plttu"e. II the Oln-
,1 , 

.ratlon ot peripectlvi projectlonl ot .n objlct, A photo-\ 
, \ ' 

or.ph 0& .nobJlct 11 tlltntl111y ~ projection ot the ,ob-

j.ct. lIon. ir.Qln'l 1 plcturt plan. to bl 1nterpallô 

b.tw.en ~n. o~ject and'th~ 'Y' \e ••• r. l,ni), then the loeui 
" 01 III point. 1n th. picture Plant .nd on th' penctl 01 rlya 

\ ••• nIUno uor tht, object and convlf9J.nv et thl ey., Cel •• rl 

l.nl' _o~ld o.fint tht p.r.pectlv. v1 •• ot tn. Ob'lct. 
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.rJncip~~ .0' 'Ir'~lctl~1 ,rojectlon •• .. ' 
() " 1 

tbl. ,1. lillu'Ora.ed ,ln 110,3.5 and iiO.)46. ·Ib. ~t· 

'I~t,on ,ot t.r1.0l1 'A~C on a ,,1anl P 'S, dl'Slnld br ,Ai .• ;, ~. ' 
,,1; 

-' \ 
.the' p~ojectl.'ft II ,obt.lnld by drawlno tfay. thl'oUOh ,point. 

A,I.C troa the center O. thl polnt. A'., S', ,Ct \ln wl\ich th. 

Irara \&ntlr.lct' tftl Iplan. ar. tn. ·projection. ,ot ·polnt. ~A., .8 • 
\ ,..... \ , 

C, :r"plc:,tt,.lY. .F.l0.3.6 1llu.trltl. th. R~O:S.ct\lon of • . 
• tr.1Ght ,lin. on ln arbitrlry plln.. .lt ,1. ell.ar th.lt.i~i'.I, t, 

tl'lat ,th. ,proj.ction 01 1 ItralOht 11n.'). th. loeu •. ot tnl,' 
o ~ 

proj.ctlonl,ot point. 'on thl "l1fte (16)., r14,1.1 ,.erv ••. to 
\ 

. Lit ".tn.- .et ~t tCoQrdlnat.. ~ /--:,,) Il ·d"C~j,b. ·tl'l. 

J thr.. dl •• n~1~n.l lob,.et. Let".the .~lcire ·planl '(th~ :~llnl 

1 

, . 

o 

.~. projection) ,b~ det1nld bJ 1 • 0, and le,_v tHI Ob'.ct bl 

·.11\1nd thl. Plane, tlh •• 1 •• lno point .ay .b. a"u.ld ,to lb. 

at .f b, e. '\ 

Ihe ,.o'.ctloft o. tftt· •• jttt onto .tfte ,'e.i~, IP1~ 
wll1 ,.. , .. tlnl. b' tbe •• t ot ,Oint. on tb. l'i •• inl I,la"l 

.. l,',.' . Xi· ancl ... '. O. '''~,r. t"- 11n~ ,oinln9 th. I,olnt. iX,. 
, , 

.It .. 4' '11. ,to th •. ,t'.ln, , •• ", _,.,e inc..r'l~t the 'P.i.~tU&1 

1'11'1'-. '~.~l~r .tti •• ,l" can fto~,.e ".t •• "'h'" l' .ho.n \~in 
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Ir 
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r:Lg. 3.5. The pv.pect:Lve pz'oject1on of tl'iangl. ABC • 

on .' plan. P i. o.,bec! by ck.w1ng a paneil Of r~YII 
" è;'" , : 

œig1nat1ng at th. v:L .. point 0 touohing pointe A. B, 

C ane! intu'cePt1n9 tM plane' t point. A', B', C·. 
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l'ig. 3.6. The projection. of th. line ABCD on an ubi
trQ'y plane ~ i. the locua of the projeotion of the 

,pOinta on the lin •. 
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If th. ,Qoordinatl' lot a polnt ln IChr11 'dl.e~.lonl ,il 

_rlcten '1 ,. Victot .1.. 1. t • , • d). wb.,.. d ,ean b •• 

• call lactor, thln~1t 'II ,po •• lbl. ta ·~arr, .out .the .op.r.· 
" 

,tlon •. ot :totltlon. tr.nll.tion, ,.r.p.ctl,e.Qrlnltor •• tlon 

.nd ,cIllno Il>> l ,inol' ••• trlnltor •• d,on .'tlltx ,~I" (1'). 
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1 

the 'fl 11I.ant cln bl u •• d to'product ovar.ll ICllinQ. 
,>/, 

1 

ln 'bit tOllo." III the pr.1nciplt. outl1ned Iboye hlYI 

b •• n utl1iaed tO,lr~l~. It thl tormullt1on ot 'Itrix oparl

tort ,'0 'a~.ntull1J Oln.r.tl,1 .ter.o ,Plir Of th. abject ln 

qu.itlon. 

r' 
Qutl1nl' th. .ethod ,to trin. litt, ~otlte Ibout InJ de.trld 

Ixl. and .ubl.quenUi pr,oduce a Pltr 'ot PU'PlcUve plc

turl'. Tbl ,Ylrlou. I.trici. ar. multlpl1ed ln th"order th 

Whlcb thl"ran.tor,.tlon. Ire pertor.ld. 

'Ihl .,objlet ,i. titr.t c.ntt~ld li. tbe ,Qr.lo1n .ot ,tbl 

cOQrdlnate 'Jlt' •. 1 •• oy.d to th. centlr ~,tbe .cr.etn Ind 
l ' 

colncldent .Sth the ,ctnter ot VflUty ot ,thl IObjlCt. ,the . . 

·c '. y 1'1 1 l 0 0' 0 

o 1 0 0 

o 0 1 0 

, 'P q r 1 

t~e tlotor. P, q. 'f .rt ,t.tebll.htd by f~r.t dtt.ralnlno thl 

clntt' of' ,ravit y ,ot th. Obj.C~ end th~ ctnter ,ot ,th. dl.

,1er .c~ •• n. ,Motatlon .bout tb. X. :1 .or 1- .11. Ic.n b. ptf-, , 

. j 

1 • 
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'Ictor. the " .. Illtlon It thl. 'U., •• er," .toO 10Y.' ,tbe 

,oDitct .~hlnd the ~Cle.ft la ~b.t t~e 'p.r~~.ot'~e ,Yi" ·~o •• 

,'ft,t ,.t 'fllt_Je.d. 
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." conllcler.lnl t~. ,~lt- po1ntl It a dlltanet i '1\' \ln tront .ot 

the pletu~t ,pllnt a,d'.v •• etrlcll1V IpllCtd about ,tht I-.ili 
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on l ,11nt.1 • Olt. It the .YI a'Plratlon ,II at, tnt'vl •• • 
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Cnl1 • tl,J'(I, + h) 

thl, • tl,)/CI1 + h) 

Ib\J(; + h) 

lt' 'tit .•. K~· ','t/h) 
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For tn.'r19ht t,t' ~. 

, .., 

1 0 0 o. 

0 1 0 0 

,t/h 0 0 0 

.n' 0 -0 1 

Whlel 1 .nd ',n .r.e ~h' tr.nllll.lon 

Jn,coftclu.lon, .11 th. eo~po.ltt •• trlx ttht I.tr.lx .Ob

Ulnecl '.b, aultlpl,j.nv thl prop.r .Itr.ie •• ) ,la ,~A' .nd \,11 ,tht 

,coorelinate. lit • 11 .nd lt ol t~. ,ob,.et art wl'1J,tttn lin th. 

'''l's.. '101'1 ••• 1 I~ 11 1 1 l th.n tht .attlx.l iX' V' '1; 1 l 

.oulc1,,111cl th. trlnltof •• d coordlnlt •• ,Whl", 

_'.tX· X' l'" J ,a 'X '1 1 l Mt A.) 

l' 

" M. .,.tio .. 
o 

Incl "r.,ecUvt ,tran.~or •• t'Qn .at.ric... ,thl GOIPO-

'litt •• t"l. \o~'.S.a.d\Dr .~ltl'l'ln' tnl ,r.qU~lad~'rlft.&or.l. . ' , 
. 

, 'lIOftI.".l ... 'a , ••• d'., ,ro,r •• "eCur. to dl.pli" .t.Cto 
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,'. 
•• 'r 'o. the :l~n,. 

" •• '1" ~ot "1'10 1,1elur,., ,rOelUC~d III, th~ .t~r.o 'di.· 

,.,., .,.,. '" .re .r.",enUd ·lft 11,.J,' th'.UP ,11".1,11, 
l , • . 

IbI •• ·,1e'.,. •••• I •.•• '.'n ••• "h-'a. tOllO.lht ,pict". p.r-
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1. 'hl Ingl •• 01 rot.Clon .round X" V. 1 .X •• 

: b. ,'n. pleUre 'C'lI t.etor 

c. 1h' .ye .,p.rIUon cUat.u\ce' 

d. tn. vle.!nt dl.t.nce 

~e, ShI ,.p'fatlon bet ••• n tht plctur •• 

30 

0.5 

50 ••• 

10 CI. 

20 CI •. 

FiG,J.t dl~play •. th •• t.reo p.lr'~, th' lQat, Th ••••• 
" 1 

plct'urt 1. vhu,Ua.ci .&th 9r.tter cUrley ln 1.I.9.I.LO .htr-

'ln th. lun9 Inô tu.or nOdule ~ontourl er. ôr •• n :ln two dit

"tf'ftnt colou. f1t.l.tll·U9 • .t.U ôlnlev th', lunQ l' dt'tca 

frol dlft.~.nt anOl •• of vl.w. 

.'th proor ••• dlv.lop'. to-o,t. •• c.n ,.tr.et th. vo· 
, 

lij ••. ,' IVI •• c •• r., .n. thl .Ph.r.lci'Y lnd •• OC th' tUlor 

nooQl... 1ft. volu.t end .ur •• et er.e I.n Dt ,.Iti.et.d to 
" '\ 

.ltnlt " U •• ,· 'r"QiU , .. duel'ô 'ln 'PPlnclh A). ·tn. , , 

1n,lr-noiUl. olltlnet •• trt. t. 1110 aVltllbl. tor •• Oft 

1Uft9. 

1 
thl volu't O' • tUJor eult 1. co,PUU' .,<: lcaii"t up 

, ,r • " .r 

'ht . 'Illu... .nclo.~4t .,.\"' •• ,. tv'.rv ,tlr 0& "lb' Planer •• e-

",lIona.. ..'~. ~olu.. tv i D.t ••• n iny ,.U 0& Pl.n.r .ecUon. 
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v • ( Al + A3 ).T/~ 

L1k. th. COIPutltion of th. V01UI" th. ~otll luralCt 

lUI ot a tu,or nodule ,U cOlputld DY Idôlno Uil th. Iurtac. 
\ 

Irtl ottl"~ ,1Y'f)' PlU ot Idjo~nlno contoUrI, Tn. IUrtlo, 

b.tl.tn two IdjOlntno contour. 1. approxl.,t.f DY trlanoular 

, til •• Il .ho.n ln tlo.1,141 Inô t1Q,1.S4b. tht Ido" of th. 

tUlnQultr tUt •• r. "cSttentntô' DY ln tloollith. thlt oon--, 

ntct. th. ôlloonll, btt.,.n polnt. on th' tlO contour.. Tht 

Il;orltn. t1r.t 'conn.ct. th. tlO elOlllt polnta (1-0) on th. 
- 0 

cwo cont.our' t then ·conntCU 1 to e ,U dUtinOt .e li 'lhorUr 

thln ~or ~QUll lo) ~d Gr .l.t conntet. 0 to d. thl. op.r.

Uon 11 lUultut.d ln Uo,J,Uo. 1'ht InUlu. IU,elcl \11 
'"' ' 

'trllnoullttô' Ind tt. lurtlel .r .. d,tlr'inlô. 

Tn •• pn,rlclty Lndl. (8.1.) ot • tUlor nOdul. 1. ôtc.r-

11n.d ,b~ th. eoUodno ,rIUtion.;' . 

1.1. • VV1VA 
Ihtr. ~ l' tn. valu •• Ind A 1. th. lurllCI .~t, ot th. tUlor 

71; 

nodull. 'Ih. 'PhlualU 'lndlX ,u • .Ln", 1 ••• SIUI ,VI&U. for 1 

IPh"t ( •• 1 ••••• l. 
\ 
\ 
\ 

". '~oor •• Dltl •• brlctl 'ht r'.~.~t4 QYln'Ie.eivt dlea. 
\ . 

Jntlud.. ,.Ln ,thi •• 0fY~t ,rt ,f,o,rl~ D'rlc'lon. ',otr •• t,,· 
i\ \ ' 

.ntull'to •• ',o,r •• ·I,n, •• Ind 'JO"~' COll., •• 
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'i.. , .1". T'he aurtace betw.en t'Wc cOX're.poncUnv 

oontoura X an4 y in adjoin1nv •• otion. can hl 
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apPI'oxiMte4 by con.t:l:uotinv trianvular til •• ~ •• 
-J'O" • 

.19. 3.14b. The two olo •• at pointa (a,b) on the two 
1 

oontour. X and Y are conn.ctect tirat •• ext point a la 

oonneote4 to CI lf tH 4iatanoe aCl s.. le.. tban 01' .,ua1 
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to diltance bd ("1'11""1 .1n t.i~*ll. a1:M;2) œ el •• pdint 
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.. 

1hl 1,.riOf •• na. ,oC • lottW'~1 .Vltl~ .'V lb •••••••• d,bY 
. . 

,cn ••••• u~ ••• nt ,ot ,th' lallo-ln9 'Plr ••• c.r •• 
"" 

1". 11/0 'Input,iDU~Put) loo"nt. /11\1. Ii. . tn, In" •• r lot 
• 1, •• 

010'. 11~IU.d .on tI.~.l~ ot th.' IlIIroor... .the 11~O ·count 
1 ........ ., •. ot ,Chi utilla.tion lOt th. l'M'OUU'~. II~O 

,r'l.a ••• Odu~... ~ 

2. ·C,U ·tia., .'hl. Il' th' '.ount 01 ·a.ntlr.' proo ••• 'no 
unit 'li' I~.'u*~.d br th. protr" ·'0 oo'p~.a • 
••• eu'lon. tn •. C'V .tll' ,1 •• d*,.ct ...... ~. o. the ,(PU . 

'1"' 

""", 
. J. ,M'!.ory D ••• nd' ,'hi. 1. ,th' •• ount r 0' (0 ••• ory 

, \ 
'l'',UNI. (in "110 .0'.1) C,... Ch. ,c,u 'i~1 'in 

ICi,k •• aI60 I.aond, t~.,ui~.d by ane I~ro., •• 10 I ••• eue •• 
\ 

~ 

'h' .~o~. I,.r"'"t. ..,. • ••• u~.. 'Q, Ch. d.t • 

• 0qui."iC'on JpIOlr •• " l,aotUII. I.n.r,,'on 11II10,rl •• Incl',Chl 

flu.n""'1" •• nllr.l. lu\Olr.... ,In '''\ti''on, ...... -ClO.t Il. 
1110 ,aoIPuc.4 ~ ••• ï \on' "" ,'1111 ••• 1""1 If"" lot ·OOIPJl,.r 

'."vio ••• t Cft •• i.~"'C.l ,In.~ un,e, M~Gil' '·un~.Sty. 
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'$.9. 4.9. l.I:equency (P) 41.trlbut.lon ~ the .&H.t 

1 

ccaaplre4 vith the frequency 41.trl~t.lon of the .an 

, .... t. M1CJhbar di.tance. ~ t.\1IIlQZ" nodul •• ge~.t.4 

~aD4C111y. ThIl 1.1Ilahada4 h18t.oc;p:_ rep:4a .. Dt. ~ expII"'l

..atal data &Da t:hII Cl."OII.-batcM4 bl.tOCJl'''' repr ••• t 
,1 , 

~_ Obtai.necJ fJ:~ MOilta CUlo .!aulatlou (10 alal.) • 

'1'. aritooth curft depict.. ~ lZ'equenay 41.tJ:lbutlon . \ 
. ' 1 • 
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cU..t.rlbuted r~ iD Wlnlt.e apao.. 
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Plg. 4.10. The frequenay (1") êU.strlbutlon of the Daar.st 

nelghbor dlstances (R) of! tUl\\01:' nodu1 •• ln 1UDg 6A 18 

ccm~cJ w1th the frequency dlatd.butioll of the _n 

neu: •• t nelghbœ' cU.tance. of tumor nodu1 •• generated 

ran4C1Dl.y. The \1D8ha15e4 hl.tograma r.pt.a.nt th, expez:l-

mental data an4 the aro •• -hatcha4 hlatocp:_ repr: ... nt 

data obta1ned frClll Monte carlo aimulationa (10 trial.) • 

The amooth curve deplct. the fnquenay 41.t&' 1but1on 
\ 

of the neare.t _ighbor di.tancea of t\1lllOl" nodule. 

diatl"lbute4 ran4caly in lnf1nlt. apace. \ 
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Fig. 4.11. '1'be frequ.ncy (~) di.1:J:ibution o!' the DMl: •• t. 

neighbor di.tance. (a) of tUl1lOJ:' nqcSule. in lung UlA i. 

caapared vith the :trequenay di.tributi011 o:t tbe mean 

rall4œly.~ ~ unehaded hl.togr.... r.~ .. nt. the expu:i-
li \ 

mental data and the cro ..... ha .. \:chad bietograma repr ... nt 

ClaU obtainac!l frcm Monta carlo at.,ulat,1oruI (50 trial.). 

'lM IIIDOOth cm:ve deplc:t,a the fnquenc:y cUeb:1bution 
o 

of t.ha Mar •• t:. naighbar éliataDcea of t-œ..œ. noc!lul •• 

di.tribuf:ed ranc1011ly iD W:1.nit.. .pace. 
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OC8~ 1f.i.~ the fnflaellay tittulbotioD of the .. n 
• 

, ~ nei.cJbbQI: diata .... of . t:UIIlQr aoda1u genuatad 

1."U4ca1:y. 'lM ...... cla4I 'biJI1:.OgnIUI ~pt.aent. the expuJ.-
. " \ \ " 

~ \ 
Mftt:a1 da. aa4 the CJ:ou-latc1la4 ldetopua rep: ... nt 

, 1 \ da. obta1Dacl ~ J(Oat8 0*10 aiaalat,1oDa (10 ~lal.). 
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'lM ..oth ow:_ a.plaU _ ~ cU.atr:1ba~loD 
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Pige 4.13. The frequency (F) distribution of the neareat 

neighlXlr distance. (a) of tumor nodule. in lung 24A ia 
QCllDpUed with the frequency cU.tribution of tha mean 

neare.t neigbbar distances of tumor nodules ganerated 

ranëlCIIly. The ~hadec1 hiatogrua repre.nt the experi-, 

mental data and the croaa-batched histoc:p:ama repreaent 

data obtained fraa Monte carlo a1mulationa (10 trials) • 

'l'M 81Iloot:h aurve depicta the frequency distribution ' 
. ' 

, of the ~.st neighbœ' cUstances of tumar nodules 

diatrlbut8d randaa1y in intinite .pace. 
'" 

•• 

o 
1 1 

o 

J 
1 

" 1 

\0 



c sr 

o 

~ 
ft 

.... . 
0 ! 

.-

..0 • ..... 
l, 

",' 

;:j 

0 -,.. Il 

~~:) 

i 

- l f , /' , 

• .. 
= • 

,.. Il 

~ . ~"" 



l," 

, , ' 
, -' 

'1 

L f \.-
\~_Ii_II'!l14&L •• 'II 'lltl L Il 

! ' 
1 " 

l lJ • 

1 a 1 • al '., jt 

l, 

il' 

\\ Il ,,1 

, " 

" 1 

1 1 

rig. 4.14. '1'he frequeDCY (r) distribution of the nearest 
II) cl 

1 

nelghbcr ~i8taDce. (R} of tUIDQX' nodule.' iD ,;Lung 26A ia 
II (! 

'1 ' 

~ 0 

ccepared wi~ the frequency di.tr~ution of t~ lll8aD 
\ , 1 ~ 

l'MI&reat neighbor diata~. of t.umor nodules generated 

randomly. '!'he unahaded hiatograma repre.ent the experi-
1 1 

uMmtal data and the crosl-hatObed bJ.at09Z'aU raprlsant 

data 'obtained frOID Nota" carlo 8imU~ti0D8 (10 tri~la). 0 

Tbe emooth ourve dep1cta the frequency d:l.8b:ibution 
( ('li 

• 1 

b F 

of the neare,t: neiq~ diatanc:el of t\lllQr nodul •• 

,diatributaa rycJc-.ly in infiÎlita lpace'. 
" 0 l' 

, , 

'.-

o 

i 

j 

o 



o 
• ,1 i -

" 0, 

Ç) " , 
, 

1 
" 

, 
,~ -

l' , , 

0' , , 
" 

1 
1 

.. ' " , 
" , 

Il 
" ü , 

" 1-- - .. 
" 

. . 
, 

',' .-

. f- ~ 
( 

0 ~ 
~ 

• , 

1 , 

'" 

" 
0 
fil 

-", v 

• 

o 

" , 

Il 

1 
" 

1 , 
, 

Q 

~ 

, 
. 

, 

u 

, ! : 
L..\i.o ..... ,. 

\ t 1 

r-. r- t0-

t-.. 

, , 

1 
0 
r4 

, 

~ 

. 
~ 

r-

0 

" 

, 
r~ 

':..III~ 
F 

~~ 
1 

I{ 

-

, 

~ 

\,. 

o 
• 

o 
• 

N 

) 

\ 

-• 
! 



, ' , , -~ 

'! 

j 
o 

ij 1 0 

1'19. 4.15. Tlle fr.qulney Cf) hi.togr,m ot ohlerv,!d value. 
, ' \ 

,1'\ • " ' 
of the me.n nlar •• t,nelghbor di.tanc. (R) ~or ~ach ct t~· 

50 .tmula~ion.oplrtorm.d !tor 1un91OA il di.play.d. On the 
" 

bali. of tbi. hi.t09ram the Ixperim.ntally. obl.r~d mean. 
1 

" \ ~ Il 

neare.t naighbor cUltal\C. (1.,79 ,ll\ft\.)' for lunv 1C»\ wou1d 

have il prcbab.t.lity ot oacurrl~c, cl about ~. 

o 

\ . 
" 

J 

" , 
,1 

~ , 

.. 

'1 

,. 

., 

" . " . 

l' 

o 

\ 

o 

,1 



d 

~! 
1 
1 

", 

l· 

f, 

" 

'-,'1 
"., ~ 

!' 
'l' 

o 

() 

-
'\~ : 

.. 

l-

'-

~ 

• 1 ~ 

~" 0 J, 

~ 

.... 
J 

,1 

" if ., 

r 
~I 

ll! .. 
"""'" É 

\ E 
1 

...., 
CI: 

\" q .... 
.... , 

,..... 

~ 

"J.· ï , 

l, ,~ ,~' 1 
" , , 

~ 
>1 

0 , , 

---
"1 

" 
\ " 



"' "MM & 

(> 

o 

l 

U t .. et ..... Il ml ....... ,; .... " ............ ~. IF ._'1 

PAOE .l 

, 

4.S IHlcu •• lon~ 

Our reaulta 91ve a ItronQ indlcation tnlt the tbre. dl

•• nllon.l sPltial dl.tributlon Of tu.or nodu~.a ln the lunQ 
1 

III! b. ,~on .. rlndom. Thil tollO.' troll the flet thlt tu.or 

nodul.. .~e larQelY p.rlPherll .~d that the ••• n neat.lt 

nllQhbOr dlstlnce Of tumor nodule, ln on. exptr-l •• ntal lun; 

d1te,ra alQnltlcantlY trom the '.'1 diatlnce ln a rendo. 

IPltlal distribution ot tU.Of nodule •• 

th.~e 11 1 wide dlft.rence ln the .lze of tu.or nodule. 

ln the indivldu.l lunQI Il well Il blt"'n 41fter.nt lunQI. 

AllO, the p.r.lnchY511 tUlllor nodule •• re conlldtrably ••• 11er 
1 

th.n the p.tlPheral tUlllor nodulel. we ob •• r.~, • mueh Qr,-

.ter varlabil1ty ln the alze distrlbut10n than ,ln othe ln . 
vitro atudy (11). Th •. 1ncr ••• ed varl1bl11ty 11'1 th. ln '11'10 

,y.t.m .1oht Irl •• from etl"lt l d1ft.rent •• o~enll.'1 

.. 

1 

•• The ,nodule •• 10ht .et ... c:ont1nuou. .ourc.. for 

oener.ttno a.cond.ry Il.t •• t.t.I.c .pr.ad. ,ln -t,hl. C •• ', 
, ~ < 

th' I.all ·nodu11. that are tound 1I1Qht ·r.epr".nt a 
" 

youno.r ,cl... thln th' l .. rg.r ,noclU1: ••• 

b. ,th. orowtt\ of 1 t u.or ,nod~lI. depend. ,on Il t. .icllo-, , 

.nvL~Qn •• nt. Thu. dltttrent tu.or Il •• ' I~.iult e~b. a 

_ld. varlltion ln the IDili ty ot t\IIROr :noôUlI.. to , •• -
o 

co.. v •• cul.lIt.ed end/or th •• "act Of v'fLou, ~.t~ln

a&e t.ctor •. on tn-lf 9r.owth ktn.tici • 

o 
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Nodule. illY be Inltlatld by .e1thtr ,in;11 c.ll. or . 
\ 

laboll of diteefent alz'l. 

Folk.ln and 8rem (6) .hlVe delllonltUtid th.t the growth 

91 .0lld'tuIIIOt. II 1nhlblted by the preaenc' ~f a clrtilage 

louret ,ln the ~lalnlty ,of th. tUlllor ~odull'. A dlffu.lbll 

1nhibl tory factor • .l •• hown_ to Inhlbl t caPlllai prolUere

tton lnduced by tUlllor anolo;ene.l. factor (TAF). The Inhl

otton ett.ct op.rltt. ovtr dllUnce. ot up 0 2.0 mm Un 
1 

vivo) pre~entinQ or del.ylnQ the vllcularizatlon of tu.ar 

nodule.. The ~.renChymll tumora would be particularly 'US

ceptible ta luch Inhibltory ~tt.ct due to the flet thlt the 

eartUlgenou', branchial .nltwork ~I mueh ~ore :Pllofu.e tO.lrd 

the clnter ot th' lunQ, At th. pre.ent lo.ent It 1. not 

pOI.lble ta ev.lulte the ,relitivi ,l.portlnCt Of tht.1 ae-

, chanilm •• 

,'l'he thr,,·cU •• nalonal reconUrucUon teohnlque .. e hIYT---

u'la hl. the potentlal tor QreatlY \e.pand~nQ th. quantita· 

tive dltl ba •• ur ,ou.Ulon. ot conaht.rtbl. ,l.port .... c. in 

the o.tudy ,Of Itt.ltaUI, IUCh a •• 1,\_IIt •• Ul9 the I1111tive 

lapor.C.nee ,ot "condlry and Ctrtlarv tUlar apr'ld' 

d.t.~.Lnin, th. influence of ,thl pri •• ry tUIOf Ion th' Ifowth 

.01 .econd.'r tUlor., Ind d.ttrain!n; the .patll1 d.pendenee 
.. i \\ 

oi th' ai,otie \~n4'1" • 'functionJof "'I.t"lo .1'1 Ind 
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,A'PINDU A 

/) , 

\ 

a.Th. pl\l •• r)' .ua. Ul;.2.4). 
ü 

,Record lIlu.bu ·1 'cont,tnl th. tabl.-, IHf'OR I~Ch th.U 

IN'ORU) .• th. lI.t •• cUon dl01tlzed, () 

IN'OaHU .• unu •• d 

IN'OIHl) .• 'Addr-'" to .tQr. the ,next ,contour .1n. 

100l\U) .• thl lDuataer of •• etlon. in th' .1unQ .• 

".,01\(,5) • ,th •• Du.ta.r of .tructurt •• I~n the .bna, 
• • 1 

'IN,ORCU .• th. lunQ 11d.nUe~cIUon ,nUllber. 

'''fuet" .... t, ••• a1,n.cllll.c.Qtcllfl'.~'U:" . too ·10.. IllCh 

.ueb DeCQfd,aontl1n. lb. ,tlb)" .COHAD, ·IUCh·tb,t. 

·COIAD'GU ,.a .th. adcil1.11 lof .con'ocar .ln •• c"on Inu.ai.r 

1~1~. 
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If .... 
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~. Th. ,alcond.ry :~tl' (~1,.2.5). 
~ 

o 

pr.lcldld bY 1 hl'd,r 'Ionl Il 'ho.n,ln tig, •• l. th'.ht'd,r. 

aont 11 tOUO.ld by th. 'X end Y ·c'oard1nltl.. lOt th' tlr.t 

polnt, thln Chi X Ind y ,coordJonltl' I~f :tht 'Icond potnt, Ind 

10 on. th. Ihl.d.r 'aon.,contlln. th' eol10.~n9 t.~e •• nt'I 

HUM .•. 1he .nulbar 'of ,COQrd~n'te Ipolntl ,~'CQrded ,1n !··th. 
If 

.concour 
v 

leCN .• ,"HE .~ructu~'lnulb.r CQltu,pondJ,n; ,to th' ·Con-

!tour. 

u lARE .allhl Ite. I.nclo •• d by the ,contour. 
<> 

LPER ,. ·lhe p.~l •• t.r ,of th. ,contour. 

'UCG .• ,'Iht 'X-coordlnlt. lot the ·c.nt.r of 1.11 ,of ,th. 

:cont.our. 

I1CG :. ·lh. Y~coordlnlt. ,of th. ·c.ntlr of 1.1' .ot thl 

contour. ., 

A.a 'QUIn\\t.tl'lon oi ,thl ·lolu •• lAnd :1'lIfIO' "11.. Of ,tulor, 

,NOduU.. '1lfDor 'Eni"'t" 

10 c •• t·,a. 'ocur.Cyl~n .tb.·OOIPutationlot .th~1 lOlu •• 

",ct .~tt.Ot .l!e~ 10* ·the ·tua'f IftO'VJi.1 .~bl I.Ol~O.jJn, .••• t,',., 
,o.ndta ..... 

1', 

'. ,," 

1 Il " 

~~; , 

. ' . 
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. ri,. 1..1. The_ •• a .. of the li.t!)f x, y COCCCU.Mtel 

" ~; pointa .1'ont • contou C i,l pz'.a.~d by the ".del:' 
.... .-hM_ .~ couilt' d Ilx WOI'd. la,Ml1ia" 

'l11li, ICCII, ~. IPD, :na, XYGG. (1 •• text f. t:M 
, Il. t 

c1e'bU:iOl\ ~ tbe .. WOI'da.) 
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IUM Y X Y _. 
ZCCIf x y X 
DU. Y X Y 
zna X y X 
IlICG Y X Y 
1YCG X Y X 

x: y x y 
y X Y X 
X Y X Y 
Y X Y X 
X Y X Y 
Y X Y X 
X y X Y 

'Y X Y X 
X Y X Y 
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, ,~~ , '" 1'~~'\ '-', L.~:\: "1~ : .. ~~ , 

in ... 1 h •• ' , a •• trl ••• ' • dt. P , tilt*' 1 b Ir ...... r 

d,.Ui' •• d \jjn IccardlnG. 11th th. c1ltl 10flulalUon 'Rroel" 

dur... i' •• ct.ion. ~p,.r.l1'1 Co i.IOh 'oth.r) .pIo.d '1 ·C' 
1 IPI,t •• rl d1tiCt.ld. ·'h. VOlu •• Ind lurtlO' 1r..1 .ot ·thl 

.pherl .1. ,co.put'd,bY .th. ,co.put., 1190r.lth. 'Ohlpte, tll1). 

·'h,,1 Il'C''I''' 1" oo.p.~.d .'th.t~. th'Q~ltic.l CO'PUtl· 
~ 

U.on of ,thl t101UI' Incl lurt,o. '1"1 lot th. ,phaJl.. .1'lbl. 

A.a c1t.play. ·th ••• ;co'Putlt'Qn •• 

'Th. ,co.put,t.lon ~of th' .101uI. of ,Ch' .pha~. (by UI' .of 

th. ,oo.pua.r 1110pittil) '1' und.J.ltl.lt.diby 1."'. ·'h • 

• urtlo •• , •• lot th. ,ph_,. '1' und.~ •• 'l.ltld,by ·5,45'. 
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alvœ-it.baa ~ •• tâlat-e tM V01UM of tM .p1\eX'a 
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8.1 QUlntlt.tl'l Anllyall And A'loclltld Probl •••• 

·1h. ·quln~lt.tiv •• n.1Yll~,p~oorl •• COlput. ,th. ,valU.', 

lurt.c. Iltl. Ind Iph.lliclty.ind.x ot ,th. tuaQf Inodulll.. .1n 

.ddition, •• ,colput.d Ith. \'cro ••••• cUon.l .idth (.) ,of ,the 

tUlor ~od~~e. 't~OI th. ,oo.puter ·p~~nt out ,of th •• Ietion •• 

·Ih. :lenvth tL) lot ·th' ,tu.or Inodule. 1.' coaputed ,by counting 

th. nuaber 101 •• Clion. the tUIQf ,nOdule 001' thtoUOh. 

lt '1' ,0b •• r~l" thlt th' .1dth ,.) aon.l.tantl, ·I.a"d

,1" the ,1.nOCh tL) ,*n III ,tuaor ~o"ul,. 'ln III luno.) und.f 

.tud,. '."UliftO 1 Irando. :a,~.ntltlan ~o, tuaaf ,nodu~ •• ,t".~, 

r .hould ,D' 1 10' 'Ohanat ,ot IOb.l,v1lV ,thlt ,ch •. ~Ift,'h\ot th' 

tuaQr Inodu .... , •• al.d··'''' .ld'h. ·10 I~Y""9~U' thl. ~nl'o

.10Qi ,.iUI'ion •••• , Ibout {.x~.'n'", .• ". I,ahlot. lot .11\1-

el •• e,ion.ft' .QC' ,elo •• l,. 
'Jt In~. ~Ien IltfCOont •• cS ~.,u,~o,.n ,Ilhlt I,o!teot. 11ft

,coul •• '41 'dUI*", Ibi ••• 'o,loll' 'Ha'10n'''1 .i.peilr . )-1> III'Con-
, i. Jo 

"fUca"oa. "'NlIi •• "" CI, 17) .'0 . d.',r.in. ,·.hloh ltICOIQ,' , , 
r, ".0'.... U' -"h$Oh 14 ••• 1' ••. 'hl 'dhtQr,~o" rh ••• 1 .... " p.r,. 

· •• n.... ,'III ..... i ... n •. ud., \IIiOIl .• 111, .. , ' .... an.... , .... 
\ 

\ 
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lult •• (h.~. allo b.ln ·out.1inld. ,Ho •• vlr, wark .on l-D 1!t.COIl

ItrucClon e~ol "~1.1 .ect"onl (22,31) do not IGonlld.~.th ••• 

• rtttecti. 

pa.~iou •• tUd* ••. (lptO) indicat. Chlt d~~lno .eni.l, 

•• ctlon.1.no. a ptrat,in bJ.oek underoo" ,coalUI ••• lon. ·th' 

eoapr •• llon .cf tn. 'Plr.taln bloCk,!. lanlf •• t .bOCh alono tn. 
1 

lurl.c. lot ,tn. cut-I.ction tt, . .1.n th. plan. ,01 ,cuttino) and 

in th. "ir..cUon ,IlIJiP.ndicul.r .to th. Plan. of ,cuttino. 
1 

Alono ,Ch' lurf~a. lot ·th. ,cut-.lctlon ·oO'Pt~llon .,J..a". to an 

o'l.r.ll .h~.tn~'Q' .ot th. a.0.Il1.1. ,QOIPr'l.lon ,p.rpendSCu

lar :to th. Iplan. ,ot ·cuttino ,r •• ult. ln 'Iotlon thlckn ••• 

b.lno Ol\.,'.r Ohan .0Uld .b. i •• pect.d·.roa th' aiOfoto •••• t

tino. ·'h. ;.xc.nt .01 ·co.pr. ••• lon 11. d.p.nd.nt Ion the I.ab.d

.1nQ· •• dlua, ·th. ,cuttino ·c •• p.ratu~ •• and th' \.'_'1 and ,raM • 

• ":'JI. loi len. Ilcu:ot ••• IOnie. (1). 

,tft. l •• a.ne .ot Ic •• _~.,alon ~lonO.'h. 'plan. Lof ,cut'~ftO 

,c.n b. "uen'l"~d~' · .. '.,.'nin9 .nl:.hlînk ••• lo,'cn •• 1.-, . \ , , 

,tano •.•• c.-.a IftV ".0 ,olnt,:on Che'IUlt.O' loa ·In. ' •• caion • 

. , .... ' ••••••• 'OII'~ .,Ii. 'O.leU ... 'PtlIlPln<l'clI'. ,'~ ·'1Ie '.,_ 
1 " ' 

lot 'C"""'9 ICU titI lotapU'" 't.o. ,th. lftua"lr lof ' •• ,tal ".0'-
,tlon.' lo.t ..... d 'lor "" li'''' I"aolu" •• , lOa 'hl " •• 'Ün 
ltalocrk. 

JI., .. , ... t ••• _. ;cen,.olld ·eo .... r.in.·'n. 'e.t.at ~ot 
, ' . 
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,co.pr,~,.lon. ,ln .11 •• p.~1.eDt •• lP.r.tt." Ill10Ck tcoDt_in

lino th. up~.r ~ •• t .1oD'lof aie. 1un.,.. ••. lftl".llV ,aro •• n 
" "-, 

tto about .5 d.g~ ••• ,c.n'19r~d.) Ind .O~, •• ~en &ft 'A.,ricln ~ 

Op,'c,' ,CQ~PQr.'lQn ·'JO· :8,lno.r .'o.oto... .,.. .1Ô~o'0 •• 

••• ..t ,00 ,cut ••• Üll •• c"o", •• io~o". lift ,thicu"..... ,A 
. ~ 

verni.r e'lll,.r 'D.aolY"OftloC ".01 .al ••••• '_,'0 •••• v~. 
th. poal'~o .. loi th. Iblock f •••• *th\~"J.ot ,t •• ,tt •• d 

·~el.,.no ••. M'.'~D ••• "t ••••• t •• en'.ro. th.'lour eo~n.ra lot 
\ " 

'hl .)oCk'.~rl.e. Cll0.l.I), ·th •• ver.Q' ,of ,.ft ••••••• q~ •• 

•• nt. ,co"."tuc •• tb' POllllon.Of tft. lblock .'thl~ •• p.ct to 

th. ·at_.d 11l"'lIt .. ".. ·tb. 'CI~.t.nc.. A, .1, oC C th.8.1) 

Ibetw.t ... 'h' 'polillons 'ol·th. ,ol.c'e, ~"Y" 10ft th. ,b~OOk 

· •• 0 •.•• '. Ilao •••• UD.CI .lth th. Vlahi.r '.'ll*Ptt • 

\1 .... I\' •• nt. IJ .. 141 tU •• ,, 10 .... 410'" ,Co I.'.lu~'.\ ' ....... -

·'.nt lof ,oo'.~"'ioft un.er ,c"loen.alion. and.' •• 'Oh, ••• ,.l 
".O\to"*,,, "~I lftclI: •• l1r \1ft","""', 'O\ae:ln, .int' I •• cioaln, 
,PltOOICiUIt. ,Oh. IP.rl"in •• i .r'.I"l' •••••• 11t __ e"bt 

·j.r'''11 "I,a.o"t"1 'd,t.',uat •. I~OIl'lf,,""'~" ·C"I ,.loolC ~i. 
Jlle.o •• d ~ •• o. ,th. aSII •••••. ,. ·cOft,an ..... "la' · •••• '011""., 

\ .. , l. '. , 

·,Ibl ..... ~ ••• \~. 'I1l ....... _ ".a.il ·the I.,~IJ\~ ,~_9 l~' ••• ,~ ..... . 
hitr .'.!.H •• ~." ... I~ •• i'" , .... r\ .. ~"~' ·'he Ip,al,' .. iot .t .. . 

l~.'k ~.~ ,l~ ,~~.'at.cll ~ ...... 1II~.r. ! •• r"'~~. · .. ~,iu. l" . 
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• 't t.. 1 ".j ~, , .. ~. ,,~~ '1 

o ' 



""',. ~ ,. 
~,j~:" \'.~ 

• 
;)\i.\';""':~'l ,'il,.,' 1'. n, " 

'~, ' J. jrl:~"'\" 't~Ji"~ 11\.- ~"" 
I~ ).<l>'-"'~.ïl\\-~''''' ./' 

I),,~ ~""I'-4~ • ..,.i- ''''''''''i',1 
~l~f!Fl'tWi.jl't~r:t ~Io~.tp/.~ ;\~~
.-~f! .. r~i"-"r'::~'~ ~}j;" l.-~) 
-1"tj .. ~, t,~,4~,1 ,"\1 tio.H 

-hl ... }'~ I(\I-~ ~~-J.t, 
~ Jil,~ \'r~~?,! f),~ '1/~ f 

!"~~:",;:'lf1~:'IÎj",,:''':: '\' ' 
h-\~'!:.t'~~ \'" -fi1~ ~ l'iJ .. 

- ~,,-t -{ ~ "'''' F !: ,t<_ 

~ ; ... ':i\ 11 ~~~'f v~ ;"~<.}. ~ : 
-.{~ .' ""1 (fi':\;,j ~ J, 
\, ,,'~' " " .', l 

~ t.~~: ;~"f r ~~~f'~'0;:<1~:;'" 1- (- j ~~," ~ ~ ~ . 1 ) 

~ ... ~-'~'l~t/~~ "i""';,,~'I: tl' "''''): 'ti" t f;' 
~~+ .. ....... ~'11 ,~--'J-~'" ~;:l> -- "~ ~ :~."~:, ~ .... 

1 ~~: .... -1., , ~ ~""~I., ( _ ... ~;' Il,'. 

:' 1>;' 'l~f_J ~;" "'",: < •• ' " , 
-!- '" ~l' ~ - "\ ~ i'4-~ 3 • l 

'~,,:"~, . ~:l,'>:~. ",~. -~ ".::-, , . :" ' " ': \', 
\~l"'''~~'Il''''f"f'1'l-,-"'''f,.,,,/',f ':f,f,~ ~\It ~ .. h;I'I" 

''''';~H1J1,~ .... t. "' .... ! ;!,,", <1 ~ .. II,,, \ ~j.. t' ' 

" .. 1'1,~ ; ,,\\,.;" * ..... ~:.,.!. ~\ ij,'" 1" { 

,. 

1 ~ l \ .. 
_ ~ 1 '" ' 

, ... \, " 
'J, ,"" I~ ~ 

lti ), .. 
" 

.' 

',. 

", 
~ ... ' 

~ 

\ 

.-

" 
h " 

~ ... '-\ ~r L~. 

v r/ 

",' 

" ' 
',-

~I, ~ ~' ' .. 
: "Ifl 
'. !-' 

, . 
" , 

" . 

. ~ , 
, , 1 (" 

,. ... ~ , '" '~!;' 
,.' 

-'", ;' 

:-~~~~I\ 

! Î_ 

4 • 

'"1 
l,.j ..... 

\, 

.. 
';., 

t .:"'~-
!'I.' 

, ~ 1." tif. 

. 
'--'> .. 

},~::.,,:~2il;':f~~i:(;~ 
t';l{ \. t;r ," j' ,::; " ~. \~ ,1. .. If ~ j,'~J> 

";l~( ":'.:: ':.;. !~,~. //;'.: 
,,~. j~ ,,-' .. , " • '.If 

t,,_ i '..'7 ;"',_l oj ~, ,,:1' .' 

. , 
, ~~; _t~ t~ 

.-
" , 

,1 

~, • .., 1 ... ~ ~ ," 1'''',.. .,,~.h~ _ ., .,. < , • 

_lIfWh. "'''q ... ' MA ,.' ., ..... \,... ~ t fI ~, 't . 

• 

• '\ 

'\ 

• 

, 
" 

.. --_ .......... • ,~.- 1lOOlCI'" -. ~ "-li' 
l ~ 1 - -

.\ 

...... ., . ..,., .. " '-M'" ;JO _ta*J ... ~'I •• 

l 
' ' ' -', - ' 

, '4 f 

. r 
~"t 
.~"'1.!f~. 

" "'" 
.\.." , 

" 

f> 

'-... 

L[UZal li cl lit • 

1-
( 
1 

1 

! ' 
j , 

l' 

~\ , , l 
\ 

\ 
. ~, 

11 

.. 

l 

• 

~> 

."., 
.. '>" ..... -<,.11 

-, 

.1 



\ 

. ' 

" , " 
, " 

" . 

" , , . 

, 
\ 

,";>,' 

". 

\. 

i, ~ t 

, . 

" 
\ , 1\ 

" 

,jh. t, 

," 
~" 

1 



\ 

t 

. " 
<1 >,_1 

;"', 

o 

o 

no.r'R'''' t"'" L'E U"" 
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of th •• ax alll tnot .counUed. AllO, 111"rltl.l!nQ ~of thl block 
1 

·".ult. ,ln tht .1 •• ~10n •• nt of th. ,bloCk tlCt _ith ".IPlct 

to tb. ~nlt •.• d,t. , •• " ,t1 •• the block ,1. If,.tur.n.d to ,the 
. ,\ 

11crotal. (a,t.r 11\.~r..e.JinQ) ,U .'Y n'Id "tlllllinQ to .U,n 

~t. lurt.CI to the knlee ted,l, Slc'lon. thlt .re dl •• Q.d 

and •• teUal lolt \ln "1\111 .,ctlonin, doe. Inot Ippe.f ,on 

tht hlltol0Q.lC:.l U1dll .nd ,c:ontr:lbuUe. to ,colpr,e.llon Itr

ror •• D.tl.obtI1n.d dUllln9 l'XP_l\llent' 1 Ind III .tl dl,pl.,ld 

Qraphically (fl,.8.2) 

8.2 Co.pltl •• lon Ir~ar ,AlonQ ,the Aal1 ,Nor'll 10 ·'he pline Of 

CutUno. 

Data lObtained·éIlO. ,.MPer.l.tnt. (1 and JI .1. dl'Pla,.d 

eflphic:aUy lin U,.1.3. ·lhl ·pui'lon Of ,tilt blOCk ,tlae 

•••• u~.d IIlIl."'1 lo l'tt •• dllll •• rlno. 't.'p~otO.d 110ft' th' 
, 

Qrdinatt and th.'CQ.~l" •• 'lnu.ber\ot "'C'ion. ,obtaln.d ·JQf 
- , \ 

illiapteta ••• IpollllQt1. lot .''''t 11IloC'k flGt '1. ·plotU.d l,lon, ,Ot'lf, 

.b,Ol ••• ~ ·tn. ·40.~~ ••• lon !.~,or .c.ftt~t, t •• 'l'l ICO'PU'ld ·.~Ol 

,'t'II ·I«la"on .... i, t •• blbi"d l~tt ••• n l'b"1 ·i.o Yall.b~ •• . / 

".t III '4111\0'1 ·'ht .cQ •• lad., lAu ... r ,ot .. Cl10ft" ln \1:1. , 

i 'l't'·ln.~.r lOC .'QI.'O.' "'I\OIl'~~:' ,n, po.101Clft loi .'b~ l .. loek 
• 1 

'lia. '.~'b '"'lIlct,·,O ~ llll'.Il.ft~~ ~~ •• ), Md fi 1.' -cnl leu.u· 

~l ••• v •• ' •• tr ,o ••••• tOft. lo.teane' ,un"l l' •• ' ..... ,. :'11\04, 
.' • " t 
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! 1 tu t JI, IL d Il t __ bL • d t •• &,. ... 

rig. 8.2. Da ta obtained frcm Bxper iment 1 (nuu:ked A) and 

JlXpU'iMnt. XX (urked a) li dllplayed gl'aphit:ally. '1'be 

abaci •• a X i. the cUMulative numbar of ~.ctiOftl and tbe 
. . , 

Ot'c!1n.'. Y 1. the ,POlitien of the block face in a. 

Itegr ••• ion Un •• ara .srawn tbl'ough t.he data for .acb 

Ii>" .~iMnt. The oCIIIPZ'e •• lon ettOl' ,1. ·3lie. for lXpeJ:1Mnt 
, 

X ana 31.4'" for: axperillent XI. 
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" .Ich .trake of th' alcroto •• leDit •• cSv.net. tht 110l.lUon al 

the ~loek 'tace ~y 8 Ilerona (8~, the follo.1n; I~el.tlon.hlp 

holdll 

y '. '0 + 
..... ,. '0 &. t,~. tl •• d IreterenCI point. 

Me now attl.pt, to fit allne.r r.;rt •• lon 11n., 

r ,.' a + bX 
, , 

.b.re a and ,b are th-' recnla.lon coetficlents .. 

'i 

- ~ 
'Jabl. 1( dllplay. th. :Ulul tl ,of 900dn ••• of tlt lof dlta .ob-

~ , 

taln.d frai .explrl •• ntl :1 and Il. 

lb. eOIRrel.lonl,rror (C.E.) 11 detlned aSI 
Il 

C.E. n) ,. Ua. .. Lo UL. ).'100 ,1 

.her.. ,10 II the th1eknll' ,of the .ection ,:obtalned (8 .1eron.) 

and L,li' the lenvth lOt block •• ction.ct ltO y'.ld lone '.eetion. 

NO' •• 'th. ,'Quet1on 

,y .•• + ,b. ,.2 

l.xpr ••••• th. ,relau.onlhlp bet".I,. the ,cu_ullth. Inuaber Lot 

•• etton. xlobtalnld ,for a po.ltlon y,O! th. bloe~ face. 

let 1; b. th. 'poIU.lon of the bloek tec • .bllore lone ',IC

tlon .11 'eut. .!htn ,in tocordlne •• Uh ,th. definition ,Of :L., 

" + '~,.oU.l~ be tht Ine. ~o.ltl~n .Oi tn. bloC:k' rt~~.. .Htnc., 
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. .., •• t t)Je' 
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.., + le • a +. b(X + ~) .3 

Iqultlona (Il) cln ,b' lolved tor L • relult1nQ Lin 

Le • b 

,The Ir.or'.lion co-.tUf!1.nt b repr' •• nCI 'th' .thlckn... lot 

one .tetton. ' 
Q 0 

u.lnQ .equlùj,an Il th' co.pr ... lon Irlf,or t. cOllputed t.o b • 
• 

""-r~". \ \ 
1 

·'lh. Ihll1nklOI lJ.n th. l.ntjlthl of th. di.t.ne .. A,' Bf ·e 
,1. co.put.d frol,thlif r.,ptctlvI .t.iure •• nt. ,b.jQft .Ie-

tI.onlnO, and litlr lt.ln,ln,. '1h. ,verl,1 InrS.n"I" IOb •• rV.ed 
, 

durino I.ch ,lxPlr.l.ent con.t1tutl, Cft. CO.R~I •• ~on,.rr.Qr. , , 

,'Ih' .hrlnktO, 1.11 det1ntd •• the ~'l.ch.· cheno. 11n .thl , 
'\, 

01 

.. 

wra.r., .L.l1 tbe dhtanc. bi, •• .." '.:wo, ,oint, b.tall •. thl ' •• e
.tt4n .11 ,cut ~n4 "Iii the ~Uat.ncl .blt.'.n Cftl.· •••• point. 1 

an.r lt.lll~n. ~uno on tlle lI&.colo,le.1 Ili •• , 

~ 

Ih. co.prl.,lon .ff,or.','CC .. I.I.'. ln thU CI ... 1 •• 
l' 

',C..I." (,". ! ?d', S.l •••• • aa 
Ih.r. n i. th. nU~b.r ot ob •• rvtt~o~ 
'U.in, ;.~.a'J,on. cf Incl cl th. .'.r.,. CO.RI\ ••• ~oa :.r.r .• ' 
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An 1.0-

tropie ~x~.nI1on oe 10.11. 1 •• ppli.d to '11 thl ,.etton. to 

cor~.ct for th'\OO.p~"'lon ,.rror in ~h. plln. lot cuttlnv. 
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