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A lllotle l lltt'ttlllrl l¡l\l()r,. ()l lltrr l(rrr\lilill ¡rl.trrt.l:, il:,:;untr'r. iilì ilìil[tl lUlly ntoll('tì
rl;tlr';ttlrl llutt lll,'tììilìtl(.1lrorrr I'r ,.'),lritrlirrll lr llu ¡nfltin! l)()ltìl lnt!.lt()n lronr Iltt.
l('lllill¡liltl' .'olt'. I lrt'tolr.,ct\itlt{r¡ rrl t'¡ttl,}' I:, tt.¡)t(.1,e¡l(ttl lrlt lltt,¡ltt,lC Itgtl\,;¡lrl
lot ¡¡'a (r(ìlr' I llt t¡¡r'lttt ',ur llrr'l' lrt';rl llrlr i\ c.,lt¡¡litl('(1. I lrt' ,.rtt,t,¡,1 llrlr i: llrlt,n tr:,
ntit(lt'il1,lttlllr ll¡ltt 0l llt'.ililitl r'(l¡l\,..r'lt()¡r ol llrr.lltitltll(,iilìrl iltit¡l¡ììit i()il\L(,ltr)il iil it
./()ll('()l Illlliltl lll('llllll I lrc ¡1¡¡,' ol rt'r'trr'lllrlron ol rrpltt'r nìirtìtl(. nll¡tr'ri:rl i.. ;rl,.rr
()l)lillrlt'(1. I llc lltotlt'l i', r';rlrlrrrl,.'tl rrrtlr (,\r:,lltlt ¡rl.rrtt.l:tr'1' tllrtlr, ¡tollrirll llrt, ,,ott.
t lttltu;,. r ut lil(r(' lrt'rrt l llt ;rrrtl,lrl illr()tì ()l \.()lL.,lnr!n).
I ltt' l¡lorlcl lrt'll:tritlrtl \rrili('\t\ Ilrrl lllt'tlrlnlt¡llrnl nto(lt,ol lr('itt triln.,lct tlrlrrrl tllt,
lll',1 I ( ilt rtl ¡rllillt liU y lutr(. 1,, ¡ilill1¡nit r'(ril\ (.( 1t0il.

l' ¡tttl¡ltt.lrr ttllt tllrltltlrl tltt ltt,,l(illir lr'llllte.t c1(ì,, lìl:ilì(.lit., l(,ilr.,1t(.\ (1il(,it:,\Uilì(.ilil1 Lr,
llttltl¡ttitlltl llllt'lllllll('lìl('lttttrlrtlr,('il1 (lilr'r)tììliltlr)(t(.,{('llr'lit r'\llit\.:t()(l( il|lil lll(
\'ll() (l('llltlttl ¡rottl,r tlt ltt',;rrl (l() ilil( l(.() lr'',lliltl(.. ,,\ r'o¡¡.,1,¡\it\'it1¡ (ll (,¡l(,tl,iit i,tlt.:,r,llllt
llillll()Ir)llr{)llll!'!'l.tlt llltlll()rllt(l((ì ()llrrrrlrlt'r:rlrir,il1\r.llt'l,tlnri.rlirr,,,,.tiltìlt(l(,.
( (ì¡¡.'i11,'l.l .t rl I ltl\o rit , ¡¡, ¡r'i.t r ilil |r1.,1(' (l,t ('¡l('triit (llt ( ()il\ L.rt\',t() l( I il)t( ir (l{) iltiilt
I(l 1'11;¡ ('()ll\('('\'il() [lt llltlrllll:l lilrttlir ,'()|lit,lL Itr::rtr l)ilt( titl. ()ltlcill :,t,1;ilrllrr.ilt ;r t;tllt
.lt'ttt,tllltçltt),l()lllitl('rI;tl(l(lllriuìlo',ul)r'ri()r (Itltltlt'lt,r,,;rlllrr;l(lr)r,()n tllrrlorrll.
It'ttlt':,tlo:, 1)ltttl{'lit",ptt¡tr'i¡rtltttttìlt r)r.rrrrrl¡¡ttltlt'¡ tlll¡r,¡tlt,r'ltl¡t :,trl)(tll(titl r.,l
,lttt itçilo (l(r \ ¡lr':ltll'.¡t().
( ) (()¡ìll)()llilllì('¡lltt rltl tttrrrlt'lo .¡l r't(.(l¡(,.t lr)t¡ltit tlst¡l¡l¡tlt'tllr lr.t¡.lr.tt.lte¡;t tlr t.lr
Itll , tlrt|lttìlr'() lltrrìì('lto lllltlto ,l, iut,l: rllt i itllt tltt., ¡rl;tttt.l;1., i.il ( (lt)\ (.\,.1t(r (l(. nlillln)lt.

( l rirrltrzitlo ¡rt lir l{cvrstlr)

lN't Rot)Ir("t't()N

'l'hc ll;trth is losirrg cn(:rg,y llorrr it's i¡ltcriol. ()rr¡
lrìlcr(:st irr tlris c¡tcr¡Ìy is twofolrl : its iuì itvitilittllc:rrrrl
cxploitut)lc rcsollrr:c citlrcr dirct:111, lrorrr nliniltß lt()t
willcr srrl)sliuìr:(: ()t in(lirccllt, l'rrlnr iltinillll ()t(:s \:()ll(.clc(l
lun(l (lc¡)()sil(:rl irr lrytlrr¡lltt:t tìtítl Ilui(ls; ¿rs ¿ì nìutcrl Iccor(j
()f llì(: Liitttll's thc¡lrìlrl ltist(}r'y. Wlì¡tl(:v(:t out inlctcst , it
ttìttiot conccr¡ì is in llrc lirnc :i\ì¿tl('.\ ()l flrt' ¡rirrlit.rrltu
l)ltcnonÌ('ll¿1 , lirr cxlrrrr¡rlc: llì(: t(ìsl)otìsc ol it n;tluntl
ryslcnt l0 l0t:lrl r;rirrlall; llrt: rcsptlrrsc ()l iilt itctivc
Ityrlrotlrcr rrrtl systcnt to cx¡rloiltrtir)n; {ltc lilctrrrrt: ol' ¡r

lry'<lrollrcrru;ll sy\lrlìì; tlrc rct.irr.rrlirlit,ll rrl tlrc rr¡r¡rr:r
ttìiìrìllc; or tlt(: <lt¡nrliorr of volr:trrrisrn on ll l),u.1¡(ìulitr
l)llUtct.

'l lrtt glotrul s(nlctlrlcs ()l lltc l)l:ulrts r llrrr¡ic. ,\¡lirr f

I t 0ttt tìc.il sut l.t( (' lìt ()tcsscs, t llt st: cllltttllcs ()(:(:Ut

l lrrou¡llr iulcnllrl r ('in l ir¡tllcntcnl.,\s rvcll its t (:iu t.iutg,nt,Ì
llrc rlistliburion ol llutltct llrt: systcrrr is rcl¡rit¡ìgt¡rlÌ il's
('ttcr¡{y rlislr¡buliolr ¿ut(l (ìlut ()nly l)tolit(Ì:,s lt()nt (}nc sl¡tl(.
Io llrt: lrcxl ilr so liu its lltc ctìctliy rìiut t)c ltiulsl)oilc(l
lltl.orr¡llr llrc llorlV. 'l lrc lrntorurls lr¡ltl lrtc ()l tltitt (,u(.tlly
tt¡ttrs¡lor l tlt.lct t¡rittc tllt. lilrrt: s(.itlc ()l llrt. rt'lrn iutlÌcutcnl.

l;ol lltt .lrrvi:rrr ¡llltrtr.ls, lro¡n ll glolr¡¡l 1,¡1.11,¡,1¡j¡¡1

ll¡crc is r() r.ll('rìlr.,tl tlt'vt.lo¡rrttcrrl; llrc \lril(.lurirl l()ilil
tcnutins llrt. strrnr'; lltt. lltt.lrrrorlyrr;trrrtt tlt.r,cloInrt,rrl rs
\lllìl)lV it t()nsc(llt('il( c tll lltt. c(lill [ìÌt(]ils (.()tìt l ;t(.l i()n ()l

llrc boily. lor llre lr.¡lt:slrilrl ¡rllrrrcls, rrrlr.jor clrcrrrirtrl,
¡rlrysicltl lrrrrl l lrcl rrtotll rnrrrr ic r.cíu t iutl,.(.nr(.¡tl \ occt¡r .

'I'lris ¡t.r¡lcr r'()nsi(lcts tlrc lllt:lnlrl lristor'1, ol tltt:'lcrrcstriltl 
¡rlttrrcts lry rrrc:trrs ()l il luntl)c(l ¡llrrirrrrctcr

ulotlcl. l ltt: rrrltior':uist¡nll)lit'rr 1¡J ¡¡r" nlo(l(.1 ir, llrll ;rt llrc
bcgrrrrrirr¡i ol gcologi(ì¿tl tir¡lc tl¡t:st' lrorlit.s wct(,
t:ortr¡rlctcly rrroltt:rr; llrirt tlrcrc¿rf tct tlìr)it uuultlcs l)cgíìtì
to lor¡lt lty grorvin¡l tlorvlrrv:trtls rrsirr¡l lr lorv rrrclling
¡roirrl t'rlltcl f r()nt llrc lt:nlirinirr¡Ì lit¡rritl t:ortrs.

'l lrc lt:r:tutc, in llris 1't:ttr'()l c.\ltcrr¡c ilttt:rcsl ill lllc
rcluln ()l ('()ntct l', Illrllct lr.)1.i6, rr,¡rs tlctlirlrlt.rl to
lltlnro¡ltl lllrllct, (1656 17.12). 'l lrt. ri¡l¡ilirrilies .rrrtl
tiillt:rctrccs lrclrvt:r:rr it colncl lurtl iul itctivc lty(lt.otlrc¡ nr¿tl
syslcnl, lrtltll scc¡¡ lrs vi¡.ror orrs ()[)iccls tlc¡te rrtlin¡,, lìrl
llrcir o¡lcrittt()n otì llrc¡ rrrtrl cnct¡iy lul(l \\,¡tt('l sul)slit¡tcc,
\\'('r (ì t)r icl ll tles.:r iltr'rl.

'l llc lcelur(: l)t('scnlltiolr rv¿ts tllvitlcrl lrclrvccn tlrc
It'ttt¡rtllltl ilslr(Ì(ls ()l lly(lt()llrt.ll¡r;rl s],sl('ilì:i iillrl llrtt
¡llolrrrl lsl)('(ls ()l gt.ollrt,rrrr;rl cnellrv. llris lì;t|(.1
ptcscrìls orrly llrc lirltttr'. l\'ly lrpplolrt,ll to lrVtll()f lt(.t nntl
svsl('ttì'ì is *,cìl r'()\'(,t('(l t.l:;crvltcrt' (st't' lot t.tlrnr¡rlc
lrltlcr, l9-/6, l()til l. I lril l),llì('t, n,ltitlr r.ovr.rs tlrt.st.r.olltl
p.tll ol tlrt'tlrlk, ¡ìlc:,ctìl:;;r nc\\,1()()[ trl llrt.lorr¡i lttrrrr
litttt'st'itlt's lttttl ir plul r'l llrr'lìt('\('nlirti(rn (ll it llrotjt'l ol
llrt' r'ltcruitlrl, .;lrrrtlr¡rlrl, ;ur(l lllt.rlrrrrtl!,1¡.trrrir
tlr'r'clo¡rtttt'ttl ()l llt('t('lt(':,trilrl ¡'l¡¡¡¡1.1, (lrltlcr, l()li7).
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C-'ottsi<lcr a Itlottcl lcrrcslllal plartct losing ltcât fl onr

its intcrior through tltc strrlacc with a¡t ittlcrior llo(tcr

tltan thc surl'acc arlcl tlrc sttrl'ace lct¡ìpt:rllturc lìlallt-

taincd by cxtctllal l)roccsscs. Scc tltt: skctch ol lrig' I'

Af

t,igrrrt I -' St:ltclllc lìlt lltcltltirl (l( vclol)lllcllt

'Ihc body is assttlllccl to tlt: lìrlly ttttll(c¡l initially, and

dcvclttps a lltittttlt: ¡tl il ritlc tlctcrtltirtalcd by tht:

availablc ctìcr8,y rcs()tlrccs lttttl hc¡tt trillìsl'cr tiltc

tlrrough lhc Ilta¡lt lc.
(ltlttscrvalitltl ot cttctgy of thc wlttllc bttdy Ictlttilcs

tl(oV lì)/dt Al'

whcrc: A, V arc thc sttl l¡tcc arca, volrtttrc tll thc brldy; li
is tltc ¡tlcall total s¡rccif ic ctlcrgy; q is lhc ntcatt

clcrrsity; arlcl l is thc rtct olllward surlacc hcal

flrr r .

Collscrvatio¡t cllcrgy ¿tl lhc nlatttlc'(:()rc irltcrlíÌcc

re<¡u ircs

clrplt- lc.

whcrc ll is thc crlergy rclcasccl pcr trrtit tttass itt l'rcczitrg

at thc corc-rttatrtlt: i¡¡tcrl'¡lcc; illl(l f. is thc tìct hcat f'lux

ot¡t of thr: corc.
'l hesc two relationships ¡rrovitlc it lllcrc l'r¡¡¡tcwork '

Thc quantitics i¡l lhc rclatiotts Itcctl to llc rclatccl; antl

thc nlodcl calitr¡atcd. 'l hc kcy lcirlt¡rc ol'tht: stratcgy ol'

this study is lo consiclct tltc cncr¡iy llttclget by coltt¡rarirt¡l

the total cncr¡Ìy at a partictrlar rll()l¡tctlt witlr tlt¿tt at a

refercncc ttl()tììctìl takcll as t -'0, 5(ìa itgo'

T¡]MP¡]RA'I'TI RI] I)IS'I'RIT}TJ'I'ION

l'hc quartltltes F., ll, f, f., arc tlctc¡tltirrctl t¡y thc

structurc ol' tlrc body; tltc pro¡rcrtics ot tltc tttaltcr; atlcl

thc thcrnlodyttarnic st¡ltc. Ill tlris sirtt¡rlc ¡rlorlcl lllc

structule is ¡livctt by thc corc rittlitts; tltc ¡rro¡rcrlics ol

thc rnatter ilrc ¡rrcsrttltctl k¡towtt; ¡¡ttl tlrc

thermodynarnic sliltc will ht: caractcrizctl bv a sittglc

porametcr tlrc "¡tlobal lcl)rcscllliìtlvc" tcnt¡'rct atttrt" {i'

l"igurr ! Stlrcrnlttic l('lììl)cl:lllllr ¡rroltlcs ttictl llì llì(: tllo(lcl:i' " l ls

tllc ¡llr't nlctlnrl,-' lttllll,:r:tlrttc ¡rrtllilt: lrtttttttlctl hy ¡rlttlilt
" 1 ", tlrc lit¡rritlttr, ;ttttl ¡ttolilr' "1" tllr ';ttltsolrtltlr tll lltc

un(lrl lcr ctìliitlc(l lrl¡tlcriitl

'l'ltis rc¡rrcsc¡ìl¿tlivc tct¡lpcratt¡rc is <llltairtt:tl, itr

principlc, l rolrt tltc Iìì(:atì lcrllpcl lltttrc prol ilc' (ltlrlsidcl'

tlrc nrc:ttt lttttl)critlltrc ¡lrol'ilc at a ¡lartictrlar i¡lst¿rnl as

skclt:hc<l in l'ig. 2. 'l hc l)rol'ilc labcllccl "3" -- is

borrrttlctt by twtl lirrcs lahcllctl " 1", "2"'
I,rotilt: " l ". 'l'lris lcrttpcrratttlc ¡rrol'ilc at gcological

tirtrc t:0 is itssttnrc:tl to bc that ol thc liquitlus of thc

original trrrtlillcrcntiittctl ¡ltalcrial. 'l'hc fìrrrn of this

culve will bc that of'tllc rttt:lli¡tg point I'or clcpth (Mltl))
rclation it c()lttllìlì cvcrywlìcrc at its rtlcltir¡g poirlt,

wilh ¡¡ratlicrrlq ol or(lt't' I K kltt '

l'rof ilc his plol'ilc is typical tlf l sub-solidus

irr ¿r l'ullv solicl btldy.'l'hc lìrrnr ol this ctlrvc will bc

detcr.¡¡tirtctl Lry thc cntirc thernral ltistory rrp to lhc

r¡¡onìcrìt all thc tltaterial is lrozett.
At tht: st¡rl'acc (s), for ûll t>0, thc tcttr¡lcritlttrc is

rlctcrt¡ti¡tctl by thc solar flux, the planct's orbital

distancc alrcl lltt: stalc ol' thc atnlospltcrc and takcn

hcrc ¡ts irrdcpcrttlcnt of' til¡lc.
'l'ltc i¡ttcrmcdiate tenrpcrature prtlfilc "3" has twtr

<listinct J)aIts, tlìosc ol' ¿ solid r¡ìa¡lllc and liquicl corc'

with a sltar¡r risc in tcttlpcratt¡rc at tItc nratltlc-corc

irtlcr'l'itcc (c):

(i) 'l'hcrc is art irtitial stage with ir rcgion in which

rtrantlc tclìlpcratulcs cxcccd the soliclus
lc¡ììpcrat urcs (t¡s ) so lhut íl 1()lìc ol part ial nlcllirlg
(p) exists.

(ii) 'l'hc ctlrc will itt gcttcritl bc ho(lcl tltan tltt: tlt¡tltlc'
'l'hc bulk ol' l lris cxt:css tclllpcr¿lt t¡rc prcsutttittlly

will bc takcll t¡¡r in:r lltill botlndary laycr al tltc to¡r

ol tllc corc --- tt tttttsh zollc ol'thickrtcss pcrhaps ol'

orrlcr l0 krtt lor tltt: ¡rrcsctlt Liarttr. lt is this cxccss

lcnll)ctitlttrc (ovcr tlt¡tl ol a c()tIcsl)()tl(lin¡l solid

Itt¿tntlc c\llact) totlctltcl u'ith. tlrc lltlcnt ltcat ol'

lrcczin¡'. wlrit:lr is rlltttlcllctl by lllc ¡ratltttlctcr l-l'
(iii) 'l lrc ittrlcr colc will trc itt t(ì¡lìl)cratttrt's bt:ltlw thc
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c(rrc nliltcrial cxtr¿rcl-solirlrrs (c:.). l ltis ¿,rrrc is

i¡lnorcd hcrc.
(iv) ()thcrsidc ltolll tlrr: tlcc¡r nt.rrrtlc alrtl (()tc

lelìì¡)eratulcs tlistributions, on Ilrt. ¿tssu¡nPliorì |lt('y
&re wcll stirrctl by corrvcctiolr, will lttt ttlost.to
¿rcliabatic oncs (u,ith srrr:rll gr:rrlicrrts ol' orrlcr (1. I K
krrr').

'l l¡t il¡ili¡rl glollirl ttttutt lrrn¡rtrllrrrt l/,,

lnitill tcnlf)cr¡rturcs lrl tlr'¡rllr, cvcn lo¡ it

Irorttogcncrrrrs nritlcriirl, rvill t xt:r:ctl Illtl ol Illt: srrll'¡tt:t'
Ittt:ltin¡¡ ¡roittt tlr"irt¡l lo llre t¡tr'r(.tsr' ()l ¡t¡(ll¡r¡È, l)()lrl
rvillt ¡rtt'ssrrtt'. I ltis irtt:r(nr('nf l() tlre irrililrl nrclrrr ¡llolrul
tcnìl)(Ìrillurc elrtr lrc cslir¡urlctl ror¡¡il¡ly by corrsitlcrirrg
tlrc lit¡rritl s¡rlrcrc lo lrc ltonlog(:n('(ìlts lrrr<l rgrrolirrg tlrr:
rt,lt'ol rurtt¡rtcs:ilrrlily.'l'lrus tlrt prt'ssrrrr I' I)e (l
r")rrltcrc l).'. f,".lrr(i{.,'it', r' r,'tr; llre ntcllinl'. I)oltl
lctttllcnrlulc'f '1,, I /ìl'; rr¡¡,ll tltt rrrcirrr ¡rrcltin¡Ì ¡rtrirrt
tcnll)cr¿rlur(' I l'l'<lrrru'itlrrr '1,, t 1,,'5/il)., lrrr

it¡r:tcrttc¡tl ol ?.i 5/il'... I;or c.rtrnrIlc rvitlr /i l(l ' K lr;u '

Ior [Vlcrctrty, Vcrttrs, 1ì¡rrllr, lt,toor¡, lVl¿us llrt' incrcrrrcnl
(ir K) i:,: l(X), 55(), 7()0, l(), l(XX). lhcrt' is insrrllirriort
irrlorrrurliorr to :l¡lct'ily tlrt'r;t' ,¡rnrrrtilics rcli.rlrly. ln tllc
illttsllittrvtr tntlrlrls, unlcs:. stiltc(l o(llcrrvrsc, I ll;rvc
tllctt'lorc tllosclt ttollrit¡.tl vltltt,.':; ol l.l00K u,ltlr
ittt'rclttcttts ol l(X)K for ñlt:rtrrly, IVI;us ¡¡rrtl 6(X)K lìr¡
Vctrrrr, lriu tlr lo grr t' l/.,: lvlt'r cur v, l5(X)K; Vcrrrrs,
l(XX)hi l',lrllr, ìl)(X)k; l\'loo¡¡, ì.1{){)K; lVlrrrs, ;r(X)K.

I¡riti¡l urrrl hr¡¡ln<lnrl cr¡¡r¡liliorrs

Al lltc cntl ol lltc ¡rr()l() l)liutcl.uy:il,tli('tr ¡rltrrrcl ir;

lusstr¡rctl trl lrc urr clrtilc:lv lirlrritl botly. Soon .rllr'r it ('rllst
lrclii¡rr t,r l0rrtt, llrir rìr()ilrr'nl, l,rkt:tt,tl, rrorrrirr,tll.¡ 5 (i.r
rugo, is tirttt zcro in llìr lllcnnltl ltislorV ntotlt.ls ¡rrcst:nlctl
lrclc. lltt¡s rtt I (), lltc lcrtt¡rcrirlurc {,} .. l),, rvlrcrr-'11,, ir;

¡ttt'srrrttctl krtorvn' llrc'colc' l;rtlius r ;r, cr¡u:rls llrt,
¡ltliLrs ol llrc ¡rlirrrcl,;rrrtl lr 1,,,.

'll't: srtrlltt:t' t('rll)clltlut(Ì, Ll. i:; pr,,'st¡t¡lctl lo llt.
L()lrstiurt in tinrt:, I llc vlrlrrts r¡scrl ¿rrc: N4crcurr,, 445K:
Vt:tttts,7-5()K; I,urlll tr¡ttl !lrrou, l(X)K; tvl;rrs, ì25K
l'orsilrlc vatilr(io¡t ol oltlcl lO'k in tlrcst.r,;rlrrt:r ll.rvt
t¡lir¡or cf f ccls orr lllc llcllrviorr¡ ol llrr'nrotlt:1.

l,:N l,.lr(;t ( 'oN t'R iltU t loNS ,\ t, t t,.R r , (l

Ilrc ttltjot tttt'tgV r('5()l¡t((s ,u(. lltt it¡lclllrl
tltctttltl rrì('rgv; rvrtlr tll,' {'\ltit ( (ìtrlrilrrrliorr tlont llrt
r.()t('illirtin¡'II(lttr rl., llrlcttl ltt'lrl lilttl r'\((':,:, l(iltl)('tiìlilt(
l t ('irl('(l \('lì;lt ill('l\', t llc ¡rr:rvil,rl iorlrl t.lrt.n,v. l lrt
,0lrlrilrrtli,,rr,,1 l,rilitr,rrfrr'r' ilr,¡ltli,rl ir ¡llr.sr¡1il(_.rl lr(
|ottli¡rctl lo ¡t llrill ,/(ìn('n('llt lllc ,ulllttt..illtl tt()l l(l
:lllr,'tl tltr' i¡rlt'rrr¡rl lrtrtlltt.

JÀ3

('r¡¡rIrihuIiorr Irr¡lll irrlt.r¡l¡rI Il¡errrr¡rI t'n('tg.ì'

I t lrt¡osc l lr,: "¡llollr l t r.l)t cs(.ltlitt ¡\/(: t ('tìll)('r ill u¡ (." 1/

stt.ll llr¡tl llr( l()litl intcrurl llrclul;rl ()n(,tq,\/ lìrr ;r ¡rl.rrrt:l
ol rrlr:;s lt'l , lrlrrl llo¡lrilr,rl ,t¡tttilit' lrt.lrt , ( I k.l kg'
K'), ir; N4r:l|.1.

( onlrillr¡liolr lrollr lhe lhcrlllul (,lt('t'fl.Ì ol lllt't'ort

'l lrt'r'ort'¡rr.rlcliltl is ol tliflclcltl rllltctilrl llo¡u tlrlrl
tll lllt'solrrl nnulllr', elccl)l itl llrc t:ol('.tììlìnllc trrlcl litet. ll
rvill lr;rrc lr lrilllrcr t('nrl)(llrlurt' tlurrr,trr-v srrlitl c\lrit(:1,
:urcl in tlrt'lirlrrirl st.ll('r'iilri$; Ilrc. llrtclll lrr::rl ()l rrrcllirr¡,
'I lris r'rtut llr(rnlill cnr-'n'\/, ()\/(ìt llt;tl tll lt nr¡urllc l;olirl is

Ittotlcllt'tl:rs llìo (:rì('lrV l,t'r lltil nllrss ll.
,\n oltlt'¡ tll rrlr¡itrilutlc. t.sll¡lurlt'tl ol II t.¡t¡t llt'

tnlrrlt'.

,Jttlttt W. l:ltlt:r

I I l. , (( 'u ( 'ilr) l/nr I ('(./,1)

u'lrct.' t),,, i:, lllc l('nìl)('rirlur(' ill llrl r'orc ¡n;rnllt:
i¡rtt'rlrrr:r', z\li i:, llrt' lr'rrr¡rt,r;rlurc rlillcrcrrtc l(:o:,s,t
t ntrsit ion ¡orrr. lrt.l \\'c,r.n tlr( l rlly :;olitl nrrlr lt' ;rrrtl l r¡lly
lir¡ttitl c,rtt, lutrl I. i:; lllc i:rtcllt ltt.;rt ol lrt.c;irrrt. l,or
t'rrrrrr¡r1,.'rvitlr l, 0.\ l\4 Ikp', ( ,. I k Ik¡' K,( ,,,
I l.l kll lr., ¡'.1) 5001r, rrt'olrtrrirr Il I Nll kll'.

Iltt r¡rlrrrtityt, ll ir lr Illt'¡rorlcrrolr'git;rl i.otìsliutl
Iot t'rrtl¡ ¡rllrrrr'1. I l¡c r'oltr':,1)()tì(lluÌ ('(rt)ll¡l)uliol¡ lo lllr.
¡lltilrlrl s¡rceilitr t:lltl!,\, il titk(ìtì to lrt' I I (r, lr)' crr¡tlclv
l)r()l)()rlirlttirl Itl tlrt'lllrrs ol llrc corc.

( jlrtvil¡rlio¡u¡l clrcrgv lvlillthlt, l rr¡l¡r sl rucl r¡rirl chltrrgt

Âs ;t ¡rlltrrt l:rr v llollv I ('iu t;uì1,('\ ir,. nt:t\..
tlr:, lrrlltrliolr *,itlt lr ¡rrorvin¡r ntiuìll( itr,
r,,t;rvìltrliorr.¡l 1'¡¡1'¡1'1' l)('('()nt(s sllllrllt,r; lltc (.nct¡'y tlurrr¡lt.
l)r()\'i(linp ir :,oll(Ì('t¡l llttlt¡ritl cn(.tli\/. I lrc ¡lr;rritirliollltl
rvot k lrnrcliorr ll¡ts llrr. lornl \\' I \ r'. I ìl\4', it \vlì(.r(. {,

r:; lr rlirttr'tt:.iolc:;:; t¡rr:rrrtit¡,r'lo.t.ftl 1¡¡¡i¡y, tlcpc¡rtlcnl olr
tl¡t' ¡r¡rr:;s tlistr ibrrtion (lìrr (lclitil\, st'c liltler, l9¡Ì7).

'llrc t¡rrirnlil\/ \\/. \\/+, rlllcrc \\/i corrcs¡rorrrls tt'
tlr;rl ol l ('(ìilrlìl('l('l\,It,'/til lrlr¡11,. td¡ lllc ldrIc:;lIi:ìl
¡llrn('ts i, rlrorvrr irr lii¡1..ì. l lrc ¡tcre(.nttìli( clr:rrrltt: irr \\i tr

lttll¡, ¡",,¡,,,' lo;¡ 1,,¡¡t:;olitl lrotlv r:,: N4t:rtutv,.ì0,
Vcrrrl., ltì; l,.tutlt, J(); lt'loolr,1); lt4lrr:,, 5. lllc tllul¡lr.i¡r
\\/ lrrr \l;rr,:rrrrl tlrt'\4oorr i:r :,nl:tlllu¡tl nt.)tlillil)lc lor llrt.
l)it:,1 irtl('t v;rl ol l't'olol'ir'irl l unr' l lrt' t llrrr¡it' irr \V i ;t¡t
Itt' ilittt,tcrl lìr tlrt':t' ltt,,r lrotlic:; llrt' L'lr:utrit. in \\' l:,

r;ulìsliurlr¡rl Ior lt'lcl,-ut\,, \/otìtr.i ;trttl Ilu Ill.
'l ltc inrli:tl 1rt:rr il:tlio¡l:¡l r'n(tit\ I)r'¡ lrtit ¡tì,t.,.,, \\

\\,' lvl , f ol ('\irnìlrl(, 1ìrr tllt. l:lrrtll, i:, lrlroul .l() Nl .l kII,
tlrl:' is vt'r\/ littl'( ((ìnr¡)i¡t:rl l¡ lltr' ¡llrt,r r.¡(.tliV (;()¡tr(.(.

I ltr'¡tvltilltlrlt'lt;ttliott is.Ì(l11ir s() lltitt lrlror¡l ll I\'l.l L¡tii:.
;tr;ril;ilrlt lir tttlt llrt ltl,rlr,rl j\:1,-ll ,lrrtrrr¡, tlrt
: oli,¡¡I ¡,',' it'¡¡ ¡t¡ 1,1 ¡',;.,.

l'.rtcrgv ll'f:rl

I lt'' l()l:tl ';¡rr', ilit ('nr'tJ,\, i\
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(;lit!rlitlrr)illrl \\()r I lì[rclrorì iltltrt. \V, \\/+ it\ it llttttli¡)tt
,,1 !olr lll.lìi, ttt(t|1, ) Nrrl,: ¡¡¡(,{)¡( ) 0, lr,ltlf
r.trllrl,lt lr l\/ ll0/('ili tìl(,.r)t (.) l : {.0ilr1)lclcl! ilt()lt([,

\\/illr .,'.t 5 ( ìlr ltntl lltr: Ittt:ttsrllt'cl rìl csllllìlllctl r¿tltlcs

ol r irrrtl ll lllc tttcrtt¡ llttxs ltll lVlclcrrty, Vctttts, L.ltrtlr,
I\4o,rrr, IVlrtl'; rùs|celi\'(Ìly, itr t¡rWtll " íìl(ì: 90,'150, ¡Ì()0'

20,70. (Wc rcg;ttcl caclt ¡rlattct lts it l¡lrgc citlori¡¡tctcr
rlitlr llrc (:n(tß\'cortlcttl rcltcl llotlt tlìc tott: tlttlitts.)

l rrtlrcrrrrorc, il llre rtrilirtl lrt:¿tt llrrx is 1., rvc llitvt'
lltt: lilrrt: sc:tlc ol tltr.corc nrtlit¡s rt, ¡_r lr ll,'f,r, rvlrclc

irritrlrlly tir, ¡ tlt,' r,..

sol,ll) 1\lAN'l l,l,: lll"^ ¡ 1,'l,llx
0

. Verus

-- - M(f.5

c()n ìcr virl i()¡r t cl:rl i0lts

(l'o l )

'I l¡¡,,, l)l (,( Ls:e.'ì

contrillrr(or:;:
rìrvi.',itf,(ì(l iìh llrc ltlitl¡l,l¡L

it

|()rilllr il;inl' llti' ( (ìltlt ilrt¡ltotts ()l lll,'l llìill. ( ol(' ('\(tss,
lurtl llr;rvilirlion;tl cncrlr\'.'llrt' r,lttt()tti l('lllì\, lol
t'xlrrr¡rlt' lor l':lt tlt, lt:rvt' lt'¡rierrl tttlt¡'ttiltlrlt'r itt ttttilr nl

lvl.l k¡' r, rcrl)r'r'lr\('l\,: l; i; l.Ì. ()l llrtr llttct'eottltilrttlols
rlrtlt, lltc lll,-'nrt¡tl clì('tl1\¡ ts ;t sttott¡' t:otlllilrtllol lol ltll
llrt'¡rl;tttcls llloulltrrttl ltt'ol,r¡litltl litltt' llrt'lttlt'ol t'trlt'
(\!r'r,r, lrr'irl lr,'ittf irtt¡trltl:tttl (:lttlt'itt llc'olorttc:tl littlt'l tlrt'
t(rl('ol lllrvillttio¡lltl t'¡tt'llv lrt'itt¡'ittt¡rotlltttl otllY lrrt tltt'
lltt rlt' lt't r csl r i;rl ¡rllrltt'l:, \/r'lilts, l r:ll l ll.

Nol,'llt:rl, lor rt lìiultr'ulitt ¡rlltrtt'1,lllt'tltt'l tlt u i:'

,1.¡ir.,.l ll{)nt .t .tl rrl :;lntr(lilill ¡tì,)(l('lt, rrlt¡il¡ .ttL

( ()rrl)irlilrl,'*'itlt Iltt'zt'r(ì l)t(':i:;tlrt'tlt'tt';illt'r, ttl lltt'l,lt¡tr;t':.
l)rc:;t'il1 ;ilttl llrt'ir t ortt¡'tt'r,:.ilrilitlt':. ( )llrcl tvi:;,' lltt' tttorlt'l
Ircltl:i l ¡tlltrtCl;il,;t lltrrll'tll tt¡ltltltllì (l(llii)lV ct¡ttltl lt,
il¡ r¡rt.,rt¡ rl( r:¡l \'.

CORt,. il¡',,\ | l;l,llx ,\Nl) ll¡\l)ltJS

I ltt' rtlt' rrl tlt'r,r'lol't¡t('tìl ()l lllt ttttttltl s\r:;lr'¡¡r i:.

rlt'lt'n¡rirtt:rl lty llrt' lrvo llttr,'s I, lt'. Ilrt' llrrr, I i:

tlclcrnlittcrl lrY lrt';tl ll:ttt';lc't i¡l lltt' tlllt¡tllt' lttlrl t¡tll lrt

,rlll¡littctl, irr ¡rrirtci¡tlc, lt()ttt ttt(it:,trtttl ¡rto¡rt'tlics,¡l llrt
ul)l)(Ìr ilì.ilìl lc. 'l lrc l lttr 1.. t ottltl Irt' rlt:tt't ¡ltillt'tl 'lillrillrr lr
llttl llr(tt: is ilt' irtlìlrilLtlirrtt t)lì lllc tt'lt:r'll¡ll l);ll¡llìì('l('tl'.
l,ct rrs tlrcrclott. rrrirkt: lltc .ilr()nti rt:isuntl)liott lltrtl lltt'
¡ttrl loss lron¡ lltt'lr,rtlr'¡t' rl rvltolc lttttl tltc co¡t::t¡i:,t'itl
l)rol)orlio¡t l0 lltcit l¡[tssr's. I lrcrr tltc c,rtc ltt'ltl llttr

lr.lrìlllr)r by tlrcrttt;tl eott,ltlt:liolt ol lllc lrt;tt lclc;tsctl
l,y t:trlio.tllivt: tlce,t\' ol' tlttlio¡'.tttit t¡t,tltli,tls

¡rrt'srtrnt'tl l{) l)(: (orì((ìrìtt:tlctl irt lllc ctt¡l;l;
lt('(' rr()n\'( rrlitllt ol lltt "solitl" rltitllllt';
ltr.t' r'tl¡r,t'tlitllr t,l ¡titll¡tit itt lt ,rottr. ol ¡llttliltl
rrrt'ltrrrl',;rirlr'tl in lltt'tlt:,t'rrl llrc lrlrrtlr lrv llrt'
cirtllttlion ol rvltlt'l \tll)rll.lll( (' t¡l lllt ¡tt';tt stlt llttt'
,/()lì(.

I r'fl r1l¡'ll

Ir. (r,'lr) I

(r)

(rr)

(rri)

It is ol ltl('rr'\l l() tt()l('lltlrt lllis rt'sttll ¡rtovitlt':;;r
rttt:lltotl ol olrlttiltilllÌ lllt' tlt,'ill¡ rttl l,tt't' ltt';ll lltlr I ovct

¡icololiit;tl tirtre. I ltc ttcl loss ()l ('¡l('l11\', ¡'il {¡rt t trttil

ulrrss) lroilr Iltt'i¡tlt'litll ill;t Iittte lltlt'lritl Al tt'r¡ttttt':,

( orIrilrt¡lro¡t I tont llttltoltt'lrlil¡'

I ltcl t' r:, :;l I (r¡ti' r'\ r(l('¡l( (' I lt;tt t lttlirl¡l,ltli! ¡ltillel iills
ill('r'(\il(r'il1¡:tlt'tl ill lltt'r'ltt:,1 illl(l ()tll('l ¡l:ttl:' trl lltc
trt;rr¡llt' ir:.5ilr1ì,'(l ltl llltVt'tlt¡tltt'tl ('illl\/ llì gtrllrtgti:tl

lirrrt'. Ilrtrt'l0t, lllI lil(li()li('ll¡L tottllilrtttlt'lt i:'

iìl)l)t(ìl)ri.tlclv rttr,tl, llttl I't tttr'llll:. ()l it Ill\r(lllit.tllo¡t lrr

llì( rlulllt,. ( l)()t¡nrliu \'( (ìt¡'lllr()llt' l,llllt t lltlrll llV lllcotptl
r¡liorr irr tlr'' l'ltrlr;tl encrl'\' ( (llritlt()tt,

t l)'l lrcrt' is:ttl ;ttltliliottltl srtt lltt<' lrc¡rl llrlx Al lz',lt-rlt l'
rvllr't t' l' is t lrt: gl,rlrrrl ttlciìlt I tttliopctlit's¡rccil ic ¡rou ct

)) Ilrer,'is ¡r¡r int r('nr('nl l() llrt: urlcrtot lcnt¡rct.tttttc A{/
,".1 l), K rvltt'lt l) is lltt' tttt:lrtt tlc¡ltlr ttl tlte

r;r,liogt:rtit l:ryct ("'10 klrr), ;r¡ttl K tltt' tllcll¡tltl
co¡ttlt¡r.:ltVil\,.

()l llrc rrlr.jor conltilrttlols lo iltlclttttl ltcltlitt¡i lty tlt-
tllo.tclivc tltc¿tt' ttitltr('l\i lltr't'lt:lltt'ltls K, tl,'l ll K is

tlorrrinrrnl. I lrrrs Iot ¡t st¡tl,lt'('(rtttl)ollctll tltc s¡rt'crlic rlr

rlirlr't:rrit: ¡rorvt:r (¡rcr rrlil nutss) l' l',, t' '' tt'ltt'l t' I
().5'l ( ilrr is tlrt: (l(:r:ir\1 eon'jlirnl (ìl K. I',, ts llt,'irriti;tl ¡ltl
rvcr. (lrr ortlt't lo lt:tvt'r;oltte itlt'lt t'l t'ltlets of ltt;t¡lttiltrtlc
nolc llurl lr r¡rrilìrrnt t,:rlut: ol l'. (r r l0rl W krlr irt tltt'
lrrrrllt, ¡rrovitlctl tlrc c¡rcrli\/ trlttltl ¡t:rttlt lltt' sttt lltcc,
rvottltl stt¡r¡rly lltt'¡ttt'stttl lrc.rl lltrx ol 5() l¡¡\\'rll I ltl'ltrt 5

(;it )

l¡r llris *'orli I (sontt'rvlutl lttlrilt¡ttily) ltsst¡tttt'lltitl
n() trt()tt'llt¡ttl l0rl'ìr tll l)lc:'l'lll tlitv llt'l l)()\vcl ()tlll)t¡l

lronr llrr'lrlrtllr'r irtlt'li,rl t:; tlttlto¡'t'ttrt. l llis lt't¡ttitcs l',,
l¡ r ll) | \\/ Ll'r I tt:r' lltt s;tlt¡t' r';tlt¡t' lot lrll tlrc

l('rr('stri:rl ¡rllttrclr. I lttts tlrL tlttlio¡ttttit ttt¡tltilrt¡liotl ltr
llrt'srrlrtr't'ltt';tl llr¡r i'; l. ì {,it I't, t"'. Nolc: lllrs lltlr ts

( orrtlrirtittll llrs rvlllt

Ir'oVitletl II is lt t olrsl;rtrl . ¡'i

Io¡1 (r 
"rr 

)

I lrt'

I

ìII
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t¿tk(.n Ir()nr llrt' .tt¡rct lieilrl cr tlslitl lltycl ltll(l (l()t's ll()l

Irllctl tllr'inlt'riot (ll('lg\ [rrrtl¡:cl; llll(l lltc lcttt¡'rctltlttttl
irrcrclrr'll i', rrcltlr!:ilrlt' l lltrs lltt' ttt'l stlt l:lt't' ltt':¡l llrlr,
l(:,rrtl;tr't:) l(irrlt:rror) I l,'1¡;r l'.

''SoIirl " t'ortvt't'live ltt':tI Irl¡rtsler

I Ire rtlr'rrliIit:;tlto¡l ol lltc t:ortvt:t:livt: ltt¿tl IIiutslt:l'

l)t()ccss (:ilil l)c lrrtrlc lly c<l¡tsitlcring lltc ¡tct rlrr(wittrl
¡r¡lrrtl,'lrclrt Ilrrr ol lltt'¡rrt'sr'lll li;ullr. I'ltc tttcrttt ¡llolrltl
r,:rlur' irl rrhorrt 1 50 rtrWtn '. lo ¡,¡¡¡ llri:; vrrlrrc irr

l)('t !l)r'clivt' il tl; tlst:ltll ltl tt'litlt' ll ltt lltt: r:ot tt:s¡ltttttlrtt¡r.

¡r;l;sivc sllrlt: rll' :r tlltlrlr'l l,()(ly uì rvlrit lr lrtltl is

triuì:ilcrrcrl solr:ly lry lltcu¡nrl corrtlrrtliorr rr'itlr rr

:lnl:t('c lrt'rrl llrtr ol r'eltlc K.l,'1,':r, tvltt'r'c,",1 l; tltr:
lcn¡l)('rillill( (lrll(:l'r'tl(ì( iì(llo:is lllt' (rl¡l¡'c¡ ¡ rlriilìllc. I lr(:

t:tti(ì (ìl llrc ¡rt tulrl lo lllis torrtlrrt:livt'st:lrlc vlrlrrt'tlclincs
tlrt: ¡ll,rlrlrl Nur.iscll ntr¡nlrer N l;;r,"KA'l srrcll ll¡lrl il
N I lllc tl()¡rrilrr¡rl l)r()cr'1,:ì i:. llrcr ilr;rl i()¡ì(lilr'li()il ,ilì(l il
N ., ,. I sr)nt(' r)l ltt'l :lt:l it,t: ¡rt oct:ss is o¡rr't ltl itt¡,.

An r'sli¡lt;rlt: ()l llt(Ì l)r(Ìs('nl l;;uIlr's Nr¡ssell rru¡ltllcl
tlrrr lrc trlrtlr rtstn¡i: K .ì \V rrrrK ; /r'1 1500 K ( lr

lruc:i:; irl tlris strr¡lc). 'l lris givcs N '/0. ( lt'rrrI1,
(()n(llrr'li()rì rtlt¡¡lc il, ittittlt'rlulrlrr ltt(l r.i()lt(: vigorrrrr:, ltt'ltl
lriìnsl('t l)ro(:(::,s ir o¡rr'titlltt¡i.

'l'lrt' kt'v (1il('..1i()il ts lltr'tt rrltltl ¡rt()( ('\'] ()t l)trl( ('\\('\

Iìr()\lur:(' tlri:i lriglr lìL'ilt lr,tttl lcr rlrtc. l.ist'n,ltcrc (ltltlcr,
I()tiI) I ¡iivt'lrrt t'slinllrltr ol Ilrt: t'nt'rfÌv lrtttl¡icl ol llrc

l)lcl;rill I;rrrllt':; ul)l)('t iltiìilllt'(¡'ltllrlrl ¡lorvt t itt tlttils l0rl
W): lollrl tccluttric ltolll llrc lotvt't tltittlll(',57; lol:ll
rlisr lr:rr'¡Ìc lo tllc l()\\'cl nìrnllc ol rt'circulirle(l lurrl t',rolt'tl
rrl)l)('l nriuìllc, .ì.ì; losrr llrtot¡glt llrc :;tu lrrcc, l5 ol
*'lritlr tlrc eonlrrlrulirtrt lr('tn rìlì,l:, tlistlt;tlgc ltl lltL'

:,r¡r Ilrec, llrrllcl)' lt:; :,t¡t lltcc r olr:lttlir;t¡t, il, |.7. 'l llt¡:; lllc
lrtss ¡rttttlttectl by vttlclutisn¡ ¡s rtl l)tcsr'ltl lttltlt¡t 7r%r t¡l
tllc t()tlìl losr. l'llt brrlk ol tllc loss ru i,;cs llorrr lllc cllce ls
ol' rrtiì¡rllt' e ottvt't tirl¡t.

l ..thor ltlor y slutlit::; ol vi¡ior otrs ll ct' collvcctiorr irt lr
l,tvel t'l lltrirl toolirr¡i lrorrr lrbovc slrorv tlr¿rt lltt llrltr ol
lrt'rtl ltirrrslcr is ilrerctrstrl, ovrrr rvlt:tl il *'otrltl llt: rvitlrot¡l
rr()nvc(liorr, lry tlrc r;rlro N, llrt Nr¡ssr:ll rrr¡rrrtrcr , rvlriclr
lot ¡rurtt'rilrls rll'lltrgt: I'lrrrtl ll rrrrnrbcr', (r,¡'x), is
tlt'ltnlrinr:rl ll¡ilttrpirlly lr¡, tlrc lllrylci¡lll rrurrrlrcr', r\
/llA'l lrì.'¡r,rvltt'r'c. y ir; tlrc coclliciclrt ol cr¡bitr:tl
cx¡rrrrrsiorr; lÌ is tltc itec(:lct¿tliotì ol grlrvity; A'l is lllc
l('tìtl)('ritlut(' (lt()l) ít( to\s llìt' t'orìrcctinli lityct; l¡ ii tlrc
tlc¡rtlt ol llrt' r:orrvttt:liorr lityt:r, x, t/ itrc tltc llrt.lllrlrl
tlil lrr:;ivit1, lrrrtl kirrt'rn;rtic viscosily ol tlrc rr()n\'(Ì(:linF
Iltritl. lior A . lO" ivc lirrrl cx¡rclinrcrrtlrllv llrlrt lltc lluirl
i:, lrr lrrrlcrrt .rntl N (r\,/,\.)r rrvlrt,tt. Âc = 7tX) 7-50 lrtrtl
lltt'¡lorvct ttiut:ìl(rIc(l is irrtlt:pclrrlt.nl ol llrc ltrycr tlc¡rllt.
I tttllrcrntort', lltc lrrclrn lcntl)cllttlltc l)toltlc ¡rt'loss lltt.
lltycr', is srrelr lllrl llrc lrrrlk ol llltr rr¡¡tcrilrl is :rt rr

ttttilor¡rt lct.tl)('rlrlrrrc (trr llrt. lltlrontlorv), ol lnclul
l('tll)('rillutc crcc\s z\ I lrrrtl tlrtrt lllc nì('iul lcntl)(,t.tlut(.
tl¡llcrs Irolll llllrl ,rl tllt.srlrllrr'c onlt'irr lr llli¡r llrvcr, llrc
r;rllrlrtvr'r. ol tllit lrrt's ¡1. lr ll rs lorrrrrl llr:rt yriÂ I ,fr,,xv

r(ln\lluìl ,,\,. ¡Ltrrtt'l! llutl lltt'srrlrllr\r.r ¡r r¡r ;r

ilr;uHi¡¡rllt, :;t.tlrlt. slrrlt' ryillr lr t.¡¡sllrrrl rrrlrllryt,l

l.(rtvlt:rglt rtrrnllrt:r
llrit krtt:s:. :rrt':

I'lrc Irerrt Ilrrr lu¡rl srrlll;tyt:rr'l At

A rilir jor rlilliCultV lilists rvlttrr \vc ittlctììl)l lo lr¡l¡rly
lltt'rc:;trlt:, Iroril:,it¡rIlc lillrolrrl0rY jj\,:il(:tìì:, l() lìlltilcl.U\
lroclics nt¡tinlv hccrrrrsc ol llrr k ol lrrorvlcrl¡1c ol llrc
l)r()l)cr'lits ol Ilrt' tttt'rlir¡ttr. l llt' rtutlt'lilrl ¡lo¡rcrIits rr, y

lr¡t: lt'ltsotutlrly rvcll ktrorr,rr, lrl¡1 ¡l¡¡¡1 rs nol llt('(tits('l(l¡ v.

lrr l,¡rilc ol :r vlr:;l iun()t¡lìl ol rlt'l:rilt'tl \\'()tk ()n ¡Ìtclt:,t¡luìll
¡lor;t ¡,llrt:iitl rr¡rlill lrntl lt.llrlt,tl t¡u;rrrlitrcs. csllr¡urrcs ol
f ltr kir¡crnlrlic visctlsily nrrrllc lrolrr l()r'' l0lr nt-r \ I

rvitlr ty¡ric;rllv .ì.l0rrnl'sr lor lutltlt'ls \vrllt it unil()nlr
¡tìittìll('; lrtì(l l0r' nt' ; r lol ¡rro,le ls rr illr .r lcl.rtivt:ly lo*'
ristostly "r'luttlrt,'1" o1 1,.'t'iclrl crlclll ol .rboul 100 kr¡r
(c.¡'. N'lorttt'r , l()ll()). llrrrc is rrrr obvlotrs ntr'tlì()(l li)t
clist irrlltti:;lt i r¡li l)cl \vr'('lt I ltcsc r,;r lttr's.

'I'lre kit¡t¡tr,rtir r,i:.orit1 l)r(\(lls rls l',t(.lrlcsl
¡rrolrlcrrr tlrrorrglt it:. \riltiilli()n \villr tcrrr¡retlrlruc. I usc
Iltt: lor rn

' r'1)..rt,t,rj | ,r.

A l tct tonsirlr'r irl)l(,' uunrc' i.,,1 
"J|,,', 

i,u('nlirt ion I lì(.
(¡uiilllilir'.; r/r, lr, ll, l0r lllt: st'lt't'lt'tl rrttlrlt'ls ltlrvt. lrtcrr
cl¡oscrt ¡1' ¡rivt' r,;tlut's t¡l v rvltit l¡ slnrtltllc lO, rl s , iuì(l
rio nol lrit\,(' ( \lt('nt(' tilnlir.s ¡n ;t Iittti('ul'tl llrotlcl. I

t:lrot)st li, l0r/¡rr's , lr l()'K, f/^ lì0O K.
ln a¡r¡rlyirr¡¡ lllcsc l¿rborirtory sttrclics l() ir l)liutcl¡ry

tlotly rl is corrvcrrrr:rrt l() clì()osc thc lctr¡¡,tlr sculc lt u, tltc
nrtlius. 'l llcrr rvlilrrtg A yg, itr r!l'lKu willr irrilial valuc
l\,, y¡l urA I,,u'Kr,, rvc ltttvc

I Kzl I 'ri, rl ,\l:ì(rv,.ygr\l )r

rl tl,,(A'l',/A I',,) "',,',, ¿r(z\,/A,,)r' I

l,cl lrs ¡rls() cstirìritlc lltc tolrcs¡rorrtlin¡,, ¡1lolral
lìaylciglr nt¡¡¡ttlcr A lirr tltc: f)rcsctrl liurtlr rrsirrg: l l0'
Kr. Al' 1,5(X)K; K - .lWr¡lrKr,ç 552{)k¡1 nr r,c

I K.l k¡tr Kr, stt tltrtt ¡r -- 5.4.1 x l0'¡tl'r.r r' v I x

l0r/ nrr sr.'l lris givcs A 2.4 x l()¡ wttlr ct¡rtvt:clivc N

70, r:losc to tllc vlluc cstirrratcrl (abovc) lrour
nrclsurc¡¡rc¡rt indiclting tllal s<llirl corrvcction is tlrc
rtrl.jol corrtlitrutor lo tllc li¿rrtlr's srrlfacc hc¿rt I'lr¡x
t otllry.

'l'lrc lcrrr¡rclirlrtrc ¿rc¡oss llrt: sublirycr, A I'is rclatctl
lo llrc gl()l)itl r('l)rcscntitti!c tcnll)ct¿rlr¡rc, l.l by llking (f)

fis)/AI' .l,,acorrsturrt. llcrc I usc{ " 1.25,thcsanlc
lìr rrll tlrc tctrcstriul ¡rlurrcls (lor dctails scc lrlrlcr, l9tll).

M A(,;MA cON Vt,t( t',il( tN

Wc lllttl "solitl" c()nvccli(rn irlorrc ciur l)r()vi(lc ¡rr
ittlct¡ttittc Iriursl)()r I rncclr¡rnisrrr lor thc srrtallcr tct rcslrirtl
I)lrncls 'l lris is n()l llìc crrsc f ()r lht'lurgt'r lrorlics Vcrtrrs
itrr<l l;;rrtll frrr rvhtt'lt tllt' initurl t'rrcrgv .;l()('k\ iuc litr¡1c

orvirrg lo lllc lirrgc c()nlril)lrti()n lrorrr ¡qruvillrtio¡titl
crìcrßy. l'or rxturr¡rlc, llrc lrtrth lr¿rs :ur cxccss ol ¡tbout



(ì tt t I I t t'¡ t¡ t,t I ¡tr :r :;¡ tt :r : t i vt'

lO lvl .l k¡lr rvltit:lr cllllrì()l l'c tclllot't'tl lry ":'olitl"

,.,,,,y1,¡lioil.
lVlclrl;tlt('llì('lìl'i rìl lllo(l{'llì :tLltrt' llt'tllt)tlì('lllì:lì

iìyslclììlì, lll rvlricll lllt: rV()lkrtr¡'llrrrtl \\'lll(:l st¡l)¡tilrl(('

eirr'ttlitlc:; lrecly tlt Illt't'ttt:;1. It.\(':ll llcltl Itlìtlr;lcl Iltlt'r;

tyl.iclrlly l(l' lo l()r lllt)\(' tll si¡lll'lt ( ()rì(ll¡cll()lì (\Ùc l()l

(\it¡ììl)lc, l'ltlt'r l!¡lrl). lìr' ;ilìrtl'rr r'' lltr' llr'r't irt ttl:tliott

()l iltillilìit i¡t zt,ll,.:. ol ¡rltlltitl trì(]llirr¡l r'trtrltl ¡rtotltltt'
sirlrillrll\ t'trltlttttletl ltr.';tl ll;tlt:'lt'l (rl llllt\ ol tv¡rit:lrll1 l0

W ltr r. lì,trfc. tll flri:, rrttltt rvottltl llt' ';rtlltctt'ltl ltr

Ir:rrr:li'l lltr: cltt,:' .tvlrtlltlrl, tll('l1'\/
'l ltl ttllt'rrl llri., lìllll'lll;l L(ìll\(( litrtt ¡ttttt t':l' rrill lrot

Irtlrt'cvct [)(' (()l¡litretl lo tllt' l;trllr'r l)()(lil]' it rvill

¡rt'stttttttlrlr, ()l)r'llll('l()l lrll lllt'lcllcl'llllll l)l:lllcl:; r!lrilt'lt

/.(ril( (rl ¡r.rtlr,rl lll(llilìr' !\l,l:
/\il itll('llrl)l ltl;l,ll'lililtr(l:;ltltlV ol llte ltt'l t'llt'tl (}l'

lr( (ì ('()tt\/e(,li()tl ill ll¡r-' ¡rlttli¡rl rrrt'lt /otl(' \\')lll(l l)( ll()l

oltlv llt'\'tltltl l)l('\t'lrl Lttorrl''ill t lrrll ltt'l l't'tlllilllitlill)l("

l;o¡ llrt.nt(,uÌr.ltl it r¡:.ullìrlr ttl lt) lì\)lr: lltltl :t l.t'i lltr'ltll

irr llr, ()l)('tllli()ll ol llris l1'¡rt' ol t()lì\'r'ttioll t: llt'

¡ttrtttclrlrtlii\' (rl lltc ttlitltrt¡tl ll¡' ¡rtrllì(ill)rllll i: t

:.lt()ttt'lv vittyillt' Itttltlit'tl 'rl lltt'¡roto:-il\" itl llìl\ {ll:i('

lltr' t'tlllltttt'tll( lll, ¡l ll.rtlt,,tr ( ' !,ll\lllr' 'll ltlt'l ll:'

:;ltttttl'l\ it:t c' l lltlr. r';tl lv itr tllt'1't ttlot'tt:tl ltt:;lol ! trltcrl

c il; l:lt,ic!il lllt'¡ltotcll; rrill lrt't'i1'tttott'l;rrttl l;rll rlr¡rirllr

irt vit'ot rt:' t'lltlls.
Ilrrrs Iltltl lottL'ti l() l(pl(:'('lll llr,.llìtI ul ll¡t

l)r'()c('\s ( rrìl)it iL;lllv lr\' ¡rt, "ttttllllI tl: llt'l t'l lt't I t ' lLr

¡rrotlrtet ;ut t'ttltltlltlctl ';rtt Ilttt' llr'ltl l'lttr, l,: ll) (l)' I

cltoo';c l,r 1,, t'lr'ttrrlt,'lt l,, t¡r lttt' ¡rlttttttttttltt
(()ilslillìlii. I lrt' l¡t'l t'l lt't:l tll lllt:, ¡tt ot t's:,. ;tllt't t

l)('lìt)lliìl((l rll) lo lllc iltlllitic s() lllíll lllt'ltl¡¡lllclltttl¡t'
Ior:¡tlll is cv('t\'\\/llclc lltt";ltlltc lts lll tlt:¡llll e'\c(ìl)l;ll tllc

toltl sutl;te,'ltrttl lltc locltl tltlttcttltl is st;rlio¡lltry llcltl
rvill llc lrlsl Itottl.l /,)lì('llr'ill lll(':lttt'f;ttt'; lllt'ltc¡tl rvlll llt'

lllilìlilrttetl :'tllt:lv llr' lllt'ttltltl cotltltttlitllt; lt ztlltc tll
tlr'¡rllt ol ()t(lt't (,l(l)r I rvill Irt'ltllcutctl. I ot'lt¡l i¡llc¡vltl ol

tirrc 0 I 1,., :i,l\/, lltt' t'trolt:tl lllytlt, ltllltottplt

r.tirlieirllV lltìril.ll)lt' ()\\rilìg lo itii litt'ílltìl (l( llr'ilY, rvill lrt

rlVr¡rtntic,tllv rlliìltlc (Ì\\'lll! ltl rllt ctllltllirrccl r;tltlrrlizirr¡r

rolt'ol lltcltttltl rlillrt:'itrtt ltlìtl rir'toritV ll, lt'lrl'cvt'l ' lllt'
l(;rvlt i¡lr lrrr¡rl,r.r l6t Illt' \V),lt'lll ltr lt rvllolc i:,

r,illliur('ttllv l;tttit, i¡lsl;rlr¡litic:, rYilltitl tlrtr '''oolt'tl lltYcl

tï()\v l() littrlt';tttr¡lliltttlt', ttltlil lltt'cotlletl lììil:j:; lllll\ illl('
llrr'url(rtlor ltlltl ltrll tlte¡r llrritl ir; Icti¡trrllttctl lr'ttf'
lotr';trtl: lll,'';tltl:¡tt'. Ilt''' pcltotl ()l l'("tlllolì ¡lì \vlìicll

1l¡1'¡1r1rlr'tl l;t\tl¡ l't,)\\r'- l)\/(()lì(ltl(lttllt i:' lollorrt'tl ll1' ¡¡

rlturI irtlul r ¡tl ilt s'llie ll lltt' t oolctl llt;llt'ti:tl i:; ci'-'t l''tl otlt

,rl jlì('r'()ol('(l tt't'iotr lo lrt tt¡rlltt:tr.l lrV clt't'p ltrll lltltlcliltl,
IIteIr'I,\,Iììrì|r'rrI I('\\ It'':ItItitIr'IIIt ttItItIittrIttl' tIt'ItI tItr'
.lttlitr'c. "\', :t'ttt tlt llrt l:tlltltill('lv tll¡:' ¡rrtttL"l' i'
,llr',tlrttl l!) o{(ltl lìl()l('(rl l(':.1, lll l;tlltltlltl tlVct lltr'

\llllit( t ,'()lrt

llr r)lLlr'l l1ì {lllillìtilt tll'' r'l(ì!)\ ( llr''l: tl\:t'l

Itrllor'ir'ltl I¡ltlt Il Illt'.()llvrtlttt'tt'tiltttll'liIll ttl ¡¡l;tltll':

rrr:ll, t tltl illttl .tlttl ( l¡l ()l lllt' rt¡'¡r,'r lllllllllt', to¡tr itlr'l lt

n(l) llrr' ntttlllìr'l ll lllllt's lllt' ltt¡tlt'tiltl ol lltr' tt¡r¡lt't

rrt.rttllt l¡ltt' llt t ll l't'r'\elt'tl lrltt'tt'

rlol ir.

tlrr ,ll | ,,,,

I ,; i,,1 '. r

is llrt'rtlllrlttrl t,l lt lol:tl;llll()tllll t,l ittl,,lìiìl I'llclli\ l)tI
tttrittl ¡rlltltt'l¡tl\/ lllit:" ('l ì lo Il)'lriì llt lllt'"t'lrtlt'tl

nr()(l{'l:i tlc:;erillttl llt'los lllir r¡tt:ttttil\ lltlt!'t'' lrortt ()'/

ill ,l kl' lol N4oott lo l0.S i\4 I k1'' l()l l'.llrllr' l¡l tilt'

lltrttt,'t ir'ltl llrt)(lfll, l l¡l¡r't st'it't lc(l ll ( ()lìllll()ll vlrlrrt Irll :tll

llrc lr't¡r'slttitl ¡ll.tlrt'l'-, r¡r 0 l ( i;r, l, ¡rriltl' I,, 'tr';t "tttt'lt
ltee ¡xttitttl('l,rl . Notc llr;rl :tllt t ;r lil¡tt ol ltlrottt ì r¡r, lot

rr,ìrrclr l¡r.'lo: 0.(ì\, llte lrrrll. ()l lltt'cl lt'tl ol lltts ¡ltttt.'r,'
ll; ¡rlr-t rVitlr ll ttt'l t'llc, t ll¡t'lt':tllt't lìrt 't ¡rlttlit ttl;tt ¡rllttt' l

rl, ¡lt'tttl,'lll ()ll l() {i).

l'hc lolrrl llrrr

'l lrc lolltl lltl\ ()lll ()l lll(' llriìlllltì i:; lilkclì iì"

l (rrllt'liol) 1,, t'' t' I K1i l, rl

tlrt' .tttrt rtl tltc r'tlltllilrtttitlll; Irtlllt lll:ll'l))ll (()lì\'('(ll()lì

iut(l \()li(l ttt:rtìll(' r(rlì\'(', ll{)lì.

I t,l'l,lR l\l ,,\N I1,1,. lll,:('lll( tll,,\ l l()N

r\ :;ittt¡tlc,ttl(l l¡s('llll l)i(ll¡lc ol lllt' ¡ltt'eltltttis¡lt ol

tlrc sttlrlttt'ct i:, lts lirllorrs {or i¡lirtlrllr' ¡rto¡rost'tl lr1' I

llorvlrrrl, st't' lrltlt't. l()lil, l)l''[.] 5 l ) Stllrptrst' (lll lllll(' l

0) ltt rt ¡lltrlirrllill lll()rll('lll Ill lllt r it i¡trll'ol lt lrrtltlizt'tl

¡rltltlt ol lllc r;trl llttt lltltt tlct¡r ltttl lllltlt'liltl ltlts

Itt lltr' sttrt¡rlt' I lottltrtl r¡ttrtlt l lltr'i oll:l:ltll rr 'l rr'

lrr tlr:rl ltt()(lr'l lì() ltlltltvltlttr t: ttt:ttlt lt'l lltt' r'llr iltlirlll ol

\t:.\().ilr rrill¡ l(ll¡l)r'lillt¡¡r" \ll'rr x l, lll('llttltltltl

rlrllrr,ivrtY ol tt¡r¡tt't lllllllll(' llt:,l,ltltl lilllìt'l lll'ttl lltc

llolrlrl llrt'r tttrtl tlil lrr,ir rtV l)il';t'il ol¡ lll' t'lolr;tl l¡tt'¡ttt

tl,'nr;ilt'. lìlrtltt'r, lt'l lt:; r'lttlo:'t';l villll('(ìl ¡r \ll(lì llt¡tl lot

tll{ l)t(:r'ltl lr,t:llr.r \lrll'l! Ittrtlllt¡: tir'tllll' ìt¡ lr It'llltiltltl

tir¡rt ol ()..ì ( rtt tìtl ilìlt'','ltl ,ltttiltll rtltitll :'lrl)\lill)r'iitl

trrt',1,¡l t',rrtltlllir'ttl('lll llir:. ('('r'l¡ll('(l \\'t'lirltl 'r ¡ 'l lttr-

irrr¡rlit':t.t:i¡il,1t (lll,lill ¡(rllrillll'('lììr-'lll.ìilll .l.'1,1 5,1.'ì,

l.'), I.l tt't¡', litrls ltrt litt ttt,r,l, l¡ ol l\lr'r!tl¡\, \/(ìlìl¡l',

I lrrllr, lrloott, irl:tt:' t,.r,lit'tliVt'lY

I' \lt I l,\1, l\ll,.l, I lN('

l'ltrtirtl trtt'llirl¡'. ol lltc tt¡r¡rt't lìlittlllc tlot:s ¡ìtll
r'orìlr¡ìuc irrtl,'lirtitt:11' \/,lrltlttttl,llt ¡1'1¡5,''tl lotr¡'lt1'tr tltt lllt'
N,lrrort ,ttttl I)t()l)¡ìl)l\' ¡¡l';1r ott Nlt't.ttly .lll(l fvliìrr' l lrc

ccssirlit,tì 0l voltltttt'tll lìl()\i(l('s .t tltltlil(lclislic lilllc
nriu kct s'¡tlr u'lriclr \v(' (ìillll)l.ll(' ()lll llìo(lcl.

'l lre ¡'lolr;tl !tivcs lllr I'lttlr;tl lclllpcl'rltll(' l)(l) lltt¡ll
l) (lor tlctlrtls:t<','I:ltltl, l()lil) \\/( ()l)llllll lll(: l('rlll)clilttll('

¡rrolilc {-)(.,) irr lltt'rt¡l¡lct lllilllll(', ¡ltc'.Lttttctl l'r Irt'r;itrtil'tt
l() llìirl ol lt lltyt't ol llrritl losi¡tg ltcltl lrt'tll ilr' tt¡r¡tet

silr l;tc('lltltl ill lt vili()l ()lr:i sllllc ()l llt¡.'t ¡ttltl (()ll\¡('( llo¡l' ll
lr,r'.r,evt t O 'l',r,, :ltt' l,rt'¡¡l Ittcllilllt l('lllll(''lilltll(', il

l){)l I i()lr ol' I llt' lllltlcl iltl rlill Irt' t¡tollt'lt I t'l I llt'



wltcr(: e+, c+ r'L:lcl to tltr solirl rtnrl q, ¡:, l.lo tlrc lic¡rritl
Irntl L is llrr: lítt('nt llcrtt ol tttcllitt¡¡. l{ is cortvcrricrrt lo
rvr rtt: p ( I {) 1-r* antl r¡l¿rkr: I lrc ;r¡r¡rr'<lxinr:rl irìrì (ì -- (ì.
wll r:n r:t:

volurlcl¡ir.: ltitt:ltolt ill llrc Irrollctl slitlc l)c c - c(z):rrrrl
tlrt.¿tclrral t(ìùtl)ctalutc ltc'l',,,; wlìctcûs O is lltc
lcntl)(:r¿llur(: tlritl wottltl l¡avc itrisr:tt il rttt:ltittg rvctr: tlol

I)ct ¡ììilIccl. Cìo¡¡¡;ç¡ v¡1l¡¡n oI r:trctfÌy IItcrt tct¡ttitt's

9/

Rolt of lrnrlrrr$lurc flr¡clurlions

Str¡rcrirrr¡losctl tlr llrc nìc¿t¡ì tc¡nl)crllurc O arc
l()r'rì¡)cralrrrc f'lr¡t:(rraliorrs wlrir:lr valy irr s¡racc us wcll as

tirnt: iurrl lravc urrr¡llitrrtlc ()'rvhiclr l'ronl l;rbolatory
nlclsrlrc¡lrcnts of tlrcrnurl ttrrbulcrrcc ¡rrc of'ortlcr'0.I (-).

'l lrc tlc¡ltlr t() llìe l()l) ol llrc ¡rirrli;rlly rrrt:ltctl zorlr: fìrr thc
ll¿rrth al I 5 ( i¿r rvitlr ¡lro<lt:l valucs is slrorvn irr liig. -5

logctlrcl wrllr tllc cor'r'(Ìsl)()n(lin[', vllu(Ì ol'c,,,,,*, lhc
nrlxinìr¡lr vitluc ()l r:(z). lror (l'r - Il0 K lto trìclling is

I)ossil)lc; ()thcrwisc tlrc nrclling dc¡rtlr I'alls ra¡ri<llv rrcar

O' - 0; br¡t Ior ()' ..'4(X) K tltc t:lrarrgc in rrrcltirrg rlr:¡rtlr
is s¡u¿tll.'l'lris srr¡t¿csts tlutl lìrr tlrc ¡rlcscrrt lilrth ¡rartinl
rrrcltirrg of'lllc upl)cr nlunllc: is r:orrl'ilrccl lo rlc¡rfhs

lllciìlcl llr¿r¡r ¿rboul 7O knr;(íuì h(ì Íts (l(Ìrìl) as iìl)oUt 17,5

k¡n;¿r¡rtl lìrr cxpt:r:lctl llu(:lrritlions ol ?00:l(X) K rvill bc

¡rrctlorrrirrlrrtll'at rlc¡rllrs ol ut)out tl0-90 krrr rvitlr c -.

0.ll ().1(i lo bc corn¡.r;rlt:tl rvitlr tltc glolr:rl v;rlrtc at G)'

- ) ol t: O.O.l. l ltr:sc tltr¡ltlr r iurl{tìri lu (: sinriliu to tlrosc
suB!Ìcl,lrì(l [ry llrr: sttrtly ol llrr,: pclrotic¡rcsis ol llrc Iurcrrt
lnlr,'.nllrs ol blrs:rlls rultl ol kurrbcllilcs.

'I lttrs irt tÌcntrll, ¡r;rrtill rrrcltirr¡l rvill occur
r,¡rorrttlicrtlly iut(l rvillr !itr\¡inlt ilrtcnsilv nol
Itcccssltt ily ìrcittg ¡rr cscrrl cvclyrvltcrt: wrllrin it slrcll ol
rcslrictc(l lrrclirrl t:xlcrrl; l slìcll rvltos<: txlt'nl rlir¡lilrisltr:s
rvitlr Iinrt:.

sl t\t t, t,l t,'t | ]l) Mot )t,lt.

'l'o rlcllor¡slr:rlt: llrt: llt:ltitviorrr ol llrr nrotlr'l syslcln
to¡tsi<lt:r' l sinrl)lilittl vt'rsittlr ilr rvlriclr: tl¡c kllrcrrurlic
visrtlsr(v tlocs rrol vlrry rvillt tcnll)ctltlulc; (lrccxccss lrclrl

1 õ 7G0

0.r:.t) (l t:)ç*c* 1,,, I t:e(1. I (ì'l't)

_ (c) 'l',,,)/(:)*

( I l.)l,i e 4 -- L l ,rr

.lolttt W. Flrler

4

rvrllr c)

(lirr cxartt¡rlc rvith l. : -l M.l k!r, c* I K.l kgr Kr,
I',,, l()ì K.¿ - 0.l, tlrc(llríìrìlily(-)+, it prol)(ìtty()l lltrl
lock stttrslirnr:c ltlorrt:, is.16()0 K).

'l'lrc t\41'l) (rrrcllirrg ¡roirrl lìrr tlt:¡rtlr) is lrrkcn rrs l',,,
rr l /ll'. Sincc orl nrir jol irrlcrcsl , l()r' llìe l)url)osi(: ol

nro(lcl ¡(lclìliIicaliorr, is irr rvlrt:t lrr:r' ()r n()l l)iu Iial nr(rllinti
oc('uts itt itll Iclrrlosr: (o, /l) - (l.l(X) K,6 x l0rK lrlr r)

vÍtluui itlll)rolìr'ilrlc l() l tyl)icirl blrs:rllic rrr;r¡1rrr:r (ollrcr
nl¿lgnrirs rvill cxist brrl il'tlrc syslt'rrr (:¡ulltol ¡rlorlrrct'
b¿rsirlt il is volc¡r¡licrrll)¡ (l()ír(l ()r vcr \ (:l()s(' lo il ).

It4orlcl rt:srrlls I'or llrrr lllrrtlt lrrt' rtlrorvrr irr lrig .1,

l ltt: syslcrtr sliul\ \\illr lt corrr¡rlclcly nrollc:rr nuutllc iul(l
crrtls rvillr lr corn¡rlctcll' s()l¡(l onc. lÌrr tlrc [:lrr tlr, ovcr urr

utlcrvul trl lrtroul '/ (irt, tlrclc rs rr ¿onc ol ¡rirrlitrl rrrcllirr¡i
ol rcslrit'lctl vt:llit:rrl c\t('nl I()('íìl('<l irr llrc lr¡r¡lt'r ¡rorliorr
ol llttr r¡ltrltlc, ltrrtl llr(: crlcnl ol tlris zorrc rlinlir¡islrcs
rvit lr I irrrc.
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¡r, ll rl, r', l,rt'nrrr¡l l¡r llrl l lltlr l'rolrlr", ol r'¡rlt¡t¡rr'lrrr rr( ll lrir( lt(,1

ll|)/ (;ir, \\'rllr lrr\'¡rro 5 (i:r.rr1o
¡ l[il, lt(rì ()l rl( l)llr, / rrll igrrre .l l'¡rr li¡rl

lirrrcr. I
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ll¡urc 5 l)el)llt, / (klrl) lo lllc to¡r ol lltc lìillltillly lllt'll('tl rollc il5 il

Ittlletitllt ()l tlle lcllllt(lilltll(: lltltrltl.lli()ll (K). z\lro rltilivtt

llrc tt¡¡txi¡lltrlll rlvt'r lllc rli:lritrtrlir¡rl rvillt tlt:lllll ol lltt'
volr¡rlt'lric ¡littliitl ltttlt ltitclrtttt. t',,r,.,

colltlibtlt¡()lì is ¡lcgligitrlc, ll 0; lltt'ctrttllibtlltolr ttl

ßravitltionirl clt(:rBy is rrcgligrblt:; lltt: co¡tttitltllitltl ol'

rltlit-rgcnic l)owcr t() lltc st¡tlacc llttr is rrt:gligiblc, l' -'
(); lntl rnit¡lrrìit (:()rtv(:cli()tt tlocs ltol occttt, 1., 0.

'l hc rclatro¡ts lìrr lr ¡rrl<l t itt(: tt()\\' tlccott¡llctl; l'
c0i thc ctìct¡{y c(lltitliott ittvolvcs ()lllv tllc villiitl)lcs f/, t.
'l'ltus wrrtiltg, K (,cx, so llt¡tl x ls tt tllcttllll tlrllrrsivitv
bascd on tlrc tltclnlitl c()rt(lt¡(ìlrvily ol lltc tt¡t¡rcl ltlllllll('
¿r¡rtl tlrc rrrcurr rlcttsil¡'()l llt(ì wltolc llotly; lltc cltcr'¡Ìr'
(ì(ltlat ioll llt:colltt:s

l lgrtrr (r Srrrr¡'ltlictl lttotlcl lrr'll tviottt ¡rttt¡rctlic; itlllt 5 (;¡r li)r
Nl,l... llr';rl llt'r l, (tttWrtr ll;tr;t ltlll,ll(,ll r)l k¡llclll;tlli
vrrr'osrl\ v, (nri , t¡ lìrr irritirrl !lol,:rl rcl'¡cscl¡tiltivt:

l(nìlìrrirllr(r, l{XX), l(XX), 'l(XX) k t(ìtirllì('r \villr lll('lilr('tìl'
lt{ itl llt¡\ ttt.lrtlìil.'l lt,'tltttttlro¡l ol volt ltlllittl, lìrt ((} 1, l,
l, 1,.1, l, /) ( il, i:;.tlrrr irl(lreillr(1. lirr (,r, /l) t l'l(X) X, I r

¡1¡.: 1, ¡¡¡¡¡ t¡; l)' l(X) K.

I ltc .tll:rcltctl :ir:¡tlc¡ lt lr'l lo tlle 1.1,, .ì(XX) K tl¡rl,r, t 5

(,it (no\\') cxt:t'¡rl lttt tltc tltllirlittlt ol Itllr:¡tttlr¡tt st,tlt, l'
: r(., ('orc r;rtlttts; r1, ittlrl¿rVt't lltir:lttcss, A'l, lcllll)clitllllc
rlro¡r itctttr'; llrt' :,ttlll¡tvt:l; .\, l{:rvltillll rttttttltcr: ttt¡lrt,

rlt ¡lllt tr' tol) r)l lore ,rt ¡rittliitl rrtrllitl¡.

tlt:¡rc¡ttlt:ttl ()ll {)o (()l 7.1 (ilt, tlcill v lOl') tll { I,

\vitlr f,() -l(XX) K; .ì.,ì (i:r, rrcll v 2 x l0rH nrrsr,
\vitlr (io 25(X) K; 0,t't (iu, rtcitt v l0r7 tttì sr,
\vitlì {i(} l(XX) K). 'l htrs, lor cxunr[)lc il rl rvcrc

krrorvrr tllltl volcrutistìì (:cilsc(l tllt Mitls ttltct I (iit,
\vc woul(l rc(lt¡irc lro .> 25000 K.

(iv) Sir¡rillr ly irrr tt¡r¡rct bou¡rrl lo l),, catt bc cstirltltltrtl .

I'ot crrtttt¡tlc, lìrl l\4lrrl; \\'ltll lJ() '10(X) K tltc
tlru¿rliort ol'volciutis¡tl is 5 (itr ¡tcitr ri . l0r/tttrsr.
llrrt lVlirrs is volcittlir:itlly rltrtt<l s() lltirl l.lo'- 40(X) K.

'l'llt lit ol tlre sittr¡llilictl rlrotlcl ltt lllc stllltllt:r lltltlicr;
is lrrilly ¡iotttl [rttl l() V('tìtts, lritrllt is l)()()l -'tlt(: (:()l(:

rlrrlii, lìlr cx;tttt¡rlc, ¡lrc l()o lttt¿c, lttttl vrllt:.tllis¡tl tltt
Irlrttlr rvotrltl ltltvc (('it\('(1. 'l lrt: sirtr¡tlc lll,rtlcl is it tls(:llll
illusttirlrolt lrrtl (lu.u¡lrlirlivt'lv ttr,ttlttltt,tlt.

r,'rJr,t, Mot)t,,r

'l'lrc tl;tllt'tv'rilrttrlc rvillt rrllit ll to titlll)littc lt rttotlcl,

cvctt srtelt lt tr¡tli¡ltcttlittv ()tl('¿ts tltltl tlt';ttrlrt'tl ltc¡c. ts

itlrrltt¡rtttlt. I lrt tlltllt rr',' ltln't' is ¡t:, lollorv:.

0 tm / tio1.0 rtl

'/) ltl l(x) ',m

1.{¡) ¿¡f¡) l0.m hl I

7{)C¡l ¡

lo'

r(X) ,,|f,)

10fl

ro'

l0tn I ril

6 I I f¡ \ l(¡.,

rot rot

)0 .,00

. t) I't,

which with thc crlrtvcclivc ¡clilli()rr rf(A'l ) irrtt:gr'¿llcs lo

al -AIoIr,r 1l t

| 4,,
. ( --- )' '
1Âc it

I'hc quantitics rf , l, r', clc. c¿rtl tltctt ltc otltltitltrtl ' N<llc ilt

l)articrrl:rr tlrat rf rl,, )'; lhc stlt)lrtycr tlrickrrcss
i¡rcrcírscs lirrcirrll' rvitlr tit¡rc.

'l'lris sirrr¡rlc syslcttì Iras a ritt¡1lc (tlrt:r rrlill) litllt:st:itlt:
¡r, - (A(./A())t 'tt:/x - - ir (lll¡lltlily ¡rrtr¡rotlitrllltl lo llotlv
r ¡tlit¡s a, tttt(l wc;rklt' tlc¡rt:tltlt:tll ott l,),, :;ttt:lllcr llotlic:;
co()l Iastcr (tlrc tcttt¡rctittttlc wottltl l¡rll to 0.50 fì,, itr lt
tintc ¿tlt<rttt 0.2 t,,.).

'l !rc bch;rviour ol tll(: sirrr¡rlilit:<l tttotlcl is illrtslrltctl
irr lrig,. (r wlrt:tc llrc hilrer¡r:rliu riseosilt lti¡s lltltltt tltosctt
¿ts tlrc indr:¡rt:n(l(:nl v¿u iulrlc siltcc it is tlrc lttost t¡tttcrlititt
[)ilr'lililctcl urrtl itt lltc lt¡ll llrotlcl llrc kirrcllllttic viscosilv
\wccfrs ()vcr il nul[',c tll vitlt¡t:s its llte glrtbltl lcttll)ctltttt¡c
l:rlls. 'l lrcr(' arc it nturtlrct ol lì'irt[lt('s l() tt()llrie .

I lrt'rt'is ;t lrtoirtl rttitxirllttltt itt I (rrc:itr l{)r/ ttt'' \ l).
llrc lrssocilrtctl t¡rnrttlitics {,), ,1, r.., A eltlttt¡lc
ntorrolonicitllv rvitlr v; rrll t'xet:¡rt ,\ tttcrc'itsittg rvillr

'l lrt tlt¡rirti()n ()l vtrlrrrristtt lt.ts ¡t ltuttitttttttt slrttttglV

(i)
(ii)

( I ) l)t rr¡rt't I t('s itl I

(l) Allt' ol s\ slt ttl
0 (l/,, clr)

5 ( irt.(iii)
ttt, tl,tt lt
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(3) Mass, r¿rdtr¡s, rrrcarr ttcrrsity lnd sr¡rl'¿rcr: tc¡trpcralllrc
tll'cach ¡rlancl rrow.

(4) Mcrcr¡ry: r'. - ltì06 hru (urrrclinblc); vok:arrisrrr
ccÌitscd.- no rcliablc cstiltratc hul hcavy (tatlc¡i¡lti
suggests carll'ccssittir)¡l as ()tt Moorr.

(5) Vcnr¡s: rc - 3g30 kr¡r (rrnrcliablc); ohscrvcrl
atr¡rospllcric Jrhcnorrrcna iltdicalc crrrrcltl volctltic
.rct ivit y .

(6) ljartlr: r. ]470 knt; I 50 ntWnr r; volcanically

10 6¿

activ(:. St¡r¡rcc clcptlr ol volcanisrn ol ordcr lü) knl.
Kirtcr¡ralic viscosity ()f ul)l)cr rrrarrtlt: t¡l rlrclcr l0r7
t¡rr s l. l,itlroritlory v;rlr¡t.s ol' rrrclting l)¿itìts all(l
rrcllirrg, ¡roint grirrlicrrts lìrr trasic an(l ultr¡rbÍtsic ncar
srrr l'¡tcc I ocks.

(7) Moorr: t. t)ll() kllt (urrrclialrlc); volcanisnr ccasccl
¡tt I 2.0 ( i¡r (l)rrtrior¡s cstinì¡ll(', rlist'or¡rrtcd hcre ,

ol l l(r,2J r¡¡Wrrr ' at A¡rollo 17, l_5 sitcs witlr
ru¡l'cliublc shirllow ¡trolrc rrrcllrrltl). An cxccllcnt

t

ll¡ure ll -.Iì¿rrllt: llrcrrrrnl history.

hlilycr) rhickncss ó, (knr);
ilrlcrv;rl 0l vol(¡ilìi\til, ¡r.
l.i¡¡cal sc¿tlts lltc ordirt¡¡fc l¡tlrt:ls (il(X), -l(xX), l(X) rcfcr to t(. fl d. llrc loglrithltrit: scirlc rclcrs lo f.



(ìt:tttItt:¡ t¡t;tI l)ct sJ)(!( l tvt'
I ()o

rl¡ttctl collttt:liotl ,rl stlll¿lt:c tock sattt¡llcs'

(tl) Mars: r'.. 2(r20 krrl (rrrrrcli:rblc); v()l(ì:tllislll ct'itsctl

iìl I 2 'l t ia, lltkctt lrctt' :t'; ;tlrotll ¡ ì ( i:r'

(t)) A vcry rvitltl t;tttgc ttl s¡lt:t:rrlltlivt illl(l fltlcs¡;c(l (l¿ll¿l

()f no villtl('.
Ol tlris rtollcclio¡t ol tlirlit ottly llttctl ilt:ttts, otltct

tl¡¡ttt ilcltt¡; (l) (.1), lll'c lcll\(ìlliìlìly ;ttt ttr;tlt" 'l llt' lr;rllll's
lrr,:rtt Ilrtx ilo\v; llt(: li:ttlh's colc tlttlit¡:; ttttrv; llrc cltltltlitltl
ol rlc Lrtt¡itl volcrtrtisllt. A rvitlt: tlttt¡lc ttl clttlictl ol ttlotlcl

l)arilnlclcrs lrllrlrvr; llris tlitlit lo llt: Iillt:tl

trltrrlil'ier¡l ir¡lt ol rttotltl I ltcrltl itl ltislolils

'l'ltc lrtctlrtltl ttst:tl ltctc ltl c:tlilrrltlc irrtlivi<lrrlrl

llrt:rru.rl ltistories is sl¡lììltlltlir;ccl i¡t "rtlc¡ttilicltliotl
tliit¡,,titrtts". 'l'lrc:;c ,lis¡rllty, lot lr ¡'.ivctt /),1 ;trltl P.irc¡l

nralcriitl ¡rto¡retlics, rttttrtt'lit:1tl ¡ltttclcl tcsttl(s lìlr: (i) r.,
tlrc colc rirtlitts ltl I .5 (ìl; (ii) l, llrt::;ttrlitcc lrt::tl lltlx
Ior lltt'lttotlcl rvillr t..,,tl 5 (ìir; (iii) lltc tlttt.ttitrtt tll'
r'olt:¡ulisrrr, t', ltitl¡lt:ly lllc vltlttc ol l ;ll \vlllcll lltc ¡rlttliitl
ntr:ll lr trr:t iorr c Ii¡ ';l r t'ltcltr:r; /.ct() cve I ywllcl t: ill lltt
¡rralrl lc.

'Ilrt: itlc¡¡tifie¿rlitrlr itlttl lrt'ltitviottt ol tltt' lltt:l¡tt;tl
lrisl0ncs ()l lltr l(:trcslriitl ¡rlltlrt:ls is illrrslrlttcil trv llrirl
lill liultlr (lirr tltrlitilt:s. ¿tlttl tllotlt'ls rll'olltct ¡rlltttcts ;cc

liltlcr (l9tl7).'l'lrt'tliltgrlttrts lìrl tlrc tr,'ttcslrirtl ¡rllttrtrls rtll

Ita,,t: slttttl¡tt lr¡rltr; lltcil Illlli¡l t,rtt¡llttrll lc.lltltc Irt:itt1r, tltt:

scrrsitivity lo ll. 'l lrc itlctrtiticltlioll tli:t¡itlttlt, Iir¡1. 7,

,;ltorvs lltrct: scls ()l (ìtlrvc:ì, lor: ta, l, I' ils ltttt.:liolls
ol ll. ('trtvcs lìrt t. itt,: tltltrvtt lìrt l., tì, lO, l2 Wrll r;

tlrc tl{ltt:ts lot llìc sclcelc:tl rltlttt: tll ll '' (;.ì7 lVl.l kgr.
'l'lrrs e lroict: rvitlr 0,, .l()00 K, l() l() Wrrr I liivlrs :ìl I

5 (iu: Ali l0.l'l l\4.1 k¡Ìr, ltottt lllilg,lllil (l()lrvccli()lr;

r'c .14/0 krrr, i! ()fl krrr; I 5() l¡rWrrr r; l0/ krrr,

rrrcitrt tlt:ltllt lo to¡t ol ¡tlttltitl ttlcll zrttlc; l' 7.1 (iit.
Notc rlr¿tt lltc r:ttlvcs ol botlr vtllt:;lttit: <lt¡lltliott ltlttl lltl¡tl
llux iuc v('r y sl(:cl). Ifttr c.rltttt¡rlt:, l '10 60 rrlWt¡t '

rct¡rtitcs II 6..15 6.55 M.l k¡ r, l' " ì.'l tì..ì (ìlt.
'l lrr: tltt:¡rtt¡tl lttslory ls st¡ttt¡lt;ttisctl ill l i[. il' Nolt

tlrc lìrllorvirrg.

(i) 'l lrt:lc is rt s¡ltitll ¡rcitk irr l), rrtrltr' ()..ì (irr rvillt rr

(crnl)(Ìr Ítl ttrc rlsc ol .l()0 k ' I llrs itt isr:s I t oltt I ltt'

carly cl'lccts tll'rt:lcltsctl gritvil;tlittttltl cttctgy. 'l lris

cf'lcct is brttr:ly lltcsclll lìr¡ Vt:¡ltts, tltrlirl¡-l tlrc Iilst
0.2 ( i¿r; lirl illl llrc olltt:r ¡rlitttt:ls l) lallr;

rrtortttlotticitlly
(ii) 'l'hc lrt:itt Iltrx r';tttgc is 11r'('al ,l¡rllill¡{ lro¡rr l0 W¡ll'

to 0.1 Wrrr 'r irt tltc f irst 2 (ìlt.
(iii) 'l'hc cltart¡¡c irt rl is srrrirll rtrttl slou, cs¡rt:t:i:tllf ittlct

thc lilst I (il rJ trttltrlv tlorrblcs irr l0 (i¿t' l ltt:

8,r'owtlr ol'rl is ntuclt titslt:¡ lìlr lltc srltltllcr ¡rlitttt'ls.
(iv) 'l lrc irtiliirl grorvtlr ol'lltt: lllilllllc is rrr¡riil. 'l ltt: cott:

ril(tnls l()(l¡tY is littlc clillt'rcllt Ilottt ils sizc ltltt:l l

(it. 'l lris Ic¡ttttttr rs (ottlltl()ll to ¡tll tllc l)l¿lllcls.

( it,t( )1,(xJl(:A l, sl(,;N A l't I lll,l

l,ìntrgv hurlgrt

'llrc cttcrli\ litttlgcl s lol lllc (rrrtltlel) lcr'¡cstriltl

¡rlitttcts sllt'¡w lt ltrtttttrct ol l'cltttttt:s.

(u) 'l lrtr i¡riti;rl lviril¿rtrlc cttt:t¡iy ¡rct tttril tttitss, li,, Iltlìgui

ltttttt, Motttt l.'l l() llltltll l0.l M l kg.', irr t'rtltt ol

:,izt: clr:r:pl lìrr lvlt:t t:ttrY.

(tr) I lrc bi¡¡¡1trr;l cotltl itrrtlors ttt ll. ltrc: ¡rvltilablc

,1rlvil;rlirrttltl cttt't¡ly lìrr Ilrc rllost lìì¡lssivc [rotlics

Vcttttl' ltlltl lilrllr; tlrc c.xr:('ss lllcllllill (llìclgv ()l tllc
c()r'c I'ol Mcrt:ttry ltlttl Nl¿trs; tllc solid plantll

tltt:n¡ltl ctì()lliy lol Iltc Nlooll, Illc stttall' tttorc

rtt:¿rt lY lttlttltrfÌctlt'tltls ['tltly'
(t) 'l'lrt: ll¿tcliott ltlsl lill lrorv, Alì/lì,r, is t:lostr ttl ()'5 lìrr

.rll tltr: hoclics lltrlgittg lltrrrr () 'll f or Mot-rrl to 0'5tl

lìr'lvlc:tt't¡ly;tlttl l\llrrs. ('l'lrc sysl(:lll ir lt lttttf' tvrty

l'r orrr hitrtk t tt¡tl . )

(tl) 'llrt: lrig¡icsl t:otlllilltttots ltl All lttc llle slìlìlc lts

llttrsc ltl [Ì,.,, cxcc¡rt ltll Vt'lttls lìlr rvlriclt lltc cott:

cN((::i:, is lltc: tlt¡tirt t:o¡ttt ilrt¡ltll
(t:) I'lrc lttotlt'l t()ll\l(lt'l\ ()lìlv I\v() Il;lllsl)ort l)l()((:Sscs'

"tttit¡',tttlt" :rtttl "srrlitl" collvcr'liolì' Mirgtllit
t'(ìnVCrli0tt is lltt'tlt'tttitlitttl l)l()ce\s ltlt itll t:xt:c¡rl tllt:

lVloorr lill rrorv llte lr':rr'lit'tt rll'cttct¡lv losl lllttlrt¡llt
tttitlltttil ('()lì\'cclitllt tltttl't'r Itrlllt lrltrllt, t)l(r/rl ltl
ñloo¡r, 'll(lir .

l'hc lirnt'se¡tlts

'l ltt ttlotlcl tctlt¡ltltitl lrclrlrvitttrt is tlclctlltitlt:tl
by tlrrct: litttc scttlt:r:

(r) ¡¡1, lllc litltt' st ltlt' ol ttt:t¡'tttlr ('r)ll\ic(li()ll, \(:l ill
().4 (ìlr;

(ii) ,., ¡r;t ll;'1,r, llrt: li¡llc sultlc ol lltt: t:olc cll(rl8y

Ioss plrlccss, lrrrtl lltt:tcby ol llttl l¿ll( ()l cllitllSc

ol lltc cott: tltrlirls, rvillt llttttlcl vltltrt:s (irr (ilt):

[Vlctctrrv, 1.7; Vcrrtts, 1.0; Iiirrllr, ()'7' I\loon,
I.7; lvlrus,.)-.(r;

(iii) r,, (Â./'r\.,)r Iltrz'x. tltc lit¡tt: st:irlc ol soli<l

c()rÌv(:\ìlitl¡l irr Iltt ¡lìalìllc rvitlt t¡lt'tlt:l v:tlttcs (itt
(.;rt): M(:rt:trly, l'1.0; \'clltts, ltl.U; lrlrltlr, l9.l;
Moott, 10..1; M¡rrs, 15.9.

'l llt:sc litttc scillcs, rvillr tll '\ 1(" r,, llttts l)llìy tlìcir
¡olt' rrtot c trt lt'ss sct¡tlcttli:llly.

'l ltt: gtosr; ¡:coltlgicll (otls(Ì(lllcltccs ol lltt: ttt<ltlcl

¡rrcscrrlcrl ltt:tt: is l)rcscttlc(l irr (lrc "si¡:rrlttt¡tt:" r¡l (ltt'

tcnc:ilriul ¡rlltrtcts slttlrv¡t ilr Iiill. 1). lill c¿rch I)litllct lw()
('urv(Ìs iuc tllltrvtti (i) ¡t l¡lc:tsrrlc ol tltt: vigottr ol'

vtlli,:iuristtt, lltc ttrltxittttttt l)llllial rrrclt l'lltutitllt t:(tltitx),

{lrt lr ¡ivt'tt litttt:, tlrc lltrl'.c:il villt¡c <ll'llrc rlttliitl ¡rrolilt'ol'
c); (ii) l In(:it\tttt: of lllt: r'i¡lottt ol't:otlvcclittlt i¡t tltt'
ilríìrìllc, lllc rruilttlt:t tll' lilllct' lltc ¡¡tltttllt' ltits slirrccl

itst'll', rr.

llcln¡¡rks olt crttsl¡tl rtttrrttngttllt.tll

A ulritltrilot¡s lt:ltlt¡tt: rll gcolo¡iicitl ilt:tivity is tlrc
!()nlinllítl rccyclittll ol lllt' ltlltttllc. llrt'lt is llorvcvcr Ít

strikirrß tlillclcrrcc ilt ll¡t'ittlcrrsity ol lltis ¡rtott'ss
lrclu'ct'tt lltt's¡ltltll lìlllllct ' l\lctt'rtr1', Ntooll, Mllts rvltt'lt'
rl is rvcrk rvillr oltl\' (r, l, ll rt't vtlitl¡'s ltrrtl lltc lltt¡Ìt'r



ritolollltl,tlllttlt( ul tlr, lrrrr'.trlrl ¡,1;rnL.t., (t) ll,.
lil¡r\ilrìr¡ilr lriillt,rl tìt( ll lt,r, rr"l' {lt.t' l,t.,t Itrt, ttr,il,'l
lllìl{, ((,1ì) lilt .q l1 ¡,,¡ lllorlt l {r} l lt( | uiltlr(.t rrl iltìì, ,.1ì.
Iltt rt¡r¡rct IItilllli ;1il{l {tlt,l Itil\r' l,',t.lr rt.trll.rrrl'r'rI
{irlrlr;ìl((l lrr oilL'r' lì,r llrt ¡,¡1.. It I iItlt lll l) ì { r;r ll t.

,rr,'r.iilrli,.ll(,\\ltIt)l'.illt.tl[¡(llIll'¡r,tl,rrr,,lrr,t.ìrr.:l¡r
lltt lr.t.,, ol tlrr'lrr.uttlr'

t0t

It is ¡rllrrrrlr,, llorvcvcr', tì()l ;t(l(Ì(lrlitlc lìrr N,lcrt.rrly
itlt(l M()ott, trtrllr ot rvlritlr ll:tr(: ltíì(l tt vil'()r')ur, \'ol(t;lni(:
ltir,lory br¡l l'illr \olcÍuì()(r\ ('l lt('iLiltl:; .tl ¡ìì()r,l ;¡ l(Ìw
kiloll¡clt:ts 'l ltttttt is n() ()t)vr()us nl()(lilicÍttion ()l lllc
ntiilt(ìnr('l('t ilt()(ltl \vltielt ror¡l(l it(t(t()iltìl lìrr tllc srrrlrll
lrt'r¡ilrts irlrlccrl itt llìc ('rlìsiìlitllr rll v()lciuli:int, in llrt:
¡ilo(lclr;, tllc il('l)llr to ¡lirrtii¡l r¡¡t,lrirrtl i:, -1,ì0 krrr, (rlO kt¡r
Itl.l)(Ì(rli\/r:l\/. Srltrrr: tllIlt.l cllr.rt tÌtil:;l lilrvc o¡tttritlt.tl.

Irrs¡rcctiorr ol tllc I\loorr nto(lol, o\/(:t lt rvrtlc ntrrgc
r)l ¡r;¡¡;¡¡¡¡¡¡¡r'\ r'orììl)illilrlr: rvlllt llrc plcsrrnrctl klrox,rr
r.rtlitrr ol llrt r.olt',u¡tl llre tlr¡lrlitllr ul r,olt:rrrrislrr, slron,s
flrlrl, ilt r'()nlt;tst lo Vtrrrrs, [Ìtrrllr lrnrl I\4ltr¡, llìr: r(]¡tc ()l

¡)lrIlilrl ilìclliltg. tlilorrlllrlrrl lllc rolt'lr¡lic llrst()ty,
('\lcn(ls (l()\\,n t() lltc ntiulllc colc lroulrtl¿rr y. I lris rs ;r

ritr¡lrtiorr rlillcltlrl lronr tllrt ol it l()citlt/(,(l /()llc ()l

l)itrlilrl ntcltillri lror¡trtlctl Itttllt trltrrvt.itn(l l)cl()\\ lr¡r s1¡li1¡

ilriilrllc. Ilrc t'ssrrtrli:tl lrÌrllil(: ()l lltr' r¡tlt¡rtllilclcl lrrorlr:l
()l v()l(::uri:itìr ¡s tlì(' l)¡('s:,Ìlt. rlil fcrc¡lcc bctrvt:t:lr tlltl irr

llrt :;r¡nrlrrrrlrrr¡t solrtl rrtltnllt. ¡rntl tlt;tt ln llrt' lrt¡rrrtl
('()ltltnt rt i:, tlris l)tcssllc tlillì'lt'lrt't', lillto,llrti,. lllrru,,
"tlitl,t¡rir\lillit" s,lri,-lr tlrivt'lr llrl s¡,5¡..¡¡¡ lrrrrl ¡rr,rvirlc:;
tlrc llc;rtl l() r'l(Ì\1itl(' ntitlÌnlil itl)()\,,,. llrc ¡lrlt,osrrr llrt't'.
\Vlrt'¡t' ltorr,t'rr'r llrt' r'nllc nliultlt: r:t ¡r;rrll,tllv rrrollrlr
(rttttl t'r,r'rr il tll'.l tlistlil,rrtrolr ol rrrt.lt ir; ¡lrlr'lry) tlrt.
.t¡nlritttt l)resl,utt'nill lrt'tlrl;t'r lo "t¡titl,,ttit),lirlit" llllrn
lillro:;tlrlrt. l lrr'rtr:rllrlrlt'lrr',rrl lo,lrivr.:r \()lriuu\':\':ilr.nr
*,rll lrt' rtrlrrrt'tl. lilrlrllorv tli.;ellr¡l't'r; rrill lrt rt.;rrlill
¡lrl:lsilrlt' ilrl,'t'tl ttorrlrl lrt' llì' (()nnll,)nr'sl t.r rl¡rtirt.
rttorlt' lrrrt lrr¡llr \'(ìlr';til()l \ \\,(rul(l il{}l. Sr¡l;rll :;ll¡t.ltl
\'()lrirrì()(:; ',r,oilltl lrt' ¡ror.,srlrlt. irt ;r rt.f irrrt ol ill:ttIil|ltl
l)lilliill illr'lt. llt'rr'll¡tlr t5 rlt( ()rllr.l tllttl :rr¡rl lltt
rllttrt otr .lrrrrtro¡l llrrl i,rt' ¡lrrlirr:; i:, ,,ullit rt,rrllv rt.llrlllt
lot rt ¡rl;ttt',tl)l( tir:,( 10 llt'trillrlt'lltiìl \'()l, l¡rl,.tlr ol¡ lltt.
\l(,()n ()rLr¡nr'(l \villr ¡r:rrti;rl nt(:llinri r.rlr.lrtliltti ill¡our'.ll
ottl lltt ilìitrtl¡(' lìrr tlrt ('ttlil(' \()l( iiltir' ,illllll..

'lltt'rc r(rìritins llrt trri¡lrrnr ol Nlr.rtur\. lrr tltc
ntotlt'1, l.rr¡t'lt' o¡l llrt vitrl:lc,.vi,lclr'r. tltirl i\l,,.rcrrlv is

(tirllr((l srntillrr lo itn(l lrl lt¿r.;f lr.; ruutlr itj. N,l(),)t),

l)iulnrcl('¡s \\'](rc ello.;t:n lo ¡litt'l \/()l(¿ul( rlttltlio¡t tll
,1,,'(i;r. Ilris ¡livc:; tì l)irll('rtr ol volr'tr¡tisrrr iirrrilll lo llutt
ol lVllu:, tlrt liltt ll;rll t'l tllt' r,oltlrrrit r;l;r¡,,r' lrlrs l)ir¡ liirl
rttcllirl-, tlni)utÌlti)lt tlte ntit¡tlle lrrrl tlruirr¡, tlrr' ltrilcr
inlt r v.tl ¡lttlilrl lnt'ltilrrl i:, t,lrlinr'rl lo :r lor',tli¡t'tl zo¡tt.
lrornttjctl ill)()\'(' lulrl lrr'lorv Irt solitl nliutllc, Illis
r.u!,r',r':,ls lltitl llì(' ntorl(l (lt(ì:;ctr lo¡ Nlt'l, ul\¡ tì(:r.(lrj l() l)r.

rrrorlilictl, lrrkrrr¡Ì 1,, I \\/rrr', II I S l\4.1 k¡'I lor
tvlt¡t lt vt'lt lrrìt:,n) i:, lt( l i\/(' l()t ().() ( ¡;t rvtl ll rl;lrl ll rr rrlt.

l)lìrliirl rrt'llill'i lìl () li ( rlt . .,\ rcl'citt (,l rlrc ,\pollo
Ir()l'liturìr('ol, \lcr, r¡\' 1lrlr,l Nlll:; loo, l)lclì:i(: !) rr,ill lrc

nr'(('s:,iil t, Io ¡t's1)lrr' (llr(':ili()tt:;,lI tlll:t lirlttl.
I ltis t'lulr ¡r,rrl ol llrc tolt íurit l;l;rlt' rltrrirr¡, rt,ltrt:lr

l)lltlilll ttrt'llirtli t'tlL'tttl: lo lllt' llrst' ol llrt' ntiutll(' \vill
(,(r'ilr l()r :rll tlrL' l('il("ilrltl l)lilil( l\. llrt' rrrorlt l r('r,trllr,

¡livr' llrc lollorvirt¡' r':rlut'r lo¡ tlrt rlrrirlror lnrt nr:uìll('
l lt it k rlt .,s :tl tl: t lost :

It¡lttt W. f lrlt't

I

)

Lìrllì

I

t)

q

0"

I i¡irrrt r)

Iliuì(t\ Vtrrtrs, llltrtl¡ rvlrclc it i:;.itr()nr \\/itlt .ìH, ìl
I('r'V(llinll\. ( rt¡:;(itl Iclut,ulltrlnr'trl ¡. it nt.t¡rrr lt.ltlutr,.ol
lltr'¡rlrr,:;io¡lrrorrrv o! \i ('nlts;t.t(l llttllr. llut.lr lr'ss so lìrr
lltc otlrt'ts- I lt:ltrt.it l(' t(,it(lr.r to t onsirlt.l tlrt.lll;ru,rilrrlitv
trl ;tlrottl ì() t r:ltt I iuuÌ(,nt('nlr, lìl I r;u I lr, l¡q.¡'¡r¡¡¡f ilr lrrurrl
Iltc totllt'ltl¡r()lill\/ it(ffl)llt¡er' til vi!'.ot()rrs rI'itrI¡l¡pr,
t¡lt'ttl:. rlt¡liil¡' tlrc cItt('il1 clti:;otlt. l,ttl llrtt ¡tl)lliil(.il1
tcltlL:lrtnt r' l{, ('\lt;tlì(}litlt lltis,¡lr,,r,r r,:rl irlll lr;rr'l irrlo llrr.

Ill'l. l ltr' nì()(l('l lìrt':,t'rrlt'tl l¡,.rt i: unc(lui\'()(till in il.,
iltilicltliolt ol lltt' ¡,r('itl \/il,,r)ul ol t'ru Pllutt.¡',. 1,,,1¡11¡p.¡;

llr(ìuqlr()ut il!lcolollrclrl lilì..

lll¡urtl :.-rr irle piu lixl rrrclf ilrg

Slricltl vrrlr';ut()(':, (il¡t lrt'ti.¡rt(.t;(¡tlrtrl:li rìt,lr){)nr(I¡I,
\\"1('nl:i i¡l litl¡o:l:rtit t.r¡rrililrrilnl t.lnlrt,tlrlt'rl irì tlt('(ltst
Itll\l Ì¡l)l)('t ln:lttlt.(l ltler , l,),q1, f l l.ìl).'llls rlt.rr¡oir¡l
is .trlcrlulrlt' lìrr l :rrlll lu¡tl N,l:l:r rvrll¡ "orlrt. tlt'Illr:. ol'
,tltlt't l(X) kil¡ (\'ilil(.tìl). ì(X) k¡¡r l¡rl ll¡e !r.\,.llt(ril \)l
roltltrtisril) ;rrrtl rillrjtlr rtllt.trilit s\':1r.t¡¡s ol lreil'lrls ol
()r(lr.t () krrr,l0 kru.

|.O ( i:r, r.l(l Llrr {lrllr.rrlrui,'l\' O.S ( rlr, 'r00

krrr),
O..Ì (irr,7ì0 kr¡r:
0.I ( ì¡r. l)SO knr.

lrltttury

Vr'¡tttr
lirr r t ll



N'lo,r¡¡: 1.0 ( ìlr, (r(X) krtt;

N4iils: l..l (irr. -51.1() krrr;

l)trr irrg t lri:; itttcl'rltl, bv lttltltt¡'y \\/ll lì I lìc l\4ttoll,

sullilcc volcltttts¡lt lltkcs lllt' lìlr¡ll ol sllltllorv, t'tlt'll:'ivc
llorvs ol ltol, lrlrv vi:;ctt:'ity llrvlt: u'illt ¡tlllrol t'tttllltl
volctt¡ri:;nl t,l :;ttrtll lrt'iglll. ()ll I lttlll ;ìlì\l Vellrrs it i'-

cxtrcnr('ly rlrrlikclv lllilt lllì\'tcllt::i ()l llris c¡rr ly vtilt:llttirlll
lcnnrin, Iollorvitr¡l tlte olrlilt rllitltt ¡rtotl tttt',1 llv lt

r:orrtittuitr¡i vi¿lrtrott:; ¡'.colo¡ly rvltllclt:. lltir ¡rtttt't':,:. lrlts

lotnlcLl Iltc ¡rtt'st'trctl ltr¡litl r'rtlt'ltttit: sttt lltcc lt¡ltl i:l

¡rlob:tllly lt tttlt.iot t'ottltilltllttl lo Iltt'¡rtt'st'tvt:tl i'olcltlttt'

st¡r'l itt:t: ttl N'lcl ctlt )' ltltrl I\l:tl:1.

( ,icologic ir l sf l lt

All tltt' lt:r lu'lliltl ¡rlttttt'ls slill l l llcil lir()l()[Ìl( ill li\'('s
\villì lilcirf lig,ottt. Iltc l:lrllll itscll rvtltlltl ltltvc trce¡t ltlt

:l\\/(,sonrc ¡rlltc,,' rr il lt I t t't¡rtcrrt voleittttr ltt ltlltl ,'lttlctltic
irrttrts,.: ltytlltltllcltttitl lrlttl ¡llrt('.lli(: il(:lilill (srrclr llr, r'((Ìll

totlttv irt stllitll ¡t'slliclt:tl llctllltcltllltl ltl(lilr' oll l;tllrl ltlltl
il(:¡u (rcc.lll li(ll',('r. (lìc lL'llll "lllttlt'ltll" ('lil, lr.)l illl
(:r'lv nìlr'r'\,;rl ol tltt'ltrlllllv ilìlt'lì'c llcololllt';tl:rt'tir'itl"
usc(l l)v rtolltt' ltttlltol s, is ct'l lltirllv lr¡rt ). I llt'r t rr ill

Irorvcrcr lrt: litllt'¡rtc:;ctvctl llo¡ll llt¡tl lirllt. l lrc lrtrlk ol

I lrt: ¡rtrssitrle t'r rrlt'tlt'c lrlt:; lrtrt'tl tltrlitlt lttt'tl lll' t l ltl,'l iltl',
Ilrlrrrl volclrrni'rttt,tt rtritrì\ ('\/( lt'\ tll r'tt¡sl¡tl tt'rvrttliilttl

l)tttrrt¡Ì ilr, ¡it:ol,rf it:;tl lilt'lt lctlt':;ttiltl ¡rl;tttt'l ¡rlts';t':;

lllrot¡fllr llrcc :,litli,,'s tlt'tt'lrtliltctl lry llrt lìlllllill ll)(Ìll

:,lr il( lllr'(: tll lllc tlt;tltllr'.

( I ) lVlarrrlc rvitlc llllr ltill rttt:ltiltll. l ltts t'lt¡ lt' '-l:tPt'(rtrt {ll !
lìr irll tltc lctlr'\ttrill l)líttìrl:'. lt rr' rllltlil(ltlizL'tl lr)'

vilÌoroulr r;ltct'l volcltlti',rrr. ( ltl';l:tl lcilrlillll'tlll('lìl
rtl:;o otcttt:, ¡rt,:,:;iltl1' rvillr r,'t t' ''¡lt'tll tcl'iottr ol

t:oltctcltl cttl\l;ll tlir,¡llltecttrtttl Ilrt' l\loolt lrlltl

¡rt'ssibll' l\'lcr, t¡r v s¡rt'tttl lllr:ir cttl ll (' \'ul('itlìi! lti:;lot l
in tlris \l:tr',c. l ltt,:.c lll(' llì(' lll(l"t llltrtlltlivt' lrotlit':;

rVillr Ilrt' ltrt:,t tlcYclo¡retl ttlt:'llll i'\':,lclll:' I lìi\ \liì1'('

i:; vcr,\'ltltr'l lot lltc llttl'c lrll(':.llilll:' \/t'rltt:;, llltrllt
(l) lìt:stil(tlc(l Vctlir'ltl zttlìt'()l l):tllilrl tlreltirt¡' l ltis rrcrt

st:r¡i( i:, (rlìiìr'iì( lct izctl lr1' lrol Il :'ltecl lttttl t t'ltl I ltl

voluit¡tirill lr)J),t'llt.:r' $ itlr e¡ t¡r'lltl t t ltl t ltlll"clllcttl, ()l
llìc stylc Iottrttl lotlltY otl llltt(ll lt¡trl lìl(:r,lllllill)l\/ ()ll
Vcnus llrcs('l\\'() s¡rctttl tlrc lrtllk ol llt,'il Voleltttlt

lrislory irr tlrrs r,lttlie. 'l ltt: vi¡tttttt ttl lllc ltt'tltllcs ol
llrcst lrro lrt,tli, i lelttls lo ;r llrllrlv cvolvc¡l rl l¡:,lill
syslcl¡1.

( l) N() l)iil tiill rttcllirl¡1. lll tllis :,lilllc 'solitl" c()lìvt't:ll()ll

i:()lìlirrrt('s i¡l lltt: lttltttllc tlttl tllt:lt: i:; It() vtllcllrtisttt.
('r rrst;rl r'('rn :ur,('tìì(ìlrl tlill lrc (l()llìllìillc(l llv r i lt illtl
:ur,l lìrlrlirr¡i. I Iris st;lltt i:. ulclrr ly s( ('ll lo(lily ()ll

lVllrrs
(lror tlrc l\4otltt ttlttl N4t'rt ttty lllclc is soltlt'

l¡orlrolt;ulir' riltirr¡ lttlrl lllrrllirl¡ r'isilllt: irr tlrc

sru llrrc lo¡rtl¡ltlt¡tltv lrt¡t it is lllttlt'tl, irrtlieltlirrl' lt

lì'r'lllt' ttur¡tl lc trl tcr volt:ltlli:;ttt ce¡tsctl. Sitlt:tl llrc crtcl

ol voltrrtti:,rtt ttrllil ttorr'. lllc Iltotlcl rltlttt's lirl lltt:
lìurìtl)ct 0l trltttltlt¡lclllclllrl ltlt': \'loott, I(); lVllrrs,

l.!); lvlcr'cut),, 2.1.). litot¡l lltis ¡roittl ol't'it:rv [Vl;tts is

tlrt' rlrost tlt:r'clo¡,t'tl ol I ltr' lt't l csl r iltl Illttlt'ts ll lrltr;
:il)cilt Iirlìt' ttt (:lrcll :;lillÌr' lr¡ttl lt'ts ¡rlt';:;ccl ¡¡tlo tllis
l(ìr'nlllllll :,ll t¡tlrtl;tl l;tlll'.c r\,illr ll:' lìl:llìllc still
( tt',:;t ll l1' ) lltil lvc.

('lorirtg r('ttìtlt'ks

I llt'rtto:,1 :.tlikrrr¡l lttttl ittt¡rtrtllttll l(:illll ol tltir, r;ttrtly
ol tllc lltt'utì:tl ltlr.l()t\' ()l lllc lclrt'slttltl l)l:llìclr, i. lllill
I lrt' rrr;r¡ur l)r ()r'L':\ rr lrir'lr t::.llrllli';lrt's I ltc tlrt'r Ilt;tl ltlttl
¡rlrrrtt;tl \lt rtr'lttt(' i:; tttlt¡ltttlt ((Ilì\'('('liorr. I lri'; I)l()( t'sri ls

:.lt(,¡t!,(lilrin¡l tlrt lili,l I (.ilr lrrrl i- Irc¡tllrlilrlt \\'(rlìl: lìo\\
llrc pltt':,rcltL ltttrl lll, ttl)ill:.ll tl(ltllr'rrc litttl lt'tl¡tv tt'ltl,

¡rlrt;ttlV r'slrtlrlr:;llctl .l ( ilt ltlo llll(l i)lll\' r,lll.lll lllllllli(:s
Iltrt otr'tult'tl :;iltr'r'. I lrl:, rs it \'('l\ (llllt'lt'rtl :,Ltllitli(l
Itotrt llrltl ¡rtt'ritttt',lv cttri;;t¡'ctl irt s'llit'lr solitl
(()il\'(fr'1i0il iVlt. llrc lc¡trlitltt L'ltlltlitlltlt ll0l ollly lìll rlltrllitl
r ('itr't lltìl]('lìtt'lìl lrttl lllro iì:, I lìr' llt;lill llcltt I I lllì51)(]l I

lttr'iltlttlisltr lllttlt¡tlllortl lltolot',it¡tl tilrrc Solrtl
(()nvcr'tio¡r tt'trltilts lr:' llì('l('il(iitlli tltlltlttl tl,';rllt'l I (ilr
ol lt'olo,lit;rì lttttr' lìrrt rlr tltltl r¡liti;tl rlltl',' il trlt:- tll
iltitlrlt .,it'llil it ;tnr r' ltl:lIlììit ( ()lì\'rlLll(ìll ttlt', rlrlt¡lrlllltll.

l.it t lc i:, I rlorr'¡t ()t r'\ ('tì t ott icel ttt t'tl ()ll t ltt'

rìr('r'lìrrrìi('s ttl ¡ltolrltl ttr,tlfrtì:l ('()t)\ ('(:l lrllt. \\'ltltl is llt'ctlt'tl
ll,:l tìilrìil)('t t'l Ilttl(lrirl()l\';il1(l lllll¡l('li('ill tlllctirltclllr
:nì(l ( (r t r'..lrrlttrlinr' ,ttt;tlvt ir'lrl \l tl(ll(", t tlttt¡l;tt:tlllc ltt lltc
llttl,t' lrorlt' ill rtolk clrrttc ltlt trltlrtlltt\r i()rl\r('('li()ll ill
()r'(l(fr l() :;cl rt¡r lttttl ('\l)l(rr(' lttrltlt'l:; tll tlrt: lirrl I ( ilt tll
tlrt'¡',t',rlrrriit rrl lilt'ol lllc tt'l t (':,ll lill l)lilllt'ls llt ottlcl ltt
¡lir',,'tltr'1¡¡rilltl itrlrl rvltttl lo lool lrrt ;t¡ttl ltrrtv lrr tlt't'tt<lc

llrc lnt¡irrrettl:,. il, \'(tl lo llt'rli:;r:ovcrctl, rl ltrrl'' ,rl lltt'
lrt'r'irurinrls ol lltolo¡'.\,. Stre lt sl tltlit':l rt'lll ltlso trc ol
lrr¡¡rllrrrtt'nt:tl i¡rtl,o¡t:trtcc irr ltcl¡rirrll ott¡ tllttlt'lsl:trrtlirr¡ls
ol volelutil.,nr rrtttl itt ¡tlrtlir'tllttl lltr: tttlc ol llytllr¡lltt'tlltltì
:,YSlCn ts.

( i t,tt I lt¿t t t t, tl ¡ u:t s¡tt:r: t it't:

l{ r,.1, l,.lr l,,N (: l,is

t:lt)l,lt..r.\\'. t(rr(,
()slottl.,Ì.1.Ì ¡'¡t.

lrl.l)lrl{. I \\ l()Sl

I rrtrrlort, 50ll ¡r¡r.

I lrr' I'r'rrr'l' rrl tlt, l';rllt I ltriv, r'.itr, l'rt'r

(i(r)lll(rr)itl lit,tclrl:. r\t,ttltl¡tit l'lt:.',

tttll,lt l\\ lr¡17

l'tt::s, Lott,lor, .Ì10 ¡r¡r

l\'l( ) l,l N lr l{ , N ,\ . (t rlttor )

Ill(' \lr[r'lilr( ol llt, ¡t1:ttltl:. /\r].1(l(llìl(

It)¡i0 Lìttlr rlr({)l,rlrv lurtl r'r¡rl;r:v.

\Vrlt V, t l¡, ltr',lrt . 1t,'.) llll
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