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1tbe ~JM!fl'M~'l' <l)\\$~lff~a !n til~ s11.~1,t~~ie W®Vi!;~ ·r- tand pP. in i!l lk'IX-g• 

-~~ J>f 'lt8/:tth~u.k•8 tu ~'llml,~:tf)El with tl!l~ tbt$1"~1a&l eim11t4;f ·•lf)tl• 

lat~4 tt0m fl $fj~f%.dari ei~n~ti{)•- u~t~ two in~~tlt tm4l~pmn.11tw.1:t ~•tltnts. 

fttt !t$SUlt4 .~n an,$,:l:7!illttd J.t&t:n~ $$ v1:rtift'bl•:t ~J~pth ot t0ciu:., tU.$tliAG& 

f~Qm tipi•itJnt~~ .·t.-<> l"'fff.>.rtU.ti~ stut1~•. ~~·i1n1c~l 1Q.'3·~ti~n VJf :tJ:f.llt."t$1ltet< 

all.tl a~d::mnt.h fl,!0.;) 11'& 1-t'i!'ltill}fl• hell ,o,,mpnl'~i lil11th th• ';he\l:i~t1i•l T!lllU4';. the 

~ttt!:ti> f:'t th~ ~iUt:tQ' 1nc pP t~!l th• ~t1~l"m7 in p t!t1f$H~ttd. l)V~l' ~ db~tttC• 

~"lttJ!ttj 40*•90• ll O'.blS1!$tV.fi1 t~ i®l'-t-al·it wit.la tbiaptf\\.t b;y O.,t) ~~ a l~~1ritl1* 

mo Qeal• 'f>t :e:~era ll~tutttt :H~O &-4; eoo k~. f ~'tt.l of fll)~ne,. '..!Jlif!t results 

t~r Mui te ft•tJB ~U!'$ ~~p-m:r~d 8~:p!!iltt~t~lf 'W'ttl~ ·~!.'lco!'fflt1~~'Ml v~ .. b:n~s 11l\JA 

t.h$ ~b1erv~d •·ff''i!~t ~~~ps~~- tQ. tt~ fil~i::>ut ~~*~~:ll:y 4l£e tc lllrl: 1~r~tMHll •t 

P· i.tnfi?!'O and <I! 1.~el':Jr«~~$·3 td' );)!? •~:rmr lrl.tb i!~pt~1. ·'Di~ ttl~Ort.'iJtlo1l r.~mttl.t:J 

! • rt11""ft6iill1Mif tw dt»t~l'.1:·i~il:l .. U"l!ll it ~lli~ie.od.bl• ~h$:ng1t.1 :tn th~ :tUf!'lll~l~J;.U~ao ~t 

:itum.ti1:t.>ct ••lu~• <t«a t\!)ii)~)t:m:t f$l" the ?-•lults. No $\t~:h oh~~g<lta b1'• t~;ut i 

eeta1t.t. ~•~tt~n• :ea to t:n<Jr•ateil ~b•'Or~tit;\lt at 11-nt~Y ne~· t" the .su:rt~c .tt 

p~ii!& ~ p~rti'4:l qu$!Utati•e C'r.:,i~neu~,n, \>tit quli!onttt.$tivel1 ttJe:r ltta:n. ... 

~t; li>• !'$)Ol!l~U.it1l. wtth ilst~ t:rom Qthu r;n')tt:reG!I., The· nr'.it: ~li.}l:i •ii th d.:18:,..., 

t~Ul0$ 'htW$4..lXl ~b&~~·l~tl and (U~101:.r1~~tod 91.:i-!!l"lltH 16 lll)t l~l'g$ Bl!QU~h t .o 'b$ 

tre11rteit riua.ntitett•~l3"f $lif'.ht uh*>:UI~~ .bt t~ .ff.~ott:itt~4. 4)if!i~ ~t ve10eit7 

ve. d;~ptti ® .rva ftlft t~:o.ltitti••lr .aut~·i.~Mt$d on tb.11 bud.f.i ot !t. ?.'hut 

~n1na l"'&tit> pP/P ts &tgnif'l~tu~tl.7 too l~rrie in $hl/iol.l.ew ~nribq\l1ak~$ 

~#a~i~-l!S !:m th~ t1o&t~t1&n ~•~to.~, e;u tan hf.# ~:.ttX'lb.ut&d 1':;$ p'P retb'1i' 

t.Qn l~I!' 1$1" $1\idlow ~at'M!k$ in t.M flew ll~b'r:J.tltte ~~on fin.it 11~ry dt10p 

.sho~B or th~ ~out.~ur•:itt :!1~'*-<t1f1o,. t),u9r• b• oome :1nd1G~Ue.in. tht;t the 

~ntllrSf :retiil> i• .e~ll.~$' truni to11 ~;(ltn1,p~·ft·~,.ltt· an~trk~ ele~·:.d1~:r{$. t.a ttt""' 

t~t.$.d Cl';UJ:P$.l~t.·!~u et l'~$i!!JU~l fU}l~r;1d.t~a with: t!l@ di:P f)f ltd"ae f1HJ~lilt 

t.!!tult or~.t.~m& 1* ~uo1M~a§Sf'~l'.l t:n ·the Jtl$Uti&ns • lll.t'ltl~atst~n:h ~l~~"h~:r~ ,_. 

1'h~ ~f'e11t <>t l'ltff~tlfjlj)J!lC~I$ hSitwoti1~ tn~tru~~l'At~ te !!l!!i:t:!l$1!.ilet?i!i!14 . 
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1 

Im'RODUC'1Tl0fl 

fte pwpo1e 1Cf th1·1 :tit~l)h ts to • t.11dy the :r•l~t.iv• •aev&r 

o'•ett•4 la $ht!> Jlittl.$1;.te we•ea ~ dd ~~,* an.ti 1t p¢J'lllibl• to ~~aw 

CO.l'lf.llttfion~ •u~ to tb~ !nt~:rn61 oftstit'l;ltlrJn ()f tlu• (Wu.~th. P 

np~or•t* the ditt"t lo-:ra~tuiit1t.ual wave. th" til'J!t 6l'ti-lv~1 t». the 

dlistant:• ti~ns• u.•t.:i! h~'l"li'• pJ> !$ ~atl:tt1te1l {)~J!~ tro• th• surt&e:• ot 

th<t. e1rth., Olf>•• tio tt'it:¥ 'lt:piee11d~er. It 1h.01d.d be l'l:t.stini'f;11i•i1tit tr.Qnt 

PP• :r•tle.:Q:ted OnOJ~ f':t"Mt th• turf'~ll• about mid.•1 kttW"eiJn i$¢>u:ro• filld 

o'beerv-tng atatirJ:i:t.. Ut11t$d 411k trem t'P a:tttt l'lsttd lli thla repa:rt 

I.a eatmffUGn with • pa;J!ti~ul9:t' p;r;>b11lf~. Jt:g. le sl.H)lfll th~ ,paths tl:lMugh 

the uari.h or pP, 1, iiid ~. 



il~UOI) 

ft• 1tiUt~~ i'A f «~ pl\l {~ 'fi' f<t:P {! 1'•$tli't~~~ \U!it.~ttif~ t>irt~~) 

ti 4110\tl~td :t'~!t th• $.mJllt.~doe ~.a t~:rl¢f'4,$' O)Ult&Wd ~ll" l~;.~

AUdtbat ~t Gt1tl$-~'ni~tc :a:ttt 1$ ~fllp.~~:ted. 'llt!!th tit~ tT.~~/Jt~!l '$Ml'O'• 

OUP\l;"4 t~• ~ ~'t~$.M t~mub ~'t- lt~l~,. 

4• ~tt ~lt0n~tl•lll', tuii;u;i }~ t>n.l$' tit.$ attt~t~ri~•• tt"'t•~ t.:.b;&l)~:t 

~l\\fl. QlUJ'•'1''1tl.!l.lU 8f$ ~M t() '.f;t'i.f);f'i~• '~~~f'lltl1 thtO't'~tj,~(ltl YfllUi!lil• l'.t 

a~k•~:tto~l •pr,a~tl'l t)'ft tcf!i!li 1*e~tftA, l10 a•llu~~d* 'Ml!• 4'.fltf'-''*'3" ~:J!l;~~r;:et.d tu. 

~ •:t a «it~1k:~MlW ,~ b't.\w-Mn •Yi<te:llt{!l" ttni.t CfhtJ,t•t~g "~tt~'ill\ ht(h't fl.Jg* 

14' t it th~ #fl~ tal!J t~M Ww~- :ttt 1 ft>tf " {•t:l<lttl~\llil} tt1$.tilltl.y -~~-~ 

41etfat$i:@ A1 t $\tbje*t ·~ tt c~u.~r--~f11.t).l1 f(J~ thG aaat tt~nttl. ~tk to 'f}h• 

aut'f~•• ·~~~ ~'lllk t~ th~ h,-.,~l.l~'tlt~ilt, .Ill tlU• w~r. t.k•~~t.:to~l tl\\~t'l!e• 

to~ t>ll •l'• «•t$~Jt.tMd.- ?h~· dflf:f,,rtn\'tt11 b•twof:I to .. ~ ott'l ~b•tntd 

•tt•)'gee ~at ~· •tt:Ji'Un~tJSdl to tu ~th ~im ltll It'it!11 le ~~ $l.n to 

ao1i'1it1z~n• at to t)-~~anttl:t., 
{A 1n tle~I'~# '.tt'f)f;ei~f$ t() ~~ '6i~l'$ IUlil\~id ~t ti!~* iilt!Rt~lt' rrtt 

th• -~h. ~d.~ 1~ :r'f.llt~t.$~ to ftiarttutt;• ~l.;(>q tb.~ .fi.tll'fr.~c" \y th• 

~XJ:t.'$tU.•io~. 1 • • Ul b .• l. 



ft•· -~i-~e- U$~dl t:O.l" t~t• fiftt W'tt'.ffif jt$~$! •t lr'.~MMtdeH 

t~ .1911' tu. 1$)41. h~~wltt ~trU ~:r tth:ma 190 S.aulv~ t"1tJ ••l 

UllC~nidrJ.tlf ill t••t·ll'UitD'l (l~•tn~:$J t'llftfj#l" l~·- ~ $.r«h~h ~.i1t~$! 

h~~ ~a:t n~{Htttt\d.t~t«i:tl t® .~ gt:J~~i ilt~tenitlll~ti~n. ~t ~'fth,utwk~ 

--t~tl<tWi .. 

ft6 ll'Uil\~~- 1#hlt$ p~14t '.fl't*•" UMt~l f@:f tb:i1' ~U~,{m$~ at'• 

f,;f t~~ ~:tt~tt tyii,ttf'• ~XHt 1'~~b1et~l ~a.I \'WO ~O:~t~~~tt~.1 tt•O!a$rl,t1' *'ltla 

'.f):tlll.iul~ p~:r,i~ l g~ON~l ~)1~1:t dwi~~t:n~ f.l-!i.HUi\~~:~. ~-'· '•:~ ttl:JJtH~t;;td~; 

l'tJ~l!):rd• ti1 111M1:s •rJt b~th ~· snel't ~u+"'1o~ ('0.1 M~tllit) •tt~ • 1Q~ p•ri~4 
(JO ftnQ*1 ) ~a.-,~n~tttd*i~. .i tl)W l!·~~d1~• •~>!'' trndt:~~ t·~m to!"t1tia !1J:;tn• 

umt•·:t 'ttU:itt ia tf!ll$-.l. th~ t~:tt·ld.~~ ~nd •t:tt'~tm. siat!$~~~w~'• 4<> n~t. 

·~~:ttf:;r t1titf·tti~3t.lr. ~tit• :u.1:t:t'inut1~~ IJ;f "~,u~i~h ~tti~• :r.~fll1'1v1q 

.~fft~•~l t~~~Ml\t/$ tn\e 1iql~ WftiU:~,~. ltn 

•Mn :r,t\\tlflo! ••Jttti,e~l 

lo:q Ji~i~ 'ftf!it't :ictll 

a!a1cttt P•l'i°'~ hitl"S"nt~1 

1~ J•l" ~o:d.®n\$1 
(ttt~ludine t~et~a) 

., •/• 
I{') 

I 

' 
".lh• !!tt'f..,Vl}t; of :!!tff~~~t. ins1ui-~t• ·~ ~b~'li!;t!'\i'~·Ui:;;tla h~• ti•~ $luttt~tt .. 

,!fli$• ll ~t s~1.1;f;• ~aJ;tMi$nt~1 ~c~11knta wttH •leUl\\'ftd \>y •~~~ U! ). 

1HJ;t) ~tiJ,~.\!v~ ~~;tU.fl~~tt~:n ('V'illi:ttiJAtl.aa with in:r,~ut fl:'#llftfltJ} S• 11•~• 

~coulf!at•1Y 'k~d tlltua t'b~ ~b•~l:lat.'i!t ~.m~ltt,{llatto:afi ,~ the rf)'tto f!>f th• 

~mpUtudis i0:r t"M!f() :jlt.b~on :r.i&!!i.1.l. t)n Mu~ s~r&t~ a'!1a·i!li~r.{l '(tff:~ bit ll~t~~mhntt 

tt:i: t't htr)l~ O~ltt~;r· (;if fMl;\~tlt't!dl}Y th~• tl\t$ 1n~1'lt1lttt~l $~l11Vt~d!!:I. lt 

•llt~t.'tl.« \fl -~!!,. btiiWff"l"• t~uwt. thlfA\ t~~:r.&li~U~ tf n~ltH.~1t1r~irl6! Us~ ~'.ll'J;~\\lt~tt 

~n11l"g ~t '' !~• 'tbt. ~b~~v .. '! $J?i~ritW of ~ tv!!!~$ t.?J t~~1v~ t>tl1f tho 



Nl.1ltti"Vt e;~pl1tlQut£011*., ~ ta eGQltiHfU'*.n:c• l.'$•• untt•rt&i~t.y t:r°'a ln•·tl'U.• 

mt!lnti:!fl. i:JOUtS1nta. 

'ftlt' ;rurtwr~ ot tho prl7lblem 't&tllti.l.5ii't't$ us~tul ~~at$ t~ Jlliit'bltnula~ 

~wl"tll<i~lt~~$ .lt)et-i;Mon•• ~~tli1~11 sllotij:~fll. cri~ii.lliiltU~ i~t d ~:tb.# g~~t·l!J:!!' 1.b..$n 

fID ~~ .. . tJ.fl~ •U:1J;ftf!~t 20*101* t.re~ t.hlll <tb1tetver. 40; l"~tid:l~gs ·r0Jir•sttat1:~ 

2at tJh~Ok$ wiar• laS .. d. Th~ .H&tri'buti1tm or t.tie;1111 slock1 '!11')$ itl)pth rtttcl 

dl•t~na• io abcw:n 1:n 11.g., I. Jlkut 400 ~·~1Uti:t1.nl1l r~i!:hli• '!It.rt!"~ ;t$1jG~ttiiltt, 

ten~ ~teSIO-U< :iw.:~1teh f,frll1'1Jldct 

l) 'tlH..t:rt$.1ntr *" to U:l'1ntttln~tto~ ~t ~. pb11•• ~n tb• :C$eora. 

\1aru~l.ly pl' or w. 
~} 'hP fl.o~UJ.'tldbt~l W$°1~ r~tle~t:e"l ttr$1 tbe nor~) flt"l"iY~Hl 

t$t th~ -~"l'l~!lt u~ll.'9 l!l;!il ~, to~ ~Uit~t);Q1J& -wbielh Yit1'::7 t~ ,,. 

to-r tth tJi.tbt t!t l® km. d•ptb te 41\• at 600 kin., 

b} ~tw~tU;t ~o· en~t \'i!Q•. ,pPeP 3VfU?lfil.Pllll p:P. 

o l At flh·ftllO'iit d·t>,ptbt!' ai~ an1vea 1r&o •o,on ~tt•r i1P tits to lntr:~· 

.au~l!J ~r.ie~rtt\1nty, !*1.!'l<J·ti u, tu f>:ftin l.~.t"it.ttlr' r.Y 1.ta tlit'.t'n 

~tt:~n O'V.ilfit'Jlf.iJMl' 1. i!iUll:~t~ll? ill t1ie J~fl;;tl',6,~l!< th<l"kih 

4} !al• ~Q$S1~U1ty ot oa~tttu~t1'1r*' i~tn~•Hno& ~t~iaen over• 

lflrt;ft~ • ..,..,~ :mu.tt ~~ tt~11$1a"'"!$a,. ~·1$ w9.U. ns f.M.(i·Xl't".tJot 

i!~~t.1ti$'attG?h C'<JJJ.1ltru~M:.V*l/I tu~$m"\ll"~n~e bflt/mitt•a jiF ad 

1oP, ft).r il"j~~!iUf;il•• mt~l'b,t ;p roo"'1~a ~ ~~l'i{')usl;r ineo~·ri;,et 

~p~~r~mt ~m~:U.tu~a r0:1• pl\,, 

•} 'Th<.! phf.i:!itle r>l"-• tt~~t.1*-'!Jl'i ~lli() 1Jlm,(j,J.1 M be ~e(!l~nir~l w.it!l 

$Ut°i'1eient. ~«m~$.e)',, t• p.eirttnul.1\i r, tbta 1& e:rtcm t:r.lU» C)f 



~P tn ·~ 4Mp lb:Dola, • t~u•~~ :rt$u1t• •f' b~ mli'.~tlr · 

'l!t*iti~"4 if!> t~'tftfJ: ~t lti~, ;plf. 

f) P i3 #•arl.r •l~my.$ 4ldn!' ·ttuaaa JP~ ~1ltln$ the tir•ti .utf.~~ 

•ad U'l'$uUy 1:srse1'~ s~tltt.!\t&1 b11>~,.i~V' .~;r, , t-• JP~•k «tmp.u .. 

t~.4.(S; la »~t t'l~.~bi! il•f'11r., th~ e~1 f'.e1 tJt (ttJhl'!l' phe:a•~; 

·$0'RJ~tiWl~S tlhe ~ht):t:t l1~t'i~~ Y$:t\i~Jtl ~Utttd.g ts lt!G. ~t'&6t 

a~ $(} l;$ i~nrbdhl~ i'Jn th~ ~ril $$.'t~Umd tho -pfa~lt• 

l$ $bflrl1 Utl/lt ~i-:tr., 

g) :b th• :t'~lll.f;OI 14. • tro• ... to-•" ~· Cll!U bit e~bt"1$1t4 "'1tili ¥PoP 

(41•i ~V~ Kr$.- n~1,tk te ?$•·,. Etx) ~u;. h t&.F#l~ (SG•t 4'60 •• 

\\.!) ·4G• • soo km. h ~ru! s:P ( <10•, 4ft; nt. t• 9'$•· • $00 k:ttid. 

~m <ehi~t difttt:al.t:Y. h.0W~v~r1 ari&i;)f t;tO:& tJ;~-.11. a!ll'f}U• 

tuil!05'* lit :man1 l#m$9~1 GtilW ·~U ~p~:t" U~tt ~O th~ tn. 

ft!llp1it'1dtt &~~ lb·• Sp9tait'S.t«,. 

f!) ~erttil#ty d\l~ to ·~·!'$ t.o:f!"~• 1bet M.lltt i~41et~ p~~bl«n ta 

thte .(:.l~tm•ut:ton ie ln m•111:sur~en.te •t wa'fa :ei~r-to1~h. lt•»1~~

mw•t b$. kll.wa to't' ~•cth t;n(i!)~Q ttnl.Oi:.tlol'iil:ri~tut xm~ ~'it d~t~Mtation 

tit ~·f'tlE!' 6'f-'O~l !ft!Of•lGJ), ~ln.~e tb~@Nt1asi1. t'~N.Ul0$ tMZid ln$t~ 

S.$nt •&'U.!tt.®f,;l.:i>n ~'t4l){V4l~ ~-~ d~!"iv-ott 01a th~ -.~sttm:~ttt:lil'} tJt 

ooat:tnu~$ •t.~l~ ftii1i<l.U~n~1 ftt.QUf.lGliif.ll i .npnt.. ~ ~~1' l"~l'tf>t-4a,. 

~lllrt.1cu1t1~lr t':tnlm !Gng ":rt~ul 1l,Ult~umt~atn, t.he· 1'~~0&rid motion 

dttt~:r.$ ~~ iMl" b~ ~~1":\'i!ifJil1 t~Qm £ttn~104&d.. th0; lll6ll!~~t1t'.ftt 

ta ~,ti 'b•!iit ~'I ~r.1p1wr>ilt1'r®t1~m. ·Tb.tr ~·~vi$' t1>m, $$,1~:e/~t)d ~t tlu.t 

$OUl"~liJ ~~ JNb:t.hl$ hiihly l~~gallu~. A t'aun.tUmf]t~ft •ttt<tt 

ta tnt~4ucad ~Ufi1lg ,fi$GS~ ot tha dbtiutJbsint'Ht tb.nugh th-~ 

fl~~Ml.. :to ·!\ a~lf)lC wav·i~ ., ~ho:r' · ¥~1od i.~$\Nm6-:~ta wi.U. t~:r.ul 



' \t) r&~t.\ ·~th• --~.- c~~iMd bt tll1J 'ilam ~~u·i..,.. iJOflplt>'umuJ. 

~ad: l\\~ ~matlarl l~•t~~nts t,m111t t.• tie• lf1tttll t~•~toi.t ~~r411.e.tdaw. 

It\ 4la~itt~Hl• sfJ>.o~t. .l~~~toit wa••* 3~ •~:e ~~tdl1 ft)ud ,~nit moti:~ud. 

fin th~ ~ffl!tt1am (j'f ¥.'hGrt th• cl'>f' ltl).•~ p~rt<fi t.n1t:rum~1nt1 ., en.I 

'ti@t 'tM"iftt. '!I'h~ ~~~~~14J)n fJt ~ntiJ!l:t>llllU ~i'UtU k-e~wanr;y 

$!1.l;\1$tJ1~~J tn~tlt t• Jt1$tl.t1•it t tb'ff:t~~t. tf13.$),J' \IJ~M~ :Ui i• 

th~ ~7 e<1nv~~:bmt 0.-n.e tG aka v.d.th i~~sut i~~d»~tim~~ts ·rt1:uid 

t.~h~i<;I~M• 



l'fh• •J•:r t.h$0iro~ttaa1 JrCJ'l• ltW#l"?• d•t~i>~iM~ the •~0~31 tO' 

\;lc tt1'!JfttMJ4 111 'f ttW! ;p'.P ft\'¥" •hook• 1e•t~4 ~t 'f8l'1.11!1 ~-pth$ iM ~te

ttll'••~ !'~l~r,t•• ~- thti- ~l:i:~Utf"fi~g ·•t~tton. ~11,,,td.tfg l)atHmb_.,g f4) tt 

!~ f.t.~nv•ten' t• 1'e1l ~t:ia & ~utt~tltrJ A, 4•tf.~adi b•1n11 whbh. -.n ~• 

t1iltt~l.t;t~ ~th tU;llil"~t:t~6UJ (Atk~Ht14•1 t (t~ Jt\.) ua t:r• i),$@• 

'f'~ti~t (~~~bl,Utll"t~t ~~ Atlt Jl. icf· {l~f.ltlfld Ut .U~b ~ ft1 th~t 

1) tt $.1' llhlaJ'.$ l,)fJ$!t1'f• f.~ -~t\'U•1 lllll:eflt 

tl t\\ 1~11u.i•lll - '~• 1fhttm l• pl'Olf~:tti.l.l'J>~l t>) th~ ~1~nth1t ot 

•»lit~i1•/l!w.f1'0tl 1 ~JJ ... •thl •1" •~.lcultl1~·"'' tillf.I 

I} ~·~ ~. J.tji;\f;l$\H .~m!i:l 1 ~~Jlllitu.4•· ~$$.~..,.~~ '~r <t'il:'C'\ll11rtrJJ~* •n4 
•lid l_(~ - ~-~' -... 1f 

4J ' i~~~~l"'~· 4itta1~~~"• At • ~,. ~-.~i• thil\t th·i\ ~l•en~ 

a~~U.t~&lp~~f..l/jd ~~'bi~ .l• !&'tl~l", tun eYij\llbot.•-'• it~« t).ffln'ftl·l'tM~ly. 

attfflii Pl!'ftfJ~4t~ t.~ ~B1tml$t& th~i:itlii*\\ttl•l ~u~mtd,tttt•, t~• ~~i-uttt 

Qql'.Jetl~ttll ~li.i fi,h(t ~S~\l~~t!,oll& tla~~$'lf~~~ t~~~ w:U.l ~~ ~1t.t)U$~d. 

Jl. ! . .,,,!A 'lilt· !, • ~~1l,lt1.mt ~l~~ ttt• j'rlll~~ t>t u ~1Ytrll ffltJ.'lnitl (1) 

ftf • (l•t~l'tll t~ i ~itt~:eu1~1r ~i:a~ ~1'l)q th~ l"~:V ~th• 

~ • awl!lll ~i.~t~:!Ml• t~ t.b;- tH.'lnh~ ~r~ t:1MP ltirt.h, v 14' tht,t 

t'ttl&tt.ttr i/Jf tl1is w~ti'$ • ~.l'.l.';'! t tti~ ~-~1f1. ~t l1l~lt.t:~~uHi b11J:t:w•&ll "tl.1 

ett\l **~~j! ''* th~ lff'fG ~Utrfi~U·~• ~~~ '~i• l'bit >ifhtEl: f(l)l11!1W$ by 

~ $lii!Jiil(t, l~~t ll1tt.t~ 1 i1~{},f (t"4i>lt ~tmra~l~ * ~llttJlli • 1~i1f.~:t~t~~• lt 

~>,. 10~} tn#lli f~it~~l t·v ~"' ~~~ th4!1 ~•a~t1~.t 1'it t;_p~t1~i*'11 .,. 

:ii.1~~ tJt tl$11 ~wt~, ~ tntl\' ttJ~~~u1 t~'t':i' ~fllll~ ktw&~n l&'..iddt}~t 

:t't:!if ~~tt 11#~}1 t!J t.,htt ~urttH~it '1t. t1: i:$:ve:r:i. iit~~.J'}'tlU.n.~~1tay ~:mn he 

(t$'1t~l~tH U' th~ 1t~l.bo1t.y $f; t'b~ d1$!~'1~t;1nu!'tff til~ thfh ~t'J~ittttltt 



f'/!(lj'li th~ ~r.~-.~~nt. 'ftJJ'.b.~~t~:r ~ ~;ti thilt $~~1h~'*'* 

v0 .. •$t:titf.'l.~~l S1ibt 13ut"f~~a• • fi4lurlt.i~~x l - . ·~ 1~ tU.l!f~ ~tt·~. \~ f~UfAQ tVQl'li trit$ ff l.$1'~ ~t tl~t 'ti~» ;r.1'1l"""tt:m.f! 'f\t:M1'$ 

~\ th# o~14~·t.iat1t 4i~t$1l!H'M'h; 

tt, l l •~ WMI~ ;!)ft'i'Vl~.r~ ~~'.I ~t $~~~ at ·th<e n11rtt~h».ti $.It tliiit 

•~rtb. ltt l'NW~t'tt~:w.1.dt te· 

.$!~. lb. ath/~, 
. I hi tdll'-•·'•s;lillf•'ii!~ . _-tfi!\ . .,8' J~ltflll. • 

ft~ A * lttt 

'tllon 'h•· 't t_..t ,,•Pl"ctf•llb 10t$t• .11t· •Mf1W ,~, r~:tltttt~• 

~At! *'~'tofu•• ~ 411 1&tll l'i);•tt ,~~ Ir till t11'b1ottpttll)11t oetffict•1't 

~f' u~t:t JEit~ l,•~$fi&t th ~• &~ ~*'• in~L~$l4tt>Q. ~n~l~ ~' n"et~nte 

ft~l.l e!~tift\! '°l·Ot -e!iil .& f.• lt$ei.U -~~l;.i:Ul'' dist-r.ttilit btt .... ~ -~{?· 

t'• ;(lt,•·$t:lmJlti~u ~ii$ 1.n ~11 Mt th~ tlti$T:t t.Wi~ t~r®.'> ~8a be 

tffJt tt"a th* 4~1't'lidi~n, u1t1.11~ Wig. lth J:t ii )l'e,2f'it11ol!.ta the 

•~a~a l•j-tns thf.i •@.i·~• tll. 1): ~fitt·t.1.'"1ta11 tn• "'' w:@:'f'tli*- tbf~l'l 

ti;h .OJ.t4ttttmf -~:ri'l"'t'l Ul'/ ~ll 'th~ ~af~ mt1¢h l ,M'W'$'11 itt • •'ClU w.Ut 

aq1e ft~~• 4.#i;h, 1 ~t an. f.!,'lf~lr'a$~ Pl•U A:Q'il~ 1.Jli, l• 

(W/4#) h dill#, ll Uh• ~f#l!Qlq ~ii.~ ••~r~ fll}~ftd:$ •q~all7 

t~ d.l 4ltt11$e\i11>•1 t"1# tti!'il IZl$U~ct. th$ et.i~\*fY l~ this !~JWJtl 

«;,t tn;ra l• ~Pif~~ {)U:t "~" au "'".ea. f.it tn. 1u.:rt~t• ~t, 41stt1tnce ..e-. 

ot li'ff rJ •l• ~ d~ ••a1 tt;) tlut -n.1. D th\t ·~ (lt~n\itr ti!lle& 

ei:>a t• •l~q th• ~ut.,~•· {~• th~ $ltliiit!i\V ~,t,rivt~ '!Jlti' uau. e1"ta. 

~ft thft l\Z;~~· f.C ~)';"{;fM~atti 1~itt11l t• 

l111t ih illh/L\ 
~-~jj• 'n.;iM~; "1Jt · r · ·ti l 'itiNi' , 

~itJ A t~' lt 



Ust•I tbi• :t"f'h.tl(}~hip. • ~\"nb.-~ (5) $h~•$ that. 

~) tbtt t~>t¢11"*ft,:t.~l il"OU•ti d.i1plriv~•~~~t tu ~.,rtz~r,ital Qll' 

w *•rt.:t·~.~:u 1~ 11•~~ ~, -----------
llftu i1". 4!.&/d.ll\ 
· 1~ ._:11. m· .~~itt~ -~~;tf•·- · .:Tnrw. eta 1.1. ~~$ ~{\) 

••• Q. • NtllQ'. ·•t ~un~ dt~pl~¢~~t t9 ld.itl~t ,,.,utt.td~, 

I t~ thtt- tt'-atltf.Qll ~r the t;J60¥8J !\ Soi~ 1!lt~ • J$T\'1CW;l.$'.P 

t~ or •v«.1 :l!l'tld ' i• '~* lfiHt~!·tXl Cif t~e w~~.. ~$$ 'tuQtto~ 

h•• bon 4!~ii~"•4 .U1 d~t;Qiil 'O;r ~t1t:ttbfd~ ta,Z,4:,tO. 

wb&)!'tt- o 1• ~ oo.n&tlt:n:·t'> \llll~~a eh~..r3e~~:tl.$:U~ ~t WlfY;fl!$ ~f't1It$ 

~ill • !fo.e~t«ut~ti' tr~~: '11.~ th{f ~~itn~!.I ~t "·~.r& ~~.~~k \~tith't.~, 

nf~llill!llC~ 1$}+ ?11~$· ~·~rt"!,.J.rt.;t•:J!ll~ $ii"~ ~~~~$.~t\ ·~hrtt)lit;,Sh by 

~t~nbt1tfg UiJ. 'rh~y !w~l't'iH 

l l t!rll) ~:flat~1~~e t~t. eu~~ tu rtnptl)~tl$nti'.1 ~~ tho $qU~ft 

ti.if t~t) ~!;!\!$, ~~pl$ta.tl~ "11•1~104 by th~ }'.1w:ri~t1., 

iJ 'h$ d~tt~t'el1'n< ~t :t.ti~U,\a$.~ (MG"lit.~1' 10.~ Q.it~lil.~a~~ $•$) $ild 

$t~1! ~f(f,ib·l~al f:~l&ti&.tii \Hj~W~tiil#f ~~~~~U.ud.4t ~m~~ !lillti;.:t'!tf 

{t!14ittit~'b•;tg a~ Yf:.cht11:r, t1ct~re.n~11 1a). 

I) the a$~b1:(tn; thfk<t d,\ltatio:/$, ~t ~ ,b$$i!l in~\t"ft$i&~ wt Mi 

/j, :1t 'lit.~ tJtl~l!I' ~~\$ ~-es tt'4~ P,$)'~!~4 iur1l!'~$'eu._ ~n& 

4) ihei i'~Pllmlt~ll'.!fn t~mtt O ia tb~ ~;J!ltl f~ w.ill w:;i'llitti ~~~~il41 

•• , &~J't ,~ 

Qlt•nlil,~r« {f) hettt ~{')t~l!'11ll!. a~a .11 V$l.tt!ii ot ~ • e..s tflr 11, ~h.1,* 

1$1el.u~• p~ ~~d J'i) '1# 'l!fllll, ~tt~t.41f> 'Ynltt.$ 11\li.U ha tiaetl t'CJ~ ef)!i..,. 

M!.t~~r:u~, ~l.tb1l'~~ tn th($' ~11\h-0tl ~r *1:~l<t·t~l1~:U.q ti. t~• '' t~ 



10 

A tor P,. onl.7 the gi&£ereqco bot;wt1&n Op anct a~ {aaswaocl 

0 itt i.t a;bove) i.if.f'ect,.B t.he ~•uultf•• 



11 

The oalculation ot the ~1-a.rioua t1'l"f.1S entt;tlng int.o equation 

(2) abov., will now b~ dis-0uaaf.!H:t. JJ1alpth$ flt loo, 2'00, 400, and &JO km. w•H 

1us«t1 witl1 a tc, #'tu::ig~ of 20° -l.Q;;l0 tor pf' and P. For Pf 1 tc, wq ro1t.·ricti.4'd 

to 6o0 -90•, and ln caleul&tions ot ~/~, values tor P ~t. 6/Z ·were wutd at. 

t,h• two $b~ chtpt.J:u.~. 

l) tliw'~ pl"Qduc•a moat ot tht i:ri~egul~ amplitude variat .. iona with 

diet.40.eo, l\ ia the onl.T ~uuntit1 inv:o-lvtt:t Which does nei var1 

smootrhq a.mt in the sat~ direction thNughout tho entire ·fliat.mc• 

range ltit" a p~rtleula.r d~pth. '.thfi ti>llowing tt~mipul&tione nqu.irtd 

to dtt:o.ndno it intt."Odueo much ot tb.e uoltrtti1nty into t.h• 

tbeoreti®l val.u.es: 

a) .Measur1 al.opes ot travel, ..... time uune5, tor 1" atepa in 

6(2k0 tor pP in t$Ome e.a~Hs&) ., ln o:rd•l" to keep th• ro•ul.t11 

aa objeeU ve a. pf.Ht11.bl•1 thia waa done in tour dtttorent 

wa7s tor i• and three tor pr. and t.h• nsul.ts averaged. 

Theao vqs tu.elude t.be data, of tabl•s 6 nnd a trc>m 

Mat~rial• I (9) with 4° and 8° ep:read o! b. (5° and 10° 

ttu:o pl.') i P~ttdena. Seismological Laborator1 work sheets 

with 2° epread; &t:>tual. atraight.-f.tdtl• mGaat.tnll\ettt ot atopn 

tr.om ti-avel t.1• curves; and calculated 1S1lGpe~ using 

int.el'POlated vav•l t,aea trom. t.b• eunes. fhoae at.hod.a 

an or eout-u mt uel.uai.ve. 

Fh 
1
s1

1
n; i,b • _!£.. 

"'h VO 

where VO i• the ii.ope juet. meot$Ul"ed1 t.ha.t. u • tbe a.ppt¢ertt 



t.~ 't-l1~ dep.th W'lditl" et>n.U.d•r.1.1ition and th.@. a11rt~~ of tl~• 

ea.rt.h. V~lc.ieiti~a vh ~;&ui.a~ ~11; i •'Y51 ll.261 e.~171 

at.ld l.0.25 km./!ll~e . ~t depths 100,,. 2001 WJO,. lintt 600 km+ 

(BW.J.en, ro.tet-1.1»10• 11 p. all). 

e) Plot 1b va. t::. tt>r the v~.rieu• dep\h~ 0"1!~• $ , 4) and 

!Jf®~\h \he e,un"~6 t~ lldiir.d.n.a.tet tslopl!l reve:rual~,. sine.a thie 

il# . pt(rsieally i1;hpus;;;ibl~ 1n :U.iht of th~ krw"1\ vttl.t)eity 

dist.,,...ihu.ti1.;m out1ii.i.U!4 Ml& ua.r-e. 

d) ~~\Ve tlH.t ~l~pe~ ot th~se l.lt.TVee to gf)t di;/dL.. (Nett• 

that. th1$ ~ua..nt.i~7 met be ntJS-,;ii.t!~e, uirua1 a, $rti\iiU 

dee~·e.tile · 1~. 11'.l tuJ ae.tinctd OQr1t&tJpQ;nd.~ t.tl & m.itz.ht l.n<;re~• 

1.n L::. ,. 'l"ho ab$olu.te value a:l thi..@ qu~,n:U ty ia used in 

i!) •in 1h' cos .10 ~r:e ~nlmtl$ted in too 1!¢).tlJ's~ at tht\ preuedin1h 

J) sin A ls t•ikam from t-:r1t~onoii•tr1e 'h;ll:bl.e~ . 

4) e""'klJ. D 1tt mcLuru.l!'e:d tl.f.~proldr.uately frot.1 an o.c~u~l plot ot th• 

ray p~tih. Gutenberg (5) uu15geu~$ ~ "V"alti0 ~r k • l.2.xlo-'~/tm. 

to't' body wavu., 

S) Q d•pend$ only on i
0 

and Po--11$-on•a ratio,. b~t'e ®.#~t! o.2s, 
both measu:r~ a:t. the surr~~o~ o.f th~ t.w.rth. Q he.$ been 

ct.l<ml:&.toa w Gu.tMDerg a~ & ttm~tion of iG Crnf'eil."enc" 4i F.tg. 

3Jl1 CUl!'Ve :i!) • _ 

6) (i;'lf:t .... ). Using the ~tJt1umpt1on$ of Sltcht~t- (l.4) in hit ·cal,.

eulati.0~& ot rcfl.eet.ed 11nd r-e:traet.~ Gnergy • a Ol"'llsta.l atru~tun 



7 .. 7 

lt is found thnt tbc d.teezmtlnuU.y ~t 15 k:.a. ~·tm b~ n_,g;teo~ttd1 

Md th.$ •!feet >JJ"' the 40' kl.'ll .• bt••ak is P'taeUl, aU;hoU&h tiat to 

rJin:t v 
=+r-i a~f ' • · _.,A• 

\" 

Th• \ffll.u.n ot 5). 1 ~ .IF) 1 f'4 ~ff, (aeu Fig. ld) are 

:tead .Crom Gu~nba:rg1 J:'Qteren~e 4, ~~· foll.-$:: 

5i •Jli ·Jfs 
Ji 2 

ff, 

Pig. l.b CU..-Ve 4. 

;:1& 4 

la 4 



\30.... 

6 • 'oo 6 • 600 
(~40•) 

lltlpth l.00 200 600 100 2{),t} 400 600 

~ l.76 1.77 l..Sl l.85 l.S, l.S6 l.66 

Qll .96 .96 .s& .78 .11 .73 .1'J 

W1 .96 .96 .97 .91 .97 .9$ .98 

~'). .73 .7'J .71 .ea .s1 .Sl .oo 
~ 

' 
.9S .9$ .98 .98 .9i .98 .93 

1'4 .96 .96 .97 .,7 .97 .97 .97 

IY, .91 .97 .97 .97 .97 .97 .97 

.-kD .66 .66 .66 .z.6 .46 .JJ> .46 

a1n ih .64 66 ·- .oo .51 .5J .;a .68 

d1t/d6 .TJ .6J l..ao .15 .17 .66 .92 

ain 6 .50 .so ·'° .S? .s1 .87 .87 
""'-cos 10 .90 .90 .J2 .93 .94 .94 .94 

(* For p:P J!'ather than P, by detinit.ion ot/f temrs.) 

f ABLE 2 

Magnitude of L'2 ... 1 (Fig. le) 

h • 100 

1 1. .. 26 °-103 ° D.l • 79°-l0,3° 

2 20°~2)0 47°-78° 

J 

4 

' 6 

1 

8 

100 

l.94 

.;1 

.9a 

.90 

.98 

.98 

.98 

.J2 

.34 

.a. 
1.00 

.91 

6 • 900 

200 400 600 

1.9) l..92 l..93 

.52 .s1 .51 

.98 .98 .98 

.90 • 90 .90 

.';18 .98 .9S 

.98 .99 .9S 

.9B .91~ .9! 

• .32 .J2 .32 

.JS ,~, 
• ii' .47 

.14 ·'~ .33 

1.00 l.00 l.00 

.91 .91 .91 

L\_ " 79 ° •l.OJ 
0 

7iJ. 0•'fS 0 

67° ... 7]. 0 

o ,t.t._ c 59 ... Qt.} 



lt 

At the ~nufiil))l" 1;n~ed as a meatmt'~ ot q;_n~r-11, '4.l.1 b!it detu;J.'• 

m1~~1 ln •••enl iwttflh ~ at'{;}ld ~O»'.tua14ln• tbltn~ w111 b" :Ustetl 

iu1d de$~il"ibl$d• ~u~Pd:pt19 t. o, 41'• ~nd pf' 1:1t.J;fttli' r•ep:wet.1vety to 

t~oo:ry. ~to~n~tf.on• •nd tlu~ typ:llt :(Jl.f' wav@ 1mrl)1Ve:tl1 ~ul 1.n1U~~.t"(j 

OA :!<'i'tilt~ $,. ~b~riil l!!i 1J~.roemth>1t~~' ¥1111 b~ e!:i:t,}U.et i!!!& •u~~ 

t\ 11: tt) •Altaht1*~ by f'()r~ule dlMctlJ' t1J~Jtt t~v~l til'.,o 

:Ol.Utf'f'4"$ e& d~"dli!w.l ill the l:~ll't eeetl@n.., ~e1ulte 

al1'• :1hG1lftl 1n ftga. I e.ntt 6,. 

:{g) •••$, cc~rr~•3'te4 tor obutt61t1~.nft. ~~qc't\l~tt\\l nll'• 

•dt! ae fe)lloa~ tl!t• dlttttr~nc$ (~ • J.it:t};g ttt plott-t4 

to:r all p~inta ta a givnn ttspth ;r~n.a~. ,PiJJh& l.~ to 

1t. 'lul a'*~r~~ :f'"~ddtt~l~ , tbet is, th~ tl~i!l'ti<>ttu; 

tro.l'[{ Q ~t en 1r•&t~{!te U;r.~il) d'$wl): tlittaut1! tb.~ ~i11·u. 

an ~tt:l!':thuitei! to ~· ~~ .... ~ • { • :l"find.ittual. 

ftta,• 11 e.n'd 12 «1b.~r,t· th& rosultln~ v.u 1u.~ih !"tr 

4t,)1$P~1!'1$011i t.tl'l f1g. 11 *ll"~ ~h~t:!1i't :rl)tfilllt$ ~'bt&h'HJd 'bey 

raut,$nber1~ {~et-do~ G, Fi!• ~J. 'fh.~ r~s!llt.11 ~~" 

nc>t Ghlt'1et:ty eomptllX-l$blt~ h'11!e(1uii:m l) t!iut~t1li~rg Ul't!}tJ;' 

very th :f'~:itil~:lft:tt!'JJ ~~~ins;$* 1nd ~·) bi.s '.f1~. ~· :r~re"" 

sen.ti: a eo.1.1iH.11Whflliij 11tf'et>~ut ·lti.QM1bifltttt:ii'!llll tJt th9~:cf!Jtif!1d 

.ht'tbtr on ~eq;1i1 27. 

(ft~ l dl) sel!lfJ ** (1) l!!bo?ia. ~1&::1:n;ilt$ ~re •b.olHm. iill ft~s .. ? and fih 
1t p:p 

(~) .lila.M, tOl"~eot.ed u•t:na "si;1uele ot tti a.b~'l\t/$~ 'lbla 



diJU~tU'I t~~t tht> rtid,:~UtJ.3.$ tor p ttt "\ (111. :tb) 

It" th~ ll!'A.mff. ~ s: t~r. piP •t ~· ·fabl~ 21 slj~pt-etl tro.m 

(jt1tenb(:lt1'~ (9) !nU~atliJs tllt rm~gnituii~ ot th& dttt~hrtC.$ 

4'8 • 1,_. $111,it th~ a•&~t.iffe.!6 ~e$ul.tS' <U.:f'fet~ lllnly 

sll~~tlr tNcm tha•e obtatnerl 1!1 ($) b!'!!lo"';• th~ !aa¥a 

nttt htit*n tn~lu{l0il ht th.h~ 't"f)J>Gl:"t. 

f3l . ita;letJ.h~*i!l tf.'ilb• tAf >p• &$ ru:tlnftin u .. ttl~ ~~u~t:iAnt a, 
pt,11J* 7 * fdMi ~~tf!n1n$ te 116• 1.d, f~~ I nomett~latun1 

a1.d et t.~, t•!' ~ [ _ ~ 
· !f': 111 a ~ •k~ *""' <t Jillt l.:1.t. 
·(. ) , , -~ . ·, 1·- .. If• '"'1~~~~\lf~· ·~ 4 h ""'-'hi~~ 
. H\ Pl). \~. 01 "'I. ~ · ~~ti~ ...... ,~, ! '"''''' " ..• _. 2 

Jti1ttlmin~ •P:h•i"ld~l a,_&t:t':t t>t th1t1 •ll'th tat l&tt.$t 

tid,.is~11a th.~ M.:At~n>~• ;;;-~~ i11 • '-11 which ti'l WJ\UilJ,f i• 

llll'· 2• • n1tYt1tl" •~• tut'.i 1• 1£\ t.nh 1!'1ork) • tt toll:o• 

t .hftt 1111 lb at1/dA 1~ thft :f&JMJ tn 'both oq'Ullt.tone. 

·tit~ittetint~ l't 1 o eruieeltJ th$ t1}1;'q ci., F1 d!\l t0 

t!l•»ft1l cttly on :b10;14..,ao~ iuag:t.ie~ w?il.t~h VNt.rf al.o~ly with 

;.:,,,, ail&t w~~• 11M;(ut.ad wS;th outttt'.i#.~nt ~u•c~va;;czr tn tb.-t 

:preot:!U.ns ••~tltl)n, Tit.it rt•ltS.a (J\ >pl~ la t~ftiUl ot 

{Afi )pf it •~pe:tr$(1ltf!~t I let ftP}'lt*il t~ the lattil:t't 'M~.tt 

torm~:r 1$ ~h~l'$1:fJ dJjjff.»~ (liti'l fr4Y ha l •1iB'£~t1th~d bf 

$\tJ;>l'~3lll'ri.P.t z., "1~ :r11uJt~tl.ttne; ~'fll:U>fffiS er~ sn3• bi 

n.~1. 1~ $.f;t{~ 14,. 

tfht,ta 'th!& Vt;l,U• Of (~)pi~ ill 'lom.p~t"Gd mth 



,., 
o'b•tJffa.ti{l)ft*J by ttlrat:b.i~ tne dtfter.~.ao• (~ • ~)pp• 

1t l!J b~:u.w~d th~t anr ~l'~r~g1' rttd<ll.UllS: ca~ b~ 

atti-lbu.tei1 t :o th& p111tb s'lill ()f 11'1.g. le 0¥" t.~ ¢0It.dtt1oni 

at ttu~ b1~f>i'1.ttn.ta:ti> wht~h at:t»&ct P $lt4l p'P 41f't"r~mtly •. 

AutMI~ o.rh~mt$se in tll.1' ~•e ot this ".';'wu:tt1ty i& 8! 

tt\ni:t~nc·1 t~o ~.U.fAtnste ~rrers; mrtS't~ tro-m 1tlf4coun<t1et. 

t:n th~ ~b•olutil?I ·-U:tic11;t1~>~ QU'Wtit~ ttJr the inl!ft?'u• u1:at .Pll . ,,,,.. ~v 

wieiG •s i&rg~ «1$ C1)~wut~~ii to.w' ell •1:t<v~ peri.Qd:$ on ~ 

.P'Jlitleu'.t~rll" t.nstruti~lit 1 th'S! ,!!llif~tl~r•r.1 ~•e.:lN'lile X"(,.$idU.l• 

'!lit A tor P ftUU1d b!J!. 4te:l!'~8:t9.'$dt :U?l-4 in ~~mtiteqlUUtCl'.t 

( A..S) .. , al~ lty llkft •••nt. fh~ Sllltl!e eii-r<tr in W!lpli• 
-~ );h 

t1o$t:tt:in ha~ ~&ll$9d t .he e•pute~ ( A
0 

), l) to bfl t® . p .. , 

ecll• ~W1"¥&V 1 • the tlttf~:!'eno" {~ • ~· )PP tuaa 

r~•1nttd r.ot.W,it:hly tn~:1; ~. 

~~ ~r~Gr m-.1 mt. b~ tt~pbt~lr ~lb:a1ttt£t~d.. Th~ 

ltHte~~~d eu1"'es 111:'YOl1''1J· ~at• fl"G~ Sf!'f'l)l"'al in$t~1tn.ta• 

v.nd 111 t.ilitU tit>~ th~ e.!lplit1.c6t ion• m,y u~t h11ve 1"(11-.t:tu>tl 

amurt:.ent flatting tho Pf11'1'1Qd W1th1~ atut!y, Ill »arthil 

ttt1-»1pen(ilt•tlo..n. fl •/,, <J;f the rl11t.m vr~e t ti:ksrn tram the 

al\Ol't P,$l"1Qd iMtl"\UlU-'l'ltai. en\l ~g. ~1) 1h~I$ Jl!) .ti1fl)l1f1• 

(A•}P~ Y.&,lue ettl.cumted f~ the 46finitit:tt\, Jti.Qte 7, fet< ._, 

plll.:t"ti~ul.1:t~ ltenfa~. 

t I\, >,r,' ....... ~. 
- ~ll't.oal "~unl1! t•otqr"" ot O .. $ ro.r Paunde-n~ {o.o f°$l! the 

tn ~ount ~iluQn :t+miUn~s) t• a(tfltti to log (u/t)obstJnM• thrta$ 

1!'€tdttclttg A0• Tho ftt~~ll", det~~min•d by 6ut@n'b1:irg ($} t e!'tes.s troa 
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a <ta1te,nt. a'ter•;g~' tUtteren.c& b!iltwa-..in 11t~~itu!l~.s CtilttU:l.~t~.1<d t11¢tm. 

#'ese.ttena 11)1131'®,g~a iut<:$ mllMJln1tud.es ue:rt'!itti,;t1d o'lfett th~ l."i'Mii.tU.ngs 

tre, u nuinbeJr ~f $tati~nt$ th:ro~nu:ut. tlt~ wor.-1\1,• 



~ $;• ~.e$ll'•lll$ tt; ~~ th~ V$~1~hl•a \~ ·ta ti.ud.nvs la ~,ay Jr•~'\(IO 

ti.f..Cf~l.t), :tt 'we~"i1'-~t1(1;1': l!),t t'n~· &!lt.iih ''r"h~:r:t)roxr• .tr.t ~l;.ttting th~ q,~nn• 

fi;ltie~ ·~"'®ia-~ib~ )ft.!~~ ~a ~ tn~tt~a ~t llt$ta11 . .a.~li i ~ttJ!llt.ii »$.ar~-$$1 w«~• 

•h~s9n ot fm'So'l.$Oif l.~~. ~,s~,..$.$0, ~~oo. q,1 $1~~ l!I~"' ~ alltw 

d~)Md~~$, ~~ l.!~itttb; *' ~:t~t{YJ/fl-¢lfl® ·fJt '$••'1~* * ?~"...SS• 'Wf~'.f."~ tUl~di M 

t):W\ff ~\1$t".~r.ui :t~~!t$1H1 n:Cf$J!N~tl. tttv full ~r~ ~ ~[It~" a~ .~·~.f+ ~e ~t•n 

t~.m t~* ~latnt<1bxi.tin~ of ht•~ ~~m. ~. ~h tollll~1$G: Mth~d. et iiJt 

tion.1\ t·~t'i:;•lttiU~ iu. tI~~1/'~Uc*.1 :!0'~r-.!Nd:nt.1.tton1, R!l~ WQt,i!.tt. itl'fOlV• 

~~11 nl~'IJ>1Y'1i O~'J#Ut~. o~U~'l\l >;1(H;t;l/Jit.l!J~t.~ flfJ~ t1\$ 1~~,l'~"lt$'ll't&, 

1~Ml'.ll1l.l:t ~~~$ tht:taa tb~ g.rtt(J.<r t'al t..~1!lt.l~!1!)fi tht<. t th.a ~tlQ ~o~wa

~ll~;tt ~:rt ~~IP~i~ ~b-o~u, 

J.ll. #tib~'f'~'t: ti:ttt 1ti ta '~'ti th$ l.oa~lJ'Uh:l-'ll ~r tJ~'ll a~t:!(ti ·~!• 

;,@ii.tM-a :tJbe *c~l.$ ~:l~M! l'!'i!Y~ve;~ t~l!t i:tiead'f~U\\'i~*~"* crJf ~•Jn~~d.Jil~ 

til~1e- 't6t1,1$ ~tt:i.ait~ ~l w~U:~ 0~tit~ett~ th• '.ri.'!®1ntt.~.-.. n.~. Ii 

$~{;:~$ tt\!1' tr~a111a1.1tt$ f'()'f' 'th~ .~~@ ~ts tul ;'!.ibO'vflt 

Jll~ £.I .. ~;!¥~~ '.!!~i~ . ., 1ld.*i~ .f:!!°f (l~.8 ·t\'~.~ B~- ;\M,th:'11'9lltl~l $<~Vt!U't~ 
·W~p;n: ...., 'i/f' . .. )!l: · 'fi.S-VA't~ 

\~~~ tlil u.). ~i:'tt~~rul ' ·;!a l'A'f·•i~~l ~1iw,eltltta~th'• lW:t4\~, 1n ~·UMl)U 

·wt ~h tlll• :r•ld.~hl~ ~M•t.hM8 ~:rmit$ f!-3.!JM~ti!l:ln ot ett·•~t~ 



"''oh ~1'·~ &l.:t"~~ ~1ttt!ltd 'b' tli~l\'1• 'lhtit 1•-w1 tNJ!i •t 

tllts quan:tlt7 tis ~itlatit\i :Pe th~ ~~t;ttllr ti,, ~1 

dt:r• ". ·~· #;$ \dO:tMt ~~fl'J" ,. \hM~ ant Obtit."'1ftttori. ffJd.t 

•~• be ""11 tr'°• '!Ht ~•tb1tt1~~• f)tt; P$!!• 'I* 'br n~t:ae ti't~t 

·Jl, ~. ~(Qf E'(l\. d:ft~ ft\ R•fli 1th.fl ~~t.t~ ~~·faf;. l•· 4>UU1dt1':'41t 
. ~ ': . '-

•t;:tt~-r 1tatowm~\$4 19t '• (t. ••• ,. t Ji-l ):fil,J~" ] lt#' etff"~d 
·~-t •a [ t.4>P<• ($'~),, 1 er b• u•ll l>.tl ttu> ·•lti>v11. 1ftl• lQ,tt• 

tw ,el"• ~,•t•~tti 'b013~u1~ '°'~ tlu.• $lleb\t ~·~~t~t~y rmli t{) 

'" t~ th• f&:iNJ\ tWQ $N e~tt!Mbl~J tl!te t• th'fi!l t .im• 

..,Utt.,!3. t~ whi~h. t.h .. r wer~l!i d.~t~1•i1d,11t~. (ltl'it\ kn!i)a ttl tU.ft'IW1~et 

Ati.1:~3 !'#f )l)).'1f<$•t~l<l~+ lt li~tH~:t'' 'r'IWl~. ~¥-bl~ ~. t#h"I thtlt ttti• 

tf'filH'@~$4 ~e"td .. ta.t ®' l•rAt,t «P~I' 1'•ry ~l~tt?!ly., - the ~ffft:&fl't 

~, 1,)'$)~,llJ-· tit • ,,~.•,,. "• l»•ui~~-~ tiif ;" .... ~ttt•'* :~· 
.au ·th\ttJ g1•• tb.~ l"d11tinllll:i t~. ( .. ~ • ·~0 )1p , the ,pb.J$.lett1 

~ . . . . . . 
tt11a.U~'t(lta~~·. 1~8 « 11 o' • !i:d.11 11 atetlto~t (t) ~el•• 

t'\ ~-~lib'tUtv ':d~\.$ t~at dttV1t'it1ttn f'#OZI th~ SYt.U"~g• thf • t}•).P 

•r ~dd id.11¥1fiot.~,t17 t(t t( • ~ ;
1

, t~!I! IOM «l•ta~~fl o~ 

4tp\h. '~ulf.et~ff the !itUti,itt;1tr (ttf • \:>-,.1) -. t1: • ~!1:. U• 

pl"~! Oft th~ l~W4J.f ~ltf.l"li r>t lip., in•ll• 

(I) '.Fit.(>t: {~ •· Aa) t~l" :f· -and $P .1~8te!y. (lt till.1 ti* iJ<~(a11n 

\b~' ~ffi~!'fif 'T¥!il~l1!$ Q.f tt'tiS. ~UtUtt1ty b\d:i~rrt>tB ~b~'Jfi'Y&ttit)Jltl 

:i.~~~t> t~ti:n t:!)H!t~t.•d ;. & tilt1' w.y It can h;\e 4ett~i~~tl ~e.tl~r 

tt11 a~Jl.Hurhi ~ti() i~~ltlr~ ,«$y., ~M\$. ~~~~''' fttt\ ~~~*~ DJ 

l~~r~• ~f' e.m.~litU~$.1; ·$i.1illil.l, P t1'.d!ip :U:ti\ld~1 ti)~ ~ ~~bll'tllilti~~. 1'h:ta 

l'l.ti.I bMlll 'l:l~i'l'~ i~ ~'1·~• ~-. ~~~ ~;rt., A.f -~~ti~a·~d lat 



the :preo~dias; pll'lrsg:ra ;>h, th~ dnt" et Tabla ~ 1a~hatt) ·~heat 

the· 6~$wll~t lO'Bi~t" prGl.'Jttd .::i.n or 111'.P tt-1:1r'.H~l ttm.e ffatBl eottpared 

with p .!1Gl\t$ U¢1t. fH·rtl'1>\tSlY ~ff'iji)i;.. th~ re$U ltrh 

(Al Plot ( ~! .. A,.,) . 'fi • 'f:JM!; p!!cth omud.n;m; th<~· o\:iaon.,ti •t"feota .,,. ~ Pr 
ahoulP.1 be •\Ba irt fi g.. lbJ t~hrt tb.e"~•tt~ml Vf:. l W!<s havfit bae~ 



2l 

~ft~d111g~1 aa ~r'!!l t~~n ol\J.~ 1~~trument. tb:~ t~ ... U!!!! ... n;~~. b1tw~lil r~flt1~ht~.l$ 

l$ ~l<~t.t~ hr tti!n~& ~rt ~~·r<.U..m:rt~ 

tJ.•ta.,, .· . ... · J; · .. ""h~-.A) 
~ ~ 'lh()l"'~ Jl~;d.Q! V/Jr(,iftt:t1 '"tll " · titt~~ :pti'l.Od b;~ri~l;l>l'tt411i Jn~. 31 

f.t 1~s P•l"1~ v~~toel, n~. 40 

t•P•~atd. tiy wr,iv~ \no fl~ ttini J'f~) d« ~1 t\1,t~ ttJt t~u• (eO•llG aad 

!00..?00 bl. }.,. Xt. will t~• 1&\~d tbat l\!t~dti.~• •~l"'* ot tl'l:t• qttaatit:y 

illl!l('f4lt·• ~tf''! t~~ ~·n•lr~ !t'bte:t:"Yl!lit on th~ ~di~ pttrl~t •~gi,al ill1llt~Q'• 

tt~l\t t~n ¢In t1:i~ '1*$t:r\1'J~nt ~JI.tr~ wbio.h !f.t 1.tt bf,fill:~ rM!lJiltlt;tl"~lit ~u;~rlitilb~ 

tnrt 1JY4"t'ff..l§t~ tasult~. 

Sb'o~ Pttrl~ Vt:~~lOi'f;l Tl!h• !~W$ :hll'l~ 'li24X't1t:N~1 Illlllt¥'8~fdUt 

eo .. 1'5n 

I00-.70Q 

eo-uso 
soo ... 1no 

...J}·.m.\ 

\))*¢1 

t~l'i*jt Of' 
If•iltflli 

ll 

•n.tlr in~ie•fiM 11\tlr~ &.fit>:t"itY ta t.bo ~~m~ '1'SrT~ tht)a ti~:t loo~ pe:ri.oit 

Vii:+rt:i.0~1. ~ Yar!lillti~n mth t;;., is bt(1et<:t~d 1n eith~i- fi.~Ul'."~. It ~ 



b•· ooll.\'Jlutl~~. th~w~t~:r-e, tba-ti th~ 1i\nal1«*.l$ .flt n~it;)\1~11 ~t JJ•tutt«tJ,•la 

-1th ~•r>th mQftt ttik4l 1nt~ llC$1J)YiU'1~ lib~ !l!:U't'$l"·~nc;~ ~·~tlf~ttn ton1 1mt! 

tlthe>r~ ~1rtt>io11 ialltt~f.l>t~-. bllt th'-d~ th~ ir~~.t~tlotl tdtll /.'J. tte~d. nut>, 

Sd$mtl ~~t:f('jttflt! m1 ~Ii!.' $tt~•sted r-w t'htl dl#~·ur.e~.tt"f h•t•••a 

~m6:csb1e ~-~$1.lnt'$t tttol.l P"rt· $».il hrr~ pi.:t'l"i~& l~"~~:at$+ S•e 

MV<t **1~tl'il47 'be•t1; ~~ntl~ntn! l'.)D ~~A~ ~. tJi;'l J.;~.n:-tt~ul~'tf the e~le@t1('$. 

~t iirt:•r~a~ 1 : ~•~1.ut~ ~ • A#~mpl.>J~ ~·~ ~· tli!JJ tw 1~1®tNl'll!~t•• 

t.>tac,, ib.• ~Utt~1"1:t1'1)ll ~U:M'$a ~.\l·MJ!f~~ fttr {lll>t«il~t·ttg ~~1 

a~Utud$~ •1 ~ in $~;~~::r~ ti~11ti•ul&:r-lr wtth f'iH'.Ptl~ti to ~tl$t.\litte 

•»:Uf1~$th~ .1~.3 m$~till>.ta.~4 ~• tJet;"' 1,., 

~'.$·~ ,~i~t~~$ ~azr .t)Q~ti:rtl)Utllt '~ tlJH' ~1$~l"Qt!~UG1 iiM~. tit>:r 

t•$pll!f+ p~ ~*1:$ ,, llUltt~ll.7 $h¢1W l~~flt ~l'lr~i;,l;I$ t'h~I 1 h":t.t(I• Jti'l':tt\l~"~ 

t~ t.~* :r,1;18UJi~1.! $~1).Uttoetl~~ ~ttrva~ ~111 )l"Qtlu:ey• 1y~t~~·t1e 

41.rtar~M~-uii.. 'th!..~ point .b~ b•M «:h!!J4b!l llr p1ot:tinl!!: ~~1d~b 

tt~i.n•t $S~$$;i,fJl.1 ,.riodMtt ~~$· ~f!ll. .A ~$,fh't.1t& ·t~~d~M7 1• 

••.1det!t. tfJ:111' r~ttldu~lkf' t(lt beteiJJ>tt'i ~~n ~~$1t1v~ with. llitl!'IJ$~ p~~.1~4• 

fill the sb:;0t1t :P.ll~lQl! 1n•l:rtui1e~t; ~ $U4h tMd~n•y t~ ob~&~!Jtl o~ 

tho le)~ p~l"~iott lnst;.~tt•t t :S.Oth d$JAh Q~etes •b.f~;ff ·th~ o~e $.ffljitt .• 

·~.Vftt1, .~Q> it ~ill tg(>t \ltt 4iln.tiii.'litt'·tit4 1~ atudfiJlli ¥al'b~t1¢1l flt 

\"e1d.t!u!'lltt wlth d~th,., l~l~ t!t~ ilttf'~t . sip~n 0tt. ~-.l.r ql't f.~tN~ 

llt~nt tMi~ d~n ao4~ ~~r:t~fJ w!th: d~.~tl'* !t :lltHJtitt•t* tttetl ttl- l"elattv• 

eJ.li:li'·Utl.tf,ltt 1.:~n e\l~~ bi 'US'f!J t1~" tib~ ~~a~~- i~it~t~ tQ~tl'ttmen~ •r 
4•ort:#llte t~~ ~hin~ly tff tb~ htt~n~'t' h~4ti~nDt~s. 

f!.1$• ilJl•fil ilhttl~ •ww f&U1 A1!0tt~tit~ dtt•t. :ohat•~t~~iatle 

tit tho p('lul.ld u~~ul:fli~ ~$$i!·•na. 1~ tb.~ tol'ilt :,t ~ •~n411N.te7 t~~l 



.td.~h!l:t JfG1'i~l«l'.t$. ~t --~ ,a~i~~lal* ·ifllv~ .J·~lll"1tH11¥ - $HJ1Jh •ttMi 

i• 0turo1naa. 



?O' GllO'fl thia l}..'G:t~i1/i el•r-ly, fi~a. ·4-1•47 p:r•~ lll1't;J;t i1~1t~ on tfle f"~ll.owi~ 

quent:ttitn~ r;l.att ~J+t.\ ~.ggi~u~t ,~, ('l • 1~el'iod 1~ $!1J:tl~11.~&h 

V•t'ti(U1l e'fld 

:r:to:r.tzontal 

50""150 

ll\10.?00 

50-100 

500...f Q() 

t b&!'tt P•rif.lil 5iJ-l50 

l.ona per'iod 

S!l()rt periQt'\ 00~700 41 

4bOrt p*.!t"iA.>ti ~180 

10%1.ll p~l!'iod: 



'l'lons pei-iod instrmaents 

TGhOrt period inatrillil@nt.s 

Depth 

;0w1w 

500-700 

500-100 

long 

short 

long 

11 

n 

u 

l .,6 {41) 

1.2 (l.4) 

It 

lt 

n 

pP PP 

1.6 (4l) 2.0 (27) 

l.5 (14) l .7 (lJ) 

T'P1~tp fpp/fp 

l . l (165) l . 2 (75) 

l .O (46) l.3 (29) 

1.2 ($1) l.2 (4)) 

l . 5 {16) 1 .• 6 (14) 



!($ 

p~ri~!l l?ttfrrtUlt:lllfil f.~ le.t~ fo~ llfll t~~·• •Yeo l:e ihM~ thu 

ill ti~~ 119w ilJ,b;i;){tft. 

t} ,td.t •itftJ:t"•et tt11~il' t~ 1J!l~t!'Mt!8 1~ 'h• i)l'~•~ ,~" pP~ ~a~ '.f"i" 

f c~ b~th do~filt v~~•"• 

I) th• ditf'•~J;l0111t f.f.l ~111rtM l;;~t~,iltl)}!) J:P' $'.Qta ·~ i'l1*iil b$tW-n 'F~ ~ 

P' tB 1~~~~'tmttt1J,.1 '~ t-~ l~q "ll}l'.'i~i itAJ~tl?u~at, t~'4!' h'$Ji~l" 

llt"k•-



\'it• toll,n1•~ ttti)"4\U> e".t#.on• wtll (;lff l!lll" 61. qu"*~tl.,etl •• ~r.lJ4ttta 

•I th• 4at~ »t•$ent"I ill, Fl$•• l.5*-3t5• ~1ng 11$ •~ri.abl•e d'9'~ll ot t:~n~•• 

tli1!ttinefJ tffm. ~b$#l''V'i~ ~~t.i~~, ft~ h$liott t'J_~fl $iilmuth ~ ()\m~:rY1Q 

atet~ .. 

1~11 1t'ft~*r,te.~:t l.W -'"'*~ ht1it:: et;t·'li'i~e~, ll.t~1Uf/iat~,~ t.heit tt:~ ft'tl'o - . 

d tl!fJ ~~~i:·~ <tb~~trtfftM! 1~ JP tt> 'tb.~t f.Sb-ililll•1''!\f~d 1n ? 4~~lf'$$.:$~~ ~Mt t1~¥th 

t>t t~xrta11 '!t!bl~ ~· ~4$'i>~(l1~t~.~tf- tf~{lt ~:e•:!filt~utt, t~itt€ ~~t.~ tnM. ~ll. 1~1t~tt-. 

~Qti\'11' ~B tabtll~\~t\ ~U!lbG'l!"{S· ~\lrlNt~1r.?~~ ~V'~@.C. Vf!il.~• et th@ ~~di• 

n.11tt~ qlM.i:t.ttiM~s. ~ts~t"~~ timm ~mph$ l~ ... ~. 1'~ 4tatnn~.e ~*•.$'ff 

utl~. to•~t:r• 1 GiJ•~9e·"• ~!ta nu•~1.oo•~ t.bl'! l~ttet- ttt.cJ.wt1n ell etut~,. wt. 

oml.1 the :rtt~ ~.o•1!"1JO• wUJl ~Iii ~Q~;tt1~~-ll"f*d ~.tt il.~tb ~•a~r ~~ttl~aiJ. ii•~1y 

:f,n,&;tc~t~ tnl) t~'*A'W Of :rM\$$.~s. 1th~ ~$~:~# f~ ,er,*' i~lll-.~()• $li·l'~ ·~~ 

P&Phi"'t\l.ty ~t3. 1.t'l~* H. 

la &al e.1ii.\l:'lt~1t!"' $~!;1.i;>Jl it 1~ $!~~1,l, th~Yt. \\·~ :ttt:m :ftf~ l~'~-8 ;fl~J:!fiOd 

'fe.g:t~~,1 ll1itt ·1~\~~•~tz,i§. ,-!t3 .. <it ~J,~nir.:t.~&t~tlv ;11tf'•iii:tlf¥ ~~$ild~mliri t~~ th' 

it~#UfJ)l'J!tte;r.; r ·$.!1AhJ$tl.$ obt~·1:'t\M t.r~:m. th~ MOl't :PfWi.(l~ #:ao~l~~nt~l f.1il3tl1U• 

~11t tt.1;tl"t• iutth ~;b()litt t~~ t!l1f f!ili:OH tt~i(;t<'I xr~ti~~l, e.rtd (1let3. tr~m 

qt!!!~ 1~1·h~m~llt.$ :6ln ·t~* t~ t~ ~tf.&tli'UY l%i:ff~~t t:ti1,~ :r~miltini t:t :itlllsiitl~~l• 

fttf'J.11 •11 ia'lf:J'lii~llt~ am ~~m ffho:ft fil~ ltHli J•Jt>lO~ 'fl9nieral tn1.ta~WHP.tfl 

l1e e;v~r~1~.!1. a~Ji~~at!llil1 t it tQUP~ if.le\ aaay 'f«tl~A~thnt <'llfl tli itt~1lth 

·Jtld~h t,},f;~tt.!l'.'$ !Jn \!)~l:F o:;:J,f.! f.l~ t~ t~1 ol.'1' ~~., a~t "'t) tmt-tl'U'.$'!.e~~l ., bl.tt tl\~t 



TABLE 4 

R•idu.al.a u•ing J>ata f:coa All latt.rurnunt.1 

(lumber ot r8&dings •hQwa in parentheses} 

(1) 

D'fi>th 

(2) 

50-150 (45) +0.04 

1'°*250 {l.O) •O.l.S 

~lJO (l..SO) +0.2,l 

1~250 {49) •0.)2 

250-350 (22) +f>.43 

>;a-.soo (.Jo) ~u .. so 
S00-700 (68) +0.46 

(3) 

+0.2.S 

+O.J6 

S0-1)0 (~$~) '*0.Z? +O.~) 

lSQ-i:itSO (SO) .ro.Jt> +0.17 

2;~350 (2;1) +0.47 •0.01,t 

:;;o...soo C.Jl) •o.s~ •O.E>Z 

500-700 {67) +0.46 -0.11 

(4) 

bo dttt.emined t'Or th$ otuse:t"V•d ~li:t.ud«Js of :PP. 

(J) 

-0.04 

...o.28 

... r;.47 

-0.52 

-a.64 

+o.oa 
-o.oo 
-0.44 

... 0.51 

-0.56 

(c); (At • A0}p}r • \Ai • A0h~ 

(6) (7) 

•O.O;J +0.01 

... o.28 ~.22 

...o.;1 .. o.;o 

....0,,46 -0.;;9 

""'°·~ ..o.s9 

+0,.0.l +0.02 

-0.13 -0.11+ 

-0.44 ...o • .n 
-0-.4, ""°· ~' 
-o.s? ... 0.64 



llt.tpth <Ai .. Al(l>}p 

50-l~O (97) *O.;M~ 

lS0-2So (,3) +0.4S 

2~)~0 (l~) +0.5$ 

)50-SOO (21) +0.64 

SQ{)...700 (48) +0.5$ 

50-l..SO (.31) -0.06 

l.S0--250 (U) ... o.oa 

:&~)~ (?) •0.19 

JSO.-'® (7) •o.n 

500-700 (14) +0,,09 

('\l . 't .... 

20.h 

l'i\EJL/l s 

Ao) pp 

+O.Jl 

+0.12 

-tO,.J.1 

+0.,06 

-0.04 

.... 0.1·1 

..o.;;1 

"°.16 

...0.09 

.... o.Ja\ 

(Al. t ... Aolr-p ( ;fl** f\t. ... A ), oP 
(ll)* (b)* 

-0.16 ...0.,19 +O.J.) 
(65) ('J) 

....0.04 -o.08 •o.:;2 
{21) (l2) 

+0.14 •0 •. 09 •0.2.~ 
(9) (ll.) 

..... r:;.07 -0.01 +0.42 
(lJ) (;a.) 

""°·°' -O.l4' +0.48 
(U} (MO 

.;,,0,.4'l - 0.42 -o.os 
(!9) (34) 

-o .• .u •0.45. ...0.10 
(10} (~l.) 

....0.14 --0.l./+ -o.oi. 
(7) (?} 

...o.1s -0.21+ ...0.19 
(6) {7) 

...o.:;4 •0.)9 ...-0.01 
(li) {14) 

* (a) w.;;(j].:u<t•i;1 (b)· includ«• t'tidings whet• onlf an uppe~ U.tt. a~ul.d 

b• d•t.•rmlned tor th• observed ~tu(ht$ ot l~P" 

** A! ~ values i!ive:n by Gut•nbe7!'g 1.n rett1tnnoe 61 Fig. 2. 



Ye~lt\~1.~n• $~,.~ ()n, r.tll tt'Ht-•• • ., bSc ~t,?1~~t~ti t~ tbtt tae,1~.,ttt Q ;V-••· 

tt'h•~~ $7f*'~~llt €!~$ ~lir~:-1 !~ ~~1~1$ 4.>l!:tf 0cnd. 11~. $llillM. 

PJ:b$ tl'rtl0tlv~ ~~U~'bU .. U.;y ~t shQti't @n.1~ l~Xll ~'.V'1~~ v~t'tl4.t¥tt.l i!'lltl'tl• 

rttemtf.J itt not. k~ lrtth tu~wt:d.~ty.. ?t.g•.,, t.13,.M ilhi.ttt thtll t$1" I~, \htt 

••t !t"~U~ltl~ l\M'f'~. th~ry t1ttd ()~•$i1Vtiit1~um ~~~ l'tl.tt~h ~n e.l~a~ly t(J)t t- l~l)g ~~~t~~ i11tjl)t :tia~•~t thu t~ t ru. ' 111.lfl.. ,,. fttl!1~•ll!' ~'fidQ~~~t fabl• 

I lSGt\\J lh& 4:U$1!tttt1 <Jf "" fl.l~ lp a~~:r;i!J.d~~~ fl'f~ tll~ ~ .. ~~ tn~f&t"mt~t~ 

1•~rati$l1·t ~~.'f~~ i( 1$ t;i);{t, ..-~1Jl4' it)f ·•\ li!.~tfft~:i•1t 'bf ~lliii·~b•J!'i Ctt~t~~'*~"*' 

~, ng. ~). .~ ~~r.'1$p'(tlil.iit$ ti~ ;~~ i!lf th:l.$ l;!\$911::1' , 1~ tbt ~o-th :ttt·P~lll~~tat 

th•i"'~t1ul 't'lll\lt'lll ~o-~~t$d tiw ~$~()rd wi'h i:itba.,t.YJ{l.U.o~. tis· ~t~f iln 

page 14• tt~~ t.t}:r~1:r :l.'9 ·~~'"~l!'a1h#l1~ u91~ "'~t"Y t'4tw 1t!-1t.tel~• ;r$\l:U.n$$• 

'he, l'~ttt'l" -~ ~~~~~ail ~r~·tU1~1. (1tl ""' ~.;., ,141 ~f1ti~d t..t> 'h (j f~ 

~1l ·l•pt...,a. (~ ~· Ji•)' ,, ~u1 ~~"%~Iii. {$la"1 a11 t~:ti'~Wi~ti~~t ilillptXl «ttfitt$tJ 

th•· l"$1;li!tw.:1 :itl ,"1~stt1r & fitJr the l~tait J4f'rl.lttd ~$t-th~l t.~ti-~~~t. whi~h 

tdl~.i!it'ti~ t~t ~~~iiru®'l.~ui~t01i~1~1~ fNii: th1$) ~.t:1trt.tnlt~·:tft ff:~ t~1tl 

;i<bflli:i:wsl.i &.'f@:r~gi<ia ~·~~F' {\ l:. ff'r~ ri.•b:tr ¢f .,tkeli' ~t.-t1~u th'Ntl(!'~ttt th~ 

~:r.1il. f.ht1 •r b-<!1 tlu~ t~ til• f(q!~t tt~t, •~t g,tmt1:1JZttt ~!?ii~ 1n$tr~~~nttt 

wt t~.1 ~tu:tttil Ji~d(lid :vw~~~et< ·tl\l1'i:n. tll.$'t 11;tf tti1f t~~1w~~~ !*1ori J1fff-1'$i 

ill8t~et.t.-. 

tt (}Q~t ·~ r..u~. b.<J11"'0l'~ th.'llt Ma~ v«l!fJ'i,\i'it-to~ ·ttit.b d$J¥t:h • fil.tt b• 

s't'll-i.~d l.t~l'.'~ ral1~b<11 tilt the l~n; lf$l"i~~ itt$-ttr~unt. ~· •ri~~ 1tt th~ 

~h~o:tu.t*k t6G1f}l.tfl-c.i .. tt~n r.t'titfV~ :r"r tiht; ~e-iit ~+J~l~d ~.Qtt'\il:~ent 1¥:t0inl.~ !i~lffi .... 

'it.~$~ ~tte~t~ t~:ep~~.ii!fll~h !:!tl' dtlirS'ft'.\$* U!lt! t!i~ t~~it~t!'\lf$ f>l.ifl<~r,tltf:'t~t&1i1~JU ·(Va'.fif):t1,!)U 

<11t !!imp.Uti¢tttiol:'.l 'lr1th !t.toilti~ti t. •\''e ~~~riotll) :h~ ~l.1~¥Mi t~ bti! ~~rta 



ot •~e 'P~~t<)-d~ \!!f.t..h tl~11>*t/b.t 1~lblit ~ $ftr1 ft\!l?~. 4tl,"41 Jb;it-w ·t.tmt tttie 

.-~~l&tiQfS bi ~.9t iftt'~~t, 'fllf·fd.~t1l-*~l1 ~n t~~ ;t~~p-~ ~"'l"'!~@ 113.1\~ent.~ 

~~i:if', tlh~ ~•$~~~1- i):r.o.~~IJ$ s1a~uld h~ -~~ 'fitU.~~'.bl~ t~'I! t~t ah~*"' 

pe:rt~ :ln$t'i"l.t•t'!:nt1 '1it1h'l.3.'f~ 't.S\'l'.tr1' f!~t~ -~!r~ ilif'~U~~i.*. 

~e~r.t en t:h~lil~ ~n~i"~~~tttlu~, :~MJ eb~&n~11.1 •~!'l~t:t"~ ·'lf11>h d~~tk 

~ll l;$ O-(¥~.~id~1'!Jl b!~M.y- ~'rf¥b~ltl0' "'Mll·~n :tt ~Jj)~lt~;t'$ ~m t.h;;; ~~1»11~ fl)W :llib.~rt 

~ui$ l.Glltl Ji'~'l·~ri •~Pti·«$f), ~~~ o~ thnt fff ~:u 1~~n'll1-~:nts H;}m:1t!f.;lt~~lrt ~· 

a:ttt ~1©1'ftt>lt!t ,l>f 17~bl~tit· ~~ ~~~r. ?41~. '5~~54: 

lL} ~-$ •'h•~~~ ~~~~~ 't~Ull, p?/'P ~ W:bil.l an;11~~,1J"~!! wt.th t~~ tl1$~t'ntie~1 

$ll\llitl!f ~$~d.-ll>~ JiJMf"~~w~~ t;l!:f \i!tti'1~tii~U;y ~-i,t~ ~~1pt~~ 

m) -. ... '*'""1l't"""'""''"""'~ 1;,~~~""' -. ,.,...,.. !~~~r!.d .. D~t~ _ ~ .. , ... it_w~ ... , .. "'""'" t.4'1, ,... _,. ) ... 
1<1- . "'""' ~ff.>• V"l""'"'U~ ·ur.:11 ·1;1""'"~~!-'.1< ;l;""cy ~~t-i!td ~tli?- f> """'""~''<~Jt j '"""~~l: > -·-!V }~ . ~'.fl:,.. 

•~l~n &, 1"~•!'1 t,ii1tl~tt~m th~ '.tt~~t tht1't (.A: • ~~ >., '• O '1~ th~ 

"' ~Y•1f~~~. by ·tl~t!nt'eif.t~ ~t t~;1,. !ht'.'$ ~~b~t tm dtiai;:1\t(§~~tt Q:t\ :pt~~• 

l~~-- 11\ltt l,~}l'~~~t iJlf,*i'J~!'J,~,,._".1 Oi#~~t !i;t th~ '~~pt-!\ ~~~~i:'i ~~(il,..,{$..l)t) 

~~1 t t!)11ll 11 th~ illd.y 1"a!$~tt ~hdi 1-~t:1u~~ -l1~ ~~r-~i:tt !l!~l'lUht•f.t'a 

~t ~\. ~ tmJ;• t"~t;t't\tlt"~tl !;~h~l"!W:)bti ~n ~~~-f»i~ •fllU.$ t~~ ~00 ~n.1 1tOO till. 
~it; ~ 

'5) <.t;'h1!J t~ ~~t.h,ed'.$ or ~tit~~!!li:n,.!i1t~ tM ~~1:,t~ 11'!'.\tttStfW' ?!~i1io- ,.~~l~ 

N~'Jtd;t,a: "l·t'M~t#i,y tl-~t,~t$-t-0~t 1~ t.:r!l\'~,1~ 1.!.l~ r:!."lit-~rdtu-@,~.~ Ut ~:t.ll ~ 



P 0Mq;L'IH$ \ll:d~ ~b~~~-ati~n# t.,fJ;f Utt~ ~h~tl :f;hifii ~·tiil'l; ef>f 1:11'~ l# 

$ltllf>it< id~nit:t~~1., ¢Q1WM; f :U.i '~utblll'r J. ~ it;. ·~~, thl!\ tr.meat 

C~ffill r'~,~·4U\J'.'!i(;illi;$ \l!Ji/$ t~~(#'1lti$ ~l>tliJ',lt1~~ ~ii.th tti~ if'ill'lt· ~"tn~~'f. 1i!$f~ til$ 

dJ0-~11JtHa1l 'lf's t~tiJ :r•1u:tt~ ~Hh thn 1'6:n~ni'J i!lh;tnd. ~· •u*tie.Q:1'11 

te: ~t ~~lil:!'.1$ l.ll.~t •~U~ 'It.Jn rt.m•. i'~ts4, ab1~'3 tbil eo.t<*i':etJtlt1.n 11fplt~tt 

till ff' ta th.iii s~~t:fttti ~~thd 1~ lit$tt11tl t.}$1 ~t;t~ f~ Gtl.1 lli.lt~$~t•• 

4) 'th~· ,6\tr~~ ~t t:b~ $<~~~11\tf.l' cot ti~· t• ,haMtl'.~t 1 tl~~ J~. 1~ fl;bo1ati 

wll:f.t't t~ 'ff~.ll't~!\f. 't»J ftb.~~Y ~t $ ~eptb tJt 1~ ~. ft!• twll.111 to~ 

1,,\ • it>tt.o• l!l!~l ~0·""1~·, 'rlitt n<>t ti'Jirc ~Q.•~o• ~h~~ p1 •••tlt t~ 
\)a t~ 1*1't~~J th~ ?!tBlt t1 uet: ~tt~ct:ir~.~ ~, tli~r c~tt~l~l1t~·~& ~~~~1."{{1._ 

wJd.~ ph~~• p~,:'.t~~~~ the ~~~ i&tt*.~!l)t. 

I) ft~ f.il~Ut'!.IJ?til~~, tlWt ttu~ 11H~n~timt. eJ ifl \h.$ ~·~t'l~tng •~Utd.4~ 
. U VI 

~ • ·il ~ ltita · · ·~ 11 " l• t,~• ~~fl• t~~ ~P '8r.J.t~ !'• f$ ~:t~~lt . .l .· 

1":.ttri!lt,t f~ a 4•11th ot .t~o ~. 1711!~ t~ll-$ t~ tbi!l na:rl.r 

~q~l YtilU'I!) ilt' ( ,~ <flt· ~(.)} f.(}}.'t P' ~~it. f;i~. ;$!; tt1U6 flt (: w &+4 !Ut•tn1t 

flt (;_,I •S ~,$11J<..~t .b.~\lf~Ve:t,, ftt))td,,(! ~!'~d:Ue-\1 tilttet~t·i~~J,. V~l:U4'1J ~e 

•l~HJt'JlJ 1~ aey{lt.Qfl'\lt -m.t!J. ~bf•lr'V~.M.~tt tu11i~~ l~tlg P•~iri "11Jll''1•1l 1n•t~• 

Mfl¥$lt ~at~ • • 

& ) WlttJlll o~~~M wtth th& ~~llt~toa ~nH't3 ~~l.t~:l~tit1tt t11tl• nQ;u~tifl~& m~. 

!,. ih• 'fll~.ttlr till>t.ten~l ln lli Snl"fttl~ wU.b f'11$f;;l '.~1'llt'ihJ '!u~ ~tvit•l'f.\0.t 

:fetd~~~nl o:t {,~f ""' &\, ).P Q.V•P -111 litJ'tb. Jtfl~•a 'ba~H!il ~1* l~~ 

~uwl~~ ~tS!t~ t1.1 ~'1'' ~\4io1. 

Ji lhe •ru.t~Q' Db$*ft·~ ttl pt~ ~l!·M~)ly tl•e~•®·~~ ~1th t~cal ~~th, 

. ~ut 41tt•:r~~' inltttn•J.\t$ Jl$ld ttQnflt~t1!tJ$1 fffllli1iltt'40 ~m~ '*"~~'~ 

~flJ$lt$Uf.ll tt ~~ut ~.lfi,. 



5,l· 

!. th• •M:tt.Y obat)rti,i4 1!1 ~l'i 1~bttbl7 ino:r.-•"" wl t!h t<li'ht l ftbptltJ 

~r;a n-ot11t-l1, tb~ o.u~vt) :t~.n.t$bly ~"1ll~le 't .u P ~inl"'f~ Q.t • 11••1 

1~.,.. ht c.~ mt1. 
!. re1f'iitiY<llt tG t~ie t1'l$CJ"t11'&t Ytlltt•· thi.it • .,~SY h 't.11' fj'Ft/~ d:tt.w.ft!l19$ 

ttr t:1b.~ut @*$ mdt~ h&t:w!Etln· 100 ~ntl 600 ~" i ~$, ~b~wtt b,- in~ (ttfte~n~• 

ll•twu~ ~~$~ to:r ~~ $li4 ~. ~r ~li11ti!t!'inet·1Vtail'y• \tr tbe «tlql~ ~Uii'T«t 

ttz..~ t!f • ~)!J~ *ill.ta ~.$1'& t& ~tlt1lttll$!ll eU"~ to q<ittt;-:litl&#I $tl 

iJl.fl· •out"~• . ~f "hfl •n~,u~u o,, t~ ~th• ~~l~t:tl0N.*·l ~tr~ f>f 11r ov•J< 

P, bu.t •~i \~ tie ,_t.h ~~ t,tt :P1 ~u~ ~~. 

-.,ll Ii '$rtti tb.$: t~illlt~lut~•o 118''1\im tto• t\ t-. ~:lftt $ fi'$'V• -11 nff 

b6 ~•ti<t-&l'd 1• !i'!O~ d•ti.. i. ~nten).*'r• ~htt mhim1;ti~tl• 1-A~~l• ta 

tto1:1iviJJ~ \h\'l()~t1<t•l •~1uo ~r ~will 'be !'P1l!llew:e~l1u~~. t~ ~$\~~!~• .t.t 

Jh11~leB'!U.1 ~•M:"pt'4'.'tll·~ ;1\tmq\\\\~ lita th• aa,ti ~~etnu1t tol' th~ o'ttund 

;Jff(fUt$. '!?h~ ~'fid~~l t~· ,. t7b) f(J:J:I auy tut• st !l}ll1> iib:t't;O •v•i$ •tt:l1 

'b~ nit,~•. by tih~ ilttftnl~g •qimti~~ 3 ~n~ '• p~p '• 

1t. tt... . c - letfl' ·"" fi(F j ••kl) da ttl 4lit/M~ » 11 . ( !f,£) ( 5 ) 
• ., • . """ Q ;;* . -;f.;I! 'Ii . •<i'!'"'""".• - . .., .. ""A""·"" _. . . "" ~- ·~ '"'"'°'""'-...,a. ; 

.. ifli:ll IJ,\. ·~ io '!,fW~'d'~ r~\il> 

Xt will l,\~\;lmofl b~ ~-~nv•'"® l• tlU• tellowt:n# t~ ub oal~ul~ti!'in:t 

~~ m pe.~tt~ul~f' ~t.•1~u1~•, .t~ • 11.l** ~r 10•., ~J\\Qs~ to 'b$ 1l~•~ 1&1~• ld~dl• t>t 

~bit ,il;ia1lU~04 'FtH:~~ ~lt;i.~ f~'~.$1.ditl'M~ 

tt... Feotol" ·cr., u ~ t,3 ftili :a•RM(jd fQ't' •l.l. ••- etfkJt<Uf*3 &., l'l:... 1'hll 

"f•lu~ w~s ~bt~~ta~d ·~7 ~tf~nfi~~ hl l fr/.JJ& ~h!r!tl~w «~<.HlJa~. ~r 100 

:bi, a~100·l'£·1. o • $•4 1¥l~la yi'tl.11 tt (; ~$'$i1il11tal. f~t ~th 1. .. ntti'\ t1. 

b'i11$. ·~u;l.~ liOt '1"~V$ th"1 ~:$.,.~l'°'fl~~qy •t~ ~i~~·•· ~t.«.!,nb~r.~ 11"'filt1lt 

t~Htl~~l ~en•{ttt\t f(t:f ll'•jatltit:4~ ft;!t1t ~$stfb1.:U·t.r that tJ bt 

tUften~t T~lQ~S ~ :?. ~P. t#d f~~ .$1\ tt ;~tii.'lttf'lr•bl~, SU~h. 

hypcth•-ie .Otlld h•V$ tt.o ~M~i:r&q ~ th• ·ial'Ut~ni.'t~ 1'i•M-•tif>~ wtttt 



:a. t&~t<;):rs •f.,, "• td.n. th' ~ltu1 cos 10 11 ~.L'h1H& dnr.·~.m.l'i. only tln an~l•t ot 

ina!~.~;nnee aml ~'!;)1f8sen*• Ratie. ~ l'frh1•1~.:u.,- .Pt~.s&il)l~ ~h0na• 

l>~t·ll'f.fi,ti!Jl ·p ~~d pl> ~·t gp(l}~t~:t fl$!~thl!f, Ufid,n~ only tb~tl$ ta'1tavs, 

th~ l"i\ll.ev~~t terfilia i~ equl!'!.Uon fl ean ~· i1l"ittl'l'itU 

Se• '1$.• 14 fOJI' • 41«UAtti il1ut:raiiin~ 'tM I t~. ·~ th• 

P'?•c:1•1r:>n °'r ~bta• tnlQuleUrm• t.W. ttU•flt:tty on 'th$ l•ft 1na7 l>tt 

tak;,u to b• o.o at 100 ·~·, 1114 .. . .:.0.& •t &00 km• 

1 l It latr ,91~ .., ..e,u -~ too ~·~, ttt~n ~t... • ~.s '1 116• ~~r~n1q 
~ .f!' 'P~' 

to GutenlM~g f):*9f.a:t•tt<H• '• fig. I•)• tblt l'4tlttd.:rtt• i•!iOatlbl• 

Yal:tm$ tot tQ,. th• il"l.oidoot an.e;l~ tt the au.:rfe(.f• <at th# tM:i'th. 

~) B l. .··. . . . 001 10 p . . . . . . . .. i' l~g ,, ......... L ,,. • 1@'0.11 tb:$l1 ooa 10 IP· • 0.,1 q~• 1
0 

• 
. -~- . . . 

Silliltir na1d.t~ (1;1°$ i:>bt~f ;tu.tii fo:r ta• ~th or tb~s~ alao 

olin ltt9 :ti&j$iltteil. 

~l ... l··· ·.. i'~"111'4 ·. .·. .. /~1· '6'~'· .. ""' ~· OE# ~• '"! u - • • 0 •$« th'9n .. ~ n"' ,""!, 1:,. * C,l~ •t. $00 km.•, 
f} 1'$ 

~ntt etmliti~lf 1. 0 ~t 100 e. (IJ.'1~ T11:l.u.~s G:rta:tnslly tu1&umod 

to11 tbea,e qu~ntlt1"$ ~:te '(tf eour-4'& alre~v11 1ncl.udetl la \b$ 

1'•1tiduals}~ f!!. 1• ••ey cloiuit t& unity tl!li the .o t'anp bti~ ~ ii 
;,tou!de!"n ~n~ ~ay ~• Gllllt·t•i• fi.e a.n:(f[i. do nut 1"fin" 11e.trE1 



t~l\ 3 •1. tfi:r' l41 ~ {} ... $()• (:r~t•tt~~~~. '-h it~- 1~.~ h tM.4' 

~t~.m;• ~1•.ati ~i&~t.~:t:~tr ~.~tl~rt*';•~ 140 e.toh •• tJ:tltt&llt 

41,~Jleu:i~.t~i ·~ 'b~ ~:tw.a :u~·-u• t~~ l~tii~le~• ll£'1J.~11a en! 

!t)t.~o• f~r 1nf.t~~~ce ~lli)W tn flt.1.,JYth.1tU!lfhll i'.1¥:t1~,m'l:t1~ at 

$11 dDl\lt.be 'b$l~w t• .ttJJt.. fh• ltM~.tut.~~ t~~m., Ji1 • fta'I 

·t~wit tt"> 'tit& abll~ti ~.$~ t~:r f.1.\1 iloptlW flit i~ '* 18• 1» Mi• 

ol'111Ml ~ltu1~t1'1ltt ~t ~, t the n~.uitfc©om1nt b~t••$• th111~m:'~1t(J., 

tMt. ~ .. ·({'),$$ j (@.,$1) • C,,ff t'j;t &00 ~Vt... ~*'t stm.S.l~:r1., !)j;aD 

.#,ltt 100 l~m. 'f.~CI~ "'~ll'~·C• ~. ~hi; •. litl. thb1 Vil?\t(iU~ht~• tbat 

10 • 1'1• ~~ ~m1~1i'.l.r£td ~\ 10~ ~~." t1tn4 44f*' t.11~t•d 'ff 10* 

$it, 100 kl!il• Thtt J.~tt•·!Wr vttJ;ue l~ ~J~l1m~t•~ 

~f,tj ~$~a~pt:!~u fht pel*'tMtt:ly 4'1ar1t1~ ~~tl•~tl~n e;t t~• ~n.tlt• 

t~~lf ~t tlfltt -tll'~!t t~ tl$~4 b1' /Jutu~b$ret (4) 1~ ~1a1tittd.,-,t1~ 

l"&tl•etti~n <lllltd :ti~r~oA1· lll)n c~t:tfl~t~nta. itt l~ 'haf$~i,;t ~~ 'lm''itt 

l,$~\tt ~u• l~t!t thti~ th .. thbttte~® 11>t t~\\11 ii~fli~t$~M 1~¥'3~ 

la •toh r~tl4t.~tt~n: ~~~~ p:l,(l~1tf. · .t v~lfl,tty ~f t •·I••~• 

tntd p~d~il ~t l f •®ed$ eo:r.MfApo:till tt> 6 •'f$lttn;th ot t b. 

lf ,la,J•lJ'l .~ (~~4lll'~ ~b• l~•""t·&t& iU.1'eO:~t1n~ity lt'!J lttt:r*r4e4t 

t1~J;• I.fl ft~ ~Ut f#~ltt,P1!M4 Wilt); ~~ U.jt,~h''!ll~lllt luy~,X' tl\1q.1¢'Wjli .fd· 

~Q.$0' ~. ~t' 1~•·~ tn u~ ~ri;!lf. <i)Jlfl ~iitttt C$~~1~-~~111~~ '!t 

•Y rtt1a~t;1,1,'nb'lf \\~ toi1~lniiad:t: thf:Jr,'iit4l>:J!fi; t .mi't ~~'*"~ •~ei'lf l# 

1~11\ ~t 1»he i!t~:rtt~~t,; :tl~tl~tl~n ~t p1' 't~~ •t"t J~d;t"toit 'bf· 

thci,;l 14•~U.i•~· ~heQ:f.f~ 

On tti(t ut~m't ltflad * th1& ~~1!);51~~~~ ~l\t~:t.t.lo?lt\1 e:Ml"U 1os• 

alMIHttl~ ~ft$~' ~lili>41~• ~t 100 ~nil ~ot hl.- •~11:.~~*11~""• ·~~:&t t&'ff a 

~li&~t c@U'lf>~~n~·fJ 111 1.ntif~~~~ $ql.& ~t tbl!* $lil:lllt!@~- ettia ~ ,~., ... 

41.;u.ey tvl.~ ~tep •lMl~~$ ·~ •Jt'1~tt MSlij'it t:t~~'ll1*):~~1~1~ WJi' •ttGR 

~ l>tr"$~ ll$fi~l~l1'r.l.fl1' in l'm~1~11 t'¢1~~~~~4 t<J ~ .. trOU!~l,- the; •tlm~ 



t- ttl.1 OM'k i1~th~t. 'ft~e e~ti•tttl~n. t,~t t:tt1a bo ~tt:rl'bu.t•tl 

1~ ttlitrf~~- 1<!)~$ M1 ite. OJ~S$lt b;v lltlti~ .1} 'h$' mO$\c l?f !"~ 

tl~ctlt}Jlt l!l th• $ito~k1 ~•tillmoetl M~~ •~fl~t< llil t.ll• holtle 

b$G!n., Wh•H ttl• -~~til~ 1£tta~ t• l~0ltilllg ~M t~~ U,l'f,f~$f} 

hJfti\" It> prt~blt ~h, 'hicrz~l'tJ tuia I) tb~t '' •h~uu" at• 

:t~otd 1:4 tk* $~• •a'f ~ill 1:;p 'bu.t ttnf'fl\ tat~~lr.. ft!• t:r4um.l#.11~• 

ot on•:tM llllt~ t~~ ~e~n it••lt h~m b•ittt •h~w11 fJi~ h "efJiid.J$1•• 

la -~~"'• ':tt~ •~e!lW 1oat. ~t. tlt,• •ut~~• :r~tl"tio• 

<11t .~~ flail 1'\l!f ~1 b'll ~$li,~·:r tltt.rA '~lfllttlflltfl~t, 'b-t 3UrOh •n a•a~· 

t11w J~b~bl.tt 4itl!$tll' ~t ... e\t~uat t<t'.t '\l~ •hta.,n~ ir-•ault•• 

o. .ftud~:.r •!.n ~!lit ~ttt f)•~ •ti~~t b+a at1t\tt:tea.ttt.l:v i~ trH:tll. 

'!?1. r~~t~'l' ~•t/M• .~ •ret&~~ru, ftl"~tJti• 'Wi'.ih depth t& c~~td.itttH« 

tlt!l1~•1Y hffttllt«t 

1) tA• tkt~ a~' ba•ai •n t~~·'¥'Ol tlmfi -ct:t:nt~ ~ht<t?Ji hVt 

k~~ ~l•rs•lr 4..th~O'kM 'bymmttf ttbit~tt•:t&. ltbdent• 

tl~l\J~"'i~'tii!lt$ Q<Jl)jV tia'$1 ~Zl'H.e'\altttt liZ• 'fal~•tl:,, l)U;t ~h• 

G\1$'il"Yati{),M ~1~ fJJOill.td.d~li"ttd *"t:P:'l!'ttfJillt ~Y$~&id ftfW 

a ~~StJ t>t t~ 

! l ·th• ~hect ~ff~ri~l br tb,f$ t ;w n\hel\t$ ~;r ~tilbu~tt• tb.& 

;tt~l!!tt'tu~d. •ttei'fjf ~$:t1\\l Ji pt~''· IUIPl\I •n•N a~b 

1m~l.1a t~a th@ il.$~~~J~nlli1•a t1> b$ ·~~kin~ b~l!'!f111 

1~. 1••t~l* .,-.:.i~, llt'hf!«t~'t.t~n. fitti•~ Guly thf.S< t'1$ bt •qu&tl~ft 

'• a~1 astmmtJt« that ih~ YtttlUt1 k0 • 1.1 ~ 1~-'/tm,. ~ltf-d,y 

iul'lltdtii!l 11' th.~ ~-ti\ f.t: tn -~~ bf f!dil s{!Uti't~ ftil~t4tl" 't • 

'-itl 'b$' d.~t-am!uili O+•• • k • ~. • k•t, then th$ r•Ad<lutil \J(#lJ~& 



~ .. 
l "11l¢'Il/I ..... (.i) • At)l • • le:g e · * 0..,111 k*lS 

1) th~ 1~~w1t .i~~\ Qt th~ etAtt~s., {)~· ~v~l!'ef;t; l"&1d1lttal ttJ'lt 

tall d~ll!tl~. ~~n'®t. :1d"qu~t~l:y b& •~p'.tfti·1~~~'! by ~b~l)l'fpifil,q 

~o:ngd.~tl'rt\ti~;tt$. ftg., ~'"' lllfn~ ~~;rif)4 val't!~a:t tpt~•t 

4~"~' will b'1t ~0~1d.iil'!l~d he~. 'f~~ l"fi~lt)?l$ .Ylon~iunal ~

~ga. If,. ~'t~l'•~i• ordb1!!Jlt$$ !~ irt111 ~4 4l~• n~1r +0,.05 

t•r P. ~.u f$t' p.t11 fu.tcl ..... e.1t f()t- Pt., •tt tt"b•~f'P\1• 
tr~ Mgl.!M\~ ~n:th~4'1r~ th1t g~.tt~"~l l~v•l t>t itll ourv• 

•~ld bft Mut~~ (at ea•. $af) '' (tJ.11,)t.1.1 :r lt""''H••oo 
bt, ) • o,a 't.1.M.tt~ ~1mil•:rl_r. all~o,,pti<>n etHat•~ t.heia 

·*SIW4d (let ~•1.ttv•) ~~ld fti•~ th• l•••l+ 1"hti f{)~I!!~ 

1.tt~m• ht.;r:t1¢\fl:~19• tt-l'ut1atll'1.llJ.al $dd&iu·~ii.t ttJ~ ti1b~&,Ptc,&l\ 

•t.t'IBt•4 bf 01,t·t:\\lnlt:fl!l'I (th tlt~ 1'*.\i~r' m~l'.•l'f \'.n11l ~b$tff~ 

dlll'li'tti?'l,~~J WQ.l"ff 'tt>rt Jt'., 

ft• •"r&HG• yrp ll'~fl!:tit\at ,l,1 ,1,r~l,tt~(m ;,If:, tlte a'f~lt"«~lt 

P l"t~1dutt1, h~1fff~:t't •1 ~erhttJ)• 'b~ ~xpU<Ottb1~ 1n tH>.r~• 

0<1! sbS#>::ttpMt'>n, 1fh~ P•ith Gt PP 11' ~l'l)~~tt t~ th4 ~arth*tt. 

$U#-t«~tltt tit~~ th~ p11tth ~t 11' (il•r$'fr~.st '¢'inte et\ thee ra1e 

'tolf c,, • M• •~" t6Q il\!lld 24otl ~. 1 tlttt.l lt •1-t b~ ~'t.lf!iilt~~ 

ifthllt ab•O!:"ptitl~ ie tJV<•o;t~r ~t ~~~11~~ i!•pth·•· ~~itiq 

f,&t.· ..... 1.. .. 1~ - ~·~ ... A ) . • o.n1 a. t•., .. t .. > Ct> 
~·, ~ ;r,e ~·, ' J?1 l;, lfP 

di ·-b$tl.ltli'bt~ .. o.~~ ~ill the l.eft ~-~ a. 8·$mi) o •• 
lit, . . • It ' .. 1,t 1l 10·' 

vP if 
~11' tf lt be tUt~n~~d th1ttt t. ·• 1.~ ~ 1.0~, th\\\a p 

t • 3 1 ~ lO~JJ-. )I . ·'* .... '~ 

eo '1\tt tiY~r~;• •.l.•ni th~ ll!~lt.h. $t>m~ eup~rt I.• IAY•tt W• 

l'l:rilt>t:tuitil~ tl7 - l'llf'411'\fjlot eni't f,latt'tly t)hf$~rv~a. <tt•t~tJtte 

eftiHt, diao~lit'!l~ in: tbt ~•'Jtt "•tl~ith 



t:a~ 1#h_, tl ~st tir~ * et~1'ti~g .rti:M'lfttfi.rft tl"f>ill thfi $0\,.i+~•;, wi)t;d,d. 

i~·a~1;1 throu~lh })rQ~flri$lV:ely lc$1 ~t '~ hY1~tJth~1JS.g#d la1~:r, 

t9'h!lt! pJ~ ttQ-Uld tr•'f•l. a l~:rgii}lt di$t#Jttltt~ 'll'f:ithtn tt b&fQJ!'$ 

biitng ~tle~t~i~ •t tb~ su.:ttigo*'• ~et evitteoe$ t>t ~1$$. 

!11$wflf 1$ m\l!t ~omp1(.(\t.,17 n1M1sd .. tt1t~~t$ bn\ i~ ~#..11\i!l'&l it 

ttPPGJU!''I th~t \h4!1 tA! f!'· ·~oi e1u•'!f«JS 

!. ttr.r P ~'Jlnd PP i•«t·rMaa ~$t"*n loo &tad ll!3fl ~.t by 

GJb~lilt· o.n u!t#. 

1'. fl;)~ ;pP ttu~a .fitoit\; 100 to Sie km.* by r$ughly 

O,.lt! ttd.tf'J,. 

a tf'>'ff' all thr" .btfb.at.re ~bout t.h~ $Utn9 'b•l~w ZIG :Qll! 

! tor F ~-~ f'.P 4ttt~;r 1~ 41ffb.itrt$ "". O+Ci ~t 1.00 k1a. 

d•v'h ~nd by f)*t:O at~$~ tm., 

to tNat tll••., ;u~11t• q:uo.tn1JtJ.Yelr1 letc tt b• a•-Mt4 

that thfil •b".tt'ti~~ ~t>dt1e1itnt ~ithtn t:hl4' l•r•:r t• • 

t~~tl',#U\\ t '* ~. + ~· t UU~ ~ 1$ ~h~ ~;rtgtU:ll.f ~i$.U-' 

~~ft1~1«>1tt iflll'•ib° t.nctlM .. a i .:t \h-ff M~i~ta, r».tt1&:r.mtt~ttq 

o~U:llt~t>a (I l 

4(~ • A6 J • tl:.111 t* ®• 

411 ~ nte~ ttil •~1Jtt,iv>il:•1 w~th l~u;h. Qf a Pttftl~l•11 

Wll'tt w.tt~l~ th• hfti!ft;lUttd~ri ~ye,,. to~ i!lltt~J"o:at toda1 

' dt11pth•1 !.. a1.d l?, •~•~J Ql' t0 atttitit'.HM1 puth ltan/tth ot 



pll' eo~l?At""•rl tc P at th• •~• to~.). li•J)th,, ! •hove:. tho 

let\ lfittt:l t>t the ~µ.atton :rep"se.mta t~ corr~:p~tttU.D.£i 

4it:f'f!l.t-ttnt• ht 1!1'tUn3t~. "ft) :u .. ~1uatrat s, m.~Mus\lr--$m~n.ta 

•· f!r!?S wt tata tAe 100-$$0 m.. !.\~11th n•s• t•"r 
abo~te orf.ml•ti.ma •t 100 klt. a~pth t:han r.o~ 3$0 b. 

thoeka. 111$ tlNi°*ti• <U.ttttt'ttttQiil;. t:roa !. a~••• ts o.,ttl 

l1ttlta. !~U.h$Ututtn1. 

o.a~ • o.~11 t• (t?t$ k~j!> 1 

~.t- kt • 42 .7:· 10'"''• S.tmtle .. ~~l~ul.~tltaltl.ra fl••· 
, ,~ w ,.,, 

k «' 41! it 10.,.,., ~$ w. 10.... I& ~ 1&•4 11 l: 10-.4: 

OJ' '1.ll 4VG~lllfl'JJ k ·• to • k* • 112 1{ 10""4 IP. .... T•l'1• ,. 

et1>nt!dtWtd ·••h too large to t;e ,oaathle.- To ehow wfult 

lt i~U.••· •••• tr••~llintt nth th• ~th•• ,_tb ••¥:• 
tu ~ •• lWf.,l. a.~i:fe at !1•tane~• ttp to A • 1$• f the 

ft~QJ')\1tll fle\t¥n,1i;;md a\'ttW\l 1tY>Ul~d ~lit~µire tha·t tb.'('f 

•PUtt.td•• c,t w.ch •••• 'b" :rerilnttH by & ttt.(j:'t$'.l' l./a 

$"111fl!T 400 km. ~t ,ath 1•ngtih .• • P$!\'1llt ~•Alr 1acona1stHH~t 

with lotd ,g:rthqtlflkl.!l obt8i&t'V«di1i>JiHt. 

Ill •\\M817 1 ab•Olf'Pti(ut 'fi1$Dl.\Ot be u••~ tt1 t.:: citount to'I! the tt-tMUltl& 

ebt.ttiae4, wtth a, :r>tatt:tble. tt'.lt'e})tloa thct 1• W l'ldJ:t~litud~i!J t1.t# 

compared tdtl!l P •1' b~ <h1$ t;;o •~det'et•lY hlP.Eltr •bsorptlo*1. 

tntoht!lr :ui. ~~~b111;'1i%1 1.1) t~ f}b~~na~i a1tJlH1<'ad'1ll ~n{I pe;rtotlll 

uallttit a Y$ri~t:r ot rit~'U.en.,. t:ue.truii~~:~• 1 Jtmv~ tJ~Mii$ (ohiatly i', 

PP• aM $ .tor '1el@ tm.oo~) • and d!n1.uio••• 'Whd e:vereis•{t in 'his 



1'•Y, M $r,>jr bfl ~0iA$1tl9'11(\\4 ~lid. IY•1} t.n th" li.\tMf f!f B r~ttl1~111~Jt 

ftV~ $U.Ch ~8 ~ U$K te iot.~~itlt't< it .. 

~.. ~~\'1)%' l!l>~ (u/'f)~lnien~ll· ifle)\lli"'C~l!ti ~"t i*:rf.t:"l)-r" -in tM• ~"'tl.fiiut-t,t.r n~w•• 

b~$<.n ~tlltlll'\U,'\'~~:{.;~ 033 ~·~~& 5 ... fLt nib ~y~·t~m~t1·~ t'>111~i:S\J!t)nl\ rdth ~tl:f;ith 

~ ,diJ.Jtot\~~ t~ ~~4l'~t~a. 

ti. Aft$UM~ttol1 ~t ~~{i•1 di•tl"l'b~tin~ ~r "':r:t~~s:.11 abottt th.ti $t>~"'• 

'1,,Y(> th~ ~~t~n,t, that '£!' ~{!)$td•tittlill$ fl.t,t(l.)!'4)~$~ ~ttb V.~f!tp~t l\il\tt. .~~~ 

:tll*$it®tii$1$ i~el!l'~i!iae '.lt·:t~,111. i!~~tm. .• ttt~ 11\:t~§l!,~ "rt,I)~'~· ~~$ <J@m11~t:t'blf.J 

wtth 11$, ·iiifff.l~tlnt ®-tu1u~~1t-i .. o.1':1- tl~&1t 'ffi tk in~:t~t..1~l~~ ~~~1th ~f toet~$ ft 

lt'Ut~r P"1$H1e• ttf! th.• •1l>$:tt0 1l\8ft$ \'l4;?~1t'il 111 t~ th1't ••"! ~' 
~llUIY WU·l>I be 4bd,,iflh~.t '-~ P~ t~~ltStU¥t:d !J!tltk tl<tPthi> ~tb:\9 

ve'.llftat.ion 'ltth d«~h ·~ tP ltt ~~&•tf~ tti b• ~t.pl:y th~ ft$~ oa 

th-a• ti ll' (th~ $~nt~nt li:ttts~'.i1l~,., in ~l\1$:1•*·t• ~u1tt i1 t,al• e)f!H be 

eti.!.~:tbat•!i 'i~ -~ •tlhr he'lli~t', ) • :r•aa~~ •~ ~ ot'te~et •hr· 1$titm 

·l:li ett'~$1't •he:ul~ ofti~t, lu1w&ve'lf. fh~ nt'i~timt "H~td."d ll-r tldt hn;<t ... 

'tn••la t• ~ti '1teU •h~ "ta tltlll .t~q ~t-10~ ,.,, .. At 4•ti~· • ft;, M. 

tll •dil!t1~n.,, t\t'tfl:! "f1e1~• ~1ff1~ m.ati~it 1li. ,~~ l ('t .... 1 -.~:ptl• 

t'!Ul•~ tlG q~.Jl.""1l~t~ ~gntt'lit!lea> t¢'1 ~lcul~t• J\lot • qn$n\1ty ':uHti! 

to tt~"t•~Mt ~bf•tt~~ ~ltfpltttt4ft$ ) •~natt•t b$ m'Vottl11tt tl•:rte·, t~:r 

bl (.OP, llh9'Cttt: 'th>tt ····~ ·UfJ14 tro dtttJ~l•• l!iJJ,~ltitU~Q: ~'ba:rt d"mtl!Nt 

Thtt1 t.• ~"°'''~$1••4 .tt•~ ·•m10t tut u••il t<;. $11'.~lllt~ tbs espt 

ot· p .bM. . .,, ft>):t'Tctt. 

At.t ~•t~~•tl:rt td9/1~1v,f/.~Ql'l t£t \~jet t~~ •~:rv tU.st:t'1 b'iiitlon 

ft~tlt \k• IH)tl.~~ ... !$ i~lt~p•iil@ltt f.'11 i~li1i~; '.b\tt Ytt~i" "~ntt:n~utl.f 

~ t\ !Ui?tl~m tn ff~~ 41M~tt~n t~ ft. ~:ittbtllil'l ~ :Jt ~n~tlteJ'1, uy ~to 

9G* OJ! 1$0• \$ ~-.. t!:r.•t. ~b, di -~&U,~d.•~ ~u, l>• t.tbdk&d in 

ll&V~t -~- I ~l' Pi ~·&; ~l\\~.b· '& •t Rl:Oh ~ .. ~ lfiV1!$ idtl' 



A 

~- <•••UMli ~- • U.¥i. 'fe~iolll1'' ~~4) li.C1'•1Ul•• f:tf!JJ/f. 

s'• •~ 100 DI! tlopth t-o $$• at $00 km..- d•ptht a$l tho (!);b••~ 

~&at~iWlllS llUlll"•Bfh '?he: itwttt 1.• tl'~• t• }~;f (with lb, •~Ill\ 

h~~t-). Xt ll1$h.t thu he ~ncd.udd tr.~•~ • 11~• Yenteall1 ti~ 

•r~ ~O>tl'e"Qn(ts t~ -~ •nvsr mntmg. •rt.ntW (11), Jlow•••»"t 

Jw.• :r•~tt•iil :pp1ttur\\ffs ot t-he ooJ!'.-.'.f'(TlfloQt1'l W«Vt> ~P f~ltt •tU+f•ct• 
lh<tck• $1$111f'lf~~\lf ~Sl!f31' t!tfh'l\\ ~wd1Mied by tbdio1·1 i:h toJi 

'hf 1• ••1hl" tlt\$,1) tay f ~r ~. \\'hen :ap1li1'fl t' S)lf', to~ Wil'.t'h 

lit (JiMttl:U."ed fr\Wlt a -..e~t.1•1 U.a~ upe:~::t} inu~ff•t• ,,;ttk ~$~b 

t•lt iJ.l'Ull i4'd14ttd:S d'fJO~$· ln S~n~~al, th~ .fUl'ftb.eit 001'.GlUllQtil 

•llbt ~ drirw.tJ th~t a nutJ:11a.l11 ot •u1~ra l1$ttY.a the ac:>ui:u~ «Ptq 

upsra.., 'Th~ 1X>lnt ts dts~~ia;u!d, tutth$:t' in t~ ~eltt •·•uiti•. nt 

t•rut~l th• ~vld~n<Jt ft"Jr an a•Gt\m.l)t1Gl'l tit th1tJ $t¥~t ~ 

b11utfie1,tt11t 4~ ~~ritliet1n:i;. 

%1. Va~f.at.i"'n ttt !1l$rf;1 with 1'11tll*JO A. 

Qftp,ha U-lt,: 1~2th and: 19.wa~ •?!t;i>w rt&id\l.Sl• f'Ol"' th~ Y®:fl't~u• :pb.e.tQ 

u • h.n~U•n; ot ~ Ni ntt\td <Ja t1~t~ u. th• V.J:!'i•t1cn \ltU1h 1:.\ lllU 'b:t 

t~n.11atllrel tn,j.&pu~an\ (If tn$t~•:tltal littrt"'Xf~ni.h'tS• J.~ t1n~ trentle 

~r• ~vtdctn.t ~• th•S.·e ~ph•s. J~ thG ak~rb'!X' ~l$talltlQ (A • tQ•~•} .1 

Q\l\ ~ff ttt:tf1~i&r&t fol' ft~. dttpth 1"1Ufl$1 !0-1~0 $®,. (74.p. lit ti}, 

ff«"9 ta'1! 110-!50 n. (llp. 1t,~3)' ttnd 1a'13ldng t.dti&whtto. Jto "*~1~tloll& 

,tm11i-t.t~ quntttatlY'1 t,f$t-n:t o~c\\l' ~1;t1l~1 t.h"' d.lst~£ti:t"'1 .ran~r; 

1":!. • ~,~O• a-WI ~·ttO•f t~'n1• 4 -~~1tft th• ~tii16~!'1•ons wli~h ll~~ 

b• mu«• ~At}!••! tllt:tle 't'~l!l(Joe.. lo:#' 9-150 kal., t t~o ~&aiduala t~l' pt 

(~lu.~ :o -~- tlil<t IJEIM #iltld fQr ~ (ti'l>lUU $} laJ!iS~:t ,, 0.1 \m.it# a't th• 

P"••t~ ~U•t~tiiUt 'mlr.!:g$• lr~ ,l~-tlO km, t pf rd1dumlil ~1lt!l M•11eJJ< ~1 0,.$ 



,, 
- F t'tUd.aua.11 l.arg$l" by 0.2 &.t the il"Ot'CJl" di$'tiall<l~1 bt.i\. th• ~at& rt:te 

aaMti7. 

Tbru ai\'a~lpt.1~ f/>t the preefl.dil!g a~H.11fJ.l))n, tnfla' h• ~L$r.n.t5:&f.ld in 

\4~- 0f tbe~!I ii"fff~U.l ta. u~-~.f' lit:bttorptiQn 'A\f Olll.\tl*~ t-lfi'U.t" '!obtl ~tb".f'a©a. 

~t thE: e•tb •uld1 it 1t ~$t$11 pNduce ~. difttanae <t!t~et. L'ti it 

be aMumod .. fit"st. that tllv ~btta ~lbno~\tGt1 1• ~~fifln.-J t.~ ~ .s.U:.l'ff"t~~• 

la:rer J50 km. ·~hick. Mn~ur-.t\t.~ t~ 4 dii"&eit pl~t et r•;;· i.ft1-\l't~,, toe~l 

i;i@,pth 100 ktti • ., etmv th~it thil ~j~5W!A path ltn~'th wtttdn th!~ 10.1~r 1\fi 

:;oo iiaA. li# p!~ _ 140 km.. ro~ r iit. 11 d1$t~e 6 • JO 0 ~eta c~ar.o. w1~b a 

tU.•t.~e• 6 • 7j 0 • Sbd.la.tt ·~·tJt-~t,u tor f'iii~ def;!tb :t~O km. give 220 

~. tor pF i lat:l km. lf.>f' i\. Appl;rli1$ ~quati,$n l..01; \~ ~~u~t.i~n prertitlt.:t 

t.b~t UJ. :t•~dU¢tltt W:'i.11 bt» 8t>J.l~Jt to~ 6 fl ,0 ° btl;l.lfl fQ'ii' 6 • "ff* 0 ht 

(a) o.a6 k' (140 ¥•.) to.1: i~ • h • l.00 tt~•· 

{b) o .• ae k' (200 k~.) pt' 

ht) o.ilO ;w;t \).~ km.} ~ ~ 

(d} o .21fl 1'' (~ .. ~-> pP 

!'o prodUe• th• ~bt$w@j. H~dtiu11lu flt th• pJ"l~t<atdt.na iw~~ph1 k' "* 1000•4 

Pell" k"" .. 1.1: t•o(itd.ru b:y \&) $.b.d (o.) i k1 n_,]aW.ve ·hr (b) 4;~i {d). ~th 

~t":«Jo c~nsidcUl'ed ~pro.batl.e. 

A-lt.m~~tiv~sly# l•t it be utt~ ~t th~ ittilr~.a~t ab::r.o:tpti~n n•r> 

tho ~ar:t~iu.c i1J {;1~,,w tU..$t~i.but.~ so ~~l ~ ll'tduef.J \he :am,plita,t{~*JS WJ! ~11' 

mH thru1 of l). on p$'~ J4 a 'V'elu• ~F • 3.l.nr4fkm. ~f.ltng, th4) ~miti.n 

pat.th w~ l~u.m !ltd."tid~t ~ ~t"dUQtJ t.he, etffi~'t. th~l1i path ot l:' ~t 

1::, • - ,3Q • ia th~} -~~{t iil-1'¥ lH;)lf tbe l-!$\h bf P'~ $.'t 6 • 60 °, .~it\Q sill $hou1c1 be 

~ttm!it.~ .:t .. n the $l~U: lla;7,. anbstit\lting ti• '100 - .. kt • 1.9~.~4 ln 

~atJ,~n a, tbi.n. -~umption f~itittt!'> trutt ft'&i~int~l~ to*' ? ~t 6 I# 60 ° 

(41ilid ~JrJil~~ttlly t~Gr:' 6 • 60 °•9!> 0
) w1ll ·~~ i-.~:d.du~l~~ ff!i.1' 6 • JO 0 b;r 
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u .• tdo""'Ho.s1eHi1100 ~. l • 0.11 .. ~1, th1'$ tt~td-. tl'l o,bs~rY$il t~:r 

w,. mt botll\ l .® ~~d HQ kit. t~cel i.l•J'th. pc~1 1:m t.li~ f!)tb$.~ b~aa. ahi:iw• •• 

Kah tj;f;f~SI\ *t lOi:t litm. ill.~pti.h ti·~il! YfU"'l ~ll :bi th~ ~~tt{] t1:e'fl¢ti ~~ hr 0.1 

utd.ta ff)~ ~GO km• 

'?Lu~ •~nd as®mapt1:ott .tft :li!b~ Hof th• l•~t n11~tili';)zt• thnt ~ ~~1.~ 

of •»i1ta l.tttlV\!tt th& ~Wl"of.l ta •om• pgJr\i~lllia:t- lif!"~ti~tt ind•11•~•t flt 

.ff~titl !.t_,'tlt q:l!t~ ftl4'11i ~ ~~•i!i:1'tl ~g~b.tB.t tl~at!!t$ w•~ttl"tt. ·"·tr f.lltb:~r 1 

(;~ ~11 it1 ~'~ fl '* J,1~ Olr !~ t'JI• t -ll'li•:r ~lf.f~la$i?llll.ti t{1;'ll~ til'.t\JH~latttlt 

lh • ' ~w• (:ttit8: ftt. U ) f(f~ A • f~• al'4d *" fl):t ;:,~ lji 30~ ~ ftur ~. 

fJJi.lf,_V$d ~14.tw.lff •i' l~t'l\t~ t~f' I~ ·• ·1fi* "hsr,i hit A • $0,• t \;(Jtlt ).O() 

~~d I~ b .11 ii~,th • ~it~h h1 ~~.n~1t.t~\t with ·~!J~ •1Vitwi)t1Gtt th~t e -~ 

:t:t l!ttt\ll'O' l~.'t•~ d~nn~.. .~;r lil'.P, . . \il.'1~'1it>'.Z-d -pU\tt~•• aH lm$l.l.""~ tot: 

;.\. - 'ti*, m11-.lt ~~'"' .-~ to:r h ·~ I® u. ti~~~ t•i! lt • :we. t!\1• a:u.a••:t• ~ 

dJ,d~• et ea~~ Ut>-1't1~ Ciji 9)Q-tr,:t'1et wtt~ i~e u:d.!i~:m r:tt 'k$ h0t s~cti.tin) 

~tld dt'lt'ff •t ~f~~n'~ •tt:h tta.e- p:t$ll1$t1~ri ot lJll~~t ~ng• Wi'il ;J~t.b. 

'® ·~~t~ttO.l'i Qf ~· ~•rid'~.~l$ With fJI. ~'1 bl'. ~t· l!J.ti ~-u.~.ntiT$q tG 

-~$,4!1it &.U.tht ~lf.t'}t!,~- t11 tJ~• $llG$1~ ot tbf# v~l.{)dt;1 ,. •• de:JA\h 4Ul'T~ ttt ltitJh 

5~. ttdt~a tM• r•t't\'J$tl<~t~ t (p .• , iU..} Ql~ ~. ti (-'tlttt l.a).i 1t.-$ ~~'f(IJ t• t•¢; 

,.,.u. $\ll:at:entbd~~a hr n~tHf:.lt 1~~~-u~t.o,~ t~ »$~it t:u~~ntt~l ~dlu~•'• 

An l~Nta.$f'l: of V'~l.~~tty witb ~fi'l.i~'.th withbt ii )~~1~ultllr t'~l.1 il·ept.l'l ta-• 
is t~e. -~ p~~U~·~~ a e~M*':at~U.Q:: ot ~u~rgr t~i" s&brdo l'~Y• 1lh1~tl 1.utY• 

thtl!~ tll'*e~$$'ti ti~il).ct :u~fiit' ttd.1 l•v•11 \hi$; ~a b'.& \ilni!l)tttt~~i \)7 ooti~ 

~mit e nY ~'n~l1d1nl$t j'!A~'t 'b'!O:l$' tf16 1~ftl w!l.1 b$ it~t111,(1t$'1 ~l>-1'aittt •r• 

i!!\~$1~1" tr~~ $ :r•·~ .. ~flt ~uite x1"~1,;,)bt~g l.ti 'iihtl$ ~Gtat~~·"ni~ t~t~ 6 ~:1lei

·•"1!41· $$ettti¥.tt th~ ~Mr'~$" ~ottt"1lb1aa b&,Vfft:: th~ tw:a t~J!h, Ot!Jit~~•;lllf, 

k:ttg~ ¢ib1¢:t'1'~4 &~?JUt~d'8t. ia ft pllrtiool~1'\' :t'&:r~e Qt t. eta» b" ~tt:r.1'but~ 

t$ s f¥l$tittr: iarn"n!i{~\lf fJf \'"~l~~lt;r· 11ith de}ft.h th~it ~~it;lrmU:ir ntl~ll. Jin 

•"'~~$~ l1M ~3!17.\wn th~li4~ th~ :;:o.~i~~t,il~ ~t ! ' UAi • ~.)p ti~•· 1~lt1 



p;rl!>'fl~f>tt t .b& dff>till< ftt't' t!i(J putpa••• ~~ .. d.ft~o•t ~tnt q "~ n:r t:ar 1~ck1 

~\ ct.hi!* rst~:~.a d1•t~ll1~• 1:1,. b1#.t <J~:l.~W!(t.iq *t ~irt~~$r<1:t. t(lle~1 d~ptb$ t.1 .• "t 

~:tit~ • • , t.b.~ '1'A1u~, t'U.t tth.,,, iltit'll'ft:s •r li'f; ,,.~,.a~~\'.!<! to tta .-q;ui"tt.tl$.at ct.J._,. 

lf.~•1 t~t.&. k1 4tll ~~ ... f~«-tn tor \13t)wt~n.1$l;e- in; ~~l~lllt~t:t~n»,. b7 .1 

•U.ght (t1'.fnn$Q in ~ fifJ~ 40 :U.lu~tt~'tv-s th{IJI t.ce<iliil\liq~• t!>t r~fttt1:.U,1toa 

ttliif« tb1 r~~tilt1ag. ~~~1~. ~~tr.e;11t.t.tl0 ·th~ reH~:tdt.$o~l1; \f~!l' ~ll 4•ll'Mi1n 

~, ••. , ~'1tt3Jt 

~·~'#fl 

-~·fl:~. 
-~~~ 

"'"'ll!t:ltttO 

~'"~•2.$40 

t-P•~fi; p~!at d'tllt~ liltff tHkf!J$ flt$tlt "r~~l!t~:!J '* XI'. ('ft'$.blt: lS). i-U. 

~~i"(i•4i• :i~ :to ~~l~, ~a ft~. 50 •b.Gw tht) ~~~"1:-~~ tbttse 1~ th• 11l11'p1 

Qf' th~ VtilQ'Jetty ••• dt:t;th ew-v•• 

~a ~ g•l\~l'al ~Dol.uel!itt, th;t!} vari~tiett et l:"~tdtlU#l·~ l¥B:!th A 1• tQo 

•~11 t'O ~~-~•t i~:U0ittit47i~·1v~ t:tt~tminit,,. 

IX!,. t~ll':latiott et ~ll•t~ ~tb li.~l•~t.h llkUd ~~gl~~f! 

1wG tinio• ttt :r~f.Jidttf1,l; ~Y' 'tt• uaO\\ 1~ ti!.•·• ~~tiQ.l,lt (Af ~ '~'1>pp 

or (~ . .. . "')p'i?' • (~ • A~t,.. •tt..~fltt ~t w.bit~ •7 b• iit1•~ 't'.h~ pb,Jl1tt1 

""-"11.~.,.,.t. 'fi"" .. .,",.."" ._,..if,. til'-S ::t;!· ·ii ·G ·, '.$'.::. ,..,.. "\. . * · ,,.,,,il_ ""'"" ~ ... -': ..• ~ ...... -•i&.h "";111w"""'1'!. . ,...,,,_.,., , ~~ , "· \.'f . .,. :;;'~'{);·$.~ ~f · l~ "' ~ 111~9' w;/;t'l1lli'.4""'~"' '!{''" """*·~.st~<Jo.~~ """*111 · 

@!tpt'd.tt it t& tetf~ \~tt ~1t.Ri$))$1/l ~ ... , ii l~~g~ '~~~'$! r;f ·r~1&1U~~"· t '.ht;tOt) 

t~ r~l.mntt.ti~ -1\}tl'itt'I ol.<u~~l.y th~ ;~~~." ~~ ~[(lttl·~u~1o~ 1~ dlt$• t~uit :f#hJ!ll 

1Uft'if.rtq '.t)jl'$Cl$f.~n i"rft th~ tttt.~el ttm~ .t~t~ ;aia 11M.~~ (~)~· -~ Mi>,, 
0$ l$~u 4~" M"t. *'1Y$ft~lt lllfteot tl.110 't{IJ·*l~i$,,, ·1n e. ~~t~~<t at~df.t 

tPetr ~nt• .~t-~ $1ftU.~tl• tt»t o~ t"~toa ~~.~ 4tfttt!li'qi~f!~ b.atw-.~ tilt• 

two ~11$lltitl~u11 ~lftil:I~·, ~fA!'fl!HHitJatii!>~ e;nr! :u~tlll!"f~t~tton \lt date~ 111• 
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'bti~m:\ ~j\ t'Kb.~ ft'>llQWi~ ~ 

lJ l'lftee 1dptftatl.~~~ \1tt~ 'b., ettr.iCh\\Jd tt· th~ flt-at ~uanttty" 

fl-!"-' /,.ill.) .,,, \bn t9 '~l~ ~fft'Jll~• lt i$ th:1*int~~llt UiUtei ill :M.git. "" . .,.. ll'.v.r. 
ill? tQ ~ ~00#'11;1M.a¢tl ~it#tt-i butl~tJ+ 

'1) th• Ili~~tt1,f!!•~ flt ·~ ~to~:t. 'fjl}m·f.t:r;~ i~ ~tll!t1t\Jii>l1 .tr. t~<UeeiH•! 

bf lUJth t~$ itjf H$i.~~1$ &~~lt'~t-*lft ~·" t;l;tl;~ :t?'M1il~t.l dgnttt• 

~~t>· erit:tJ"lt!i ~dl:t lli~ -•fi on. tf:Jfj CH1f!ll1'1l8~ et tit~~ t•• 
I) ltt tbf.$ ~1~~8e «$l'l~t~$ ~1 O.$ ~ita :i'ft .~:Uf ft#~~~t:rfi~if)~t th& 

41$~tt~n~ w'll. b~ ~n$tde~•i!l •1~t.1tetil:ti l.t br o.,n tutt·t~, 

10:4tt1lbl~ sltf!llt.tcm:nt,. 

T1!t1ee t aa!tt 'f. ~mi rtef!li ~' 1>horit 'h0 ~M~lttil flt 01Plytd1V1 hf ~tdfm'ltll, 

~~taton, ti- •Jtl0'~\~'$l l~U.~3':4:-t ·~~ t~Umd~ .tl)11flU~n'>t.U! lll.UY ~~ iht~-· 

fti:it ~--!4utbf:1 'f'at''~~i~a~ in. ~t•ll• $i\~$~~ $~~ t~ai $r.tiS\ll t~ h-• t>ltr)li~ 

tt.f.tllli'~., p, fMt•d~u~ M.tt ·l>G< ®t•i.t t~• N.d.t4u~,i. la ~••t ~t.l1t1'4 

ohffk• t" b~ ~l.!3htly llJJJ~tt.fe 1 ta '-'~~tt'~.1 nnd s~~th .li1mtttlo(l!'a ~t~k'I 

to ~ .tiUghtly 11~s.d.tl"t1l l~ t~ ittt~~J11f!lut11.11li ~~tm.ntrh '.P~~Mi~~tlJ 

ttffttJ:va ttM a:i~ud.ti•• h£tl:()tlfi ~1*ihilllt' ta f~d:\ifJQ () i:-~~l~\u~l.e. 

1. mi•llh' -~k$ 

l) ~~11'J$\tq in t&~l i~leufil~f>. lfl)-~1~• sh~ :•11otf''l'l1an~tl1 pasltl:fe 

"ttll-lJh, 'fli.e ~tfo0t b~ l'ttt• 'ti~ lA~,g:~ p1} hliht1t11 t~lt ~l.1 1' 

•~)1ttiu4·n,, 

.t) ~dgl.tmtlq l• \h$ • :•l>l"1d.tli$ ff$1~tt $t~n-w ~~~tbl7 •i~lftf#al!lt 

~~~t.lv\I :rut40:ll!lc11 fh~ •~lllf'Kti'~U~lt b~t~ w-1i ta·~ 1'1 i .$ 1:!1~()nc.lisaive,. 

ro -~t-~t~ 11* ~~th .i~er.1418 $~~ ln fib• ~!t~t'.t:et .. l;,~n .fef}i~:it ot• 

~ tt011;pU$\& U~i~g ~ h;n\$ t~~li~tt ,_ tlfl•~O* f4~~~'1tU,i&lJ + ;&• Yt,tl,,1 

al thtt $ttU i!f11,l-t.!i 'l'\ttcilf~~. ~~' dift$l'."I!~~•• fl.~ :ti1 thltt tlf.Mu11't(l.n 

tJ;f l$1'3t'~ qbo,nu R1'1Qt i• ~uth •iioa., 1• 1iutdl>l7 

#i.~ttto.tu~tio. 



a.- l~ i!ffJ!l ;111~;~k,., th@ ttt:r•~ ~ntw~~i~eatt. ,..ld.~l! *'"m 'MU.'T-&~t~1t 

ithtt~ th~ ttt«Yiil1111:1,1~ t~:t lb& ~~~u,th'ff•lt P~~U'le ~9flil~a to lt• •!'• 
-~~U,vi tn~lll tb~~• t~,. ~th~r r~~r.t~~ lr:r ~- ~•r.fib1r ~1$~tt;f;e11' 

f ~~tkltt'.f'• ~lle ~1.$C~J&llt7 ~~Ut~tft ~- l!ft~f'iP~il ·~~~:!~$5;V$l::r t~ •l th.$~ 

'.fl -~ti' ~1', Th~ $.~m~ '&."l~lll'ti-tl~ ()pp'(f~• th~ fll~~fltt~* t~t ti1~ 

~~~l!I!~~ V,\ll;~t~tta~a ~«t-~. ~~ -~'t'tt.fibutir~a ta. th~ ~titt:r~l tH~'ttid:\11'!~1~ t•~ 

:tl'1!1J~f..\i!~~~lf}. t1%' ~~j))~~t't ~~ll'.'e ~~{li.~tht ~f.i l'ti~:t~,_ :t~t*~l. il.~lft-k:e,. 

~~ -~irnrr~~~tt~~ 't~~t~;v 11s1,1t~~1~ i~to· l"~ }.tlr ~~ (~ >,, ~~:.ll.,lr.t b•· 

a'J.i;":a.ti~1;i;~i1. ~f' th~ @wtttt§J:~ ~et1~.1:~'t.t~ flitfne;;t1!\f'1$t1(!; ¢>f ,_1~, th$ r-\lit.i~tf.(J~ 

t-~~tti.~l·~.nt ~u:.1.t ~~ ~:Ji::rrutfat to b;'!f ~1.l!:tlAtr, i;; f~11 l'1i1d~tflo th~n f;f)l'I' ~~rd\.t• 

~~:atf!t1 ~t;~t;l!l:l~tH:'~l t~l-$ ~mm ~~ ~~1.~ll!'~~~~~ by tt',t}U~~ \~Milt -~ htwitiXiilt $U~f~i~hl 

,•·~lnu.:r [ti•t~ ~~~,~ -rt\~ e'*"o ~./.t$~,ii ~~Ztdt'i~ vjll. t.$ u,/~1!$c. $~n,,:htti:&i}tf~li 

i~1'$tt~~ 1., th~ ~l¥i~<lt~~i~~ tt'~!.rli ~4JJ1'~~1 1n¢£<.l~llJ'tt ~ti. ilh* •~t®tii!(l}'* ~~a 

at t~~ t7p<$ 1~ ~i<il:tl,~ ® •Ulil! ~ t.la:P of th*" ~;w,h~~ii.1«t~ :U.~f!J ·b:~t.11$l~~n l'1~tdf1~ $l!J~ 

~!ll):t!tti~~t~J.. $'t"~'t'~" !fAdlt"t~tt ·t.h~·t lf */• ~t :((J.l '.£'~$\1~l~~tt ftitfiO.UJ,;f bl.· t~~t!N 

~- l's.@5,f1~ ~~.f1-Mt11!>~_. 'rbl~ -~~oti~l! h!lli~ t~~t;t; ~(}~· 11rr~~<t!I ·~ l!'.et'Uii.1"~1t 

e.,1 £• l'~m.~~t~~~rt~Jt~~ tQI' t.rt;llt~ 1.thi$ic1l o.o~ tll,~:ttt1i'@:" bl. ~ 4),:l,~trilt:d). --~" itll 

tG ~te th'tl> ~$$t1t~~ls mt!lf:r~ ~H'}tr;1t;t1'fa• •~ t~:i1 ~~~~etl~n ~t ttt$1.1 a,11llM, 

~l\l.!;f -~t ,ti!~tf1.~iH1lfr ¢h~il€i~ ht 'T¥l\\lf.f$ $ ~lild 'I w@µ;t41, l'~~t~l't.i .lti l*!tSi~~l.$ 

ft;t:t t~fil• iff;l.~t!'Ua~ ~~~11\l;tt <tit tttl'tM \Uttt~l'1! of ~.~, 

·1htt ~-~ilri!.'.U·'IJ;;; ~f m dist%!nc~ ~tt~-'*t !~ tit~ .~lt-*~ti~~~ ~i~t.t lllrft le'bt"'tibt• 

I- 1~i:Jr-t~~~ ctl:ft~: 1'>¥.~~~hls,t ~O'~Ptl'~lttl~., ~~tl'!i!\\'{fFt t!~ni !a{il#.tS;t,• l•s¥ll '.rt$tf.i~t 

ttt~n -t~ id .. &'11d.t1;fki~~ t:~'f* t~~ -; rJ1tltrt4r;f!i :r~~1a~~1~. ·11~ -t~ <.\tl:ittMiit tktsl 



" •#• ti"truifitt l'Rnt1:f~ 1n C~a-t~l trmf, &iif~t1* -~J!•~ittfit ~ rQ.1 'il'tt-Slii*:n.~1 ~:tt":t 

,. IUU'i#~\~li t~~ th~ rM•;rd.s o:r ;1.!lw\ttut •ll~~tl. 

a.tf)~b«t:ftl lliM ~~~'t$t' U.1) l'ltii¥11 tlhil$.$~ tth~ll~ ~\t!'Mtf till tii11Rtl flt 

.,.,.~al1 •l•{ltiilt·~ ~t-~iH~tu~~~ &~~l ~~1~-b~it ~-M~t$rlt:~1iiJ~. !h• 

toU~•t- '~~f.11 'l'lt:t~ bP.f~#Jt f)n th~$ ~ef.mt.r·~~. 

~ tni-fllf.11 ~~a(tt~1~ lll'll"O, ~$'.· ~e:'!.lli!il:f.l~S. :ro·r i.l~f:'lp·'·tl tf!'. thi.i; 1'ft:t~~""' 

•nl:).h:t.it"t~ :rttt~i~n., h~-~ h~i>l~ ilet>J~~!.l'ii~tt 1tt ~!'frf~:?•:m~t\!J .l'.t~ ~t~~M.~ f'lt't31':.. tb~ 

:h~tf1~ k#;,:~1~ ~~i ·i~:t!'~t1·1\H~1~:h~~ t0~!"'1l th~ ('t{lnt"t.n~:nt~1 ~~~•:!! ~n 0~tai~wii~ ~.-~$p 

t:;11 t~U1~W-ilttl !~ ti~1~~~ t;y :r*g;J.-ir.~!1:~ l!)',fi ~~rs~t httl ~·Y:'til'~i t11 ,in!;jr.1til.i'.tt$ :\'tali 

Mll.i'.tl~w ~1'th~u~k~$ •. ~1)$.\t~lY$: .~r~v·1ty .~tt~~l~;t,~:11 ~;n;;i ~U.~lH~l? ~~~~~.r 

s,~M)~kl'lt ~~tiV(!i ~~ ~(t~l>)~i} V$l~~M~t,lf. fr/i~ '1f.~~e~iv ;!.\\~ f.j"~t+t!."i l;OO- t~. t"~~~l. 

fl$$,t.tl.1 $l,~W fl>.l~~·- &~'-ii! ~ri\-l!J1~1'3Mh(~:$.~t~ $h~~!;$~ ~-~ ~~~p t!!!'it.t~k~,. fh>tl 

1~ ot •rttll~i~~~ :f•~t 1~ ~~ti~0~ ia~ttfP~tt+ti!Jd n.t ~. thl'tt!0':i J~)l• 

tti"tm! I!~:, ltt<• tfrt~ i'•t1:U'~.~ ~~$-l!lt: 

'at:c ,~1!!iUtl~.~ ~itt1 ~Stt~,1>~ lt"~!'l ti'!$ »~t:\~~~ 'i:} thi?tt t!le ltt4l~ l'!Wt.t 

fttat'U::r-"~ ~~~ .'.l'IJ;~•~'tq~ -t111il'.t~'1 t.'l~ll.:>~il'i~li :be-tvti •nh't 'h(tl;11l ?»-'t~~r°tl'llf!l 

••tfleji lffffttl.y f,\t it~tfl~l~d.~;;\' ~'-'.!th~tt th!ff fit· th!!'.! ~ttHlMl -~~ d!!t)~r:lti 

•llttft§J ~~"'tl~ ~t ~~~u-t 1~~ ~~. ~~l)ltl\. '-~1 ~i~Gt ~!l'~th• ~~$,/fl~ ~t;ffl{ttllt 

·~ 4~tl.$~i:m;11 ~~M th~~ \~ l.tt$-it. -Qtbti~ l"~~i').\'Uh 

In th.:'fft l'tw lab:>tltl~~, th~ lt})~~l e~~t_t~~e$ tti!litt t:hf ~u~lt:!~ -fflll~ 

c~ntlri«!'llW•~-t lM l'~tH~fbl.f tfll)'Y~:t'liH~i!., ~' (,!ff t~ ~r.:i:n'f.~~ ~~1 ~ tlt~. ~~~ttt.itt 

lm•l!tl~ t.:h~ t;e•a illf~ U*-• t~ th~ ~!llt,•!!t .• ~-~ iQa.1ltJ" A!lb<.1~k'ji vol.tJ.!!t .. lt 

~ l~t~tM.1iti,t>@· ~h~t<li'~ tt~~m ~ e'\r~!il.t~ elt ~'ltli&t1:~ t('tt t>~'f~:f~-~ Q°~'l'll'., 'f!u.~ 

~thl\'U.I~ ~11'-M"' -~li'.1 ~-'Sl~~:~M!' t~~ ~a 'ti"t'l~ftl~-ml 'tit;!" tlt~T;i~ll:Jle. ~\~ftlt'I th" fc1~dtiQ 

'htJ•ltt., ~- ii .. ~-t~'.t l!<~t tl\ s~·'t$i~i.~ ~~t,tvity ~~~ittJI~ 'bt1t~~ th14 'J!':!.l)~la 

attd th• ftJ£ ~1~~~$ t~ 4>~~ ~?;J;Q ~ wl.tb: ~!\1m-~ !'rU!,\':t~*~t;f.~~ i.'l)f ~n; ic))ff$~ t~ tll~ 



G 

••U$Jl tOtt th~ •1th1)l:'U :aid$ ~t -~'~Y1'JI' atl"ia•tUl"al fftiHlM i!$1.\e;l"1'lt~•· 

tl).te:. fr1Jtl1'1\;r~ ·ttt~· dff¥1$)11!·' ~o~u iitt thb~ w-~ill{)lt fl~·~Ul' et ~kut ~oo 

kilt. .1\'1 in ~" .t;lettt1~•~ • . a~~.rttli t!•"0:mtn:~~ttj,!:)u 1&" 4U"'.f.l~:ul:ti 1 "'i't1f 

b~•u~ut ~f!~k~ ~t*,:nir ~~ ~lt f~~t:hs ll\~"':1 t~ 004li e,. 

r•:w htntt (}tifl b• f$li~it in rc~•trnrttl •t.•t1 ~f.lttfiq ittn ~~· .~if>u.th 

,1l1tl1t,ofi.•1•imn. rJ(t~~:~:rl$01i., t~~n 1~ :na ~~"tliifdit-l:r .~M•1~t~ H$1~ll1. fte 

t.~l. ~~!1m1·~ $'.n~~f 1"-fil¢&;~<!i!t't 1\1/l tit~ t• .~1"'~~$ 1$ ~:i:;t ,~.ntl1 ti1ttel/'i1J~tl 

~th f.{fltll'1t:l\• h~~~'*'• l\~a hl:t'•:i:· $b~~~ tn •~::U,•i' ~l'Mi>l*; •:Uil th~ 

~11• Si:H.J~)'.lt #h~ ~ ~$~ti$!\' ~'f'tilin$@ ftJ,ml ~~rth. 

~ do• 14~$ nkJit~ta r1t 'tu~. :Gouthqilti P.mid rte u~~ ht th(J ·~-

$$ltent-. 1'\ll th~ t.t~t>~vetf ~t .tfl t;vpi~nl t~eiti~ l'l"t:t ~'.t"' d.~'f'1tl.O:JH:t4 tl~r• ... 4 

th• l•attt>.tl If ~b~ ~M.,slt1J 11~ l• w~11. l~t~flmin'"• ~P$l1'tMl \fitltb 

ttl3 lftk~r t~ ~•.«!~~• t>t' d~p t:~i~nltit 3h"k$,, t!a(lk: iHlt'ftt~i:~ ~1f9tf!l'!ne.1$ 'b~tw•e~ 

lilt) -:ft:tl)t. t\1!1.~ tb;({f lftltl f~-t,~,.;S t~~;t•fiH1t$'.\1'ilJti'1 '>f t~\t ¥$N :ltt l~l.1.r. 

*&i'ir~ t4';l ~ lt}jlc~t-1~• t1:t1ftl'U tn t.~'O ant Git' t~ 't• ln~~n~tttit hqltle 

JP l'~flf,f,~t:ttl);tlf* ~-U.lt'i'$ tl·~~. ftl~~\lm~* th~ ~~$Qc;,l~t1~~ •tf l~ti ~ ~W.1ih.ttl 

l'•Sl*"A !1\$1~'1 ho t~ttli1n till •u~l~•~t 11•~1H~ t1ll• "~r1.,~tt4tll~, b'!#t Mt~ ~tr-• 

~t !Jttch ~n :t•~~1t1~- ,, k •U•tty b1~~~~ltl th.~ {)bltln'f.llil *U••lNl~tlOf• 

'R•~·li)'illftl ~u.tf~,t'Mtft 1~ ti- tU,;p 'Qt th$ ~h:ft&\ pl111~i'I -i#.Y to~tJVl,111.\ltt 

\o 'fl!U'ltttl~l• ~~ thf~, $M·;tBf l'$\ill't pP#. ~$ !l~$tll.), ilt:b:~~. theoiy of 

M;A¥.l.q,uak~ l!)fl.mtn il\\llll' tQ t~ult.iati GM•t• tMt., ~n~• ~t :lJ'a•tt~ 11 

S'"'lltt~ea bt th°'$~ l(ln.,slt~ii~l wave• lea'f~lli ~.~~11~1 t~ t~:1\tlt 1.ll11tt.tl:ln, tf.nd 

Ii ~1n~tm ~f flll.\~l'$7 ~t r!h'liht (il,n,ftl$at. t~ ff/)J" ~~t1'1.~le ~iten~~l!l"lt t'4!tftl!ff.~Ot 

3). fl•~s 1~ •. t U.1"1$tR1:t<t tn• Jttld.'bl1' on:t••$• lit 1•, ,., w~d~ ha 

•lt~~t•~ t~ lf!•l)•i'~l1» .e;. :t•l~tivttlf hi!tb. tn~~!ti>• '1tt th• ttv'*'il1'!bl~ ~:n~a, 

nti st~tl~r:11 lfi~ t~ it. "!k~ •21i•tb tJ.t t.h~ ob:t®-:tttt~ ~t1$n :t':r¢ttt th• •a•titt.t 

P:li'l:M -11~~l:tl1~ tti~ $tf8J~•t ilp •111 ~ff~ both WV$$ Mn11ft lttu• 



.~ ntt ·\le· u~~ts1i•~• (lt Will~ hms ••;ltm~·i ·ttt~f.i th~ fff.ults ;!!!#'• 

'lil1Ji"'tllp• 1.1:. tdtlt MGt.l\on ~nlltl. t~ th• 1U.\\'Mt:l~n ~r «lJ\l• t+b •'ftdtm-t• 

.. ~ 1'1~tiJott~:n •f t&u.lt •tton ill ~·:r~~l$b:le). tteS• t~" ctltt~ ~-t ft~•·• e,;t 

fii:i vt• 11\ • th• a~11 .~t wld.cl ti~ nv•• 1•~"'• th• ~1)lil~1tttt~., the 1U.p 

u th@ .,~h.wf.\t ),lllaM., f&•Y :tn• t~ll ~~!#<lti~ b.a•l.n# 1'.iht• Wt;>;!d; tf;Q• 

ltiitbw$ .. :ra 1'~ tJ• :l.tW!~ [PP 11 

~-~s~n• 

1a,.n•laMh'W.!'4.tii 

!•~• ~1eritt1 

!~- ~\ldl!~• 

~tJ.tl!lW~!Jt ~fttJtfJ.t 

$'lJtf$f'*' (t&*•Stl* l 

G~~lf* (ti))• ) 

tGt$f" (·~t\• ) 

e~!,'Q• <to•?l 

9-tt;I• f .tt• l 

f!t§• f$0#) 

lll J$Nllthtit~-- •lf~ ~i'lfltl:t Pl"e:Um.i~~ ·lliJ dttlfi ~ -td~tt ad ~'$tliDftfl• 

ol>,taillfl'I bf' Vll),t!tt~~ $!tl't!ittt\tb ~ft)oO:ftfHJ~I ·~~ t~l$0!i$~diti.il'.rt$tl; lWl!ftJIJ °'' 
tl'u' ·~W>!~u~ l'~.;t,t){t,., Gl\ ttl~ u;n~h-il$: b11!n~ ~~~tiltdil't.ttil., ttl~ <sl:tt•• tl• 

two ~~- 'th1 lcalft:to~ •U.l ~· p:lr en•lt• 111.$ 1rura• p~ ¢ttft3noki t~ th• 

~•uti•U u:r tbut \e ot:~"l$ltd wl\~ ti. '*t~t pl'ilnQ'l\\' ti, 1tt th&\ 

#tgi0:a.. ~XbiiJ ~~~trtvfN, ~ttt!l\tutril~ ~t t.b..• '- ~~itl~tJ ~N ti.~ iae~nt1e:ta\ 

~th tk• byft)t~e•i•, tllit lepin1~1;)13'h ~t~• tt~•~rt~ 11li~h\tl1 <*~flilluJ• 

f.t 1 t:tttl ·t~fl lil••P S}(\Qt:~ e1t the ~Uthidt ~-•ttt~ -~~ttr ·the;,, 

t4:t~·~fld• dtli ~P~~d ldfi.b ~utl :!!•'10t11 ?$;\ .1U1ktl;J •JJilf)liiie it 'Nha 

®~~It Wl.til -m!)t•!>llt• flt• tW:l~•~I$ th•MNN -~fl"$ tho li~th~Hdt 

in thlt· !'!iOatl .o1•~•'1&t s~~~~17 ~t ltt l\l#l ~~$!!!h';t~~t $l$~ht-l'ltt 



$'UWL~IT Gt ij.~~rnJrs 

bn1tB ~i.l:t biJ 1:um~~l~d '• t.•m$ \lf tt91;ld1~1$'* ~t\'t~ h :h'ift$1in,lt. 

'hi l,t4}s;~~!thm t.rt t~ #'f~\i;ll'lt *1>1'.tii•r'VfJd -~Jl'i'f •ili'1114~4 If t~tt111t1fj.i 

lima"O' tt>'IJ !S ~"#-ttiJJ.~l" 'itt!V_,11 

A. ltf•t ~t hlt~t.i\$1 Mtt~t'~lt~f:U~ .• 

*mltik ;l#l\i,~J't "'~'fi~d 1C~~1·¢~1 ~Ultlit h~ll'ltt~Dt!lil ~:UtilJff i.~$t.1l'UBliiHi 

p~l~C:1' ~~t,t\ th~ fill*~ NJJi.dU.~l$ tfl"t tb~ Ml'lltl $'f.£~¢t)k* !]'hiJ #hti#ft f•~if>4 

T•nt~~:t i"i\il:it~t~l'il) hl"~l"' 1JM.~D ~~atut t-ba:ti ~tttt lo~ ll~Jt-1~ 'f~1tti•~l; 

fJt. th!-.) 1•trt:ud:t~mt~ ~~$\1'11 ~t ~a"lt!v, th$ 4:lff~~il;liAl.ff ~.1ltt11M:9)#; t~v~ tf3ff· 

l"•~S•'1 f!'~ o •. ~ r~ trltl''l:tii' ~t 1~0 ~. 4t'!J?tlk tt.l· e.' Ptt ~~ it~., t!J»'t P., 

•t1* tl$.ll.l~r '9'$iM$ t!M! ,1~. ~· fff~$t l!Jf! 4i•ttt~~ t~ b1tl~~t4d tf11" 

a:u-1 ~.t th-$ l•t.~t1t4~l l'li~1r11~~. ~~1dlU!h tieti~t'l.Jdn~ ttt0m thtt 

1.~- J~ri~il •~~t~J. ln.~t~~~rat *'•:tt!f~•tw~~. m~·r• e1(tlli•l1 t~ hl$U.lt~ l'lY 

~tbm.'tl~l.'g ~fl~• •1* i~••ftt~#!{tt-. ••1•m~~~- .. whl~h _, M P•"1r ih• t• 

th• 'h.t\ \h:&iJti ihe· •V~'t~i• nti.l~~l 11:ttbd f$t' t.aG\~• ia U:EJ• &.i\¥ 

d•tt~:b ttttn$h~-. 'tiht) •~1~ t~m,• t• '~ a.~~ff thru.t thllit ,fit tie 
~4$'1.l!taM lb.O~ ,)'Jittri~ 'Qt:tl'W!l-~,. 

». n.t1 \.14 ti.Jc•• hri*l~it. 

1'b$ 1~~ ~l"i~~ v•rt1~1 .t.alt~~' ~ais~tt~• lttrt!'.-:tt ~r:tf.)d.e, tha• 

ti!lll $h<.)Ji't ,.~it)i •~i'f>~l .• •~ .at.,s, •t p~:rtaas :t.•:rttl.ilid- ·tq •• t),a 

!n '" ~~4~ .f, :w&i,, t1t~d .ll'lf· etli! {'jJttf~•e~i~ wt~h 4f1ptlhi :f~Jt (tl.l 4eptb.• 

&*ii.if l$ld~11\• 1i•tlitt ~~1l)\'! (J'/ PP' 1• l$t~&a ti~ it•t flt ~t --~ t>I pf 

la•~~r \~#. t1t¢'t f;f J'; th$.$ •ffi~~t le i:ll~ttu*· •~h r.l~;rtth ~t t<>~• ari.4 

d~ntu.at~! b' th!! l:~~ l'~~l~il ••td.~ili1 tutw•nt,,. 14•111Ul• te• ~11 

\hY~• 'M'ltf'•s 'b!H'#~l'- ~f''* :'P'i't$1t;$.V\\t Iii th~ •'f1\} ~#1~! l•f'•n~••1 l~ikl..fill~·nlfl~•' 

iot '~Jthf \nte ~J;pll."'' tf1 ttt~ $hm ~$:t"ie~ ue ~ll>t ~il) t~~ l11>q: ,~'.flotl 

'.f'~ic~l 1ut.~~ttfii. 



tl. V&7!1~b!;tiln .fYI ~uta~.l.m wt.th ~"{)th. 

~t 4:tn~v 1""«fiio 'P~l'I/' ·itl\!$~61~141~8 Milf o.t .. t.,·~ ®U# '~~ ~\# 1~i•:t1t.bllt4 

a•l• «• th:~ ~@tb. of flfiou 1ti.tW>•f1it(ffi, tn.11 l~ ttJ ~ tm. , •• ••~~41£1\'fi 

a'f'e\t· th'i· ill$tttn1llt ~})'" eo•lllo~·. 1htt •tt•t .an•~~$ t~ b·~ <tu• •'b1.i\ut 

tqtt$ll'f t• tn.~~str ~r 1~ ~o *!'.Li! 4H~• l)f ,p; •a~~l!W ,d.t.tt t~tb. 

•l~tb.o~~ ~~~t"rttt<l)~ $fl dmti.s bf l~irmt~~t~ ;rli!d.'d:C1 ~tt::ttl.1 iw:;!lluiit1rt~n:t. 

ffWlt•• ~~ ttn~~tW flt. ~ "°ai":h!~ wl'th ~eptih irt tli!.~ •~?Jli •~•~!" ll3 11 

'h~t fllh-. ru ~:l1 ~~trlilW l't t~f$~1i.tl11/J:t If ~lil4~:t1 ~.4 ~Ct•• 

~. ~t\!dtt~ llfit~ a..,t,it d flt}'I ,,.~• ~~1~ •~t '• ~~Pl4'li\~4 by 

p.hn:.t«1d.ly )~rm1$~1f}lft •tl:'$:QGf .t• th.It qw.ii;tt~l-tie# 1~~1?~. tu ~lcullf!'t.t~n• 

tJt th~~fi~tt~~l e.tte:1~•$.~ A lt\llllP'l"" t.H'3 (Jf ~t\'.e-f~r th&:t¥ oat~ul~t~ l!tt tll• 

;u-t"e Rt:l.~·u~t ~· ,~ ftU\t t,1>. ~ l~tni.ll"' r&i~en .. 3~¥') i' ~~td.t'• 41l11'\•• 

t~~ 11t•~t.t~t1.~f1 t:>f 1ii $~e~<t:~ l.~f(l)lf M\f~ th$·~~ th;l1 ~ 1.!$'f'~ lG•tit Wilt JilQ~ 

lMt '-i!iit1fl:t1•4• tllfi t111t h 'qt!l Y.ll'!ieti~ ?t1th il$t'Ut lfJ'.t heub! :rt~ultt1!Jd. tlr '\J\• 

~b-~f'ftlttt'tAA t:~S "~·~~!~ Uttltr \<;> th$ ~·n~ trilt~t 1'ffit'f'~ b•~Ql'U>i•• •l'U· 

hi§h.1''1' ·~!"' -\f.~~'tr0tt d~ptn at 't~t11~tl~ ~-~~~t•l:l. ~uw't b$· lt1.trt~~•d !lit ~11.~w 

'·~¥,'.ti.$· t•~·? °'""~o :k~4. ) ~:r & ft1;~W~ !0:<11*' ti~~~ tbe ~·~UM4 'f°$1U~ t ·li> tU).(il~W 

t~~ t~ '~~~"~ ~tf~Q't. ~~ht~ la bt>¢~•~1t!!t~~t ~tth &th~ft' ~~nh~~~k" t~t~ .. 

!hfil ~h•tl"\"~it PP ~11~~· 4.atf.~1il~~t rifl:Y ~- e~('!~U:llditld, f'Q'lt by ab$t>~~t1i$1l ttfte• 

es ~t •1:<1ua 'b~, ttith fi't i:1, •.ta ~l¢tat th~ ~th o.t li' ftlr • fll. $t&tt~•·t11 XJanp 

~""ttl• 1 ~M.~11 ~o~~e~~alil t,fi> ~rtlm• ~'1 d.rb)tba (ir l.OOfJ $~ f.li~JJ km. 

~~$i~·ti•~1r. 

~- V~~i~ti()~ ;t!>ft i~~if'llte:\.$ "*'l'tm 1ht~Ul~~ 

- tJ.~11 ti¥A'alta~ 1lll\'ft 1:Mi.<U1t.l.'lt~., @:t)m~~;d~ lll$ ~v~:rm~~ fJY~l:" th4.l 

~t$tt~i'{~• ni:111~,t ~·.,.~· ~iia tto•-to- '""' $lfAl1• (UJO ~.) ttli~k1,. 

t:~4W!ila t:·~'~ l~}:Jl'~t),1~ bt," 0.,r,, WJ:hn t'o't ·ii iti th~ l6it'\l).tt tt.n.~ u~he~g~d f'Ol'> 

,.,. t~tt h~t~l!**'' fitt tif't:$\~ l!lb~t)r;pU~n ~t •h~l~:l)tt<Jif' i,1\l)~1ttui, ~•at.i~UM!d. 



••• 
e,~va l~ @M~~~iilll-l 'alith i~, eaoul:ill. r,$1£ut.l~ ·~ d:!li\t~1n~~ e.tt>&eti •'hlll~:rvu« 

lt'4Jt}$d~~ttln ot i? tlhDW $~Utlt. an -rf~!rtl: ; lJu,t nf11t· qt '}Y\f $all, ~tuf:i~<t>:it>t.i~ of 

~ t't~stifm:ih wtth: ~~~tlltfr.rH!~ ~t't&l~~t ·tiuet ~ft~ ~Jr,<e~1f!u1tt1 $:Oa:e~e-~ ve1t'1!U,y 

e;i,~t.~t~~ti~n m th (t~~th 41!~nlu b~ tt3.iv~l."&d sli~btl-r b1 th$ '-\t~tit~n ot 

f~$telt' hi~~*'eft~ ot verle~l ty 'ii th l}l@pt.b te-t det~thli! ~t~(J..,..~!01. f5M()•!?ftr)JQ 

tw~. ·!St.id ~u~~ t~:t·~~~$$ rnr.- '~~m. ~u.~eMtll m. 

~. 1.ti:..1~1~·u'-'n ot . . tt~tdn~}.u ~th A~lm1~ €if:nt~ 1~~1t'1»~. 

filf;ltatl$tn1' w! \.h f!1:iii•tll tr• P~M~~~~~ ~a .e1~~:u.. k $~llw ~!'!itJ-·I 

•· ii~~it1 ta ~~ti:ll~ t~~ "1a1d:~.ld.$ ~ b~ nitig,4tr1'f>6 a t.h>t't t"~\\lthWil~~t ~~ttie 

a~1 :p0>~ltt:v• iu. ~~mrll.;:rlZ\l $.»A ,1;7!l;-,\lf,t~ "~~flii~.~t~; l lli t~;~ .l1t~$1~.u~ut1~~ fili!:b,u'h 

1'11J:iinl<lt!i!· mm ~~~1.fffl~ t~t tb. :P1',~1Q:tti.MiUtl:r tt~~t.:h\~ 1"*$1duerl\iil ~tsn:i1J:"$l !t'~4"1.lts 

fr~ r,~~:tt;i~ wt t~ ~h.1l#ff'l7 :v~t:tt.·r~ l"ii)~!,h<Wl* t,>l) J>i'i}ilr;i~~ t:it'I. *"~~~~~· l>f o,. 
~llww tbo¢~ ~f th.g Al$,1;1t1~;!/n ri~~i!Ztat· $?hlll1 $i;\tn.tt:t~~tly t~ l.t&.~ 

p~ •n.~~.$1. 1r,~r o.~ w.lltth 1.h~ J;P/J ~n:..'l"tU' :r~tiQ itt t$) ~11 ~ 0.2 t11 

th~ ltw '!sj\~1dttli f'111~l~ll ~!¥t. tm~11~~ b:t O~tt ct •P~Jts!:t"~hl$ ~U.°$\t~~~ ~.tt4 

11•~ la 1•~n tJa~~ l~ ~~)Uth A.~t~m., blltt 8/f.l!!~tr@bittt'i iatil' ·p- tt1at! pt' 1• 

~.tteQn~:i.~tt1Y~ ~M t,h$. 4ts1:tf!!pr,::My !$:t tttt· th~ ~$ el"f!e1t $$ !bh~ ,~babl~ 

•lt~1' ~t tt.~e itlti."·· ·~~ ~~Q;;;J.ti\il ·l\}f' t.~e $outh~~t !'~~tn\} .anr;:m $';. ~ll$~' 

1l~~h ~tl~ tb~ th.o ::a~ ~f f~{)uth Amer,!~tli an~l .~ne~u~~l ~ut the '-l!tmm~nttJ •t 

th• l~s·t $'~t.,ne1t apply h"N ·~~ w~d.l. ~'hllll et't.#Jl~t flt t!ild.ia.(J hit~ ~eoom;.t 

h•tt4.~ :pk' l!'etlaot.1$.U ta t-t) !Mke ~e~14n~la ~• M-\1Y"- b1' e.I' u11itt1 

.et ~Uf~'nli!e ®Q• t 0.-J. ~t 50* ~ <llM Q ... $1 ~~ l;~$~w ~t<>lJlil '?G-* l~ • / /1 •t the 

M&di'tl~$ a" tx-•t~i a• lP«toit''.i.()I w~tl~crl~1o:u1 but if~~~t~ r .ifiiml.t• ~"' 

~· 'afttitet~ by: ~$1'1lbl• i!Jltltt~~ lltt thih fl~p~ .• 

~e 10·!!?~$ ~f. !l,t~"~~~~k~ f~~f; ,\ti} 1'~:tl~tl:lt f'<i$(,J'ti<}M dllttl~{.!;$ !'\ 

ttv~oth•U~1 ~thl'~~t pbi.n~'lf e~ fffeult systH-~l l~~.\\llitm1 wavd 



,., 
l.~i.it'l~ ffht ~tftn~t.i,~f ti~arl.1 ~1~~1u1 ~G ttkit:h1~ ~t~~il: th1 • pl~ 1r1h~ul.« 

thfi'#f l~i·t~i· ~iltt<\'l.'f ''t:~ ,.,,."~ l*irt.vt1~ u i\)•• ~~~.t dl~•rat:t.fil~• fh~ 

~t'i.t~t ~~t~~t!il ~~t:r t!J,f \,bili .&.1~:~ii~ ~~1titi l~t<]J!l't:t't~ '$:\m\; :t; },\.J>~~~~j1$, 

b~l). ~~Mj' ltfi'rti:tl't ~t)\tt •t~'!i117 3~ip~!'\ -ii <fPIJO:a• lt~ 



J:)t* '.I~ ~1hl1'.l:\tHJ1"1 IJtl."f.rslt>tl tl:vt i'$$~~h p~blf1lfl ~J1:i btill. )~V14ttil 

~ttl~tl1l :i!~"rv1•:l~alJ; et ~11 $tf!geaJ ~f: t tt• w~t. l'lt., ~. F. nlelt~ie:t tm;• 

bite~ ~-ti~~ ~it~ tlm~ ~~ •~s~~i!ldoi1e:,. ~. rt, &<niiltt p~J>Otel 

~UetfJWS i-r<n~tt ta th,~ fibl lJ-4lft., 
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l~IBtl~1GSAPBY -. l 

J!.~~;e~!~;, b,;r: ,Bf#!mi$1£&,!!1t kl,,t., S&t~. ~. -. 

Y01. 51 U.9.41 >. PP• io~ao1. 

!!~ .. n,at,\A, it ,tf!t"&f!cYS · -!.l~ ... !dr1.~t~~ .. ~~~at!, 
Wi\1'~•'"' hll~ ~1t1m., !$f'U:11 Atlw .. •ol. ii {19'4) .. ... . -.,11. :• iflf ' . -, • 

'PP• 9~102., 

rfP!f~~~\¥,,,,,t~,,f;1r ;~&. !U.1',~1"~ !Ml~,'~~~4~!~. 

ti$ U.M& ),, l.):P• f!?"''*• 

•et~~d,ft .. ~~!"'&ne;~!Pl tat }"¥i!& . P,(¥,!'q!,,, lt:8,~!l!J~!t.!~~ 

eu.11~ !1t~i~-. s~i::., ~. vllll. !l! u.~~~} P:P• ll?•l~o. 

~"$.ltd ~$1ef~; V!)l* 4G f l:fit!$} Pl!• aae.3$0 ... 

f.b'l~!i fEip~, 'fol. 't (ltl.t!h J~»· t~l-'l• 

fourth :P.aper1 val. ~4 \1;09:) , p,. ~4•l::J$. 

!Lt~rt~l;~ .. t.~, ~.~~. ~rud1.fit.Pm, ,!:~i$~! ..• l.'~ot~!!il!lk!~., 

ftHt P~pel"t VQl_. ii {1"6), PV• ZAl,..3'90, 

S.eottd Pa:p~~. •~l. ~? (l " ·'} • P'P• l f.57•181. 
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(ltft). PP• 1Gtt,...:Ul1. 

11. a.tami~tt,.. fi!t t~t 1''*""1\l.l1 fll'1ntfi0tt ~J.~fOt'#1\\J 
:.!!ial8_.cla .iMn· . .1:.Lttt Si eir 11.-.. ~·-*'iul~~H!f 

•• U.i\ P~••1t) • 

. ~"J~~~~~~!~~A1)I!!:~;\'l~Ji~~. laia~i!d,e, Ji~~l~, 

~11. g,~,l•m.. :Jo~~ At\11• 'f'()1,. B (1fltU1 PP• l•~I. 

14. $.lleht~, 1,. ~~ ~~at~• lw Raflff~+ru1 ~~taJld.~ 'it•u• P11trt 1'1' 
- . - ~~t.,'8-fi;f .. «"!lt'.-t .;; ··A: r i;;.M; ·.i:;,~l;t~~. - - i2~\.M" .J . ·~ · · ~ t~il'.4i_ il A.·\-,.,· .. , _. J. '1i'.e _=:;f 
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Bi\2l'.O DJi!'tA 

Tl~ tat• oa et®1 thi!t pw~a•a.tng W!l\:rl;; 1• -B*~ ttff @1Yt:'!l l~ 

\he fQll.tni p1111tll:,. 

l) ~ck t)WU~~. ft$ ~t,;t1on t>f ~tft»~I ~ad Mt1htt11~ (ll) ,. 

toll~d; th1) ttm n~mlii~.- r•t~tt• to ltfl~!ti.n as <ttto~1b~ la 

1f•terttnoe :tl, tltl~ l.11•"~:1\' i~d1cet€ta. ~~ma1 11 lnt~1~d!1ltr• I• ff' 

dei,ep rt $hf>~~it1·. ~nd \h~ fi.n~l l'J~mt;~;to ~~1d,f.tes tilt p:tioM,c~ltt~ 

AJh~4'k. 1tJo oxiu~rpl~, 111ll.$S iien~"U~~ dffp f~11nu• eh.<J~t lei S• 

i'1'«tSl~ 1$* 

3) .a. tia (;,1V$lt itt d~q:ta11-1I"' 1'.ffte Ob$~~~bG lt~tiiln 14 f.:a.h4'1U$ Qlffs 

Mrk~~l ~~ tv.r1: ~~Ai ~U.•~n. 

3) i~~pt.b: <'lt :t<>~u• ts i~iv~ la k.U.11>11u,terfi~ p • ~1a1Jllti~ ;PP ~•tl~etiitu, 

4) ba'i~Wtttit• wltU ~ lti\lluUfi~ tty t.bne lattan. s "" t 1ndieat&t 

it?.•ri {i}~ ltma pttrioa ine.t~~~nto, ~ oJ" T i.tni(ltf'f o'i' torit:t>ii t~ipes., 

aaaa l, i, f.il~" ?! ViJt"ti~&l, •tH'Jt ,t or Mt-th c.4'1~.Pointnt.e* Tae eo,!l.'1ta.at1 

f(}t- th• i~att>tt !U\l,fwit•ntt1 ~·l"~ il.l•t~:eil:md Ul\d$.l' W.te:t'b.tliJ; th~ l.tq 

fjfl4 ~~l:)'ft :p~rta4 t~l'l'~d.::ms ~t!lV~ ll&tU:tftl :tl'f.ll'iOtts $ $® 6+$ !Jt._('J},'.).('lts 

11')~ ~~1J11:t.~; t'!'V inlU.Mtt11il lll~g p~:rioii :&e:tdett tnuratant t <t11rttekl:l 

f;t~•pQn-t'll~tli . !tl. ·4~$~lit> wtt.~re t"h~li~e fMil ~t,tt M!i"th ~nd Jtdt 

EH)~t:m.ertt.s hl.i'1'1lt '!;G111 eo.~b1.tt~d,. a: 'llfU1 tm tttf1d tor th~ fbu1l. let .. t~l11 •. 

5} Na@,ni·t;tM!e ll>t ih,f)!lll;:~ 

f) M\pUttt~«H!! s~ ~v~n tn mtti;ons ~~u~~ • ·M,f>n• p1~k·1:1.~·1erdt/I, 

tatJid o a<rtplifi<ttttt~~ ct.u;•"fes 'bf •1,tur on tu.~ *' 3otaQ~gl(!)i!!l 
aho~t.¢,i•y 5,.;o; ~ftdf.Jna. ilo-unt ~114ll'OU! tll'Spli.tude• ar~ e~.loulttttod 

~~ t.h·• ;us~~ttoli that thtl 1J:SV ampltt1Bat..ic:n ta 1.1 tisi~u~ 'tibat of 

th1 Cootl'thll:P-.?nitlifl€t hfla'.i~~' tnst~}J.t!M'Jat. 1ilh•f'~ t• h!!!'l'1~a>n.1U>.l 
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C&ilP<mont• •" ti1'1til~ltlt1t,, ti'.HJ)" half'~ be.A r•S-Ol'f04 1'i~tOJfits11YJ 

$ atr.glo ho:riHn,t~l 8~a:;'lUuf~.$' h r!tS b~rit.n mdttplte-d 'bf l-."-• 

t) ·~~erl0r~ tn c~on4•• 

tl} A tJ;\t•$t!~• ~rk t~llmitne tr ~dinse ~Sit.1$ tht.!t the a•pUt'Uile 

is un~;.,~!udn llll.t not ~-t~l' thr:S.G. t.h~ vu).ue s1v~Jl. c;M tt't• 

»*t-ioa ,11 pt:i(;)'b&!i'oly ~ ,t-&llr:bl.$,. 
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Shook es• . Dip th Inst. Meg • p !P Pl? t ~i·' . · .. ii; ~•o'il!i! ·"'Jd: i o• ' I ' 41 

.b:ber Sta. (km.) ;anp. " ~r • ti.mp. P•r• Amp,, Per. 

lll400 36 $0 SW 6!,. 
4 ·"' 1.0 1.a 1.1 

ll'.40 50 f O eav ' l.4 1.1 3..o 1.0 

sm* l.2 l.O 2.4 l.O 

lll20 4? ,0 fliV 3 
·~ a.1 l.O l.6 140 

I.ft* s.o 3;.9 10 ~ 2 

11400 37 10p SIV ~ ,&s 1.0 .6~ l.O 

DIII .~:e l .O .51 l.l 

11420 3$ sop SDV 'l,O 3.~ l.3 a.1 l . l 

sm1 1.6 l.l 1.a 1.0 

1I4$0 37 15p ~)IV * .• 5& o.e .~l o.ia 

sm .:;~ 0.9 +50 o.a 
lI500 3'1 l,0 SW sf 5.9 i.o 10 1.11 

SIN $ •. 1 1.5 4.a 1 .. a 

tl!W 4,0 $.O 0.5 2 .• 5 

ll72G 35 170 sav 3 5f± .20 o.v . 70 l.a 
11700 32 l.00 $.BV 6ft~ .,32 o.t .aa 1 ·l'.t •. I!; 

lI940 3~ 
2 

80 SBV 7,.2 7,7 i.z. aa ! .,5 

:uw '·' ~.5 25 4+0 

m '·" 5.a 15 3.! 

l.JriiZ 5.W ~.7 13 4.0 

6l'.75 22 100 Si$V 6! l.l o.9 flh7 l,.O 

am1 .as 1.0 1.7 i.1 

5Il.25 na 90 $1.\V ~: 
2 •• 11115 2.0 1 .. 5 

* For> hod ~natal oompon~n.tliil, two :tt!ted:lng$ uo h~V$ be:en reaolvtlld 
I 

netor!$lly 84'1 aingle reedirags (N Ol" E) multiplied. by 1.4. 
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Shock t;..•., O!tpth la$t. Mag. ... ~ E}t Pl? 
~~ - ,If .Ii.~- i I ·1 ._t tf\ 11IY .-. 

Nwiibor Sta. {km •. ) ·-4' P0l'• 
l'fH -.-_ 1 f~f a~ri~ !' ~( 

.11l».p. Per. .11.mp. t·er. 

emoo e2 110 m;v s! 
2 

5.,'1 1.0 1.4 l.,O 

1!250 23 100 SDV &.9' 14 1,9' ~-/' l,Z 

MJ/i :SBV 6.? 1.4 ! , G 1.2 

tB:V ll 4 e.9 31 . 

s 
llm e..a l.? 4.4 l.? 

LTr:: l.S 3.6 a.9 z.a 
51275 23 100 ar:sv ~ 14 1118 13 s.o 

2 

51475 25 100 S!~V "'1.5 35 1.f 9,/1 l.,,5 

Litt 15 2 9. 3 2 

tT f:ll ~M 5, S 14 ~ 
2 

5!500 2$ 150 SB'J ~ 
4 

.ao t}, g , 4:5 1.2 

51550 07 90 SBV &.3 
i 

2.4 l-.S '5.9 l .• ~ 

~uiz 1.0 l+G '·' 2.0 

lJlV .a9 l.9 4. 2 ~.l 

51400 00 ~aao SDV .;. .. .a1 l,2 l.l 1, 2 

smr ,ea l,O , 5? 1.2 

5!$50 27 110 e~nv ' . 22 1.0 .l~ l.9 

5I675 ~a 100 !:1BV 6 .45 1.4 •. 51 l. .• 2 

t.BV , 33 i.a 1.t 3, 6 

5!72$ as 200 srtv &i •41 i.e 1. 2 1.0 

MW ~JBV .:sa 0,9 1,4 1. 0 

51750 51 110 $}JV ~± 
4 

.eu i.o .~5 l.O 

5If75 !O 240 r~BV slt. 
2 

. 22 i.o .2~ 1.0 

51'?$5 31 110 S:B\t ~ 
4 

,37 l,,.O .~o 1.1 

5!$00 31 110 m~v ·~ 
4 

1.-.$ 1 ... 0 ,$9 1.1 
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Shock: b"'• ne~th ln-$\ 11 ijfag. JJ Ct:! . F.~0 j .i~, :••·• Wi 
pp 

.ll'J"ilpj I [ . ·1 K !IF.' , ·r • JI • ~' - ,,. A r f ti'I 

~er Stia. (km.} -· F~lt• F.mJ>. l>er. limp. Per .. 

518'15 32 00 SfW &! 
4 

7 •. o i .a 5'll!S 1.4 

!3mf 1.9 l fl.O .l. 2 i .o 

LBV 2.a a.o l . l i .e 
5?900 52 70 $BV l 

~ e.e 1., $ 7.9 2. 3 

sm:.: e.s l,,,8 a.a i .e 

6I975 52 an snv ~ 
2 

. 19 o.a !>30 l.O 

6!150 55 75 fn3"fl e .51 o.a .93 1.0 

SBM . 24 o.a . 47 l..o 

61$00 45 so sav 5!± "·4 .• 44 l . l .in 1110 

$IOOO 35 90 SBV o! 
n .. 23 o.9 .15 o. t 

71450 '53 100 i~BV e! 
4 

.• ss l . O .::?6 l .O 

VlSOO 56 160 SB!f ~ 
~ 

, 67 1.0 , 3& l.O 

:tJlV 2. 4 2 <ltg * I.All l . l 2,5 2.4 3. 5 

t r.t".8 s~o 3 ~? 3, 6 3.7 

S!l:Sl.O 55 60 smr ~ 
4 

7. S 2.0 s.a l jf5 

ameo 61 60 s:av 6± ,43 l.~ .~e 1110 ,.0$ 1. 2 

$~"590 74 60 GBV &± ~it l,lO . 22 l . O . o~ 1.0 

SN'/50 78 &O 1,TE 7.9 4.0 ' 6.-4 3,.5 3,7 3 

SI5 48 80 CBV 1 ii' 11 18 1.6 .,31) 1,0 

ans 50MW 160 SUV 7.a 7. 3 1. 3 ~~.o l.3 

LT.! 12 565 7.0 3. 6 

B:t45 53'MW 190 S33V '11tl 1.3 o.a 5.1 1,4 

t:av $.,4 t\ Jl; 17 • 
~n ·.,90 l.7 4.l 2.7 

l:J.'~ :t.9 5 11.a 4 
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Shock t:,,•, \)®th x~u11t. Meg., p p:P l' F ~· .. 

tifumbe (km11) 
.*T"1 ' t• :i - . Pf .Hi ., [_) - 1 ' u f",f. • ' 11 I ' 

Ste. lt.'(P• Pm'+ ~p. Per. ~~p. l?er.-

SX50 M 140 SUV 6 .48 1 .. 0 .sa 1.0 

a.mo $2 1$0 S.i V ~ ?$,,5 1,e i.u 1.0 

SB .93 1.0 .a1 l .. O 

SI85 53 uo SM' G! a l.,3 l.I re.m l+O 

Wl.n! .51. l.O 1.3 l.l 

SI~O 5S 100 S!V e .. 2'1 l.a +49' l.B 

SUlO 5.$ ·130 sm· ~ 
4 

$ .• 6 i .. s i.t 1.?' 

I.DY 1.7 ! 1.3 $ 

sn1a 54 ll.O GBV ~ 
2 

6.3 1.e l •. a 1.t 

SIU~ 5? 140 mw ~ a .10 1.5 ,M l.l 

8Il30 sa 160 sav &± .53 l.,l .as i.s 
eU55 60 l2G SBV Q! • a.a 1.G !.a l-.6 .10 1.0 

mm .46 i •. o . t19 l.4 .oo i.o 
t~V l+l l.8 1.7 t! ,O . 22 1.7 

&U65 60 u.o :32V & ,44 1.1 .zo 1 ... 2 .,()?? 1.0 

taV • 2a i.a . .34 2.0 .11 2.0 

ax1ao 62 150 ~)a\' 
1 l .5 1.4 4. 2 1.5 .&7 l.a ~ 
4 

SUB .56 l.2 l.G 1,4 .14 l~l 

8IlG5 62 120 SBV ~ a .• 27 1.2 .se· l.4 .oo, 1 

81195 ets 100 !\\BV 7,0 1.9 i.o lf 2. 0 1.1 i.a 
-~fB.I .49 1 .. 0 l 11 G l..,O .151) i.e 
m f .2 4 s.:a 2,.3 .se 3114 

.tmt 2.1 4 l.5 2.4 .,ar;i a-' 
L'r~ 3<t7 4.$ 2.e 3 l.2 4 
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Shook i1•, ~pth Inst. 14\g. . . v ~p, PP. 
tlU.mber Sta. (km*) l-;er. ·u .rt· .~rt :1tbf1•M~i !ill! . "! . I i . 'fillN ,· .a: · .... 

.P.mp. tiitA.P• l"er • l\l'il,P• P*l°• 

SISlO 6$ !00 s:iav 1,., - 4.l l ... O .. 69 0 .. 9 .. 75 1.e 
tIW &.o 1.,5 ., 91 ~.:a 2. 6 4 

$ll20 66 190 SW ·7.:.t ,e.1 ·1.0 l . t 1. 3 +54 1.~ 

LBV 4,1 2 .. 2 .95 2. 4 .as s.o 

S:t235 230 SU'/ 11.1 s.& l .O 2.? l. . 3 2.s 2 

t.ThV 4.5 2.0 l,4 2. 0 1.- 2 3 

&1245 G& l~O mtW el 
4 

1.1 1.0 . 45 l.O .oa'r' l 

9125?5 M 110 m:w G·'· .... . 53 1.5 l.6 2.0 .1a i! a 
WV .a, 3 .40 2 . 34 ·3!_ 

a 
~I~75 $'1 um sav· $± .ia~ l..O . lt! l.l .15 l,3 

ax2az &a 160 smr ~± , 40 0.9 . ~t;? 1.0 , 06? l.O 

SU95 10 lt:>O ~JW + 11• 1.0 1.1 l.O ,15 l,O 

SI300 6lJ 140 OB\1 G± l.3 1.2 l.G i.s . l3? l,tl 

SI515 69 llO SBV 6± . 29 0.9 .3? o.~ •00? l.<) 

81:320 ~~ l.2,Q ·n:nv 6 .as i.o l.3 l.Z .10., l.f.l 

Sl'.325 Gs 130 SBV ~± • .oo 1.0 ea ,. . l ;- 0 .o4? l.O 

81365 70 150 s:av 7.2 l O l.~ ~hJ> i.o 1112 l.5 

UiV 6.5 2 9.,4 ~· 
2 l •. !3 3 

LTE 2.s 2.1 2.7 ~hl • '1·1' r.5 

6I370 71 100 t11V $± 2.e 1.4 111'1 i.4 .10 l.O 

$1326 73 290 snv ~ 3,l o.7 2.4 1.z . 65 l . 5 

LBV 2.? i.e l.l 2 .29 2 

Sl'.415 111 llO ff8V 1 6i.t .37 :i..o tf62 l.5 ,.OE;? l.O 

UiV . ~~ l.~ ,2e l.-6 .ac:n " 
SI420 72 240 S8V ~ .zs o.9 ,,.13 l.O .,()9 1. 0 
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Sheck l:t". ~pth hsti; Mt:tg. 'C , ]? PP ""'!!!,.. . 
,,. 

I I 111,1 _ ! : -4_, . ,,.._' I il !'t> .... ~ · · !U,il!I ij _O I .. . l' 

M'u:t1fb~r St th {km. ) !'ltttp. <-.-an"11 t1rnp., :Pelt" ., /,\P.lp . Per . 

.$!440 '14 a40 SBV ' .e1 o. t .13 1.0 . 02? 1.0 

$X450 7~ 110 DBV l Gt l al l,2 .84 l.2 . ~o 1 •. 6 

LfjV 1. 0 2.4 . 49 1.a .75 6' 

8I4'15 ,. 260 ~11W l 
ii' 3.,7 1.3 .. 51 1. 2 ,40 l .6 

LUV 1.7 2 .. ·" 2.e ,..70 5 

Sl'.47$ 14 260 t:lBV v .. 2 1111 1. 4 ?" . 2 i.a 3.S 2 

tJW s.z 2 ~.4 2 2.a 4 

LTJS 5,l 3-.3. •hl 4.0 2. 5 51. 

81460 ?5 2~0 '3BV 6 1.5 0.9 .as l.,O . 10 .l . O 

.814$5 ?4 100 SBV Ga; .10 o.7 , 37 o.t . 04? l,O 

8I510 '12 130 snv 6± . 39 l ,O .41 l . 2 ,54 1.4 

SI525 ?4 200 SBV' ~ 
4 

. 01 o.a .0'1 1 ,.. 0 .as i .. a 

6I545 ?4 110 .s:av fl' 
2 

. 95 1.2 . 46 1. 0 . 06? l.,O 

81550 78 100 SiV ~ 
4 

.,35 l.G . 19 1. 2 "' 06? l.O 

Sl565 '16 180 $DV' 6 ~h3 l .A . 19 1. 3 . ll 1. 0 

a .I5?5 '17 200 ~lt~V 
3 

.a~ 1.1 .• 11 l . O .041 l.O ~ 4 

&l'.580 74 ~o SUV c. 
2 

3,3 1.5 l.5 1.5 ,. 66 i.u 
8!587 7$ 250 snv $ . 3~ 1.1 111 13 l.l 

81590 74 220 S13V 
·:& 
'i 12 l.a l .. 3 l.e l .l l .a 

SI625 ?5 l.lO m~v + $.4 1.4 . 65 l+O , 06? l 

f.t'.t632 74 l.20 s:av 'i .se 1.0 . 61 l . O . 061 l ,O 

81&35 75 l\JQ snv l Gi.t 1.3 l .-5 l . l 2.0 .06' 1. 0 

SIMI:) '14 ?O f.~V' 
l 
"i 4'. l. l.4 2 .. 6 1. 4 .:n. 1.5 

HM 2.tO 1.4 l . 7 1.z .20 l .. o 

UJV l.3 l •. 5 w.77 1~ $ . 37 l . B 



Shook ,~,•. 
bbar- Sta. 

81178 

&xeeo 

II6$5 

exeuo 

11691 

81?'00 

SifO\$ 

81?10 

tHVIO 

$l?SO 

&l:?n 

8119() 

emos 

170 

ft:) 

f O 

so 

l!O 

70 

100 

200 

70 

100 

100 

110 

62 

S1W 

, 4; 1.,1 

,lt l.. O 

1+1' 1.1 

·'' 1 .. 0 

. M 6 

.,0$11 



63 

·Sb.Oek A•1 rJepth Intt. Mt\S• l!' '~r .:~ ~ - -.~~~• · ~ ,.~f•J. .P~ -· -~r·•·~- ~•.:~ _141- f!I ' ·~ .1 ~·) 

Amp,• ' 't'J?$;,, Nu1Jtbtl't ~ttt . (km. ) J~sw. i~ ... }\~P• P~ll'. 

l)l:)lla '' 170 ~av 1 'i f?+l 1~2 1.5 1.1 

81;510 ff 190 St~V 4 1.? l,O ·" 1.1 ,2, l.a 
LIV'. .so n.o .11r1 1.0 • .et a., 

Q~ 81 tao f~:BV $.t 12 1.4 5,.9 1.4 1.2 l.I 
. un 2., l.~ l.S 1.& .,~3? i.o 

tlP..00 Ell 110 ~av 11.1 e.1 111 a,,.$ 1.u ·'' 1 •. 5 

lll9UO 90 $0 Sl'lV ti: 1123 i.o .se l,,O .14 1.1 

laif5 Bf 1$0 s:av 'l'.Q f.G 1.e 4.5 l .• ~ 1.a i.~ 

SJ.It .~l, o.t1! flit . """ "·' -~' 1-•ft 

uw· ~5 3 f .& e.e .:ml' a 
l~llOO ea 114) SBf' f.o ~.~ l •. t .4·6 i .,o .51 1.s 
la11~5 87 '11~1) SM ~ .ss l.o ,,46 i.o .111 1 .. 1 

mm .~a .i.o .~3 1.0 .Of? 1 

LI'( .1~ 1.1 ,:ea 1.1 .$? I 

1212'1& 88 $0 SUV f .!$ &.5 i.1 "·' 1.,$ G.4 2.0 

Ln'f 1.1 1.2 ·4.2 g,,,4 .m. ~.o 

lll37r!i " 100 SfW '·' ·'' o.ta ~.s l.1 .111 1.s 
an . :M o.t 1+2 l.1 .-0$ 1.fJ 

t'.W :$,.6 i .0: 4.5 3.2 1 •. s i.t 

121•15 ?$ lOG $1\l\f &:t 1 .• , 1.1 •'' 1.5 .411! 1.1 

121$85 " 2:10 SlbV -8 
5f .M o,s .62 1.! .oat 1.0 

llltti '' MO arav ~ .~ o.t .15 0.-f ·°'' 1.0 • ~ .1216$0 ,. . 300, l!'E: '·1 4.-1 3 "'·' 2.,4? • I 

lll?lm '!$ 100p SIV + s.o l.O :t.1 1,a .~ l.B 

lll'.ffSO '' 1SQp sav 6i 1111 °'·' .so 1.1 .73 l.e 
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Shatt A•, t\ip'th x.ist. ~s. p r~• .. r:fl rw:.J!~.·. · ;_ L 
w .. 

':• · :m.w"lir 1 HU lllU' " .1 J \ ..... 
li\al'tl•~ Stth, (kll.) ... il.:.!{il]h· 'Per. - · :Fn. A!!lp • ;p~. 

1SU$0 fS!l~ .it 0-..? . 21 1.0 .lO"ti l+O 

Ullrt5 1a 10Qp ~srsv· '1.2 4.G l.11-0 i .. a 1.1 1.2 ta 

UN :s.~ 2.a ... o e.-5 .u? i.& 

l.!1$75 72 $Op Sal ~ ·" i.e .31 1 .. 0 .1a l.5 

u~v 1+4 1.0 ,Sltl 1.e 
··~ 2.1 

1am.o ee 000 Gmt + • 44 1.1 .u . l.G .10 1.0 

1tnl$O $4 !!110 ~'&V s!.t 
2 ·'' 1.0 •. l,1 l.G .u 1.0 

l2lt$0 $5 ff.fl stw 11 
2 

.u o.t .19 l.O .13 i •. o 

ltmlOO SU ~() illDV + .91 1 .. 1 ,.2! 1.1 .2a 1.2 
' 

. 

~l SIW •• o.s .1~ 1,.0 ... M i •. e 
tsrilt>G 8& tSSG i:mv ·~ 

I :s.s i.o . it/ i.o· l.? m,..o 

uw .ae 1.a .1, # .to I 

12'i)lfl0 &tl fi?O $?iV ,a • l.9 1.0 .20 l.t) .oo l.O 

l!~l.73 SI Rt> t~ ? .. :S 4.l 4 a.a i.s 2.2? • 
lllUl.$0 8! 5~0 sav '·' ~.t 1.0 .19 1.e 1.a a.o 
120190 • &10 StW + 1.e 1.0 .ts l.4 •°' 1.0 

' 

x;nv 2.3 l.o 4~$ 1.e .101 a 

laDl.95 • ,00 il'if 6'.t .io 1.0 .14 i.a .oo l11ol 

19~00 eo 600 SlW e, $ ,..$ 1.0 .oo 1.5 •. ts 1.0 

1~0030 e1 ~~o $$N t:..t 1.1 l.t l.:! 1.0 .zs l.J, 

11Da40 SO· 6'50 mw v.o ~ .• 5 0.-6 .:5$ '1.o . 22 l,.,O 

l'JlV 1.4 1.1 • 40 !! l .Q • 
1em&o 80 $60 SW & a i~a o.s . 99 1.a .ru;; 1.a 

IDV l.f a t-7 l.S .54 a.a 
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Shoek ~-·· flilpth hat. Mtia;. p .· . ... alr., , , y_·j· , :Pl? 
JIUD>ber StUh (m. } 

. , fl .n-·-· _-,. :.,1 '*' ~ 1' itltil• M;M'IW " IU I I I' 1W. 

Amp. P&J.'• I~• Pet'* Amp. Per-. 

11:~,G eo mo SUT/ at .is o.a ·'0 1.1'!: .la. 1.5 

umo.a Sl ~~:O snv ?.2 s.& 1 .. 0 1.5 1.~ 1.s 1.$ 

l.:f!tmlO $2 610 snv e!. ., .$$ 1.0 .19 1.0 .-05? c.e 
l10S30 ,, 600 snv •* :2.& l.O .lt l.a .04, 1.tt 

1!1'340 " 400 tt:w " 1.4, G.~ zs.1 l.1. .t2 1.0 

UtD:JGO so GOO ~BV v .• ot 4.1 1.0 .tll 1.4 .:as l.o 
la03?0 80 6~0 a:mr + .t:::z o.~ .l.3 1.0 t100 i.o 
12ll4SO ff no !~JW + 1.,9 1 .. 0 ·'' 1.0 · ·4l 1.a 
120430 7' ~YI SBV ~ • '·" 1.0 ·l .• l. 1.0 .,ZS l.~ 

LW .,es A.o 11 •. ~ 5.1 .49 I 

UMSO 19 610 SllV 1.2 v .• ~ 1.0 ~.o i.1 ,.4$ 1,ot 

t ft 0.e ~.3 #},,t,J 3.3 2.4 5 

121lll0 f 8 $00 s:av 6 *GO o.v ~'' l.O .us 1.,2 

t1'I .4& »ltt5 ,.$0 3.0 .,25 1.s 
:uir.:e10 ,, 6Qll) ~•v •j: .fl 0.,$ ,Ot i.o .11 l .. O 

l.f!Ul!SIO 79 $$Op S.BV ·&i. s 1.0 l.O 1r'4 1.1 .1:5'? l.l 

.11~0 ·'8 tJeQJl SJBV ti" .. 11 1.0 BO " . i .. s ..,a& 

'* l!!l5SO 18 500 sav et 2 •. 11 1.0 .13 i.o .22 l•O 

:uaoooo 1i$ Sf Op $!N * l .• 4 o .• 9 1111 l.5 .41 1.! 

M~l $W .79 0.9 .4t l-.5 .. 12 l..-l 

12n610 ?a 5$Gp {1,lj\f ~Ji: 4.1 l.O 1 •. 3 l.48 ,3$ 1,1 

1BD&I¢ " i70p $ 'Mt ~ 4 4.,2 i.o 7·.2 a.1 .40 i.a 
uw ·'' l+l J;,.$ 3.4 .29 t 

leDfmtl ?7 . 5V()p $fsV 4· ••• o.e .,48 1.3 ·" 1 .. 1 

Lfi l.tJ: l~~ l+l 5.n 1151 I 
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Shock ,, ;) Dep'tn lnnt . .:·U.i.g o r;· _ j £__ pi;: ... ~ :t " Number Lit t:t . (km. ) ;,mp .. J~ ~r . .f.Wt]:J . ?er . Amp o Per,, 

l2U660 78 550p ssv 6* 
!. .. 

• 9;J 0.9 J~ e5 J .• 1 .16 l e~?. 

12:690 •;•7 . ' 5~~,.)p !Jr.JV 6. 9 I "I 
q .. ...... l .. 0 .. t~3 1 .. v 2 .,0 1. 2 

:Li.~·V '1 .• 
.~ .• o ;;:~ . () .f.h ? . fj l.3 2 r.: • ) 

12!.710 77 {.;(/..Ip ;~~:)l ·1 ·'"> • l..O "}°') l . l ')<> L .O er;. ~. e '...t $' "·~ ., ... •·-V f~ 

1311200 "II . 370p DB\.' 61~· 2 .. e l .. O 
.,.,,_ l 

.2 . ~J • :)S. 1. 4 , .. ;.. 
''""' 

p:,,, e ~-f,. 

iiiZ 

J.,:av. . 60 1.1 ;J.~7 ~·1 ... '! 1.:. . v . t.:(~ 6 

~-).dt\l LO l.O . ?l) l.<:~ •. :w 1 . 0 

l:3D600 7" 31'.Wp r, •v .• 1,J_ 1 .. 5 l"O 
. ,.. 1 .. 4 .lJ'?' 1.5 .. ) ·i.).ti. '2·- • ~~:J 

131)800 73 300p S.BV oi. 3.0 LO ),.l l.J 1 .. 1 l .. t ... 

(""'( ,. 
'"'''.ti 1.1+ l .. O ,.76 l,.2 .. ,38 1 .. 2 

1,BV l .. l 1.0 1.3 l.8 .. 92 2 

1hll0 8~W 160 snv ~± .67 o.a .1.4 0.9 ~ 2? l .S 

lhil2() r1r~, . .I:' ~·: i:~o SHV 1 ·~ tt.G .22 0116 . 23 0.7 .l.2'' le4 

li'+IlOO SS 90 GfW 1.2 .96 l.O . kl laO . I.Ji- i.s 
I 

.I~BV ll 4 '·' ~3 .. 5 3.0 3.5 

l!J.1240 88 90 mw 6.9 l.9 0.7 l.l.r.. 1.2 . l.J+ 1.1 

L.BV .t60 l . O . 37 l .l .19 ljll 

HiI263 87 70 SJW btJ: 2.2 l..O . 59 i.~o .l.8 l .l 

LBV .91 1.0 ...... ... \. 
e ;~D . l.8 . 27 1.H 

lbI290 87 ·>30 ,_ .!~l3V' 1.0 l.h o .. a .46 l.O .:;i 1.6 

1.m1 1.5 3 .. 5 ·'30 4.,0 :X' . ·' 3 

ll.i.1340 (3'f 280 SBV ~ 2 2 .. 1 o..9 . 22 l.O .1a 2 

tllV 1'/J? l.O .15 l.6? 1tl7 2.0: 

141300 87 170 SiiV 7.5 4.3 l.O 1.8 l.J.+ .e:; 1.5 

LUV 1;..0 l.~ 2.0 2 .. 0 l.3 2 .. . 5 



Shock tJ.•, 
Numbor Sta. 

141440 86 

141560 Gl 

141620 81.i> 

14I67o es 
l4D700 85 

l5NS$5 92 

lSI160 88 

151240 91 

15!320 91 

15!360 92 

1S.I6oo 92 

1SI660 93 

151680 92 

lSDSOO 93 

16ll50 98 

MW 

161200 97 

67 

Depth Inst.. Mag. P ttP Pi• 
(km.) .A.n.rp. Per. tanp. ·P·di.=. Amp. Per. 

180 SBV 7 ,2 . J) l .. l . 33 l..O .S) l.S 

LBV 1.4 2 l.li. 2.8 l~ 7 1 
140 SBi 7.l 12 2.4 l} 2.0 11 2.l 

tr~ 4.2 3.7 6.S ;.7 3.3 Ji 
120 Sf~V 7.4 l.S l.O 2.9 l ~S S.~ 2 

lvO 

1,av 

.20 1.0 .ll 1.() 

.ao 4 

150 

)60 

i .; 3 

.2; o.s .67 l ... l .09? 1.0 

.tl!; l.' l. 7 i.e 
:tSV 

60 SHV 6J l.7 l.O 1.4 l.l 
4 

80 SBV 7.3 18 l.S 3.4 lc2 l .O 1.6 

160 SBV 6} l.9 l.O 2.4 l.6 

SEH .$2 1 .. 0 ., 29 1.2 

150 SBV 6 

100 

160 

90 

3JQ 

190 

SJ)V 

SBV 

SBV 

S1W 

1.0 

q 
~ 
'" 6l 

6.9 

200 SBV oi 

. 22 l.O 

.11 1.0 

.2$ l.O 

.22 1.1 

.l3 l.O 

.14 1.1 ·'*' l .l 

2.2 l.() .94 l.) 
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Ohock r-•.• ~i:ith InBt. N,~g. '1~ '!"(; pp 
'-~•li f ., .. L-. 'fllli". tflll.,1 1~ ..... ~m~ . .. ,, · ·l . i :r.· _--, " N\J.'tl.b?i•l" tit&, (kri!l . ) Amr1 .. r el'" .. /lJ.!11)1! F $:t;'• i~•P• I~e:r. 

1<11400 sa 140 ~~BV 
•1t 

.. ~, l fl .. ts l.O tt{ ·-
15'.tt.JIO '98 ao {~~iJ 3 ·Gt .11 l .. O 1 •. 1 l..! 

1&?550 9~ MO ftBV 1.2 l.l l.O .av 1.:1! 

1$1600 99 lf\0 s.:rv 6! 
4 .?4 l.O ,~5 i.1 

l.$'.t!1tii0 ,9 13:0 a:ev 6,.9 .ms l*l .~i 1.1 

1$!300 99 l~O SBV' 7 .. l .92 i.o .,79 1.4 

1emo 8?' $0 s:ev ~ l.l 1.0 1.t 1.1 .oe l..-2 

tJ~V • .aa 1.2 -~' l-.2 .l? 2f 

1SM615 $2 5() StJV * ,fil l.l .,38 1.4 .1a 1f? 
18?20 '" 110 ml~~ :e.g ,.5:1 l+l .~s l'ill •°"' l.C 

1.-'BV 1 .. 5 l.-1' .46 1.2 .2~~ 
l 
~ 

1a:rao a~ 80 sav 1.0 6.1 i.e 3',.tJ l.1 1.2 l,,& 

:!~Bl! l.5 :t,.l 1.4 l;,1 .'53 l,'li· 

I.wt 2. l . ij.a I.0 .i .. a .&5 !3.5 

lfJil40 $3 ~Op f,li~V 7.5 '~' l.l 5.,0 i.o •. ~la 1~5 

mm: ~-0 l.l ~.! 1.1 .ea l.,5 

WV ~.I 1.2 ~ .j!a 1.,5 2:,t) l 
3i 

l~ G.O d,.O 5.0 4 ... 0 z.itt $ 

1£!1240 G~ S-0 s:sv '1 .. 3 ~ .fl llif$ e.1 t~ .. G fl.13. ~.o 

!lrl 416 ~.,$ rt ... 5 2.4 a.2 5 

1$?360 811 190 f.!/&V 1 
~ .se 1 •. ~ .to .t .• o .oa? 1 

lSIS~O $4 2a-0 snv G. 2 .41 1.0 . :37 hO .04:? 1 

!,~,. .1t.5 1.0 +f>l ~ ... o .u a1 
lSI?fllO 00 100 S~ll,. el.r. 

!iii 
.~4 l.l .57 l.'4 .o~? l 
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~hoot a•, lltpth tnet. leg. j? 11'~ lit! ~' (m. ) - fl t _~or '!Int t r .. 4' ': t_' ti 18.'li'll "(!li_·- .1 J :w ·ti -lum :3\th . ,. !.,le. mp. ilPfll" • A:mp,. .t .... 

uu:eao $1 100 ~!cl . sk ,.,fa() l.<l .10 l+() ~oa' l . . 'I" 

I 

lat>IO tl5 530p ~t~V ~ 
I 

~.s 1.0 .78 l.O .tt5 lt5 

.lt~ s~v ~., 1.1. ,.11 1.1 .16 :t..5 

10~00 65 ~00 ~av 5 
~ 

l,S 1 .• 1 -~' :.t.o ,.1z l.l 

Stti:t .zg. 1.0 .13 1." .. 1& 1-tl 

t:at .50 1*0 .!!15 1jts .e& • 
1lll~2Q $3 500 $'$V 11. I ·'' 0,.9 •°' 1.0 ,M? l.O 

ltlrMO ea •set flaf ei 2.4 l;fj.$ .11 1 •. 0 .0&1 1.0 

l&r'.SSO 83 57$ ~lW 1 1.4 1.1 .1z 1 .. 1 . 0~1 l ~ 
4 

l~tt'65 19 en iSHlV &.t l.O 0,.1 4.~. 2 .. 0 .16 1 •. 1 

ll'.tl .~o ~.! . ~ii e.o .'(50 3 

u~~a '~ f () SW '·" '·~ 2.0 s.1 l.-t .3m l.+2: 

lt~,o '' 50 ~If '·°' .1~ l.l. .sa l,O .14? 1.s 
19N110 19 fit> SD:V' 1 .41 1.1 .ll~ l.O .os 111 a;. 

3 

lt!tt.35 ?O 60 'a' 7.1 :t.l i.e. 1.3 1 .. 0 1 .. 2 a.s 
:l.llW .z7 1.~ l.~ a.4 .43 a.e 

ltE!O ff 1$0 SB' '1w~ l~i l.~ ~.1 1.1 .59' l.~ 

!,!V f,?53 ~.o .,eo 2.0 .~ ~-· 
l~~MitlS &a 10 L1~'\i1 v.a l,?l' aj. 2.? * 

1 
~9a If 

1tmoe 14 60 StiV G.t .,ee l.O .o~ i.o . 22 1.:s 
lll'!m~I ·&11 6~ ;;;111 v.o ,.,ft 1.1 l.~ 1.0 

SM 1118 l.I 1.4 1.1 

l9IVO ~o 00 sav l 
·~ 

' 
~., 1w3 1+6 l..3 .1s l ... ~ 

1gr12e f 9 ao iS:av . 3$ l.1 .ao i.o ,.04, 1,0 
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~h~tk ,'\.:f ~Jt;h '.bP.. ~~- :P "'" p'r.;) 
'"'' . 1.1· '( 

,I/; 
1·1 ij I _ -· I. Jjj '! RJ :•i!l•!~ t QI I) ' z\s '.:_' f_ (lJ , H.' k .•.P ~ -0 

Nt.lnlb•r ~it.a .. (krAi. ) AlriP• Pe't'"' ~:th f+er ... A~''" i~11.". 

J.:9lllti If! ~!.ff.t tsi'f ~ .:a~ O!lit ·+O'f 1.0 ·°'' i.o 
ltl'.140 '~ 100 $1,l\l' * *"' l.l .~ i.~ ·»11 1.1 

lt:t:l·~a 7a ltsO ftD:V G*t $,..0 l,~ .a1 l,,J~ .$~ 1.,5 

LtiV ~.3 l-..l .~0 !'-~ .~4 t~ p, t) 

lt:t210 ,, to i$t!V v.1 .!m: l.l .l.4 l.,$ .iOOt li<O 

1t?»9Q ve so ~~-IV $i· .30 l.t 1.,1 1.1 .o&"l.' 1 

lt.ltafSS ,,,~ */$ Hav ,.,c,e 1.0 .ee 1.0 .10~ 1.* 
1it411 ?l. ,0 G~J 7.0 ri..! l .,.6 1.m 14-0 .38 l.4? 

l•IUO '90 95 $W 11.1 l.~ l!!tl 1-0 l.l. .1s 1.0 

:~v 1.~ ~.1 l.~ :!.l .. z1 ! .5 

ltleOO 71 1~0 s·mr 9.-0 5.,1 1.1 1.4 1.5 *21 l .O 

l'.~SY s.2 !: 11'~ ~.4 .so l+ti 

19IJM8 '15 ~60 ~M~ ei. 
i 

.,11$S 1.1 l.f 1.t .1e l.1 

lil:5$0 13 !$0 5})"1 6.i 4.fli 1.e i.e l.,l l.4 1114 

U'W 1.5 l. ta 1.1 m.g l.1 4. 

1911570 68 f O $IV $.t :~ .. l 1.1 ~.~ l.e .,44 l.1 

11?&10 $9 100 ~$ilV i t .11 1.0 .2'1 l.e .l~? 1.5 

191640 60 110 f'>!'Y' '·' 15 l.1. e.~ 1.1 ~.'1 l.5 

%.8\" 5,9 2.0 t~.5 ®,.l. !:.,7 a.a 

191&50 Ii 150 sav * ;J,,l 1.0 -~$ 1 .. ~1 .aa 1.0 

ltl1'6tl 6-1 ltWp fjifil 4 5.o 1.4 ,.?G ltO .10 1.6 

19179'0 62: 140 ~J;V ~ 
2 

l,.V i.a 1,..0 1.0 .. l t) l"'G 

$Im .ztt l.1 . 2,i l.O ,f};4? l.O 

tSf .a, l.O . g5 i.o ,.(i5? t 
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5hoet t;/• t Depth Xnsb ., ~{!tit .. r, , . ·-· 't ! .?\ ' 'Hftllllli''ffii J I ·1 
f'P' 

(k1n.} 
l'l'.l ._" ·· 1 f?&:l A !ill .-. : r·;" 

~- st • • Art.p" )!:'•~·· .Amp !it 'P.,:r. Amp, !-~el',. 

191810 Gl 7!)p ~JrN v~·o 5. 7 1.s ~.7 l .. 5 . 45 1 •. 1 

1,iw l.fl l.$ 1*16 2.e . 43 ~-~ 

l9Ie3Q 61 '15p l1\IBV' at· 1.1 1.0 ·" 1 .. 0 . 21 1.0 

lt:tS40 eo 140 emv 1 .. ,$6 l.O .2~ o.,g .05'? 1 

m't sn:v ' . 52 l.l , .19 l.-0 . 04-!f l 

19Uft20 e2 $50 91;1 ~ . 11 i.o .11 1.0 .Hr l.! 

20•00 85 50 asv ·~ 2 .$5 l*O 1.5 l.9 a.26 1 .,,5 

3H4f5 Bl &O ~:rav· 3 6i 1.4 o,,t ·'" 1.,e .fl'1 1.1 

mv .ti l.G .eg 2. 0 .:lo '' «mto 87 so tmv ~ 
4 

,.55 l.4 l.I l.t 

4&0120 80 550 ~BV 6#. 
4 

1.3 l+O ·'' 1.0 .1s l . () 

4~UllS 80 650 SBV 6! 
' 

a.1 o.t .17· l.O tl? l..O 

SBH .35 o.a .14 o.u i>l2 1-.l 

t»V .:w i.o .mo l .5 .10 l.5 

46r.>!10 so 580 $1W 7.3. 11 1.0 5 11 5 l ,l 3. 3 l,O 

r;;nn. &.o 1.0 i.o l .• o t.l l.l. 

IJJtV' lO ltl ~.o 1.6 l.l. #1.,0 

4$00la5 80 $70 SBV .e1 110 .zo i .• o .oo 1.0 

t.BV . $.?3 l.2 .. a6 l.i .50 • 
4$0055 Bl l$00 SBV ~ 4 ·'' 1.0 ~13 1.0 +ll 1.0 

461:0115 75 ::5'10 ;;n~v st a.a l.l .19 1.0 .3a, l.& 

46Del0 12 400 ~1BV G:t .311 1,0 .1a- 1.1 •°'' 1. 

46naas 73 5~0 :5J:N ?',.() e.o o.t 5.5 1.9 .ae l.O 

lJ;'f 1.& 1.z .M 2.0 . 10 i .-e1 
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suck &! .. •. Pepth ln*lt. tr11110" . p __JP p~ 
J:lj T!i •. . , - ·-111 Td -.J ·:."D . tl '".I .. ~ . It ' · 0 l 

Nu.ulbe%' Cta, (u. > Amp·. Par. Amp• F~r. ~~ltlp. P·ntit,. 

4.GDM5 $.&~w 4$0 5DV * l.f 1.1 .« l.~ irO&' l,O 

4!»&$0 68 4tC S&V et· •. 02 1 ... 0 •54 1.~ . O?? i.o 

•Gt.e?O 63 530 ~- $ 1~4 1.0 .,54 1.4 .51 1.1 

tnv .ii 1.1 .,:$5 :ia .. 1 .10 l,$ 

51llf0 ,. · ;uio sav + ,J.'l Q.,"j .14 o.9 .. .. 
IN&IO t9 $0 !;11V et .u 1.0 .u i.o 
enos $'1 100 m.w 4 .41 1.2 .11. i.o 
E.\Xtm ?3 100 esv· $ .•• 4.l 1.t 13_.4 l.O .a~ l.5 

UJV Bw! 1.1 l.4 l.O .40 2: .$? 

LT! 1,; at i.1 2 .as st 
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