
I 

or 

Signatures have been redacted for privacy 

0 
Ot Ci 

l 

it 
Ol 

1 n c 



Fat• 
l 

2 

f 
19 
47 
t+S 
1+9 
'"1 



1 

l • i" 1, oleo ·1:1c ~ . r ;,t ~tioo~e, 'tht~Nal .... d ~0tallo i-:o,J) c 
mtt~~ _. ~· r u:c~tl w <H~tttlIC'!!n t . .;t;t 11-••e ii gr~J of . !tl 

t, rzr~~ lu ·t t,bQ eS.i:tpl.c 

t~ot1 :Y · W1 tl: 1 

n tt~1~1: ~-• 1J: ~~~nat.<h.J o.4 lt&tt .ar ·.tm,.,. u~~ tbei 
u.teot1c t ' f!r\'U: *'tur·~ ! IJ.lff.¢'~~.nt~.u o. ~ w 1cht P'.Df' c' '"t;; 

t4t tl~ o~t cto1~. t{ ~r fill~ ct J.)J!l.~. . t · o ·A::~ t~pe;r tvo 
~elubll1t :1 ~:-o n.11 cm\'i tfal e.tlub1l. .. U•1 or t.Jort~ 1n 'tml\fl!.m 
1 t) f'Pl'O telY o •. a wf.fJ-t p·fl~ e nt a:t the . 1· e-ct,10 

t- r of 1 · ,~. 



ba di r~'!$ ®"': t l tu~ l ttt& o• o et J.1·l.tr~"1.,,.a~f!i 

v.,.it:l.~ e-w~tl"1W'tiJat to .i tta ~ ~er:;1~tf11 ~· c#I tho 'bf!:imvlor of' 

ii! 41.~;t • Ofl~tl.$ '; latt \t~' .. 

bu.le: re .i C4# !.lit. 1 .can~ ,. 
sol\tt!~IUJ o tt:o at, t·1. 1• ~ob... 1 u~ool.at«t •3.t~ tt 

t ~~=1-.. 111 o~ .... fJ$'t .'\1 ve li"Unll' pt'l~ "". Af)t 

Qlo 

Of t~ tO tnor .Q•,6!;1; ii 

!.t;cJ>~a,, "" · ,,,.~r;.ol:l~t!O aa th~<il'l: . a.nil ~nt~1u,,,. ... l.:t~ &f • 

I' Q!'1 ,, , a !~u!tttl&, awtfl.t.lol. - blt i.lmt .t1al ·· t tiel 

ao • .;.tto1 ~.· 0 of tt- :re> l1'i..i£# · .JOC1"~ cl W1 ). t;;1l>\/··it e tor 
co ~.u.tJ. 0'1fe:r !)1'04uottw\ bY .=1 ""1enJ' fiuil;<lo co~j'l.~tl Witb 

a po"'i t:a. e .t:tt futtrl · · ";Elli' Ot)Uid l"'e•U~~1 r 't;.· e i o:t on 

fl · ~r.iu~;.. rtl.l ts~ • ~•--o d ai£Ih 
tbo r .. ~cl t~p"'tll~t, t • u~~ r:JJt t'"""'"ltila 1 ptWtloUl.t\rl. 

ap~ .lll*<: t:'' ,fee tn~ iscrl@rutllo J>~l JJ) or .. v. rsion -auct 

l au"rtor ;o •i~ 1 s,e ha1&1· o\is to t~r.'(11 i f4ut-o:. ... • 
t!ac~l~ !;G Qtii ~o e tt At;~ dunt.a~. It 'o ~' to t ,;.iu,. 

1u ~!.~ et '""COl!Si f.f~~poratu~, i.'l$~e14l11 if 't2:h $"irface 1s 

Ufl Ur"~ ' . C! 1rltt1 cl t ~t t~rtw 4,1!<1,... f tl 

c ntered. c .. :11 , 

;;~ lw,f.lttq ~.Pf.1~1rlfi t.ott i, iti ttOC'.l! ~~J)tl"'att'r.l"'e ·<.l 

~ · Cli.ll' lt11 · o "ii ."18 .;v~ ( !>) . ~ ·_jC ~, f.lou't~ . c4 · blc 

m: l. ti o t.b~ 17,; z 10~ lll.oltl~t:t pc1.1t ( , • 



f.;10 ~l'"OPQ• tio~ oft "t~i• i1£b1Y ro .ettff ~tta 

ur lt1 iiton~~t1ot" Zll. tbe ... 

o ~to .. ~u:tlon o~ t!: ~ ,:r~pa~ti ' of Ube 1~. 

~rt~ v~luos obt 1* 

o:r 111 ct 1u•i.it 'b/ in.e 4atn o !<""°' t p~rt t1 

on·~ .. th 

'l? ., ~til t1velf ....., u ~~utro11l. ~ ~ "~~ z:~•~ ~ttm ..1t 
·(il.t de l<lts tt 'UQf a.vo · .blt. V••~tG 

pQ .i;.t$ i-eal$ ... ~nt!& te ~"'ol-e~,~~ Qn eor~1.11cl'11 t:.;;u1t~ .. lt;:!:t :t 

- • f('ib1tt.Qt ~t~ l~ -il4 

t t rt~. 

~~ 

Ji. mtc.b 

%"(:1 " ! . 

iiU _ 1~¥J$ ~~ J,j,Q { 1)) 

Qlt.hiG ~ ~ t 2~" 
1gtit1~n$ aM\ 1 1.1,,;~.~lt li"' ' .~ blJd~ OQ.t\t{t?• · 

l~ # Q . Nil Gn4 
t 11\\r&;lccl ~;;;t~.tl id t1if£) oi 

ot 

~'i.;o Gui·1nf:.. f;l.lltl:f~ ~ JJ~''*'l~.l.'l!~u .. J~i1puat!~1 ot t.~11.l uiv, .. tt• 
tJ. n cQn .r"' btite to;,, 01 ~. tn t.hc a. . l ent 



A tor•MHW\ ot ~ .... tel ~&•'1e:r ot t;uiala upan 

alleylng 1t vltb \br:,,,1m ~ c\1.er oleDltts 11 vr•Mn\94 \9 
k!1ller t& ). tr• :fonout l• baH4 on tt.11• col.leot:lve Nault• 

f:N'f:t ·tM oont1aua,1or .. a ot .• ~.6o\btitr' • nt.s1 'M411S.• 
lil4•hr•l4' • •aolub111t1 »•r-.t•r•' (a.a 4i••u~M4 bf · o\') 

am f)a:uunc•• ' •lM\NMgattv1U••' (ace~ to lia1•1n*1)• 

fbt r••ult• ptil•t.tl wt ~1- J.•. -.r11nai .... ta 
11tui4 1D1M!.b1lS.V vi"11 lat.al•· Al.Mt b as.. faotcw of 

VlOrlm l• untaY(;lrabh for acl.14 IOlu,lon tonat.ion ~ 
oapOtmdo ~ unl.U .. •11 to term wi\tt t~ta.1~. rm.\ t.be 

*"1--'latltdlia ldl(}.J 81•'81 ll '408\ pl"OMlilJ Of \bl fi~ 

tr~~· ,, •• 4e4'*'4 '~ tilt 41qr.-. cf \ne ~ .. 1 ... l'OUp v 
a11•1 •Jttt.•• ·•• eoapiW 'bf ~n .... h•I' (10) . 



e· ptltW· 

bOct Of 

" . 

st~.tbu:'f •qu!~r .. t !n utali " e~~l 

· ota11 de ,;t:r1ption i<· of' tl', . b 1c 

f t.t \, r,. t ~lov~t ...... 1!)erat 
OO(;IX' r .. s$.U'e o · 10-6 a Ig or len • i 

t t'l\\lm u " . .ln tbe . cptU!'atlQtl of th$ &l "¥ \!Ian 

~ 1ioa J t:t.e 'Jam~t ol · illt~l1~~1enl eo1•pova tt:n and wu:s 

~~ 

U'thtu:• 

~eoz-1 

t!~i lnv'tuit1!Qti~ "• p~~ li.l'c:d b1 t "a 

· tJ~ato~I• 1 :it)(U,d l"OOG3tl {!· 

ft • at.~C-)00 p~ bntc~• ba~i~ . ....;, 'Uie t!~orlum 1& ot hit-

ur, tJ. 



bl 1. ·ai Si f t e e. on 11 ls• 

--•) 
, ., .. • W.L ll ............. · -

l"!ty Cont nt 1n 
ta lu (p ) ) 

•• llU. * _..,, 

c r n 16 75 .. l 
01::/.t J ; 50 5 ""' 1$0 

1 og n 22 75 - 150 
lb b 

Ir r.\ 2 

1 :i! 2 

30 

c .Ci 20 

tr ce 
S'lic 0 ' z r ni 2 

1 ol 

1o r.1 t 

• p ct ·o •ra , .. tc na ! U1 i · .., Q ct• 0 ... • 

"" 61.Y • 
cu eio • 



b~'tto:if,•,ti',.;\p~d ~~'tt 

\lie allcl"'.~ uhtle1' a 
bellWL\ tttiltf.'H~J,t.~I'• V~I i,f'@Clt'.1~ ~~d."'!it~ litf.itt~~ Cl~firi~• ct 
~tb 1t!"Co:r~.tttt 1.u or\.ot )'ik1~~t t~ 1 \l',."~r~·tr 

t~t~d fi()aiJ'~l3Glt.lmu11 ~o.t~ 

L.uirn~1!i'i!!: ovtu• ~t~li$'f.l ~lt$ tr~ ~~ 

111tte:;~t "' Mt~et t~ A~tl~:ievlj"• l»-r:4'1 c ~c.t•(l ~. 

o.os ~· ot ,, e 60 tci eo ~i-~'t~el th t!.~ ~~1tlug p_:te't'c.-. 

.. at&d ~i tt.a 1nt;e~biJ. ~r~"~,\t101Jh,. t~ tw,;~ ~u .. ti'(tret1oe 
be'Q;1)Cll tb~ ;melU~s ei 

t~cz1U'1at& 1cg~t ,;h&P1flli• 

bO'I~ new; G1f;."CO it*o lctt•I' ~~•ltlng 

c"n ~ f:.um:pl&t~le4 en t9 btu111 .Qf tto C..iit)l1~~ tfJ'.OO~s~ ~1: ~ 

i:r>lt~'" f.,lbar1~ tu~ l1'e,1t.,.ee~i·,,t$ t t trl'lt J.~ictlticn 'ti~t a 
~Qt;i.~n oi U~",;11~ ~:; .. l~e.!~llit;)"' t. o th~'t"I~· 



~Of:ette4 tbo nkit''8 ot 4at& AK~ <rt1"4'1r t~ l~Offti~ ·'td10 

~gftn it)" of t .. i~ it1!~1w:~na . G11~01o1 Mth0d6l ot opO'c1"';ett 

t>OPm'~ttonn ox:~ t~ .\ ,,,,.,..~~ ~ ~lntEJ e~ doar1~a 'to t & 

• tilJzltle ~A 

t $lti.n£: _pt,)int beta \ti f'e ir~plU"~ b,1 l!Ui kt1 ~tl'~ tM 

, tttf.fi~G$ 0.1. ~l~b~ :out t~~ tb~ uo-•oa1t ~lttot:iil ttan 
Qillins tt~ .e.;1tor ~'rtlon unt ll flt noe Gd~o~·: pe~w ... ~.k ••~ 
fot , fjO •. tl.Oin• b; Bog~ ~ ~~tJ~int Ci) .. ..~ 41tf10Ul.t1·"$ 

tt:l".O e:,.,Cul.l'.t'it~ed in ~ ~Otl . ~..!~ ,e,~ ;m,S,lJJ~ng o~~Ati,C,u,Q ., 

Col.{!•)ll'fZld\1~t1tli·• oi" 6{) prJJ' c• Clf ~~ ttl~"·"~1'l'ltt wa~. mn4!o ml 

port ont Qf tlW a::nlil):f'~ ~o , 1"i l\~lt~t ~- b)l ti."$ u , e ol a 
r~lltng e 11. 1 ... at ue t~~t,: at. var:1.f;;'U$ ~ .. 4lQr-a~t~o 

toUcvod 1 oow·wwk~I ot tt,e,..e e~o!mfllH~ a .. .,,, .. ~:la~co. lc 
u91n...,t1ori. ~1"' t.l'c~ r.ewl.tlii+li •t.>t·~tUi"Ejri :ct.empt~· .4 t..~ ek9~n."i.• 

~:at , Colt wo.t•ti.l~'1 of t .. ;J.a, t1t1;~~8 ~~Qi.llu,o~ or c~ $ .ln t~ 

a.a~leo t~ ~h ... ~~ 4etm:r1ti~ e•ar~a tlt~n v~9 ~ev 'lcnt . 
Ul 11ttmC\l- 'tempt-J<f#;tm.•t. &nd !.,%•~!if 4lffr1&ii?l\ion $l~<lle4 ;;ena 

w~l"~ ~~fu~tl"&u b:t &W"'% ln1 tu~ tti·~~no~ rcoou L"'ltn wt~,$,. !\11 

c~.i'tusltlcn~ ot tht t~tum.•tar~'ta1~1;.1 ~m:1~1.e~ eoUlfl b mt?~c-4 

t'i:o:;:; o.a~<* l~eh 4 \~t.~ t:od~ to 0 . OJO lt;c . G1W:"'lt:t ~ Wlt'&I 

v.it ~ut tnt~~ff'~.!.ate ~~kt tre~m=t$. a~ .flt::i..iii:.ln ~ t:f'' t: ,e 
d,«J"'~".tt1-c '.~tM WAS .not~d ... 3'l tb~ O\f~,,.;1~ Of •a=Jlfll lr~ the 

4t.1~rmec113te ocar;os1tlcn ""anl'f~ . Tb.ts f.to1tltl! attlon u·'1s 

:Wl'ln~t•~ tn th l "~.c.»ar&.tt.o;~ o~ 10 ~:u. di~i?ter x-~tJ:S 



Attnaet110t:z 01t~c..~u·'. ti.r ~ ... ,.1ftf; amnplo!!ts tr. t Ie 1,v to io 
llHiU.~t i.~•1" ermt f-a• D 1,s 90 to ~9 ''1"~:1.~' ,oo~ o~t ta-~11 
to::ipoa1 t!.e~l r$Jt,l!GI. 

~!el'tlntI f'Ol,1t. "' ... tere:r1.nt,/tions 
'i~& app~.:·~ ¥~~' 'Wi!tf:ld 't~ <Hbta~ ·flitlr~ f~i~t 4a.t~ h.rt$ ~c..~ 

dtt~i" h<.."t\ b." 1i'i~ rJ (lltl . tvo lt:t.r;• :copJt?.r ~·1~11 atta~t.~ 

to two "fa.te.r~~~l•d cQl'°~tr~•tJ Ol!.f'~ tiJ ~~ld & e;a~.u"en ""'~i~ 

to f1te' . , l c ¥~fl 1~ 11~tt<U';,,Oth A ·~1•tl.G ~J:l'J~1"lf'(th.:..OI' 

~lttGYl(h~~ tile urre1 .. t ftJ'.' c~t~"Qll~tl t ~atJ.~11~ Qt t~ sp(4 "kl~n. 

~li& t.".:~1tllti% f~itl l»iU~e wet'O ~l:¥~~ f;~ 11oct . .ton.t e~t fl*'-.. 

t! .. ~ $.•C.,JSt 1~ot:h •~1~o:ra.tu:-e~ vor~ t.. tl.i:w:..:a bl 1. tc~(tl 

~ U;;1r~.iru,, di;)~!Jtzm:' l Ct; t:Si.1~.r ~ll'lt. \')' ~?O t$iit.1A,~1 iiy~G~et~. A 

~all. 11~1'• .-i,1 t!.. a a~;p't. to d1•~'t~~ J.•eitk» ot r.a~';;ti S t.: 1 
dl'1 . i\.:ei CCl!itfJtt Of tt~ r.1;e, M~Vl: ,ort1G~ f t~~ bu~ 

r1•.rvaa a.1 ~ r::lr ... l~tt.rtZ ~lae~ u~d~ . L~:!tt.- ~fl i1~~.f1tee of' ii,P;p:at• 

el\t t• er~.nt?'fi e ~ t.m l¢il.e w tvl-0.¥3·~-bos.1· t~~p~ tm'r• 

r11.d~, ~·(:n~ .. <1®'.f6.;4 11 Ar~ ~Jttii' "i .. c!~1tl(lfll ~,,r 'tii· blat.k•t~f 

'1l$:'tma fm.ffGtHlt it . ·Ii' 1" tu111 ~t;a a.1Jcw~ ~ 11~1t .. J.du~ 't~ p ,,PQ• 

taea te m ~.r oxmetou.. 'l~~ s.x .. r-t.l!lOk'·tmi t~r~cor.s e""tt~ros 

t~ ~fl. ·~~r115.on 1~t the ~f!Zltu11~ v4\i.tr 01· t:!~tl ·u~"f&<;fJ 1-'lfs a 

f'tmot.10.1 Qf t<tmJ: ~~t~.· . £a tt~ ti"''~ ~tt.. bGlo,..J a.~ illfov, tbe 
4" lld~10 ~it .. p.,:.·&.tt~ . ttepti to d!~~t~r ~tlt!oa at . O\tl" ~er l:vat 

(U.d ~t t.t1'tfJ e.!e'lll~•t~ ~blfle; ... ... ~ CiJtinlt!on.s l~ ~~t tb e1ttoc 

eJlt1 ~t'OO...:. or t~i . t,..,lfl: ~~r ~ll#l.blQ ~t n1 k~ 't,'e;par turcs. 

ftat1o~; ot4 ~1• o!" ~re l"~qul.:to4 t? .. o ... 1011 ct e.G! . ..;1d~~t¥1o 



10 

Q"'..ID,!v Of .U."' t l{I ti 0111 tit~ .. \ilf,Ul,.,'@~J •• 
1 ~ f llling -

Q &ind 

v1 t~ r. ~~!.ue P~t · r tr.or· .five 

~1cte t..;. \~O OOUN.li at 1Jv 1e.: 

"1!' ti.. ai eel.., nts .. 

lleet1• ~oil le,i, .. 41'tMt:e 'ltoi~cul "; ,~,;.'iUf wit. .t rw 

Bl tr . e.l I t "'~"OS 

t~~~1, 

t 

c1. '1'U1t t;G d to t 

....... .,'t,,'"'f"r~ettlon '' ..,,t~~m 

l ... *t'I J..ttlc l. • cs1ti :C#lt;.c ... 

®,;,,s., \;•"' .. tJ:·it~ $. ·• 

l'O-C1~ f*" 1.l:~ll dk.v,. l(..J;;d i, 

t ,.~· &l.t a1""' ~ 

too ~lll¢tir1c~u, "'ull l;ittn~,. a.t tht c1,lleC~,.,; nt V,,,.;f'.i.oulil 

t ·el"'a · (!:I ls c~ !.u, J~tr~ -1. 

• 

o" ~tr.. fl'fOffl :.:~o ,~ ~nt~ 11:. ~~= .JI 

~ue npt1<1 t\Ct\. ~ . ~ 'tit o rf1t.rl1ttltltl• 

~· l'i:1J'i wppl1 tor t~at hltt the; !$pl"~ l e1:u~ e • Ji tod Of ~ 

.. m ... t ~ . ctti!i ~ l~ " r-.tce 

l.Gnp.<·a · <!tv n 'tvo .. -ooo1eC 001)i .'f1 o tiiod~G 1n 

VGChG.1A· 1'.ih ~bGrl"\llf t'J/Jl op ten p~~\te~ v '( G ~ 

~- r~ ~~ o · t 4• ;...1.. oi~tn~h 



l . lln\c CL li"ctd.tJ un. lf,. ufi~~cnts ct lo · rloi:ll 
~ ltlrt~·.:lf'&G a" ~t!~!! Qt efi'il)Of'lfl.ttlrh 

~h 

b . 
c.. 
4 . 
~r. 
I • 

) 
i 



12 

a b 

c 

e e 

f f 

g h 

j 



celt.t~ tfOitlt ~•t.:o"'~ 11:. t:'~ w 'I u~~d te Qt ~,r £1mlta tt 

ac· ,ut.tl ti!. 'P'l"il.11f ro ct th:c SJ..-Efl1~ent1.. fn~ s~rt cc. to bl&e ""' 

1~1 :r l~ .. lo~~nti s . t afltt f:i e:~t~z · ~~ . ~JJ:]~ 1 n flat 
sut.t' ce.o v . 1~ t " -ct1 . o~at' :r ·im ~ta :ie 
tzOlluQJ:' ~ o~ o~rvmt I' rf ~e~ iet .!.rtf ®~m .. c:. o ~.roe 1~,, 

tc.eto:r ~. tl4!.illt Clftartu1~0 ~ ti•~ ~ l!JI'QtUJ'G ~ ure:.:en , 
cc ~1 icna Yo ppllG~ t, tn~ d•'~lt ae t ·l'. ti1.ct~ ~ ~'°~ :n· 

' 
~.-,,~ nt '!re v~:>ilu. s ~'~ t !)at •l'>JV r"O~ir ct1C? ~ . ;.tw 'fOlt~ 
41'0µ lflt1e tbe a~ .. ;.ce . 

(~) . 

• • ei .t th~ c .n.t,. .a :11nt tlt~~w.1 · Mi4 
t;J:IJ';;il~ .~ .t 't ~ 

b J""I* ~GU U., C:Nt 

!~ 1tl1, w ~ """ 
s~ 3:1'4 I'~· later. il. 4tru.~t(,,;r :;..~.t .1~ ~~Ziti 1 lf!. 4e 

WN('J : pctl ~•liie , n 1u a ,., m11 
A ~·VO.lt- St~ ~ 116 bi.\t 1!'!/ {;]~~at ' t.. ~. 'tlCiii•t ~ ~ el ... ' mihod. 

~iii \~Jl l S d ,, tQ ;,...b9 ~Khi:U:f $ij . ,tl., 1~ t;;W/ l.lT~ tilio1t 

u ~ ~d. tt·ru.h~.f' 'UUh ~ b1 
n ~ i , e"":i ...,.,~~trt''b~.(lre ~Ql.ll!.itana• Mati.ng ~:?~m~~t tt~,,.~~e .. 

v ltae ·. Clt-opu ~eras ~ · ~o~z ~d w:;e!' ttglld""1·4 .r: 1r1~ce 

;J ~ir.;illD6 ·)., 'tl~tifJJUt•i~~l~v~ ,'J~c tft.;.~ow~t.ti, • w~$ 



•t•~ 1.)~~ t .. g W~1.1\l~ 1~ mi~ 

a 4'~~ 3~ ~ h 'ao 

~ ,,. t ~ 

~ cc i -ur~-

\,~ =~l tlt ~IC lr .. t ~~t':~ . 

ft ·~ ... ~6 ~o~.. ..~ o ~-r re:li -v~ 

trdiu~ :p (,(} fb~ l~i g pi'""'eo1rn.. Lft ti o~ ~· or ' "° 8 
~11'• n 0Jl'fi, uou 111 (YtQJ.d~ 

tlm't.l~fGC'G~1 tt ·~'"""' ®Zl t ,V~Ui*QU..t'~ c.oltl"W.11tJ u 
"tu~e det m1 tl. £:~ ttio rit.:c·~Ul.tit 1Gl.tlc~ .. • · a~t4llr 4m a -y 
i <!esc 1!.~ 1t: ·. ,,..,, 

tnin !ll~ct · pcoi~fi 1 ~· "l'O ~ ~ p~rett w_,. " 1.11r,.t.. mld t.a ·I 
'o t~'"~ s-;, ··l'lN~r of Q.t: b..,ei~-r~'hot . .;A,~ t:amcc , }~lt<t- a· 

:r-e :.w11. w4 a.t , .•. t · n 
toz;~j;) retiurol) · 1r order to 

atr 1rao 4~e to \tg Cll <.%•..Is w:.:.tl~ q~ .rmecl 
-;; ~ ~1,. 1®41. / t~ ev Otu4~a, .t :tt t1'j c~.. r • tl. 

litim CU t .... ~.e I ~ ilO\J,tll' \i~u tv .,..io.i,d:- the Gjlt~e!U • 



~-.bl . ri ~1:.-,..t"U&tit ~~, ... l",t~r d~tJ4'. tJt t:.11 !J:.t.Ye~J.g ... t1gn 

'10:."t o\ ~-4 fr;:,.w rlancb.14 v lt"O GpH.bt~'ll ua1.a: a .s~" .. a..~ 

:uat7~~:be:1:rot c~or ai"d 6 ic l~ut tlj0atir-e1 1'e copper ." 
12.phr. rd1rJ.t1(ll.n. ii et tr~ J.ll'O~iii>-fh:.r~• f'el* ,..r~~lltib.i a 

··~*O~ 81"0 Of iUI~ ·~\ i.;109 .tr. Obtu1tflfi,e fUlCUl'~.'t• 1S4ttico 

pu••t•••t it:ttl1 &l"e .i•~uMwt.wi ~re ~ tleta.11. i~ ·lei et 
,. r:lG-us cairpc11t1 .ci ~ ... H aw ;tf~ trJ. c.~ .o;,.,o J.n.cn dk~ ,er J!\.."1t . 

the l:"i3t1 ta';';fJlet v&a el!i~~ h et 1 1e:rtefl •to a 6o:tt c ~1 \.\lbe 

(0.1~' ltieh O. D. mt O. OOJ I.Boll l • • ),. Tbt1 Jae, et.4 I ple 

was •~god t~ c,.ooo rio1~ i11 41atrt"~• ~~ .. J&e1;ttt1:~1,1 am 
n~v.t~~ st•J!> vorll;~ rt1·•~\~d ~j 'tt.1 a. total. ot tcv .... 31 

j c eta Ctt'V ~~ 'tl.c M ;.Pl•. Gv hli 'W • COllt1n'UllS tJ ~ 

tt.o 0 . 031 ken tU.- m t ... le .. c>.ilt$ w-.re :r 1 ~t.:vri 'b.lf 41noluU.oa 
th A J,,$\:r1e ~G1d \$;vl~~-2.0l•• :Zte '1tt·l'l~1tiJ' t; Vll'#J 81).";},i~l• 'Wii8 

G. 010 "Jen. l""" M .. tel" w.i!I was t1.lrl1 .S.ton bl orou 
IH't&on. In or4er to •o:.d •it e.ont.a1r,~t1ont \t!IG •tWFl•• 
we!"~ at.or.i ~•r aarttou '•tram :t.o7hl,tJ. A t1:t».t~• t~ ftiui; u~b 

1018 tlpecS..n ,,~. C"' t:~• ti'•• WlM .U(~ a:;lAHI -~~el t• 

"~t~ool., ooppe~ elntnA•• te'.JI ... at ~eetmet.t. 

\.011ttmlna'tlon of tbe D.PR•e:~" dw-1.G; ~· -.i t~R\am\ vat 

t•l4 to a mif~• al.ice vv1 littlo li•l&.••lns t ~ PMU.'84 

t.eet tr~ c . .:l:~· .. r tiCC"' r«J. ~ t~.lt:u1~ wat'$ tl.Ot ~ .. soc tr a (1;uatmbih& 
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t...W; ttw:1fjfc 4,,, t10l!:~ A · t'""'"".:1ut. 11 ·· llw~ .n t~.i;i ~- ~iid.$ ct 
"t,t. 11.lif.i d~tn u~ 11 ·~s .•OC!itul.et•;p,,., "' t!~ re.:'Q~t Jr<fl,:i: le ct 
t~ :1S \<i~et!Of. tll O!l ~ .,.,.. r&i~C ~ ) .• 

L.itt)lt~Ult; tim ts 
X•c~ 4iti:tnf:tlc;;n &r~ iif.l~1tal.1o(ttu~ ... 1.1c . eu"~.s -~~e UGG'1 

to o~t~JJ t.JiG dtl'ta ~m olub1.!tle~, lf .. tl .. t.t tt fl~1~-'t~j; ~1~ 

~Jtl'1 · • ~~h~ ~ol~b1U1*y t.~~t.;;:~~1;ttt~~· i J'l\fli;S~tt;1C, !t 'tfl\C 

prec~i c~<ft.icn °'"' Jli.~1 tc t" .. 1" ~o~t.ton er tl;;°G re, ,c:rt. 
I:ll"lfit:tr., t~ DOl\~ .u ... tJ .. e fl)U'tecto1d~J. lf~eto-.t. ol tl.1<~ '11 ft!"at 

i'$il b~~n ~lt.t<:tttl ~~ 1GEHl t o. ~ w11r.t p0~ ~~ .. t ~o.•.d'i ~ la 

loeat«l Z1.t gh('n.~t O. J \ff) ir.;.t pnr c~i1! ~·••lb at. tJ~e GUtootio 
t,e:Q~t'.:tt~t~. Gtm.tl4r- lt·l'~J 41f'ftaot.1C-h t~tbtd.~ueu "7~i'O u~r ~ 

t.tt. obtn!i~ GOlt.t ... !,Ut et'ta ~t ~l\J .. tlt .. ~z~u~~tt~~~ c;;rc~ t.e ttt1 ... talWJ 
rl.d· ~U.t:ia e; . t~bo 41tl~r~r. . Q ;,,f.1ob@4 wl~(t! .~., ..,e~n.a ~z;1oa~ to 

ai.c. ~1-.tll:t~r04 oop,,, r ll~&t::.t~-f* ,11e~l4~ aatlttr~tar pattctns 
i·~ tM ltfa$t tJ~ua«HJ a:C>t~ ua& J)l \ell! ·.1..· tb~ a.r~ nraue 
el30:n•R11oy ~tton. c:;:at~. lattlc~ , .• f~1e;tero a: .. c 

,...ol\.~t1litJ :u.ottt u. it r;e{;'fult tlf.om tJd.1 ll~t~ a:re J.lert«!l 

1n table ~, ., A£• ~~itatum pt.tter.nt V.;.,ftl 6'tftatl .. e4 frv.~ win 

a~it:f;lnt: e;zp~tl~ 'l~eor:tl~•lilwi·~4 t'~)3WQtlm f"ed1ar.to1i . 

but tt~ .. ~~fl(:ot1~~ (l.1~~c) V41tr~ ~:-.. tt~allf n,.,.t ~enolvad ~"Gll 

t'n:iioo.._ .• to ~liih4 .. .t:;.Nl a,Q~~a·1.:e11. t~ ,UJ::.,~oa\84 ~ tte # ~a iJt,~ 

"GlUtll t the.;;"tl.l 15 VUt~ .1zt S~lt~ 1l:-.<l:U.llll.1.t.l Of tl~lr1W 1ri 

t!mitAl.Wl.'l ~t. 1!!£0~ ~lC. 1'4la~ u .. mf; o.~ '"d.'t~~-t ~~-X' O('rnt lb n la 
o:~ a mtt~ci1~ te »~:e~~tl;t"~ ~'~' dc;a;.~c~a l!!.t ~u U:$O 01· 'bttt!l • 
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.. 

\ 1> 

i.c ~e ,._t Si i{~ t;, ,,::lo 
t\D';G a 

ti"., 
l 

• 'ti" .. lJ t i~~ 

't ,,.~~..,... r" !1 ~ t,i; ~' 
4$; f1" ti ion. ~.,..J j . " .. ~ 

{~"'tit:. 





~J?ll~l& .W.tilU.t 
ltl 1. 111101 aam·· ~· fNteeai'eu 1,ti tct.u 111w1t1c•t.1oti 

"xr~l.b1\&li t~ ··~~e ~~"'"O&Vm~t,:.r-eia111 .... ~ ~1a1~1truci.ue of 

an a.-out 1 1 ·~ ~t , er cew:. t. ,...... earl~ ta at•~ 11"1 J lf;1"1'• 

10. .....-plA11 of tJ(;~JJO•it1or• 1 we1~:t pc.r c•rit 1.-~1 w ti 

\lelgbt i $r ce:ci't ia-~di ta; t h~ bQe ·'.$(l ti t•eattv ~t lJUO~ 

.....-~ 19f{'J~ to"' aev~ral , ou.>rEi fi1npl V•~ lttC> ii ~llH mtcn:·ostt-uo• 

tur11 w .. >io 'WU~~ not 10 ·eetiu;;l.: 11·1;~•~•dt ~ ti.'iilse ,1 tne 

IB• O-fiilt -~~Jl 'fh (i~Ot i'OlU 11it)" 11, 1't~ ot 1eatt tb.All 

l Vll""~i.U~~t Jtf:i" e~fi nt l_. OoC W~ff 4io'1ucd f;r.a~ ~l,,J.ll ftJ;G't.allo-

r~t~ t.c :cm .,.y11!i ~ it tt r~ ft1*t wi. t /. •~ i&..,lu.blli t7 

U$'t.;. tttAt ::"tlr:Jl.Wd tr~ tli.'111 X• t-a)• a:tt~~tlcu &t"'4.iea. 

libetoutloJ>o r~.,.n• 01 ~ w1g~t ~~ eml't 11:a-.h ~D""l•- au~ 

nc irielt~ • 1tiJ.Ct• it· v e. (;.:.i..r~~~ t t~ O,;.ite.1 Nr&to1.• if'M 

m!tf &Q'k:la witJ'jQut dr.u•t1 till,- ow:r'-ete.ttlr.1~ tbtJ 4ut.ect1c 



1. c'lt' t • ·t·.h~i, ,ar~ 't· ~*.t 1t4n11 ~Ct;! f'Jt. • .;1.y. 'l;t ;. el.::etrolJti.o 
~c •. ~u,.. ,. i ~~-10efi!t. tt ~~-d , m: Ci J."' t~ 

lit! ,( 1 to t,::ua s .. rt~~e t;f tt. 
,,.....~ (U~f.dr.~ r; e f" iLti. re~ 



Fi£1U'e s. 70 wt. % 'J:a ... Th. 
Ontr'.m a."lttilum 
solid. solution 
d n4r1.te.s in a 
eu t.ac tic .ma ti"' l.X . 

F: re 7 • 6 w • '1 T '.l:h. 
C &.Dln~ ta;;J.talw 
nelid solu~ion 
dentll" i toa ln a 
eutectic n1atr1x.. 

11gu~-e 6 • lO wt.! ,; ~·a-Tb. 
(i · , a tan t~11 ·!"!\. 
aolld solut1o;n 
dendrites 1n 
Gut etio matrix. 

Fi i x-c 8. 4 t. ta- fh.'1 
""'ect..to. 

Aoov· i£i ·>·»"l ~ .... e !led by ew bwillti tJ ,. au.r1'aeos i'<n o. :e minute 
1 .. a l t 5 aonc . nitric acid to ~ater oc~l'1t1or. to wh1e 1 wa.s 

· udod 0. 2; go ~udiii:1 !luos:tl:ioo. -.e for euon 100 ml. 

~e n:-1.plo .1<>,.,. 1, .. t 1 "':r a · ... cnst co .. d:ttio u .. 500. 
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~~, tero:sc "'ic, "•'r1Jt7 ~lit ~a-t1<f~:£i J . ~lool*~!c~l. 

cil t ~·~ Q OCillfj ..:1 tut1 · .i.J!J Qtfc et t cit; .. lo 

'I" t4 ctlo 11 ;i ~i:o.:e .. ctlc . ~ · t ~at; ~• t 1%5 ....; 
1ooi._ ~ 4 _ o.' :-e1 ;i; .. t z ~" (!e;; t t~tult=., "' C'f'ii'.,el'... ot 
$J tor~;~tnll.lc C~>m,,;ll;.;UJldfS W{t,,fJ :i"i;..Utt,1 

scli4 1t~ .... s 
t el ~fitur .. ~, ~ tw :..•lt 'W.11 ~4- "~ ~t~tt.t~ &.O 

tLo••1i~ w •I fc .~ u . al'.!(,>Ut c •. ~ wt111l'i1; 1 ·r ca? 't .- ti~ 

.,. tfict1~ ~,pc.rat~ e ti les tIWt o.~ v1~ bt ., ·P· e nt t 

t tl10.tl ~ t~ ·C~f\~~, ti.on t. ~r t~'ll ilk ftU ~otol l. 

~.rn.r:t a i- tnilt ~· trttrifl.1' . t101i 

n.j ~s~1.t• $f:!i . tJ 

u~l.u.lJ.11 .,/ ot tl1Gl!'.i~ · .l..n t· ~t., "' ,& tO'fl '"'" to b ~ 1~11c 

0.3 ~1f,µt pe~ cortt flt tL~ eut ctio 't(ll!· .f'¢»¥"ia.t.u:re. ine e~ncave 
11 1!.tt\un: o~t-'teJ on .bG ~. 'AAl.1ml rte~ s.tti o ti.- ·u'tGCt 

c h d'"'1t1on, it Peal, ~1oets tt · t fl r~c.tan or as.r.,rtd.d 
~!.l$.Ol $111 tf liOb~!.~" ~1~tli Ul tl.;.fll 'ttlOJl~.U!:'J•tti:~tfll ~ c.y~t~. 



4c·n~Yl~~ t~e dv!co e.nd cot~1~1 

'1il 11 .., ., l•• L~"~mf~ tb~ J 'l(;(tf"eiJ!il ~.1G nt ff.r!l • 

.AlriJ!, 1t~ .. :tl\<:J.~ttr:;m~ilt If· , ild:e t~ , D. • i\i\!1.1110~1» tor 1 .. 1~. 

~~qJ~2tlrtier~t. ~'."';~ a~e~.1t~~~ ti ~r:i11eatlgill't.i01b 
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WilbelJ;;, ; . A. 1bc;.r1Ut4. L'"l. F!r¥11•'k>t11 U. t • ~ ~. «!. p •• \... ;•!dlurgy aw.; : Ufi.1.11. PP• 2'+ 2,-0. ~ 
¥,on, .r. ~our•·~ ill I.too& co. , Ir.c. 19;6. 

' \-11111.a >I t fl . • t>ct(tilS.fit r• N. ~bD t~mtli1~1U:Ob1Ull 
alloy aflJtem• l\Jl(t~10all 1$®1ety for ~Grtal.G t ~·ras. !>Ot 
1061·1~9. 19~8. 

il.lll~, : • T. tbe Vm'.&'.<Ji~£1t"oa.uium allb1' #,Y!tw~. 
American Ins't1tu.te of 1n1n anitl. i &tall.urglcal in&#a1 rant. 20<h ~ · l)O. 19;1;. 
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