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I:+RBON 1!: DETONP.TIONS

J D Johnson

:.u9 Ai.imo.s National Lboracorv, LUS Alamos. Xew I’fcxico t175t85

‘.”@ rpviow rhree principal re9ul L$ from ,1 tlve vr.ar scudv 01 rdrbon dnd Its pruportirs irl
deConatLons And dlscuas rhe impilcatlons of these results to the behavior 01 explosives “.’e
lirsr prmsmnr a new decarminaclon ot rhm carbon melL line trom roles.ie hT.Ive ,.’wlocil.;
Imr=asuremenrs III the ~hocked state, Ge Lhen outline A colluldal theorv 01 c.lrl]fln ti!usrr.ring

‘~hich trom dlffuslon iimlLed coagulation predicts a slow wnergy releaae
ihemlscrv

rflce lor :hc rarbon

Flnallv. we show the results from che examination ot re~overed suur Ilera we see
.upporr !ur che collold theorv and find rha diamond phase ol’ car bnn. The main rhamr [It IIiis
;~.lprr 1% :hat the cilrbon in rlcronaclon produuts Is in rhe term UI d colloldJIl .,!IspvII$I,II1 01
.lrbon ri,uscers wnl,. h grow through dltfuslon limited collls inns E\,en lt10 1 itliil .,I,lt ,. i+ IMI[

!lulk &rapl\lce or dl, tmond, l?uc ls .I collection ut smail Iuss LI).111 10(1 ,j, diamurl,i .IINI ,,1 apI)I r L,:

, Lusters

I)ther rmsearch?rgl ‘ J ‘J’* have notad cercaln

I)rohlrrss :n (ha rnodmllng of the daconarlon

iVrOt-PS$ i 11 particular, III plate .pueh and

ir,r-rr,ll,u .},. 1(IC ! Cv nxperlmonrs with ,.,arlablc

,.tpl, l’. l,.’,. ?!)ickn-ss. .if}d ,l~penltid 10 SpOCIUi

;>toprrt: a.% III csrbon chsmlstrv III mxpialn th~

,lltt\t,,; if n-q lr In ● asv In t.onvlnrm onmsmll

.IISL ;:lclemd ..arhnn IX SII. LqUP ,tmon~ drtonsf Inn

;.lO1l!,,.1 ., ,.irln.e I f Is VII* {Inlv prnrfucl ,11,.I r,III

C,,m .IIIS1. TJI I l.: I.IIKF r.4>lflrt11e* III fhe Iorm

,1 I.IAI- .IIII, BII, ,“,, , II-I..’. ,=. ,)r Ihm whrr]a

!ll. 1,1 .! !,: ~a,ll,. ,Immlnlrv l-him 1% i 11

,,,, ! ,,, ,.. .,, , IIG. III . r,,y,vf] IIxvgml I, ,,11(1 Ilvlll o~cll

.1, ,,1, , ,!,.11111< :11!11 ‘i) l) .Illtl 11:$) :’tllm

;.,,.!!,,,. :., ,,, ,.. 0,, , ,,, ,, (,,, ,,+ ,, III Imo s .IIIIII*IcI!c

!,,1 ., .. , I,W ... ,rll p,.,. IPIVPI WI. .I., ,,mpnlk.,1 , ,, 1II-

.,11,-, ,,,,mlif I .J :. 1,1=1 8.lk*4 ‘l In* fall rllm

.,1 1,,,,1 ,!, ,r,, ,q In, liv, ,11 m., , , ,Ilffl l-1.

,,, ,,P, I,.: ,1,,1 #,1,#w , ,, ,, I,,, lb .,, ,i 111 VIII.

.,lt,mll, ,,.1 ,., I $, .r ,,,1,/ I,a, tll , 1,. , I,etmtltlvnmml ,,

,1,,1 ,,!I.1 .l.<rl*mj , l,! salt.1 !.. . .!1 ,,1 Ill Ill I 11

,1)* 1:, ,1, ,#. m13.lnll, I. I,lal, ,,, ,.,, ,0,1., Iv#llmm .,1

,,. ,!7, ,,. ,! , !,. ,1!,, , .,

:, :., 1,-, ,91.,1 ,ss 1,,1,.* , 1,1, ,,IIV ,1,.1~ ,.11I ;!,

,..p, ..: ,1. ..!; mml 11, ,1,.1.11; $,,!, ,1,,” 11,,. ● .,,.1,, s.

o t rhm :arhon bahavlor U@ anvimlon ““blobs”

nf carbon mxacuclng Grown Lan morir)n in cha

hot . denim hackRround fluld nt r ha other

!Iatonmt ion products wlch 1111

I)ulldlng Ilp I hrough random

~saumn I I)mre ;ire II(> hack

harrirrn ICI rmactlofl: I 114L

{:irrbnn (.ltl”[~rs

,.(,111s11>11s, km

Fact 101)s ;ind no

b, lhm part iclms



!)ulk, chermodvnamlc ~:raphl cr ,>1- dkamonti ,.,.,un

!:) !he tirml srJ cc,

Tlm rcmalnder [1r this i,,l~tir !1.1s t t)ur

scctk ona 31a I irst pruxenr% the rww melt

i i ne .1s ,!etermlned 1 t-em l’claas+ ,w,lve

,.,elociries As we dove loped : hc pldturr

,,uc lined i n t ha preceding pJragrapll, : he

Importance Ir this work declined, Ilowever. wt.

givr (he reeultr here Ior general ,nreresr: I:

I* .I nlze piece of work, !.’ext xi. tluvelup ollr

‘heorv of carbon coagulation iilld show (he

remlllcing slow energy release with some

,Iisc-utislc.n c1t Its inflllnnce ,111 drronar 10II

!,~llavlor “-”● Lhmn gii,e +nmm rxpml imencul

support ?or rha ,.olloidal picture !rnm Ihe

snor rccoverv experLmerrrs I[rre UP tldve 3a.erl

811zrmunds In :ho Mont LJSL1,;. ,UW vrrv hrtcl l.:

SIlmcusa ! ha slow Iiste 111 rolatlon [0

hvdrodvnamlc studfms

‘ARMJN !4EI.T :.!NE

tor some r ~m~ ,alpcadms) rtw s!andard phaim

.lla~rum (II ,..lrbnn lIms hecn qualilatlvaiv (It

“h@ t.lrm .,t,rlwn In t“!gur~ I Ilmrm W- ● rm

lnl*lr.~rPtl i 11 rhm lIJI. atl IIII III ihm mmll llIIm

,, Ll,ce 1.*.. PI, ‘)tllk ~rhnn I 11 ! Ila ,Irrnna[ 1011

:,.:,,,”@ ;., ..n,m*wl)at ,rlt)nr ,1> m~lllnq :! Wm

,1,,n ldPI ‘lIal +mall I IUmtPT-q ,,mI mmll Jr hmll

~t}m t)ulk mwit lnE lrmpwralur m,’ ‘he lIJra I 18111III

“hm mmll :!IIa tbpcommm (If i,, fan rnnr~ +lgnll I

,,lll,. r 711P Irml I : 111- I 1,VQ f IIP ,llnmtllltl 1 II

: Iol!lld Illamr i,mrlerl !,,.;.1. .1,. ,. -[)! mtllm with

,ll~tmo,lvl),lmlu IInnl Ilmlnl IOIIIU .,1 Illullv,ll eII-

,.P”.,! ,, .,. ,. , ,.,,,. I ,. .nl\,lmml,,b,.. :mplvlllti WI”IIOI

1,;,1 ,!!m : ,111.1 Il. ,1-113-1 stImI f II,. (II mma,tj,l 081

,!l ,11 -Ill. *,!I I ,pv $)1 ~llm I 1,1111!1 1% II-%X ltl.111

‘II*I Ill nll.lmltllll

:’! I Illd II= mml t III*, ~lulllll ,Illlllrn , Ilm

Ih, fl,,lll 8,1 .. ~ ,l!l! 1,.1 II ,111111,b .“l,,,l[ypml 11! 1,.

.01,..1.. n,.,~h.,1~.m,,tll k .,IV ,,s,1 41 ..il .,,. ,,, , f 1,.,.

●l)lltlv.11 ‘ ,, !I” II, IMIIW .11* ~lnlrll ..! 1111,1111- 11! ~llv

1, ,1, , ,11.-V \ mQIIII lna,lv S,II S.,I, IIIQ II IKII.ll ,11 ,, .U

11%, ,,1,, 1,,, 1,8,,., ,,, ”,, .,. ,, 1’ 1111 f 1,111 ,*I ..1,4,, “
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FIGURE 1

1’11;1s0 ,,t lli.iv. rnm or ... broon :Ile pllnrl pill

t[l AU\ll\l Uf , .; ●l,, )wn ,IIIcI 111111,ltudlnal VPIIICLI 1v6
.Are Ire.,h*\ II, ,: .:: [IIV ,Ipon clrclus

strength, ,Jccu-.s i n the ,Wil)cicv 1)t (ha

rnlaamm wavm (Iv- r,\klng u shock In Lhe solid

phase !hls wave [ravels with Lhe longitudinal

Olistic ,Jmloritv. uI1I1o 1( IIrrrps 10 a hulk

Veloclrv :f ( ha ma erltil 1% %l\ncked ,Ibova

MOILlllp, The I’n-mtartlt]ll ,:elocitv Is

tletermlned 1rnm rha d: mens lous nt the *umpl@,

!hm velocltv ot rhm shrrkwavr. ,Ind tl)a I lmlnR

II t Illm t)vmrtnkm Thlm lmI.hm IIIIm )Ims ~lr-mdv

lImFII IIn Pd sIIcc Fumlullv ,or lIIIn, n tantalum, l

4111! alumlnllin o

A ❑arlpm nt flvm Hhnl ,11 premmurmm n!ld

tamperaltlr~m ~ivmn tIv thm IIpmn I Irrlca III

Flgu!w I havP II I.*I8 ,Illllm * A1i ! Il@ tmleamw

wnv* .,ml’, t,ll I(. N .11P s l)llm l%, W!lI Wllh

:1111?1f tldlllnl ,.IIIIII,IT I*W !III ,I:,nmol)d IIIB m-n

‘.l*l\lll ill= II, WV*II :tll tll KhOl l,lr~MU III MMI!

: lIIm m,lnl II” m!)v~,l %iv.111 I II .1111!,: ,,pwal d Ill

Immelllll)p, ,, ..”,,, 1“11..’ llllrhdlll~nd rtlm I I*W

mm~)ml Imwlll JI w,,,b l“ ‘.’● Illuw 11.1..-F .1 l,. Ull Ivt,

,:. HI...”!.’ !.i m.!’:. ;,: ,1:1 .. . 1 :,,. !.1 Ill flllrl

I,lm-utll- .Il, t,,!r Pllr Iblu.llv’. f ,l~ldl 1,,,11 I Am mI

,Bqlllm, ‘Iur mmlal II, RIIII I lb.lnm,l ,,11 ! l)a.#111.f 1! ,11

.,,1 p ,,1 ‘111) .111,1 ,,111,11 1 I ., 1,,1%111,11,0118 1,1,vllll,l



!U Hhar or aorm ,

~lIL- in modeling i)ulk, ..,pl Llibrium ,-:lrbon

:1: dc.rc-i~:l.ll: rrg Lme5, i: i ,. qlllteruasonisb l..

:a consldt.r IInlv gr.lphire .IIId diamond FOr

:inl!r cluarrrs I: LS stiler :han wllh ihe old

;,,,a.~ L!:da.-,lm I n rhlnk ,11 them ,IS snlid

.inofhtr I,rne! 1: : rom che wxprrlmenr :!4 f Ilnl

.,nc !:.Is trnm :ha sound vPlnL!Itics lirrivaL1’vr

: nlorma[lon ! nr ,.qua[ I (111 ,1 .iLarr

leLrrmzna:lo~

:01.LUDIAL WEORY OF CARD(W I:IIAGUATION

“-’,, llnw ?urn :0 flm plt,ture III rarbon

,,auul~l Ion r,lwrr In thm lllLrOd~lCllOn 119:9

4P Wlil ,.onsldgr Inr rnne III Ilic:umslun ,4

mtld@l +vscem where at rime zrro w- haw onlv

munatrrmlt carbon in ● n tnerr I)ackgrnund liuid.

‘“”m As ■umm :haL rho hackgrourrd has no Ilms

,Iapmnd-ncm And ham ● lempmraLure T Thw

,.arhon tlumtarm aro n Luavn %phmri.. al our

nmcul aI ion !hmmrv comem Ir ❑ rhr rlasslc wnrk

,11 Smnlurhrrwskl 11

:! w- d@nrrLo [he crwrcenrr’nf Inn t,i CIUmL-rE

wlrh I ILnms dfi VI, !ha haslr growth ●qual Inn

l.,

!Iw, .
., ... -. K w “ #’wk :“W,K

omlm !11
i 9 ‘i-k 1!1; ;b

l-l

k-l,.’. (11

oLh@r C!uSLPr.

;L 16 Convenlanr to ELL!ale nllr variablog Iu

:1,-WI, 1,, .Ind X-uw Ollc t,,, .wLth ! 1,-Vl (t-o)

%cn ulrh K, J-l ,in exact nnultrlc soluciotl

,.xiars, lumciv,

I;, ,!LJ - ~l.l ,1+~,1.1 . i-l,:, ,.1)

XI. ut ill rrqulrc [)R. X- tlr91 dppaal [o

Slbrkris. Klna Lain reia Llonll IO relate OR r=

V191.09LCV q ut rho background tluid,

‘-’e ul,:~in n I L’rm the ❑odLl lwl thmkng Ihnrst- m

dcnmc IIuIA Enskog 1s a rcasonaklv accuratm

And ●Asllv applied transporr rhaorv for rtwtme

tluidm Nmterrnram lb ●nd 13 ~lve nice rrwr-

viaws ot modl~ied Enmkofi. Thlm compiaLos our

rather simplr rhrorv mt carbon rt)agularion

‘-’F IIIIW Ilurd III ●pplv the alIOV@ !O C.41t.UlaLa

Iha qllant i!v tit illraremt 10 dulonutlnnu Thlm

19 Ml, ! he i.n9rRy dlt[erwirm p-r Ml- nl

,.arhc)n Iirfwmmn I h= lnLml rlumc~r _nsrRy ● L

I imr I .111(I f Il@ Ill:illit* I Imm Iiulk i.mrhrm

•n~rnv :.E !1 Elvall hv

:.K ,, :: I1,IXIAL
1’

1

1{,)

I

:.,1 ;.ll~m , i.!pll.:.llmlll Iv . f llP %,lm 1,1

I ,i,lJl 1,.1, 1 :.. W1.11 111111,,~Im.l’l. il I..J ,,,,
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tIGIJRE I
Il)tl,lunrr nn pre~sure ot Hugonint shltt n~9
K.~vleigh !irra Is (hti ~oliri lins, Lha tullv
rPaCLed llugOniOL is tha solid curvr, ,Ind Lhm
I)arciirllv raaccad Ilugonlrrt IS [ ha damhmd
curvm

rurvr I 1 r ha parrl~llv reacLed Ilugonlot

sllLI:ucf II,AJ1 - .’-”* IIV [ tle slow rnarRy

rwlmaam /(),,. ❑iRhc worry !hmt I]amirlam tha dE

t rom I hm ..1OW rnL9,

compeuma[ Ing r.? dum co

wotlou 01 the clumtars

Qt molem ,1f ,.lumtarm

I earl 11311 : ,)11? 19 nmal

Q\lcl\ n ;119 bl(b J1 Ml!



Wore !iecails than are glvcn

.,:e pl-esented in Reference in

~dOT RECO\’ERY

To give some experlmenral

.Issumpc ions in the rnagul~cloll

in this secc ion

support :0 Lhe

model Jnd ]USL

ro understand better the soor t rnm ●xpiasives .

we ha~-e ●xamined with sevelal rechnlques khe

recovrred Srroc from .1 varlerv ,) r high

l+%ploslves L’. will discuss here rrnlv rhe

,.arlv ,wrIrk on Comp B. ~ >0,”5(3 mix ot T!JT/TATB.

Jnd a >O~5@ mix ot TW/NQ. For m~rp &.:ail~

.!lan ,!lscussed hero hca Ruterence l’] :“IIC

ilflp~r !IV .:relner .Ind I!rrmas - 0 tllsr-usseti

!..lrt her Lnve4rigat10n3.

#e looked co I base recoverv rxprrimetlrs

lul l,; rrallzlng che dlfficul LIe I wlch such,

‘he ch~raccer of Lhe Soor momc cerralnlv

~-hanRes nn releama troa the high-pressure,

lligh temperature refilme ,, f lntareet ta

.imb LI,IIC XP mlLiRate rhis !tlrough Itle use ut

I I; I’IIF
:,.,.:1 ml, I,, v,I ;NIBI, ,)1 ,,mIt 1( .,.,ml,l,, .$ .11,, I

.,. % ,,laplllll, , 1Ill,, )!,. !! 11., ma>ll,l .Ul,llrl
;.1..

l~rge ronuiners , 1 cubic mcrer or larger.

filled with argon. IIowever, some ohsarv,qL;Ons

at ambient can, with confidence, I>e related

hack to che explusl”.’e processes. For example,

if we see di~mond with spec!fic chiaracter-

iscics, i: is pretcv rercain ctlese were noc

altered on releaee. RUC graphite can come

from chc release of diamond.

OUL explosive charges range in SIZS from

200 to 300 gram. After firing tile aooc it

scraped Off rha [ ●nk walls ilnd driad. A

number ot analysam are then perfOrMed: wa will

r,alk here onlv on the crnnsmlsslon clrctron

-Icrrlscopv ITEX), 7EH t=lactron ,litfracllon,

x-rav dlffrriction, irnd Auger/ESCA dnalvsim.

1... t ,,s tirsc LLispoI() Ot I he diamonds

L’nde r fhe TF21 we see tor all three samples

1oughl V sphwricai parclcles, [vpicallv ~0 A

dlsmeLer but ranging in cha mxtreme !rom 20 co

J(JO A !me F“lguro 1. TIM elc.rtrrrn dlffrac-

? 1011 1111 r}.1.s~ partl{!lgs ldenLlfll.s rham ,lS

,Ilarnnnd ,, :usr~.rs See Flgur~ 4 ~he “spo(rv

rinR”’ p:ALrrrn Iltdlc-nles tllal flIr mIcrOrrvsLals

.bre !alrlv , lean 0! dptert!; Thm ochmr

murpl~nl(jv, v !he Ilbhonrn. LS Irfentlflmd .1s

ft, rht>st; n: 1,. ~;raphiLr, c.arhorl tli M,.9( The

, Iun[vl ,ilzr~ mrm in III- snrsr rarlp.r. 48s !hm

11~mond l’porr Ireat.menr tot thr s, (I* III nlLrir

.:nd II P1-rlllnrl C nc III* III remov- II)F +.raphltlc

Iorrn. w- lvrover .I I,rowlt pnwdrr, ,’!)s 4)1 111P

.,,, (,f :.: 1 ,Iv ,11 [ Ir,l,l ll)rl !,, , ,111s ;I(Iwda r

:s.ll! 1!,+ .!,P ,Ilamol)tl Illr,ll 1:11 .11 11)11 .1,,1! Ih-

Iltfl. \s!l#Pll I .I, R .Wl(lfl, v,) ,.*F- .1 Inlt.lfll.lvulal

,.I.!F !,1 ,[) A ,’1,111 .mI, t,l ;IIII .1,11+ wlrll ,IY,

: [!(),.’ ,,1,1 111% ,r,, w,)lkml w I,;\v* I ,1111,,, ,1I am,llwl

l,IntrIs will, s:mIv ~lmll,tl ,flmla~,!mll~r lt- 111

~m!l,t*l~.,c. ~,,~,r m 1

‘-’- rll~w Il!llk In, Wtltil Wv n 4111 1,.,1111 ,1.1.l I./r

, ,1 (,,,, ml,,ic. i 111P, I IIw I ,11111m,,~t Imllt,l Inlll ,dm

,,, !, I I m ,1,0 IF, H m14 luIvlnlIli. !l,., ! ,Iso .,,,,,r l.,

18, ,1 l,.ll~ ,1 .Il)tlll t. 811 ,11 ;Imtal),l I ,.,-11 ,,1

,1 ,111,1,,, s :,7,, b,, l),,,.,,, s i.l, blv l-. ,-1!)1 l,’ ,’119 ,,1

,1!,,1, ,,!, IIIW ,#. .l,ll,, # 11, , l,,. ... ,, f,, , I.* \l *l,
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FIGURE L
EImccro,l <iLffr.sctlon pattern showing diamond

ciltfracclon r-lnRs from (111), (:20), .311),
,.() ) ,111[1I .,00) weaklv

t)v (:-!4, o r L:() jr 1{ .’lth ;..(Lqer, ESCA

.lnalvsls on the acid pxf!’essed dl Imoncls we do

see 0 .Ind N atoms which dLsappe.+r ~tpon sur race

spuccerlnc ‘.’,1n Thiel And Ure in Hetet-cnce 22

also use shifts in che ~raphire.’dl~mond phase

line to explain the der~natlorl ~,r loc itics ot

high car bon-c oncenc tixp Losive T!le importance

and dif Eicul Lv of rhls surface ,.hemlstrv,

especially tor [he +mall clus Lers ,1[ early

time, means rhac \irnp l.<, 5emiemp1rical

modeling is pro bablv :he best scrntegv

TI-10 basic building blocks rrt the sooc are

zhe JO A “blobs” This supports our slmpli -

Ivlnu aE.SUMp LIOII 01 spnerl~al c’lus Lcrs ana che

p12cure ut anneu Lin R ‘“’e Sem [11.st [he larp,er

soot scruc cure (.onsihcs nt a loose ,.ollccc ion

of the “blobs” thus impl~lng chac the anneal.

ing procaaa shuts down when rhe fracc ion of

atoms in the cluster surtaces 1S 10-20t. l-his

makee some senaa If We appral to amv combina-

tion of the following mechanisms I 1) Lhe haat

from bond forma clon becomes !OO small a frac -

rton of che cocal cnmrgy of a clus Ler. (?) the

effmctiv~ rnaltlng cempmr’acure tor J flnitm

rluntrr ~hlfts with cluster size; \]) the

kelnal in che rrrkgulaclon t,quacions; c r.hangen

(.halacrer as n tunctlon of clus[pr SIZP: (/6)

che tharmml fluctustlona 111 a Iinlte cluacmr

●rm nrnmllor on a parcat, t.ago hanim III larger

rlue tern, and (5) surtacr I f.rlslvll can no

lon R~r spheric nllzr ,tlr [.l!l.srrrs our r hoorv

lrrrm tlte I~lpvll#uu set! Inrr Ih, I)! [llllrse, trot

valld wi~h [II- apprrrximbr Iorr k’l)-l (lfrce [hm

.Innenl inR ~,np~ Ilowrvrr !1115 1’+ rlu L im

l>orl arl[ for d-rnrlar ic)t)m lIr UHLh P we lIIIvr. momr

t,f lhr r.l)eruv cP\Ic ltirfote IIlls IIc)ir,f

tlnallv, we f illd Ihar ! 11P \l)(lt s <t>n[air\

ialRP llllalll I[!FM (1I ...ol.s (ill,%, .Itiv III []ilrlrl .’ ‘1

W(I ‘“ l’lIis mnkr~ II ,lIff I,\ III t,, IrImIC II]a

I)*at c,t lo, lmnl I,,TI ,ts me.ariblrr,l lf~l !III. .,, )0[ ICI

III* lIPnf ~11 Iflrmal iIIII III UIM ,ll!l~)ll ~1% I,eprimd

III ● ! irIIdmcl mr,ciml Il)v.
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In the :heorv seccion =e discussed :he IR-

fluence a slow c~tbon race has 011 ex?losi>.r

behavior :hrouqh J simple ,;-! model. T!lis 1s .

somewhat crude approach sirrcc such morielin~

does nor reallv have rhe necrr. sarv ph\-sits 10

deal wlch rhe carbon cnemisrrv As a re5UlL.

:he S!OW r~:e appeared as a change in che

Fff ect:.:~ l:; pressure :: is more correrl :0

maKe t!ecai ied rode iing of :he redc::on znne

d nrl !WM :3 :he intluence ,1t rhe c.~rbon

.oaRulation on the reaccion zone and subse-

itlellr :!rconac:on i)r!lavlor Fickerc ,:lrh hIs

:Ii:h(. md: ;t.ti: .fillalou I:AS ia,3icea .1: hone (B1

.tlws.d quesf .ons ‘3

.incrhrr’ .lpproach :0 :F,is IS [O impiemenL

i siow c,~rbon race L!)to the equation ot state

Jnd burn medals ot a numerical hvdrodvnamic

>rudv :or deconac ions In particular. unu

,hould ;ook a r plare. push and inter tace

.. FIB),,::,.’ 6xperimcn Ls This has been done bv

:,,1 IV, 1 IIId “T.ll-..,rr 1,[ .li ‘ :Ildepcnden[lq: ,It ~iicll

,,rller ,111(J !,! us Hv illciudlng a slow ~ate

, !Iev : !>UI1(l :he a~remmmnc hecween rxperlments

,!:d ,L:,.Ji~: lI)ns for TxT, IL%X ,J[ld TATB rllcelv

.:Epl ll~:ell TIIr t lme scale t!Ia L r.tnq chosr Ins’

.,, r ..o, w Ia,actinn .Iv.rees 1.11711 ,1111 wsti maces

“.”v ,1*.F ~iso i>okLr\c !uto 11,.,drouvnmmlc

;ll(,:i., ::(~:l!, . {) %Wv ,! dtila]ls !Ievond r tle

..r. rcn. t, .Ot[ler ,Apprnximnt l,, ns ,i,,r)e t,v Firkrtr

.,,,,1 ,1,. , l...,. ,1,0:;rr,llf, ,Irltl,bhla)ll II .4 .1(,W

,,, ,,. , ,, : 1.,,,,,.,, Illlln .11111111 .11111. .I,l, b- .Ifltl .111

*,!! 1 J I il., ,, , ,, I 111.11 ln;l’ la,.,, ,,,. ,, !,.,,l, r., ~.,,,,,,n, t

;,, ,1,. !! I I,,,rl ,,,,. ,111, 8 ,,:l\t.lll,,, llt 1,+ :.! ,,, , ,.,,,

,:, ,.”, , .,lnl I,,lm-ll r,ll.., 1!,,1 Vllllltlt , 1 ,.1,
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