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m.UJl CKcuuat tor a pred("lt'tminf'd Ooppt.H-s.bifl COJ'T('Ciion ari~ing frona tb~ a:tn.in· 
ioduced change h1 J"('rracth•c inrh.•x of the windowfl·•l. Co.a,·w:~l )·. if tbe dynamic 
mt"Cbabical ptnptrtif.s (i.t., llugoniots) or the impactor, targ(ll, and wiodow lta\'tl been 
iodCJl<lndetatly dcterrnjned, tiH~n lit( i.Dtt'rfemmettr data )'it'ld a di-ract hlc>Utln>n.rnt 

of tbt Doppte-r-shih (OrN"elkln and rdrartive index ror lite sbodt·compresstod window. 
The prtt'ltnl ~JM'f bq:.ias .,.dth an outla•~ C)f N'~"UI prirttiples gm·tming laser inhlr­
fE"rvmetr')', tl1co rcvit-ws exi$ting intcrfcrorn<'l t r measu~to<'nts of n-fncti,·e iodt'x for 
k\'en.l window m~tHi'ak. Rt!«nt ~1111 aN' sumrn:u-it td for lithiu111 Duoride fl.iF), 
an~l potr rttial "'·i.ndow dC\' I.! Ihpmcnts and applic.1tklos ;ue <oo-tf'd. 

ANALYSIS OF VISAR. Rf.COR!lS 

lntcrfei"(J•neltr syste-ms al tbe VtSAR (~loc:ity) or Micbt"lsorl (disr•lact~ment) '~ri­
ctkos combino two input beanu or light ca pn""Wiu<r a •laglo output beam t'Xhlbitins 
aa iah~ffcrel!<e (ringe fn'!q UUC)' t"QU11 to tb~ frtoquency difJcreoc:e 00twt'4!n tbtt inJ)Ut 
beams. On(" of the input bc:an\S consisls of Ooppkor·.,billf'<l liflbt ~·htcb is ~ft«ted from 
tht> O'KJiting tC'St ~urfa<e: thCl otbt:r ir•1mt lwam is rcfcw.nce li&ltt. tOr tbe Midttbon ia­
terffrom('lf.•r, th~ tt"(~wnc:c hnm tnllit'a.lly hu the ~1ne fl't'qUf'DC:)' as the source la.sc1r; 

h~·~·~r. in t~etnw ca.'il';-.131. the fn:.oqu••ncy (I f tilt' rderen«> bum ma)' abo bt> l>oppltr 
shiftf'CI dut to rtfk.caion from a 10urrare u•m'illt; at a kr1own (usually 8tcady) \ 'C!Iocit)'. 
for the VIS:\ H. the n'C~r~o.rt ~:un b a v-.•nioa or lbC' Ooppk-r·shiht"d light wbkh h:~; 
bt-(on N'ncca<'d fm111 tlu.• te.'l l surfa<c! a nd thl'n ilcl•a.tatcd from the rcm:.ioiag li&ht b>' 
mc:ms. of a lw!1m acplittcr; tbts ft'fl"t il"tK't" bum is tbf' n subjf'Ctcod 10 1 tirne deby t before 
r«c~rnMIIati(JO will• ut~dtlay.-clligllt. If i11rhit<nt l:a.wr li&Jat 'lldt b :a wavt'~&tlil leo il'l5t"d, 
thta tiK" r""'l"enc")' shih {i.c-:., OopJiil>r shifH of th" baC"l.scallcrrd light i.'1 .,G =r 'lu/l. 
for rl•Ot.>tlioo fro111 :~. rn...._ .. ~urf.a..:c• ( i.t., no '4io~) moving at a \ 't'locit)' u. Wheh a 
rol'l«.tiw• surface tuo,•ing ~~ the Mu ut• \'C:IfH: ity is CO\"trll(l b)" ~ >Adnd~·. t.b.e (K"f•III!O()' 

shirt of 'be ba.ck.•.nUer.-d Iicht is v • "• + 6v, wbc>rt• IIIC" rorrtoc:lion term, 6.,, arim 
from suain·induc-M cbao,g•os in lin• '~ indfM' rf'fracth·~ iodex wbk b :art" ~ toasequmu 
or st~"a'~ prupa:gatioll. Th~ I!'XJ)fl'S.<;;;ion (I + (W/Vo) = vf.,_ rC(If~tliS lbc t ;}l io 
or I Il l~ Uoppl!'r :;llih oh--.en·('(l1oft'hb J '4'icu~ lO l lllf fh.'qllf'lt()1 shift v.'hkb v.""()uld b:we 
~ll ob.w-f'\·('(1 wit hoot ot ""' inrlrJW fur a rt'Rf••' lor UKWing ~~ tb~ m me \'dodt>·· All qptic:d 
mc:al~ur•t~wnl !l ud rclat<d ami)~ •li-•• n~l la ('lllillir~g ,,angnpbs <•I tbls pa,)(lr im· 
1•lid th· :lt•l•ly to .~x J~rhncall ill thu.._os l'tior tt' tltat at whk b first moc.ioa of t"C" v.·indow 
It«" s1nb.ce i-c initiated by t.l fCS.'I•"''a\'' arrhal. 

As .!1h~·•1 ~· lbrk .. r nd Sc'h11~l. lht> m~.~::. t g<'ller-:d eoquatior. cxpr(."Ssing tho w loc· 
ity, u . CJf a tt•ftccth'f' intf•tf:JC'!' ;a.":~ lullC' tiuP of tht- VISAR friDgt co .. t, F. is 

( I ) 

whi'rf' l io; t ime, t i-s tlu• us;.~•r-sdf'l"h:d ill ll'rft•r.-un.;ot~·r d t'lay time. lt is tlw wa\'t"~ngth 
of t '-t lase-r light. 6 is ll corrt'C'tiort INm fur til t d€•J)(·odc-nc-<' <,f ctaloo rernctiw indt•X 
on wa\'(•)t.'h3tll of tile l)opJ:.I.:·r·l)bifh."'l la.......,r ligkt, n~l ~~~Jv. i1 t bt' frequt:rtry cort'C'Ciiort 
~latf"''' tn llt~ !!\min d l"('\'tiiJ\' Ih• ' ,,f "illtiH~· u•lr:u.:th·e mch:;c. If fuSt.>d-silio etaktn.'l. are 
USC<~I. tlwa ~ c:: +(to2:l9 tor l., c G.'t:t..ll run (llf'-N!• la."-<'r). ami 6 -= +0.0.1;19 for ~. = 
511,5 IIIII fargort·t!JII J:t'iCt). 

( ;h:u.llclt•rlr.allnn nr a n i tiiCrf••h t!lwh •r wirulow tu:lll'ri:.l ifwolwtt: a 1lt'tt'rmio=t.td of 
ltw li ltain·d~:pebtlent hdl~\ k:., (~f 611/v. A:s fi~"J..'•rd l:.y Hardcst)•f'-1, tl1cl rcfraclh't.• .. , 
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iad.c:x., tll .• • lD tH uiuially stnil!f'd portial ot a willdow behiDd a steady, pla.aar thoclt 
wbkb pnlpapt4!111 inlO uadisturbed rnateri~l may be derived from Au/lit nteas-urtn.e•la 
ud exi.stiag Uucoo.iot dat~ 11Jiq: tH expr iM 

u. .,. 
~. ~ .. ,.;:.<.::~- (I + twt"'•u • 

Us .,. •- u,. (2•) 

woh~re U, ud .,. an, respecth'"t!fy, tb~ shock \'docity ud Hqoaiot putkie vt.~ity ia 
tbe wiadow, .nd "" d tbe rtfruth·e iadex of uoshocbd window m:.terial Lettias "• 
acd "- 111present, respectively. lbt> tpe<,ilk: \'olume of slaocktd ud UD.IIbochd w[Ddow 
m&t.erial. the Hcaooiot comprtssh·e Jtnia is gi\'tn b)· c• = ("' • ••)/t:to. aad mus 
OOnst!rvatioa tl1rougb the shock le;wl11 to the foUowlnc reformublton of equatioa (h): 

(26) 

If a m~lerial aati:dib tbc Cladstotu .... Dale rtlatioa, flp/p a (n. - l)-1GfA whe.ro' is the 
materW density. tht'D 611/llt most be u.ro OD tM basis of tqaatina f2b). Hnce, the 
magnitude of l:W/IIe 11 a mra.~ure of the dt"grttt of dt!parture of th" rofr:.cli\•e indt•)( 
from tbe Gladl toae.O:.Ie mod tl. 

PREVIOUS t:XPERIMENTAL ~'1'UD1f-~ 

Solld·state wiodO'i''S conllisting ()f IK11)•rnuth)·1 rncthar.l')'lale (f'MMA), fuS(MI silica, 
and sapphirt have ~n tharuterizl"tt optic:alb• and mecbaaK:ally in .shock-~\·e stadies 
b)' Bazkt-r aM Jlolk-abac:bl*l. For tbe optical studH"$, a syrnmetrir·impac& conflsuration 
wa.t emp10)·t'd aucb that tbc largt't Sp('Cim•n and gufl·l:uandk'd imp:w:tor ··~re bolh 
fabricattd from the ~.\M wiOtl<:M· m._k'rial. Ia t'at •-XJW'ritne.nl, a MM:.hdiiOQ iah!~ 

feromctcr yie)dNf a direct lUt"iL.'iUnllnt'lll of ~V for ~ !ihCI(··induct'd particle \'tlocit)' 

ex.actty fCIU!llto oa~ .. half tbe lrln1Urt'd i.mp;w:t ' 'eb:ity. 

For PMMA, tbc \"ahaes of 6 v fv• o~~t\'t'll by U .. ul:er antlllollfonbacl•ls.J lit OOtwoon 
-0.00'11 and - O.Oili W p:utkle \'tlocit~ n •ci:laa frnm O..o:t:!O lo 0.3173 kmf$ ;;unl \VI'" 

rt'Cpondingllugr,ni(.t '' !'(":>~ rangi11g fro111 0 .108 to 1.10 (':P·a. Su~1'1ent VISAJt data 
obtained b)' A.lll)' and llaye!\1•1 sllow that ~ll/111 for PM~IA i!i J.f.'ro (to lidthin f'Xpt'ri~ 
mrt~otaJ UCII.nc)' ) (or ll sboct Stra.\ ul rt...,1 Gr.a, :.rtd w.·ork ~' t..t-c.J'I detnonstrates tbal 
tbt' t:wl"- corroctton is rwsiiJibla in the o.s~ 12.5 <:1>-:.. rangt~ of shor..k slf't'S.'I,('!I:. l..att•r 
VISAR ntt:asuRnlt'a\j pf'rlomwd ~· Cbla:ahiU:t., a od Aa.>._._, with P~IMA wiodmr.·a in· 
dicate tbac ~"/"- is lif"SS tbaa 0.(12 ).t 22 (':h, As a. conM-quNtl'O of tbt> c:onsislcotl)' 
sll'lall magaih1de of tbe 611/111 corr't<:t~o b l,~tM:\, the rdract.in ictdelll: b c"-'IY 
modtltd by the m~stonf'-Oale N'lllion for •indfl\11' s t rcases uplo 72 (':Pa. AIKJ\'e lhd 
level, Uu! result~ uf Clthabild:t.'l and ;\ S.'l}'ftl m·coal a los.i of tr:\W!fJ:u"CtK:)' (f(lf Uugoalot 
11~ of 2:2:..& 2.5 Gl':l) which bs ~ auributal to :aa :appart:nt pha..w. tr.a.nsition nr 
mol('nlu dls!KioCi:.tM>II. Tlll.'l loos CJI trans, ,at'Cllll;)' rm .. oc:ludffl atl )' VISA II tHC!~II~fn(llll~ 

"'' lib PMMA window~ lfltbJrth'tlto r.obock ••~ In exuss of -n Cl~ 
Tbe n"Sulls NJ:~orteci b)' U.ukcr :u1d Unll:nbaebl$1 ror IIJ.Sl-d ~J.iUc:a »llow values nl 

/lJif"'t which dKf'l!ase monotnaica.lly from ;a rA'It:imuo:t ol 0.0027 a.1. a putic&t ,.flodty 
ol 0.0713 km/• (sCrt:S." = o,oo.; CPal to a rn!nimum of O.O:J3!i at a ' 't'loc:it)' uf o.r.Tt 
km/s {stn!SS = r. ~!t r:I"'~J. 'l' be!'.c ~.,,,. nweun:mcms hil\'e ~o suhj«ltod lo :wkli· 
tioaa!. aaa.l.ysd b)• Sc4chelt!.fl to dt:c.rnninr th~ t!>:ptic.it dr-pconde!nce or N>fracti,•e index .. , 
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I 
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on the densit)' of d)·narnk:.lly con•p~ sr>«imc n.s. Tbis aoal)•sis was rt.otiv;ucd I~ 
ramp·w:t.\'(! VISAR experiments in wbid1 fused $ilK~ windows v.'i"re subj('(ted to tim~ 
dependent strain gradients. These gradi-ents cn:a\4.-d a spad.al variation of ,.,fra.eth·e 
indtx "'itl1in the •dndf)W wlltcb altered the frequency corl'\."(tioD n~od«< for proper in· 
lti'Jnt•t.ation of tlu.! l tiug\' n.1:ords. As shown by SEltcbell, the VJSAR equatioo (It may 
bt- n'!Written in terms of a \'C)ocity t:orr«tion, 6u, as 

1 A0 F(tl 
u(t- :;<1 = 2r(l + 61 - 6u' 

where tbe \'elocil)' «lff'«tion is gi\'CU by 

1 
llu = (A•/•. Iu(t - 2'1 • 

(3} 

(41 

Srlchell noted that the Au \'N'Sus tlugoniot partklc \'Ciocity. ur. data of Barker and 
Hdlec~hl11 t ao lK' accuratcl)' repr\'SCntcd by a p~·er law: 

where the C(I('Oidents for a ka.<::I·SC)II:&re'C Bt tu tile fused silica data are c1 = 0 .02000 
and '-:r = O.GGSO. 

FoiiO'>'I·ing Da.rkerJ:I, Setrbe ll SIIA'Jt('Sttd th:t.t an a.ppmpriale expl"t'S.')ion lilkintt refra<:· 
ti\·a index to material d~nsity may lJ.e gtnl.'rat('(l by incorporating a deMity·depcndtnt 
correction tt rrn {(pJ in thl' G l.-tds ton ..... Oale rda1Km: tbe t ('Sull is 

n - I p 
- - = - 11- eiPll . no-1 Po 

S~tcbcJ I :).'l.'}UnlC:d A power-law dependence of {(p) 0 11 don~it )' Of tbu form 

e!Pl = <>IIP!A>I- •I' = of</(1 - •ll', 

(6} 

(7} 

where the pararne tcrs o and fJ art~ to I)(! determined for a gi"cn windo\\' mttcrial. Tllis 
de tenninalion in\'oh·es ;m ilerati\'t approa('bttt which <ouples the indexjdf.'ns ity rel.a.tton 
(u!'ling trial \'alu~ Clf o and P) with c:on.st't\'illion and ~:onslituth•e exprtssioJs guo,·cn1ing 
the m«l•anit:al respon:w of tl~t• matNialto ohlain the density d istribution and rcsuUant 
N!f:acli\'C·illth•x profik ·~hrough tho! nmlj)t(!!i.o;.•d n:aion of the window. Knowledge of 
th.: r~.·fracti\'C·indcx proOie th<ln p..~r111its ('akub.tion of a h't•quencr (.Otrt."Ciion, 6,/~. 
and a \'dvdty corrt"Cli(m, A u. c:urr\'SI~tlldiug to the trial \'a]UC!S of o ~td p. for a. 
material whk h support.;; a s ingl<', plana r shod,, the.se c;orrt"Ctions :are obt;a.iuM direclly 
fro:n i'qll:tlli•M (4!) ami (·I); hnwcitf'r, in lt1e CMC c)f fi.I M'<I sllka •hi.' t:\lrh..: tiul.l$ mu.'ii 
be ('MupuiC'd o n tbe basi!'l o( tht} .... uubincd rampf:;llod; wa"cforms produc~l in the 
t.'XIJ('rin~nts. llitrerent (a, IJ) trial pairs arc sekctcd and USt-"11 tu c :at.:ula tt sei.!J of (up, 
6"J ~~1irs unt il a k-a.'ll·sqarate$, 1•(•~·(: r-lo1w fh of the fom1 s hown in equatKtn (5} yic~.Js 
cocfficicnls e. :and ~ fu r a ('OIIkulatt'd (ur. 6u) set tbat '''~equal to llu.1 (U('mct..•nls e1 

anti c2 r'"'"'"' (•3rlit•r hy a din.oc:: t fit lo the llte<L'Iur('(l 6u \ 'ttsti.'J v,. d~11:a . Tbe \'alll\~ 
dN•~rmintocJ in this fashion by S4! tdu~u!•l fM fu.~~..~ t silka arc o = 0.02900 and fJ .:::: ... 



,. 

0.6571. S'.llllib.r &o PMMA, a cha.nst" in rt'Sponst ml'Chu.i:sms places u llllf'M!r limit oa 
dyumie st~ for whtch fa.ed A.iiJca ts a useful window. Ia particular, SelcheUI1•l 
has obstn·ed a aerious loss in V ISAR fri.nse coutr;ut wht1U!wr fuiM!CI -21IIica windows are 
•~ocked to strnses n~ar or above Uio,elulic linlll of a.pproxima.tCll)' 9 .8 GPa l't'ported 
by Wackors.l111 ot' 8.7 CPa nporttd """" r«onUy by Cbbobildu O"Dd CndylnJ. 

U.rkor U<! Boli<DbochJII dbc<wertd tbat tbe optical e<>m<lioo lor AppbiN sampl"" 
with u:i:s puallel t.otbe crystallocnpbic Z.uil ahows a.moa.ctoaic dccrnse fmm AN/"'­
e 0.771J for a s!lock-d due«l patlicte v.:locitr of.,. • OJJ6J6 'bo/t (etrtGS• 2.76 C~). 
to l>vf .. ; 0.7SOO lor ., = o.m5 tm/s (13.15 CPa). 0vtr tbit rure. sapplli.-. 
nbibita daslic bebavio< wbicb is lljptly oooli.oeall'i. As with lil...d silica, S<lc.h<ul'l 
trusb ........J the freqlolC:Dcy ~rrerdOAI to ~'docity COrnt:ltDm for tbe aappllire da~ a.cd 
&pplied the powet'-law 6t. sbowa in equatio11 (S) to &ad lhe r.oe.tndrnts e, = 0.7307 
aod c, c- 0.9155. UsiDI I~ Clot.fRcit'nll aod tbe iterative a.pproaeb oulliaed above, 
SetcheU urit.•«< at va.lues ol o- • 0.8280 and fJ = 0.9600 co ba uiiOd io equations (6) 
and (71 to d<S<ribe I be inclt•/d01lllity bebovior of "'PPhlro. U.rl<er aad llolleabo<:bl'l 
dotf<:ttd tTn.tic optical beha,•lor lor twu shots produdos a st.rcs.' of about 15 C~ 
iD 1applli,. wiadows; lhcy cooclud<:d lbaJ Jhe upper limil of sapphiro'a u .. lulo.., u 
aft elastk window is be:tWCCID 13 and 15 CPa- a ~tress rl.llllt Wblch eoioeidts With 
&bt predict.ed for the onset of plutk y~lding ba.wd OD mtUIU'\":ment.s by Crah;un 
:lDd fWoobiUI of a Hupajot elut ic t•mit bctweea 14 a.ad 21 Gh for kat uppbire. 
H~w, tht- possa'bjJity of u.si11c Apphlre wind eN-s lor slra1 Jevc.b aubs.luti.uly aboo.--e 
tb• daslic ,..;- is suppor1ed by VISA R d .. a '""" aliocJo ... , perfom...t by 1....1'1 
wbkb iodic:atts a \-a.luc of ll,v/t~• • -o..GS lor a Uacooiot s:tress o f 42.• CPa ia a 
Appbi.R wittodcM•. 

The VISAR tcc:bnique bu alin ~n applied &.o OJJika.l meaturcnenti on s.bocbd 
liq11ids, i11dudins s tudies of oitromethne t,y U;mteotyl') and aa a.quoou11 soJutioo of 
zinc chloride by wo..J•~. for ollromtlhaoo, Jbo oxperimenl3 by ll•rde:;tyl'l over lhc 
at rut rangfl frotn 7.5 to O.G or•a htdkate r1t.oga.tive \'alucs ol C:w/~~o wbich vary linearly 
whb lbc d<'osity, ,,, of the ilhOf.kt'tl liquid. As determiD~ by lb.r<l~jl)'t a linear, 
~ut·squ:an!S fit to tbe data ylc ld!l IJ.vf~~t = - 1.288 + 0.111PN+ and tbu corrc~puoding 
refra.cti\·~iodex data ate ttdtbin :rti of tbe \<llttes prodicted by the C~'ltooe--Dale 
rf!btinaship. Tbe rtWils rt!ported by Wbei141 for a 9.1-molar aqueous JOIIItio~t of aiD<. 
cbJorm show positive'~~ of At-'/~~t wbicb Yilt)' lionrly witt. the nuc.:~aiot pvtide 
velocity, . , . for sbod $l~ from 2.!8 to l.f. l Ch A liuu, lt.ut-squa.m Ill to 
tbe dlla yields 6N/~ = O.OZO + o.ot9r.,... The resu.ltut rdl'adive--i.oclrx data exhibit 
iacrn.tib& deput1i11't"' from tbc Cladst~Dale model a.s the shock amplitude ia the 
tioc-cMoride sotutioo ill iDeff'u;.ed: bo-A·f!\'tr, tbe mcasurt'd rclrxth·e index ts oaly 3.1% 
).,. . ., Jban Jhe GladSioo .. Dalo l'l)uc for lbe highest ''""" r.. .. luhio••C'd (2U CP\). 
Subst-qu•~nl obst.n-atioos on thU! se•lulion at ltigber stres.1 ltw\'!b n!\'ea l a IOC'iS of solution 
transparette)' (or shock amfllit11dc•~t ir1 rxc:rss ol25~30 GPa. 

STUDIES ON J.ITHIUM f'I.UOIIIJif: 

As part of an Ufaguins effort to d evelop addHioo~ win<! ow lt.alt riah for hicb·preuure 
ioteriC'f'Otnelry, t.bt> optical f'l"!I I)Oase of lithium Ouoride to ~boc.'li. con1pra1ion b~ ben 
iavt'Stiptt'd io ;a serifs of planar (uniuiaJ stnia) in1pad uprrimnlL 1'11ese tests 
h:;we btrel.'l couducted witb SC\'t'n l dillm>-nt cv~~~ to ad~(' imp<ac:l ,·ciocities n ocJac 
from 0.2 to 5.5 km/5., resuhing h1 tJf' wladDW s&resscs ra.a;ins from I.G to 115 GPa 
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Tbe UJWrlruenlal coo.Bpntioo foe' tbete tfS\1: is ilhrttnted In Ficum 1. An illll~clor .• 
aad ~kias plate are mounted on 111~ f•lrward face of " pn>j«tile tbJ. i.-J act'f'k-ra.tf'd 
10 a ~l;cc_led .,flodl7 bntm"' strikin.IJ a t:arcet • •hich coasisu of a bull'erfwirulow 
-a.uembly. Prtor to target coastnaction. tbt forward aurfaceof tbe LiF wind<.lw is rightly 
lapped aad thr:a ''-apor platt'd with a.n aluminum fibn -o.S IUD tbiell: to pi'O'o·id~ a diiWIC': 
rellecti\·e tudace ror tlte iiKideat ltif't ~m. A tbia epoxy boad Is ~ 10 a.Hach the 
window to tbc burJ"cor rear surface. nd tbls assembly is, ic ha.ra, pot ltd eoftCHtrialty 
witbia a. npport rlos. Pios mouted arouftd &be pctriphery or tbt1 $Upport rlas provide 
mnsurem.onb of im~t velocity aDd Hit (tn·ica.Ut ~ Ww tnilli~ia.asl"l). 

The shod: hnpcduce (product ol shock \'f:aocit:y times ialtial deasity) of tllu bac:k· 
In& plate bebind the impat"lor illl typically ditre~ot tbaa tbat of the impactor itatlf; 
coCl:SC'queatly, th.is coo6pndon produces iaitiallluaootot stales in both the buff'l'-r :t.nd 
wiadow wllida persist for -1 ps betore relea.w Of' f'f'ICOrDprsdoa due Lo arrival of lhe 
Wl.'\'e rd\ec1C'd from I he backir~g/Jmp:.clor inltrfae~. If the \'ISAR hio,e coual, F. and 
actual ~lei" ""t>Joc.ity, •r. (or the loitW Uusoniot stAle ia the window are knowa, 
thea «JUalion {J) m~y be solved to detennine tbe ln:q~cy COff'Klioe., 611/.,.. The 
(rio.p couat it moai\ored <OOiiauQously during each experimt~at aad an a .. ·c.rago value is 
dcrtermined lor ll!adiop obtaJIM'd duriDg the ialll'Jl U~o~cooiot lUte; the partie~ ~lochy 
at tbe reft«ti...., interface must tM: d~lermincd Independently. For ibose tesls iavctviag 
a symmttrit impact (i.t., LiF bull'tr aad impactor), the par&k:lc velocjty in tbe iaillal 
shock SI3IC is t'Xa<:tly On(loobalf the imp:a.c-1 \'cloc-ity, 0\berwde.. the JQ.rtidc \~loeity o£ 
the h lteoT/window interface foll~·iug arri\·al ol tilt! lncident sbock n1a)' be predicted oo 
the bW or aa impc.tdaace-maldaiogl«haiqM usil11the meU'IIred impact w-Jocity aad 
ttXi:sling Jlugoniot equatlon.,.. C·statc tEOS) data. lor the lm~t.or, bulrer. ud .,i.odow. 

All lithium ftuoride sp«.hne.n:t u!w.'(l in ibis ~~•ork ~ opticaJ..quality siAl\le: crystals 
obta.hued from the Umh.~w Chemic~l Compur1ilf. Tb., axi1 of eildl UF specimeD is 
orientOO puallelto a (100} cn•ttallosnpbic: ditt"Ctioe. Ia additioo to UF, other lm· 
~tor and ba11'er materiab include aluminun' (GOG I), bot)•llium, copper. sappbire.. aDd 
tantalum. Rclevut Huco•iot OOS panmetm uSC!d tor anl)i1:ill of I be pre5l(tnt l't'SUil£ 
are 112mmv~OO in 'Ia.ble I wbkh a1sQ includl'S a ddcriptioD ot lhe iaitial condition for 
ncb materiaL The panmcten c. ~oad S listf'd in 'Thblc I a.re coclncicnts in a. linear 6l, 
U~ s co + Sur. to the sboek·,·elocity/p.utkle-\~~ity Uusoniol for nch mattorial. 

lmpactoT rOutfeT 

r Lif' Window 
I--{ 

Baekin& 

--- - Prom l..olef' 

-..,. Tn VI~~R 

Ficu,. 1: Exptri'nwota.J Coaftpratioa Jor VJSAR Sludie~ of 
Shock·Cotnpn.-ssed Lit• Wi~:~dow.J. 
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,...., 
Malrtlal ano:l Coodlti.le Dt~l)' 

i '"''.,;' 
lk:,,, s n.m.... 

AJ aklllin• .. ,., 5..Jit .... lll"f1''DUII ' 
(CilCI·TGl 

AltOj-5aJtJ1hlt\' 3.11& 11.19 1.00 &r\tr, d., ..... 
··~It- rn"ill.l. a.Us U z.a~Bl ..... ~ ...... ,..,, ,_ 

~o~:u ).I(QIIft'fl, d .,)'If 

(n.·I-~'St<lll''"'t 
('Q t'UI'Pf't "·""" 3.0-10 l.i!9 McQum~. ,; J.llif 
Ju\,~m. . • .,.._.. ...... n}·• 
t.. t' lttbtm """"'~n . """' ..... ..... 
1 ~1"1=1~ t'T) i-1111. u U I HOO\ dim-tia•l 

J!~:-'llu~ IO,cr.4 3.414 1.!00 MC'QII"'a, d •t.l•lf 
I .-rysta._l 

Details relatinr lo impact parameters and resuhaat optic~ dat& for indi\•idual tX· 

p«i:mfonts io lhts $1.Ud)' are ddpla~·ed in 'I~Me 2, Tbe si11Jl$ anl listed in order of 
ii~CftUiac •ioclow s1.rt'SS ud scni•. Ia $t\"'tnl CJ.SC5. 1•'0 wls ol dab. Mt' ~por-ttd lor 
a single sbot in wbkh h''O VlS.~JLs ,,,,tre used sim~ltantOuSI)'~ lbfSC indl\·idu~ xts ar. 
distincvis:bt'd h)' a.pf>t'odiDI a .. r .. tPrimary VlSAR, or '"S .. {Secoa•d~ry VISAR) t.o the 
dtoc aumbf't. £xc:<tpt Cor tbe &M tw.-o lisli•cs (sboU Ufi:S a.od LIFI-4). all \'alues lor 
wiodow lit re......_ and strain b:we lH'<!n .:-akub,h.od from the Ra.Qkine-lluKUoiot rel:atioM for 
a si.Dg~ daod prop:a.p tio& i.otQ th~ •·inrki'A' matt"rial ~l ~ ' 't'locity calculatt.'Ci fmm the 
liwu U,-.,. rebtioo nportf!d b)• Cutn'1tf lor stl'f'SS<5 ra.oriag from G.91o 107.8 Ch 
in LiF. Th"" higlu.osl estimates o( "'i11dow li lf"t5S, strain. r~d part ide \'tloeit)' (ftPOrled 
for ust Llt"12) art'~ oo an extrapolation of Cartt.'t"'s dab .. At tbc other ~tn.•nHl, 

lhoU UF13 ud ur ... iD\"'Oh't" So-· dtoct j lresl'ile$ aod t.W «'l«ts oltb~ elastic precursor 
o~·t"d io Lif' are no Jonrer ru,.ligibl..-; l~t•nc•, tbe windO\IIt' s trf!!I.'J aDd s train io the 
initial t.boc.k slatt ue obtained b)• d irect i11tegratiob of tht p.utiek'-,·clochy recorda 
ob4.~ fort~ t.-o slaO(S ·usm, tbe res~J«ti'n• ''aiMS ol l:w/11 sbo-·D iD ~ 2. 

A rt'vK.""' of the informat10r1 C'cmtain•~l iu 'I'JI,b&c 2 J"C\'Cllt tbat ,,, .. llt~/tJo data for 
s.boct-ioaMd litbi•m fJaoride ~·a rnran ,-aJut ot O.t81, witb .a. s tandard devW.ioo ol 
0.009, for 6:pt-riment.s produci111 "·indO\!'· l'.tres.ws (rom 10,3 to IIC..3 GPa.. <h"fr Ibis 
ra11ge, all <rl1l1e iodi,·Khl:t..l 6vjv0 rucuurewcnts lie witbio two standard dev•:atioos ol 
tbe IDUib Paly t!w ho;o ttslS {Lif13 .ad LtrJ.t) la,~lvi:Da: ''~ bclo-· 10 G~ iadi· 
Ga.le t:w/.,_ '"lui'S which are slightly, but ~~urablr. 011l'lidC! I be snner bud defi ft«< 
L)· the n:maining data. lo ~nt'nl. the m::t.la sourCl'S of error stem from unct-rt:Untk-s 
i•: (I) proje(tilf.,"1!'1ofity l.lllt'aSUrt:mcat: (2) VISAR frili.F eouat: abd. (3) Uugonk>t 
C'qu=ation,•t>(•stlLte (F.OSJ pa.ramettn. f or I he low and iAtenn«<iate prcj«tile nJochies 
• ·l1d v.·•'TC produc;cd. rrspec:th·l'l)', IJ)' a singl1.'-stage ga.~ gun :..nd :.t,ropdlan\ (powd~r) 
pa. dl«' s.dutf'd IUKf'ftainty is :tO.tti. The bigbcs& pt't'jtc:dlt ' 'ckw-lties {ia excess of 
2.3 km/ 11) wen'! attained Ob a hro.s tag.:-. lilbi·P.' IUD 011nd detectf'd witb an C!SlimatC!'d 
uoceriautty of %1.0%, f'vUo••dntr Uotrl:cr and llf•llrnll.lf.hl11, estimated u11eertainl)' i11 
tbt VlSAR friol" coonl it ±0.02. }br l bor.c- sbou utilir.i:a.c a .,·mmetric: .. i.mpart rontir· 
untina, lm«rtalnltes in fX>S data Ut> 1wt a tutor. SitK• thf' obsc-r\·t.d aca ue-r in 6v/ Jit 
dab. for synur~~etrk-irn~t experiuwr~ts k COIUJ)Ullble to 111:.1 ror huJ~I~tJt:«~•malt-hin« 
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~ht~e n~tlf\·r 1 llnr:~r tor 

~~mobt-r .\hl .. rnl 
l•np;wt 
\'f'kofi ly 

("nl/ 1• 

\\'tndow 
St h'S.'I 
•cr.) 

Window \\'latlow 
Strai11 11•rtkle 

Optic~ 

Corrte I ion 
l:w/llt 

txperimenl$, no attemfll hM IM.~b m:u1e to (tllantify t;os •utc:eruintk-s <lffecciog mter4 

prt'tatio n of Mults f~nu tb& impeclaocc•matc:hing t."XJ)t'ti•ucnts. 

Using ~uatffin (·1) , the 6vfv• cl:lt:l ba\'e t.H:'\•n con,·crt"() to \'coloc:il)' c<lrrections, 
.6u, wJtit:b ar(l plott('d :\'i :l function ul the llugoniot llilrlidt• \'cl~ily. ~,~,., in Figure 
7. t:'>timatOO ('tfflr h:u·~ a_re di.!lJ)Ia)'cd f(1r tile inlJ)t'(liUIGt. .. matc:Mns eXJ)~titul'llls whicb 
US('(I Ia ntalum imJl3C:tur.:c to :1rhie\·~ I h<' ltigbest shock sln!!t.~'tl; t"rror L:t.n~ for $)' rr.tmctr-j<:• 
jmJI:I!(t H~ts :u ... f'Onl ainNII•.)' the.• J)lnUN:I IH•itl l$. A 11'~-.I ·SIIUnr~\, Pf'"''<',..l:lw fil of the 
fonn sho"·n i11 ~1u:tt ~ ... (!"• j h :L.i l .. "'n 1:w•rlonuC'd for all35 .6"'~u,. p:t.ir't'. and &Le r-esulting 
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• ...,,. ... "' - o.m• ud "' c uu1 1or titbima tooriclo. This _ ...... It ;, 
.... plottel ia ...... 2. 

AI diocwood earlier, ncb 6"/"" datum provides a-t oltile r<fnctive 
iodtx. t Or lht> prtttll ttudy. lilt nfracltv. iDda b o~i•tr\1 ditvcUy from <eq11a&Kio 
(2) wblcb, strictly opeakioJ, applies oaly to tbe COR o1 • •loci< slloc:k p<Opaplina 
ia&o uDdistorbed ma&ema. ID lithium tuoride, &.be refractive .iadex det.emaiDtd ia lhb 
IJioi.Utf" is aaca. (Lo wi~ia ex:puimatal ~u:racy) for dod; 1tresaes iD e.xeeMof -18 
CPa. aioc. tltePft'C'U'Ot is~ At lowff tbocl a..-, tM ct:se;rot'd frtqtld<'J 
corrtctioa, 6¥/,., is a coouq~eDCe of cbuces ia ~ iodtx throqb botb tbc 
prec•riOf ~od the abock. To dwstjpte the el!'ect or elutic·pladk window rt'SpOPW 

oo tbe relaUooship be&WetD tbe refw:tive index and t~e DoppSet-ofrequeaey correctioo, 
61'/,., .. u&lysis ........ perfonned lor . ........... JoadiOJ prolle ooowllas or. 
sandy eJ.Lie pr«:~~nor aad a trailiDI slftdy sboct whO propapte a& veJocJt ... rda. 
tiw touclis<.n..l wiodow .....n.lol « ud U,, respoctively. Uodertheoec:ood~jgu 
tile r<fracm-. iod<oc, ••· oltile sboct -proc....t .....n.J is siva by 

<I 
"• = -.:::-"--­U~- ·1" 

(81 

w~ "* is Ue- l'f'fn.cti\'t iDdex of maiM'i.al betwL"e:o tbe precursor ud Uocl. As 
npec.krd. eq'lll1ioo Cl) ttduce to equadoo (2.a) wltn " ' = .. (ao preca rsor), 01 

w~ "' ; U, (prerur.oor just ...-erdri• .. l· Tbu, a de.....,il&tloo ol the rolr><tivt 
iadn ia I be tiaal Hupaiot stat~ n.-quires aa iodepcadeol mnas (expffln)eDlal or an­

alylk.al) fvr s.pedf)'iDJ •be relrartr.·e jodtcx, •a. iD material wbicb bas been proetsSell 
b)' tbe ph!CUnor oa1y. U u a.ss.unlptton lt mWt that. tbe chugt in rclratUve indo 
lbroqb l.bt prt"CurtOr u.o be tslima.led usiac tbe Cladac.oae-IWP l'f.lalioo, existiat 
data lor tho_.,,.., \'tlocily aod ... pliludo io LiF (e.r., ,.. Alay, .. aLI>II)yiold aa 

u 

LZ 

u .. 
'-na E 
=-• ne 
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•• 

Au • 0-2784u t.03I • 

o S)'mmc\.rlc lmpocl 
t1 lmpr'rlnnc:e Match 
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f'"I(U~ 2: VC'locity Cart'Ktioa, 6 • . for VlSAR ~a ldueoced 
by Rdractn·e-lockx Erects in Lithium Fluoride. 
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..,im••e lor • • wbicb Is ...0.10!' b.tJ<r llwo ... aad eq ... ioo (8) _, .. to..quully be 
toh"ed to dtltrm.iat •• for tb<*' exp!'rimeats produda.ca &bock 11fftl bdow 18 OPa 
ia the window. VaJutt ol •• calculated io this fashioo aN wltblo O.OCH>.~9; of tbe 
\'aloes. cakul~ted uslos tquatloa (2) where the ef «11 of tho precuraor wert! ignoftd. 
Tbis ~en\ 11 ~u wltblo tbo e=~timattd experimt1tal uo"rt&lnty. aad tbo use of 
equ:t.t~n (2) is coasoqoootly juatiflnd. Tbe nmtltaat refnctiV'O'-lDdox dab are listed in 
'hbl. 2 aad ~· p"'tted u a fuoction of compre.~:~ive strain In Ftsure 3. 

For compar0011 to tbt preeeat data. predkled. vuiatlou of refnctk·e iadex with 
Slroio b...doa lbe GladiiOO•D•I•, Lozeau·Loroo&, .. d llnado models.,..aloo plollad 
Ia Fipre ;1. Tbe lalqraled lonn of lbe Gladsloo .. Dole ..Wioo II 

I -1•-•l=-· , 
lo tbf case of the l.of'f'Dll·l.onuJ model, the iadexjdeuity ttblioa tl l iveD by 

whereas the Drude ~~prt~~~loa b 

I 
-(a' - I)= eotUioal • , 

(9) 

(II) 

AA ec:amia:aliou ol F'lfUI'e 3 quidty te'\~ th'lt aU ol lbeott moc!.!ll £a~1 to provide a &t 
1o doe d.ta for li1biom luorM!o: beoce, • ...,....,plrital iodtx/douity rtiatioosltip ol 
the type showa Ia equadou (G) aDd (7) bas been atltompted. ltowf'Vft', lhe cont"ClioD 
&.erm {(p) (i•oea by cqu:.lion (7) rt"Sults in an iadtx/s-traiD rtiJ.tioa wbich, coatr:uy to the 

4!i0 

O.f)O ,...,-,....-~,....-...... ~....,.,...-.,-~..,.,~.,.. ~· ...... ~~ 

l.orenlz .. Lorcnz-....1 : 
0.415 ClachJ, on.: ... J>alc.-". · · 

Drudc, .• 
/'). >lodlried 

/. 

Ctedstonc-~1c 

•"" \..Kormt":r ::--·\. 
• Vedom & 

/ Sc:hn1ldl 

0.40 . .. •· 
I 

o n11 • 1 .30~19 

o S)'mmct.rlc hnpnel 
A lmpcd&nco Molch 
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Compressive Slrtiln 

}'igum 3: Str.Un l)r(lpeadeace or Lif Rt.rractlve Index. 
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preM~t data., Is c:o•vex upward ud pmUcu d41Cr.aai.c valltt'$ of tctfncliwe illdt'x rur 
straios .,._.., tho ...0.38. Ao oxc•ll<ot fit to the ,......t clata bas boeo adtievocl b)' 
adopllaru ai..,D.at41aoctiooallonn lor till cl•eo b)' 

{12) 

wltere 7 aod • u. COU\aatl to be dtkrmiD«< uaia& t.k same i&tnt~Ye a.p~ oa.t.­
tilltd earlier wlicll ucara ••~• a. powtf'-.law &t lo U.e lid or (• r, 6w) nlus n lada'ed 
oo the buls d the iDdox/dmty ~latiou (6) ud (12) yiddo llt• same CO<II<iooo. 
oblai:DC.'d (or a pow8'>1aw It Co the actual (• ,., 6 • ) munrt"'llftts. For the Pft:'t-11' 
daa., the appopriate cotlkM.nta for LiF are ,. :: 0.7630 aDd c c: 1.-0tO. Usiac tbt 
dispeu·,., fomola aDd coutMll rt'pOt'k!d by Hen.bater ud Sa'' aatul, tbe iaitial 
mndive iodH, "'' ol UF Is 1.38:191or .\o e 51U om. With lltls ..a .. ol ... ud Ill• 
oxperimeotall) dftermiaed .,,.., ol '7 ud ~. eqaatlou (8) ud ( 12) have ...... ....a 
to Q)cola"' the locus ol n!ndivt iod"" ,..,.... <~ stnio (I.J.h<lkd "Modifi<d 
Gbds&oo~Dal!·) •h"' is p&olced a.looc witt. tbe iJKiividuaJ data poiab iD Ficure 3. 

Ptt"\'iolilS n.fnctk-e-iackx d'ata for t h.od:.·loadt'CI I.JF bve been reponed bf Kormerf1:'4 
OVff a more lirnilcd rup of •tnin lc• = 0.2:11~0..324). For tb.is work. u explosivt 
driver system ia dir«t coDta.ct whb a ftal &urface ol the test speocimeD ceafl'attd a 
pluu sboct l~raUel to the drlv(':r turface) wbkb propagated ioto tbe tra~~spannt 
nu.terial. A cGllin1~tt'd bum ol Iicht fmm u cxpbive source was tnumitled i:Dto 
the uoshockt.od portiors of the ap«in~a 10 u to ~obliquely ilt<idcol upon the movint: 
shock f1011t. 'ntis iRCidenlllcbt w;u JmrtiU!y rcftccted by the sbock it.seU; tb~ remaining 
light eotered Ue compt\'$5C!d I~ loa of the I JK"Cimto and wu obUquety rcfltek.'d bf tbe 
rear surface w~ich wa.'l In cofltact with the drh•er aystem. A biah·sp.ed streak camen~ 
r«enltd the rttlalive loe:.Uont of II"""' two obliquely rcftccttd b<lams altC!'l' they crneflt'd 
from the te~t assembly, aacltbe rl.'lfrutlv~ indeX uailtr sho<kloadinc was ~ubstoqu~ntly 
inferred tiSing c~umetric optic. and lht! huh•JH.•cuhmtly detcm•hH.'d compft':S!iive strain 
in the tr31UIJ11ront MJUlclmcm. 

for ~wal allaLii halkles, lneludiiiS l.lf', Kon11t'~UI found tllat the relatiooship 
bctwtc:n tho rdractlvo l11d~x nnd dN1!!hy 1u:w be writtea a.s 

(13) 

wbeno "• = ,,,. ia tl1e (Oinpfft'llon and Gl.a/44• is a constaat with a dift"ere.Dt 
chanc:teriS1iC': value for c~ach Cr)'¥1al. Q,•tr tbe n.og~ of his n!porh .. od data. lcr• = 1..30-
1..8), 1\ornwr ""J)Orl.J a value of drt11/N11 • 0.1 for LiF. Tbct ioitial iodex, ... lil;ted 
by f\onner ror LiF b 1.392 for ther broadbaad lisltt frorn his explosi,·e source, wbereM 
.. = 1.3!Xl9for incident IJsht from an araoo·iUD IUC!t (.lt ::: 5H.5 Dtn). Measurements 
made under bn.:\dbaad Uabtins • ·ith a UaUllt'b k 1.omb Abbc-3L rt:ltaelomete.r coolltm 
tbat "- -;;; 1.392.& lor rop~Dll\ti""e l.lf' AJ:npll"' use-d ill tbe p1'1'$1CDl studies. Ouwe,·er, 
for rompartson tu 1M VISAR l"ftiUllJ, «a~alion (13) ha. .._used witb -. = 1.3939 to 
C'OM.tnld a loe-ulor lhC' Konnt<r data wbkh iJ Wlt.WI'h io fipre 3. The sinJie erTOr bat 
«catered 0 111 d•it li~ cortt•:cv<"'Kh h~ 1\vtldc t '• ~li111"'-h..'\J accu~y o( 1- 2a Jot n{flo. 

Tl:it" rt'lniC'li\"t' indn ol Uf utH."rr h)'chos.talic pressure has bc._..cn ita\t'$lipt.OO b)• 
\'C'd.am ud Sttmldtf'UI. R4'Ju'ht from Ibis s.iudy ~· that tl:le iDdex iccnoases liDeuiy 

... 

I 
l 
I 



• 

.. .. ... ( 
.... 

w1t:t. pR'ISure to at •• the maximum observtod loadi.as of 0.7 CPa, ~orrespoadiac to 
~ ' 'oJume (C'Ompf"fflive, t train, t • tu. -•)/vt, of 0.01. A llaear ftt to the indto:xfstrala 
d~a yie~s a."': 0.132c lor 0 :Sf :S O.OJ. AhbouP, ••• maximum tlni:a Khieved 
i• lhe bydrooWio: p~ 1es1s is oubolaolWiy bolow U.. ruco ..,..,... by I he sloodo· 
com;presston S1udies («• ; 0.02..g,38), ao extrapolatioo ol the llDea.r It to tb Vtda.m 
aad SchrnMit data (utlaa"' = 1.3930) sbowt very cood .,_ment wltb a:bock·wavo 
datJo for atraiu up to ....0.20-0.2S (lt'e Fiene 3). Above tbls level, tbo shock-wave 
rnt"aSUmntGU: iodic:at.e u btcrn~io.c depanan (ram tbe liaeu iAdtx/Jtral. rebiioo.. 

The pmteat rnea.saremealJ exteod lbo avaJiabJe op\ilcal data for Llf to subetan· 
Hall)' bisbor and lower dynamic 1traJn Mates than ptc~vioualy in\·t'lltipted. Sustained 
'"""""'""'Y of LiF ba heeD cooflrmed 1<1 a1 ltaot Ill• bi1hslsloodo amplllado (11&.3 
Gh) acll,._.ed iA lb.,. tlodies, ud • moro ..... , VISAcR erporimtol by Grady~"~ 
wri6es UF lrutPft:DC)' £or aD C'Siimated Jlupiot stret~ ol UiO :t 10 CPa. Com­
part9on of the two exist las scls of rdnctive--iad(lx data oo abock-compl"t!!SSed LU' 0\'er 
tbe shared raase of JluSOQio\ straia demoastratta aa ~X«Ueat ~rmnteat between the 

P-•• mulll (booed.., inl<rlertoctlt<:bniquOI) ud Koru~er't ..saltJI'I (dtlfflilooed 
., _.,.,,;, oplics). 

DISCUSSION 

'I'be lutr i.ot.erferometer rne~uremtDli of rclraeti,•a iadex describtd in prec;edlaa: 
sections of tbi:s paper stena from efforts to de,·eklp 1.ppmprllta window matt>ria.ls to 
&upport interfcrometr1c monilorins of dynamic rftpoose for a wide variety of t.tst 1p«· 
ime:u. Solid·m.te m~tfftals su.fftcit1U:y cbvxttriud 104' 11M» i.aterief'Omder wU.dowa 
aow iodude llt1lium laoride. PMMA, s:appbirc. ud futf'd silb; optalty calibrated 
liquid·state materiah: include a 9.1-molar aque-ous solution of tiDC cMoride and al· 
trotn<!tbaa~ (a liquid tXpiOiii\·a). 1'hnspa.n.-ncy uader antl<ipa.ted leveh of tboc.t loadlac 
is tbe obvious factor p ·eroiac sek-c.tioa of a wiadow maltri&J for a patdcula.r ap· t ""ao 

Uoo.; from thil'l s lMadpoiat. lithium ftooride i.J pr'ftlnltly lbt mosl \'ttAiile caDdldate by 
vJrtue of ill •ust&inf'd traDSpaf'-fl()' for shock II~ to a& ltasl 100 CPa. 

A requirement typically placfd oa a wiq,Juw is lh;tl it. lf.bock impedance clolcly 
m~lda tbe lmpedu.<e ot tbe IUJtl m~ltf'W wbich it coataclS. tb~ miaimizi:DJ ,.,. 
)0&10 or rm>mpn-saiOA ollholalltl loUOifiDg ,..., .. io .. rotlioft wilh lbe 1&~~<1/wiadow 
interface. ' l"he iotennerdlat(' shock hu1M"da.nc:«! of lithium lh1oride is a wtl')' c&ose match 
to sucb t(!(haically ln1por1ant materials "' alumhnun aDd beryllium. JUJb·imped:uce 
mat.t.riab. 1udl u copptr. stttl, acd uruium. ~ best paired witb a;awhire- wiAdows 
ror u i.mped:aat!' matcb, " 'hf:t'NI low-impcod&nee ~ such » poJymrric com· 
pouads ~nd coodea,OO explosi"\·es. are best matdH!d by fUSC!'d silica, PMMA, amd liquid 
wicdows. Liqu;d solution11 offer t11o uaique poiiiJibility or ta.lloriac the •hock impcdaace 
over a wide raup by variatio.1 ol lbc solutcr coacntntioa. By d.in!dly we-ttiaa tbe 
•ouhc• ollhe tars« mal•ri>l. liquid wiAdows ,.y .!so P"""' od-bp>wl lOr appli· 
catioas wc.b a.s shock rR-time mea.' urt>ments where tbe epoxy boad typically fouad 
hf!tw~" lflft till'lftlt and a a:otirl·t! IMo windM¥ r.llll rrc,.te an hupcdUKv 1ula.wa.t..:b .t,kh 
subltaall:alJy tODlplieatts d:ata analysts. 

1'be CODiiDUibl dew~pmml ol aew d)•bamic k\adiDI a.od ~eat lechntquet 
will n ea..ossarily in,·ol~ panUcl C!ff'Orls to optie"ll)' chara<':lorilc suitab&o wiadow rna• 
terii.l!i. Now lcwlins taJ.abilitics :\1 ultra·hisb pn!SSures are uticipated fo.r rail-11m 
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and lutr facilitie whert' optical nW'<UtU't·rnrilts wiU u.doubt«Ur btat&l fMm • i.odow 
l'or shod l 'lresws • :ftl ia OCI!'SS of 100 era. Tbe iiKrota.iiDI ... of uperitnHlal ~11!'­
omteries wbkb t:m:ploy oblique imp:ar:tr.-1 or aai.tocropk c,..~ lo ~raJ ... .. vupltd 
P"ft3U~sbnr response in t.a~ •nat~ri:als will bne&t hom the ~·elopu.ut of high· 
tbttaMin"nsth wi~ aftd bonding ~hot~~ "*•rh u thai ,.,portf'd by Chhbild.a...Jl"'. 
Window5 h:lve :Urca.dy btt'n ~mplo)·OO by Oukco~111 ia ~xptri~a\s involv ing the II!D~r-· 
alioR and ot.n':lllioo of quuf.~atNpk comp~ioa-al w~\'tL Darker4lll ba.-<J susgest~ 
tbat th4:' smaller temJK"rature risco and strain nte a.1:80(jatt'i:l witb a qua..<~i·iseotropic: 
w~vc 1.'\ romparetl to 3. shock wa\'t'! with tht, same peak J)rtuUNt may le:\d to window 
tran11partnc:y limits a1 stresses muc:h bigher th:ao lho limiting on.lut!!l under sllt'l<k com· 
pMSion. Other window :applications include, for example, tbv infrahXI radiometry aad 
bot•!Jpol photosrlaphy reported by Von llolltl·"l for t tudlt'll of Inert and reacti\'C (tX• 
plosh•e) m:ateriah experieacing sh(l(k compn>ii$ioa. The rapidly f!XJ):tnditlg fiber·optk 
techMIO(D' lllil)' also resu11 in ntw daagnostic J)rol.H!t wbich rt'CJUirc (or J)t nnit) optical 
t.haraCI«'riulkm of <W:Idltiollal ¥dndow m;ateriah aad geometriH and/or lbe fiber itself 
uadt.r dyumic ~adiog. 

REFERENCES 

t. t.. M. lhr-k«!r ud R. E. Holk-a~. f..a.sr.r Jatcorft.ro~tr Jot Me.uurioc Htgb 
\'tiocities ol ADy lklt«tiat Surlaa, J . A peL Phf!= ...:t•GG9 (1972). 

2. L M. Bubr. fine Strucltart of ComprfSS.in~ aDd Rf'~ \\'~\'C.' Slaa.pa ia Alu­
minum :Jt~umi by the v~Jochr Jnterl~rotMitr T«bDiqUC'. i,u; " IJc.haviour of 
D.!nse Ml"db. under lligh Oyc:unic. Prt:JSumt_" Cordca aad llrexh, Ntw York 
(IOGIII. 

3. 1.. M. Darker a.ad R. E. Uolknbac:b, Sbock. \\'a\·e Studif'!l of P~IM A, •used 
Sitin., :aad &ppbi~. J. Appl. Phys. _.1:;1208 ( 10'70), 

... 1 .. M. llarkcr abd K. \\'.Schuler, Corrl't:tion to the Ve!&oc:ii)'•JK'r•f'rin.t; 'A"Ia· 
I.Hilllhil• for tbe VISAR lnterfN'OIUl~ler, J . A1•11l. J•bya. •15:3691 (197.fJ, 

1\. D. R. lf~rdto:sty, On the Index uf lh·fracdon of Shock·ComJ)fl.~!K·d Lir1uid Nitro­
nle!lha.ne, J. Appl. l'h>·s.. 41;JOO.f (197G). 

G. J . rt. As~· and 1). D. Uayes, Sbock.Cvlll)Jit'li.,ioo and llt"k>Mo llf.ha\'tor Neu 
Mc:1t Stahos in Aluminum. J . J\ppl. l'hys. 4G.:•I78D (107&). 

7. L. M. 1.4.-e, Sbock·lndu(('(( lndt"'XooOf·Rdr.u:tion Variatlnn!lla I)MMA, Sapphire, 
and Lit blum Fluoride., Ktecb Corp. Ht-port T fl·7G-04 ( 1076). 

8. La.lit C. Chhabilda.s :and JanK>:s R. Asay, Ri:se-lime Mea.>~-urtiiK'D~ of Sbock 
Tn.ru.ilioM i.Q Al11minam. Cop~r. ud S1C'C'l, J . April. Phr•· S0:2H9110i'9). 

o. Robert E. Seltbdl. lode:x of Refractio.a of Shock·Compfft5C!d •us00 Silka ud 
Sapphi"'- J . Appl. Ph\.._ 50:11186 (19llll. 

10. Mobl.-n E. & tcbell, R.artlp-Wt.\'t' foitQtioo ol Cruubt Explosi\'l'S.. r..,mhust 
ilam< U::ISS ( I 0811. 

II . Jt>ny \\';r.chrle. SlKl<lc:·Wave Comprnsioo af Qnt1t, J. Ar~~L Phrll. 33'922 
(10021. 

12. 1 •. c.;. t:tahab.lkl;a.~ ~nd 0. E. Cntty. SIKN:k LmwJina Deh~iuur ut ru:k.'ll Qua11z. 
iA: "Shock Waws in Cc>ndea5Cd Mauer--- 1083, .. J. ll Any. R. A. Graham, 
:and G. K. Scrauh, ecJ •• Nortb·lloll<~nd, Ams·tenl:am '1084). 

13.. It A. ( ;rOJbatli ud W. P. Brooks, Shock·W:II\'c Compf"fllSIOil Clf Sapphire from 
u; to 110 kbAr. Th~ F.ffec:t.s (tf l.:u-g~ i\lli'IOIMI•ic Cotnl)rt.o:i.1ions, J . l)b>·s. 
(;lljltu Sn!irf.; !t2:2311 (1971), 

4&3 

II 

I 



- . . 

J..4,, J . L. Wise, lll'hx.th'e Index ud Eq:u~tioo of St~ote ol a Sboc.k·Comp~ 
Aq,ueouJ Solution of Zl1:1c <."hloril!e, iD.: "Shock Wav(."S Ia CotLd~ Mann 
19831" J . R. Any, R. A. Gra.ham, and C. K. Str-auiJ, (."41., North·llolland, 
Am.<rtenlam )1084). 

lS. Lalit C. Cbbabllda.1. Th~ Sandia Sboclt Themlod)•nan•kJ Applif!d R~a.rcb 
Facility, ia: "Sbock Waves in Condensed Mattflr-1981," W. J. Nellis, I •. 
Seamao, and R. A. Graham, cd., American lr~ttiliJtu of PbyaiOI, N""'' York 
(1982). 

I G. The llama-..· Chemical Coh\li~Ul)', Crystal &l E&ootronk Produeh, Solon, Ohto. 
17. W. Jlrmna.aa, IW-"e.lopmC'nt " f a Hicb Strain Rate Coostltutive Equirtioa for 

GOOI·Tll Aluminum, Sandia Reporl SLA·73-0897 (1074). 
18. R. G. MeQ ..... S. P. M..-sh, J . IV. Taylor, J . N. !)lOt. and W. J. Cuter. Tho 

Equatioo of Slate of Solid> !rum Sllott w .... Studios, Ill: • Hip· \'docity 
Impact Pheoomooa," Ray Kioslow, nl., Academic ....... N...- Y.,.k (19ro). 

J9. W. J. Carter, llu,oniot Equ01tion or Scale or Some AlbJi Halides, Uic:b T~mp.· 
llisb p....._ &:313 )1073). 

ZO. J. R. A.<•r, G. R. t'owln, C. E. DU\·oJI, ~t . II. Miln, and R. t', Tioder, El!ecL' 
or Pui~:~t tkfccts on l:la.s;tic; Precursor Dt•('ay In l.lt', J . Appt Pbrs. 43:213'2 
(lUll). 

21. Max llerzbC!r(er :uul Ca.lvio 0 . Sabbt-rg, RMractivo h1dlce~ o( lornr\.-d Optical 
Matt>rials and Color Correction of lofraN'tll..tn~. J, OeL. Soc. Am. 52:ot20 
)1962). 

22. S.D. Kornler, Optical Stud)· or tbe Cbanttf'ristiCJ of Sbot_k·Compres.sed Co.o· 
d••""' Diol<ctrics. Sen·. rhvs. Usp. 11:219 (19G8). 

23. K. \"edam and E. 0 . D. Schmidt, Eti'Kil of llydros:ta.IK. Pressure on the Rcl'rae­
th-e l~f'X or UF', SOiisf State r..9'Dmoa 3c313 (lOGS •. 

2-t. D. E. Cndy, Saadia National La.bon.torifos, printe commo11icatioo. 
25. A. S. Alxn,·Sayf<l. R. J . Cliltoo, ud L. Hermann. The O~iqae--Pia.te lmPJ.Cl 

Expori.,.nt, Exp. M«h. 16:127 (1976). 
26. U.lit C. Chhllbild:.s, D)•n:a.mic TransYf"I'SC Particle Vt iO<ity Mea.'iuremeoLs uslo1 

lnttrlero~nctrk T(."Cbniquc:J, i.D.: "Hisb Speed Pbotoarapby, Vidqraphy. 
and Photonics," l>enn~ L. Paisley, cd., Proc. SI)JE •t27 (1083). 

21. L. ~t Oarkn, llizh·l'tl\'l"ure Quasi·lst'ntrotllc Impact f:.x)~rimcoh;, ill; "'SIIock 
W:w~ in Canden&e<l Matter· l983." J . R. A~~ay, It A. (:rah:un, and G. K. 
Straub, ed., Nurlb· llolload, Arnolcrdam )1084j. 

2-8. I .. M. Rark~r. Sa.adia National Laboratories. private commu.aicatlon. 
29. William C. Vo.a lloUt, Shock Wue ()jagoostk:s by Timl'-Resoh-N lnlrutd Ita· 

diomet17 aod Noa·Li.a4!U Ratnu Sprdroscopr, iA: "'Shock Wa"-es in Coo· 
deunl ~bne,..IOI!:I.• J. R. Asay. R. A. Graham, ud C . K. St ... b , ed., 
Nortb·llollacd, Anuterd.am (1984} . 

... 

.. 




