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S1IKAR WAVfi MEASUREMENTS IN SIIOCK-INDUCED, II IGII-I’IUXXJRK PI lAWS.*

J, IL Aidun
Los Aliunos Nat irml Luburulory

Lus Aliums, Ncw Mexico, USA U7545

Skuchml phiIsc Irmlsfurrnalious unrlcr shock loading m of comidcriiblc inlcrm[ fur undmkuding Ihc
response of solids under mmhydmslmic slres,scs and al high slruin-ralcs. Examining shock-inducd
wansfm-ma[ions fron~ cominuum Ievcl nlcii~urcnlcnts is fundarncntdly commirincd by Ihc inilhilily [o
ilircclly idcnlify microscopic pnxcsscs, illld also hy Ihe I imilcd number of mrlcrid properties lhul ml IX
dircdly mmsurd ‘Ilrc hum limitation Cilll k rcduccd by mcruming holh slmr and compression wuvwi

using I.ilgrilllgiilll gmpm in combined, compression and shear Iuwliug. ‘1’hc shctir wtivc ,scrvcs us iul
ilnpi-tilni, rral-iimc probe of Ihc shocked s[a[c and unlotiding rcspunsc. Using mulls frum a nxcn! sludy
uf C’K’OJ, Ilw unique iilfmnirlim Oblilillrd frum lhe shear wave speed and Ihc dcluilcd slnwlurc of Ihc

shear wave m shown 10 tK useful for distinguishing the effccm of phase Irnusformtu ions from yielding,
m well M ill chirm mrizing the high-pressure phases and the yickling process under shock hmling.

INI”RODIK-I”ION”

Llndcrsmding how nonhydroslulic *lresscs
nnd high s[rain-rnlcs can produce observed in-
crcuscs in sh-udurul phu.sc transfonm[iun kinc[ics
umlcr shork Imding is of fumhmcml, m well us
yv’dicul, illlmcsl. ( ‘onlinuum Icvcl invcsligillions
o! ,,llt)ck - induced I ritnsforri)ill ions suffer from lhc

imlhilily l{) idmily mimwcopic pmccssm dirrmly,
Nomhdcss, IIw full pmcnliul uf con[inuum n~cri-
SUI’CIIICIIIS Ilils Ilol h?ll m.hicvrd klKIS(! Only 1011-
giludind slnm illld pill’tiCIC vclocily ClIll lx lllCll-

surwl rcliilld)f, whil’h lL’ilVl”S IIIC dcviill[mic illl(l

1111’illl SIKSS(”S Illltlt’ll”rllliltc(l.
MC;ISUI i(lg hulh slww d rtllqwmsiml wiIvcs

using rllllmhlml pill lil”hm vt”l(lcily ~illl~~$ ill L-(Nil-

hincd, ct~llq)msion illl(l dl~ill h)il(!illg Itlilll’ imlml

cxpcrillmlts ilU~llk’lll S (x)lllimlm Illc;lsumlwllls
willl mw illltum,uim Illill is dilm’lly lrl;llrd II)

lMIlh Ihr shmr Iu(qwrlil”s mtl nlrun slrrss IIf Illc

sh[)~.kd ll)il[~l iul. I ~~’ ‘l’IIt’ dlriil Wilti{’ is II WWIUl
[u{dn” i~f Ihr SIN-W lwt)[)rrlirs (tf 1111.u[mqmsscd

S1:111”IINIIIIK’(YI I!V 1111’l:M’r nil Vt”liIl~ tx)qm.ssion

wnvcl II is lull td Ill;li”li(’ill IIW I“iw llqq)ilq! 1111’

yit’lA Sllllil(”Lm 11)’ v:llyill~ lllC %llCill ml t“(mqutwit)~l
W;IV(” ;lull)lilmlr~ ill m~’txwivv ckpcritmw[s: ‘Ilk’
dIt YII SIICXS ‘a II ItJI1 III III(I t.(ullpr~ksitnl wavv is . .

5[1’,’{, }:l~;ll(’! tll;lll 111;11ill [II(’ SIKQ;II WilV1’ (ilSSlllllillt:

:1 tlmqddy 1:111:1.Ilh.limlli(lll III () - ?(1” will I’tlis
S(1II Iilli(l III [).~!~). 1:111it V(lll ~lls(.s ~lt’ltl, Ibis L’IU
ItSqIIIIIdS III Ihr ll~ly.llmlimll ~llrw ;11 virhl Iwiq:

only 12% Icss Ilum for uniuxiul slruin dune (O*”).
The efficacy uf mcariuring bwh shear tind

cun]pcssion waves for studying phasc-lransfornl-
ing nlaterinlB 118s been dmomrlralcd reccnlly in an
invcsliga[ion of pulycryslallinc CKO.lS whc~ ii

hus been valr,mhlc for dixlinguishing cffcds of
phase lrnllsfl~rll]uliolls from yickling and for chnr-

udcrizing holh Ilm high-prrmurc l)llilSCS uml lhc

yicldillg process. .114 Amdogous rcsuhs huvc Ixwn

olmincd or dll)llhl IN l)lllilillilhlC ill [lUll-l)llilSC -

Irtinsfonnillg Illlilcriuls. III mnlrnsl m pwwious

rCSUllS,112 in lhC ~tllitw.-lrallsft) l”lllillg lliillCI’iill lllCiUl

slrcss could II(II hc dirccmlly mmpulml from Ihc

cxp illwlltally-[lc[ ~rlllilll’11 h~llk [IMMIUIUS villll~s.~

I; XI’I;I{INIIIN’I’AI, MIH”I 101)

llllllillCliill. t“lt’t’lll)lll;lpllrliu g:lllj:l”S ill Wit%’l~d

dcp[lls lllCUs’ ,1’ ll”illKV1’lS(- :11111ltlll~illldillill I)ittliL’llm

vd(rnily hisl(wics NSS(M’iill(’(1 wilh III(’ l)ltll)il~illioll

(If lill#’ mlqdiludr, IIIIC. {Iilllt”llsi(lllill ~x)q)rt.ssitm

illl(l Sill’ilr WJVtmS. ‘I”IKSC WNV~S ~llL! ~l”lllmlillLXl Ily

I):trnll(’1 illlltil(’1 Ill lWt) lllillloS Illill ill~ (’l[llillly

int”lind III Ilwir diwi’lil~ll 111’illll)lt~lit’11, ‘Illr lllii~

m“lil’ i idd illl~l gllll}!t” (1I iclllillil~llS illl’ 1’IIONII St)

111:1[, umh’r idr,~l ci~ldilit~lui, IIK’ ~illl~(’S I(”hpllld 10

ci[h(’r Itmi:iludild (Ir llilllSV~l S(. lllolitm,~

“1’wo (’xlltvitlwllls :111. llt”~ll(’tl :11 (’:1(”11 illl:)ilt’1

v(.lot.ily 1111(”nwitlly 1(1 111(’ illlllt il(’lit’:llily (II” plilt’illl’,

111[)1(’ Illilll I“!llll }!;lll~:[mS ill :1 k;lllllllt”.” 11) III(’ 111S1.

\V1’ hilllllllilllCtlllSl~ 111(’ilSllll’ III(’ Itlll}’, illlllillill Will

lI:III\vvl M. rlloli{um willl lw~I ~:ouly.s ,wl III Ilw MIIII(I



●-w.

dqllll II(UII Ilw ill)pw.1 IWT. “I”llis ll)t*:Isult’llIuIl[ is

illll!(ul;lll: ltII Uollvlnlillg [Iw slIL*m ;III(I (x) IIllttt.s-

sioll W;IV(. :111iv:lls ptv.isl’ly \vllL.11 IIlt. 1;11[(.1 ll~ls :1

(Wlllpl(’x sllllL’l Ur’(m IluL” 10 yi(’ltling or SlllllYllrill

$ In IIIL* duplit’:llr rxp.ri-lIII;Iw Il:lllsl”t)llll;llit)lls,.

IIWIII, IV(’ IIILSmIIr Illr I(mpilmlid Ilisltwics, only,

01 Ill IL’L’dl’plllS Ill pmllil t’:llCUlillioll 01” Illllgil(l dillill

SIWSS illlll slr:lin lh’1(1~.

Rlislll,’ls

“I”llrsl’ llll”ilSllll’lllL’lllS Im)vidr 1111’following
inl(u Illill it)ll :11 (’:1141 illlp:wl vt’ltm.ily: SlltX’k WilV1’

Sltl’l”d: !;11(’;11 :11111I(lllpilllllillill WilVL’ SIN’1’(lS :1[ IIIL’

p’ck L-oll)pll”ssitlll: lollgilldillill slrcss Iollgillldillill

Sll:lill ]lillll%~ !JIl(’ill’ slrms SllL’ill” Sllilill I)illll!i.‘IIIL!

sll(~iliilll(lIttllk ll~tduli ill~ i)lmlhm: !rom III(. wilvt~

S])L’L’(IS illl(l dullsily, hll’:lSlllLmlllClllS ill :1 smim 01

implcl vrlt)cilics provide Ilu! dtwsil, v Vilri:llioll of

1111’Imhluli ill IIN’ sll(l~til’d Slill(’.
A sl.lies [)1 tx)llqtltwitul silt.m t.xprlillwll[s (UI

[ ‘ill Iillil111~111~11.”~~lllllll~!i ill [1(’~lk l~V1’lS I“ltllll (),5
( ;I)ilIll (I. ! ( il]ilIllllgillltlillill S111”SS lllsllll)ll~llilllm IIN’

[}11s! iltilily illltl V;llllt’ (11”lllt”ilSlll ill~ IMIIII :;ilr:lr :111(1
lltll~illltli;l;ll W’;lVrS ill 1111:1S1”Ililllhl(}llllillg IllillCri

;11S.‘,’1 ~lt’rlmliu;ll yi~.ldillg illl(lIW) llllilSt’II:IIU4.

ltlllllillil Ml!i i)t”twrld wilhin Ibis liU}gC, ‘I”llrsr pro-
rt’\W’\ 1111’V(’I”IL’II Ilt’illwl S11(’:11 W:IV[’ I)lollilgilli(lll

11(11IIW lMlllt”lt’ v(’l[lt.ily lll(”;l\ll It’IllVlll S. I )(’lilil!i (II

111(’ l(’SIJIIIIS(- tll f “;I[ 1 ),1 illl- It’1111111’11 ill I ~1 illld I’ll.

I Irir M(” ltNsIls tul Iwtl u~lllqmliwmk ill”lt)ltlv(l hy Ilw
\ll~ill” W;IV(’ ll)l’il Slll~lll(’lll S IIlill 111’1]1 l!.1(’illly ill
tli~lill~!lli~llillp, Idww ll”illlSlt lllll:lli(lllS 11(1111 yi(.ldiu~:
;Illll ill (“llillilt”lt”l i/illj: Illr lll~!ll 1)1( ’SS1111’ldl:ls~s ;111(1

}it’ltlillj! IMII(X”SS.

Ill l~lylll(’ 1 111(” luIlk lIhIIlllllm v;llll(.s ill Ilw
Wt)t+vil III;II III(J ;IIC llI(III(w1 vvIsllh pc:llb drmily

~“(lllllll~hsillll, ‘1111’ !)111”11 Mlll~llLG\ ;11(’ (’Slilllill(’\

Il,lwllllll111(’llll”ii\llll”ll 1(’h’:lW w’;l\’L’ !qlt’d.’l Ih”

I, III\ I- 1111’ I’l; I\l II.” II NIIIIIII ;IS Iull(.lioth III 111’llsily

[Ih Il I1lIt-~\) IL.Iu.Iw’tll Ilw WIN’ Illl\hit;ll tpmllllirk
1111(1(’1 %11111L ;11111 ll\tllil\ltlll( lllilllill~:, 1111’ I}lllh

Iilinlllllli i;llll{.slli’111111 ;IIIN)I[’ llls~”lillllll;ll illl:tot)lll
Ililll.dll Ill lll;lll’1 1,11 11’,,lllMl\(” Illlllrl IIlr%(’ Ill,llhlly

(“lllllllllllll\ 111:111 1111 w’; l\r hplh, ‘1’lw WIIIII Iilw
11’Jill.\l.1111, 1111’ IV’IIIIIIJUI° Illllh lllllll:llil\ \illll(”\ {k

11’11111111”11 1111111 11111.1’dllll( \\;lvl’ qllnd llll”,l\llll’

111(’ill\ Ill 1).11. 11;11111111[’..111111’ 1 “1”111’Iwll M“l\ Ill

Illllkl’11 11111”’.)’l\l” [Ill’ 1’,111111”1111;11Illllh lllll{llllll\ \;ll

llt”~ 111”1‘11111111’111111111 ll\lllll\:Jlll’ l“tllll,ll t”.~.11111

llll\ l’.. 1111“lllll’ll’, l\ ’.l,lll;llllll’ III IHI’1l,l’.III”I I); II1II

It)l (sll(llltlilSll). villllL”Sll[llll:l I“illilt’slrainlll It)

III(’ I:mrr 11)’(ll[Nlill illt” SIIIJW’11 l~y IIW IMII(I (lilSllk’(1

Iilw.’l “1”111’slidtilily tit.ldsolllw 11111’(-ldlilS1’S (11)

SL?lVd Ulldl’r I’t)l)lll [L’lllllL’l illlll L’ ]Iyl!ltt!$[iltit” lXMll-

l)lCSSitlll illVilltliUillt’tl l)y IllClll}ri/.l)lllill illrttWS,

‘I”IILs hlk IIItIdIIIIIS ill [Ill. sllo~k~d li)ild)k

SIN)W’S IIK’ VXpL’Cll’d dL1’lCilSl’ dUC It) Cllilll~CS in

l’lilSliC propcrlics ncross Illc lrilllsl(~rlllal ion [0

cflt’().~(11) illld d SUI)SCIIUL’111 illCKilSC Illill is

Colllllilrillllr! 10 Illill (dN1’1’Vld umlcr llylll OSlilliC
Ioil(li[lgl ll)lollk” Slilrloll lWI’:lt’oj[ll l) Slill)ilily”

field. At II’% rxmqmsssitm, [Iw SI1(M-IW(l Iili]il)k
l)ulk IIIIdIIIIIS lit’s l“i[rlWlow IIW V: IIIIL~ d~i[crlllild

flolll IIIL’ Ilydlosl:ll.’l

lll’UilUSLm Illu I)lllk Ill{dllhls is l“illllc”rillsc’llsiliv~’
10 dl:lorlllilli(lll tlr yielding, IIlis diSt’11’pilllcy SU~-
gl’MS 1111” (111S4’1of il Irilllsl”(lllll:llit)ll 10 il ldlilSL’ (Mlwr
Illilll ( ‘:1( ‘(),\( Ill) Illill llilS il SUINiUlliillly Iowm Illllk

I]l(NIuIus, ‘IIIc hlk II}(NIUIIIS ()(~(l[l]lll~’ssl’ll ilrilg-
(mi[v is IItN kmwl].iml it is Ihr likt.ly~idid:li~ h

Ibis llLmW ldlilSt’. ‘Illis is SUI)IMIIIV(I by 1111’CillL”illm

Ilugt)lliol ~lossill~ llIts (’:l[’[ )1[1111 scgllIt.IIlolllIt”

Ily(lroslnl I)y 14’};, ColIlilrl-SSil) llill)(l IIwrp,inp wilh

Illt’illilgollil(” Iluplllitll,’1
III Illrvi(ms ct)llq)rl”ssioll hlIL*m sludivsl.~ IIIV

1111-;III SII(ISS in IIIL. sllt~~kt.(1 s[it[t. wits t’ill~uli~[~d

IIt)IIi IIIL~dmlsily il]tt.grill III” III(S I)ulk II\(MIulms.
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l’1~’1111’1. Illllh 111{11111111’.Ill \lllllhl’11 (’:III;l I: I

Ill,llldl’ [Will; ill’%} \{”l\ll\ 11111111,111/(”11 111’11’tllv

(1111111.111’(1\\llll ll\llllld Jill Ilillll 1’s1’1”llm\l)



MrxIn sIrcss VANN m IILXXIUI Ior scpmuing dcviu-
mricslrcss illld slr;lill-rillc cl(ccls Onnlillcritils lC-
spmsc. Willll)ul lllclll lllcuscfulllcss tJfclllllilluulll

shock wirvc mcasurcmcnts is curltiild SUlMIII-
Iinlly, ll][cg~[il]g tll~l~ulk lllod[llusv iilucssll~wll
in I:igulc I lCidS [t) uq)llysical llCgilliVC slrcss

tkvimm in Ihc mixed-plmc region. III phasc-
Irrmsfmninc mulerinls lhc mean slrms mumt tw
directly mmpulcd in Ibis manner apparemlly
bccm.rse Ihe cx~fill~clltally dclcnllillcd bulk nmd-
ulus values in the mixed-phrm region m frozm
Illl;lsc-ct)lllp)sitioll vducs d so me INN equal 10
Ihc Iogilrillllllict lcllsilyt ll’rivillivt Oflhc llugOniOl
nlcilll Sln’ss,

The dill’icully in c[llculuting lhc llugOuiOl
meirn sims am be umlcrsmnl try considering Ihc
Schcnlillics shown il: I:igure 2. In I:igure 2il, Ihc
dushcd culvc is an idcilli?d cwnpmsim Cumc for
il singlr crysltil [hill mdcrgOcs il firsl-mlcr plxlsc
Irallsft)rllltili’)11. “llIt’ I Iug(miol mew slrcss for ir

pdycrysld Of Ibis smc nmlcrial is rcprcsrm[cd by
Ihe solid curve. I:igure 2b slmws lhc cmrcspOml-
ing hulk ll~c)dullls.~lt=llsily rclulions. ‘Illc single
crysml IIIINIUIUS is [iikc[] 10 demmc ii~rl)ss IhC
lrilllSlollllilli [ill, ilS is ohscrved for cirlcilc. ‘IIIC

solid curve gives Ilm rclirxrd polyrxysml hulk
1110(111111s,Klla. ‘1’he rcl:txcd d Irmm nmdulus,

Ktr/, vill[lt’sill .~f~)l.oll)l)ltssit)llilrc ildi~il[cdl)y

IIIC (1111 wId t)plw (“irclc. rcspwlivcly: Irozcll
llltdlllUS V:IIII1”Sm’ ill W~ly S illlt”rllAiillC IN’IWN”I1

III(o I)llrct’ltl]lln)llrlll Viducs.
“Illt’ I Iqwniol IllU:Ill slrrss Ciltl lx olllililll:d Ily

illlt-glillilll: Illr hulk Illtdllllls pmvidrd lhr IilllCr

i.t~ll{’sl)tlllds IIIIIW SIIIIX” OIIIIC lllcilll SlrCSS-(lcllSily

cllrvc. ll)llwlIlihd ltllilSI’ lL’giollK llXi SSySIC”lll:ll-

i~:llly ltl\\/rr 111:111KII, IWLWIISC il ilddt.s lhr tXlII-

Iril)uli(}t] 11(111) IIIL’ V[)IIIIIIL’ l“llilll~,l’ of Illr lr:lns-

lolllllUl I“l,lt.lit)u OI’111(” Siillllll(m. ‘1’IIC SpLTd t)l [[IL’,

ill(’illly, illl”iililt’sil l):ll;llllltlil ll(lr l(”iltlill~ l’(l~!.t” t) flllc

lL*l(Ci\\(* W:IVLO is IISd I(I A“[tvtllilw IIIt* I)\llk IIIOdII-

IIIS, ,4s IIt)t41:IIIj:t* ill 1)11:1~(. t”olllllt)silit) ll[)t’t’llrhill

Illr I(”;diilf: dII.(L, 111(’Illr;lsulr(l w;lvt” q)rr(lh :Irv
lttw.ril IIIUIW’ tl)llql~lsili(m VUIHCS, (’ollst.(llit~illly,

in[l’j:l;l[ily: IIIr ~~ll~lill)~tlliill~ drtrtnliml imlk
Illll(llllllk 11(’IISIIV Irl;llitul t) Vt’11’hlilllilll’S 1111”Ill(”iIll

slt~ks ;Illtl t.;lll I(”ml III ;qqmlrlll dl;lin ~llllrninj: or
rv(’11 Il(”l!;lllv(’ %11(’ss111.\’lnl!u\.

‘1”11[’dll:;ll \v;lv(’ ;hllllilillllll’\ l”;ll}llll~vill(. illlln

111:1111111;IIMIII1 Ill;ltrli;ll slIr IIy.111 tlIiIt t: IIIIIt It II(.

III II; IIIILVI lIi MI I III(. \vnvr slwcth (II III(s (xlllq)it’wit)tl
W’;lvr’ ;Illlpllllld(%. III IIII;IW ll:lll\l~tl Illillj! tll;lltlli;ll\
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l~igure 2. ,MIClllilliC tlf rwqlolws gOVCllll’d I)y

fr{w,cn illld WliIXd I)lllk moduli.

Ibis idllili(lllill illlorlllillioll” Ml) IX illlp)rlillll (or

distinguishing IIw ci”fccls uf yielding from plmc
lrilllSi”(lllllillit) llS. lltlwl’v(Ql. lllllllrriL.ill simululiom
(If 111~WilVL- prol}ilgillit)llusilly :1SS111111”(1Illilll’llill

Ill[dlglh ill[m IIN”CIIY: 10 :illilly/(” Sllt”ilr WilVt’ illllllli

IU(lto S.t[~ NIMILvht.ll~ss, i[ is )(~idily ulqullclit IIMI,
lWL.illlS~ Slllmill WilV1- mlplilmlcs 1111’rrltild Ill
Illill(’liill !411t’llglll, 111(- ;Illi lily [}1’ 1111- Ill;trldc 10

Nll)l)t}ll Iillilr ;Ill]ldilll(i(’ Sllt”dl” Wllb’1’s illtlit’illcs Illill

it ll’lilills si~hlil”it.:1111 $ll[’1li!lll illllll o.!(; l’il,’1
( illlll;l’S SilllUl;llil)llS illllSllill(’ 111~illlllloilt’11Iiw

illl:lly/illf:S1l(’;!1 \VilVt. :Iiillllilu{h’s.11(’ drlmm

Sllilli’!i11);11IIl(”hll(’ill\t’ilV(”is wihillvr Ill111(-yivhl
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proces!i during Iongitl.ldillill unlouding.l~)i~ I
I ]cncc. combined with numcrid simulaliuns, Ihc
shear wave Ilislory during I(mgiludillal unloading

can bc usd m Llclcct yielding and dlaracleri7.c
ptmimls Of he yield sur[ace,

Qudimtivc aspects d the marble swcnglh re-
sponse were infcrnxl by Conlparing lhc rcsulls of

tiupliI’s sinwlulions Ior grunilc will] Ihc shcur wave
pmlidc vclocily hislOrics in Clmma mrldc: I i ‘Ihc
lllilllllC yic I(IS dUC 10 pilSSilgC Of IIIC coqwcssit)l]

WUVC, [110[1(?, ill il ltMlgiltlLlillill SIWSS of 1.55 til’11 or

Icss; 1111’ Illllrhk! rxhillils yield IWhilvi(lr IIIUI
ICS1”IIII)I(SS il llllmSSlll”C-(lCIM’llllClll lt’Sl)ollSC,

C(JN(’LUSIONS

‘I”hc invcsligalim~ Of ~arrara marhlc demOn-
swalcs (hut slum wuvcs cnll bc mcasud in a nmle-
riill undrr~oiug sht)ck-inducml phase mansfmmm-
Iimls 111111Illill lhCW! lllCiISUIWllll!lllS prtwidc wldi-
liollill illl(lrlllilli(lll II()[ Oblilillilld(! froln uni:lxiid
Slrtiill, pl;ttr illlpncl cxpcrimcms. ‘Illc shear uml
Itmgiludimll wiIvc speeds, Iogdhcr wilh cdculalctl
Pcilk dcnsilics. I z provide shtwr and bulk mmluli
VuluL!S (If IIIC high-prcssulc @liNCS. III n\ixcd-
phu,sc rrgitnls Illc mduli s~tdclmnlincd ilrC Irwin
Illl;lfit’. ctlllllnjsilit}ll (lUiUlliliCS.

‘1111! I l~lgolliol” 1111’illl Nrcss L’illlllOl In! dircdly
compulcd iron] IIWSC buik modulus vulucs. ‘Iluxc
is currcnlly HO plovlw UICIINMI f[w dclcrmining 1111’
I lu~ttllitjl Illt’:111 S11(’SS ill illl illllill’ilry stolid, I.illcral
s[rrss ~m~c ll\L’i\Sllll’lllt’lllS I}liglu vVrll\\l;lll~ prt}-

vidr [Ilis ~rll(”iill ~.illl:ihili[y (iu [his rcgiud SC(”M, K.
W, Wttng ill Ilwsr l’lt~txwdillgs), Nouclhclcss. lhc
IllIlk III(IIIIIIIIS llillil lmwillt! stnm~ ild[lili{lllill t’(}11-
slr;lil)ls 1)11Ill;llt.riul Illtdt.ls.

~hrw WilV1’illlllllillltk-!i 1“:111IW US1’I”UI Iiw l’llill -

;It’lrrizinp. im.l;lstit’ Irspm!ir, hul Ihcy II(I m)l lwr-
Illil simplr tlt’lrrlllill;ltii}ll (II Iht. yidd smfmx’.

‘1’qx’lllrr 1111’SllL’ill Nlul r~nnprcssion wuvr
lllL’ilSll l~lll(’lll S m(wr I“lllly l“llilrill”ll’1 iml [111’

SIlt)(.kril sl:llr, bul Ilwy were imul Ii(’irlll I(}r
;Illiwc.lillp, lllilll~{ qwt. il”iu(Iurslitms illltllll 111(’

dvmul~it. 1(.\lN}IIw 01” (.ill(”itt~ I(luks, rvrti 1111IIW
(.;~lllillllulll 1(’vrl,’l II WilS Iw!wii(”i:ll lo Illr
illvckli~:mitm Itl,ll 111(’ Iirsl IltlilS(’ Ililllhl tlllll:llil)ll

W;lh I;llii(l, (’ilSll)’ill(’llllliilldt’ , :Ilhl t}t”(.uli(vl willlitl
:1 Sllrwl I;lllp’ Illill W;l!l (“;1%)’Ill ‘Jlldv.
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