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PolycrystaUillO JJ;alllllla plUt.Olliulll'S (llastk moduli vprslls tplllporatm'p 

I. Stru,,] awl .1. Th.,It:-;:? A. Trul!;uHIll:? C. H. ::\1i.,lk":!.J. X. ~litdl.'II~, )1. RIIIl"~:?, A. )Ii)!.liori:! 

Ill'm)'f·,/rr r"I"I..,~111111" ltl~~IIIIIlt-. IrO/f'f".~/..,.. MA III/ill!! 


2"'"/:111,,,1 1/11111 ;\/"!l/ll~II'~ FwM LII/"'/lt/",.". [,·\;\'L. Lo., .·lImll"" N.\! ."i/5/'i 

(Dated: F,·l.ru;tT~· IX. 2IMI'J) 


fh'!>olmll! lilt r"""Ullt! ~P('.:trtlN'l>p-" wa~ 11",..1 III 11)(·'.....nr,. I II<' pl,l"t i.· pr"I"'rl k." ..I pllr<' Jl..I,w'~·:-­
tallill" 23('PU ill 1111, phaM'. SlIt· .. r HIIII IOJlj!.itll.linal ...la.....tk lIlo.hlli w"n' nll" ..'nrt~1 "illtllltall ... H1"I.,· 
aUtI llll' hulk 1IIt,.. lllln" wa~ t'oIllI'Ull,1 frolll thl'lIl.•\ MIIl.lutb. lilll·ar. alld lar~" .l.'(n·"",' of all ... h.,,­
lir moduli wil II iltcr<'a~illj! !,·lIlp.'ratlu.· ,,"Ih "1,,,,·r\·,,1. ,r., <,ak1lIat ... 1 th., J'.,i",,1I1l rati.. aJIII f"'III.\ 
Ihat iI illn('a,,-~ from 1I.'.!.t'2 al r.w K to II.'!:,'! at ~,71 K. Till"'" 1I~'a~llfl'!lH'I'I" 1111 '·XIIl'lIl...I.\' '\'I·ll 
dmran"rizl') pllr" I'll ar.. ill agrl"'uH'1lI wilh ..tlt..r n·p"rl •.,1 n",uh" wll('r.· I>""rlap "C"1~. 

PAC" \I"ll1"H~ 

Int-rod uct.ion "-l' uu\'<' .1•."t.·nllill..~1 tb.· d"'.... tk U1'.JIluli of pill'" 1)<)1.\'­
fl':\'stllliw' Pn iu th.· alphll in j. "<'fa! 1) awl gallllllH ! -: i 
1)l1a......':'. H('[I' "~.' J't'pUI't 0111." tit.. ..)H.-:tk 1I11.J11uli ill tit(' -Plut "uiulII {PU j b t.Ut.' ttf t h • .' UI....t difikllit .·I'·Ul'~'lIh 

•.If th... :'ialUl' Pu :;p • ...-im.'11 II"..~.. I f.~.r ,,!loth.·}' 111""­to st u, I,·. 1111<1. ~,t'..ll.1 to HI.', 011.' "f till.' Illt.~"t il1kn~till~. 
~lll'('lU~'nts a),.." .. HIIl"j,'ul t ..1Il1,,·ratIH'l·. Th.· d>l.stic Illud­At amhit'lIt pr."" ..mr.·. Pu t'xltiJ.UI> six distinct ~ ,lid-"tat" 
nli of Pu ill tb.· n pha ..... ' , th.. ,1"lail" uf tl... ":\lx'fim"lltalphl1s.~ hpJ••\\" till' lIldtiu~ poiut. Alflt"lI,~,h '.':\1,·u:;iw tilt'<../­
",·tup. tilt' purity allll pr"parlltioll pron.. hrr • .,... lIhd 1\ ~lIr­retinu Hwl exp...riult·lIt,,1 dfort It>!,; I)(~.'u dir..','h.1 tuward 
n'Y uf outl>£ .Ill< liuf!.. pl'lIl,I"IU," for lllIll"rstHIl< ling of PH afl'uutl"r:-;tlludillg if:; prop,·rti...". O("'u flU'':'tiull.." r"llmiu[1I, 
.J1'1;{'l'i1 ...1 d .....·wilt'f(· [11. TIl<' dnstie lW.JIluli of PH ill 1Acellrnt(· "ahlt~ for th..· hulk m ....JlIlu" ill all th.' phllM':'> j" 
ph.'......, will I ..., n'purt..d s'."puratd...-. Dl'('auSI: of UlUllY l'X­of c.·utral iUlportall(,'~' iu fHlihratilll!, tlH••r~· awl U1o.!t·b 
l'l'riuwutal pr"J,kms, th.. d,l:;rie Iw... lnli uf thjs "PO:"'lJUl'Uof Pu 1.....('llu,;<:· tilt' hulk 1l1oduhL'" is all .os...... 'ut ial t u,,·rlll..1­

of pmI.' Pll iu t it(' Ij phase olllid not II<.' .1. ·tI 'flm111 ~ Lo\~'lI'\lnie qultutit,· lIIilliuwlh' :"..u."itiw· to iWl'uriti.>s, tl... 
silllpl(,,,t 'plautitr to O'lllPllfI> frum all P!.'t·trullk strllC­ Tit., x-n~\' \'..IUlU'" uf -·-ph,\.",· Pu iflfl,xc,'.:; "'jth Ag <\.... 
till'.· ll1ll(ld. and Ih'lIrl,' iU"arhmt lod\\,•• ,u IUl'Il,..l('r,\'sh\1 tue "dill<.'rHt"'\'-illtl'l"hln~1 lllaiu ilnpllrity) fruUl -t~G K 
awl p"'h'n~'st:ll "p.'t'im'·ll.-:, This la",t pfop"rt~' i~ ft·kYallf to C""t; K \\'/1...... le....,ril ...,1 1,\' Zac!tarias'.·l1 [7] iall.\b'l>b of
1.. 't·,\l1"" it IS •'xt r"lud,' .litfk1llt t" l'ruduCt' Bud lll\"I~llI'l' 1I\'/~ill\l.lt, d/Ha I.:,>" "",,Iln,., [81 ('''llflll{I,'~ t uat t lit' full rauw' 
1\11 lIntwiuw.. IIIIOIIO{'f,\·"tal of :-Pu. uf ,-xi"tt'IlC" of ,-PH i~ -t>,,~ K tu lJ9;j K!. Tu SlJllIl1larizl' 

Th.- (·Xl)(·rilll('JJtnleitall"·lIg''''; 11ft· at I.%-:t t\Yot~.I.I: (i) It Zaru/H);ISI,'U'S work. ~:-Pll is fan'-o'lltl'fI·.1 urt hurilullIl.jc 
pur..- Pu sl\Ulplt' n'(l'tirp" cousid,·rahlt· dfnn to prt" hlfl'. iFddd). with x ''l!ui\'III.'ut I\tolU" ill tht' HUit ... ·ll at {II, 0, 
alit I (ii) z:{,IPlI l'l'([llir.·:-; ~pt'('ial haudlillg It'duu([lw:-o 1..,­

0; ~. :l. 1l+ (0, II. 0; O. ~. ~:~. O. ~: 1, 1. 41 ). Each 
rall~' IIf it" rat lilltuxidt,\·. Tlti~ lillJit~ till' .'X}l<.·rilll,·utal Pu utulU L>4 J,ulld.~1 lu kl1l1lu.'r~ at all !tv.'rag'· .!i....taul'l' 
hl,·.·"ti!!.Mlou" tu 11I.·a..... unn(·lIt~ that nlll I,,· p"rfunll(~1 ill uf :l.I"'" A, four IIdghl ....I'~ art' lit :3,02(; A. two al :U;.~·I
sl.....·inll~· ... I • .,..lgll.'t1 S~·"t.'lll~ that fullill.'xft.,II.... i\·.· "Hfd\' 1'1.'­ A, alii I fUlll' at :1.2K.'I1:'i A, How"n'\" ill t u., "pan' )!,r"llp 
qlllr'·lw.'llt". F.ld.1 UIlI' 1111" tht' "huke ...1' two ..rigin..... D~' pladlll? tlw 

R''S'~'I1>Ult Fltra"ullu,J Spt,.:tru,.:,:'••l''\' (TH.TSj 12 ;.] h;~" urigin 'If one Cl'l1tl'r IIf ",\"lI1l1l1't1T, Ruof [!l] pulllh.1 (lilt 
11<'t'u lls.~1 ..xtt'll.>4i\'l-I~· to ddt·rnuu.' th.. tht'rlll,"I~'Wll11ie that tlIt' stru('tnr.. Call h., a!t .. 'I'IlHtiYl'lv d(':-('ri1 .. ~1 with 
'llHl th.' t>l,,~tk prup.~·rti.'S of IlHlt('riab nwl to llUd..!'­ th....ight l'lpli\'IILI'Ut atulU.>4 'It ± \ ,:. ( .1 J+ 10, O. 0: II. 
stalld ph"'........ trau.>4itiulI.... Th., llJ;till ati,·autag.'S"fIH.TS af" I) ..~:~. II, .~: ,~.t., OJ. Tui~ .1''Sl'riptiull i" ",ull~i~t"ltt
thar:(i) 1111 th.~- dH,>4tk moduli ar.' tlt'tI'r111iUt,,1 ill " ~il1l!.k \\'illi thl' d,.,..crir;ti"il uf oth..r Pu pila:-.'S. Tit., uuit cell 
1lII'n:O:Uf<'11I('lIt ~'''II (Ii J Rl.lS dOl'" lIul r(~l'Iir.' bUilding of .)iIUPIll'iiull.>4 ill A, lit !',:'l.C. K, aft' )!,in'lI ",\' Zueharh.,...·11 [111]
t h •.· :-IIlUpl.~, ttl tnt1ls.hlt'l·l-'" (iii) it pro\itl.'S l'XCl'pt jUllal "h­ ttl I.... , a=:t1!'1f) ± 0.1."11. I.=!',.,(,X n,lIOl alii! ..=10.14.02 
solut .. aC(·lIWt'\'. awl. I,h') it "xhiJ,it~ high pn·d...;iuu 1I~"p" ± tI.lHf.? FrolU x-ray "xlwriult'ut" [1111. t II<' X-fa:\' .1'·IL"jn·
intll~' lit ka:-.t I ill In'; t. Wa~ caiculllt.d tu he 17.1-t 11.111 2,!r/ll·i ,It ..... ,.... K. 

Rl.lS 111('1\.....111'(':'> dift,.:tl,\' til<' "diahatk d:\.>4lk mudnli. 
Th. '," aTo' tit•.' ":;''('011<1 1.1. 'rh'at h'l' uf t 11\' ,·II"!'!!.." i lIut fTo" Th... lIIlI\' orh.'r a\'!lilahl.· ,JHhl fur tlw da:<fk iU"dHli of 
"lIl'rI!..Y) with n'''IW('f to ...traiu. arl' dift'('tly rdah'll t.. tht· :-Pu \wr" ...(.tl\iUf,<I frum ml',\.>4l1ft'l1H·ut~ of lullV,itJl.lhlHl. 
Mumit' howlilll!, of tUI' lllah·riai. awl ar.. Yery ""h~itiy.· tl' fll'xural filii I tot",iultal 1111 r.:x'Ualle.'S. n:;illl!, II YUlIllg'~.... 
phas.· trallsitiol}.>4 ,mol thdr order. ::\I..duli n.uw'(·t to th., 1ll1).luitl" ami riltidity UI... IlIln" apparatus. Ela.....ti<- 1lI... hdi 
t Ilt'rmnl (ll'upl'rrips ••f soli. b t hruHgh t hI.' I).:'!.'\" thod..! of W'·r.· ..htailll.1 aft"r :2 awl 3 tlwnual (,,'ell':'>. II 

sp,'(·ifi.· h,·at. III t'ullli.illatiull "'itl! sl','('itk h.-at and th"r" 
mall'XJlau,...ioll lllf'a"u ....'lIl.·ut>4...Iastic 1ll."luli liT!' 1l~ ..1 to • \\'a~ lIvt 
•It,tt'l'IlIiw.' r hI.' '11 ..I' stat.' aud "ariou" "lie.' fruUl ,tluJ.i.·ut h'llll'l'ratnr" 
lJamk fuun iou". 
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Experiment 

PILn' cl(,(·trul'cfillcd ~.3!~PU WII:- \I:-;ed for t h(~ t.'xp..~ri­
lI1cnt::;. lI~iug dll'llIkal WNllod.l>. the composition w~ 
dct.(,l"lniuC'd to b" 9fJ.9(i ,,·t. Y< Pn. 115 ppm \\'. 49 ppm 
Np. 50 ppm O. 53 ppm Si. 32 ppm Am aud I(~<:s t llau 25 
ppm ut hc'r illlpuritie:-. Thl' pllrnllek'pilx'{I-:;hapc1:l sarn­
pl., WH." cut fWlli H largpr ('lITtull that Wfl,"; I\lT llJelt(~J 

flud qllf'uch(,d Oil ;1 COPP"'\' hCilrt II >\I 'wral t.ime::;. llU­

til v"if!... aud !TIf't.:lllurgieal im)lerii.'(' tiul1S' were; ueglig,ih}c. 
The' "PC'ei llll:lI waS 0 ,265 elll X 0.268 on x 0.270 em and 
the illllll('l"sj..m dl'u.;}ty at 300 K W.l:" determined to he 
W.5G g/ nll:i ± II.O:!'? [1J. This nJue b lower than both 
t h" d"u"it~· d('terlllill(~ I from ma;;;.' ilud dimellsiun" (19,70 

3g/ cm ) aud tllC' x-ray diffra.criun lkn:;it~·( 19.86 g! cm3 ilt 

294 K). 
The RlIS ::;\');tl'llI lN~1 fur tlli::; wt.rk k; dC':'('filx'<l dN'­

wherc [1 J, Th~' ('xpcrime.llt" were C1UTic'tl oIH ill \W'llum. 
The telUp<'fat \ll'e \\"f\" w(',l:;ur('t( ll"illg II RhFe rN'i:-t illice 
thermometer, At 400 K we obtHil1c~'1 II temJX'rlltl1r'~ ac­
curacy of 2 'i~. From t \i{' IlH'''SllI·\· d r(':;u11>\I1C" frequ('ucie:'­
We cOlllputed the elas tic moduli usiug th", L('\'('111)('r<l­
\Lu'CJullrdt 1\lgol'itru, Th~'jo,e algorit.lWl" were made i\nlil ­
ablE' for publie u~1' 1.~, u::< [12J. 

Figun> 1 show:,. the rc<.uuaut "p('('tnull frolll 140 kHZ 
tu 32U kHz fit two tl'llIperat.UfCl" 011(' ll('tU' t h(; low pud. 
t Ih' uT her near t be high ('ud of t \i.:..' rllllg/' of cxil"tf'nce of 
-I -PU, The high :-igll:ll-to-noise r:ltio ,mel tlle high-Q (Q 
was of ordel' 1IIOU ) IV;;uUaIlC(~ l'I1.'-\ure high-accuracy re­
sult" for t Ius st Ildy, Th.. 10WL,:>t H"';4)llallC': ".::\.... ohs(,l'n~:I 

I\t abuut 150 kHz. A~ th,~ temperature w,.s inc!'ei\.."ed 1\11 
n.':'('lIltUC(':; shifted toward 10"'('1' \'alm,:, , USjllg OIl! uwn 
algorithUl....;. t.hl! center fr(.'t1l1(:llcie~ of:n r"!'.OlIOI1CC':- were 
d",terlllilled at (,8ch t.c'lllpl'ntture, Each rt'~onan("e ("Off('­

"pond~ tu u djffel'el1t \'ihratiolll\.\ 1lI0<.k The £I'0qIlC:llci,':'o 
of each mode \'('l'l'lllS Telilperll.tll!t' we1"e fit to a. ~t rai,ght 
line. The linear fit was l1:-etl tu g;t'lIerMC' iupllt freqU<'ll­
cif'" for t I.... RUS cod,· [12J Ihm calculate", t.h" du"t it' woo­
llli. A plot uf thl' fittro rl':<OU;\IlCes \'(' rsu..; tempel"atW'., L-; 
showll in tig, 2. 

Result.s and Discussion 

Thf' ,.;(lll.U'('S of the reslJnallCI' fn'queue-i('s. ah""ut :';1ll;~11 
dt'u:-it." fllrH'Ctilll1", nr(' proportional tl) t he' d~\stk wod­
uli. !.U1d therefol't:' the' ,,In·\PIT,xl dl....' re:l>\l> of the rCl;ull:lUn' 
fi'C'tlU('lll'iC!l wit h iliCTCi\.<:iug tc'l1ljX'rat.lll'e is exp('('ted. 

The dus t if behavior of iHl~' isotropic pol~'("ryst<\llij}(' 
llltlterial CaU lIP (Jp",cribf'd ("ompINd~'I)\' t\\'o indep'!llIiem 
IUoduli. for ~'xamplC'. the lougitlldjnal (Cr, ) aud tlte sheilr 
(C) Illoduht~. Th(' hlllk llivdnlus (B), is rdHt('tj to C L 
alld C tluough tilt' following rdation: 

B = C1• -.JG (1)
:3 

Figure :3 ,,\to,,'" the slUooth. \.in(';nly...:loxH"l:-illg beh".\·­
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FIG. 1: Part of Ill\' rC'~'.)m.lnl fr,,'(.p.tt·n9· "PL'CITlllll of pol~'c~';'­

ralliuc P'J "lmwlI n•.'ar llt t: low- anu Jdglr-I':1ll [)eTIII UTl' "'lIt]" 

uf I h,~ . -plt:" •.' Tl'gion of exbtl.'JlCC', The dnshc't'lliw: PT'Aitk", 
fI guiu(' 10 tlte eye to e.mphu:-iz(' tilt' :-ize of Ihl." :-hift ...[ th•.., 
JC:-.)nnu ce, with Il'Tflpe ral UTe'. 
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FIG. 2: Fitr.c-d T~nall C(' fr('quC'n C' i,~"" \"('r:-U:; l e l1Jpt'rMllI(,. All 
frt"'<lu"lIcic", show n ~mool. h Iinefl.r decre aN:' with illcro:asing 
t P.U1JX'ftlt.ur(' . Thl'''.' fitted \'"\u,,,, w(-re ll>o(-tl in the COlllpU­

tal,ion routine 10 determine Ihe (>Ia"rie !Uuo!lJli. 

ior of CL. C aud, B as a fnuctiull of telllperature. Each 
d,-~..;tk llloduhL-; WClS fitt(~J wit h a "traiglJt lin,~ rHld the 
paramNen; of th(, fit :In.' given ill tahle I. 

III u:-ing till' fitting cvd4'~ [12J that d<.'lC'l'miu(> ('h~"ti<' 
mudnli £I'uIll llH?~~-;urcd fr<'q\.l(,llci~"'S. th", <\Igurit.hlll<" call 
dbpla\' small arti1~l.Ct.s as.."ocil1 t.('(1 \,"it b lUod..~, cLanging 
rdath'(> ordering tI.... tC'ulperutlu'(> c\tangC':<. intruducing 
colT(>sponding .u-tif;\(:ts in wLat. should be smooth bC'­
hlwiol" "itll telllp..'mtW'e of the moduli , l.l",ing linear fits 
to reX'lIiHlC(' frN:ju('llcie.... is ofteu :>ufficient tu hlo...k "uch 

http:tP.U1JX'ftlt.ur
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FIC.3: T0mperalllfl' df>\X'lldC'uce of bulk (8). ~h~; ,)T (G) and 
longitudinal (Cd eln"li c IIIcXhlli of -,-PU . 

TABLE I : The parauw\cTl> of the linear fit~ to Ih(' n l"aMJT(~ 

n\(~nt,,, of CL. B. and (; of tIll' form (I + bT. 

?Iodulus (CPa ) b (GPa! K)(I 

CL GG.9±O.2 -0.0-1 

B 31'(),2±O.O2 -O.()O~'7 


G 2G.9±O.1 -O.O:'! 


3rtifiICt::.. bllt Silluotlllles~ in the mCilU-S'IlIiUO:> titting ('r­
ror i:.; II precise t~t ftlr their pr('S(·llce. Small \'nlues of 
the fitting error art: aL-.o II Il',('ful aud ftllimtitatiYt' f(-:;t 
fur botrow of rhi" pol:n:-ry"t:lllinc ~(X'(·iJllell. ThL'S le::,t is 
show11 in figlU(, -l wh('rc we plut the d.t.i-square error of 
the lougirudillal .\Ud ,,1I('>lr llloduli cOlllput('c'1 b~' rhe fit­
tiug algorithm \'<:1':;11" th(' lll~HIHli i'llld fiml 110 ul1e::qx"Cted 
hdHwior. find ~t.roll.g i'\'idc-un' uf isotropy m:lni1i:>"ted III 
the ";lUilll \·..lllc,,'lj of the fitting errors. 

In figllrO) 5 '\\"(' C'ulUpHrc t hl' da,,1 if Illuduli of pl\l'C pol~'­
<T~·"talilIQ -r Pu to thuse uf ,,-Pu 11]Il11d of GiI-,;t."bi!izpd 
c5-Pu \2.36 at. I;; Ga) [6] aud fouud. ;lS (>xpecte<l thM. 
lUo(\ulll" \W 1Il0<iulus. the moduli of ~,-Pu li.· bNW('('U 

t.hu>-(' ~If (I-PH (higlw,.;t) aud Gn-shlbilizcd ii-Pu (lo'\\"~t). 
W(, fit. the- dast.k moduli of o-Pu !\ud r5-Pu (2.36 at. c/.. 

Gil) wit.h ,\ :;t.raigln lim'. and cUIlljlm'('C1 the parametcrs 
oftlI(' llilo:-m' fit to the oues ohtaine<\ for -I-PU in tIlt, t~'l1I­
pcruture rauge,.; indic>\t c::d in t hc tahlps. Table II shows 
the l'e"lllts oftLp liu('llr fit for (hl~ tlw:'(' phases. \Y(. found 
that the slope of t hc' fit for the hulk lllodulul> of ., L" much 
lower th,m the Rlo pe of the hulk lllu(\ulu..-. of utlwr ph,\st>s. 

,Yo:- ('c)mpl\rro t he fitted p ;u'l:IlIlet('[S of the lin('ar fits 
to the llorm>\lizNI t('llIpo:-r;\ture do:-pt'udence uf t lJ(' she-ar 
and hulk modulwl ill aU pLa......s. Tho:- results tl.l'e pre­
sent.ed in tahle III. The fructioual varia.tion cA lh(' shcar 
lUodulus with t('lUpel'lltill'(' is simihu fur n-Pu and ~:-Pu. 
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FIG. 5: Compari!50u of Ihe l'Ill•.,tic moduli \'('!'blL., tt-mp':ratUTe 
of o-Pu.•-Pu. and Ii-P'I (2.36 at. 'if Cal . 

hut cuffC'rl'ut for Pu (2.36 at. ',{ Ga) ••lIoy. The frac­
tional \'HJ'iatioll of the bulk modulus with t.emperature 
j:; UllC'XP('Ch.Jly l'IDall for -!-Pu C'omparc.J t.o (I-PU and 
G;)-stabilized 6-PlI. 

POL<;Sou'" I' ratio for pol~"CI'ystals is defined as: 

1:3B - 2G 
II = 2 3B+G ' (2) 

The Pois..."OlI ratio. discns,>l('d eLs.:·whel'e for Pu in geu­
eraI [1]. for -}-PlI i~ ulll.LSual in that. unlike the PoL"sou 
fcItio for the othl' r Pu pha....;e::;. II for , -Pu aplX'aI'S to tJa\'e 
a uormal "al11(, und UK'!I?;)S"" norlUall~' with incl'Pflsiug 
temperature. Figure -; shows a comp.U'ison of PoL--.';un 
ratio WI'l'IIS tl'mperiltur(' of aluminum. o -Pu. ~.. -Pu. Pu 
(:2.:36 <It. I/( Ga).aud Pu (5 at. '?c. Ga.). 
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T:\I3LE Jl: Thl:' par:mlc\ cf>, ur 111i~ \CllIpcratllN" fit ror two 
da".1ic moduli uf , -Pn Olld " C'OUlparison wit.h I bost, for fl-PU 
amI GfI-:-tabilizl.o "I-Pu for I h o:- I I?IlIJX'r<l1 Ule' rnngll" iudiel! ed. 

- __.... Mvduli B {GPn) 
Ph......" --------...... 

G (C Pu) 

o-p,. .) = OVsH:{J,2~ II = ':"O.5±1.1S 

b = f -O.6:tO 1)(;) , 11)- ' b= r- G.O ±o. j) . 10-'T = 3.~11\ - ~OTI\ 

n = 31.0'l:tO 02-.-Pl.l " = ::!G.9-I :tO.12 

/, = (-2 ,O:tO.lrll ]0-' b = t -O.U7 ± O.~i Jo 10 - 1T = C. I~I\ - ~,iJl\ 

(j = ~O,l±O, fl()6-PuC I"l " = 2CU;O:tO 10 

b = I. - t.(1 ±<J.~) , 10-' b = 1-3.2±<J.2\ >10- 2T = ~06"" -~OOI< 

T\ I3LE Ill: The lognritlullk 1'-'In)X'T.IIIUC derh,, 1in!>' fur the 
elm,tic lIll)cluli of I -PI) olFl lL C'l,11Uparisoll with those:' for o-Pu 
and Ga-!'tahilized Q-Pll for the' tC'lllp.~ratun' rrulge, Indicnt('d . 
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C-onclusions 

\y(' report mt'l~llr(,ll1el1t of tIl(' fllll ~t of ela.<~tic mod· 
uli of II high pmity. bouopie. pol~Tr~-:;ttlllil1e !>pccimcu of 
2:J~)PU tllroughout almost th,· entir(' ran.ge of the exL.<;t ",ut:(' 
of its A: phas..·. \Ve foulld an ullI~llally OrdUl(IfY hc·hiL\'· 
ior of Poj<;,;ou's ratiu. aud ullllsllaU,· low \'arifltioll of the 
hulk wodulus with tewperanlr('. Th£' meils llrC't"1 moduli 
faU, ::\.", expt-,cred. bdow those of the lowc-l'-templ'riItlU'(>. 
l'Xp('Ct ('(I1~··stiff,~'l' l\ pha"t,>. <Iud aho\'(' thO!>e of the higher· 
tel11pel'ature ;uld exp('('t('t"I1~'-"l)frl'r Ii ph;!!'>t'. Thc' llli.'tI ­

SllrClUcnts pas); s('\'('rHI intNul'll ('onsistt'lu'y t f'St-.. One 
pr('\'iulls "tudy tlppru..,;illlMd .... agrees wit h 0111' rl?Sult". 
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FIG. G: Temperatllrv \'ariari"l1 of Pc)i"'<'lI 's rntio for ",-Pli. 
Tllp line' i~ a tit of P'.,i""m·" ral iii Y,°n-H." 1('lIIperature. Tlw 
parallld,'f>, of Ihe 111 ,1\'1' gih'lI in Ib" Iigll1'e. 
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FIG. 7: C'omparil'<l U of Pob''''Jll'' ratio ycr"l1" t C'1Upcrfltllri." of 
nlmnillulIl , o-Pu, ·,·Pn, Pu (:2.36 at. 'I; Ga). nud Pu (.j nt.•;~ 
Go). 
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