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,,'('I'r gmwlI hya Illodifil'(l Bridgmall kc:hlliqll l ' . T Ill' 
llllt\.('l'iaIH IIH('d in t.hiH ill vrHLigat..ioll Wl'1'I' higll 1'111 '11\ 
('oppCI' of !)!l.!) PI'I' ('cIlL pllri ty I\lId lli ek(,1 1)('11 1'1 .,1' 
!l!l.nr; pCI' eOllt, plIl'it.y ",it,1r iron I\fl t,hc 1I11\jlll' ill lj' " CII \. 
Tiro flll'lll\c(' ('01'(' cO IIHiH\.e( l of a graphite I'l'HiHt ll l' 1111.,' 

wi!.h It I'cdlleed CI'OHH-HCcLioll which Pl'Odlll !('c1 11 :-; 11 ;1 (' 1' 

t.empcmt,lIl'c gmdil' llt, ill t.he flll'lmco, Tlr l' HJlI '( 'II II/ '11 
waH cOllt,aillcd in 1\ CCl'o.mic el'llciblo wil.li a eOllil 'III I'y
HlmJlcd bot.t,olll wlriclr WltHHIlPPOl't.cd wiLhill t,lre fll(,IIIII 'C 
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FlO, I. ThOOI'OLirml nn e! 1Il01lHlII'ocl dllnHiLioa of niel<o l
coppor alloy Ri ng lo c l'YALnla, 

by a t.o.IlLa!t,m I'Od connectcd to 0. pOHitiOllillg Mill by 
1I1('anH of which t.hc cl'uciblc wo.f! miHcd alld low!'l'e( l 

t.lrl·ough t.hc 1,00Ilpl'mt.1I1'0 gmriiollt, Ol'll.plril,c CI'I I(' ibII'H 
wero lIHcd for' I,ho I)lII'C copper CI'YRI;I\IH, whilll IkO 
cl'll eihloR 11'01'0 lIt.ili1.od 1'01' nielwl I\lId It II of' Lho alloy 
(wYHLa IH . A 11\(11'0 doLltiled dOHCl'ipLioll of 1.110 apJlII.I'n.loIIH 
all([ Lho t.cch II iqll(, oiliployc( [ [01' gl'owi llg LhcHo ol'YHt.alH 
is givclI ill It rcpol'L by .L\rlll ~tl'O lIg o.nd CI\ l'iHon .( l fi) 

Singlc crysto. ls o.pproximo.tcly 3 crn in diall1etrl' It IH[ 
2.1) cm in lcngth . cxclusivc of thc conico.l boLLom 
8cetion , wcre obtained for nil composi t ioll fl . Theil' 
0l'iento.tion8 wCl'e determined by 0. Ll\ue back-I'dlcc
t.ion X-my techn iquc and plates were cut with 'faccH 
orienLed [or eit hcr the [IOOJ or [110] crystallographic 
direction, P lates intendcd for pulse-echo measul'e
l111'nts were cut to a thickness 01 from 0.1) t,o 2 Clll 

while those for resonance mea8urements wCl'e Ictls 
tlH~n 0.25 cm thick. All t he p lates were carefu lly 
hand lapped and polished, to produce faces deviaLing 

less than 0.001 cm from parallelism and aligned to 

within 2 degrees of the desired crystallographic axis. 

Chemical analysis of samples taken from upper and 
lower regions of t he ingots revealed no detectable 

concentration gradients; however, in most instance8 
the actual composition W0.8 f!'Om 2 to 4 pel' cent ofT 

from the intended composition due to the vaporization 
o[ copper. 

Alloys containing up to 30 at. % Cu were observed 

t " (' xhih it 1'l'l'l'tlll1ltglll'l.i!' heho.v ior 1\(, roOIll l elllpcra-
1111'( '. ( 'lll'il ' tl ' !lIIII ' rat,lIreH doLcrlllilled (lI' pllre lI il'kl'1 
alld t lit, II iC' kl'I -l' i('1r It IlO,YH \\'ol'e ill good I\gl'l'l'Ill('IIt. 
1\ il.1l " ,, 1111'S j'( ' l lIl l' t(' c1 hy 1(l'1lpicoWHici (l O) I\lId l\larinll .(I') 

III III!' lis-grow II ('oIHli t ion LitcHe I\lIoYH HIIC)\\'( 'd It 
mlll('l' slllggish Ll'lIl1si t,ioll 1'1'0111 t.hc fCl'l'ollmgnet.ic \{" 

pltl'lllll ag lll't,ic' Slltt.CH prohahl'y due 1.0 cO l'illg 01' lI1icro
s('gn'gll l iOIl . Ilowl'vI'r, after I\nnel\lillg for 200 hI' Ill, 

ILPPI'llXilllllkly II(lO"e ill It hcliullI itt.lI\oHplH'l'l' 
1.lleHI' HIL III(' SIH'I ' illH'IIH ('xhihit.('(l n, HllltrJl t,l'aIlHiLiOIl 

1('IIIPC' I'II.t.lIl'1' . 
'1'1111 Iilt.l.ilT 11111'11111('\.(>1' WitH dol.(,1'11I ill('d fill' (,ltc 'li 

II. II"y fl'lllll X -I'll .\' JllIlI'c1ol' Jlltt.\.<'I'IIH Itlld it.H dl'IlHit,'y wm! 
('Idc lllal,('d \.1r(\I'( ' I'I'IIIII . A (:OIIlPltl 'iHII II of I,lio alloy 
dOIlHil,i!lH LIrIlH d<'!,('l'lIIill('([ wiLh LlroHo oiJt.ltin(!([ hy 

lIydl'w;\.ltLie wl'igirillg iH g ivcn ill I"ig . I . 'I'lrPHO dltLlt 
It l'() ill goo<l n,gI'OOlliOIlt. wit.lr LlroHc ohtltillC<[ 1'1'0111 IltLLieo 
pamllH'\.(' 1' vahH'H repol't.cd h'y Col('HI IK) 1'01' Ni- Cu 
allo,YH pltl' t,ieulnri'y aL Litc lIi ekol-l'it:i1 0 11([ of Llro 

s'yH\.em . Tiro enleulnLcd (lclIsit..Y rejl rGHCII Le<l by Lire 
dltt.lt POillt.K ill I IH' figuro waH 118cd in t.ho elast. ic 
('OIH<t.l\ I1 L (,Id('lriat iOIlH. 

Th e ad iaIJllt.i(' clitst. ic CO llstall tH wore deLerlllincd 

1'1'0111 ulLrmmllie \ '('llIe iLics llIeasu l'ed by Lhc pulse-ccho 
III et.1r od . Tho "n.Hie n,ppltl'atuH /tnd tcehnif)ues elll
ployl'd ill t.hiH illvcsl.igltLion arc dc~cribcd in /t prcvious 
AlI1cK Lltborn.t.ol'y roport,(IG) An illlporLallt modifi

(:I\(, ioll o[ t.hiH appltmLIIH was I,hc suin,Lil,IILio ll of 1\ 

Tokt,l'ollix L'ypo 1).,.1) mwilloHcopo wit.h 1\ seil'-colIl,/tiIlC(l 

Hweep dclay 1'01' I,lrc origillid ()x Lol'llltl HWOOp-I[ollty 1.0 
IIl!lltHllI'C Oitt'pHC([ ('illlo boLwooli Lho ce lroH gOllomLed 

hy I.lre 10 IIIcgacyelc plIlRe. Qual'L1. piowclecLric 
LI'I1 I1 Hd ll ccrs, ~ill. 8<] lIltl'e and gol(l-plo.tcd 011 one facc. 

wcr'e acoust ieall 'y bonded to t he single cryst.aliine 
plaLeiS wiLh phenyl salicylate (salol). 

Tmm;it t imes for t he ul tmHon ic signl\ls were meas
IIl'ed for each Hpeci men frorn echoes of the pu Ise o.t 
telilpemtlll'Cs between - 40 and 40°C, This experi
lI1onL;ti work \l'as ped'ormcd beforc Eros and Reitz(lU) 

hal l pllbli shed Lhcir cxpcriments on elimination of the 
t.ra.nsiL time erl'Ol', hence a correction for the errors in 
t.ransit time associated with the partial reflcction and 
transmission of the ultrasonic pulse at the crY8tal
quartz interfa.ce was applied to the cal culation of the 

ela.stic constants. The magnitude of this t ime dela.y 

wa.s determined for longitudinal wave propago.tion by 
comparing the velocities obtained by the pulse-echo 
method with veloci ties measured by a rcsonant

fl'ef)llcncy technique described by Bhagavantam o.nd 
Bhirno.seno.char, (20) Since the latter mcthod is only 

applicable to 10ngitudino.I vibrations, the transit time 
delay encountered with shear waves was determined 

by the measurement of transit times in plo.tes of 
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