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THE ELASTIC CONSTANTS OF 
NICKEL-COPPER ALLOY SINGLE CRYSTALS'" 

S. G. EPSTEIN"!" and O. N. CARLSON! 

'1'1", olnHLio COIIRt.nlltH of Hillglo c'·.YAI."IH "I' 1.110 lIi('lwl - o"pp(1I' 1\lloy RYHLom Wl1l'O doLormined uy nil 
IIILI'IlH(Jllic plllHO.lloho Lochlliqlll. '1'110 olnHLic' C·OIlHt.nlll.H 11.1'0 p"opnl'Liollnl to I.hn lIicl<nl c""CnnLI'ILtion "I' Ln 
70 I\L. % lIiol<ol nL room tmll plll'nLII "0. ""nvo I.hi .. Cnlle(lllLmLinli whol'O tho ldluy~ nl'O fO""ollll\glloL,o nt 
ambiolli. tOlllpo,·nl.II,·oH 1\ Hlil{ht, IH)Hil.ivll dovinl.illll frolll lillo/tl'il.y iR OhHlJl'vod ill Lho oll\.RLic COIIHLltIlt 
VOI'HIIH oOll1poHitioll curV08. Tho ~/~·(lIToet, \l'llH """o"ved ill Itll ol'tho fOl'I,'OInngllotic nicl<ol-l'i ch alloYil. 

LI~K CONR'I'ANTgR ELAR'I'[QUI';H m; ~I()NOCH IH'I'A \TX J)'AI,L1AOES NICKgJ,- CU1V ln; 

LOR /tllt.Olll'tI Ollt d6Lol'lllin6 lOB COIAL,,"loH {.IIIHI i'l"OH dll IlHIIH)('l'iHLtlIIX cl'n.lIiILI{OR <III RYAI .. \mo nicl<ol
ClIivl'o, nil ul.iliijUllt In t.ooh niqllo dll I'impll",ioll lIi1 ,rnsonOI'O oL do I'(.cho. LOR (:o Il RI.nIlLoB bllltlLiqll llS HnllL 
pl'Opol'l.ionnolioH r\ la tonollr Oil nic,I<oI jIlRCjIl· ... 70 % 'LI ... J\ la I.OlTlplll'l\I.,II·O tunhinllLo. AlI-doHHlIS <10 ellLl.o 
COII(·IIllLl'nl.inll, 1'0111' h\Cjllolio I(oR nil iILI{l'H Ho,Ii. fC\''''OIl1lL~1I('I , iqllo" ,\ In LOlllp6I'nl.ul'Cllullhinnl.o. Oil OhHI\l'V~l ~II'O 
16I{c'JI'() d(wilLLiol1 posil.ivo 1'''1' 1'1\1'1'01'1 . ... 1,\ I"i lillt'cdl'll dl\IIH lOH coud)!)!! conHI.nnto 61utlLlfjIl0- COIllPOHILlIJIl. 
L'olTot ~N " 6L6 obso,'v6 dans los II,IIilll{l''' rif'h"" (\11 ni"I",I 01. fnl'l'nrnnK,,,\ I.i'l"I'fl, 

DlI~ gLAHTI:)CHI'~N KONfiTANTI,;N VON l,aNI(ltlK'I'''LLI~N D I'; n. NICKI'~L-KUPI"Im
.LI';<:IImUNGEN 

Din 01"81.ill('hon KonRt.n.nton von EinkriHLalloll dOH Lo~iol'lll1gH-8'yHI ,oll1s Nicl<ol- Kupfol' wllnlon mit 
oinol' l'UIR-.lGcho UILI'UAchulIlI1oLhodo ullsti mill I.. Dio olo,RLischon l{onstunton sind hoi JtmlmLompomLlIl' 
pl'oporLionul 7oUI' Niekolkon7oontmtion his hol'ltuf 7011 70 At. - % Nicl<ol. Obol'hn.I" d,i080r KOIIZOtlLmtion, 
wo dio Logiol'ungon boi H.ullmtomporatur fOl'l'omngnoLisch s ind , boobuchtot man bOI dol' AufLl'llgung (lor 
olo.stischnn Konstanton gogon die Zusammonsotzung oinllioiohto positivo Abweichung von dol' Linoa.ritiit. 
Dol' ~E-ElTolct wU1'flo in allon ferromagnotiBchon nickoll'cichon Legicl'llllgon bcobo.chtot. 

INTRODUCTION 

While clastic constants have bcen tn(,HHIII'<'d for 
many pure mct.alf\, there cxists a scarcd.,\' or dai n in 
the scientific literature on alloy single ('1')' 1' ( al~ , ( I) Al 
the time this study was undertaken, the aulhorl' \I"('rl' 
aware of no reported complete sets of clastic cons(,ants 
obtaincd for single crystals with compositions en
compassing an entire alloy system. 

The clastic constants of copper single OJ-ystals lHwe 
been measured by Goens(2) by a COWllQ§jtc osci lfntor 
technique and by Lazal'us,(3) Overton and GafTncy.(4) 
and Schmunk and Smith,(5j all of whom JJ§ecL an 
u1trasollle pulse-echo method. The elastic consl,ant H 

of nickel single crystals have been mcasured hy 
Honda and Shirakawa,IG) Yamamoto,(7) B!lZ!lJ' t h 
et al.,IS) Nei urs et al.,(9) Lev and True! (10) <1(' 
I erj{ and Musgrave,lll) and Alm's et al.(12) employing 
various techniques. There is generally good agreemcnt 
in the results of these investigations for copper bll t 
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the nickel vallics show considerable differences. This 
is probahly dlle, at Icast in part, to the different 
Leulllliqlles elllployed and to variations in the domain 
d iRt.ribli tions in ullmagnetized nickel crystals, IS) 

Previous to this investigation Shimkawa and 
Nllmakura,03) determined Young's moduli for the 
principal crystallographic orientations 111 nickcl
copper alloy single crystals and Schmunk and Smith 
studicd the effects of small additions of nickel on somo 
of t.he clastic constants of copper using the pulse-echo 
technique. Very recently Sakurai et al. l 14} publishcd 
rcsults of the ir study of the clastic constants of Ni-Fe 
and Ni- eu alloys over a wide composition range. 
They incorporated the data of the above mentioncd 
inY()stigations in their treatment of the Ni-eu case 
from which they observed a linear variation in elastic 
eon~tants with composition. These results WCl'e 
interpreted in terms of the central and pair-like 
interactions between atoms, The present study 
attempts to provide a complete description of the 
dependencc of the room temperature elastic constants 
on ('omposit,ion across the nickel-copper alloy system. 

EXPERIMENTAL PROCEDURES 

Single cr.\-st.als of nickel and copper and of Ni-eu 
all ()y~ in the composition range of 6 to 84 at. % eu 
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