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2 ~inO~= (A ~. '2)( 1 + COl ~O) ~ Using this expression in (B 11) we olJtaill finally, 

= (A~ 2)( 1+[(1\" - co~,u) sin,uJ}: d= [!{'(1+s~)-1{"s(1+s2)JJ: 
= ( (A}, .J.){ l +[(I\'l sin,u)-cot,uJ~} ) l. (1311) with 

~ titl' trigonometric identity mentioned <.bove and j{'= (AI
2+A22)/4, X"=AI At/ 2, 

li :! (Olp = s, t he factor in brackets in the last and 
. I·,l·r of (HI I) can be written s=cot,u= (c2+tq Ll2)/c(t'l-Ll2) 

. [(1\ sin,u)-cot ,uJ2= (1+ 1{2)(1+s2)-2 /\s(1+s2)J. by Eq. (BS). 
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Stress-Strain Analysis of Single Cubic Crystals and Its Application 
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,\ ,tiT,s- strain analysis of sin~lc cubic cr~'stals is develoJlrd \\'hich utili7.es the strain data sUJlplied hy the 
X'fa" hack·reflection di\'er~cnt heam mcthod. The principal strains and their directions are determined and 
from the principal strain:; and the kno\\'n elastic constants the complete strcss- stmin conr'guration is 
ohtaincd. Thus the maximum magnitude and thc direction of thc shearing strain on :l given set of crystal
lographic planes arc obtaincd and the sct of planes on which the maximum value of the shearing maxima 
occur:; is also determined . From a kno\\'led~e of the strcss-strain conr,guration, the stored elastic energy of 
the crystal is deduced j it can he partitioned into tll'O components, that due to shearing strains and that due 
to :l mixture or normal and shearing strains. 

Thc conditions under which the principal strcss systcm coincides \\'ith the principal strain system arc also 
invcs tigated. Furthermore, it number is constructcd thal measures t he distortion of the crystal in tcrms of the 
cncr~y incremcn ts associat cd \\'i t h the clastic constan ts. 

The stress- strain analysis applied to the oruering of a CuAu crystitl at 125°C corrolJOratcs quantitat ively 
the (jualitative results previously ohtained hy transmission elcctron microscopy, Thc dcpendcnce of sfored 
clast ic energy on annealing' time is determined and it is shown that thc first maximum and decline arc asso
ciated wit h the maximum :lnd decline of cohercncy st rains scL up bct \\'een thc ordered Cui\u I nuclci and t hc 
disordcred mat rix. Upon increasing the annealing time, twinning occurs to relicve the tetragonality strains in· 
Iroduced by the ordered Cui\u I dOlllains. The second mitximum is compounded by twinning on certain (110) 
planes and delayed ordering on othcr (110) planes of the malrix. The subsequent decline of the stored clastic 
('ncr~y is associated wiLh twinning on all (110) plitncs. The sheitrin~ st ress necessary to initiate microt\\'in
nini( docs not exceed 7 X 108 dyn/cm2• 

1. INTRODUCTION 

~ Il' J) \'1:\ G by means of transmission electron 
J I:l i,ToscoPY the ordering of CuAu I, Hirabayashi 

I \\'l'issmann' have shown that at low-temperature 
,ding platt.:-like nuclei are formed \Vh\ch are 
rl'1l1 with the disordered matrix and parallel to the 

'I' planes. Upon prolonged annealing at low tempera-
, IIr shon annealing at elevated temperature, the 

;nnlatl'ci cohercnc~' strains introduced by the tetrag
.t y of the ordered CuAll '[ structure become 

' II''] titrough twinning and the twin planes are also 
"d tillite ( 101 ) planes of the cubic matrix, It was 
. ""ihk, however, 10 ohtain b~' elect ron microscope 
"i'jlll" quantitative information as to what the 
·,lllililin and magnitude of th e strains were that led 
d ;" \I],sl' r\,cd twinning <Illring ordering. Vct sllch 
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information is highly desirable jf a detailed picture of 
the mechanism of ordering is to emerge. 

The x-ray studies presented in this paper were 
tmdcrtaken to supplement the qualitat ive rcsults of the 
electron microscope investigation by quantitative data. 
The interpretation of the quantitative results required 
an extension of the strain analysis2 recently devcloped, 
which uses the strain data supplied by the x-ray back
reflection divcrgent beam mcthod. Thus a complet e 
stress- strain analysis was developcd which dcscribes 
the st ress- st rain con figuration for t he early ordering 
stages of ('UAll J. It also enables one to study the 
changes in stored ('last ic energ~' and anisot ropy of 
strain distrilHilion as a function of ordering anneal. 
Since the developecl st ress st rain analysis of cui>i(' 
crystals appears to have a 111 0 n.: universal applimt ion 
than shown in the specilic study of the or<it:ring oi 

2 T. Jlllllra, S. \\'eissmann, and J. J. Slade, Jr. , Acta Crysl. 15, 
786 (1962) . 
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