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,\n X : I:ay mel hod i , cl esc rihecl II'hirh pCl'lnil 5 a precise delel'lnination oi lhe inlerplanar ~pac ill g, in a 
cr)'~la.!. I he 111 et hod IS capable oi di sclosi ng small dilTcrcnccs in inlerplanar spacings evcn I,clll'een various 
sels 01. (/tkl) planes of Ihe same forl11 an d, Iherefore, serves as a uasis for a slress-sl rain an a lysi". An crror 
nnalysls of Ihls n.lctho(! shows thnl Ihc minimul11 measurable strains in the laltice, expressed ns :;d/ d, arc a 
fun;t~on of I he dliTracl101l angle O. For 0 var)'ini; from 35° Lo 65 °, the minimul11 measurable slrain s vary from 
O.O"'}o loO.009% . 

A precisi?n d.et~rminati()n of lhe. laLlice parameler of;l zone-refined luni;s len cryslal yielded a. =3.16566 
±~.00002 A. L:l11llallOns and pOSSible applicalions of the meLhod Lo problel11s in physical metallurgy and 
sohd sL;lle phYSICS are presenled. 

I. INTRODUCTION 

A STRAIN analysis was recently developed by 
which the principal strains in a crystal can be 

~letermined provided the changes of interatomic spac
II1gs of more than six independent (Md) reJlections are 
recorded. l Such data are conveniently provided by 
the back-reflection divergent x-ray beam method . By 
means of this method pseudo-Kossel patterns are ob
tained which consist of ellipses corresponding to the 
reflections from a number of individual (17M) planes. 
Changes in the interatomic spacings t:.ri""' l induced by 
mechanical or chemical processes are nmni(ested sensi
tively I:y changes in the paramet ers o( the ellipses. 13y 
measu n ng the t:.d values of several (Md) reflections and 
referring them to the corresponding Ii spacings of the 
ini t ial state, strains All"kl/ li,.kl are obtained which are 
used as the raw data for the strain analysis. 

For cubic crystals the strain analys'is has been re
cently furt her developed so as to yiel(l a complete stress
strain analysis. 2 ln addition to the stress- strain con
figuration of the crystal, the stored clastic energy can 
also be measured and the magnitude and direction of 
the maximum shearing strain in any desired plane can 
be determined. Since this stress-strain analysis repre
sents a poweriul research tool for various problems in 
physical metallurgy and solid-state physicsl- G and since 
this analysis is based on the strain data supplied by the 
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divergent beam method, it is only fitting to inquirt 
what precision can be obtained by this technique. Thi, 
paper deals, therefore, with the new expc:rinll:nt al 
developments-t.he precision and the advantarr(;s and 
limitations of the x-ray divergent beam methocf 

It should be clearly understood that the precisiDn 
requirements for the stress- strain analysis based on Ih t' 
divergent beam method are much more stringent lhan 
those usually associated with conventional strain anah
ses based on other x-ray methods, viz., powder nH:th o;1. 
In the latter method the st.rains are usually oiJtain('d 
from extrapolated lattice parameter meaSlIJ'CI1l l'nt , 
which, of course, can also be obtained by the diverg(,l l1 
beam method. However, if one uses extrapolation t('r h· 
niques in t.he divergen t beam method for the sole pur
pose of obtaining a precision value for the lall it , 
parameter, one surrenders a unique. advantage whi, h 
the method offers; it is an important feature of Ihi, 
method that each set. of planes of a form in a cu l,i, 
crystal gives rise to a separate ellipse. If slllall strilin, 
are introduced into a crystal, the size of the ellipsc,; llii: 
change. One of them, for example, pertaining 10 lit, 
(Md) reflect.ion may expand, while another one, pertail.
ing to the (HZ) reflection, may contract. These chang" 
in the dimensions of the ellipses are directly relatcd I' 
the changes in d spacings and the modifications of tn , 
various ellipses of {hid} reflections are therefore dirwl' 
related to the strain configuration of the crystal. In Ih' 
powder method, on the other hand, the variolls (/:! 

reflections of a form will be recorded on a singl e line i1~. ' 
in the case cited above will give rise to line broadl'nl' _ 
and thus to the w;ual cOlllplicat iOlls associakd II;' 

this elTect. 
Since the experi mental d i l'fercnt iatioll bet ween ,-;!r'

ous (ldtl) pln.nes of a form is fundamental for an c!'i'cclil 
st ress- strn.in analy:;is, this paper will be principally l',, ' 

cerned with the precision th~~t can Le ol.Jtainl'd ire 
measurements of the intt.:ral o11lic spacings of a HUI11I 

of {IIId} forms . III addition to this investigation of sir .. 
measurements, a complete ann.lysis of precision lall ,. 
parameter measurements will also be offered. 

3364 

---------------~--------------~--------------~~------------------


