
ha\'l·I ",.1 
t'l .r, I. 
e e:-.\ "I' .. ' 

)'';Cl't i nn~ ,! 
dming I I., 
ft! 11\ f rum .~ 
/ltcrsn :l i'l! 
onding flit,. 

method ('ll. 

i 3 .. · i. 

) , allli 

(.') 

1\ ) 

II" 

UE 

spacillg~ all'\ 
caIn 11H·t h" I 

lust be clost II 
scussed. 

. the tl \'alul'; 
e slopc par.l!. 

)n the aeem .. , 
:r" abscissa ~ , I 

ong the 1l1.<" 
pecilic (It!.- !) r 
)ugh thc l'n\:' 
It iple CXJ111'~. 

, construr\ (l\ 
the film. Ii \' 
f ellipses PI' ' 
ich ext rap'II.,· 
1f t his prot" " 
il is pos~ibl, . 

as been IO('~I I' 
with 1 hl' ;I id 

ings of th l' 

=,TR.\IN A;-.JD PRECISION LATTICE P:\RAMETER i\IE.\SUREMENTS 3367 

-,Iinatl's arc carried out wilh thc aid of an auloma1ic 
"rding ll1 icrophotollle1er (Rigaku-[)enki M1'-3). The 
I'rl}ti k~ of t he various ellipses of a family arc traced 

, ;.iong lhe major axis and the peak-to-peak distances 
'hl" protiles, measured with an accuracy of ±5 j.L, dc-

t h ~ cnd-poin1s of the corresponding y" coordinates. 
Ih~ x " coordinates arc controllcd by fixcd precision 
"rr,; which d<:tine the discrete film positions and 
.:1 h ~pan 1 he range of speci l11ell-to-Jilm distance from 

; nUll down 1.0 virtually zero. The size of the ellipses 
,i,'h can bc recordcd is limitcd by the dimcnsions of 
\' lilm and the cxistencc of a holc at its center. Thcre
'r, thc sclection of the discretc [tim positions will bc 
'Irrnrd by considerations pcrtain ing to t hc completion 

" l h~ ~lliJltical pat terns. For large values of y" some 
.-lions of thc cllipses lllay fall outside thc film area and 
" ''illl'ntly the select ion of .r" will depend principally 
, n,lal oricntalion, wavell'llglh uSl'd, and latlire 

. ,i l;g or plall"s which :Lr,' Iwing IllI'asurl'd, 
1'0 insllre accurale dl'tl'l'Iliinalions or Ihe .r" "oorrii-

.:" it is ncc<:ssary 1 0 satisfy two re<]lli rCIl1CIl ts : (1) 1 he 
I ,hould be perfectly flat and (2) the fdm surface 
,ul cl bc maintainecinormalto the dir<:ction of its dis

.:tl'IIIUll . The first requirenlent was [ulfdlcd by 
. hining groovcs in the backplate of the film cassettc 
lba l a vacuum could be applied. Only when the fllm 
! h l'Cil natly prcsscd to the backplate through thc 
',;i,'ation of the vacuum was the clamping frame 
,',Irned. The sccond requirement is satisficd by ac-

.,t l' machining of the cassette. Spccial care must be 
"II in mating thc cassette base with the spacers to 
',' l' errors in thc determination of the discrete film 
,l iollS .\'". 

It was observed that the precision of mcasurements of 
.! ~pacings increases with deCt'easing Ci, that is, with 
·,.l,ing 0 values. Consequcntly, it is highly dcsirable 
~n'onl a great many complete ellipses in the vicinity 
'Ill' ccnter of lhe film. To mi nimize the interception 
·ltt' dil'iracted x rays at small ex values by the x-ray 

itself, a long, tapercd tip was fitted to the lube. 
, tip nmy be described as a truncated conc having a 
.1jll'X angle of 7°, a circular tip surface of O.16-Clll 

t(l-in.) diameter and a height of 4.45 em' (1.75 in .) 

b. Photographic Technique 

\ lI umber of precautions in photographic processing 
( to bc taken to achieve a high degree of precision. 
" ior example, absolutely imperative that the film 
,bge be uniform (isotropic) if the diffcrences in 
'l'ings between various (Hl) reflections of a single 
.,[l' to be u1ilized as a basis [or a subsequent strain 
,is After long expcrimentation it. was found that 

'''lit Cronar base, singlc-coated, graphic arts film 
• 12 in .) satisflecl the requirements for isotropic ftlm 
.age. Correction for film. shrinkagc is made by 
r. 'illg a standard scale on thc exposcd film and 
.. :ring it after photographic processing. 

In ordcr to minimize film Shrinkage and background 
scattering, and thcreby produce maxi mum ('onl rast, the 
following photographic processing practice was adopted. 
All the films were devclopcr! [or 2 min in I,-odak 
HCllO developer diluted 5: 1, followcd by fixing in 
Kodak x-ray Jixer for 6 min. \\rashing for six minutes 
and then immersion in Pholoflo solution for 3() sec was 
followed by natural drying of the film . In this way it 
was possible to reduce Jilm shrinkage to a mll11mUm 
and also to insure t hat any dimensional changc was 
uniform over the wholc film. 

c. Computer Programming 

/\ computer program was written to expedite the 
rcpeaterl compulal ion of Ii spacings. Thc input to this 
program was: coordinates (Xi, Yi), shrinkage [actor, and 
w~~vcltngth l IS<:d . The Olltput was: d sparings and their 
(,OITl 'Spollrlillg standarci l'I'rors . 

III ,uldilit1 ll , iL I'rogr;ull IV;IS also IVI'illl'lI 1'01' litl' 
rOlllplllat ion or I he lal t icc pamllll'ler hascd Oil I he 
method of weighted least squares. The input to this 
program was: d spacings, standard error o[ d spacings, 
and M iller indices of planes. The output was: the 
parameters of the weighted least-squares line and their 
associated standard errors. ~'1athematical details for the 
computation of thc d spacings, lattice parametcr, and 
respective errors arc given in Appcndix A. 

The output of d-spacing computations was used lor 
the computation of thc stress-sl rain configuration of 
thc strained crystals. I.2 Indecd, it is primarily for 
rcasons of attaining the highest degree of precision in 
the strcss-strain analysis of crystals that the prccision 
measurcments by thc divcrgent bcam method wcre 
developed hcre in such detail. 

4. EFFECT OF HOMOGENEOUS AND IN
HOMOGENEOUS STRAINS ON THE 

PSEUDO-KOSSEL PATTERN 

If 1 he cryslal is suiJjec1<:<i to IOllg-range elasl ic Sl rains 
01' 10 homogeneous inl ernal sl rai IlS (r<:siclllal sl rai Ils), 
the shape of the psell(lo-Kosscllin<:s will be significanll~' 
altered. Thc homogeneous strains arc then ma.nifested 
by changcs in the length of thc major axis of lhc 
elliptical patLerns. These changes in turn aficct the slope 
parametcrs 1/tl and 1It2 and consequently the strain 
i1uctuation can be recorded in terms of thc changcs of 
the d spacings of various (liN) plancs. Thus, if thc 
changes of d spacings of more than six independent 
(Hl) planes are recorded, the complete strain distribu
tion of the crystal can be obtained.I,2 However, if the 
strains are inhomogeneous, 1 hCIl in addition to dimen
sional changes of the elli pt iGti pattern local lille 
broadcning, kinking or displacement of line segmcnts 
will OCClil'. The effect of slIch strains on the pseudo
Kossel lines is shown in Fig . .f. From thc schemalic 
drawing of Fig. 1 it may be seen that adjacent areas on 
thc specimcn surface givc rise to adjacent segments of . 
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