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J \ 11.1' T. Slimmary of error analysis of x-ray di"crgent beam meLhod lI sing an as-grown, zone-refined LungsLen single crystal. 

: Ul. (.l21 ) (222) 
\fI.ol 

~\·; lti()ns 2-1 15 

a 0.S~601 0.9l3i\ 1 

a,1 O .OOOO~ 0.00026 

.I. % O.O()l) O.()2S 

a.I 
< 0.00016 0.00028 

I rc1/ ! 4.0S29X 10' l.295SXlO' 

tl 
. 3.16547 3.16561 

65.57 57.45 

II , i1 ould be understood that the O' d values from which 
\I'a, obtained are a measure of the precision of the 
!In iquc, that is, they express the eA-perimental error 

; ,'3ch Illcasurement of d spacing. The iid should be 
"lparcd to the O'd* values listed in row 6 of Table I 
:ch arc the standard deviations of d spacings of the 

: :./ ) iorllls. O',/ measures, therefore, more than the 
'i~'rinll'ntal error and its physical signifIcance seems 

ill' int illlatcly relatcd 1.0 the residual strain clistribu
,11 in the as-grown crystal. It will be noted from Fig. 6 
.it hoth iid and O'i' decrease wiLh increasing Bragg 
dl' 0 ,wei that for all {!tid} forms, excepting {222}, 
(1/ arc nearly twice as large as the corresponding 

\';liul'S, 

rhl' precision determination of the lattice parameter 
',I';h C;lrried out by adopting a sequence of steps which 
i ill' outlined presently. 

\1 Il Illay be seen from Table I that a considerable 
',bl'!' of d~t erminations of d spacings has been carried 
. ior each {IIId} form investigated. From each 

. '. ,du ~ of an {HZ} form, the lattice parameter a' was 
"' Im tcd using the relation a' = d· (li?+k2+l2

)}. 

~ I To each a' of an {Ht} form thus obtained a value 
Ihl' :\dson- Riley function, ~[(cos28/sin8)+cos28/0], 
.' a, ,;ignecl . The 0 value used for this computation 
-rt.'punded to the d spacing from which each a' was 
~in al l y derived . 
. n Since t he error in the computation of d and there

-,-, the (:1'1'01' in a.' diminishes with increasing 0 (Fig. 6), 
·',lIi~tical weight was assigned to cadi a.' which is 
i'llrt iomd to 1/ (0',/")2 (see Appendix A). 
II Employing a met hod of least sClllares, the lattice 

:.Illll'[er ao was obtained by extrapolation of the 
'.tln -Rilcy plot of the weighted a' values. The slope 
,hi, !t:ast-squares line is then given by 

b='L lIi'Wia/(Xi-x)/ "L ni'Wi(xi- X)2 

, lh~ Y intercept by 

1I {t = ('L 'W.a// "L wi) -b "L XiW J "L Wi, 

;,' .l' i=K(cos28i/sinOi)+cosZ8;j8i] (the value of the 
"m-Riley function), Wi= [1/ (O'd/)2]/ [L: 1/ (O' d/)2] 
~t atislical weights), x= L: ni'Wixi/L: n,wi. 

(310) {220} {21 I} 

28 11 7 

1.000S5 J.11912 1.29230 
0.00029 0 .OOm6 0.00039 
0.029 0.032 o.mo 
0.00061 0.00076 0.00083 
0.267SX 10' 0.17~OX10' 0.125-1X 107 

3.16496 3.16534 3. 16:i49 
50.32 43.49 36.59 

The following results were obtained: 

b= - 3.88X 1O- 4±O.56X 10-4 

ao=3.16554±O.00002 A. 

The lattice parameter ao ,"vas corrected for refraction 
by adding to it a term ao(1-n), where JI, is the coefficient 
of rcfraction. 9 For tlmgsten and using CuIC' 1 radiation 
(>.= 1.5-1051 A) the correction factor for refraction was 
157 X 1O- r. A. Since the ambient temperature during the 
experiments was 28°C, a temperature correction was 
also applied9 using the expression 

112=al+aa l(T2-1\), 

where al and a2 arc the lattice parameters at tempera
tures T 1= 28°C and T 2= 25°C, respectively, and a, the 
cocflicient of expansion of tungsten, is 4.6X lO-G °C-I. 
With these corrections applied the lattice parameter 
ao is 3.16566 A at 25°C. 

10 

8 

6 

-< 
FIG. 6. Depend- ... 

ence of the d-spaci ng 2 
errors on lhe llmgg 4 
angle. If) 

a: 
0 
a: 
a: 
w 2 

o "-~----'--------'-
90 60 30 

BRAGG ANGLE eO 

9 International Tables for X -Ray Crystallography (Kynoch Press, 
Engia nd) , Vol. 3. 
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