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Nilsson (1957) has calculated the contr ibut ion to the  
measured  in tegra ted  intensities from cubic single crystals 
due to the peaking of the rmal  diffuse scat ter ing near  
Bragg reflections, and  Chipman & Paskin  (1959) have  
done this for powders.  (These calculations only apply  to 
ideal ly imperfect  single crystals (Chipman & B a t t e r m a n  
1963).) I t  has been demons t ra ted  by these authors  t ha t  
this t e rm can be quite impor tan t  when accurate  inte- 
gra ted  intensit ies are required for high-angle peaks. 
Nilsson expressed his results in the following form. 
If P is the measttred and  P1 is the t rue  in tegra ted  inten- 
si ty of a peak at  200~ 

P = P ~ ( I  +a)  (1) 

where o ~ = a s i n 2 O o K ( r 3 - d ' ) / L  a is the near-neighbor  
distance, d, ~' depend on the scanning ranges and 
K = ( 4 n l c ~ / 3 a )  (sin ~" Oo/2)T. u is a complicated funct ion 
of the elastic constants.  T is the t empera tu re  in degrees 
Kelvin .  Because the  t r e a t m e n t  is in terms of the stat ic  
elastic constants,  dispersion is not  t aken  into account .  
Impl ic i t  in Nilsson's t r ea tmen t  is an assumpt ion about  
the relat ionship of the  elastic constants  which is violated 
by m a n y  metals.  This occurs for 

- (C~ -C1~ - 2C44) (C~l +C~2)C~4 > 0 ,  

- (C~l + C ~ ) C ~  
< 1 .  

(Cl~ - Cl~ - 2C~4)(C~ 1 + 2Cl~ - C44) 

Here,  Nilsson's results will be ex tended to include these 
cases. 

Af~(O, ~) ÷ B  = (2) 
Cf2(O, ~) -DI t (O,  cp) + E 

where 

A =  

B =  

C =  

D =  

E =  

( e l  1 --  C12 --  2 C 4 4 ) ( C l l  ÷ C12) --  b l ( C l l  ÷ O12) , 

C44(2Cl1.÷C44) , 
b[(Cl l  + 2Cle + C44) = b21b ., , 

- b l ( C l l  + C12)C~4 , 

0110424 , 

fi(0, ~ ) = s i n  ~ 0 sin ~ T cos ~ ~,÷sin 2 0 cos ~" 0 ,  

f2(O, qJ) =sin  4 0 cos 2 0 sin 9 ~ cos e ~0, 

~0 are the polar coordinates of the spherical volume 
of integrat ion.  
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Le t t ing  x = c o s  0, 

A(1 -xe )  2 sin ~ ~ cos 2 ~ ÷ [A(1 - x 2 ) x  ~ ÷B]  

[C(1-xe)2x 2 - D ( 1 - x e )  2] s ine~ cos 2 ~ - [ D ( 1 - x 2 ) x  e - E ] "  

(3) 

When  integrat ion with respect to cf is carried out  the 
following expression is obta ined:  

I :  A d x  I I ( - B D - A E + B C x 2 + A C x 4 - A C x 6 )  dx  

= Cx~---fi +2 o ~C%~-~)~~ 
(4) 

where 

I (x 2) = 4 E  2 - E D  + (D ~ - 6 E D  + E C ) x  ~ 

+ (D 2 - C D  + T E D  - 2 E C ) x  4 

+ (EC - 5D ~ + 3CD)x  e + (3D 2 - 3CD)x  s ÷ C D x  l°. 

The first t e rm in equat ion (4) m a y  be wri t ten  in closed 
form as 

,1 A d x  - /  ] /(ClDI)tan-1 D < 0  

fo Cx2 - D A l/C - VD D > 0 
2 ] ~ Z ) )  In 1/C + [ / n  

The second t e rm in equat ion (4) mus t  be eva lua ted  by  
numerical  integrat ion.  This process is s t ra ightforward for 
D < 0 ,  but  for D > 0 ,  D / C <  1, there  is a s ingular i ty  a t  
x o = V ( D / C  ). Writ ing the in tegrand of this t e rm as 
F ( x ) ,  F ( x )  is expanded about  x0 so t ha t  

F(x) = 
H(xo)  + H ' (xo) (Cx  2 - D) + (1/2 !)H"(Xo)(Cx 2 - D) + . . .  

(Cx 2 - D )  
H(xo) 

+ a ( x )  , 
(Cx ~ - D) 

where H ( x ) = F ( x ) ( C x 2 - D )  and the primes denote  dif- 
ferent iat ion wi th  respect to x. G(x) has no singularit ies 
in the interval  0 ~ x <_ 1 and m a y  be eva lua ted  by  
standard techniques, H ( x o ) / ( C x 2 - D ) i s  antisymmetric 
about  x0, positive and negat ive  values cancelling a t  the 
positions x 0 _+x for (2x 0 - 1) < x < 1. H(xo) / (Cx  ~ - D )  m a y  
be readi ly eva lua ted  for the remaining interval  
0 < x _< (2x0--1). When  the separat ion was made,  the 
following results were obta ined:  

H(xo) = - A  , 

G(x) = 

{ - ( S A B E  + 4B~D + A 2 E )  + (4B2C - 6 A 2 E  + A 2 D ) x  2 
+ ( S A B C  + 7 A ~ E  + A ~ D ) x  4 - ( S A B C  - 4A2C + 5 A 2 D ) x  6 
+ (3A2D - 8A2C)x  s + 4A2Cx  1°) 

{2( - B D  - A E  + B C x  ~ + A Cx 4 - A Cx 6) [/ ( I  (xe) ) - A I  (x2)} 
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Finally, then, for D > 0, 

f70  f ~-2~-~-~-~ln ~/C+l/D A (Cx2_D~)+ oG(X)dx. 

(5) 

Nilsson (1957) has suggested a simple formula for 
derived by taking the mean  values of each of the terms 
in the numera tor  and denominator  of equat ion (2) 
separately:  

Ibl(Cll  +C12) +C44(2Cll +C44) 
Zappr. =i~blb21 2 +~bl(Cil + C12)C4 ~ + CllC]a . (6) 

Table 1 shows a comparison between the values of 
~appr and ~ obtained by numerical  integrat ion of equat ion 
(5) at  intervals of 0.05 in x. The elastic constants used 
were those given by Flinn, McManus & Rayne  (1960) 
for well ordered Cu3Au. Of course, for other  than  mono- 
atomic systems, alloys (such as Cu3Au) or compounds 
of atoms of different masses, this correction does not  
take into account  the  more complex nature  of the  
vibrat ional  spectra. At  the present  t ime though,  this is 
not  possible and  the  type  of correction discussed here 
is all t ha t  is present ly feasible. The comparison of the  
two calculations in Table 1 shows the type of error 
tha t  might  occur, even with a monoatomic  crystal. 

I t  is clear tha t  the exact formula, equat ion (5), should 
be used for the case D > 0, D/C < 1. By contrast,  Nilsson 
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Table 1. z for ordered Cu3Au 

~(10) 1-° gappr(l 0) 12 
cm2.dyne -~ cm2.dyne -~ 

T (equation (5)) (equation (6 ) )  Error (%) 
77 oK 3.12 4"32 438"4 

298 3"91 4.62 + 18.2 

(1957) showed tha t  for KC1 and NaC1, for which D <0, 
the  agreement  was wi th in  a few percent.  

The author  is indebted  to Prof. I. Stakgold who 
suggested the  mathemat ica l  technique for evaluat ing 
equat ion (4) and to Mr P. Gehlen who wrote the  program 
for the numerical  integrat ion.  He further  wishes to 
express his appreciat ion to Prof. J. B. Cohen for his 
encouragement  in this work. 
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Notes  and News  
Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 

Editorial Board. The notes (in duplicate) should be sent to the General Secretary of the International Union of Crystallo- 
graphy (D. W. Smits, Rekencentrum der Rijksuniversiteit, Grote Appelstraat 11, Groningen, The Netherlands). 
Publication of an item in a particular issue cannot be guaranteed unless the draft is received 8 weeks before 
the date of publication. 

Rel~inald William James, 1891-1964 
Sir Lawrence Bragg writes: R. W. James, who died in 
Cape Town on 7 July 1964, was one of the pioneers of 
X-ray crystallography. James graduated with first-class 
honours in Physics at Cambridge in 1912 and for two years 
carried out research in the Cavendish. In 1914 he was 
invited by Sir Ernest Shackleton to join his antarctic 
expedition as physicist, and when the Endurance was 
crushed by the ice and the party returned to England 
after its rescue, James joined the experimental Sound 
:Ranging Section for locating enemy guns which had 
been established in Belgium under W. L. Bragg. Their 
close association in their war work naturally led to 
James joining Bragg at Manchester in 1919 when the 
latter was appointed Professor of Physics there. It was 
in this way that James entered the field of research in 
which he was to work for the rest of his life. He col- 
laborated with Bragg and Bosanquet in the series of 
'B.J.B.' papers from 1921 onwards which established 
the quantitative measurement of X-ray diffraction. 
:Darwin had formulated the theory for perfect and 
imperfect crystals, and the intensive study of diffraction 
of sodium chloride as a s tandard 'mosaic' crystal, in 

particular the comparison of the integrated reflexion 
with the intensi ty of the incident beam, established the  
use of absolute values of F(hkl) in X-ray crystallography. 
Two developments  s temmed from this work. On the  one 
hand  James  and his colleagues made  a profound s tudy 
of atomic scattering factors and the influence of thermal  
movements  (Debye effect) and the quant i ta t ive  measure- 
ments  culminated in the well known paper by James,  
Har t ree  & Waller in which the zero-point energy was 
directly measured. On the other hand, absolute F values 
provided crystallographers with a means by which far 
more complex crystals could be tackled. James  and 
Wood were responsible for one of the earliest of these 
investigations, the structure of bar ium sulphate, which 
has eleven parameters.  This marked  a great step forward 
at a t ime when it was widely doubted  whether  crystals 
with more than  two parameters  could be analysed with 
significant results. James ' s  work at Manchester centred 
round the  theory  of X-ray diffraction and accurate 
quant i ta t ive  measurement .  His book The Optical Prin- 
ciples of the Diffraction of X-Rays, published in 1948, 
has a world-wide recognition as the s tandard text  book 
on the subject. 

In  1937 James  was appointed Professor of Physics 


