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I n  ca l cu l a t i ons  of t h e  i n t e n s i t y  d i s t r i b u t i o n  in t h e  
d i f f r ac t i on  m a x i m a  f r o m  a m o s a i c  c rys ta l ,  p h a s e  differ-  
ences  c a u s e d  b y  t h e  d i v e r g e n c e  of t h e  i n c i d e n t  a n d  t h e  
c o n v e r g e n c e  of t h e  d i f f r a c t e d  b e a m  are  u sua l l y  n e g l e c t e d  
b y  a s s u m i n g  t h a t  t h e  X - r a y  sot~rce a n d  t h e  d e t e c t o r  
a re  a t  i n f in i t e  d i s t ance s  f r o m  t h e  c rys ta l .  F o r  t h e  one-  
d i m e n s i o n a l  case of a p r i m i t i v e  row  of a t o m s  t h e  i n t e n s i t y  
d i s t r i b u t i o n  is t h e n  g i v e n  b y  t h e  i n t e r f e r e n c e  f u n c t i o n  

Ii(v) = sin ~ ~v/(~v)~ 

in  w h i c h  t h e  i n t e n s i t y  Ii(v) is e x p r e s s e d  in t h e  h e i g h t  
of t h e  m a i n  m a x i m u m ,  a n d  t h e  d e v i a t i o n  v f r o m  t h e  
r e f l ec t ion  c e n t r e  in t h e  d i s t a n c e  b e t w e e n  t w o  success ive  
zeroes  ( compare ,  J a m e s ,  1948, p. 4 a n d  43). 

I n  p r a c t i c e  t h e  e x p e r i m e n t a l  c o n d i t i o n s  are  o f t en  such  
t h a t  t h e  neg l ec t  of t h e  p h a s e  d i f fe rences  m e n t i o n e d  a b o v e  
is n o t  j u s t i f i ed  (Wilson,  1946; K u z n e t s o v  & T e r m i n a s o v ,  
1961). W i l s o n  (1946) s h o w e d  t h a t  t h e  a d d i t i o n a l  p h a s e  
d i f fe rences  o r d i n a r i l y  cause  on ly  a negl ig ib le  b r o a d e n i n g  
of t h e  l ines in  a D e b y e - S c h e r r e r  p a t t e r n .  T h e  i n t e n s i t y  
d i s t r i b u t i o n  in t h e  re f lec t ions  m a y ,  h o w e v e r ,  be a f f e c t e d  
c o n s i d e r a b l y  b y  t h e  d i v e r g e n c e  of t h e  i n c i d e n t  a n d  
d i f f r a c t e d  b e a m s .  

I n  o rde r  to  o b t a i n  s o m e  idea  a b o u t  th i s  effect ,  we  
c a l c u l a t e d  s o m e  i n t e n s i t y  d i s t r i b u t i o n s  I/(v) for  t h e  
s imp le  case of t h e  z e r o t h  d i f f r ac t i on  m a x i m u m  f r o m  a 
row of a t o m s  w i t h  f in i te  va lues  for  t h e  d i s t a n c e  b e t w e e n  

0"16 

0"12 

0"08 

0"04 I 

O" 

t i 

1 O" ' \  
II 1 0 . _ ~ v  

I Z 

I i I / % 

2 4 6 8 

Fig. 1. Comparison of the  interference functions Ii(v) (dot ted 
line) and IS(v ) (solid line), the  la t ter  calculated for a row of 
2001 atoms,  a=lO A, )~=0.7 A, rl=lO cm., r~--2.5 cm. 
The intensities / are expressed in the  height  of the  main  
m a x i m u m  of Ii(v), the  deviat ion v from the reflection 
center in the distance between two successive zeroes in I~(v). 

July 1962) 

the point source and the 'crystal' (rl) and the distance 
between the 'crystal' and the detector (re). The line 
connecting the X-ray source and the centre of the detector 
was taken perpendicular to the row of atoms and through 
its centre. 

Fig. 1 shows the results of such a calculation for a row 
of 2001 a t o m s ,  w i t h  spac ing  a = 10 /~, 2 = 0.7 /~, 
r l  = 10 cm. ,  r e = 2.5 cm.  F o r  th i s  case i t  a p p e a r s  t h a t  
t h e  h e i g h t  of t h e  m a i n  m a x i m u m  a m o u n t s  to  o n l y  63% 
of t h a t  of t h e  u s u a l  i n t e r f e r ence  f u n c t i o n  li(v). T h e  
l a t t e r  f u n c t i o n  decreases ,  h o w e v e r ,  m u c h  m o r e  r a p i d l y  
for  inc reas ing  d i s t ance s  f r o m  t h e  d i f f r ac t i on  c e n t e r  t h a n  
t h e  f u n c t i o n  If(v). A t  v = 0 . 6 0  t h e  cu rves  in t e r sec t ,  a n d  
u p  to  t h e  s i x th  s u b s i d i a r y  m a x i m u m ,  w h e r e  t h e  differ-  
ences  b e c o m e  ins ign i f ican t ,  If(v) r e m a i n s  l a rger  t h a n  
I i  (v). 

Tab l e  1. Comparison of the integrated ,intensities 
Qi(n) and Qf(n) 

n Q~(n) Qf(n) n Qi(n) Qs(n) 
1 0.90282 0-72072 11 0.99080 0-99064 
2 0.94994 0.91560 12 0.99157 0.99144 
3 0.96641 0.95707 13 0.99222 0.99212 
4 0.97475 0.97109 14 0-99277 0.99269 
5 0.97978 0-97798 15 0.99326 0-99319 
6 0.98314 0.98212 16 0.99368 0.99362 
7 0.98555 0-98491 17 0.99405 0-99400 
8 0.98735 0.98693 18 0.99438 0.99434 
9 0.98876 0.98846 19 0.99468 0.99464 

10 0.98988 0.98966 20 0.99495 0"99491 
oo 1.00000 

F o r  a c o m p a r i s o n  of t h e  i n t e g r a t e d  in tens i t i e s ,  t h e  
sur faces  be low t h e  cu rves  l i  (v) a n d  I~(v) were  c a l c u l a t e d  
f r o m  t h e  - n t h  zero to  t h e  + n t h  zero in  Ii(v). T h e  
c o r r e s p o n d i n g  i n t e g r a t e d  in tens i t i e s  Q~(n) a n d  Qj(n) a re  
l i s ted  in T a b l e  1; e v e n  for  n = 7 t h e  d i f fe rences  a p p e a r  
to  be  sma l l e r  t h a n  0 .1%.  T h e  t o t a l  i n t e n s i t y  is t h u s  n o t  
a f f ec t ed  b y  t h e  f in i te  va lue s  for  r 1 a n d  r e . I t  m a y  be  
n o t e d ,  h o w e v e r ,  t h a t  a t  t h e  20 th  zero,  w h i c h  c o r r e s p o n d s  
w i t h  an  a n g u l a r  d e v i a t i o n  of 2.4' f r o m  t h e  d i f f r a c t i o n  
c e n t e r  for  t h e  case cons ide red ,  t h e  i n t e g r a t e d  i n t ens i t i e s  
a re  sti l l  0 .5% sma l l e r  t h a n  t h e  t o t a l  i n t e n s i t y  of t h e  
d i f f r ac t i on  m a x i m u m .  

T h e  conc lu s ion  t h a t  t h e  f in i t e  va lue s  of r 1 a n d  r 2 
w h i c h  a re  m e t  in p r a c t i c e  do  n o t  c h a n g e  t h e  t o t a l  reflec-  
t i o n  i n t e n s i t y  c an  eas i ly  be  e x t e n d e d  to  t h e  t h r ee -  
d i m e n s i o n s .  
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