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A Stored-Image Method for Calculating Absorption Corrections 

W e  propose  here  a p rocedure  for c o m p u t i n g  a b s o r p t i o n  
cor rec t ions  for X - r a y  d i f f rac t ion  i n t e n s i t y  m e a s u r e m e n t s .  
I t  is ba sed  on s to r ing  an  image  of t he  c rys ta l  in  the  fo rm of 
a b i t  p a t t e r n  in a b lock  of a c o m p u t e r  m e m o r y  wh ich  we 
can  t r e a t  as a n  ' image  space ' .  T h e  i n c i d e n t  a n d  d i f f rac ted  
b e a m s  for  selected d i f f rac t ing  po in t s  are t r aced  in image  
space, us ing  an  a l g o r i t h m  to e s t i m a t e  t h e i r  lengths .  

The  s teps  in t h e  p rocedure  a re :  (a) r ead  t he  image  in to  
memory ,  t o g e t h e r  w i t h  t he  scale c o n s t a n t  in  image  space  
(mm/d iv) ,  a n d  t he  l inear  a b s o r p t i o n  coeff ic ient ;  (b) choose 
a ref lect ion,  and  d e t e r m i n e  t h e  d i rec t ion  cosines of t he  
i nc iden t  a n d  d i f f rac ted  b e a m s  in image  space ; (c) choose a 
' d i f f rac t ing  p o i n t '  ly ing  w i t h i n  t h e  c rys ta l  image,  i.e. a b i t  
t e s t ed  a n d  found  to  be  u n i t y ;  (d) t r ace  t h e  i nc iden t  a n d  
d i f f rac ted  beams  f rom t he  d i f f rac t ing  poin t ,  and  d e t e r m i n e  
t he  t o t a l  l eng ths  T i a n d  z a of each  lying w i t h i n  t he  c rys ta l  
image  ; (e) ca lcu la te  t he  a t t e n u a t i o n  exp  [ -- [z (T i + za) ] for 
t he  chosen  poin t ,  a n d  add  to  a r u n n i n g  s u m ;  (f) r e t u r n  to 
(c) un t i l  f inished,  t h e n  ca lcu la te  t he  a b s o r p t i o n  cor rec t ion  
b y  d iv id ing  t he  n u m b e r  of p o i n t s  b y  t he  sum of a t t e n u a t i o n  
values .  

The  success of t he  p rocedure  depends  on  t he  a l g o r i t h m  
used in s tep  (d) to  e s t i m a t e  t he  l e n g t h  of a beam.  W e  h a v e  
found  a n  effect ive compromise  b e t w e e n  speed and  accu racy  
of i n t e r p o l a t i o n  in t he  fol lowing m e t h o d :  (dl) t ake  a u n i t  
j u m p  a long the  b e a m  to  a n  ' a b s o r b i n g  p o i n t '  to  be t e s t ed  
b y  a d d i n g  t he  respec t ive  b e a m  d i rec t ion  cosines to  t h e  
c u r r e n t  coord ina tes ;  (d2) t a k e  a poll  of t he  ver t ices  of t he  
cell in  image  space  s u r r o u n d i n g  t he  a b s o r b i n g  p o i n t  to  
d e t e r m i n e  w h e t h e r  i t  lies w i t h i n  t he  crys ta l ,  and  add  t h e  
n u m b e r  of yea  vo tes  to  a r u n n i n g  to t a l ;  (d3) r e t u r n  to  (dl) 
un t i l  a b o u n d a r y  of image  space is reached,  t h e n  d iv ide  
t he  sum of yea  vo tes  in  t i le r u n n i n g  t o t a l  b y  e igh t  to  
e s t ima te  t he  b e a m  length .  

This  m e t h o d  is d i s t i ngu i shed  f rom m a n y  abso rp t ion -  
cor rec t ion  p r o g r a m s  deve loped  successful ly here tofore  in  
t h a t  t h e  l a t t e r  h a v e  t r e a t e d  t h e  c rys ta l  s h a p e  ana ly t i ca l ly  
in  t e r m s  of t he  p a r a m e t e r s  of t he  b o u n d i n g  planes.  This  
m e t h o d  has  been  app l ied  in  severa l  v a r i a n t s  b y  BUSING 
and  LEVY 1, ]~URNHAM 2, ~r and  PREWITT 3, ALBERTI 
a n d  GOTTARDI 4 a n d  COPPENS, DE MEULENAER a n d  TOMPA ~. 
One d r a w b a c k  of these  m e t h o d s  is t h a t  r e - e n t r a n t  angles 
p r e s e n t  a special  p r o b l e m  requ i r ing  subd iv i s ion  of t he  
c rys ta l  in to  a set  of convex  po lyhedra .  I n  con t ras t ,  t h e  
s to red- image  m e t h o d  invo lves  no  special  diff icul t ies  in 
h a n d l i n g  a n y  shape,  b u t  h a s  a l i m i t a t i o n  in  accu racy  
occas ioned b y  t he  gra in iness  of t he  image.  

W e  h a v e  i n v e s t i g a t e d  t h e  feas ib i l i ty  a n d  accuracy  of 
th i s  p rocedure  b y  wr i t i ng  a n d  t e s t i ng  a p r o g r a m  for t he  
P D P - 7  c o m p u t e r  (Digi tal  E q u i p m e n t  Corpora t ion ,  May-  
nard ,  Massachuse t t s ,  USA,  8192 words  of 18-bi t  l ength) .  

The  p r o g r a m  opera tes  w i t h  an  image  space  h a v i n g  an  
18 • 18 • 18 grid (324 words  of c o m p u t e r  memory ) .  
The  genera l  flow of t he  p r o g r a m  follows t h e  logic of t he  
WUENSCH-PREWlTT program,  differ ing p r i m a r i l y  in  us ing  
t h e  s to red - image  me thod .  Especia l ly ,  we h a v e  fol lowed 
WUENSCH a n d  PREWITT in t he  fo rmulas  for  t he  b e a m  
direct ions ,  for w h i c h  t h e y  give a t h o r o u g h  discussion.  To 
t e s t  t he  accu racy  of the  p rogram,  we used an  ob jec t  in  t he  
fo rm of t h e  image  of a sphere  t a n g e n t  to  t he  b o u n d a r i e s  
of image space. The  va lues  of ixR and  20 were var ied,  as 
well  as t he  o r i e n t a t i o n  of t he  d i f f rac t ion  vec to r  w i th  respec t  
to  t he  axes  of image  space. Since t he  a b s o r p t i o n  cor rec t ion  
should  be  i n d e p e n d e n t  of o r i e n t a t i o n  for a sphere,  a n y  
v a r i a t i o n s  w i t h  d i f fe ren t  o r i en t a t i ons  give a measu re  of 
t he  errors  a r i s ing  f rom gra in iness  of t he  image.  The  Tab le  
gives some ca lcu la ted  va lues  of t he  a b s o r p t i o n  correc t ion,  
in  compar i son  w i t h  the  cor rec t  t a b u l a t e d  va lues  f rom the  
International Tables /or X-ray Crystallography s. Severa l  
ca lcu la ted  va lues  are en t e red  a t  some places  in  the  T a b l e  
for cases in  wh ich  t he  ca lcu la t ion  was r epea t ed  for d i f fe rent  
o r ien ta t ions .  The  resu l t s  of t h e  t e s t  sugges t  t h a t  t he  c u r r e n t  
vers ion  of t he  p r o g r a m  beg ins  to  show serious errors  in  t h e  
v ic in i ty  of v R  = 1.0. The  c o m p u t i n g  t i m e  pe r  ref lect ion 
was 49 sec, c o m p a r i n g  f a v o r a b l y  w i t h  o the r  p r o g r a m s  1. 

The  t e s t  shows t h a t  the  p rocedure  is qu i te  prac t icab le ,  
b u t  r e f i nemen t s  are  requ i red  if appl ied  for genera l  use. 
Two ev iden t  poss ible  i m p r o v e m e n t s  come to  mind .  Firs t ,  
a f ine r -gra ined  image  would  be  qu i te  feasible  on a l a rger  
compute r ,  and  shou ld  e x t e n d  the  r ange  of ~zR values  for 
w h i c h  t h e  p rocedu re  is va l id .  Second, whereas  t he  c u r r e n t  
p r o g r a m  tes t s  all possible d i f f rac t ing  po in t s  in image space, 
a Monte-Car lo  p rocedure  for choos ing  d i f f rac t ing  po in t s4  
should  speed up  t he  p r o g r a m  great ly ,  and  m i g h t  become  
qu i t e  necessa ry  w h e n  work ing  w i th  a f ine-gra ined  image 7. 

Zusammenfassung. Eine  Methode  wi rd  en twicke l t ,  
welche die B e r e c h n u n g  der  A b s o r p t i o n s k o r r e k t u r e n  bet  
Messungen  yon  R6n tgend i f f r ak t ions in t ens i t~ i t en  yon  Xr i -  
s ta l len  bel iebiger  F o r m  m6gl ich  m a c h t .  Dabe i  wird  der  
S t r a h l e n g a n g  auf  einer  e l ek t ron i schen  R e c h e n a n l a g e  
s imulier t ,  in  der  das  Kr i s t a l l abb i ld  als ]3inXrmuster  ge- 
spe icher t  ist. 
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R 20 Correct value Calculated values 
of the absorp- 
tion correction 

0.1 any 1.16 1.1549, 1.1422, 1.1503 
0.2 0 ~ 1.35 1.3311 
0.2 90 ~ 1.34 1.2984 
0.5 " 0 ~ 2.08 2.0096 
0.5 90 ~ 1.99 1.8514 
1.0 0 ~ 4.12 3.7854, 3.5032, 3.7808 
1.0 90 ~ 3.50 3.0409 
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