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W e  h a v e  been  work ing  on the  c rys t a l  s t r uc tu r e s  of 
subs tances  w i t h  h igh  abso rp t i on  a n d  h a v e  f o u n d  it  
necessa ry  to deve lop  a s imple  m e t h o d  for  work ing  ou t  the  
abso rp t ion  in tegra l ,  

= ~ exp ( - i t l )  A d S  , 
*) 8 

for  t he  special  case in w h i c h  S refers  to  a r e c t a n g u l a r  
or  square  cross-sect ion of t h e  c rys ta l .  T h e  m e t h o d  is 
essen t ia l ly  the  s ame  as t h a t  sugges ted  b y  H e n d e r s h o t  
(1937) a n d  deve loped  b y  Grdenid  (1949, 1952, 1956), 
Howel l s  (1950) a n d  E v a n s  (1952). T h e  c rys ta l  sec t ion  
is d iv ided  in to  areas  over  wh ich  the  in tegra l  can  be 
e v a l u a t e d  d i rec t ly  a n d  t h e  con t r i bu t i ons  of these  areas  
are  s imp ly  a d d e d  t o g e t h e r  to give t he  r equ i r ed  cor rec t ion .  
I n  o rde r  for  the  m e t h o d  to be used in a s y s t e m a t i c  way ,  
however ,  t h e  cond i t ions  gove rn ing  each  ref lec t ion  first  
m u s t  be d e t e r m i n e d  since t he  p r o p e r  sub-div is ion  of t he  
c rys t a l  var ies  w i th  t he  d i rec t ions  of the  inc iden t  a n d  
d i f f r ac ted  beams .  T h e  abso rp t ion  cor rec t ions  for h igh ly  
absorb ing  crys ta ls  t hen  can  be ca l cu la t ed  d i rec t ly  by  the  
use of s imple  fo rmulae .  

To der ive  these  fo rmu lae  we  a s sume  t h a t  t he  sec t ion  
of the  c rys ta l  lies in the  x y  p lane  of a ca r t e s i an  coo rd ina t e  
sys t em.  L e t  i a n d  d be  two  sets of s t r a igh t  lines represen t -  
ing t h e  i nc iden t  a n d  d i f f r ac ted  r ays  respec t ive ly .  These  
two  sets  wil l  be inc l ined  to one a n o t h e r  a t  an  angle  of 
180 ° - 2 0  w h e r e  0 is t he  Bragg  angle.  T h e  b isec tor  Q N  
of t he  angle  b e t w e e n  t h e m  is t he  n o r m a l  to  a hkO p lane  
a n d  m a k e s  an  angle  v 2 w i t h  some c o n v e n i e n t  a r b i t r a r y  
line. 
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F r o m  Fig.  1 t he  p a t h  of an  X - r a y  d i f f rac ted  a t  Q, 
t h e  cen t r e  of a smal l  a r ea  dS,  is: l=l~ +l,t = I Q  + Q D ,  
w h e r e  Q m a y  be a n y  p o i n t  ins ide t h e  sect ion.  

The  po in t s  Q, I a n d  D are  r e l a t ed  b y  

(YQ --YI) /(XQ -- xi) -.~ - - t a n  (0 +y~) 
(yQ--yD)/(XQ.--XD) = t a n  (0- -~)  . (1) 

T h e  p a t h  of t he  r a y  d i f f r ac ted  a t  t he  p o i n t  Q is g iven  b y  

l = li "Jr ~d = [(xQ -- xi) ~" + (yQ -- yi)~J½ 

-~- [(XQ --XD) s -~- (yQ --yD)2]½. (2) 

These  express ions  m a y  be  t r a n s f o r m e d  c o n v e n i e n t l y  b y  
c o m b i n i n g  (1) a n d  (2) w i t h  t he  equa t ions  of t he  sides of 
t he  r ec t ang le  b y  w h i c h  the  r ays  e n t e r  or  l eave  t he  c rys ta l ,  
e.g. X I  ---- X p  1. 

Afte r  this  t r a n s f o r m a t i o n  the  p a t h  1 will  d e p e n d  only  
on the  var iab les  XQ, yQ. H e n c e  

A = I s  exp [ -- i t f (xQ, yQ)] .dxQdyQ. 

T h e  possible va lues  of ( 0 + ~ )  a n d  ( 0 - ~ )  h a v e  been  
d iv ided  in to  groups .  E a c h  g roup  con ta ins  ref lec t ions  w h i c h  
give rise to  in tegra l s  of t he  s ame  type ,  i.e. w i t h  t he  
equa t ions  for t he  s ame  sides s u b s t i t u t e d  in to  (1) a n d  (2) 
a n d  w i th  t h e  s a m e  l imits .  T h e  va lues  of 0 a n d  ~ wh ich  
d e t e r m i n e  the  change  f rom one g roup  to  a n o t h e r  are  l is ted 
in Tab le  1. The  lines of t he  sets  i a n d  d w h i c h  pass t h r o u g h  
the  corners  of t he  sec t ion  a re  the  lead ing  ones for this  
choice,  e.g. P10  a n d  PsO in Fig.  1. 

Tab le  1. Conditions for  the assignment  of the reflections 
to the proper groups 

Group 0 + ~ 0 - y~ Other conditions 

1 _~ 90 ° >_ 0 ° cot ( 0 + y~) + cot ( 0 -- y~) ~ L/L" 
2 _< 90 ° > 0 ° cot ( 0 + y~) + cot ( 0 -- ~o) _< L/L" 
3 _< 90 ° _< 0 o 
4 >_ 90 ° >_ 0 ° t a n  ( 0 - -  yJ) < L'/L 
5 :> 90 ° >_ 0 ° t a n  ( 0 - -  y~) :> L'/L 
6 ~ 90 ° < 0 ° tan ( 0 + ~ )  + t a n  ( 0 --  ~) >__ L'/L 
7 ~ 90 ° _~ 0 ° tan ( 0 + v2) + tan  ( 0-- ~) _~ L ' /L  

T h e  in tegra l s  o b t a i n e d  for  t he  va r ious  g roups  can  be  
resolved.  T h e  express ions  o b t a i n e d  a re  func t ions  of 
(0+~p) a n d  (0-~p) a n d  of t he  p r o d u c t s  it.9 ~ = L  and  
it.Sf' = L ' .  H e r e  it is t h e  abso rp t i on  coeff ic ient  of t h e  
subs t ance  a n d  ~f, .Sf' a re  t he  sides of t he  real  sec t ion  of 
the  c rys ta l  in era. The  e v a l u a t i o n  of such  in tegra l s  for  
e v e r y  va lue  of L a n d  L '  is c u m b e r s o m e  a n d  cou ld  be  
p e r f o r m e d  on ly  w i t h  t he  a id  of a u t o m a t i c  compu te r s .  

If ,  however ,  t h e  va lues  of L a n d  L" exceed  a ce r t a in  
va lue  (L a n d  L ' ~  4), t he  e x p o n e n t i a l  func t ions  can  be  
s impl i f ied a n d  the  fo rmu lae  a s sume  a s imple  fo rm of t he  
genera l  t y p e :  

A = (I/it s) {KIL +K s +KaL' } . (3) 

These simplified formulae are quoted in Table 2. 
T h e y  can be used  to  ca lcu la te  t he  abso rp t i on  fac to r  in  
a sec t ion  of t he  c rys ta l .  T h e  ca lcu la t ion  can  be easi ly  
e x t e n d e d  to t he  en t i re  v o l u m e  b y  a s u m m a t i o n  of t h e  
abso rp t ion  fac tors  ca l cu la t ed  for  d i f fe ren t  sect ions  of t he  
crys ta l .  

W e  h a v e  used  these  express ions  to ca lcu la te  the  absorp-  
t ion  fac tors  in a sec t ion  of a c rys ta l  h a v i n g  L = 1 5 .  
The  resul t s  o b t a i n e d  are  in good  a g r e e m e n t  w i t h  t h e  d a t a  
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Tab le  2. Coefficients K1, K s, K 3 for the formula: A = (1//z ~) {KIL + K 2 -b KaL'} 

Group K 1 K~ 

(valid for  L and  L ' >  4) 

K~ 

1-2 

1 , [m q 1 
m' +q' (m' +q') ~ -~' + ~m" 

when ~p = 0 ° 

1 1 
2q" 2qq" 

1 1 
0 qm'-----; ÷ ~ ;  = sin 2yJ 

when ~p = 45 ° 

0 1 

4-5 

1 (n--r) 1 
m'+q" r(m+q)(m'+q') r(m'+q') 2 

when ~p = 45 ° 

1 n--  1 2n 
m + q q(m + q) (m + q)2 

n 

(m + q)2 
1 

m+q 

1 

m+q 

6-7 

0 (m + q)2 + 

when yJ---- 90 ° 

1 
0 2qq" 

1 

m T q  

l 
2q 

L =l~.~ n=]tan(O+yJ)] m-=lsec(O+yJ)l m'=]cosec(OT~p)[ 
L ' = l ~ f "  r----]tan(0--yJ)] q= l sec (0 -yJ ) ]  q'=lcosec(O-yJ)l 

e v a l u a t e d  g raph ica l ly  b y  the  m e t h o d  of H e n s h a w  (1958). 
T h e  m e t h o d  has  been  successful ly appl ied  to  the  s t u d y  of 
t he  c rys ta l  s t r u c t u r e  of a l u m i n i u m  pe r ioda t e  dodeca-  
h y d r a t e ,  Al(IO4) 3. 12 H~O. 

The  a g r e e m e n t  b e t w e e n  our  fo rmulae  a n d  those  pro- 
posed by  Grdenid  (1952, 1956) is exac t  for g roups  1-2 
a n d  6-7 of Tab le  2 (Ref lect ions  of the  face- type) .  The  
d iscrepancies  for the  g roup  3 a n d  4-5 seem due  to in- 
comple teness  of t he  Grdeni~ fo rmulae .  
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I n  t he  ra t io  m e t h o d  of d e t e r m i n i n g  la t t i ce  p a r a m e t e r s  
on ly  t he  ra t io  of d i ame te r s  of two b a c k  ref lec t ion  lines is 
necessa ry  to  d e t e r m i n e  a cell d imens ion ,  a s suming  of 
course  t h a t  t he  lines h a v e  been  indexed  and  the  wave-  
l eng th  of t he  r ad i a t i on  is k n o w n  (Rovinski j  & K o s t j u k o v a ,  
1958; M. ~ernohorsk:~,  1960). I n  this  p a p e r  the  c a m e r a  
g e o m e t r y  is i n t r o d u c e d  in to  t he  s imu l t aneous  Bragg  
equa t ions  in o rder  to  ob ta in  an  expl ic i t  express ion  for  
t he  la t t ice  p a r a m e t e r ,  a, of a cubic  crys ta l .  A n  ex tens ion  
to  c rys ta ls  of lower  s y m m e t r y  can  be m a d e .  
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Fig. 1. Camera geometry of flat back reflection camera. 


