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As all  X - r a y  m e t h o d s  for  d e t e r m i n i n g  r ec ip roca l -vec to r  
l eng ths  a re  based  on Bragg ' s  law, 

s - s 0 = a ,  I s l - - I s 0 1 = l ,  IQl=2sinO=n). /d,  (1) 

t h e r e  a re  t h r e e  a n d  on ly  t h r e e  X - r a y  gon iome t r i c  pos- 
sibil i t ies for  f ind ing  1~1 = ~: 

1. ' s - s  o m e t h o d s ' ,  i m p l y i n g  a s t u d y  of t h e  angle  
A(s ,  So). I n s t a n c e s  a re  severa l  w e l l - k n o w n  m e t h o d s  w h e r e  
t h e  i nc iden t  b e a m - - d i r e c t i o n  of s0- - i s  m e c h a n i c a l l y  de- 
f ined  a n d  t h e  ref lexion d i rec t ion ,  or d i rec t ions ,  are  s tud ied .  

2. ' s - a  m e t h o d s ' .  T h e  ear l ies t  e x a m p l e  is t h e  use of 
t h e  t u b e  s p e c t r o m e t e r  (S iegbahn  & Le ide  (1919), La r s son  
(1927)), w h e r e  c rys t a l  t u r n i n g  was  m e a s u r e d  in re la t ion  
to  a n  (almost)  f ixed ref lex ion  d i rec t ion .  

3. ' s  o - a  m e t h o d s ' .  T h e  first  e x a m p l e  is due  to  D u M o n d  
(1947), w h o  desc r ibed  a n  a p p a r a t u s  for  d e t e r m i n a t i o n  of 

r a y  wave l eng th s ,  m e a s u r i n g  sample  pos i t ions  in rela- 
t i on  to  d i f f rac t ing  c rys t a l  a t  m a x i m u m  ref lexion in t ens i ty .  

Now,  of t h e  d i rec t ions  impl ied  b y  (1), the  d i rec t ion  of 
S o  can  be  def ined  w i t h  g r e a t  precis ion.  T h e  d i rec t ion  of 
a is for  a pe r fec t  c rys t a l  de f ined  b y  t h e  o r i en t a t i on  of t h e  
c ry s t a l  a n d  can  t h e n  be  m e a s u r e d  w i t h  a n  exac tness  
d e p e n d e n t  on ly  on w o r k s h o p  skill. F o r  a mosa ic  c rys t a l  
t h e  exac tness  is m o r e  or  less decreased .  The  d i rec t ion  
of s, f inal ly ,  is assoc ia ted  w i t h  p r ac t i ca l l y  all those  
p r o b l e m s  t h a t  h a v e  been  d iscussed  in t he  l i t e r a tu r e  in 
c o n n e c t i o n  w i t h  prec is ion  m e t h o d s :  s ample  a n d  f i lm 
eccen t r i c i ty ,  f i lm sh r inkage  etc.  A still  m o r e  f u n d a m e n t a l  
p r o b l e m  assoc ia ted  w i t h  s is t h a t ,  if focus ing of t h e  X - r a y s  
occurs  in  f ron t  of t h e  c rys ta l ,  t h e r e  is an  u n a v o i d a b l e  
l ine or  spo t  w i d t h  for  a n y  f ini te ,  u n b e n t  c rys t a l  w i th  a 
f in i te  absorp t ion .  

F o r  compar i son  it  can  be  m e n t i o n e d  t h a t  t h e  angu l a r  
prec is ion  a t t a i n a b l e  for  t h e  d i r ec t ion  of a, n a m e l y  ca. 
0-2" (Larsson (1927), Olof B e c k m a n ,  p r i v a t e  c o m m u n i -  
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Fig. 1. 

ca t ion)  would ,  for  t he  s ame  precis ion in t h e  d i r ec t ion  of 
s, co r r e spond  to  an  u n c e r t a i n t y  in l ine or  spo t  pos i t ion  
- - o n  a f i lm w i t h  ca. 10 cm.  r a d i u s - - o f  ca. 0"0001 r am.  

T h e  logical  consequence  is t h a t  for  good,  u n b e n t  
crysta ls ,  s o - a  m e t h o d s  offer  t h e  p rospec t  of be ing  ca- 
pab le  of a prec is ion  severa l  orders  of m a g n i t u d e  b e t t e r  
t h a n  a n y  s t a n d a r d  m e t h o d  us ing  the  s d i rec t ion .  

Us ing  a genera l  i nc l ina t ion  (see Fig .  1) one  f inds 

o = 2 {sin/~. cos O + cos a .  cos/~,  sin ~}.  (2) 

I n  o rder  to  f ind  t h e  t heo re t i ca l l y  bes t  m e t h o d  to  
d e t e r m i n e  o, we  n o w  s t u d y  Aa for  small  er rors  As, Ag, Aq. 
U n d e r  these  cond i t ions  e q u a t i o n  (2) y ie lds  

A o =  - 2  sin a . c o s  # . s i n  Q.Aa 
+ 2  {cos/x. cos ~ - c o s  a . s i n / x ,  sin ~}.Att 
+ 2 { - s i n / ~ . s i n  ~ + c o s  a . c o s  # . c o s  ~} .A~,  (3) 

f r o m  w h i c h  it  follows t h a t  smal l  errors  in a,  ~ or  ~ wil l  
cause  no  e r ro r  in o for /~  + Q = 90 °, a = 0, a n d  only  smal l ,  
s econd-o rde r  errors  for  /x + ~ ~ 90 ° a n d  a ~ 0 °. 

I f  # + ~ = 9 0  ° is chosen,  t hen ,  for  a n y  a (and  smal l  
differences)  : 

2 o = ( 1  - c o s  a ) . s i n  2ft. (A/~-AQ) - 2  sin a . c o s  ~ /~ .Aa .  (4) 

F o r  t he  res t  of th is  p a p e r  we  shal l  discuss on ly  t h e  
case ~u = 0 °, ~ = 90 ° (a = 90 ° - 0), t hus  e l imina t ing  smal l  
errors  in tt a n d  ~. (The f avou rab l e  case /~ ~ 90 ° is un-  
ob t a inab l e  w i t h  s t a n d a r d  Wei s senbe rg  appa ra tu s . )  (2) 
a n d  (4) n o w  y ie ld :  

o = 2 cos a (2') 

Ao = - 2  sin a .Aa  (4') 
i.e. 

Ad/d=tan  a .Aa  = - c o t  O.AO . (5) 

I n  this  t e c h n i q u e  we  can  thus ,  for  a c c u r a t e  a d j u s t -  
m e n t s ,  e l imina t e  er rors  in # a n d  ~, a n d  t h e  m e t h o d  
suffers on ly  f r o m  errors  in a.  S y s t e m a t i c  er rors  in a w o u l d  
also be  e l i m i n a t e d  (for a f in i te  As) if a p p r o p r i a t e  ex t ra -  
po la t ion  is m a d e  to  a = 0 ° (0 = 90 °) (see below).  

I f  s o is to  be  def ined  b y  the  c rys t a l  in c o n n e c t i o n  w i t h  
a smal l  b u t  f in i te  p inhole ,  t h e  m o s t  i m p o r t a n t  source  
of error ,  is t h e  di f fus ion of i nc iden t  r ad ia t ion .  A theoretica~l 
s t u d y  of th is  e r ror  is v e r y  i n t r i ca t e  (exis t ing f o r m u l a e  
for ' a b s o r p t i o n  error '  do  n o t  a p p l y  to  t h e  p r e sen t  m e t h o d ) .  
E m p i r i c a l  e x t r a p o l a t i o n  func t ions  the re fo re  h a v e  to  be  
used .  

These  a r g u m e n t s  led  t h e  a u t h o r  in 1956 to  t r y  ou t  t h e  
m e t h o d  of f ind ing  [a[ for  zero-zone rec iproca l  vec to r s ,  
us ing  a c o m m e r c i a l  We i s senbe rg  g o n i o m e t e r  e q u i p p e d  
w i t h  an  a n g u l a r  vern ie r .  F o r  b e t t e r  def in i t ion  of s o , 

t h e  p inho le  s y s t e m  was  rep laced  b y  a sho r t e r  one  w i t h  
a hole  d i a m e t e r  of 0.15 ram. ,  t hus  dec reas ing  t h e  d i f fus ion  
of t h e  i n c i d e n t  b e a m .  F r o m  a t r ad i t i ona l  W e i s s e n b e r g  
p h o t o g r a p h ,  t h e  two  co va lues  (Aco=2a)  w e r e  app rox -  
i m a t e l y  loca ted .  W i t h  t h e  layer - l ine  sc reen  inse r t ed ,  
a series of f i lm exposures  (f ixed f i lm cy l inde r  appro-  
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pri~tely translated between successive exposures) wore 
made with stationary crystal every I0' about the two 
expected w values. The positions for maximum intensity 
were interpolated from visual film-intensity estimates. 
(The reproducibility was about _+ 2' or less for a reason- 
ably large experience of reproducibility, which would 
correspond to _+ 1/30 ram. on the film for the apparatus 
used.) 

The results for appropriate vectors defined by the set 
of planes studied were then plotted versus different trial 
functions of 0. It was found that the standard extra- 
polation function cos ~ 0 (see e.g. Buerger (1942-9), 
Chapter 20) was reasonable. Fig. 2 gives an example 
(FeCI 3 2.5 H20 ). The limits correspond to Aa= _+2'. 
They do not include any systematic errors, but corre- 
spond to estimated maximum random errors. 

In so far as the extrapolation technique is justifiable 
for all systematic errors, the accuracy in extrapolated 
value is almost as high as the reproducibility in the d 
value corresponding to the lowest cos 2 0, especially if 
this is very low. The wavelength should therefore if 
possible be chosen with respect to the extreme vector 
(vector length as near as possible, but not exceeding, 
units, cf. equations (2') and (4'). 
The accuracy--or at least reproducibility--is ex- 

tremely good, considering the experimental equipment. 
Since the method was first used at this Institute* it has 

12,0,0a 2 

* Compare Weisz et al. (1948), who did not, however, use 
the back-reflexion technique, nor any extrapolation method. 
These authors seem not to have realized the potentialities of 
the method. 

12,0,0~zI 
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developed into a routine procedure (Lindqvist  & M6r~oll  
(1957), Hermodsson & Strandberg (1957), Lindqvis t  & 
Br~nd6n (1959) and others) and is recommended for use 
when high precision is desired. 

Tha t  the s o - a  method  with good instruments  would 
be capable of giving an accuracy superior to t ha t  of any  
other method was clear from Bond's  (1959) report  a t  the  
Stockholm Conferences. 

For  oblique cells the reciprocal interaxial  angle, in the  
reciprocal plane studied, can be found either (most 
simply) from the co values found for the reciprocal axes 
(Weisz et al., 1948, § 2) or (more exactly) by  tr iangula-  
t ion (Buerger, 1942-9, p. 373). 
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