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L e t  t w o  g iven  l ines  of a p o w d e r  p a t t e r n  (wi th  Q ~- 
104 sin S 0 = Q', Q") c o r r e s p o n d  to  r ec ip roca l - l a t t i ce  vec-  
t o r s  h '  a n d  h " .  These  v e c t o r s  de f ine  a zone cons i s t ing  
of all  v e c t o r s  of t h e  f o r m  m h ' ± n h " ,  w h e r e  m a n d  n 
are  p o s i t i v e  in tegers .  

S u p p o s e  t h a t  t h e  v e c t o r  c o r r e s p o n d i n g  to  t h e  i0 th  
o b s e r v e d  l ine of t h e  p a t t e r n  be longs  to  t h i s  zone,  w i t h  
m-- - -m0 a n d  n----n0.  T h e n  if 7 is t h e  ang le  b e t w e e n  
h '  a n d  h " ,  t h e  cosine ru le  y i e lds  t h e  e q u a t i o n  

2 I I  t t l  Qio -- m~oQ" ~-noQ ±2mono(Q Q )½ cos 7 (1) 

b e c a u s e  Q is p r o p o r t i o n a l  to  ]hi ~. H e n c e  

(Qio-m2oQ'-n2oQ")/mono = :£ 2(Q'Q')½ cos 7 .  (2) 

The re fo re ,  if  one  ca l cu la t e s  

]Qi-m~Q "-n~ Q"l/mn -~ Rimn 

for  all  o b s e r v e d  l ines  (i = 1, 2, 3 . . . .  ) a n d  for  va r i ous  
i n t e g r a l  v a l u e s  of m a n d  n,  t h e  s a m e  n u m b e r  wil l  a l w a y s  
r e s u l t  w h e n  a l ine b e l o n g i n g  to  t h e  zone  of Q' a n d  Q'" 
is c o m b i n e d  w i t h  i t s  o w n  zona l  c o o r d i n a t e s  m a n d  n.  

I f  n o w  t h e  v a l u e s  of Rimn are  l i s t ed  in  p rog res s ive  o rde r ,  
t h i s  c o n c e n t r a t i o n  of e q u a l  n u m b e r s  m a y  be  e x p e c t e d  to  
s t a n d  o u t  f r o m  t h e  o t h e r w i s e  r a n d o m  d i s t r i b u t i o n  of 
n u m b e r s  in  t h e  list .  

As  a t e s t ,  t h e  p a t t e r n  of 1~aaP~O 7 a n d  t h r e e  i n d e x e d  
p a t t e r n s  of p h o s p h a t e s  w i t h  low c rys t a l  s y m m e t r y  h a v e  
b e e n  s u b j e c t e d  to  t h e  a b o v e  p r o c e d u r e .  T h e  c o m p u t a t i o n  
a n d  c o m p u t e r  p r o g r a m m i n g  was  p e r f o r m e d  en-  
t i r e l y  b y  t h e  'Afde l ing  B e w e r k i n g  W a a r n e m i n g s u i t k o m -  
s t e n  T . N . O . ' ,  T h e  H a g u e ,  w i t h  a Bu l l  ' G a m m a '  c o m p u t e r  
a n d  p u n c h e d - c a r d  m a c h i n e s .  

T h e  i n d e x  f ie ld  was  l i m i t e d  to  m,  n---- l ,  2, 3, 4 (16 
pa i rs ) .  F o r  each  p a t t e r n ,  e ach  of t h e  f i rs t  t w o  l ines  was  
t a k e n  as  Q' a n d  each  of t h e  f i rs t  f ive as Q " - - y i e l d i n g  
s even  pa i r s  in  t o t a l  because  o n l y  pa i r s  of d i f f e r en t  l ines  
were  t a k e n .  

For Qi, the observed Q-values of the first 35 lines of 
e a c h  p a t t e r n  were  t a k e n .  T h e  s t a n d a r d  d e v i a t i o n  f r o m  
c a l c u l a t e d  a n g u l a r  v a l u e s  for  t h e  i n d e x e d  p a t t e r n s  
a m o u n t e d  to  0 . 0 0 7 ° 0  (Cu K a ;  focus ing  c a m e r a  of t h e  
Guin ie r  t y p e  (de Wolf f ,  1948); c o r u n d u m  a d m i x e d  for  
ca l ib ra t ion) .  T h e  a c c u r a c y  of t h e  smal l  Q' a n d  Q " - v a l u e s  
was ,  w h e n e v e r  poss ible ,  i m p r o v e d  b y  t a k i n g  o b v i o u s  
h i g h e r  o rde r s  i n to  a c c o u n t .  All  p a t t e r n s  were  r a t h e r  dense ,  
h a v i n g  b e t w e e n  20 a n d  40 l ines w i t h  d ~ 2.5 /~. 

T h e  r e s u l t i n g  l is ts  of Rimn, r a n g i n g  u p  to  2(Q'Q")½ 
(el. (2)) were  t h e n  s c ru t i n i zed  for  c o n c e n t r a t i o n s .  Af te r -  
wa rds ,  a c o m p a r i s o n  w i t h  t h e  ' t r ue '  R - v a l u e s  d e f i n e d  b y  
(2) was  m a d e  for  t h e  i n d e x e d  p a t t e r n s .  I n  m o s t  of t h e  

February 1958) 

Tab l e  1. Part of the list of Rimn for the f irst  two lines of 
Na4P~O 7 (Q' -- 100.5, Q" = 130.5) with a 'true' concentra- 

tion of fourteen R-values at 188" 

Qi(lO a si~ 2 0) 1.44 Rimn m n 

1290.1 179.09 4 3 
1132.2 179.60 4 2 

944-7 181.49 3 3 
1119.8 181.84 4 2 

816.2 182.47 2 3 

1107.4 184.07 4 2 
1420.0 184-80 3 1 
1242.2 184.84 4 3 
1446.0 185.58 3 4 

916.8 185.95 3 3 

1217.9 187.42 4 1 
884.3 187.54 1 3 
794.8 187.61 2 3 

1087.0 187.74 4 2 
1217.9 187.75 4 3 

271.7 187"78 2 1 
100.5 187.92 1 1 

1446.0 187.92 2 2 
1446.0 187.92 2 4 

642.9 188.06 3 2 

642.9 188.21 3 1 
884.3 188.50 1 2 

1420.0 188.70 3 4 
794.8 188.86 2 1 

1406-3 190.34 3 4 

884.3 191.15 3 3 
1420.0 192.60 2 4 
1380.6 193.43 3 4 

769.0 193.80 2 3 
1406.3 195.07 2 4 

605.9 196.94 3 2 
846.3 197"23 3 3 

1446.0 197.28 3 1 
1132.2 198.04 4 3 
1335.8 198-80 3 4 

1119.8 199-52 4 3 
1380.6 199.69 2 4 
1020.0 199.80 4 2 
1016.0 200.52 4 2 

* The small concentra t ion at  199 has ra ther  improbable  
m, n values and is indeed a spurious one. 

l ists,  o n l y  a s ingle  t r u e  c o n c e n t r a t i o n  occurs  b e c a u s e  of  
t h e  low m u l t i p l i c i t y  of  t h e  l ines  t a k e n  as  Q' a n d  Q".  
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The ma jo r i t y  of the smaller observed concentra t ions  
t u r n e d  out  to be false, whereas  m a n y  t rue  concentra t ions  
of a few /P's had  escaped detect ion.  However ,  for each 
pa t t e rn  one or two large t rue  concentra t ions  exist and  
these were invar iably  detected.  I t  is perhaps significant 
t h a t  for each of the pa t te rns  one of these large concentra-  
t ions occurred in the list for the  first two lines figuring 
as Q' and  Q". For  the un indexed  pa t te rn ,  this concentra-  
t ion (see Table 1) proved to correspond to the  (hO1) zone 
of a hexagonal  latt ice,  wi th  Q'= 100.5 = (101) and  
Q " =  130.5 = (002). 

I t  was concluded t ha t  the  most  successful s t ra tegy  of 
indexing wi th  the  present  me thod  is probably  as follows: 

(a) For  Q: and  Q'" t ake  combinat ions  of the  first two or 
three  lines. Combinat ion of a line wi th  itself is 
al lowed and  perhaps  even advisable,  since the cor- 
responding or thogonal  zone occurs ra the r  f requent ly ,  
while the /~-list is shorter  because the pairs (m, n) 
and  (n, m) now give indent ieal  values. The range for 
m and  n might  be res t r ic ted to 1, 2, 3. 

(b) F r o m  these lists the most  obvious concentra t ions  are 
selected ei ther  by  visual inspection or by  au tomat ic  
sort ing methods .  

(e) If  the  zones thus  found do not  easily lead to the  
complete  in te rpre ta t ion  of the  pa t te rn ,  a judicious 
second choice of Q', Q"-pairs can be made  for the  
detect ion of fur ther  zones. 

(d) W h e n  two zones have  been established, there  re- 
mains  only one unknown  latt ice parameter ,  namely  
the  angle be tween them.  This pa ramete r  can be found 
in the  same way  as the  angle y, by a s imul taneous  

detect ion m e t h o d  differing from the  present  one only 
in the  number  of dimensions involved.  

The methods  of Rungs*  (1917) and  of I to  (1949) can 
be considered as special cases of the  present  one. I ndeed  
the  first is obta ined by reducing the  index field to a 
single point  m = n = 1, the second by examining  an 
ex tended  index field point  by point.  These techniques,  
as well as the  appl icat ion of other  relat ions (de Wolff 
(1957)), are less powerful  t han  the present  me thod  for 
the  following reason. 

The dens i ty  of R-values in the list of Rimn is, to a 
first approximat ion ,  proport ional  to the  number  N of 
points  (m, n) in the  index field. So is the  size of a t rue  
concent ra t ion;  bu t  the  size of large spurious concentra-  
t ions increases merely  wi th  N½ for a given in terval  in R 
and  a given chance of occurrence.  Hence  the  t rue  con- 
centrat ions  become more conspicuous as N increases, the  
more so because the  value of Rirnn is in general  more  
accttrate for the  higher  values of m and  n. The useful 
size of the  index field is l imited by  the  range of Qi. 

Fu r the r  tests  along the  lines indica ted  above are in 
progress. 
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* The author regrets having overlooked Runge's work 
when writing his 1957 paper. Several statements in the latter 
turn out to be 40 years old. 
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I n  a recent  invest igat ion conduc ted  in the  Physiology 
D e p a r t m e n t  of this Medical School, Br i t ton  (1958) suc- 
ceeded in isolating from the  r am seminal  vesicle a sub- 
s tance which,  from chromatographic  and  enzymat ic  
evidence,  appeared  to be sorbitol and  thus  confirmed a 
previous finding of Hers  (1957). Br i t ton  also de tec ted  
the  same substance in foetal whale blood. I t  was decided 
to t r y  to confirm the  ident i f icat ion by  X- ray  analysis 
and  accordingly the  substance was conver ted  to the 
hexa-aceta te  and  recrystal l ized from a mix ture  of 
e thylene-d ichlor ide  and  amyl  acetate .  A commercial  
sample of d-sorbitol (L. Light  and  Co.) was also conver ted  
to the  hexa-aceta te  and  similarly recrystall ized. The 
resul t ing crystals, bo th  from the biological and  commer-  
cial sources were t r ansparen t  platelets,  e longated in one 
direction.  The X- ray  ro ta t ion  photographs  of all three  
samples were identical  wi th  each other  and  so confirmed 
the  presence of sorbitol in r am seminal vesicle and  foetal 
whale  blood. 

The crystal  f rom the  commercial  source was ro ta ted  
abou t  its long axis and  equi- incl inat ion Weissenberg 

* Now at Physics Department, The University, Edgbaston, 
Birmingham, 15. 

photographs  were t aken  of the  first four layers of the  
reciprocal latt ice.  These showed the  long axis to be the  
s y m m e t r y  axis of a monoclinic un i t  cell of dimensions 

a ---- 12.514-0.1, b ---- 8.394-0.1, c ---- 10.214-0.1 l ,  
fl = 95.74-0.2 °. 

The dens i ty  of the  crystal  was de te rmined  by  f lotat ion 
in an aqueous solution of zinc chloride and  was found 
to be 1.30-t-0.05 g.cm. -3. The densi ty  calculated by  as- 
suming two molecules per uni t  cell was 1.34-t-0.03 
g.cm. -3. The only sys temat ic  absences in the  diffraction 
pa t t e rn  were (0k0) wi th  k odd, so tha t  f rom the  diffrac- 
t ion da ta  the  possible space groups were P21 and  P21/m. 
The la t ter  space group, however ,  mus t  be excluded since 
it requires four asymmet r ic  uni ts  per un i t  cell, whereas 
in fact there  are only two molecules per uni t  cell; these 
are known to lack centres and  planes of s y m m e t r y  since 
a solution of the  hexa-ace ta te  in chloroform is optical ly 
active.  
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