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The relat ive scaling of X- ray  intensities from inter- 
secting reciprocal lat t ice photographs  has been discussed 
by K r a u t  (1958), Dickerson (1959), and  Rol le t t  & Sparks 
(1960). We present  here evidence t ha t  each of these 
methods  has l imitat ions.  We also present  a new formula- 
t ion which has none of the inherent  difficulties of the 
o ther  methods .  

The me thod  of K r a u t  (1958) has been criticized by  
Dickerson (1959) because it demands  t ha t  each possible 
pair of photographs  have  a t  least one reflection in 
common;  this is convenient ly  arranged when the photo- 
graphs are all zero-level precession photographs,  but  is 
more general ly no t  the  case. 

The method  of Dickerson (1959) is applicable to general 
reciprocal lat t ice nets. This me thod  requires holding one 
scale factor cons tant  and  solving a system of l inear 
equat ions for the others. The weight ing of observations 
in this me thod  is somewhat  awkward  because of the 
fact t ha t  the coefficients enter ing into the l inear equat ions 
to be solved are obta ined from sums of intensit ies in the 
individual  layers. More serious is the fact, which will be 
i l lustrated below, t h a t  different results are obta ined 
depending on which scale factor is held constant .  

The least-squares me thod  of l~ollett & Sparks (1960) 
uses one observat ional  equat ion  for each measuremen t  
and  hence the weight ing is easily handled;  more than  
two intersect ing sets of photographs  can be t rea ted ;  
and  there  is no ambigu i ty  involved concerning which 
scale factor should be held constant .  This ambigu i ty  
was resolved by imposing the condi t ion t ha t  the  sum 
of the squares of the scale factors be held constant .  
This condi t ion leads to a simple eigenvector  problem. 
Unfor tuna te ly ,  this condi t ion is no more justified than  
fixing an a rb i t ra ry  scale factor and,  as will be shown 
below, it can lead to some very peculiar  results. Another  
diff iculty is t ha t  the weights  are dependen t  on the scale 
factors. If the  least-squares equat ions are modif ied to 
incorporate  this dependence,  the problem is no longer 
a simple eigenvector  one. 

The following is a description of a me thod  which has 
none of the difficulties ment ioned  above. Assume tha t  
the observat ional  equat ions are:  

q)hi ---- / Whi( F~hi -- Gz(i)F~,) (1) 

where F~i is the i th  observat ion of the independent  
reflection h, l(i) is the film number  for the i th  sequential  
observat ion of reflection h, Gl(~) is a scale factor for the 
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t Instead of (1) one could use observational equations of 
the form 

qghi = g Vhi(Kl(i)F2hi -- F2h) 

where VVhf is the weight for Kl(~)F2hi (i.e. }/Vhi= VWhi/Kl(i)) 
and changes in Kl(i) are calculated at each iteration. I t  can 
be shown that the final solution will be identical with the 
solution obtained from the procedure described here. 

l th film, and  }/Wh~ is the  weight  for the  i th  observat ion 
and  is proport ional  to the  reciprocal of the  es t imated  
s tandard  devia t ion for this observation.]" We wish to 
minimize 

where Na is the n u m b e r  of observations of the in- 
dependen t  reflection h. 

F~, the best least-squares value for reflection h, is 
found from 

a~ 
~ 0 . 

Thus, 
-h" h Nh 

i=1 i=1 

Because (1) is not  l inear in the  G~(i) we adopt  the usual 
i terat ive non-l inear  least-squares procedure.  For  each 
i tera t ion we approximate  ~hi by 

A'h 
q)a~ ~-- ~Wh~(F~,i- Gl(i)Ft~) + ,~, (~q~hi/OG~(~)) AGz(~) • 

We star t  wi th  approximate  values for Gz(0, evaluate  
the par t ia l  der ivat ives  wi th  these values, and solve the 
result ing l inear equat ions for the AGz(i) wi th  the  usual 
least-squares method .  Because the  AGt(o are no t  in- 
dependent ,  one of t h e m  is arbi t rar i ly  set equal to zero. 
The Gl(i) are corrected by  the  AGz(i) and  the  process 
repeated  unt i l  all the  AGz(i) are less t han  a given s. 
The solution is invar ian t  (apart  from a normal iza t ion 
factor) as to which AGz(i) is made  zero. In  order to 
prevent  any  of the  Gt(i) from becoming negative,  it  has 
been found necessary to add  the following restr ict ion:  

Set 
AGz(~) = -0"7Gt(0 

if 
AGt(~) <_ -0 'TGt(o • 

This me thod  has been p rogrammed in Autocode for 
the Mercury compute r  and in F O R T R A N  IV for the  
IBM 7040. For  the test  problems t r ied the convergence 
has been fast (6 i terat ions for a 14 pa ramete r  problem). 
The Fortran program will accept a complete set of raw 
data (i.e. before Lorentz, polarization, film factor cor- 
rections have been applied) and will produce appro- 
priately corrected, scaled, and averaged data together 
with the estimated standard deviations for these averages. 

The following examples illustrate the difficulties of 
the various existing methods. In each case the weights, 

Example I. Consider the following set of data: 

Layer I Layer 2 Layer 3 

.~12 100 2 
F2s 1 2 
Fa2 1 O0 3 
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~/Wn~, are set equal  to 1.0. The K~ are reciprocals of the  
G~(~) of the  me thod  described above. 

Obviously, the  rat io of scale factors for layer  2 and  
layer  3 in Example 1 should be equal to 2.0. The 
following results were obta ined from the various methods .  

Krau t ' s  me thod :  no t  applicable (no reflections con- 
nect ing layer  1 and  layer  3). 

Dickerson's  me thod :  K~ : K2 : K a 
Kx held constant  0.050 : 2.0 : 1.0 
K2 held constant  0.050 : 2.0 : 1.0 
Ks held cons tant  0.050 : 2.0 : 1.0 

Rol le t t -Sparks '  me thod :  0 .042 :  1 . 6 6 6 : 1 . 0  
Present  me thod :  0.050 : 2.0 : 1.0 

Example 2. Consider the  following set of da ta :  
Layer 1 Layer 2 Layer 3 Layer 4 

F:  ~ 100 2 
F~ ~ 1 2 
FsZ 100 3 
Fa 9" 1 4 
F5z 25 1 

The following results were obtained.  

K r a u t ' s  me thod :  not  applicable (no reflections con- 
neet ing layer  1 and layer  3 or layer  2 and  layer  4). 

Diekerson's  me thod :  K~ : K~ : K a : K~ 

K~ held constant  0.155 : 6-206 : 3-283 : 1-0 
Ke held constant  0.154 : 6-222 : 3-289 : 1-0 
K s held cons tant  0.133 : 5.382 : 3.418 : 1.0 
Ka held constant  0.094 : 3.789 : 2.316 : 1-0 

Rol le t t -Sparks '  me thod :  0.060 : 2.495 : 2-432 : 1.0 
Present  me thod :  0.060 : 2.560 : 2-542 : 1-0 
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L '4tude chimique de la v2-akuarnmigine, C2~H26OsN2, 
un des alcaloides ext ra i t  des graines de Picralima nitida 
(Apoeynac4es) a permis de lui a t t r ibuer  la s t ruc ture  
suivante  (L6vy, le Men & J a n e t ,  1961; L4vy, 1962; 
Olivier, L6vy, le Men, J a n e t ,  Djerassi,  Budzikiewicz, 
Wilson & Durham,  1963; Taylor,  Bar t le t t ,  01ivier, L4vy 
& le Men, 1964). 

~ ~ !  ~ COOCH 3 

Afin de conflrmer cette s t ructure,  une  4tude crlstallo- 
graphique par  la diffraction des rayons X a 4t4 entreprise 
ut i l isant  un  d4riv4 avee un  a tome lourd:  l ' iodom4thylate  
de v-akuammigine .  

Des cr is taux de forme parall414pip4dique ont  4t4 
obtenus par  4vaporat ion lente & temp4ra ture  ambian te  
d 'une  solution de ce d4riv4 dans un  m41ange benz~ne-  
ac4tone. 

La maille cristalline a 4t4 d4termin4e par  les m4thodes 
du cristal t ou rnan t  et  de Weissenberg avec la radia t ion 
C u K a  sur un  mono-cristal  de dimensions optimales 
pour  l imiter  l 'absorption.  

Les donn4es suivantes ont  4t4 obtenues:  

R4seau or thorhombique de groupe spatial P212121 (DI). 
Param~tres :  

a = 6 , 8 2 ,  b----11,88, c----27,57 A .  

Densit4 (mesur4e par  flottaison) d =  1,54 g.cm -s. 
E n  in t roduisant  quat re  mol4cules dans la maille, 

on est condui t  ~ adopter  une  densit4 th4orique de 1,51 
g.cm -3 en bon accord avee la densit6 exp4rimentale.  

Les intensit4s int4gr4es lues sur les films de Weissen- 
berg des strates (Okl) et (h0l), corrig4es des facteurs de 
Lorentz-polarisat ion ont  4t4 introdui tes  dans le calcul 
de la fonction de Pat terson.  Les coordonn4es des a tomes  
d ' iode ont  4t4 d4duites des deux projections de la fonction 
de Pa t te r son  effectu4es paral l~lement aux deux axes 
cristallographiques [100] et [010]; exprim4es en fractions 
de bord de maine,  ces eoordonn4es non  raffin4es sen t :  

x=0 ,955 ,  y=0 ,391 ,  z = 0 , 1 9 7 ,  

les trois autres  s 'en d~duisant  par  les op4rations de 
syrn4trie de la maille. 

Les quat re  mol4cules de v-akuammigine  ont  6t6 
ensuite localis4es par  projection de densit4 61eetronique, 
parall~lcment £ l 'axe crlstal lographlque [100]. (M4thode 
de l ' a tome lourd). 

L '4 tude de la s t ructure  se poursui t  ac tuel lement .  
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