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I t  is known (Buerger, 1949) t h a t  the  relat ionships be- 
tween s t ructure  factors generated by  space-group opera- 
t ions m a y  be described by  the use of the operations of 
the point  group isomorphous wi th  the space group 
considered, and  of phase factors related to the transla-  
t ional  components  of the space-group elements. However,  
none of the  exist ing space-group tables lists all inde- 
pendent  relations, nor does there appear  to exist  a simple 
der ivat ion of them (see, however, MacGil lavry (1950) 
and  Pa t te r son  (1952)). Such a der ivat ion is given in the 
following, and  an  example provided. 

Le t  C i be a n y  space-group operat ion re la t ing the vector 
r to Cir = t i + A i . r ,  where t/ is the  t rans la t ional  com- 
ponent  of the operat ion and  A i is a dyadic  corresponding 
to the proper  or improper  ro ta t ion  isomorphous wi th  C i. 
The value o~f t/ depends on the  posit ion of the origin 
relat ive to the plane, axis, or center  of A i. For  proper or 
improper ro ta t ions  the conjugate  dyadic  Aic is equal 
to the  inverse dyadic  A~ -1, which relat ion insures in- 
variance of distances (see, for example,  Zachariasen 
(1945)). 

Consider the s t ructure  factor 

= f Q(r) exp ( 2 z d h . r ) d V ,  Fh 
unit cell 

in usual  nota t ion.  Since ~(Cir) ---- Q(r), 

Fh  ---- I ~o(r) exp [2zd(h.Cir)]dV 

---- exp 2~i (h . t / )  f o(r) exp [2zd (h .A j . r ) ]dV  . 

The integral  m a y  be in terpre ted  as s t ructure  factor  
Fh(~3, where h03 _--h .A i _--AF 1 .h  is related to h by  
the inverse of the operat ion A i. 

Thus 
Fh(J) ---- exp ( - - 2 ~ i h . t ~ ) F h .  

To obtain  all independent  relations between the struc- 
ture factors only those operations Cj need be considered 
whose rota t ional  components  completely generate the 
point  group isomorphous to the space group. This means 
t h a t  from a knowledge of the H e r m a n n - M a u g u i n  symbol  
all independent  relations m a y  be derived. I f  the  symbol  
is r edundan t ,  relations which are dependent  result.  

The form of the relations depends on the choice of the 
origin. I f  the  proper  components  of t/ are in doubt ,  
consideration of the parameters  related by  the operat ion 
C i will provide them,  as will be apparen t  in the following 
example.  

Example . - -Space  group Pn3n;  origin a t  center  of 
symmet ry .  

In  self exp lana tory  no ta t ion :  

Type of 
operation Ci(x, y, z) t i Fhkl -- 

n[o,x,y] ~, ½+y, ½+z O, ½, ½ (-- 1)k+ZF~kl 
3Ix, x, z] y, z, x O, O, 0 Flhk 
n[x,x,z] ½~-y, ½-~-x, ½-~-z ½, ½, ½ (--1)h+k+lFkhl 
4[~, ¼, z] ½--y, x, z ½, O, 0 (-- l)hFk~l 
4[¼, ¼, z] y, ½--x, z O, ½, 0 (--1)kF~hl 

Since the point  group isomorphous wi th  Pn3n  contains 
47 operations different from iden t i ty  there  will be 47 
relations among s t ructure  factors. However,  only the  
relations of the first  three lines of the table are inde- 
penden t :  for instance,  those of lines 4 and  5 follow from 
combinat ion of lines 2 and  3, while Fhkl = - F ~  is a 
consequence of lines 1 and  2. Note  the  importance,  in 
lines 4 or 5, of the fact  t h a t  the  indices hld are related 
by  the  dyadic  inverse to the  one which (except for t/) 
relates the parameters .  Since line 5 deals wi th  the inverse 
of the operat ion of line 4 the indices /c//1 on line 4 are 
related to hkl in the  same way  as the parameters  on line 5 
are related to x, y, z (except for ti), and  inversely. 
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I t  is gra t i fy ing to f ind t h a t  the  qual i ta t ive  X - r a y  ex- for the Ag-Zn  ~ phase which,  in so far as it  goes, is in 
amina t ion  carried out  by  Bergrnan & Jaross  (1955) on agreement  wi th  the more detailed s t ructure  given by  
powder specimens and  on or ienta ted aggregates of E d m u n d s  & Qurashi  (1951) and  based on measured 
'single crystal '  domains leads to an approximate  s t ructure  intensit ies of X- r ay  powder reflexions. Nevertheless,  the  


