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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  
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suggestion of Bergman & Jaross,  t h a t  a s t ructure  deter- 
mined from X- ray  powder da ta  alone will in general  be 
less reliable t h a n  one derived from work on single crystals,  
needs some reply;  and, moreover, i t  should be made  
clear t h a t  ~hese authors  did not  in fact  use the  single- 
crystal  me thod  in the accepted sense of the term. 

The main  weakness of the  powder method  lies in the 
fact  tha t ,  for s tructures of a n y  complexity,  so m a n y  
reflexions overlap t ha t  it  is not  possible to use Fourier  
methods  of analysis,  the  Fourier  coefficients being in- 
determinate.  This objection does not  app ly  when  other  
methods,  such as t h a t  of steepest  descents, are used and, 
when  the  final solution has  been found, it  should be as 
reliable as one derived from single-crystal  da ta  provided 
the number  of reflexions measured is large compared 
wi th  the  number  of atomic parameters  to be determined.  
In  m a n y  instances the accuracy m a y  exceed t h a t  at- 
ta inable  wi th  a single crystal  since i t  is often impossible 
adequate ly  to correct the  intensities,  usual ly  found b y  
visual est imation,  for the  absorpt ion in a single crystal  
of irregular shape. This absorpt ion correction is an ira- 

por t an t  factor  for an  al loy composed of such h e a v y  
a toms as zinc and  silver. 

To the  comment  t h a t  the  procedure of E d m u n d s  & 
Qurashi  was ra ther  lengthy,  i t  m a y  be answered t h a t  the  
refining and  tes t ing  of a s t ructure  b y  a n y  me thod  is 
usual ly  lengthy.  More details  of procedure t h a n  usual  
were given as these were considered to be useful contribu- 
t ions on the appl icat ion of the methods  of steepest  
descent and  of irregular absences. Approximate  a tomic 
parameters  comparable wi th  the f inal values of Berg- 
m a n  & Jaross  were obta ined ear ly in the  invest igat ion,  
bu t  it  was found t h a t  there existed a range of co-ordinates 
which gave very  near ly  the  same X- ray  intensi t ies  and  
which, though  not  equal ly probable,  were possible on 
grounds of packing.  
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N o t e s  a n d  N e w s  

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 
Editorial Board. Copy should be sent direct to the British Co-editor (R. C. Evans, Crystallographic Laboratory, 
Cavendish Laboratory, Cambridge, England). 

J o u r n a l  o[ Electronics 
Messrs Taylor  and  Francis  announce the publ icat ion as 
from J u l y  1955 of a new periodical, Journal of Electronics, 
which is to appear  under  the editorship of J .  Thomson,  
wi th  N. F. Mort as consul tant  editor. I t  is the  policy of 
the journal  to publish original work in electron science 
' in terpreted to mean the description of the behaviour  of 
electrons in the free s ta te  or in s tates  where thei r  binding 
energy is low'. 

The journal  is pubhshed  in the same format  as the  
Philosophical Magazine, with  which i t  is associated; the  
first pa r t  consists of 102 pages and  contains nine articles, 
all by  Bri t ish authors.  Subsequent  par ts  will appear  a t  
two-monthly  intervals  and  the volume will contain six 
parts.  The price is 20s. per pa r t  or l l0s. per volume. 

A. C.A. Publications 
The American Crystal lographic Association has decided 
on the following prices for its publ icat ions:  

(a) Monograph 1~'0. 1 (Buerger): $2.00. 
Monograph No. 2 (Wrinch):  $2.00. 
Monograph No. 3 (Haup tman  & Karle) :  $1.50. 
Monograph No. 4 (Bravais):  $2-00. 

(b) Back  programs and  abst racts  of meet ings;  biblio- 
graphies:  $1.00 each. 

These prices are valid for anyone,  whether  a member  of 
A. C. A. or not.  Six months  af ter  this  announcement  the 
i tems under  (b) will be destroyed. 

Orders, accompanied b y  the payment ,  should be sent 
wi thout  delay to the Polycrys ta l  Book Service, 84 
Livingston Street,  Brooklyn  1, N.Y.,  U .S .A.  

Liege International Fair 
L'Associat ion des Ing~nieurs sortis de l']~cole de Libge 
announces t h a t  a t  the  Liege In te rna t iona l  Fair ,  to be 
held in May 1956, i t  will organize a section devoted to  
the industr ial  applicat ions of the  electron microscope. 
Fur the r  information m a y  be obtained from the  General  
Secretary of the Association, 22 rue Forgeur,  Liege, 
Belgium. 

The Geometrical Basis of Crystal Chemistry 
The following corrections should be made  in the above 
series of papers  b y  A. F.  Wells :  

P a r t  1 (Acta Cryst. (1954), 7, 535). 
Table 2: Add  14 in las t  column for Nets  1, 2 and  5; 

add  12 in the  appropr ia te  column for Nets  2 and  6. 
Table 3: For  I4/amd read I41/amd. 

P a r t  5 (Act~ Cryst. (1955), 8, 32). 
Fig. 6 and preceding t e x t :  The 'uniform'  Ne t  21 of 

P a r t  1 has  the  symbol  122.14, so t h a t  replacement  of 
the  points  b y  tr iangles does no t  give a ne t  3.24 ~. The 
series of Fig. 6 te rmina tes  a t  3.203. 

A simplified computation technique for struc- 
ture refinement by means  of two-dimen-  
sional Fo-Fe synthesis 

An error occurs in the short  communicat ion b y  E. H a r n i k  
(Acta Cryst. (1955), 8, 363). The expression in the  f i f th  
line of the article should read:  

D(u, w) = .D(x/a, z/c) = ZhX'z(.Fo--.Fc)u cos 2rt(hx/a +lz/c) . 


