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F ( K ) =  
S 

If the distance between the l ight  source and the slit 
is large enough this tends to FL (equation (6)) asym- 
ptotically. 

Next  we consider a vector field H~, which has the 
form of equat ion (13). The Fourier  t ransform of the 
diffracted wave due to slit S is then 

F ( K ) = f f 2 ~ l ~ ) ~ e x p ( - i ( K . r ~ ) } d r ~  (A-3) 
8 

using Kirchhoff ' s  approximat ion again. Carrying out 
the operation of ~r: 

F ( K ) =  - - I i  rot ( J ¢ ~ ) e x p  { - i ( K .  r~)}drs 
,),) 8 

f = -  J ~  exp {- i (K. r~)}dr~  
C 

+ 
S 

I means a line integral  along the periphery where 
,) c 

of the slit, at  which ~ should be zero according to the 
boundary  conditions. Thercforc, 

F(K) = i [ J  × K]F( I ( ) .  (A-5) 
Accordingly, 

H = [ J  x V ] ¢ = M ~ b ,  (A-6a) 

since ~b has the form of equat ion (4). 

The same methods can be applied also to the electric 

field using the operator N ;  thus, 

E- -  R ~b. (A-6b) 

Repeat ing the same argument  we can conclude tha t  
the diffracted vector waves due to an a rb i t ra ry  slit 
system can be expressed in the form of equation 
(A-6a), (A-6b). 
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The Co2A15 compound has a hexagonal unit cell with 
d~nensions : 

a=7.6560 A, c=7.5932 • . 

The structure was originally determined from powder 
photographs taken with Fe Ka radiation in a 19 cm. 
camera. Systematic absences were consistent with the 
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space group D~h-P63/mmc, There are 28 atoms por unit 
cell in the following positions (Bradley & Chang, 1938): 

2A11 in 2(a): 0 , 0 ,0 ;  
6A12 in 6(h): x, 2x,~ with x=0"467; 

12A13 in 12(k): x, 2x, z with x=0.196, z=-O.061;  
2Co 1 in 2(d): §,½,¼; 
6Co2 in 6(h): x, 2x, ¼ with x=0"128. 

No statement was made on the accuracy of the atomic 
parameters, nor was the reliability index given. 

Compounds with similar structures have been reported 
in some other systems. The structure of ~(A1FeNi) with 
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the ideal formula  FesNiAll0 resembles Co2A15 in t ha t  it  
has 28 a toms per  un i t  cell wi th  nickel  and  iron a toms in 
place of manganese  (Bradley & Taylor,  1940). The 
s t ruc ture  of fl(A1MnSi), t hough  similar to Co~A15, charac- 
terist ically differs from it in having  two unoccupied  
atomic sites which would correspond to the 2(d) positions 
(Robinson, 1952). 

The s t ructura l  s imilari ty of these three compounds  was 
accounted  for in te rms of a p rominen t  Bril louin Zone 
with  an inscribed Fe rmi  dis t r ibut ion corresponding to 1.68 
electron states per  a tom. I t  was concluded t ha t  the 
unoccupied atomic sites (or 'holes') in the fl(A1MnSi) 
s t ruc ture  occur so as to preserve the  e lectron- to-atom 
ratio in the neighbourhood of 1.68. On the  assumpt ion 
tha t  a lumin ium and  silicon cont r ibute  3 and  4 free elec- 
trons per  a tom respectively,  this result  was consistent  
wi th  a suggestion (Raynor ,  1944) t ha t  Mn absorbed 3.66 
free electrons per a tom. Similarly, valencies were ascribed 
to iron, cobalt  and  nickel  in the re la ted structures,  which 
were also consistent  wi th  the negat ive  valencies for these 
elements.  On the  basis of such arguments ,  these com- 
pounds  were considered to be electron compounds  
(Robinson, 1952). 

More recent ly  it  has been shown tha t  fl(A1MnSi) can 
take  up some zinc and  t ha t  zinc replaces manganese,  
a t om for a tom.  This fact is no t  compat ible  wi th  the above 
explanat ion  for the  occurrence of these compounds  
(Damjanovic  & Black, 1959). 

For  a fur ther  discussion of these compounds,  it was 
felt desirable to re-determine  the Co2A15 s t ruc ture  wi th  
improved accuracy.  

An alloy of composit ion Co2A15 was prepared  under  
argon in an induct ion furnace.  Special precaut ions  were 
t aken  in order to obtain a homogeneous  ingot. The alloy 
was slowly cooled to room tempera tu re  in order  to pro- 
duce large crystals,  and a single crystal  was chipped from 
the ingot. A complete  s t ruc tura l  analysis was carr ied out, 
using both oscillation and  Weissenberg photographs,  
t aken  with  Me K a  radiat ion.  Intensi t ies  were measured  
by visual comparison and  corrected for various effects in 
the usual  way.  F r o m  Fo and  F o - F c  Four ier  project ions 
on (0001) and  (1010) the following atomic parameters  
were obta ined:  

For  AI e in 6(h): x=0-4702, 
For  A1 a in 12(k): x=0.194e,  z = - 0 " 0 5 8 0 ,  
For  Co 2 in 6(h): x=0 .126  s. 

Using the  equat ions of Booth  (1946) and of Booth  & 
Br i t ten  (1948), the following values for s t andard  devia- 
tions in a tomic positions were es t imated:  

Co: a(r)=0.0015 A, Al: a(r) =0.003 A . 

Wi th  these values s t andard  deviat ions in in tera tomic  
distances are not  greater  than  ~(d)=0.008 A, and for 

mos t  distances they  will be less than  this. Differences 
greater  t han  0.02 tix be tween  in tera tomic  distances m a y  
be considered significant.  In t e ra tomic  distances are listed 
in Table 1. 

Table 1. Interatomic distances in C%A15 

Neigh- Number of Interatomic 
Atom bour neighbours distances 

A11- Co s 6 2.538 A 
A13 6 2.61 s 

AI 2- Co 1 1 2"60~ 
Co 2 2 2"41 a 
A12 2 3-144 
A1 a 4 2.739 
A1 a 4 2.96 s 

A1 a- Co 1 1 2"347 
Co e 2 2"697 
Co 2 1 2"506 
A11 1 2"61 s 
A12 2 2"739 
A12 2 2" 96 s 
A13 1 2"916 
A13 2 2-727 
A13 2 3" 18 e 

Col-- A12 3 2.60 e 
A1 a 6 2"347 

Co 2- Co 2 2 2"912 
A11 2 2.53 e 
AI~ 2 2.413 
A13 2 2.506 
A13 4 2.69~ 

Though Bradley  & Cheng's results were obta ined with 
the  powder  me thod  and  wi th  Fe  K a  radiat ion,  t hey  do 
not  differ much  from those obta ined in this work.  
However ,  the  new atomic  parameters  and in tera tomic  
distances are more  accura te  and  therefore more  suitable 
for a discussion of the  relat ionship of C%A15 to similar 
s tructures.  

We wish to t h a n k  Prof. N. F. Mott  and Dr  W .  H. 
Taylor  for provision of facilities and for their  interest  in 
the work. 
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