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if, for example, we had a tetragonal crystal and a subset 
of three relations among six q numbers. For this subset 
we would necessarily find at  least three independent 
q numbers, whereas actually only two are needed. I f  
we solved for three of the q numbers in terms of the 
remaining three and then substituted these results in 
the remaining relations, they would necessarily be 
satisfied. We might then erroneously conclude that  the 
crystal was orthorhombic. In the example worked out 
above, using this short procedure we found two in- 
dependent q numbers (confirmed by the full procedure). 
We might have been in error when we called the crystal 
tetragonal or hexagonal. I t  conceivably could be cubic 
on the basis of the subset of three relations with only 
one of the q numbers being linearly independent. This 
would require that  a linear dependence relation exist 
between ql and q2 of the form mlq 1 = m2q ~. Since no 
such relation exists, the short procedure was valid in 
this case. 

In seeking the additional relations among the q 
numbers needed for the linear dependence test, tables 
were prepared of: (a) multiples of the q's up to 10q; 
(b) qk+l--qk; (C) qk+~--qk; (d) qk+a--qk; (e) qk+4--qk; 
(f) 2qk~l--qk, etc. The next step consists in examining 
these tables for numbers which are equal within the 
permitted limits of error. For the present purpose this 
limit was set at 0.0003 in sin 9 O. I f  the limit is not made 
so small, accidental equalities of a spurious nature 
will be listed and the procedure will fail. As Hesse has 
stated, the use of focusing camera,s is almost a necessity. 

The relation 7q1-t- q6-  2q7 = 0 (0.0003) was found 
by noting that  the quant i ty  2q~-q6 was equal to 7q~. 
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The relation q3 - q4-  q6 + qs + q9 - ql0 = 0 (0.0000) was 
found by noting that  (ql0- %) + (q4- qa) = (q6- q6). Simi- 
larly 2(q s -  q6) = q5 becomes q5 + 2q6- 2qs = 0 (0.0000). 
The equality ( q l l  - -  q9 )  ---- 2(qa-- q~) + ( % -  qs) becomes 
2q~-2qa+qs-2%+qx  1 = 0 (0.0001). I t  is possible to 
guard against spurious relations by cross checking to 
see whether they imply relations which are not of the 
desired precision. Thus the relation (spurious) 
qs-q6 = qT-q5 (0.0004) was rejected because of the 
relation 2(q s -  q6) = q5 (0.0000). These relations, ff both 
correct, taken together require 2(q s -  q6) = 2(q7- qs), or 
2q7 = 3q5. The latter is not correct since 2q~ = 0.8722, 
while 3q5 = 0.8730, the difference 0.0008 being far 
outside the acceptable range. The rejection of 
q s -  q6 = q~-  q5 also implies rejection of q s -  q~ = q6 - %. 

I t  must be emphasized tha t  the selection of these 
relations must be done with care, since this is the only 
point in the procedure at  which observational or sub- 
jective errors enter. The outcome of the remainder of 
the procedure is completely dependent on the care used 
at the start. 
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A table of atomic scattering factors is given for the elements i to Cu for values of (47r sin 0)/h up to 30. 

In applying the sector method of electr6n diffraction 
(Viervoll, 1947) we have for some time made use of new 
tables of atomic scattering factors, f, which cover a 
greater range of (sin 0)/A than the corresponding tables 
used by the X-ray drystallographers. Our f values 
(Table 2) are given as functions of s =(49 sin 0)/2 (A.-1), 
where 0 is the Bragg angle. 

The calculations of the f values are mainly based on 
those of James & Brindley (1931), who give the functions 
for values of s up to about 14. We have extended the 
s range to 30. For our purpose we did not find it neces- 
sary to apply wave functions 'with exchange' which 
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would introduce very small effects for higher s values. 
These effects would be somewhat greater for smaller 
s values (Brindley & l~idley, 1938), but may still be 
assumed to be without significance for ordinary struc- 
ture determinations. 

The atomic scattering factor may be considered as 
a sum of electronic scattering factors, each of which 
corresponds to an electron of the atom. James & 
Brindley found that  a suitable linear transformation of 
the s scales could bring the scattering factors of the 
same electron group (same n and l) in different atoms to 
coincide very closely. 

i8 
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W e  h a v e  f o u n d  t h a t  t h e  d i f fe rences  b e t w e e n  t h e s e  
c u r v e s  w o u l d  p r o d u c e  a d i f fe rence  in  t h e  f cu rves  of  
t h e  s a m e  o r d e r  of  m a g n i t u d e  as t h e  p r o b a b l e  e r ro r  d u e  
t o  n u m e r i c a l  ca l cu l a t i ons ,  a n d  we  h a v e  t h e r e f o r e  u s e d  
a m e a n  of  t h e  t r a n s f o r m e d  cu rves  in  o u r  c a l cu l a t i ons  
(Tab le  1). B y  th i s  p r o c e d u r e  o u r  f cu rves  a s s u m e  a 
s o m e w h a t  s m o o t h e r  f o r m  t h a n  t h o s e  of  J a m e s  & 
B r i n d l e y .  Th i s  is of  i m p o r t a n c e  w h e n  a p p l i e d  in  con- 
n e x i o n  w i t h  t h e  sec to r  m e t h o d  of  m o l e c u l a r  s t r u c t u r e  
d e t e r m i n a t i o n s ,  as false ' h u m p s '  in  t h e  f c u r v e s  h a v e  
g r e a t  i n f luence  on  t h e  r a d i a l  d i s t r i b u t i o n  f u n c t i o n s .  

, , ~ d / ~ 2 7 4 3  
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Fig. 1. Screening parameters of the 3s, 3p and 3d electrons. 
@ Values given by James & Brindley. × Values obtained by us. 

I n  t h e  e v a l u a t i o n  of  t h e s e  m e a n  c u r v e s  we  h a v e  in- 
c l u d e d  c a l c u l a t i o n s  b a s e d  on  t h e  e l e c t r o n  d i s t r i b u t i o n  of  i 
N a  + ( F o c k  & P e t r a s h e n ,  1934), 0 ( H a r t r e e ,  H a r t r e e  & 
Swir les ,  1939), K + ( H a r t r e e ,  1934), a n d  Cu + ( H a r t r e e ,  
1933 l . T h e  n u m e r i c a l  ca l cu l a t i ons ,  t h e  dif f icul t ies  o f  

w h i c h  i nc rea se  w i t h  h i g h e r  s va lues ,  h a v e  b e e n  per -  
f o r m e d  b y  d i f fe ren t  m e t h o d s  t o  s ecu re  suff ic ient  

a c c u r a c y .  
T h e  v a l u e s  o f  t h e  ' s c r e e n i n g  p a r a m e t e r s ' ,  w h i c h  a r e  

i n t r o d u c e d  b y  t h e  l i nea r  t r a n s f o r m a t i o n s ,  differ  s l igh t ly  
f r o m  t h o s e  u s e d  b y  J a m e s  & B r i n d l e y  for  t h e  3s, 3p a n d  
3d e l ec t rons  of  a t o m s  w i t h  n u m b e r s  g r e a t e r  t h a n  20 
(Fig.  1). Th i s  is o w i n g  t o  t h e  use  m a d e  o f  t h e  e l e c t r o n  
d i s t r i b u t i o n  of  Cu +, w h i c h  was  n o t  a v a i l a b l e  a t  t h e  t i m e  
w h e n  J a m e s  & B r i n d l e y  m a d e  t h e i r  c a l cu l a t i ons .  W e  
be l ieve  t he r e fo r e ,  t h a t  o u r ' f  v a l u e s  a r e  m o r e  a c c u r a t e  
t h a n  t h o s e  of  J a m e s  & B r i n d l e y  for  a t o m i c  n u m b e r s  

g r e a t e r  t h a n  20. 
Th i s  h a s  also b e e n  c h e c k e d  b y  a n  i n d e p e n d e n t  cal-  

c u l a t i o n  b a s e d  on  t h e  c o m p l e t e  e l e c t r o n  d i s t r i b u t i o n  o f  
Cu +. T h e  d i f fe rences  b e t w e e n  t h e  v a l u e s  o b t a i n e d  in  
th i s  w a y  a n d  t h e  t a b l e - v a l u e s  o c c u r  o n l y  in  t h e  s e c o n d  
d e c i m a l .  Th i s  i n d i c a t e s  t h a t  t h e  p r o b a b l e  e r ror ,  d u e  t o  
ou r  m e t h o d  of  c a l c u l a t i o n  a n d  i n t e r p o l a t i o n ,  is s m a l l e r  

t h a n  0.1. 

References 
BRINDLEY, G. W.  ~5 RIDLEY, P .  (1938). Prec. Phys. Soc. 

Lend. 50,  96. 
FOCK, V. (% PETRASHE~, M. J .  (1934). Phys. Z. Sowjet. 

6, 368. 
HART~EE, D.  R .  (1933). Prec. Roy. See. A, 141, 282. 
H ~ T ~ E E ,  D.  R.  (1934). Prec. Roy. Soc. A, 143, 506. 
H A~TREE, D. R. ,  HA-~TREE, W.  (% SWI~LES, B. (1939). 

Philos. Trans. 238,  229.  
JAMES, R.  W.  & BRINDLEY, G. W .  (1931). Phil. Mag. 

12, 81. 
VIERVOT,L, H.  (1947). Acta Chem. Scand. 1, 120. 

T a b l e  1. Mean of the transformed electronic scaitering factors 
s 

Z--p ls 2s 2p 3s 3p 3d 
0 1.000 1.000 1.000 1-000 1.000 1.000 
0-1 1.000 0.978 0.980 0-936 0.954 0.967 
0.2 0"998 0.922 0"935 0.746 0-813 0.894 
0"3 0.992 0.836 0.866 0.522 0.631 0-790 
0.4 0.982 0"729 0"781 0"315 0"453 0"677 
0"5 0.971 0.612 0.694 0"143 0.298 0-570 
0"6 0"956 0.497 0"600 0"039 0" 188 0.469 
0-7 0.938 0.389 0.509 0"000 0-103 0.376 
0-8 0.919 0.296 0.427 -- 0.027 0.046 0.300 
0"9 0.897 0.217 0"353 -- 0.029 0"009 0.244 
1"0 0.871 0.155 0.290 • - 0.021 -- 0.008 0-199 
1"2 0.820 0.057 0"194 + 0.007 -- 0"017 0"117 
1.4 0.764 0.012 0.126 0"020 -- 0.008 0.073 
1"6 0-704 -- 0"008 0"079 0.021 + 0.010 0.038 
1"8 0.648 -- 0.014 0.050 0.019 0.021 0.018 
2-0 0.592 -- 0.013 0.032 0-011 0.025 0-003 
2.5 0.474 -- 0.001 0.004 0"000 0.024 -- 0"009 

3 " 0  0"370 +0.012 --0.006 - -  0.015 --0.011 
3.5 0.284 0.018 -- 0"006 - -  0.008 -- 0.010 
4.0 0.218 0.020 -- 0"005 - -  ~ 0.004 -- 0.007 
5"0 0.134 " 0.018 -- 0"003 - -  0"000 0.000 
6"0 0.079 0.013 --0"001 - -  - -  - -  
8.0 0.040 0.006 0-000 - -  - -  - -  

10.0 0.020 0.004 . . . .  
12.0 0.008 0.000 . . . .  

Z is the atomic number, p the screening parameter.  
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T a b l e  2.  Atomic scattering factors 

Li Be B C N 0 F :Na Mg A1 Si 

1.000 3.00 4.00 ,5.00 6.00 7-00 8.00 9.00 11.00 12.00 13.00 14.00 
0.874 2.34 3.21 3.92 5.07 6.29 7.44 8.41 9.97 10.83 11.30 12.03 
0.611 1.87 2.24 2.72 3.57 4.85 6.17 7.09 8.76 9.18 9.70 10.04 
0.374 1.68 1.84 2.09 2.59 3.54 4.77 5.55 7-65 8.04 g.49 8.77 
0.223 1.49 1.67 1.81 2.07 2.69 3.62 4.25 6.40 7.05 7.51 7.92 
0.133 1.29 1.55 1.67 1.82 2.16 2.85 3.31 5.26 6.02 6.58 7.10 
0.081 1.09 1.42 1.56 1.67 1.89 2.35 2.67 4.29 5.05 5"70 6.28 
0.051 0.93 1.28 1-44 1.58 1.71 2.00 2.23 3.56 4.23 4.88 5.49 
0.034 0.77 1.14 1.36 1.50 1.59 1.81 1.98 2-99 3.58 4.19 4.77 
0.023 0.63 1.02 1.25 1.41 1.52 1.66 1.80 2.54 3"06 3.65 4.14 
0.016 0.51 0.90 1.15 1.33 1.44 1.55 1.66 2.24 2.66 3.13 3.62 
0.011 0.43 0.79 1.05 1.24 1"36 1.46 1.55 2.02 2.35 2.74 3"17 
0"008 0.36 0.68 0.95 1.16 1.29 1.38 1.47 1.86 2.11 2.44 2.82 
0.007 0.30 0.59 0.86 1.08 1.21 1-32 1.41 1.72 1.94 2.20 2.53 
0.005 0.25 0.51 0.77 1.00 1.14 1.25 1.35 1.62 1.81 2 .03 .  2.31 
0.004 0.20 0.44 0.69 0.92 1-08 1.19 1.30 1.52 1-69 1.88 2.11 
0.003 0.16 0"39 0.61 0.85 1.02 1.13 1.24 1.44 1.59 1.77 1.96 
0.002 0.14 0.34 0.54 0.77 0.95 1.07 1.19 1.36 1.51 1.67 1-84 
0.002 0.13 0.30 0.49 0.70 0.89 1.02 1.14 1.30 1.43 1.58 1-74 
0.002 0.11 0.26 0.44 0.64 0.83 0.96 1.09 1.26 1.35 1.50 1.64 
0.001 0.10 0.22 0.39 0.58 0.77 0.91 1.04 1.21 1-30 1.42 1.56 
0.001 0.09 0.19 0.35 0.53 0.70 0.85 1.00 1.17 1.24 1-36 1-49 
0.001 0.08 0.16 0.32 0.48 0.65 0.81 0.95 1.12 1.20 1.29 1.42 
0.001 0.07 0.15 0.29 0.44 0.60 0.75 0.90 1.08 1-16 1-24 1.36 
0.001 0.06 0.13 0.26 0.41 0.55 0.70 0.86 1.04 1.12 1.20 1.30 
0.001 0.05 0.12 0.23 0.37 0.51 0.66 0.81 1.00 1.08 1.16 1.24 
0.000 0.04 0.I1 0.21 0.34 0.47 0.61 0.76 0.97 1.05 1.12 1.20 
0.000 0.04 0.10 0.18 0.31 0.44 0"57 0.72 0"93 1.01 1.09 1.16 
0.000 0.03 0.09 0.16 0.29 0.41 0.53 0.67 0.90 0.98 1.05 1.13 
0.000 0.03 0.08 0.14 0.26 0.38 0.50 0.63 0.86 0.94 1.02 1.09 
0.000 0.02 0.08 0.13 0.24 0.35 0.46 0"59 0.83 0.91 0.99 1.06 

P S C1 K Ca Cr Mn Fe  Co Ni  Cu 
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15.00 16.00 17.00 19.00 20.00 24.00 25.00 26.00 27.00 28.00 29.00 
13-17 14.24 15.35 16.98 17.21 21.40 21.72 22.80 23.88 24.96 26.97 
10.72 11.50 12-39 14.54 14.52 18.35 19-01 20.15 21-31 22.50 24.42 

9-14 9.63 10.21 12.11 12.91 15.50 16.25 17.30 18.40 19.63 21.34 
8.20 8.50 8.80 10.24 10.97 13-17 13.86 14.79 15.81 16.84 18.39 
7.50 7.75 7.99 8.83 9.47 11.35 11.97 12.72 13.55 14.52 15.82 
6.75 7-12 7.36 7.95 8.34 9.93 10.49 11.14 11.79 12.58 13.66 
6-04 6.46 '6.82 7.29 7.61 8.87 9.29 9.83 10.41 11.10 11.88 
5.35 5.84 6.26 6.74 7.00 8.07 8.40 8.83 9.27 9.87 10.59 
4.70 5.18 5.69 6.25 6-50 7.49 7.83 8.07 8.41 8.90 9.48 
4-13 4.64 5.13 5.83 6.04 6"99 7.24 7.49 7.78 8.12 8.58 
3.64 4.13 4.61 5.42 5.66 6.57 6"78 7.02 7.26 7.55 7-90 
3-22 3.68 4.14 4.97 5.28 6.19 6.41 6"60 6.81 7"06 7.36 
2.88 3.27 3.73 4.56 4.88 5.86 6.06 " 6.24 6.44 6.64 6.88 
2.60 2.94 3.35 4.19 4.51 5.58 5.74 5.92 6.10 6-23 6.47 
2.37 2.6~/ 3.02 3.84 4.17 5.29 5.47 5.62 5.80 5-96 6.14 
2.17 2.45 2.73 3.51 3.86 4.99 5.20 5.38 5.52 5.68 5.83 
2.03 2.26 2.51 3.22 3.56 4.69 4.92 5.12 5.29 5.43 5.57 
1.90 2.10 2.32 2.95 3.29 4.41 4.65 4.85 5.04 5.20 5.33 
1.81 1.97 2.17 2.70 3.04 4.15 4-38 4.59 4-79 4.97 5.12 
1.70 1.85 2.03 2.50 2.81 3.89 4.14 4.35 4.55 4-73 4.89 
1.62 1.76 1.92 2.32 2.59 3.65 3.90 4.13 4-32 4.51 4.66 
1.54 1.68 1.81 2.16 2.43 3.42 3.66 3.90 4-10 4.28 4.45 
1.47 1.60 1.73 2.04 2.27 3.22 3.45 3.68 3.90 4.07 4.25 
1.41 1.53 1.66 1.94 2.13 3.02 3.25 3.48 3.68 3.88 4-05 
1.35 1.46 1.58 1.84 1.99 2.84 3-07 3-29 3.50 3.69 3.86 
1.29 1-40 1.52 1-76 1.91 2.67 2.89 3.12 3.31 3.51 3.68 
1.24 1-35 1.45 1.69 1.81 2.52 2.72 2.95 3.14 3.34 3.51 
1.20 1.30 1.40 1-62 1-74 2.38 2.57 2.78 2.98 3.18 3.35 
1.16 1.25 1.35 1-56 1.67 2.26 2.44 2.63 2.82 3.03 3.20 
1-12 1-21 1"30 1.50 1.61 2.16 2.32 2.50 2.67 2.87 3.06 
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