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T h e  a l m o s t  c o m p l e t e  u n a v a i l a b i l i t y  of w a v e  f u n c t i o n s  
b a s e d  on  t h e  r e l a t iv i s t i c  m o d e l  has  n e c e s s i t a t e d  in X - r a y  
s t u d i e s  t h e  use  of f o r m  fac to r s  u n c o r r e c t e d  for  r e l a t iv i s t i c  
effects .  I n  th i s  n o t e  we  c o m p u t e  t h e  f o r m  f ac to r  for  
m e r c u r y  f r o m  b o t h  t h e  non - r e l a t i v i s t i c  a n d  t h e  r e c e n t l y  
c a l c u l a t e d  re la t iv i s t i c  r ad ia l  w a v e  f u n c t i o n s  in o rde r  t o  
d e t e r m i n e  t h e  m a g n i t u d e  of t h e  e r ro r  in t h e  f o r m  f a c t o r  
w h i c h  resu l t s  f r o m  t h e  neg l ec t  of t h e  ef fec ts  of r e l a t i v i t y .  

T h e  n o n - r e l a t i v i s t i c  w a v e  f u n c t i o n s  u s e d  were  t h o s e  
o b t a i n e d  b y  H a r t r e e  & t t a r t r e e  (1935) f r o m  t h e  a p p r o x -  
i m a t i o n  of t h e  se l f -cons i s t en t  f ie ld  w i t h o u t  e x c h a n g e .  
T h e  re la t iv i s t i c  w a v e  f u n c t i o n s  u s e d  were  t hose  o b t a i n e d  
b y  C o h e n  (1957) f r o m  t h e  s a m e  a p p r o x i m a t i o n  b a s e d  on  
t h e  r e l a t iv i s t i c  w a v e  e q u a t i o n .  T h a t  is e a c h  of t h e  elec- 
t r o n s  in  t h e  a t o m  is a s s u m e d  to  sa t i s fy  t h e  s ing le -par t i c le  
D i rac  e q u a t i o n  in t h e  c o m b i n e d  C o u l o m b i c  f ields f r o m  t h e  
n u c l e u s  a n d  f r o m  t h e  o t h e r  e l ec t rons  of t h e  a t o m .  I n  t h i s  
w a y  co r r ec t i ons  are  a p p l i e d  for  t h o s e  re la t iv i s t i c  ef fec ts  
w h i c h  arise f r o m  t h e  v a r i a t i o n  of m a s s  w i t h  ve loc i ty ,  
a n d  for  t h o s e  w h i c h  in n o n - r e l a t i v i s t i c  t e r m s  are  a sc r ibed  
to  s p i n - o r b i t  i n t e r a c t i o n .  A m o r e  c o m p l e t e  d e s c r i p t i o n  of 
t h e  re la t iv i s t i c  e x t e n s i o n  is g iven  b y  H a r t r e e  (1957) a n d  
also b y  Maye r s  (1957) w h o  r e c e n t l y  t a b u l a t e d  re l a t iv i s t i c  
w a v e  f u n c t i o n s  for  m e r c u r y .  H e r e  we use  t h e  resu l t s  of 
C o h e n  r a t h e r  t h a n  t h o s e  of Mayers ,  for  t h e  l a t t e r  are  less 
a c c u r a t e .  

T h e  ca l cu l a t i on  of f o r m  fac to r s  f r o m  t h e  r ad ia l  w a v e  
f u n c t i o n s  ha s  b e e n  de sc r i bed  p r e v i o u s l y  (Hoe rn i  & Ibers ,  
1954; B e r g h u i s  et al., 1955) a n d  so he re  we n o t e  o n l y  t h a t  
t h e  i n t e rva l s  in r (in a t o m i c  un i t s )  e m p l o y e d  were  

0 .000(0 .005)0 .300;  0 .30(0.05)4.00;  4.0(0.5)9.0.  

T a b l e  1. X-ray form factors for mercury (in electrons) 

Self-consistent field* 
~- . Statistical model  

Rela- Non . . . . .  
(sin 0)/2 tivistic relativistic ~rFDT TF$ 

0.00 80.00 80.00 80.00 80.0 
0.05 78.72 78.63 78.69 - -  
0.10 75.48 75.30 75.31 74.6 
0.15 71.37 71.23 70.99 - -  
0.20 67.14 67.04 66.66 65.9 
0.25 63.09 62.96 62.62 - -  
0.30 59.31 59.12 58.84 57.9 
0.35 55.84 55.56 55.30 - -  
0.40 52.65 52.31 52.06 51.1 
0.50 47.04 46.69 46.40 45.6 
0.60 42.31 42-01 41.59 40.9 
0.70 38.22 37.97 37.54 36.8 
0.80 34.64 34.40 34.06 33.4 
0.90 31.43 31.15 31.08 30.5 
1.00 28.59 28.24 28.50 28-0 
1.10 26.07 25.63 26.25 25.9 
1.20 23.88 23.35 24.27 24.0 
1.30 21 .99  21.41 22.52 22-4 

* The second decimal places here are probably  not  
significant, bu t  are given as an aid to interpolation.  

t These values are f rom Thomas  & Umeda  (1957). 
These values were obta ined by interpolat ion between the  

values given by U m e d a  & Tomishima (1955). 

Tab l e  1 g ives  t h e  va lue s  of f for  m e r c u r y  o b t a i n e d  he re  
f r o m  t h e  re la t iv i s t i c  a n d  non - r e l a t i v i s t i c*  se l f -cons i s t en t  
f ie lds  a n d  o b t a i n e d  p r e v i o u s l y  f r o m  t h e  T h o m a s - F e r m i -  
D i rac  ( T F D )  a n d  T h o m a s - F e r m i  (TF)  s t a t i s t i ca l  mode l s .  
A c o m p a r i s o n  of t h e  f o r m  fac to r s  d e r i v e d  f r o m  t h e  
r e l a t iv i s t i c  a n d  n o n - r e l a t i v i s t i c  se l f -cons i s ten t  f ields in- 
d i ca t e s  t h a t  w i t h i n  t h e  r a n g e  of s c a t t e r i n g  of i n t e r e s t  in 
X - r a y  ana ly se s  t h e  neg l ec t  of r e l a t i v i t y  ha s  a v e r y  m i n o r  
ef fec t  on  t h e  f o r m  f a c t o r  for  m e r c u r y ;  p r e s u m a b l y  t h i s  
is also t r u e  for  o t h e r  h e a v y  a t o m s .  T h e  smal l  e f fec t  w h i c h  
is f o u n d  is a t  t h e  h i g h  va lues  of (sin 0)/4 w h e r e  t h e  con-  
t r i b u t i o n s  to  f of t h e  i nne r  e l e c t r o n  shells  a re  r e l a t i ve ly  
g r e a t e r :  T h e  i nne r  shells  a re  t h e  ones  m o s t  se r ious ly  
a f f e c t e d  b y  t h e  re la t iv i s t i c  cor rec t ions .  

T h e  d i f fe rence  b e t w e e n  t h e  f o r m  f a c t o r  d e r i v e d  f r o m  
t h e  T F D  m o d e l  a n d  t h a t  d e r i v e d  f r o m  t h e  T F  m o d e l  is 
a m e a s u r e  of t h e  ef fec ts  of e l ec t ron  e x c h a n g e ,  for  t h e  
T F D  m o d e l  in  effect  i nc ludes  co r r ec t ions  for  e l ec t ron  
e x c h a n g e  w h e r e a s  t h e  T F  m o d e l  does  no t .  I t  can  be seen  
f r o m  Tab l e  1 t h a t  t h e  ef fec ts  on  t h e  d e r i v e d  f o r m  fac to r s  
of e l ec t ron  e x c h a n g e  are  gene ra l l y  g r e a t e r  t h a n  are  t h o s e  
of r e l a t i v i t y .  I f  we a s s u m e  t h a t  t h e  ef fec ts  of e l ec t ron  
e x c h a n g e  are  a p p r o x i m a t e l y  t h e  s a m e  for  t h e  self- 
c o n s i s t e n t  f ie ld a p p r o x i m a t i o n  as for  t h e  s t a t i s t i ca l  ap-  
p r o x i m a t i o n ,  t h e n  t h e  exce l l en t  a g r e e m e n t  of t h e  f o r m  
f ac to r  d e r i v e d  f r o m  t h e  T F D  m o d e l  w i t h  t h o s e  d e r i v e d  
f r o m  t h e  se l f -cons i s t en t  f ields m u s t  be  in p a r t  f o r t u i t o u s .  
Neve r the l e s s ,  f r o m  Tab l e  1 i t  a p p e a r s  t h a t  f o r m  fac to r s  
for a t o m s  as h e a v y  as  m e r c u r y  w h e n  ba sed  on  t h e  T F D  
m o d e l  are  su f f i c ien t ly  re l iable  for e v e n  t h e  m o s t  carefu l  
X - r a y  i nves t i ga t i ons .  

I s h o u l d  l ike t o  t h a n k  Pro f .  C . H .  M a c G i l l a v r y  for  
ca l l ing  m y  a t t e n t i o n  to  C o h e n ' s  resu l t s .  I s h o u l d  l ike to  
t h a n k  D r  S. C o h e n  n o t  o n l y  for  his  k i n d n e s s  in  a l lowing  
m e  to  use  his  u n p u b l i s h e d  resul t s ,  b u t  also for  severa l  
he lp fu l  d i scuss ions .  
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* Al though James  (1948) plots f based on the  serf-consistent 
field versus (sin 0)/~t for mercury  no values of f appear  to be 
tabula ted  in the  l i terature.  


