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T H E  R E P U L S I O N  P O T E N T I A L  O F  U N O C C U P I E D  S T A T E S  
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H e l l m a n n  [1] s h o w e d  t h a t  t h e  o r t h o g o n a l i z a t i o n  of t h e  w a v e  f u n c t i o n s  of t h e  v a l e n c y  
e l e c t r o n s  on  t h e  w a v e  f u n c t i o n s  of t h e  e l ec t rons  of t h e  c losedshe l l s  of ions  c a n  b e  r ep l aced  
t o  a c e r t a i n  a p p r o x i m a t i o n  b y  t h e  so-cal led r epu l s ion  p o t e n t i a l .  T h e  a d v a n t a g e  of t h i s  
f o r m u l a t i o n  lies in  t h e  f ac t  t h a t  t h e  wave  f u n c t i o n s  of t h e  v a l e n c y  e lec t rons ,  w h i c h  are  t h e  
so lu t ion  of t h e  Sch r dd i nge r  e q u a t i o n  w i t h  a t t a m i l t o n i a n  e x t e n d e d  b y  t h e  r epu l s ion  po- 
t e n t i a l ,  do n o t  h a v e  to  be  o r t h o g o n a l i z e d  to  wave  f u n c t i o n s  of t h e  e l ec t rons  of a n  ion. The  
H e l l m a n n  c o n c e p t i o n  was  e l a b o r a t e d  in  d e t a i l  b y  GombAs,  who,  a p a r t  f r o m  H e l l m a r m ' s  
s emi -empi r i ca l  express ion ,  also d e r i v e d  for  t h e  r epu l s ion  p o t e n t i a l  a n u m b e r  of o t h e r  
express ions  b a s e d  on  t h e  s t a t i s t i c  f o r m u l a t i o n  of t h e  P a u l i  p r i nc ip l e  [2, 3, 4]. All  t h e s e  
express ions ,  t h e  wave  m e c h a n i c a l  i n t e r p r e t a t i o n  of w h i c h  was  g i v e n  b y  F@ny@s [5] a n d  
S z 6 p f a l u s y  [6], were  sueessfu l ly  u s e d  for  so lv ing  a n u m b e r  of p r o b l e m s  t h e  e x a c t  
f o r m u l a t i o n  of w h i c h  would  o t h e r w i s e  h a v e  b e e n  e x t r e m e l y  c o m p l i c a t e d .  
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Fig.  l .  1 ~ e x a c t  wave  f u n c t i o n ,  2 - -  a p p r o x i m a t i v e  wave  func t i on .  

The  r epu l s ion  p o t e n t i a l  h a s  on ly  b e e n  u sed  up  to  n o w  on  t h e  a s s u m p t i o n  t h a t  all  shel ls  
of t h e  ion  are  fu l ly  occupied .  W h e n  so lv ing  some p rob lems ,  however ,  t h i s  c o n d i t i o n  is n o t  
fulf i l led a n d  t h e  use  of t h e  r epu l s ion  p o t e n t i a l ,  w h i c h  was  de r i ved  on  t h i s  cond i t ion ,  is 
p r o b l e m a t i c .  

I n  o rde r  to  o b t a i n  a n  i dea  of t h e  a d v a n t a g e s  of us ing  t h e  r epu l s ion  p o t e n t i a l  even  w h e n  
some s t a t e s  of t h e  ion  a re  n o t  occupied ,  we cons ide red  t h e  s imp le  case w h e n  t h e  appro-  
x i m a t e  so lu t ion  of t h e  Seh r6d inge r  e q u a t i o n  c a n  be  e o m p a r e d  w i t h  t h e  e x a c t  so lu t ion  
a n d  eMcula ted  some  e x c i t e d  s t a t e s  of a h y d r o g e n  a t o m .  I t  is  obv ious  t h a t  in  t h i s  ease we  
are  c o n c e r n e d  w i t h  t h e  f o r m a l  use  of t h e  r epu l s ion  p o t e n t i a l  w h i c h  follows f rom t h e  f ac t  
t h a t  wave  f u n c t i o n s  of lower  u n o c c u p i e d  s t a t e s  to  w h i c h  t h e  co r r e spond ing  exc i t ed  s t a t e  
of t h e  e l ec t ron  is o r t hogona l ,  are  u s e d  in  c o n s t r u c t i n g  t h e  r epu l s ion  p o t e n t i a l .  D u r i n g  
a c t u a l  eMeula t ions  use  was  m a d e  of t h e  c o m m o n e s t  exp re s s ion  for  t h e  repu l s ion  p o t e n t i a l  
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where  - - e  is t h e  e l e m e n t a r y  cha rge  of t h e  e lec t ron ,  a 0 t h e  r a d i u s  of t h e  lowes t  o r b i t  in  t h e  
l~ydrogen a t o m  a n d  D~ t h e  f i c t ive  r a d i a l  d e n s i t y  of all  u n o c c u p i e d  s t a t e s  w i t h  a n  a z i m u t h a l  
q u a n t u m  n u m b e r  l, t h e  e n e r g y  of w h i c h  is lower  t h a n  t h e  e n e r g y  of t h e  s t a t e  cons idered .  
T h e  w a v e  f u n c t i o n  of t h e  e l e c t r o n  in  t h e  exc i t ed  s t a t e  was  a s s u m e d  to  be  of t h e  f o r m  

yJ = cons t  r k e -'~r (1) 

a n d  t h e  c o r r e s p o n d i n g  e n e r g y  was c a l c u l a t e d  as  a f u n c t i o n  of t h e  va lues  of t h e  p a r a m e t e r s  k 
a n d  4, whe re  for  t h e  sake  of s i m p l i c i t y  k t a k e s  on ly  i n t e g r a l  va lues .  The  m i n i m a  of ene rgy  
for  t h e  s t a t e s  2s, 3s, 3p, 4s, 4/9 a n d  4d were  de t eFmined  f r o m  t h e  course  of t h i s  dependence .  
The  va lues  of ~ d e t e r m i n e d  in  t h i s  w a y  (in u n i t s  of l/a0}, k a n d  t h e  ene rgy  E (in Ry )  a re  
g i v e n  in  Tab .  1 t o g e t h e r  w i t h  t h e  k n o w n  e x a c t  va lues  of t h e  e n e r g y  E~x~t (in Ry) .  F o r  
i l l u s t r a t i v e  pu rposes  Fig .  1 shows t h e  e x a c t  a n d  a p p r o x i m a t i v e  wave  f u n c t i o n  of t h e  s t a t e  
2s. F r o m  a c o m p a r i s o n  of  t h e  va lues  in  Tab .  1 i t  follows t h a t  w i t h  growing  p r i n c i p a l  
q u a n t u m  n u m b e r  t h e  p e r c e n t a g e  e r ro r  in  t h e  e n e r g y  of t h e  i n d i v i d u a l  s t a t e s  s, iv, d (expre,~- 
sed  i n  t h e  l a s t  c o l u m n  in  t a b .  1) increases .  A t  t h e  s a m e  t i m e  t h e  a p p r o x i m a t i o n  of t h e  
co r r ec t  wave  f u n c t i o n  b y  f u n c t i o n  (1) is worse.  

I n  o rde r  to  o b t a i n  a n  idea  of t h e  m a g n i t u d e  of t h e  c o n t r i b u t i o n  of t h e  i n d i v i d u a l  energies  
iu  t h i s  f o r m u l a t i o n ,  we c o m p a r e  for  e x a m p l e  t h o s e  for  t h e  s t a t e  2s w i t h  t h e  e x a c t  va lues .  
F r o m  our  ca l cu l a t i ons  we o b t a i n  for  t h e  p o t e n t i a l  ene rgy  t h e  v a l u e  - -0 .377  Ry ,  whi le  t h e  
e x a c t  v a l u e  is - - 0 . 5  Ry .  S imi la r ly  t h e  s u m  of t h e  k ine t i c  e n e r g y  0.064 R y  a n d  t h e  ene rgy  
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Table 1 

28 
38 
3p 
4s 
4p 
4d 

Ee~ak t E k ,~ Errors  in % 

--0.25 
- -O.11 i  
~ 0 . 1 1 i  
--0.0625" 
--0.0625 
--0.0625 

--0"252 
--@120 
--0"122 
--@075 
=-0"072 
--0"068 

0"565 
0'42 
0 '48  
0'23 
0"23 
0"315 

I 
.8 

10 
2e 
15 
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c o r r e s p o n d i n g  to  t h e  r e p u s i o n  p o t e n t i a l  0.061 l~y, w h i c h  is 0.125 Ry ,  is ha l f  t h a t  of t h e  
e x a c t  v a l u e  0.25 Ry .  I t  is t h u s  obv ious  t h a t  a l t h o u g h  b o t h  t h e  wave  f u n c t i o n  a n d  t h e  v a l u e  
of t h e  t o t a l  e n e r g y  in  t h i s  a p p r o x i m a t i o n  a re  in  f a i r ly  good  a g r e e m e n t  w i t h  t h e  e x a c t  
so lu t ion  of t h e  s t a t e  2s, t h e r e  arc cons ide rab le  d i f fe rences  b e t w e e n  t h e  c o r r e s p o n d i n g  
energies.  T h i s  is qu i t e  ana logous  w i t h  t h e  o t h e r  s t a t e s  cons idered .  

Th i s  f a c t  s o m e w h a t  exp la ins  t h e  v a l i d i t y  of t h e  a s s u m p t i o n s  m a d e  in  p a p e r s  [5], [6], 
acco rd ing  to  w h i c h  in  t h e  f i r s t  a p p r o x i m a t i o n  t h e  m e a n  va lues  of a ] l t b e  energies,  w i t h  t h e  
e x c e p t i o n  of t h e  r a d i a l  p a r t  of t h e  k i n e t i c  energy,  a re  a p p r o x i m a t e l y  equa l  to  ~ a lues  of 
t h e  exac t  so lu t ion .  I t  is obv ious  f rom our  ca l cu l a t i ons  t h a t  e v e n  w h e n  t h i s  a s s u m p t i o n  is 
n o t  fulf i l led t h e  a p p r o x i m a t i o n  of t h e  wave  f u n c t i o n  a n d  t h e  c o r r e s p o n d i n g  v a l u e  of t h e  
t o t a l  ene rgy  c a n  be  in  good a g r e e m e n t  w i t h  t h e  e x a c t  so lu t ions  i n sp i t e  of t h e  f a c t  t h a t  
d u r i n g  i n t e r p r e t a t i o n  of t h e  va lues  of t h e  i n d i v i d u a l  energies  g r e a t  care  m u s t  b e  t a k e n  
w i t h  r e s pec t  to  t h e  c e r t a i n  m u t u a l  c o m p e n s a t i o n .  

I l l  conc lus ion  i t  c a n  be  sa id  t h a t  t h e  use  of t h e  r epu l s ion  p o t e n t i a l  for  u n o c c u p i e d  s t a t e s  
can,  u n d e r  c e r t a i n  cond i t i ons  in  eases whe re  o r t h o g o n a l i z a t i o n  would  l ead  to  e x t r e m e l y  
c o m p l i c a t e d  ca lcu la t ions ,  r ep roduce  t h e  va lues  of t h e  t o t a l  ene rgy  a n d  t h e  c o r r e s p o n d i n g  
wave  f u n c t i o n  w i t h  suf f ic ien t  accu racy .  

I shou ld  l ike to  t h a n k  K.  T r n k o v ~  for  c a r r y i n g  ou t  t h e  n u m e r i c a l  ca lcu la t ions .  

R e c e i v e d  i. 8. 1956. 
EMIL A~TON~IK 

Institute el Technical Physics, Czechosl. A cad. Sci., Prague 
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THE EFFECT OF IRRADIATION ON THE DIELECTRIC LOSSES 
OF LUMINESCENT ZINC-CADMIUM SULPHIDE 

Ba~aHae o6ayqenHg Ha ~gaJieHTpHqecRue noTep~ 51IOMHHecI~eHTHOF0 cya~H~a ZnS-CdS 

It is known from recent papers [I] that the dielectric losses of luminescent materials 
increase on irradiation. There is little information to hand, however, on the spectral 
d e p e n d e n c e  of t h i s  p h e n o m e n o n .  A n  e x p e r i m e n t  was  t h e r e f o r e  c a r r i ed  ou t  i n  w h i c h  
z i n c - c a d m i u m  su lph ide  (50% CdS), a c t i v a t e d  b y  s i lver ,  was  i r r a d i a t e d  t h r o u g h  S c h o t t  
f i l t e rs  u s ing  a p r o j e c t i o n  bu lb .  The  sample  was  p l a c e d  in  a condense r  h a v i n g  one  glass  
e l ec t rode  c o a t e d  w i t h  a c o n d u c t i v e  l aye r  of t i n  ch lor ide .  I n  o rde r  to  e l i m i n a t e  t h e  possi-  
b i l i t y  of a s h o r t  c i r cu i t  a p o l y s t y r e n e  foil  i0  ~ t h i c k  was  p l aced  b e t w e e n  t h e  glass e l ec t rode  
a n d  t h e  s ample .  T he  a i r  in  t h e  space  b e t w e e n  t h e  e l ec t rodes  was  expel led  b y  a few d r o p s  
of m i n e r a l  oil. T he  2 m m  t h i c k  f i l te rs  used  t r a n s m i t  50% of t h e  i n c i d e n t  r a d i a t i o n  a t  t h e  
fol lowing w a v e l e n g t h s  
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