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A comparison i s  made between e lec t r i c - d ipo lema t r i xe lemen ts  
N 

w i t h i n  a nR type conf igura t ion ,  as given by the length and v e l o c i t y  

formulae. Wi th in  the approximation o f  consider ing each exc i ted  con- 

f igura t  ion as a degenerate one, i t  i s  shown tha t  up t o  second order 

the ma t r i x  elements o f  the momentum operator  a re  vanishing i n c o n t r a s t  

w i t h  the Judd-Ofelt theory. This conclusions shows tha t  i t  i s  a se- 

r i ous  e r r o r  t o  use the Judd-Ofelt wave func t ions  and the ve loc i t y  f o r -  

mula. However, up t o  t h i r d  order,  i n  a d d i t i o n  t o  even and odd rank 

tensors which enter  on the same foot ing  i n  the ma t r i x  elements, the 

v e l o c i t y  formula p red i c t s  the con t r i bu t i on  o f  two and three-  p a r t i c l e  

operators which depend on the energy d i f f e rence  betweenconfigurations 

i n  the same way as the one-part i c l e  operators.  A b r i e f  discuss ion o f  

the r e s u l t s  i s  made. 

Uma comparação 6 f e i t a  en t re  elementos de ma t r i z  do opera- 

dor momento do d ipo lo ,  atuando no i n t e r i o r  de uma configuração do t i -  
N 

po nll , segundo as fórmulas de compr imento e velocidade. Dentro da 

aproximação em que se considera conf.iguraçÕes degeneradas, é demons- 

trado que a t é  segunda ordem os elementos de ma t r i z  do operador momen- 

t o  l inear são nulos, em cont ras te  com a t e o r i a  de Judd-Ofelt.  Até t e r -  

ce i ra  ordem, além de operadores u n i t á r i o s  de ordem par e ímpar, os 
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quais ,  em termos de ordem de grandeza, contr ibuem igualmente para os 

elementos de m a t r i z ,  e s t e  operador p revê  a c o n t r i b u i ç ã o  de operadores 

e f e t i v o s  de d o i s  e t r ê s  corpos os quais  apresentam a mesma dependên- 

c i a ,  sobre a d i f e r e n ç a  de energ ia  e n t r e  conf igurações,  que os opera-  

dores de um corpo.  Os resu l tados  sào sumariamente d i s c u t i d o s .  

1. INTRODUCTION 

The i n t e r a c t  i on  o f  a  r a d i a t i o n  f 

a s u b j e c t  t h a t  has rece ived  more a t t e n t i o n  

i e l d  w i t h  t h e  

a f t e r  t h e  pub 

lan than  ides i s  

1  i c a  

impor tant  a r t i c l e s  by Judd (1962) and O f e l t  (1962), t r e a t i n g  

blem o f  lan than ide  i n t e n s i t i e s  a r i s i n g  f r c m  e l e c t r o n i c  t r a n s  

t h i n  t h e  4 y  con f  i g u r a t i o n .  

t ion  o f  two 

t h e  p ro-  

i t i o n s  w i -  

There has been many d i scuss ions 

sekhar 1945, Bethe and Sa lpe te r  1957, Fanc 

1970, Grant 1974, Aharonov and Au 1979) on 

Ia ,  l eng th ,  v e l o c i t y  and a c c e l e r a t i o n ,  one 

e l e c t r i c - d i p o l e  t r a n s i t  i on  r a t e s  i n  atomic 

n t h e  l i t e r a t u r e  (Chandra- 

and Cooper 1968, Starace 

t h e  most appropr i a t e  formu- 

should use when e v a l u a t i n g  

systems. The g r e a t  m a j o r i t y  

o f  them has g i v e n  a t t e n t i o n  t o  t h e  l e n g t h  and v e l o c i t y  f o r m s o f t h e  i n -  

t e r a c t i o n  hami l ton ian ,  e i t h e r  concern ing t h e  e v a l u a t i o n  o f  t h e  m a t r i x  

elements w i t h  approximate wavefunct ions o r  t h e  use o f  exac t  wavefunc- 

t i o n s ,  o f  an approx imate hami l ton ian ,  w i t h  t h e  i n c l u s i o n  o f  non loca l  

p o t e n t  i a l s .  

Judd (1962) and Ofel t (1962), ir. t h e i r  t rea tment ,  made use 

of t h e  l e n g t h  formula and ob ta ined  an express ion  f o r  e i e c t r i c -  d i p o l e  

t r a n s i t i o n  p r o b a b i l i t i e s  w i t h i n  t h e  4fN c o n f i g u r a t i o n  (which becomes 

p e r m i t t e d  when t h e  atom' i s  p laced i n  an erv i ronment  w i t h o u t  c e n t e r  o f  

i n v e r s i o n ) ,  i n  terrns o f  a  few parameters and t h e  reduced m a t r i x  e l e -  

ments o f  t h e  u n i t  tensor  o p e r a t o r s  &'). I n  t h e i r  formula,  h i s  res-  

t r i c t e d  t o  t h e  va lues  2,4 and 6, g i v i n g  r i s e  t o  t h e  Judd- Ofe l t  s e l e c-  

t i o n  r u l e s .  

I n  t h e  p resen t  a r t i c l e ,  we examine t h i s  problem f r o m  t h e  

p o i n t  o f  v iew o f  t h e . v e l o c i t y  formula.  To t h i s  end, second q u a n t i z a t i o n  

m e t  h o d s  were used i n  o r d e r  t o  1 i v e  techc i c a l  d e t a i l s  as t ransparen t  



as p o s s i b l e .  The r e s u l t s ,  as expected, a r e  shown t o  d i f f e r  f rom those 

ob ta ined  w i t h  t h e  l e n g t h  formula,  t h e  most s t r i k i n g  p o i n t  be ing theap-  

pearence o f  un i t  tensors  U(') w i t h  odd which may c o n t r  i b u t e  t o  t h e  

i n t e n s i t i e s  on t h e  same f o o t i n g  as those w i t h  'even h .  

2. THE CRYSTAL FIELD AND THE POLARIZATION OF ATOMIC 
SYSTEMS 

N 
E l e c t r  i c - d  i p o l e  t r a n s i t  ions w i t h i n  a  Y& t y p e  con f  i g u r a t  i on  

a r e  f o r b i d d e n  by L a p o r t e ' s  r u l e  which may, however, be v i o l a t e d  when 

the  atam, o r  ion, i s  found t o  be under t h e  a c t i o n  o f  a  c r y s t a l  f i e l d .  

I n  terms o f  Racah's s p h e r i c a l  tensor  opera to rs ,  C (t)  (Racah 
4 

1942), we may assume t h a t  t h e  i n t e r a c t i o n  h a m i l t o n i a n  due t o  t h e  c r y s -  

t a l  f i e l d  i s  g iven  by ( ~ y b o u r n e  1965) 

where j l a b e l s  t h e  e l e c t r o n s  o u t s i d e  c losed  s h e l l s .  The c o e f f i c i e n t s  

conta i n  t h e  rad  ia1 dependence o f  V  and f o r  o u r  purposes we need 
4 C .  F.  

a  more p r e c i s e  knowledge o f  t h i s  dependence. Since we a r e  d i r e ~ t l y  

i n t e r e s t e d  i n  t h e  lan than ides ,  i t  i s  reasonable t o  r e w r i t e  Eq. (1) as 

where Yt i s  a  q u a n t i t y  which depends on t h e  n a t u r e  of t h e  environment 
4 

and c o o r d i r i a t i o n  around t h e  atomic system, and r t h e  d i s t a n c e  o f  t h e  
i 

j - t h  e l e c t r o n  t o  t h e  o r i g i n .  

The h a m i l t o n i a n  VCaF , has t h e  e f f e c t  o f  p o l a r i z i n g  the sys- 

tem lower ing  i t s  spher i ca l  symmetry. T h i s  e f f e c t  can be taken i n t o  

account (Fano and Racah 1959) by expand ing a  c e r t a  i n  s t a t e ,  say [ A> , 
o f  t h e  atomic system as a  l inear  combinat ion o f  t h e  c o m p l e t e  s e t  

/ Ciki?dJ >, where t h e  symbol + i n d i c a t e s  t h a t  we a r e  work ing i n  t h e  i n -  

termmediate coupl ing scheme and 6 stands f o r  a  un ique specif  i c a t i o n  o f  

the  members o f  t h e  s e t .  The c o e f f i c i e n t s  i n  t h i s  expansion depend on 

v c . ~ . '  



I n o r d e r  t o  g e t  non- vanish ing e l e c t r i c - d i p o l e  m a t r i x  e l e -  

ments, t h e  e x c i t e d  s t a t e s  IB~JIJM > o f  i n t e r e s t  a r e  those be long ing  t o  
J 

c o n f i g u r a t i o n s  o f  o p p o s i t e  p a r i t y  t o  t h e  nRN one. The m i x i n g  b e t w e e n  

s t a t e s  i s  then p rov ided  by t h e  herniedric p a r t  o f  t h e  c r y s t a l  f ie ld .  0ne 

approach i s  t o  use f i r s t  o r d e r  p e r t u r b a t i o n  t h e o r y  ( J u d d  1 9 6 2 )  and 

w r i t e  
N 

N Im>m I Vc F. I ( n ~  )$JMJ> 
\A>  = ( (nR )IJJJM~> + 1 ( 3 )  

[E(~,R,$Jv~) - E h ) ]  

where [ (naN)IJJmd belongs t o  nRN and /rn> t o  a con f  i g u r a t  i on  t h a t  d i f -  
N 

f e r s  from nR by a s i n g l e  e l e c t r o n  e x c i t a t i o n .  I t  has become customary 

( ~ u d d  1962, Wybourne 1968, Armstrong 1971) t o  cons ider ,  i n  t h i s  expan- 

s ion, t h e  energy d i f ference,  E(n,R,$, J,M> - E(rn), as being approxima- 

t e d  equal t o  t h e  energy d i f f e r e n c e  between t h e  two c o n f i g u r a t i o n s  as  

g i v e n  by t h e  c e n t r a l  f i e l d  approx imat ion.  Thus, t h e  q u a n t i t y  ~ ( n , i , $ ,  

J,M> - E(m) i s  rep laced by  EnR-EnlRl which depends o n l y  on t h e  quan- 

tum numbers n,R, n '  and R ' .  For a p a r t i c u l a r  p e r t u r b i n g  con f  i g u r a t i o n ,  

we rnay then w r i t e  

where t h e  complete expansion, i n  f i r s t  o r d e r ,  understands a summation 

over  n l R ' .  

The E i n s t e i n ' s  c o e f f i c i e n t  o f  spontaneous emission, S ,  f o r  

an e l e c t r i c  d i p o l e  t r a n s i t i o n  f rom a s t a t e  I A >  t o  a s t a t e  IB>, may be 

w r i t t e n ,  accord ing  t o  t h e  l e n g t h  and v e l o c i t y  formulas,  as 

and 

+' 
where u i s  t h e  angu la r  f requency o f  t h e  t r a n s i t i o n ,  r t h e  p o s i t i o n  i 



+ 
v e c t o r o f  the j - t h  e l e c t r o n o u t s i d e c l o s e d  she l l s  and P i t s  l i n e a r  

j 
momen tum. 

I t  i s  we l l  known tha t  i f  IA> and I B >  were exact e igenstates 

o f  an approximate hami l tonian f o r  the atomic system, equations ( 5 )  and 

(6) would g i ve  exac t l y  the same value o f  S. However, t h i s  i s  in  gene- 

r a l  not  the case, p a r t i c u l a r l y  i n  our case where ]A> and 1 ~ > a r e  appro- 

x  imated by expans ions g  iven by Eq. (4) ,  so tha t  we expect these equa- 

t i o n s  t o  g i ve  d i f f e r e n t  resu l t s .  

3. MATRIX ELEMENTS 

The ma i n  ob jec t  ive i n  many c a l c u l a t  ions o f  atomic i n te rac t  ions 

invo lv  ing ni ixing between conf igura t  ions, i s  t o  search f o r  e f f e c t  ive 

operators, ac t i ng  w i t h i n  the ground conf igura t ion ,  which s imulate each 

a  mix ing.  To t h i s  end, t enso r i a l  techniques (Judd 1963) were proved t o  

be extremely use fu l .  Thus, we may cast  the r e s u l t  g iven by the Judd- 

- 0 f e l t  theory (Judd 1962, O f e l t  1962), i n  terms o f  n-j symbols and the 

reduced ma t r i x  elements o f  and the u n i t  tensor operator  !('I, as 

where 

k 
and <nt(r InlR1> stands f o r  the rad ia l  in tegra l  

where 4 i s  the r a d i a l  pa r t  o f  the one e lec t ron  wave func t i on  given, i n  

p r i nc ip le ,  by the cen t ra l  f i e l d  approximation. 



L e t  us now s t a r t  examining what express ion  can be o b t a i n e d f o r  

S i f  we cons ider  equa t ion  (6).  The procedure w i l l  then rnake i t  c l e a r  

how equa t ion  (7) i s  ob ta  ined if we s t a r t  f rom equa t ion  ( 5 ) .  

Up t o  second a r d e r ,  the  l e a d i n g  c o n t r i b u t i o n s  t o  t h e  r n a t r i x  

element < A I C  i f . l ~ >  may be w r i t t e n  as 
j ' 

Frorn second q u a n t i z a t i o n  methods, we w r i t e  t h e  o p e r a t o r s  V 
C.F. 

and C P. as a surn over  c r e a t i o n  and a n n i h i l a t i o n  o p e r a t o r s  which sa- 
3 3 

t i s f y  t h e  usual  Fermi-Dirac ant icomrnutat ion r e l a t i o n s .  From t h i s  sum, 

o n l y  t h e  o p e r a t o r s  which rnay connect t h e  ground and t h e  p a r t i c u l a r  per- 

t u r b i n g  c o n f i g u r a t i o n ,  need t o  be considered.  We may t h e r e f o r e  extend 

t h e  surn over  u i n  (9)  and inc lude  a l l  o t h e r  s t a t e s  o f  t h e  complete se t  

{Irn>}. Making use o f  the  c l o s u r e  r e l a t i o n ,  t h e  s t r u c t u r e  C lu> <ul may 
U 

now be removed and t h e  two o p e r a t o r s  brougti t  toge ther  ( ~ u d d  1967). 

Two types o f  p e r t u r b i n g  conf  i g u r a t i o n s  a r e  o f  i n t e r e s t  here, 
N- 1 these a r e  t h e  nR n '  R '  w i t h  R '  = R 2: 1 ,  c o n f  i g u r a t  i o n  a n d  

(n'i!?')4R"+1n~m1, w i t h  R" = R - 1, which i:; assoc ia ted  w i t h  c o r e  e x c i -  
I I 

t a t i o n s .  L e t t h e n a  a n d a '  b and b '  e - a n d e '  a n n i h i l a t e  and 
5 L' rl q '  ;; 5 '  

c r e a t e  occupied o r b i t a l s  nR, n' R '  and n"R1' , r e s p e c t i v e l y ,  where greek 

l e t t e r s  stand f o r  t h e  pa ir o f  one e l e c t r o n  quantum numbers (rn ,rnR), t h e  
S 

s p i n  and o r b i t a l  magnetic quantum numbers. Thus, f o r  a  p a r t i c u l a r  

nRN-'n' R' p e r t u r b i n g  conf  i g u r a t i o n  we may i -ewr i te  express ion (9) as  

where t h e  opera to r  Õ ( n 1 R ' )  i s  g i ven  by 

418 



T h i s  o p e r a t o r  may be f u r t h e r  simpl i f  ied  i f  we use t h e  Fermi- 

D i r a c  a n t  icommutat ion  r e l a t  ions and wr i t e  

N N 
Now, s ince  nR has no n'R1 o r b i t a l s  occupied bq 1 (nR )JI1J'MJ1 > =  0, and 

t h e r e f o r e  we may w r i t e  the  o p e r a t o r  o(n 'R1)  as  

For t h e  p e r t u r b  ing con f  i g u r a t  i o n  (n"Rfl) 4R1'+1n11N+1 we have 



We use aga in  t h e  ant icommutat ion r e l a t i o n s  t o  w r i t e  

N  t N  
and s ince  the  o r b i t a l s  n"R1' i n  n R  a r e  occupied c I ( n R  ) $ ' J ' M  5 J '  
t h e r e f o r e  we may wr i t e  t h e  o p e r a t o r  O ( n I 1 R " )  as 

I n  the  c e n t r a l  f i e l d  approx imat  ion, t h e  commutat ion  r e l a t  ion 

may be used, where H .  i s  the  c e n t r a l  f i e l d  hami l ton ian ,  t o  p u t  t h e  ma- 
-+ 

t r i x  elements o f  P i n  t h e  f o l l o w i n g  form 

where E stands f o r  s i n g l e  e l e c t r o n  energie!;. I t  t u r n s  o u t  t h a t  t h e  ener- 

gy d i f f e r e n c e  i n  Eq. (18) must then be equítl t o  EnR - E n l l R l l ,  as w e l l  as  

EnR - Enl  must be equal t o  EnR - E n l  In  t h i s  way equat ions (13)  and 

(16) can be wr i t t e n  as 

and 

420 



where we have made i n  Eq. (20) t h e  tr  i v  ia1 replacements C +  5 '  and 5'+5 . 

S ince t h e  o p e r a t o r s  Õ(n1 E ' )  and Õ ( n " ~ l l )  no longer  depend on t h e  

energy denominators and t h e  s i n g l e  e l e c t r o n  m a t r i x  elements a r e  v a n i -  

sh ing  f o r  2 '  # R'1 and RI' # R-1, we may sum over  a l l  p o s s i b l e  va lues  

o f  n lR1  and nI1R". Because o f  t h e  minus s i g n  i n  f r o n t  o f  t h e  r i g t h  hand 

s i d e o f  Eq. ( 2 0 ) , w e m a y c o m b i n e t h e t e r m s ,  i n t h e p a r e n t h e s i s ,  f rom 

b o t h  equat ions (19) and (20) t o  form t h e  sum over  the  complete se t  o f  

s i n g l e  e l e c t r o n  e i g e n s t a t e s  and use c l o s u r e  t o  o b t a i n  

+ 
s i n c e  t h e  commutator [r, ~ ~ . ~ j  = 0.  

We have then ob ta ined  t h e  impor tant  r e s u l t  t h a t ,  w i t h i n  t h e  

approximat ion  i n  which a conf i g u r a t  i on  i s  cons idered t o  be complete l  

degenerate, up t o  second o r d e r  i n  p e r t u r b a t  ion  theory  t h e  m a t r i x  e l e -  

ments f o r  e l e c t r i c  d i p o l e  t r a n s i t i o n s ,  accord ing  t o  t h e  v e l o c i t y  forrnu- 
+ 

I a ,  a r e  van ish ing .  I t  must be noted t h a t  i f  we had s t a r t e d  w i t h  t h e  r 
+ 

opera to r ,  i ns tead  o f  P, we would have ob ta ined  non v a n i s h i n g  m a t r i x  e-  

lements which would i n  f a c t  l ead  t o  Eq .  ( 7 ) .  

We a r e  then f o r c e d  t o  go t o  h igher  o r d e r  i n  p e r t u r b a t i o n  theo-  

r y .  Up t o  second o r d e r ,  f o r  t h e  p a r t i c u l a r  p e r t u r b i n g  c o n f  i g u r a t i o n s  

n R N - I n ~ R t  and n R N - l n ~ t t R t ~ ~  , we may expand t h e  s t a t e  I A >  as (once aga in  

t h e  complete expansion understands a sum over  n lR '  and n"'R1") 



where Ix> belongs t o  n ~ ~ - ~ n ~ ~ ~ ~ ~ ~ ~ ,  and 

where U, V C ,  rep resen t  t h e  c e n t r a l  f i e l d ,  t h e  coulombic, the  s p i n  

- o r b i t  and t h e  c r y s t a l  f i e l d  p o t e n c i a l  energ ies  respec t  i v e l  y .  L e t  

then ' t h e  l e a d i n g  c o n t r i b u t  ion, up t o  t h i r d  o r d e r ,  t o  t h e  e l e c t r i c  d i p o -  

l e  m a t r i x  element i s  g i v e n  by 



where 

and 

L e t  us f i r s t  work o u t  the  terms i n  express ion (23)  con ta  i n  ing 

h ( $ )  and h ( $ ' ) .  I t  can be e a s i l y  seen t h a t  an e f f e c t i v e  c o n t r  i b u t  i o n  

i s  ob ta ined  which may be expressed through the  o p e r a t o r  

We may now use t h e  i d e n t i t i e s .  

and 

t o  w r i t e  Eq.  (25)  i n  t h e  form 



where we have used the f a c t  t h a t  

As we have done before, a f t e r  using the second quantized forms 
-3' 

f o r  the operators E, P j ,  h and V C e F  and then removing the s t ruc tures  
3 

C lu><ul and C I x > < x ~ ,  wa r e a d i l y o b t a i n  from the remaining terms i n  
U x 
(23) the  f o l l ow ing  cont r  ihu t ions  for  nlllR1ll  = nlR': 

The one- par t ic le  operator invo lv ing  the cen t ra l  po ten t i a l  U = 

= C U . (r)  
i ' 

The two- par t ic le  operator invo lv ing  the coulornbic potencia l  Vc = 

and 



t t  
x <nlfi'ri / : ~ n R i ~ > ) o ~ ~ ~ , a ~ ,  

and the three-part i c l e  operator 

The operator (28) may be combined with Ôl(n'R1) i n  Eq. (27) to 

g i v e  



There i s  no apparente way i n  which t h e  o p e r a t o r s  (29), ( 3 0 j  and 

(31) a r e  a b l e  t o  cancel some o f  the  terms i n  Eq. (32). Thus, i n  o r d e r  

t o  compare t h e  r e s u l  t s  ob ta  ined f rom t h e  v a l o c i t y  formula w i t h  the Judd 

- 0 f e l  t theory  (Judd 1962, Ofe l  t 1962), we should be p r i m a r i l y  i n t e r e s -  

t e d  i n  Eq. (32) which invo lves  one- par t  i c l t s  o p e r a t o r s .  

S ince t h e  o p e r a t o r s  i n  t h i s  equa t io i i  do n o t  a c t  on t h e  spin spa- 

ce, t h e  greek l e t t e r s  may stand f o r  t h e  one e l e c t r o n  o r b i t a l  magnetic 

quantum number. We now use t h e  expansion 

-+ 
where e i s  a  u n i t  s p h e r i c a l  v e c t o r  (~dmonds 1957), and use t h e  Wig- 

-9 ' 
ner  Ec k a r t  theorem t o  o b t a  i n  an express ion  depend ing  on t h e  s t r u c t u r e s  

(34) 

where t h e  minus and p l u s  s igns  r e f e r  t o  t h e  f i r s t  and second sum on the  

r i g h t  hand s i d e  o f  Eq. (32) 

may then  be used, and i t  i s  

the  minus s i g n  w i l l  i n v o l v e  

respec t  i v e l  y.  'The equat ion  

i m e d i a t e l y  seen t h a t  t h e  s t r u c t u r e  (34) w i t h  

o n l  y odd va lues  o f  A (Eq. ( 3 5 ) ) ,  w h i l e  the  

s t r u c t u r e  w i t h  t h e  p l u s  s i g n  w i l l  i n v o l v e  o n l y  even va lues  o f  A .  A f t e r  

t h a t ,  i t  i s  a s imple m a t t e r  t o  rear range  t h e  whole express ion  and sum 

over  the  indeces 5  and 5 '  t o  o b t a i n  t h e  coupled opera to r  (Judd 1967) 



which i s  the second-quant ized form o f  

-v (OA) 

0 Q 
where (Judd 1963) 

We f i n a l l y  ob ta in  f o r  Ó2(n1R1) the expression 

odd 1 R R  l t A l x  
x cal  / C ( ' ) /  la r><ar l  10, yt 2 L - 1 Q + r 2 ~ + 1  R h 

xQ { j ( q r q - Q  

even 

where 

(A) The term i n  Eq. (36) invo lv ing  the even rank tensors! , i f  

m u l t i p l i e d  by two, corresponds t o  the same e f f e c t i v e  operator  as found 



by Judd (1962) and O f e l t  (1962). Thus, a t  l eas t  the c o n t r  i b u t  i o n  from 

m e - p a r t  i c  1 e operators, because o f  the f e c t o r  2 and the term invo lv ing  

odd rank tensors i n  Eq. (36), d i f f e r s  qual i t a t i v e l y  and q u a n t i t a t i v e l y  

according t o  which o f  the formula, length  o r  ve loc i t y ,  i s  used. 

4. DISCUSSION AND CONCLUDING REMARKS 

I f  an equivalent  thermal populat ion,  of the Stark  components 

o f  the i n i t i a l  l e v e l ,  i s  assurned, we may sim over E I J ,  and a v e r a g e o v e r  

MJ t o  ob ta in  from Eqs. (6) and (36) the f o l  lowing expression f o r  S, 

(38) 

where 

and 

In Eq. (38), we have used the f a c t  t ha t  s jnce h i s  odd, the on- 

l y ,  non-vanishing 6 - j  symbols i n  t h i s  equation are  those fo r  which t=X. 



The complete expression, up t o  t h i r d  order,  f o r  S wou ldofcour -  

se include not  on l y  a summation over n 'R1,  but a l so  core exc i t a t i ons  and 

those terms i n  (23) f o r  which nl"R1" # nlR1. However, i t  i s  1 i k e l y  t ha t  

(28), (29), (30) and (31), i f  a sum over n lR'  i s  taken, given the most 

important con t r i bu t i ons .  These con t r i bu t i ons  could a l so  be obtained from 

the second order treatment provided the energy denominators were correc-  

ted, t o  f i r s t  order, by the inc lus ion  of the appropr ia te  ma t r i x  elements 

o f  h = v -U. c 

The rea l  problem r a  ised i n  the present anal ys i s  i s  a ra ther  de- 

1 i ca te  one, t ha t  i s  the basic reasons f o r  the d i f fe rences,  as we have 

t h e o r e t i c a l l y  shown, obtained when Eqs. (5) and (6) a re  used i n  the i n -  

t e n s i t y  problem o f  t r a n s i t i o n s  w i t h i n  a conf igura t ion ,  where the s ta tes  

are  approxiinated by Eq. ( 4 ) .  No arguments concerning the region, near, 

intermediate o r  f a r  from the nucleus, where the rad ia l  p a r t  of the s ta-  

tes i s  more accurate could be used here s ince i n  the present approach a 
-+ -+ 

conversion from P t o  r s ing le- e lec t ron ma t r i x  elements i s  possib le.  

A de ta i l ed  ana lys is  o f  t h i s  problem, and o f  the prec ise  form o f  

the con t r i bu t i ons  from the two and th ree- pa r t i c l es  operators (29), (30) 

and (31), i s  the subject  o f  a next a r t i c l e .  

I am deeple g ra te fu l  t o  Professor B. R. Judd f o r  h e l p f u l  d i s -  

cussions and i n te res t  on t h i s  work, t o  Professor G .  F. de Sá f o r  cons- 

tan t  help, t o  Maria da S i l v a  f o r  technical  help, and FINEP and the De- 

partamento de F i s i ca  da UFPE f o r  f inanc ia1 support and accomodations. 
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