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ABSTRACT

The c ro s s  s e c t i o n s  o f  o v e r  250 s p e c t r a l  l i n e s  o f  neon have been

m easured  by th e  o p t i c a l  method. The e s t im a te d  a c c u ra c y  o f  th e  a b s o lu t e

e x p e r im e n ta l  m easurem ents  was g e n e r a l l y  w i t h i n  a  20 p e r c e n t  l i m i t ,  a t

l e a s t  f o r  the  s t r o n g e r  l i n e s .  The app rox im ate  w av e len g th  i n t e r v a l
o

e x te n d s  from 3300 to  12 ,000  A, From th e  m easured v a lu e s  d e te rm in ed  f o r  

an i n c i d e n t  e l e c t r o n  e n e rg y  o f  100 eV o f  a l l  30 t r a n s i t i o n s  b e lo n g in g  

to  th e  2p-* I s  s e r i e s ,  the  a p p a re n t  c ro s s  s e c t i o n s  o f  the  te n  2p l e v e l s  

have  been o b t a i n e d .  U sing  e x p e r im e n ta l  a p p a r a tu s  d e s c r ib e d  i n  t h i s  

r e p o r t ,  th e  e x c i t a t i o n  f u n c t io n s  o f  the  t e n  2p l e v e l s  a r e  p l o t t e d  from 

o n s e t  to  200 eV.

The c ro s s  s e c t i o n s  o f  the  " s i g n i f i c a n t  s p e c t r a l  l i n e s  b e lo n g in g  to 

th e  s e r i e s  ns-* 2p and nd-» 2p a r e  t a b u l a t e d .  In  th o se  few c a se s  where 

th e  c ro s s  s e c t i o n s  co u ld  n o t  be d e te rm in e d  e x p e r im e n ta l l y ,  th e  v a lu e s  

a r e  e s t im a te d  by u s in g  t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s .  The 

f i n a l  r e s u l t s  y i e l d  th e  t o t a l  ca scade  c o n t r i b u t i o n  i n t o  the  2p fa m ily  

f o r  an i n c i d e n t  e l e c t r o n  e n e rg y  o f  100 eV. These show th e  cascade  

c o n t r i b u t i o n  to  v a ry  from e i g h t  p e r c e n t  f o r  th e  2p^ l e v e l  to  67 p e r ­

c e n t  f o r  th e  2p^Q l e v e l .  Comparisons a r e  made between th e  e x p e r im e n ta l  

r e s u l t s  and c o r r e s p o n d in g  t h e o r e t i c a l  c a l c u l a t i o n s  o b ta in e d  by employ­

in g  th e  Born-Ochkur a p p ro x im a t io n .

The e x c i t a t i o n  f u n c t io n s  o f  bo th  th e  s and d l e v e l s  a re  a l s o  

p r e s e n t e d .  S i m i l a r i t i e s  i n  th e s e  c u rv e s  to  th o se  o f  h e l iu m  a re  n o te d .  

Thus, th e  e x c i t a t i o n  f u n c t io n s  o f  the  p u re  t r i p l e t  s t a t e s  a r e  c h a ra c ­

t e r i z e d  by s h a rp  peaks  and f a s t  d e c l i n i n g  t a i l s ,  w h i le  th o se  c o r r e ­

spo n d in g  to  l e v e l s  co n n e c te d  to  the  ground s t a t e  by o p t i c a l l y  a llow ed
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t r a n s i t i o n s  have  v e ry  b ro a d ,  n e a r l y  f l a t  p e a k s .

An e s t im a te  was made o f  th e  c o n t r i b u t i o n  to  th e  a p p a re n t  c ro s s  

s e c t i o n s  o f  th e  2s l e v e l s  due to  cascade  from th e  3p fam ily .  T h e o r e t i ­

c a l  t r a n s i t i o n  p r o b a b i l i t i e s  w ere  used to  f i n d  th e  c r o s s  s e c t i o n s  o f  

th e  3p-* 2s t r a n s i t i o n s  from e x p e r im e n ta l l y  m easured  c ro s s  s e c t i o n s  o f  

s p e c t r a l  l i n e s  b e lo n g in g  to th e  3p-* I s  f a m i ly .  The e x c i t a t i o n  c ro s s  

s e c t i o n s  o f  th e  2s s t a t e s  which were d e te rm in e d  i n  t h i s  manner a r e  v e ry  

s e n s i t i v e  to th e  in a c c u ra c y  o f  th e  wave f u n c t i o n s  employed to  d e te rm in e  

th e  t r a n s i t i o n  p r o b a b i l i t i e s .  T h e re fo re ,  th e  f i n a l  r e s u l t s  r e p r e s e n t  

o n ly  q u a l i t a t i v e  e s t i m a t e s .
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EXCITATION OF NEON ATOMS BY ELECTRON IMPACT 

CHAPTER I  

INTRODUCTION

The e x c i t a t i o n  o f  an  atom by e l e c t r o n  im pac t  i s  a phenomenon o f  

g r e a t  p r a c t i c a l  i n t e r e s t - .  M ost io n  s o u rc e s  used i n  mass s p e c t r o m e te r s  

and in  a p p a ra tu s  fo r  a tom ic  c o l l i s i o n  s t u d i e s  a re  o f  the  e l e c t r o n  bom­

bardm ent ty p e .  C o l l i s i o n a l  e x c i t a t i o n  and i o n i z a t i o n  a r e  o f  g r e a t  

im por tance  i n  a s t r o p h y s i c s ,  u p p e r  a tm o s p h e r ic  phenomena, th e rm o n u c le a r  

r e s e a r c h ,  p lasm a p h y s ic s ,  and gaseous  e l e c t r o n i c s .  E x p e r im en ta l  d a t a  

on i n e l a s t i c  s c a t t e r i n g  a r e  v i t a l  to the  f u r t h e r  deve lopm ent o f  th e  

th e o r y  o f  a tom ic  c o l l i s i o n s  f o r  th e y  p r o v id e  t e s t s  o f  th e  assu m p tio n s  

and a p p ro x im a t io n s  t h a t  a re  n e c e s s a r i l y  made i n  t h e o r e t i c a l  c a l c u l a t i o n s .

A ccu ra te  and d e t a i l e d  m easurem ents  o f  c o l l i s i o n  p a ra m e te rs  have  

become p o s s i b l e  o n ly  r e c e n t l y  th rough  advances  i n  th e  te c h n o lo g y  o f  

h ig h  g a in  p h o t o m u l t i p l i e r s  and a s s o c i a t e d  e l e c t r o n i c  a m p l i f i c a t i o n  and 

n o i s e  r e j e c t i o n  a p p a r a tu s .  The m a jo r  c o n t r i b u t i o n  to  th e  a v a i l a b l e  

e x c i t a t i o n  d a t a  has come from m easurem ents and c a l c u l a t i o n s  on h e l iu m  

s in c e  i t  i s  th e  s im p le s t  monatomic atom. The s tu d y  o f  th e  e x c i t a t i o n  o f  

neon  by e l e c t r o n  im pac t  p r o v id e s  u s e f u l  com parisons  to  t h a t  o f  h e l iu m  

s in c e  b o th  atoms a r e  n o b le  g a s e s .  As p o in te d  o u t ,  how ever, by Anderson 

e t  a l ^ ,  e x p e r im e n ta l  d i f f i c u l t i e s  i n  u s in g  the  o p t i c a l  method to  d e te rm in e
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th e  d i r e c t  e x c i t a t i o n  c ro ss  s e c t i o n s  become more s e r io u s  f o r  the  h e a v ie r  

atom s. The l a r g e  number o f  s p e c t r a l  l i n e s  o f  th e  n e u t r a l  atom makes i t  

d i f f i c u l t  to i s o l a t e  the  t r a n s i t i o n s  which one w ishes to  s tu d y .  This 

s i t u a t i o n  a lo n e  i s  p ro b a b ly  th e  r e a s o n  v e ry  l i t t l e  e x c i t a t i o n  c ro s s  

s e c t i o n  d a ta  f o r  neon has  been  o b ta in e d .

The p r e s e n t  work i s  by f a r  th e  m ost comprehensive i n v e s t i g a t i o n  o f  

t h i s  s u b j e c t .  R e l a t i v e  and a b s o l u t e  m easurem ents o f  th e  e m is s io n  c ro s s  

s e c t i o n  o f  o v e r  250 s p e c t r a l  l i n e s  i n  th e  approxim ate  w a v e len g th  i n t e r ­

v a l  o f  3300 t o  12,000 & a re  r e s u l t s  o f  t h i s  e x p e r im en t .  T h e o r e t i c a l  

spon taneous  t r a n s i t i o n  p r o b a b i l i t i e s  have been  employed where needed to  

f a c i l i t a t e  c a l c u l a t i o n  o f  th e  p r o b a b i l i t y  o f  e x c i t a t i o n  o f  a  ground 

s t a t e  neon atom e x p e r ie n c in g  an e l e c t r o n  c o l l i s i o n  to a p a r t i c u l a r  

e x c i t e d  l e v e l .  Such p r o b a b i l i t i e s ,  o r  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  

as  th e y  a r e  c a l l e d ,  were c a l c u l a t e d  a t  an i n c i d e n t  e l e c t r o n  e ne rgy  o f

100 eV f o r  t h e  t e n  2p l e v e l s .  The r e s u l t i n g  v a lu e s  o b t a in e d  a r e  compared

—  - 2to  th e  t h e o r e t i c a l  c a l c u l a t i o n s  made by F. E. F a jen  u s in g  the  Born and 

Born-Ochkur a p p ro x im a t io n s .  The b ra n c h in g  r a t i o s  o f  s p e c t r a l  l i n e s  

h a v in g  common upper l e v e l s  a re  c a l c u l a t e d  from the  t h e o r e t i c a l  t r a n s i ­

t i o n  p r o b a b i l i t i e s .  Where p o s s i b l e  th e s e  t h e o r e t i c a l  b r a n c h in g  r a t i o s  

a r e  compared to th o se  o b t a in e d  b y , e x p e r im e n t ,  and c o n c lu s io n s  a r e  drawn 

from t h e i r  ag reem en t .

Theory

The p a s sa g e  o f  an e l e c t r o n  th ro u g h  a gas w i l l  p roduce  a number o f  

d i f f e r e n t  e f f e c t s  w hich  r e s u l t  from  th e  c o l l i s i o n  o f  th e  e l e c t r o n  w i th  

th e  c o n s t i t u e n t  atoms. These e f f e c t s  may be c l a s s i f i e d  as b e in g  e l a s t i c ,  

s u p e r e l a s t i c ,  o r  i n e l a s t i c .  In  an e l a s t i c  c o l l i s i o n  no e ne rgy  i s  

exchanged be tw een  th e  i n t e r n a l  m o tio n  o f  th e  t a r g e t  atom and th e  c o l l i d i n g
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e l e c t r o n .  S u p e r e l a s t i c  c o l l i s i o n s  o c c u r  when the i n c i d e n t  e l e c t r o n  g a in s  

energy  from th e  i n t e r n a l  m otion  o f  th e  atom. When some o f  the  k i n e t i c  

energy  o f  the  c o l l i d i n g  e l e c t r o n  i s  l o s t  i n  e x c i t i n g  the  i n t e r n a l  m o tion  

i n  th e  atom, the  e l e c t r o n  i s  s a id  to  have  e x p e r ie n c e d  an i n e l a s t i c  

c o l l i s i o n .  F u r th e r  d i v i s i o n  o f  the  l a t t e r  c a se  in v o lv e s  knowing w h e th e r  

th e  c o l l i s i o n  p roduces  s in g l e  e x c i t a t i o n ,  doub le  e x c i t a t i o n ,  i o n i z a t i o n ,  

o r  i o n i z a t i o n - e x c i t a t i o n .  This work d e a ls  e x c l u s i v e l y  w i th  the  p r o c e s s  

o f  s in g l e  e x c i t a t i o n .

In  o r d e r  to r e p r e s e n t  q u a n t i t a t i v e l y  th e  p r o b a b i l i t y  t h a t  an 

e l e c t r o n  w i t h  s u f f i c i e n t  energy  w i l l  p roduce  e x c i t a t i o n  o f  a  ground 

s t a t e  atom as a r e s u l t  o f  the  c o l l i s i o n ,  th e  c o n c e p t  o f  c ro s s  s e c t i o n  

i s  employed. The e q u a t io n  e x p r e s s in g  th e  c ro s s  s e c t i o n  in  term s o f  

e x p e r im e n ta l ly  m e a su ra b le  q u a n t i t i e s  may be o b ta in e d  from a c o n s id e r a t i o n  

o f  the p r o d u c t io n  r a t e  o f  e x c i t e d  s p e c i e s .  Thus, l e t t i n g  be th e  

number o f  e x c i t e d  atoms produced  p e r  c u b ic  c e n t i m e t e r  by the  e l e c t r o n  

beam, the  p o p u la t io n  e q u a t io n  under  t h e  a ssum ption  o f  s i n g l e  n e u t r a l  

a to m - e l e c t r o n  c o l l i s i o n s  becomes 

dN.

"e + I  "i - "j I  ''jk • 
i > j  k < j

In  t h i s  e q u a t io n  n^ i s  the  number o f  e l e c t r o n s  p a s s in g  th rough  th e  gas 

p e r  second p e r  sq u a re  c e n t im e te r  o f  th e  beam, i s  the  c ro s s  s e c t i o n  f o r  

e x c i t a t i o n  to  the  j t h  l e v e l ,  N i s  th e  number o f  ground s t a t e  atoms p e r  

cub ic  c e n t i m e t e r ,  and i s  th e  p r o b a b i l i t y  p e r  second t h a t  an e x c i t e d  

atom ic e l e c t r o n  w i l l  make a  t r a n s i t i o n  from th e  i t h  to the  j t h  l e v e l .

The A ^ j 's  a r e  t e c h n i c a l l y  c a l l e d  the  spon taneous  E i n s t e i n  t r a n s i t i o n  

p r o b a b i l i t i e s .  Under s te a d y  s t a t e  c o n d i t i o n s ,  i . e .  when N, i s  a



c o n s t a n t ,  e q u a t io n  (1) becomes

%  ' " j  A  ' ^ j k  -  I « 1  •

k < j  l > j

The d i r e c t  e x c i t a t i o n  c r o s s  s e c t i o n  can , t h e r e f o r e ,  be e x p re s s e d  i n  

term s o f  the  c a s c a d in g  c o n t r i b u t i o n s  to  and from th e  j t h  l e v e l .

The t o t a l  number o f  pho tons  e m i t te d  pe r  c e n t i m e t e r  o f  th e  e l e c t r o n  

beam, w i th  f re q u e n c y  c o r r e s p o n d in g  to  th e  j k  t r a n s i t i o n ,  i s  g iven  by

■^jk ^ jk
N. dS , (3)

S

where S i s  the  c ro s s  s e c t i o n a l  a r e a  o f  the  beam. 

The e l e c t r o n  beam c u r r e n t  i s  g iv e n  by

I  = e
0

n^ dS , (4)

S

where e i s  the  e l e c t r o n i c  c h a rg e .

In  o r d e r  to  o b t a i n  th e  t o t a l  number o f  e x c i t e d  atoms produced  p e r  

c e n t i m e t e r  o f  e l e c t r o n  beam, i t  i s  n e c e s s a ry  to m u l t i p l y  e q u a t io n  (2) on 

b o th  s id e s  by dS and i n t e g r a t e  th e  r e s u l t i n g  e x p r e s s io n  o v e r  th e  t o t a l  

a r e a  o f  th e  beam. When t h i s  h a s  been done and e q u a t io n s  (3) and (4) have 

been  s u b s t i t u t e d ,  the  fo l lo w in g  r e s u l t  i s  o b ta in e d ;

/ I -  J

k < j  i > j

This  e x p re s s io n  t a k e s  on a  s im p le r  form by in t r o d u c in g  th e  s o - c a l l e d

t h e o r e t i c a l  b ra n c h in g  r a t i o ,  B,, . This  q u a n t i t y  i s  d e f in e d  as the r a t i o
J k

o f  th e  t o t a l  t r a n s i t i o n  p r o b a b i l i t y ,  f o r  r a d i a t i v e  t r a n s i t i o n s  from the  

j t h  l e v e l  to a l l  low er l e v e l s ,  to  th e  t r a n s i t i o n  p r o b a b i l i t y  o f  a r a d i a ­

t i v e  t r a n s i t i o n  from th e  j t h  to  the  k t h  l e v e l .  When B., i s  s u b s t i t u t e djk
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i n t o  e q u a t io n  ( 5 ) ,  th e  d i r e c t  e x c i t a t i o n  c r o s s  s e c t i o n  to  th e  j t h  l e v e l  

becomes

z

D e f in in g  the  c r o s s  s e c t i o n  o f  th e  s p e c t r a l  l i n e  in  q u e s t i o n  by the  

e x p re s s io n

« j k  ■ K̂f)
e q u a t io n  (6) becomes

■ « j  =  ® j k  « j k  -  1  « i j  • <«>
i > j

Thus, th e  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n  depends upon th re e  

q u a n t i t i e s  which c o r re s p o n d  to  d i f f e r e n t  s t e p s  o f  th e  a n a l y s i s .  The 

i n i t i a l  e x p e r im e n ta l  m easurem ents  y i e l d  c r o s s  s e c t i o n s  o f  r a d i a t i v e  

t r a n s i t i o n s  which depend upon the  a b s o lu t e  i n t e n s i t i e s  o f  th e  e m i t te d  

s p e c t r a l  l i n e s  f o r  a g iv e n  e l e c t r o n  beam c u r r e n t  and number d e n s i t y  o f  

ground s t a t e  a tom s. These a r e  c o n v e r te d  i n t o  a p p a r e n t  e x c i t a t i o n  c ro s s  

s e c t i o n s  by m u l t i p l y i n g  each  by i t s  r e s p e c t i v e  t h e o r e t i c a l  b r a n c h in g  

r a t i o .  S u b t r a c t in g  th e  c a s c a d e  c o n t r i b u t i o n s  from th e  a p p a r e n t  e x c i ­

t a t i o n  c ro s s  s e c t i o n  y i e l d s  th e  d i r e c t  e x c i t a t i o n  c r o s s  s e c t i o n .  This 

l a t t e r  q u a n t i t y ,  w hich  m igh t  be th o u g h t  o f  a s  d e s c r i b i n g  th e  e f f e c t i v e ­

n e s s  o f  p o p u la t in g  an e x c i t e d  l e v e l  by c o l l i s i o n s  o f  e l e c t r o n s  w i th  

ground s t a t e  a tom s, i s  o f  p r im e  im p o r ta n c e .  The e f f o r t s  o f  thife work 

have  been  d i r e c t e d  to  th e  e v a l u a t i o n  o f  t h i s  q u a n t i t y  f o r  th e  t e n  2p 

e x c i t e d  s t a t e s  o f  neon .



CHAPTER I I  

EXPERIMENTAL APPARATUS

Ihe  e x p e r im e n ta l  a p p a ra tu s  which i s  used  to  m easure  e x c i t a t i o n  

c r o s s  s e c t i o n s  by th e  o p t i c a l  method may be d iv id e d  I n to  f o u r  c o n s t i t u e n t  

com ponents: "

(1) a vacuum system  m o d if ied  to  p e rm i t  i n t r o d u c t i o n  o f  th e  neon 

atoms i n t o  th e  c o l l i s i o n  r e g io n ,

(2) an  e l e c t r o n  gun to p roduce  th e  i n c i d e n t  p a r t i c l e s  and to 

c o n t r o l  t h e i r  e n e rg y ,

(3) l i g h t  d e t e c t i o n  and d a t a  p r o c e s s in g  equipm ent to  c o n v e r t  th e  

p h o to n  r a d i a t i o n  i n t o  u s e f u l  in f o r m a t io n ,  and

(4) an  a b s o lu t e  pho ton  s ta n d a r d  to  c a l i b r a t e  th e  d e t e c t i o n  sy s tem . 

T h is  c h a p te r  w i l l  d e s c r i b e  the  more im p o r ta n t  a s p e c t s  o f  th e  f i r s t  t h r e e  

o f  t h e s e  components u sed  in  t h i s  s tu d y  and th e  fo l lo w in g  c h a p te r  w i l l  

d e a l  e x c l u s i v e l y  w i th  th e  f o u r t h  component.

The Vacuum System

The vacuum sys tem , w i th  the  e x c e p t io n  o f  a  g l a s s  McLeod gauge and 

th e  ga$ r e s e r v o i r ,  i s  made e x c lu s i v e l y  o f  m e t a l .  The p r i n c i p a l  b u i ld i n g  

m a t e r i a l  i s  s t a i n l e s s  s t e e l .  G lass  to  m e ta l  s e a l s  w ere i n s t a l l e d  to  

j o i n  th e  g l a s s  and m e ta l  p o r t i o n s .  The sys tem  was d e s ig n e d  so t h a t  i t  

c o u ld  be d isa s s e m b le d  f o r  c le a n in g  w henever th e  need m ig h t  a r i s e .  The 

v a r io u s  s e c t i o n s  o f  th e  system  a re  coup led  t o g e t h e r  by C o n f i â t  f l a n g e s

6
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m an u fa c tu red  by V a r ia n  A s s o c ia t e s .  The main vacuum chamber which houses 

th e  e l e c t r o n  gun was des igned  to p e rm i t  bak ing  a t  t e m p e ra tu re s  up to

400°C. A f t e r  the  i n i t i a l  ro u g h in g  o f  the  system  by e i t h e r  a m echan ica l

—  -4o r  a  c ry o g e n ic  forepump to p r e s s u r e s  o f  5 x 10 T o r r ,  th e  f o r e l i n e  i s

v a lv e d  o f f  and the  main vacuum chamber i s  th en  opened to  a V arian  Vaclon

pump. The p r e s s u r e  i n  t h i s  p a r t  o f  th e  system  a f t e r  s u f f i c i e n t  bak ing

-9w i l l  rea c h  an u l t i m a t e  p r e s s u r e  o f  3 x 10 T o rr .  Thus, im p u r i t i e s  

from th e  r e s i d u a l  gases  a re  n e g l i g i b l e  s in c e  the  a c t u a l  expe r im en t  i s  

perfo rm ed  w i th  neon gas p r e s s u r e s  i n  the  m icron  r a n g e .

”  '  The number d e n s i t y  o f  th e  neon atoms i s  d e te rm in e d  by m easuring  

th e  p r e s s u r e  i n  th e  c o l l i s i o n  chamber by em ploying a McLeod gauge 

connec ted  by an appendage th rough  a  c o ld  t r a p  to  th e  chamber. When 

n o t  i n  use  o r  when the  t r a p  i s  n o t  co o le d ,  th e  McLeod gauge i s  va lved  

o f f  from th e  r e s t  o f  th e  sy s tem  in  o r d e r  to keep m ercu ry  vapors  from 

g e t t i n g  in to  th e  c o l l i s i o n  r e g io n .  During th e s e  t im es  a  P i r a n i  gauge 

c a l i b r a t e d  r e l a t i v e  to  th e  McLeod i s  employed to  m o n i to r  the  gas 

p r e s s u r e .

The neon gas was p u rch a se d  from the  L inde C o rp o ra t io n  in  l i t e r  

g l a s s  f l a s k s  c o n ta i n in g  th e  gas  a t  a p r e s s u r e  o f  one a tm osphere . Dosing 

th e  system  from th e  L inde b o t t l e  i s  f a c i l i t a t e d  by em ploying two m e ta l  

v a lv e s  i n  s e r i e s  w i th  each  o t h e r  and h a v in g  a sm a l l  volume between them. 

Thus, open ing  the  v a lv e  n e x t  to th e  b o t t l e  f i l l s  th e  sm a ll  volume w i th  

g a s .  C lo s ing  t h i s  v a lv e  and o pen ing  the second i n t r o d u c e s  the  m etered  

amount o f  gas in to  the  sys tem .

A pho tog raph  o f  th e  vacuum sys tem  showing th e  c o l l i s i o n  chamber and 

th e  McLeod gauge i s  shown in  F ig u re  1. Also shown i n  t h i s  f i g u r e  a re  

th e  monochromator and a s s o c i a t e d  o p t i c s ,  s in c e  th e  vacuum system  and the
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FIGURE 1. Experimental Apparatus
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monochrom ator a re  s i t u a t e d  on th e  same t a b l e  which i s  b u i l t  o f  aluminum.

The E l e c t r o n  Gun

The neon atoms a r e  e x c i t e d  by a w e l l  c o l l im a te d  beam o f  n e a r ly  

m o n o en e rg e t ic  e l e c t r o n s .  The beam i s  p roduced  by an e l e c t r o n  gun which 

i s  b u i l t  o f  s t a i n l e s s  s t e e l .  I n s u l a t i o n  o f  th e  v a r io u s  e l e c t r o d e s  i s  

accom plished  by em ploying  g l a s s  beads two m i l l i m e t e r s  in  d ia m e te r .  The 

gun, d i s p l a y e d  i n  F ig u r e s  2 and 3, i s  o f  p en to d e  d e s ig n .  An i n d i r e c t l y  

h e a te d  b a r iu m  im pregnated  c a thode  p r o v id e s  th e  e l e c t r o n  s o u rc e .  The 

e l e c t r o n s  e m i t t e d  from  th e  ca th o d e  a r e  a c c e l e r a t e d  and c o l l im a te d  by 

fo c u s in g  g r i d s  w hich  a c t  a s  p in h o le  l e n s e s  to  the  e l e c t r o n s .  The 

r e s u l t i n g  c o l l im a te d  beam which i s  a p p ro x im a te ly  two m i l l i m e t e r s  i n  

d ia m e te r  p a s s e s  i n t o  a c y l i n d r i c a l  F a rad a y  cage o r  a f i e l d - f r e e  r e g io n  

where th ey  a re  c o l l e c t e d  by th e  w a l l s  o f  th e  ca g e ,  and th e  r e s u l t i n g  

beam c u r r e n t  i s  m easured  w i th  an a c c u r a t e  m icroam m eter. The r a d i a t i o n  

r e s u l t i n g  from th e  e x c i t a t i o n  i s  o b s e rv e d  a t  r i g h t  a n g le s  to  the  e l e c t r o n  

beam th ro u g h  a s m a l l  window i n  th e  s i d e  o f  th e  Faraday  cage . In  o r d e r  

to  m in im ize  back s c a t t e r i n g  o f  th e  beam and th e  e f f e c t s  o f  se co n d a ry  

e l e c t r o n s  w hich  m ig h t  g e t  i n to  th e  i n t e r a c t i o n  r e g i o n ,  an' e l e c t r o n  

c o l l e c t o r  o p e ra te d  a t  a p o s i t i v e  v o l t a g e  w i t h  r e s p e c t  to th e  Faraday  

cage was i n s t a l l e d  j u s t  b e h ind  the  m e ta l  s c r e e n  which a c t s  a s  th e  r e a r  

w a l l  o f  th e  f i e l d - f r e e  r e g i o n .

The maximum o u t p u t  beam c u r r e n t  from  t h i s  p a r t i c u l a r  e l e c t r o n  gun 

may r e a c h  v a lu e s  o f  o n ly  2 .5  m i l l i a m p e r e s . The a c t u a l  maximum c u r r e n t  

a t t a i n a b l e  w i l l  depend , o f  c o u r s e ,  upon th e  p r e s s u r e  o f  the  p a r t i c u l a r  

gas w hich  i s  b e in g  s tu d i e d  and the  t e m p e ra tu re  o f  th e  c a th o d e .  For the  

s t u d i e s  i n  neon, e l e c t r o n  beam c u r r e n t s  w ere always 500 m icroam peres  o r  

l e s s .  C u r re n ts  o f  50 m icroam peres  w ere  v e ry  common.
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In  the  neon s t u d i e s  th e  i n c i d e n t  e l e c t r o n s  always had an energy  

d i s t r i b u t i o n  which was l e s s  than  1 eV. This  upper  l i m i t  may be p la c e d  

upon the  d i s t r i b u t i o n  i n  th e  e ne rgy  o f  th e  i n c i d e n t  e l e c t r o n s  th rough  

an  e x a m in a t io n  o f  th e  f i n e  s t r u c t u r e  found in  th e  e x c i t a t i o n  f u n c t io n  

o f  th e  2p^Q l e v e l  o f  neon . The 1 eV upper l i m i t  p la c e d  on t h i s  p a r t i c u ­

l a r  e l e c t r o n  gun i s  n o t  too  s u r p r i s i n g  s in c e  o t h e r  guns o f  t h i s  d e s ig n  

have been shown by r e t a r d i n g  p o t e n t i a l  m easurem ents  to have e ne rgy  

r e s o l u t i o n  i n  the  v i c i n i t y  o f  0 .5  eV.

The L ig h t  D e te c t io n  and A utom atic  Data 

P r o c e s s in g  Equipment

From e q u a t io n  (7) i t  can  be se en  t h a t  the  c r o s s  s e c t i o n  Q,, o f  aJK

s p e c t r a l  l i n e  _can be o b ta in e d  as a f u n c t i o n  o f  e ne rgy  by v a ry in g  the  

e ne rgy  o f  th e  i n c i d e n t  e l e c t r o n s  and m easu r ing  th e  l i g h t  o u tp u t  

w h i l e  a t  th e  same t im e th e  number d e n s i t y  N and th e  e l e c t r o n  beam 

c u r r e n t  a re  h e ld  c o n s t a n t .  A p l o t  o f  t h i s  ty p e  i s  c a l l e d  an e x c i t a ­

t i o n  f u n c t io n .

The e l e c t r o n i c  equ ipm ent employed to a u to m a t i c a l l y  pe rfo rm  th e s e  

t a s k s  i s  d i s p la y e d  a lo n g  w i t h  o t h e r  r e l a t e d  e x p e r im e n ta l  a p p a ra tu s  i n  

a  b lo c k  d iagram  i n  F ig u re  4 . A programmed r e g u l a t e d  D.C. power su p p ly  

c o n t in u o u s ly  changes th e  e n e rg y  o f  th e  i n c i d e n t  e l e c t r o n s .

The C o n s ta n t  C u r re n t  Device

The e l e c t r o n  beam f l u x  i s  h e ld  c o n s ta n t  o v e r  the  range from 18 to  

200 eV by a  d e g e n e r a t iv e  feed b ack  sy s tem  d e s c r ib e d  by Anderson e t  a l ^ .

In  t h i s  system  th e  e l e c t r o n  beam c u r r e n t  i n to  th e  i n t e r a c t i o n  r e g i o n  i s  

sampled by m o n i to r in g  th e  v o l t a g e  p roduced  a c r o s s  a r e s i s t o r  w hich h a s  

been  p la c e d  i n  th e  r e t u r n  p a th  from th e  F araday  c a g e - c o l l e c t o r  sy s tem . 

When th e  e l e c t r o n  beam c u r r e n t  exceeds  a p re -d e te rm in e d  l e v e l ,  a c u r r e n t
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FIGURE 4 .  L i g h t  D e t e c t i o n  and D a ta  P r o c e s s i n g  System 

(Only one  m o d u la t i o n  sy s te m  i s  u sed  a t  a t i m e . )
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com parato r  c o n v e r t s  th e  d i f f e r e n c e  betw een  the  v a lu e  o f  the  a c t u a l  and 

t h a t  o f  th e  d e s i r e d  c u r r e n t  i n t o  a v o l t a g e  s i g n a l .  This s i g n a l  i s  

a m p l i f ie d  by an o p e r a t i o n a l  a m p l i f i e r  w hich i s  e s s e n t i a l l y  a  chopper 

s t a b i l i z e d  D.C. a m p l i f i e r  t h a t  i s  o p e ra te d  w i th  n e g a t iv e  feed b ack  so 

t h a t  g r e a t e r  s t a b i l i t y  w i l l  be o b t a i n e d .  S ince  the  ca thode  o f  the  

e l e c t r o n  gun must be o p e r a t e d  a t  a n e g a t iv e  p o t e n t i a l ,  w i th  r e s p e c t  to 

th e  Faraday  cage , i t  i s  n e c e s s a r y  to  i s o l a t e  t h i s  c o n t r o l  s i g n a l  b e f o r e  

i t  i s  a p p l i e d  to  th e  f i r s t  g r i d  o f  th e  e l e c t r o n  gun where t h e  f o c u s in g  

c h a r a c t e r i s t i c s  a r e  a d ju s t e d  and , h e n c e ,  th e  e l e c t r o n  beam c u r r e n t  

r e g u l a t e d .  In  o r d e r  f o r  i s o l a t i o n  to  be accom plished  th e  c o n t r o l  s i g n a l  

i s  used to  m odula te  a 50 KHz c a r r i e r  wave. A f t e r  a m p l i f i c a t i o n ,  th e  

m odulated  s ig n a l  i s  th e n  dem odu la ted ,  f i l t e r e d  to  remove unwanted 

c a r r i e r  s i g n a l ,  and th e n  a p p l i e d  to  th e  f i r s t  g r id  o f  the  e l e c t r o n  gun.

A d e t a i l e d  c i r c u i t  d iag ram  o f  t h e  c o n s t a n t  c u r r e n t  c o n t r o l  u n i t ,  a lo n g  

w i th  some r e l e v a n t  s t a t i s t i c s  p e r t a i n i n g  to  i t s  s t a b i l i t y ,  i s  g iv e n  by
3

Anderson .

In  some c a s e s  l a r g e r  c u r r e n t s  were r e q u i r e d  from the  gun th a n  those  

which c o u ld  be s a t i s f a c t o r i l y  r e g u l a t e d  by the  c o n s ta n t  c u r r e n t  co n ­

t r o l l e r .  For t h e s e  e x c e p t io n s  t h e  p e n tode  c h a r a c t e r i s t i c  n a tu r e  o f  th e  _ 

gun was u t i l i z e d .  Thus, i t  was found t h a t  the  c u r r e n t  c o u ld  be r e g u l a t e d  

m anually  q u i t e  s a t i s f a c t o r i l y  from o n s e t  to  e n e r g i e s  up to  a p p ro x im a te ly  

60 eV. From t h i s  energy  up to  400 eV o n ly  s l i g h t  p e r i o d i c  a d ju s tm e n t  

o f  the  second g r i d  w i l l  h o ld  th e  c u r r e n t  c o n s t a n t .  Hence, e x c i t a t i o n  

fu n c t io n s  can be p l o t t e d  w i t h  t h i s  s e m i-a u to m a t ic  method.

The O p t i c a l  System 

The r a d i a t i o n  produced as  a r e s u l t  o f  th e  e x c i t a t i o n  p r o c e s s e s  i s  

ob se rv ed  p e r p e n d i c u l a r  to  th e  beam d i r e c t i o n .  The l i g h t  c o n ta in e d  w i t h i n
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th e  s o l i d  a n g le  sub tended  by an a p e r t u r e  s to p  which im m ed ia te ly  p r e c e d e s

a l e n s  i s  focused  by the  l a t t e r  upon th e  e n tra n c e  s l i t  o f  a h a l f - m e t e r

E b e r t  mounted J a r r e l l - A s h  g r a t i n g  m onochromator. The g r a t i n g  a n g le  may

be v a r i e d  e i t h e r  m anually  o r  by an e l e c t r i c  scann ing  m o to r .  With t h i s

in s t ru m e n t  a ran g e  o f  w a v e le n g th s  from 2000 to  18,000 2  may be cove red

by in te r c h a n g in g  two g r a t i n g s .  Thus, th e  d e s i r e d  s p e c t r a l  t r a n s i t i o n

may be s e l e c t e d  and th e  r e s u l t i n g  l i g h t  p a s s in g  th rough  the  e x i t  s l i t

w i l l  be d e t e c t e d  by a h i g h  g a in  p h o t o m u l t i p l i e r  tu b e .

F u r th e r  d i s c u s s i o n  o f  th e  o p t i c a l  sys tem  i s  g iv e n  i n  C hap te r  I I I .

P h o t o m u l t i p l i e r  Tubes

Four d i s t i n c t  p h o t o m u l t i p l i e r  tu b es  a re  used as th e  need a r i s e s .

The ch o ic e  o f  d e t e c t o r  depends upon i t s  s p e c t r a l  r e s p o n s e ,  g a in ,  d a rk

c u r r e n t ,  and ca th o d e  s e n s i t i v i t y .  For the  v i s i b l e  r e g io n  from 3000 to  
o

6000 A an  EMI 6256A p h o t o m u l t i p l i e r  i s  u sed . This tube  has a S-13 sp e c -
o

t r a l  r e s p o n s e ,  . In  th e  s p e c t r a l  r e g i o n  from 6000 to  8000 A e i t h e r  an  EMI

9558A o r  a  RCA 7265 tube  i s  employed. These tubes  p o s s e s s  a S-20 sp e c -
o

t r a l  r e s p o n s e .  For th e  n e a r  i n f r a r e d  from 8000 to  12 ,000  A a RCA 7102 

w i th  a S-1 s p e c t r a l  r e s p o n s e  i s  chosen . The dynode v o l ta g e s  o f  th e  

p h o t o m u l t i p l i e r  tube  a r e  s u p p l i e d  by a  Model RE-3002 h ig h  v o l ta g e  

power su p p ly  b u i l t  by th e  N o r th e a s t  S c i e n t i f i c  C o rp o ra t io n .  The s i g n a l  

from the  p h o t o m u l t i p l i e r  i s  m easured i n  th e  D.C. mode by r e a d in g  th e  

o u tp u t  w i th  a  Model 610B K e i th l e y  e l e c t r o m e t e r  and m icroam m eter. Dark 

c u r r e n t  caused  by th e rm a l  e l e c t r o n  e m is s io n  from the  c a th o d e  i s  red u c e d  

when the  need a r i s e s  by c o o l i n g  to  l i q u i d  n i t r o g e n  te m p e ra tu re  th e  p h o to ­

m u l t i p l i e r  tu b e  in  a s p e c i a l l y  b u i l t  c r y o s t a t  which i s  a t t a c h e d  to  the  

monochrom ator.

M o d u la t io n  Techniques 

E x c i t a t i o n  c ro s s  s e c t i o n s  a r e ,  i n  g e n e r a l ,  m easured  under c o n d i t io n s
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o f  low e l e c t r o n  beam c u r r e n t  d e n s i t i e s  and t a r g e t  gas number d e n s i t i e s .  

T h is  s i t u a t i o n  p roduces  p h o t o m u l t i p l i e r  s i g n a l s  which i n  most c a se s  a r e  

o n ly  s l i g h t l y  l a r g e r  than  th e  d a rk  c u r r e n t  o r  n o i s e  o f  th e  d e t e c t o r .

Thus, in  o r d e r  to  enhance  th e  s i g n a l  to  n o i s e  r a t i o ,  in  a d d i t i o n  to  

c o o l in g  th e  p h o t o m u l t i p l i e r ,  A.C. m o d u la t io n  te c h n iq u e s  have been 

a d o p te d .  I n  o r d e r  to  a c h ie v e  t h i s  p u rp o se  two d i s t i n c t  forms o f  modu­

l a t i o n  have been d e v i s e d .  The m ost f r e q u e n t l y  used method i s  to chop 

th e  l i g h t  coming from  th e  i n t e r a c t i o n  r e g i o n  w ith  a r o t a t i n g  w heel con ­

t a i n i n g  e q u a l l y  spaced  c i r c u l a r  h o le s  l o c a t e d  n e a r  the  w h e e l ' s  edge .

The h o le s  i n  th e  w heel a r e  p o s i t i o n e d  so t h a t  eq u a l  i n t e r v a l s  o f  l i g h t  

p a s sa g e  and l i g h t  b lo c k a g e  o c c u r .  Thus, a  sq u a re  m odu la ted  l i g h t  s i g n a l  

o f  1 KHz i s  fed  to  th e  i n p u t  o f  a tuned  a m p l i f i e r  and p h ase  d e t e c t o r .

The phase  d e t e c t o r  r e q u i r e s  t h a t  a  r e f e r e n c e  s ig n a l  o f  th e  same f re q u e n c y  

a s  th e  chopped l i g h t  be f e d  to  a d io d e  b r id g e  ne tw ork  c o n ta in e d  w i t h i n  

i t s  c i r c u i t r y .  T h is  r e f e r e n c e  s i g n a l  i s  o b t a in e d  from a p h o t o c e l l  w hich  

d e t e c t s  th e  l i g h t  from a  s m a l l  bu lb  p la c e d  d i a m e t r i c a l l y  o p p o s i t e  th e  

a p e r t u r e  th ro u g h  which th e  r a d i a t i o n  from th e  c o l l i s i o n  r e g i o n  p a s s e s .

The o u tp u t  o f  the  p h o t o c e l l  i s  th en  p a s se d  i n t o  a  wave s h a p in g  c i r c u i t  

to  p ro v id e  a  s in e  wave r e f e r e n c e  to  th e  phase  d e t e c t o r .

The second method o f  m o d u la t in g  th e  r a d i a t i o n  from th e  c o l l i s i o n  

r e g i o n  c o n s i s t s  i n  s w i tc h in g  th e  e l e c t r o n  beam on and o f f  by an e l e c t r o n i c  

s w i tc h .  When t h i s  form o f  m o d u la t io n  i s  d e s i r e d  th e  r e f e r e n c e  l i g h t  

_c i r c u i t r y  i s  d isc o n n e c te d  from th e  phase  d e t e c t o r  and th e  chopper w heel 

i s  removed from th e  f r o n t  o f  th e  m onochrom ator e n t r a n c e  s l i t .  The 

e l e c t r o n i c  chopper i s  th e n  p la c e d  i n  th e  l i n e  ru n n in g  from  th e  programmed 

D.C. power supp ly  to  th e  a c c e l e r a t i n g  g r i d  o f  th e  e l e c t r o n  gun. The 

p h ase  d e t e c t o r  i s  now sw itc h e d  to  an i n t e r n a l  mode where i t  w i l l  su p p ly
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i t s  own r e f e r e n c e  as w e l l  as  a s i g n a l  a t  th e  same f re q u e n c y  to  d r iv e

th e  e l e c t r o n i c  choppe r .

Scanning  th ro u g h  th e  same p o r t i o n  o f  th e  v i s i b l e  sp e c tru m  u s in g

e i t h e r  mode and r e c o r d in g  th e  s e p a r a t e  r e s u l t s  w i th  a  s t r i p  c h a r t

r e c o r d e r  r e v e a l s  t h a t  th e  s i g n a l  to  n o i s e  r a t i o  o f  th e  p h o t o m u l t i p l i e r

o u t p u t  i s  abou t  e q u a l  f o r  b o th  m o d u la t io n  t e c h n iq u e s .  However, f o r
o

r a d i a t i o n  h a v in g  w a v e le n g th s  g r e a t e r  th a n  abou t  7500 A, i . e .  when th e  

p h o t o m u l t i p l i e r  tu b e  h a v in g  a S-1 s p e c t r a l  r e s p o n s e  m ust be u se d ,  i t  i s  

n e c e s s a r y  to  a d o p t  th e  l a t t e r  method a n d ,h e n c e ,  chop th e  beam r a t h e r  

t h a n  th e  l i g h t  so t h a t  th e  background r a d i a t i o n  w i l l  n o t  be m odu la ted .

The L ock -In  A m p l if ie r  

The m odu la ted  s i g n a l  from the  p h o t o m u l t i p l i e r  i s  f ed  i n to  a 

P r i n c e t o n  A pplied  R esea rch  L o ck -In  A m p l if ie r  Model JB -4 .  The PAR Lock- 

I n  a m p l i f i e r  c o n s i s t s  e s s e n t i a l l y  o f  fo u r  s e c t i o n s .  The in p u t  s ig n a l  

f i r s t  e n t e r s  a tu n a b le  a m p l i f i e r ,  th e  d e s i r e d  f re q u e n c y  b e in g  e x t e r n a l l y  

s e l e c t e d  by tu r n i n g  a d i a l  on the  f r o n t  p a n e l  o f  th e  d e v ic e .  The tuned  

a m p l i f i e r  o u tp u t  i s  n e x t  fed  in to  a  phase  s e n s i t i v e  d e t e c t o r  which 

s e l e c t i v e l y  r e c t i f i e s  th e  A.C. s i g n a l  by com paring i t  w i t h  a r e f e r e n c e  

s i g n a l  o f  th e  same f re q u e n c y  i n  a d io d e  b r id g e  n e tw ork . The r e f e r e n c e  

s i g n a l  comes from th e  r e f e r e n c e  g e n e r a t i n g  s e c t i o n  o f  t h i s  i n s t r u m e n t .  

Maximum s e n s i t i v i t y  o f  t h i s  d e v ic e  i s  o b ta in e d  by a d j u s t i n g  th e  two 

s i g n a l s  so t h a t  th e y  a r e  in  phase w i th  each o t h e r  a f t e r  b e in g  r e c t i f i e d  

by the  d io d e  b r id g e  ne tw o rk .  A f t e r  d e t e c t i o n  th e  r e s u l t i n g  s i g n a l  then  

goes to  the  D.C. s e c t i o n  where i t  i s  i n t e g r a t e d  i n  a RC ne tw ork  and 

a m p l i f i e d  i n  a  D.C. a m p l i f i e r .  The tuned  a m p l i f i e r  o f  th e  Model JB-4 

h a s  a Q o f  a b o u t  25 and i t  f u r t h e r  re d u c e s  th e  a m p li tu d e  o f  any com­

p onen t  o f  th e  incom ing s i g n a l  w hich  i s  n o t  a t  th e  m o d u la t io n  f re q u e n c y .
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T his  in s t ru m e n t  can e i t h e r  g e n e r a te  i t s  own r e f e r e n c e  s i g n a l  and a t  th e  

same tim e p ro v id e  an o u tp u t  to  d r iv e  a m o d u la t in g  d e v ic e  such as the  

e l e c t r o n i c  chopper, o r  i t  can be a d j u s t e d  so t h a t  i t  w i l l  a c ce p t  an 

e x t e r n a l l y  g e n e ra te d  r e f e r e n c e  such a s  th e  one from th e  m echan ica l  

c h o p p e r .  The PAR L o c k - In  a m p l i f i e r  can  h a n d le  f r e q u e n c ie s  r a n g in g  from 

15 Hz to  15 KHz. I t  h a s  an e q u i v a l e n t  bandw id th  o f  0 .0 2 4  Hz when maxi­

mum RC i n t e g r a t i n g  t im e i s  u s e d .  Th is  u n i t  i s  c a p a b le  o f  r e c o v e r in g  a 

s i g n a l  which i s  46 db below th e  am bien t w h i t e  n o i s e  i n  a 1 KHz band 

c e n te r e d  a bou t  the  s i g n a l  f re q u e n c y  w i th  a s i g n a l  to  n o i s e  r a t i o  o f  one .

The O s c i l l o s c o p e

The e x c i t a t i o n  f u n c t io n s  a re  p l o t t e d  by f e e d in g  th e  D.C. o u tp u t  o f  

th e  L o ck -In  a m p l i f i e r  to  th e  v e r t i c a l  d e f l e c t i o n  p l a t e s  w h i le  the  

e l e c t r o n  energy  s u p p l ie d  by th e  programmed D.C. power supp ly  i s  im pressed  

upon th e  h o r i z o n t a l  i n p u t  o f  a  T e k t ro n ix  Model 561A o s c i l l o s c o p e .  A 

Model C-12 T e k tro n ix  camera w i th  an a t t a c h e d  Model 100 p r o j e c t e d  g r a t i ­

c u le  to  e l im in a te  p a r a l l a x  and a P o l a r o i d  f i lm  h o l d e r  s e t  fo r  time 

e x p o su re  makes a  perm anent r e c o r d  o f  th e  beam d o t  as i t  t r a c e s  o u t  the  

e x c i t a t i o n  f u n c t io n  on th e  o s c i l l o s c o p e  s c r e e n .  The r e s u l t i n g  . .photograph 

y i e l d s  a r e l a t i v e  m easurem ent o f  Q., v e r s u s  e l e c t r o n  e ne rgy  i n  th e  form 

o f  a  c o n tin u o u s  p l o t .

The C h a r t  R ecorder  

When i t  i s  d e s i r e d  to  m easure  th e  a b s o lu t e  c r o s s  s e c t i o n s  o f  s e v e r a l  

a tom ic  t r a n s i t i o n s  i n  an e lem en t  such  as neon th e  o s c i l l o s c o p e  i s  

r e p l a c e d  by a Model V.O.M. 7 Bausch and Lomb s t r i p  c h a r t  ( tim e b a s e ) ,  

r e c o r d e r .  Thus, h o ld in g  th e  n u m b e r -d e n s i ty  and th e  e l e c t r o n  beam c u r r e n t  

c o n s t a n t  w h i le  the  spec trum  o f  i n t e r e s t  i s  scanned  by th e  monochromator 

a t  a g iv en  e l e c t r o n  e n e rg y ,  th e  o u t p u t  from  th e  L o c k - In  a m p l i f i e r ,  which
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i s  now fed i n t o  th e  c h a r t  r e c o r d e r ,  w i l l  y ie ld  r e c o r d e r  d e f l e c t i o n s  which 

a r e  p r o p o r t io n a l  to  th e  c ro s s  s e c t i o n s  o f  the r e s p e c t i v e  a tom ic  l i n e s .  

Scanning th e  same r e g i o n  o f  the  sp ec tru m  when th e  r a d i a t i o n  i s  e m i t t e d  

from a tu n g s te n  r ib b o n  lamp w hich  has  been c a l i b r a t e d  so t h a t  a b s o lu t e  

pho ton  r a t e s  may be o b ta in e d  w i l l  y i e l d  d e f l e c t i o n s  on th e  c h a r t  r e c o r d e r  

w hich may be used to  c a l i b r a t e  th o s e  produced when th e  r a d i a t i o n  was 

e m i t te d  from the  c o l l i s i o n  r e g i o n .  A d i s c u s s io n  o f  th e  s t a n d a r d i z a t i o n  

th e o ry  i s  d e f e r r e d  to  th e  f o l lo w in g  c h a p te r .



CHAPTER I I I  

STANDARDIZATION OF THE DETECTION SYSTEM

From e q u a t io n  (7) i t  i s  shown t h a t  th e  c ro s s  s e c t i o n  o f  a p a r t i c u ­

l a r  r a d i a t i v e  t r a n s i t i o n  i s  g iv e n  by

■a
w here J . ,  i s  the  t o t a l  number o f  ph o to n s  e m i t t e d  p e r  second  p e r  c e n t i -  

]K
m e te r  o f  th e  e l e c t r o n  beam f o r  th e  f re q u e n c y  c o r r e s p o n d in g  to  t h e  j-* k

t r a n s i t i o n .  Thus, Q., depends upon an a c c u r a te  m easurem ent o f  th e
JK

a b s o l u t e  i n t e n s i t y  o f  the  e m i t t e d  s p e c t r a l  l i n e .  Through c o n s i d e r a t i o n  

o f  th e  o p t i c a l  system  and by m aking d i r e c t  com parisons  o f  th e  p h o to ­

m u l t i p l i e r  s i g n a l s  from th e  beam w i th  th o se  from a  c a l i b r a t e d  t u n g s te n  

r ib b o n  s o u rc e ,  a b s o lu t e  in te n s i ty ^ m e a s u re m e n ts  a r e  o b t a i n e d .

The r a d i a t i o n  p roduced  a s  a  r e s u l t  o f  th e  c o l l i s i o n  p r o c e s s  i s  

o b s e rv e d  a t  an a n g le  o f  90° w i t h  r e s p e c t  to  t h e  e l e c t r o n  beam. The 

l i g h t  e m i t t e d  from th e  i n t e r a c t i o n  r e g io n  i n t o  a known s o l i d  a n g le  0^^  

su b ten d ed  by th e  c o l l i s i o n  chamber l e n s  s to p  i s  imaged w i t h  u n i t  m agni­

f i c a t i o n  upon th e  e n t r a n c e  s l i t  o f  a m onochrom ator. The s e l e c t e d  

w a v e le n g th  o f  l i g h t  w h ich  em erges from th e  e x i t  s l i t  o f  t h i s  in s t r u m e n t  

d i v e r g e s  s u f f i c i e n t l y  to  p e rm i t  i l l u m i n a t i o n  o f  a  l a r g e  a r e a  o f  th e  

c a th o d e  s u r f a c e  o f  a  h i g h  g a in  p h o t o m u l t i p l i e r  tu b e  w hich  i s  p la c e d

2 0
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d i r e c t l y  in  f r o n t  o f  the  s l i t .  This  s e l e c t e d  geometry e l im in a te s

i n a c c u r a c i e s  due to  s e n s i t i v i t y  v a r i a t i o n s  over  the c a thode  s u r f a c e .

The o u t p u t  c u r r e n t ,  from th e  p h o t o m u l t i p l i e r  cube i s  dependen t n o t

o n ly  on  J . ,  and Q b u t  a l s o  upon th e  e f f e c t i v e  l e n g t h .  Ax, o f  th e  beam 
j k  cc

from w hich  r a d i a t i o n  i s  o b s e rv e d ,  th e  t r a n s m is s io n  p r o p e r t i e s ,  T^^(X), 

o f  th e  o p t i c a l  sy s te m , and the  pho ton  e f f i c i e n c y ,  E (X ), o f  th e  d e t e c t o r .  

The e q u a t i o n  r e l a t i n g  th e s e  q u a n t i t i e s  i s  g iven  by

' e c  -  J j k  W  T c c O k )

w here th e  f a c t o r  4rr i s  th e  t o t a l  s o l i d  a n g le  th ro u g h  w hich  pho tons  a re  

r a d i a t e d .

The w a v e len g th  dependence o f  E(X) i s  d e te rm in ed  by  m easu r ing  the  

o u t p u t  c u r r e n t ,  1^^^ from the  p h o t o m u l t i p l i e r  tube  when th e  r a d i a t i o n  i s  

e m i t t e d  from a tu n g s t e n  r ib b o n  lamp, which r e p l a c e s  th e  c o l l i s i o n  chamber 

a s  th e  p h o to n  s o u rc e .  This  lamp, Model Number T24/2 , was m anufac tu red  

by th e  G en e ra l  E l e c t r i c  Company w i t h  c a l i b r a t i o n  m easurem ents t r a c e a b l e  

to  th e  N a t io n a l  Bureau o f  S ta n d a rd s .

D e f in in g  Jgj^(X,T) as the  number o f  photons e m i t t e d  by th e  tu n g s te n  

s u r f a c e  a t  a  te m p e ra tu re  T p e r  second , p e r  w ave leng th  i n t e r v a l ,  p e r  square  

d e h t i m e t e r  o f  r ib b o n  a r e a ,  p e r  u n i t  s o l i d  ang le  sub tended  by the  same, 

th e  e q u a t i o n  e x p re s s in g  I  i n  term s o f  e x p e r im e n ta l ly  m easu rab le  quan­

t i t i e s  and E(X) may be w r i t t e n  as

-

' s l ' S l V J ,  EW I s,(X) JX . (10)
1 —  -

I n  t h i s  e q u a t io n  and Tg^(X) have th e  same r e l a t i o n s h i p  to  th e  s t a n ­

d a rd  lamp a s  0 and T have to th e  c o l l i s i o n  cham ber, and A.,, i s  the   ̂ cc  cc  SL

e f f e c t i v e  a r e a  o f  the  s t a n d a r d  lamp from which r a d i a t i o n  i s  d e t e c t e d .
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The i n t e g r a l  i n  e q u a t io n  (10) must be e v a lu a te d  o v e r  the  t r a n s m i t t e d  

w a v e le n g th  band o f  th e  monochromator.

Assuming E ( \ )  to  be eq u a l  to  E (k g ) ,  where i s  the  w ave leng th  o f  

th e  r a d i a t i o n  c o r r e s p o n d in g  to  the  j - * k  t r a n s i t i o n ,  e q u a t io n s  (9) and

(10) may be combined to  o b t a i n  The r e s u l t  i s

J  ( \ ,T )  T (A) d \

The q u a n t i t y  J  ( \ ,T )  i s  o b t a in e d  from P l a n c k 's  r a d i a t i o n  law 

th ro u g h  b la c k  body c o n s i d e r a t i o n s .  I n  th e  fo l lo w in g  s e c t i o n  th e  n e c e s ­

s a r y  e q u a t io n  i s  d e r iv e d .

B lack  Body Theory 

P l a n c k 's  r a d i a t i o n  law f o r  th e  e q u i l i b r i u m  d i s t r i b u t i o n  o f  energy  

from an i d e a l  b l a c k  body i s

jtB _ _____ 8 TT he
= ^ 5 [ ^ h o A k I .  i j  •

may be c a l l e d  the  "monochromatic e n e rg y  d e n s i t y "  o f  b la c k  body r a d i a ­

t i o n .  I t  h a s  u n i t s  o f  energy  p e r  u n i t  volume p e r  u n i t  w ave leng th  

i n t e r v a l .  Thus, l]^ d \ , which has  u n i t s  o f  e n e rg y  d e n s i t y ,  i s  th e  amount 

o f  e n e rg y  c o n ta in e d  i n  u n i t  volume i n  the  form o f  b la c k  body r a d i a t i o n  

i n  a  w a v e le n g th  ran g e  d \  a t  w a v e len g th

B lack  body r a d i a t i o n  may be t r e a t e d  m a th e m a t ic a l ly  by c o n s id e r in g  

th e  r a d i a n t  e n e rg y  c o n ta in e d  w i t h in  th e  i n t e r i o r  o f  a ho llow  h e a te d  

c a v i t y .  S ince  c a v i t y  r a d i a t i o n  i s  c o m p le te ly  in d ep en d en t  o f  th e  s i z e  o r  

shape o f  th e  c a v i t y ,  be in g  dependen t  o n ly  on the  te m p e ra tu re ,  no l o s s  o f  

g e n e r a l i t y  r e s u l t s  i f  the  c a v i t y  i s  assumed to  be th e  i n t e r i o r  o f  a  sp h e re  

o f  v e ry  l a r g e  r a d i u s .
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dS

dA Ri

X

FIGURE 5. G eom etr ica l  R e p r e s e n t a t i o n  o f  B lack  Body R a d ia t io n

R e f e r r in g  to  F ig u re  5 , l e t  dA be a sm a l l  s u r f a c e  e le m en t  o f  a r a d i ­

a t i n g  body l o c a t e d  a t  th e  c e n t e r  o f  the  s p h e r i c a l  c a v i t y  and p e rp e n ­

d i c u l a r  to the  2 - a x i s .  A lso ,  l e t  dS d e s ig n a t e  a  sm a l l  e le m e n t  o f  a r e a  

on th e  s u r f a c e  o f  the  s p h e re .  Then i t  i s  e a s i l y  seen  t h a t  th e  r a d i a t e d  

power dRp from th e  s u r f a c e  dA and i n c i d e n t  upon dS w i l l  be p r o p o r t i o n a l  

to th e  a r e a  dA and the  e le m e n t  o f  s o l i d  a n g le  diu o f  which th e  a re a  dS 

s u b te n d s  a t  the  o r i g i n  o f  c o o r d i n a t e s .  I t  w i l l  a l s o  depend upon the  

a n g le  0 betw een the  d i r e c t e d  a r e a s  dA and dS. T h e r e f o r e ,

dRp = I  dA cos 0 du) , (13)

w here I  i s  c a l l e d  the  t o t a l  i n t e n s i t y  o f  r a d i a t i o n  p e r  u n i t  s o l i d  a n g le

from the  e le m en t  o f  r a d i a t i n g  s u r f a c e  and a lo n g  i t s  n o rm a l .  I  cos 0
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r e p r e s e n t s  th e  r a t e  a t  which r a d i a n t  e ne rgy  i s  e m i t t e d  in  the d i r e c t i o n  

n p e r  u n i t  s o l i d  a n g le  and p e r  u n i t  o f  i t s  own a r e a .  In  a c a v i ty  I^ 

from th e  w a l l s  t a k e s  on th e  v a lu e  f o r  a  t r u l y  b l a c k  body r a d i a t o r  s in c e  

w hat th e  w a l l s  f a i l  to  r a d i a t e  i s  made up f o r  by r e f l e c t i o n .

Now a l l  r a y s  drawn from p o i n t s  on dA to  p o i n t s  on dS may be con­

s id e r e d  p a r a l l e l  s i n c e  th e  s p h e re  h a s  such l a r g e  r a d i u s  and a l s o  dS may 

be chosen  o f  such  s i z e  t h a t  i t  i s  t h e  e x a c t  p r o j e c t i o n  o f  dA i n  th e  

d i r e c t i o n  o f  n .  The r a d i a n t  e n e rg y  e m i t t e d  i n  one second from dA in  th e  

d i r e c t i o n  o f  n w i l l  be c o n ta in e d ,  t h e r e f o r e ,  i n  a  c y l i n d e r  of l e n g t h  c 

( th e  speed  o f  l i g h t  which i s  assumed to  be i n  a vacuum) and a r e a  dA cos 0 

T h e r e f o r e ,  th e  volume o f  t h i s  c y l i n d e r  i s

dV = c dA cos 0 . (14)

The m agn itude  o f  the  r a d i a n t  e n e rg y  i n  t h e  c a v i t y  i s  j u s t  s im ply  

dRp t im es  one se cond . T h e r e f o r e ,  m u l t i p l y i n g  e q u a t io n  (13) by one 

second  and d i v i d i n g  th e  r e s u l t  by dV, th e  e n e rg y  d e n s i t y  due to  t h i s  

r a d i a t i o n  anywhere i n s i d e  th e  c y l i n d e r  i s

B
d [u®  dXJ = ^  dU) . (15)

Assuming I  to  be un ifo rm  i n  a l l  d i r e c t i o n s ,  t h i s  l a s t  e x p r e s s io n

can  be i n t e g r a t e d  o v e r  th e  e n t i r e  s p h e r e .  The r e s u l t  o b ta in e d  i s

B 2n TT
dX = J '  J '  s i n  0 d 0 d l  = . (16)

T h e r e f o r e ,

o o

Non-Black Body M o d i f i c a t io n s  

S ince  th e  r a d i a t i n g  s u r f a c e  o f  th e  s t a n d a r d  lamp i s  made o f  t u n g s t e n ,  

I  o f  e q u a t io n  (17) must be m o d i f ie d  by m u l t i p l y i n g  i t  by the e m i s s i v i t y
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e ( \ , T )  o f  t h i s  m a t e r i a l .  Hence,

I  = e ( \ , T )  ^  e (X ,T) dX (18)

E q u a t io n  (18) may be m o d if ie d  to  f i n d  th e  r a t e  o f  e m iss io n  o f

p h o to n s  p e r  u n i t  w a v e len g th  i n t e r v a l  from a u n i t  a r e a  o f  th e  tu n g s te n  

r ib b o n  i n t o  a u n i t  s o l i d  ang le  normal to  i t s  s u r f a c e .  This q u a n t i t y  

d e s ig n a t e d  by Jg^(X ,T) i s  g iven  by

JsL(^,T)d\ = ^  ^  e(^,T) uf d\ , (19)

w here  h i s  P l a n c k 's  c o n s t a n t  and v i s  t h e  f re q u e n c y  o f  the  l i g h t  e m i t t e d  

from  the  s t a n d a r d  lamp. T h e re fo re ,  s in c e  V = ^ ,  Jgj^(X,T) i s  g iv e n  by

-  4#h

T ra n sm iss io n  C h a r a c t e r i s t i c s  o f  the  Monochromator

In  o r d e r  to  d e te rm in e  the  number o f  pho tons  which g e t  o u t  o f  th e

m onochrom ator e x i t  s l i t ,  i t  i s  n e c e s s a r y  to know th e  t r a n s m is s io n  c h a ra c -
4

t e r i s t i c s  o f  th e  m onochrom ator. A ccord ing  to  H a r r i s o n  and Lord th e  

r e l a t i v e  t r a n s m i s s io n  o f  a  g r a t i n g  monochromator h a v in g  i t s  e n t r a n c e  and 

e x i t  s l i t  w id th s  e q u a l  w i l l  have the  t r i a n g u l a r  p a t t e r n  shown in  F ig u re  6. 

From F ig u re  6

1 +  , - AX s X £ 0
(X) = {  (21)TRel V .

1 - ^  , 0 ^  X 3 AX

I f  W i s  th e  w id th  o f  th e  s l i t s ,  f  the  f o c a l  l e n g t h  o f  the  m onochrom ator,

d6 
dXand ^  th e  d i s p e r s i o n  o f  the  in s t r u m e n t ,  th e n  AX i s

AX = . (22)
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1.0

XX0

FIGURE 6. R e l a t i v e  T ra n sm iss io n  o f  a G ra t in g  Monochromator 
With Equal E n t ra n c e  and E x i t  S l i t  W idths

A J a r r e l l - A s h  o n e - h a l f  m e te r  s c an n in g  monochromator f i t t e d  w i th  a

grating having 1180 grooves per millimeter gives a value for AX of 
o

a p p ro x im a te ly  16 A when the  s l i t  jaws a re  s e t  f o r  a o n e - m i l l im e te r  

s e p a r a t i o n .

R e tu rn in g  now to th e  e v a l u a t i o n  o f  the  q u a n t i ty

ccV t I  
^1

in  e q u a t io n  (1 1 ) ,  i t  i s  n e c e s s a ry  to a s c e r t a i n  t h a t  —— i s  m ere ly
? c c & )

Tg^^(X). In  o r d e r  to  make th e  o p t i c a l  p a th  from th e  s ta n d a r d  lamp 

s im u la te  t h a t  from th e  c o l l i s i o n  chamber, i t  was d e c id e d  to mount the  

s ta n d a r d  lamp, im aging l e n s ,  m onochrom ator, and p h o t o m u l t i p l i e r  tube
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C o l l i s i o n
Chamber

Lens

(a)

S tan d ard
Lamp

Lens
Stop

P h o t o m u l t i p l i e r  
Tube

Monochromator

(b)

FIGURE 7. O p t i c a l  Arrangement f o r  S t a n d a r d i z a t i o n

(a) C o l l i s i o n  chamber a s  l i g h t  so u rc e
(b) S ta n d a rd  lamp as l i g h t  so u rc e

so t h a t  th e  l a t t e r  t h r e e  co u ld  be r o t a t e d  a s “ a  u n i t  to  adm it  r a d i a t i o n  

from e i t h e r  th e  c o l l i s i o n  chamber o r  the  s t a n d a r d  lamp. The e x p e r i ­

m enta l  a rrangem en t i s  shown above i n  F ig u re  7. S in c e  b o th  v iew ing  

windows a re  made o f  py rex  and th e  l e n s ,  image and o b j e c t  d i s t a n c e s  a r e  

the  same f o r  b o th  modes, t h i s  a rran g em en t i s  e q u i v a l e n t  to  r e p l a c i n g  

the  c o l l i s i o n  chamber by th e  s ta n d a r d  lamp.

R e f e r r in g  a g a in  to  th e  t r i a n g u l a r  w a v e len g th  band p a s s  o f  F ig u re  6 

which r e s u l t s  from th e  s ta n d a r d  lamp l i g h t  and to  th e  e x p e r im e n ta l
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a rran g em en t o f  F ig u re  7, i t  fo l lo w s  t h a t  Tg^(X.) = where K has  a

v a lu e  l e s s  than  u n i t y .  A lso , s in c e  th e  l i g h t  from th e  c o l l i s i o n  chamber 

h a s  th e  w a v e len g th  i t  fo l lo w s  t h a t  the  t r a n s m i s s io n  f u n c t io n  T^^(X) 

w i l l  depend o n ly  on K. Hence,

T I T T  -  ■ <“ )
CC o

The f a c t o r

J JgL&'T) 41 = J J s i/t 'T )  ?R el(t) (24)
^1 ° H

may now be  e v a lu a te d .  From e q u a t io n s  (1 2 ) ,  ( 2 0 ) ,  and (2 1 ) ,  e q u a t io n  (24) 

becomes

AX

j  -  s : )  *  • ( 25)
o ^ |_e - I J

O b v io u s ly ,  an e x a c t  e v a l u a t i o n  o f  t h e s e  two i n t e g r a l s  would be 

im p o s s ib le .  However, an  e x a m in a t io n  o f  th e  f u n c t i o n s  e(X ,T) and

B 2c
" ,4 [■ hc/XkT TT X Le - IJ

o v e r  th e  i n t e r v a l  o f  i n t e r e s t  r e v e a l s  t h a t  th e  e m i s s i v i t y  o f  tu n g s te n  may 

be assumed c o n s t a n t  and J  may be c o n s id e r e d  to  v a ry  l i n e a r l y  w i th  wave­

length, i.e.
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where

A
s = AX

i s  the  s lo p e  o f  the  cu rve  w hich  i s  v e ry  n e a r l y  a c o n s ta n t  o v e r  the

i n t e r v a l .  These a p p ro x im a t io n s  a re  indeed  q u i te  a c c u r a te  f o r  v a lu e s  o f  

o
AX ^ 20 A i n  th e  v i s i b l e  r e g io n  o f  th e  spectrum  and a re  even  a c c u r a te  

f o r  v a lu e s  o f  AX ^ 200 A in  th e  i n f r a r e d .

When th e s e  a p p ro x im a t io n s  a re  s u b s t i t u t e d  i n to  e q u a t io n  (25) and 

the  two i n t e g r a l s  a re  th en  e v a lu a t e d ,  th e  f i n a l  r e s u l t  i s

2c e(X ,T) AX 

" , 4  j - l . A . k T  ' J  •

This r e s u l t  shows t h a t  th e  number o f  photons p a s s in g  o u t  o f  th e  e x i t  

s l i t  o f  the  monochromator p e r  second p e r  u n i t  a r e a  o f  the  tu n g s te n  

r ib b o n  p e r  u n i t  s o l i d  a n g le  su b te n d e d  by th e  a p e r t u r e  s to p  i s  o b ta in e d  

by m u l t i p l y in g  Jgj^(X,T) by AX, which i s  th e  w id th  o f  the  cu rve  a t  h a l f  

the  maximum h e ig h t  o f  th e  t r a n s m i s s io n  f u n c t io n .

In  a c tu a l  p r a c t i c e ,  e s p e c i a l l y  when W ^ 0 .25  m i l l i m e t e r ,  i t  has  

been found t h a t  th e  t r a n s m i s s i o n  f u n c t i o n ,  T , ( X ) ,  does' n o t  have  the  

t r i a n g u l a r  form as shown i n  F ig u re  6, b u t  i t  has a form which i s  more 

c l o s e l y  approx im ated  by a  t r a p e z o i d a l  f u n c t io n .  T h is ,  how ever, adds no 

a d d i t i o n a l  c o m p l ic a t io n  to  th e  e v a l u a t i o n  o f  the  i n t e g r a l s  in  e q u a t io n  

(25 ).  The r e s u l t  in  t h i s  c a s e  i s  e x a c t l y  the  same and AX s t i l l  means 

the  w id th  o f  th e  c u rv e  a t  h a l f  th e  maximum h e ig h t  o f  th e  m easured  t r a n s ­

m is s io n  f u n c t io n .

I f  the  r e s u l t  o b t a in e d  i n  e q u a t io n  (27) i s  s u b s t i t u t e d  i n t o  e q u a t io n

(11 ) ,  becomes
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= -  ë  'AX .SL cc

where

2c e ( \  ,T) AX

’'iX ■ ” 7 hcA  kT ■
X'* e °  -  l :

O ' .

Values o f  f o r  a range  o f  te m p e ra tu re s  and w av e len g th s  have been

c a l c u l a t e d  by employing th e  e m i s s i v i t i e s  r e p o r t e d  by deVos^ f o r  a band- 

o
w id th ,  AX = 16 A, w i th  an IBM 1040 e l e c t r o n i c  com puter.

When e q u a t io n  (28) i s  s u b s t i t u t e d  i n to  e q u a t io n  (1 5 ) ,  th e  c ro s s  

s e c t i o n  o f  the  j~*k  t r a n s i t i o n  becomes

From e q u a t io n  (30) a b s o lu t e  c ro s s  s e c t i o n s  may be o b t a i n e d .  I t  i s  

o n ly  n e c e s s a ry  to  d e te rm in e  th e  unknown p a ra m e te r s .  The c u r r e n t s  I ^ ^ ,

Ig ^ ,  and I^  a r e  d e te rm in e d  from a c c u r a t e l y  c a l i b r a t e d  c u r r e n t  i n s t r u m e n ts .  

The q u a n t i t y  (4tt e P^^) i s  a  c o n s ta n t  f o r  a p a r t i c u l a r  w av e len g th  X and 

te m p e ra tu re  T o f  th e  s t a n d a r d  lamp. N i s  de te rm ined  by r e a d in g  the gas  

p r e s s u r e ,  p , in  m ic rons  w i t h  a McLeod gauge and th en  a p p ly in g  th e  

r e l a t i o n s h i p

N = 3 .2 2  X 10^3 p , (31)

w hich  fo l lo w s  from the  i d e a l  gas law and the  assum ption  t h a t  th e  tem p e ra ­

t u r e  o f  th e  gas i s  300°K. The p a ra m e te rs  0_  , 0  , A , and Ax depend
dL cc oLi

upon the  geom etry  o f  th e  o p t i c a l  d e v ic e s  in v o lv e d .  Hence, th e s e  m ust be 

de te rm in e d  e x p e r im e n ta l l y .

E x p e r im en ta l  Method

^SL ^SL\The f a c t o r  e q u a t io n  (30) i s  d e te rm in ed  by t r e a t i n g
cc
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each  p a ra m e te r  s e p a r a t e l y .  To enhance  o n e 's  u n d e r s ta n d in g  o f  th e s e  con­

c e p t s ,  u se  w i l l  be made o f  F ig u re  8 w hich  i l l u s t r a t e s  the  geom etry  o f  

th e  o p t i c a l  a rrangem en ts  from a d i f f e r e n t  p e r s p e c t i v e  than does F ig u re  7.

From the  m a g n i f ic a t i o n  p r o p e r t i e s  o f  th e  le n s  and o b je c t - im a g e  com­

b i n a t i o n s ,  i t  fo l lo w s  t h a t  ^

"̂ SL -  X  ”  ■ (3:)
'“to

and

Ax = w , (33)

when t h i n  len s  a p p ro x im a t io n s  a r e  assumed.

The s o l i d  a n g le s  o f  th e  c o l l i s i o n  chamber and th e  s ta n d a r d  lamp 

a re  l i m i t e d  by th e  monochromator when no e x t e r n a l  s to p s  a re  u sed ,  th e  

m ajor  l i m i t a t i o n  b e in g  th e  s i z e  o f  th e  g r a t i n g .  I t  i s ,  t h e r e f o r e ,  

n e c e s s a ry  to make c e r t a i n  t h a t  th e  l i g h t  e n t e r i n g  th e  monochromator f a l l s  

w i t h i n  th e  r e c t a n g u l a r  a r e a  o f  th e  g r a t i n g .  Thus, to  e n su re  t h a t  a l l  

t h i s  l i g h t  o r i g i n a t i n g  from e i t h e r  so u rc e  w i l l  be d e t e c t e d ,  th e  fo l lo w in g  

p ro ce d u re  i s  a d o p te d .  F i r s t ,  t h e  to p  o f  th e  monochromator i s  removed 

so t h a t  th e  i n t e r i o r  o f  the  i n s t r u m e n t  may be i l l u m in a te d  by an e x t e r n a l  

so u rc e .  This p e rm i t s  th e  o u t l i n e  o f  th e  g r a t i n g  to  be seen  w h ile  the  

r e l a t i v e l y  more i n te n s e  l i g h t  p a t c h  a p p e a r in g  upon i t s  s u r f a c e  and o r i g i ­

n a t i n g  from e i t h e r  th e  c o l l i s i o n  chamber o r  th e  s ta n d a r d  lamp i s  viewed 

th rough  th e  e x i t  s l i t .  S ince  a l l  th e  l i g h t  i s  made to  f a l l  upon th e  

g r a t i n g  s u r f a c e ,  th e s e  p r e c a u t i o n a r y  s t e p s  w i l l  a l s o  m inim ize the  e f f e c t s  

o f  s c a t t e r e d  l i g h t .

Once the  i l l u m i n a t i o n  o f  th e  g r a t i n g  h a s  been examined to  e n su re  no 

l i g h t  b lockage  w i t h i n  th e  m onochrom ator, th e  e f f e c t i v e  s o l i d  a n g le s  shown
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(b)

FIGURE 8 . Geometry o f  th e  O p t i c a l  System

(b) S tan d ard  lamp a s  th e(a )  C o l l i s i o n  chamber as  the  pho ton  s o u rc e ,  
p h o to n  so u rc e

a r e a  o f  th e  s ta n d a r d  lamp, r e s p e c t i v e l y ,  and Q

e f f e c t i v e  s o l i d  a n g le s .

Ax and A a r e  th e  e f f e c t i v e  l e n g th  o f  th e  beam and

and a re  t h e i r  cc SL
and Dg^ a r e  t h e  a p e r t u r e  s to p  d ia m e te r s  f o r

th e  r e s p e c t i v e  modes. The d ' s  r e f e r  to  th e  i n d i c a t e d  d i s t a n c e s  where 
b ,  L, S, -t, and M sym bolize  the  beam, s ta n d a r d  lamp, a p e r t u r e  s t o p s ,  l e n s ,  
and m onochrom ator, r e s p e c t i v e l y .  W i s  the  w id th  o f  th e  monochromator 
s l i t s  which a r e  p e r p e n d i c u l a r  to th e  beam. H i s  an a d d i t i o n a l  s l i t ,  made 
from r a z o r  b l a d e s ,  which i s  added f o r  th e  s t a n d a r d i z a t i o n  mode i n  o r d e r
to  d e te rm in e  A, 
o t h e r . SL' Both s e t s  o f  s l i t s  make p h y s ic a l  c o n ta c t  w i th  each
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in Figure 8 may be expressed by

2

and
2

O g , = . ( 3 5 )

E q ua tions  (3 2 ) ,  ( 3 3 ) ,  (3 4 ) ,  and (35) may now be combined to  form  

th e  d e s i r e d  f a c t o r  i n  e q u a t io n  ( 3 0 ) .  The r e s u l t  i s

" s i  ' ' s i  H O'

^ c c  '  "LS " c c

The r i g h t - h a n d  s id e  o f  e q u a t io n  (36) may be s i m p l i f i e d  by assum ing

t h a t  d , „  = d, , and t h a t  d_ „ = d _ , .  These a p p ro x im a t io n s ,  which a r e  bS bv Lo Lv
e q u iv a l e n t  to  assum ing t h a t  th e  s to p s  c o in c id e  w i th  the  I a n s ,  in t r o d u c e  

a c a l c u l a t e d  e r r o r  w hich  i s  l e s s  th a n  .05 p e r  c e n t  o f  th e  t r u e  v a lu e .  

T h e re fo re ,  under  th e s e  a ssum ptions

2
^SL ^SL „  °SL 

cc

In  the  a c t u a l  e x p e r im e n t  th e  l e n s  was a d ju s t e d  f o r  u n i t  m a g n i f ic a ­

t i o n ,  i . e .  d ^  and d^^ w ere  s e t  e q u a l .  Hence,

" s i V  " L
cc Dcc

S u b s t i t u t i o n  o f  e q u a t io n s  (31) and (38) in to  e q u a t io n  (30) y i e l d s

cc
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For a p a r t i c u l a r  v a lu e  o f  H, a r b i t r a r i l y  chosen to be .128 c e n t i m e t e r ,

th e  f i n a l  r e s u l t  f o r  i s

Q . 3 , 0 0 . 1 0 - ”  ( r ^ ) ~  . WO)
cc e SL

where p i s  e x p re s s e d  i n  m ic ro n s ,  I^ ,  and Ig^ a r e  a l l  m easured in

m ic roam peres ,  and i s  g iv e n  by e q u a t io n  (2 9 ) .  A d ju s t in g  the  r a t i o

^SL 2- —  to  v a r io u s  v a lu e s  p e rm i ts  th e  d e te r m in a t io n  o f  Q,, in  u n i t s  o f  cm
“ cc

from e q u a t io n  (40) f o r  any g iv e n  s p e c t r a l  l i n e .



CHAPTER IV

SPECTRAL CHARACTERISTICS OF NEON I

As An I n e r t  Gas

Neon w i th  an a tom ic  number o f  t e n  i s  c h a r a c t e r i z e d  by th e  ground

2 2 6 1s t a t e  c o n f i g u r a t i o n  ( I s )  (2 s )  (2p) S^. S ince  t h i s  s t a t e  i s  v e ry

s t a b l e  a  l a r g e  e ne rgy  i s  r e q u i r e d  to  l i f t  an atom to th e  f i r s t  p o s s i b l e  

e x c i t e d  s t a t e  which i s  th e  (2p )^ 3s  c o n f i g u r a t i o n .  A l l  the  e x c i t e d  

s t a t e s  o f  Ne I  l i e  i n  th e  r e g io n  be tw een  1 6 .6  and 21.6  eV from th e  

ground s t a t e .  Thus, neon h as  a t y p i c a l  s e r i e s  sp ec tru m .

When one o f  th e  s i x  2p e l e c t r o n s  i n  th e  o u t e r  s h e l l  i s  l i f t e d  to  

an  e x c i t e d  l e v e l  o f  n ^  3, th e  e x c i t e d  te rm s w i l l  be r a t h e r  h y d ro g e n ­

l i k e  b e c a u s e  th e  n u c l e a r  c h a rg e  i s  now a lm o s t  c o m p le te ly  s h ie ld e d  by 

th e  n e a r l y  com ple te  i n n e r  s h e l l .  On th e  o t h e r  hand , when th e  s i x  

e l e c t r o n s  a r e  i n  th e  c lo s e d  2p s h e l l  (ground s t a t e  c o n f i g u r a t i o n ) ,  th e y  

w i l l  be g r e a t l y  i n f lu e n c e d  by th e  n u c l e a r  ch a rg e  which i s  much l e s s  

c o m p le te ly  s h i e l d e d .  This  means t h a t  th e  ground s t a t e  w i l l  l i e  c o n ­

s i d e r a b l y  low er th a n  th e  c o r r e s p o n d in g  hydrogen  term  (n = 2 ) .  I n  f a c t ,  

i t  a c t u a l l y  l i e s  lower th a n  th e  n  = 1 te rm  o f  h yd rogen . The l a r g e  

f i r s t  e x c i t a t i o n  p o t e n t i a l  c o u p le d  w i th  th e  te rm  type  o f  the  ground 

s t a t e  o f  neon (^S^) i s  r e s p o n s i b l e  f o r  i t s  c h a r a c t e r  a s  an i n e r t  g a s .

The lo w e s t  c o n f i g u r a t i o n  o f  th e  neon io n  i s  (2 p )^ .  This  g iv e s  

r i s e  to  an i n v e r t e d  s t a t e  w i t h  a d o u b le t  s e p a r a t i o n  o f  780 cm ^ .

35
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Thus, th e  e x c i t e d  s t a t e s  o f  n e u t r a l  neon a r e  b u i l t  p a r t i a l l y  upon the

2 - 1  2 
l o w e s t  Pgy2 s t a t e  o r  upon th e  780 cm h i g h e r  ^^12  t h e  io n .

This  d i v i s i o n  o f  the  s e r i e s  in to  two g roups  o f  l e v e l s  i s  due to  th e  s p in -

o r b i t  i n t e r a c t i o n  o f  th e  a lm ost c lo s e d  (2p) s h e l l .  This  i n t e r a c t i o n  i s

q u i t e  l a r g e  and p r a c t i c a l l y  c o n s ta n t  f o r  a l l  c o n f i g u r a t i o n s .  The s p in -

o r b i t  i n t e r a c t i o n  o f  th e  e x c i t e d  e l e c t r o n  and the  e l e c t r o s t a t i c  i n t e r -
5

a c t i o n  be tw een  t h i s  e l e c t r o n  and th e  (2p) c o r e ,  how ever, d e c r e a s e s  v e ry  

r a p i d l y  as  n i n c r e a s e s .  This e f f e c t  g iv e s  th e  h ig h e r  c o n f i g u r a t i o n  

members th e  a p p earan ce  o f  d o u b le t s .

Types o f  C oup ling

I n  o r d e r  to  a n a ly z e  an a tom ic  sy s tem  such  as t h a t  o f  neon and to  make 

p r e d i c t i o n s  p e r t a i n i n g  to i t s  i n t e r n a l  s t r u c t u r e ,  sp e c tru m , e t c . ,  i t  i s  

n e c e s s a r y  to  adop t some type o f  c o u p l in g  scheme f o r  th e  v a r io u s  a n g u la r  

momentum v e c t o r s .  The more f a m i l i a r  R u s s e l l - S a u n d e r s -  o r  L S -c o u p l in g ,  

which i s  adop ted  in  th e  case  o f  h e l iu m , can  be s i g n i f i c a n t l y  a s s ig n e d  

in  o n ly  a  few c a se s  f o r  the  Ne I  sy s tem , i n  p a r t i c u l a r ,  f o r  any s - l e v e l  

b u t  o n ly  th o se  p - l e v e l s  whose p r i n c i p a l  quantum number i s  n = 3 . I n  

th e s e  l i m i t e d  c ases  th e  e x c i t e d  s t a t e s  may be d e s ig n a te d  as  i s  th e  case  

in  h e l iu m  by s i n g l e t  and t r i p l e t  c o n f i g u r a t i o n s .  N e a r ly  a l l  c o n f ig u ­

r a t i o n s  show extrem e j j - c o u p l i n g .  The s t a t e s  a re  n o t ,  how ever, i n  pu re  

j j - c o u p l i n g  f o r  a l th o u g h  th e  v a lu e  o f  th e  (2p)^  c o re  i s  a  v e ry  good 

quantum number, i t  t u r n s  o u t  t h a t  th e  v a lu e  o f  th e  e x c i t e d  e l e c t r o n

i s  i n  g e n e r a l  n o t  a  good quantum number. C o n se q u e n tly ,  n e i t h e r  th e  

LS- o r  j j - c o u p l i n g  n o t a t i o n  i s  ad o p ted  to  d e s c r i b e  th e  s t a t e s  o f  th e  

Ne I  a to m ic  system , b u t  r a t h e r  a  scheme f i r s t  su g g e s te d  by Racah^. This  

scheme, r e f e r r e d  to a s  j t - c o u p l i n g ,  i s  c h a r a c t e r i z e d  by th e  f o l lo w in g  s e t
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o f  e q u a t io n s :

j c  = + Sc ’ (41a)

K = + 1 g g  . (41b)

J  = K  + s  , (41c)ee

w here c and ee r e f e r  to th e  (2p )^  c o re  and e x c i te d  e l e c t r o n ,  r e s p e c t i v e l y .  

I n  t h i s  scheme, as can be seen  from the  above e q u a t io n s ,  two b a s i s  assump­

t i o n s  a r e  made:

(1) th e  (2p )^  c o re  i s  bound more t i g h t l y  to i t s e l f  than  to  the 

e x c i t e d  e l e c t r o n ,  and

(2) th e  s p i n - o r b i t  i n t e r a c t i o n  o f  th e  e x c i t e d  e l e c t r o n  i s  l e s s  

s i g n i f i c a n t  th an  i s  t h a t  o f  th e  o r b i t a l  m o tion  o f  t h i s  e l e c t r o n  

w i th  th e  (2p)^ c o re .

In  th e  c a se  o f  neon the  o n ly  s e l e c t i o n  r u l e  f o r  d i p o l e  r a d i a t i o n  

w hich  may be r i g o r o u s l y  a p p l i e d  to  p r e d i c t  an e l e c t r o n i c  t r a n s i t i o n  i n  

th e  atom i s

AJ = 0 , ± 1 , (42)

w here  a  0 - * 0 t r a n s i t i o n  i s  f o r b id d e n .  B e s id es  c o n d i t io n  (4 2 ) ,  o th e r  

s e l e c t i o n  r u l e s  h o ld  when an a r b i t r a r y  atom obeys pu re  j-C-coup l i n g .

Thus, i t  fo l lo w s  t h a t  th e  com ple te  neon prob lem  can be s o lv e d  o n ly  

th ro u g h  a p p l i c a t i o n  o f  some i n t e r m e d ia t e  type  o f  c o u p l in g  sy s tem .

S p e c t r a l  N o ta t io n  

T here  a r e  c u r r e n t l y  two d i s t i n c t  n o t a t i o n s  used  in  the  l i t e r a t u r e  

to  d e s c r i b e  a g iv e n  a tom ic  s t a t e  o f  neon . The f i r s t  o f  th e s e  i s  

adop ted  i n  the  j - t -c o u p l in g  scheme. I n  t h i s  n o t a t i o n  a s t a t e  i s  com­

p l e t e l y  s p e c i f i e d  by w r i t i n g  i t  s y m b o l ic a l ly  in  th e  form



38

n t ( ' )  K (2)ee

where the  prime o r  unprime symbol t e l l s  w h e th e r  th e  e x c i t e d  e l e c t r o n

2 2 h a s  been  coupled  w i th  th e  s t a t e  o r  the  ion

c o re  r e s p e c t i v e l y ,  and the  (o) t e l l s  w he the r  th e  s t a t e  has  odd o r  even

parity.

7 8 9The second n o t a t i o n  was adopted  fay Paschen  ’ ’ when he made the  

f i r s t  e x te n s iv e  a n a l y s i s  o f  th e  neon spec trum . A lthough th e  spectrum  

i s  v e ry  complex, Paschen  was a b le  to  a r r a n g e  i t  i n t o  d i f f e r e n t  s e r i e s  

which he c l a s s i f i e d  and l a t e r  found to  be c o m b in a t io n s  betw een fo u r  

s e r i e s  o f  S te rm s ,  t e n  s e r i e s  o f  P te rm s ,  12 s e r i e s  o f  D te rm s ,  and 12 

s e r i e s  o f  F te rm s .  S ince th e s e  terms were o b s e rv e d  to  combine w i th  

each o t h e r  l i k e  th e  s ,  p , d , and f  term s in  th e  a l k a l i e s ,  Paschen  named 

th e  f o u r  s e r i e s  o f  S term s s^ ,  s^ , s ^ ,  and s ^ ,  th e  te n  s e r i e s  o f  P 

term s p^ , p^ ,  p ^ ,  . . . ,  and p^^, and th e  12 s e r i e s  o f  d term s s j ,  s ^ ,  

s " ' .  s j " ,  d^ , dl| ,̂ d^ , d^, d^, d^ , d^, and dg. Ihe  l e t t e r s  U, V, X, Y, 

and Z have been  u sed  to  d e s ig n a te  th e  12 s e r i e s  o f  F te rm s.

Although P a s c h e n 's  work was accom plished  lo n g  b e fo r e  th e  s t r u c t u r e  

o f  th e  neon atom was u n d e rs to o d  from a  quantum m echan ica l  p o i n t  o f  v iew , 

even today  s p e c t r o s c o p i s t s  p r e f e r  h i s  n o t a t i o n  o v e r  t h a t  o f  th e  j t -  

scheme d e s p i t e  th e  f a c t  t h a t  th e  fo rm er i s  p e rh a p s  l e s s  m e a n in g fu l .  The 

Paschen  n o t a t i o n  as w e l l  as h i s  i d e n t i f i c a t i o n  o f  th e  s p e c t r a l  l i n e s  

have been used e x c l u s i v e l y  by t h i s  a u th o r .  An e n e rg y  l e v e l  d iag ram  o f  

neon I  i s  d i s p l a y e d  i n  F ig u re  9 where th e  c l a s s i f i c a t i o n  o f  s t a t e s  i s  

g iv e n  i n  bo th  th e  Paschen  n o t a t i o n  and the  c o n f i g u r a t i o n  n o t a t i o n ,  the  

l a t t e r  b e in g  w r i t t e n  j u s t  below each  n t  fa m i ly .
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CHAPTER V

APPARENT EXCITATION CROSS SECTIONS OF THE 

np AND ns  FAMILIES

The 2p Family

By th e  tec h n iq u es  d i s c u s s e d  p r e v i o u s l y  th e  a p p a re n t  e x c i t a t i o n  

c r o s s  s e c t i o n  o f  a l l  t e n  2p l e v e l s  o f  neon have been m easured  ove r  a 

r a n g e  o f  energy from t h r e s h o l d  to  200 eV. These r e s u l t s  w ere  o b ta in e d  

u n d e r  c o n d i t io n s  o f  low e l e c t r o n  beam c u r r e n t s  and a tom ic  number den ­

s i t i e s ,  e . g . ,  I^ ^ 500 m icroam peres  and N ^  6 x 10^^ atom s/cm ^. S ince  

o p t i c a l  t r a n s i t i o n s  from th e  p l e v e l s  to  th e  ground s t a t e  a r e  fo rb id d e n  

by th e  s e l e c t i o n  r u l e s  o f  e l e c t r i c  d i p o l e  r a d i a t i o n ,  one would n o t  

e x p e c t  t h e s e  l e v e l s  to  show r a d i a t i o n  im prisonm en t.  However, to  make 

c e r t a i n  t h a t  o n ly  s i n g l e  e l e c t r o n - a t o m  c o l l i s i o n s  were p ro d u c in g  th e  

e x c i t a t i o n  o f  th e  neon  a tom s, c o n t r o l  ex p e r im e n ts  have  been  c a r r i e d  o u t  

to  d e te rm in e  the r e l a t i o n s h i p  be tw een  the  l i g h t  o u t p u t  as  a  f u n c t io n  o f  

p r e s s u r e  and beam c u r r e n t  f o r  th e  t e n  most p rom inen t  t r a n s i t i o n s  con­

n e c t i n g  th e  2p-* I s  l e v e l s .  The r e s u l t s  o f  th e  e x p e r im e n ts ,  i l l u s t r a t e d  

i n  F ig u re  10 f o r  the  2p^ u p p e r  l e v e l ,  showed t h a t  th e  l i g h t  o u tp u t  

a lw ays v a r i e d  l i n e a r l y  w i th  beam c u r r e n t  a t  c o n s t a n t  p r e s s u r e  o r  w i th  

p r e s s u r e  a t  c o n s ta n t  beam c u r r e n t  f o r  the  range  o f  c u r r e n t s  and p r e s s u r e s  

u se d  i n  t h i s  a p p l i c a t i o n .  Thus, th e  c ro s s  s e c t i o n s  o f  th e  s p e c t r a l  l i n e s

40
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a s s o c i a t e d  w i th  th e  2p-> I s  l e v e l s  and r e p o r te d  i n  t h i s  work a r e  indepen ­

d e n t  o f  e l e c t r o n  beam c u r r e n t  and atom ic number d e n s i t y .  Th is  e f f e c ­

t i v e l y  r u l e s  o u t  the  e x i s t e n c e  o f  secondary  p r o c e s s e s  such as im p r iso n ­

ment o f  re sonance  r a d i a t i o n  and t r a n s f e r  o f  e x c i t a t i o n  c o l l i s i o n s .

When p l o t t i n g  the  e x c i t a t i o n  f u n c t io n s ,  a d i s c r e p a n c y  o f  a p p ro x i ­

m a te ly  2 eV was o b se rv ed  between th e  t h e o r e t i c a l  and e x p e r im e n ta l  o n s e t  

p o t e n t i a l s .  This s h i f t  o f  the e x p e r im e n ta l  o n s e t s  to  p o t e n t i a l s  l a r g e r  

th a n  th o se  p r e d i c t e d  by th e o ry  have been e x p la in e d  by J o n g e r iu s ^ ^  to  be 

due to  th e  i n f l u e n c e  o f  space c h a rg e ,  c o n ta c t  p o t e n t i a l s ,  and f i e l d  

p e n e t r a t i o n  in to  the  Faraday  cage o f  th e  e l e c t r o n  gun. The e x c i t a t i o n  

f u n c t io n s  p r e s e n te d  in  t h i s  work have a l l  been a d ju s t e d  so t h a t  the  

e x p e r im e n ta l  o n s e t  p o t e n t i a l  c o in c id e s  a p p ro x im a te ly  w i th  the  t h e o r e t i ­

c a l  v a lu e .

The e x c i t a t i o n  f u n c t io n s  d i s p la y e d  i n  F ig u re s  11 and 12 i l l u s t r a t e  

how th e  a p p a re n t  c ro s s  s e c t i o n s  o f  th e  te n  2p l e v e l s  o f  neon v a ry  from 

o n s e t  to  200 eV. These cu rv es  have been c l a s s i f i e d  a c c o rd in g  to the  

t o t a l  J  v a lu e  o f  th e  u p p e r  l e v e l ,  i . e .  w he ther  t h i s  q u a n t i t y  i s  an 

even o r  odd number. I t  h a s  been obse rved  by numerous i n v e s t i g a t o r s ,  

e . g .  i n  the  c a se  o f  h e l iu m , t h a t  pure  t r i p l e t  s t a t e s  a r e  g e n e r a l l y  

r e p r e s e n te d  by e x c i t a t i o n  fu n c t io n s  which p o s s e s s  a sh a rp  peak  n e a r  

t h e i r  o n s e t  and d e c l i n e  ve ry  r a p i d l y  a t  h ig h e r  en e rg y .  The e x c i t a t i o n  

f u n c t i o n  f o r  the  2p^ l e v e l  may indeed  be d e s c r ib e d  i n  t h i s  manner. 

I n s p e c t io n  o f  th e  C lebsch  Gordon c o e f f i c i e n t  r e l a t i o n s  r e v e a l s  t h a t  

t h i s  s t a t e  i s  th e  o n ly  one o f  th e  2p fam ily  t h a t  i s  o f  p u re  t r i p l e t  

c h a r a c t e r .  The rem a in in g  e x c i t a t i o n  f u n c t io n s  o f  th e  2p f a m i ly  a l l  

p o s s e s s  r a t h e r  b road  p eak s  o c c u r r in g  from 38 to  90 eV, th e  most extreme 

case  b e in g  th e  curve  c o r r e s p o n d in g  to  th e  2p^ l e v e l .  I n  s p i t e  o f  the
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s l i g h t  v a r i a t i o n  in  th e  shapes  th e s e  curves  p o s s e s s  s t r i k i n g  s i m i l a r i t i e s  

to the  e x c i t a t i o n  f u n c t io n s  found in  helium .

An a d d i t i o n a l  ve ry  i n t e r e s t i n g  f e a t u r e  was found to  e x i s t  i n  the  

e x c i t a t i o n  f u n c t io n  o f  th e  2p^Q l e v e l .  Here a v e ry  s h a rp  peak  o c c u r r in g  

a t  19 eV and p re c e d in g  th e  much b ro a d e r  maximum a t  38 eV was o b ta in e d  

i n  t h i s  c u rv e . '  The e x a c t  e x p la n a t i o n  o f  t h i s  added f e a t u r e  i s  n o t  c e r ­

t a i n  s in c e  the  energy  d i s t r i b u t i o n  ^ 0 . 5  eV) o f  th e  i n c i d e n t  e l e c t r o n s  

around 20 eV seems to a f f e c t  th e  shape o f  t h i s  i n i t i a l  s p ik e .  However, 

i n  view o f  r e c e n t  i n t e r e s t  by numerous i n v e s t i g a t o r s ^ ^  i n  re so n a n c e  

and i t s  e f f e c t  i n  p ro d u c in g  sh a rp  peaks in  the  e x c i t a t i o n  f u n c t i o n s ,  i t  

i s  tem p tin g  to  a s c r i b e  th e  s h a rp  peak  i n  th e  e x c i t a t i o n  f u n c t i o n  o f  the

2p^Q l e v e l  to t h i s  phenomenon. A few comments may be g iv e n  i n  connec­

t i o n  w i th  t h i s  s u p p o s i t io n :

(1) At f i r s t  s i g h t  one may a s s i g n  th e  sha rp  peak  to  th e  d i r e c t  e x c i ­

t a t i o n  f u n c t i o n  o f  the  2p^^ l e v e l  and th e  s e co n d a ry  peak  p r i m a r i l y

to  ca scade  in to  t h i s  l e v e l .  T h is ,  however, would imply a v e ry  

s h a rp  and narrow t r i p l e t  type  o f  e x c i t a t i o n  f u n c t i o n .  S ince  no

o t h e r  c a s e s ,  n o t  even i n  h e l iu m , have been r e p o r t e d  where t r i p l e t

ty p e  f u n c t io n s  had t h i s  sh a p e ,  the  assum ption  t h a t  t h i s  i s  th e  

d i r e c t  e x c i t a t i o n  f u n c t i o n  would be i n c o n s i s t e n t  w i th  a l l  known 

p r e s e n t l y  e x i s t i n g  d a ta .

(2) The energy  l e v e l  s p a c in g  betw een the  2p^g and a l l  th e  o t h e r  2p 

l e v e l s  i s  o f  the  o r d e r  o f  0 .2  eV. This  e n e rg y  gap may p o s s i b l y  

be l a r g e  enough to  p e rm i t  a t  l e a s t  a p a r t i a l  r e s o l u t i o n  ( i n  

e l e c t r o n  energy) o f  th e  f i n e  s t r u c t u r e  produced  by the  fo rm a t io n  

o f  Ne a s s o c i a t e d  w i th  th e  upper 2p l e v e l s .

(3) The 2pg th rough  2p^ l e v e l s  a re  a l l  c l u s t e r e d  c l o s e r  t o g e t h e r  w i th
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energy gaps o f  th e  o r d e r  o f  0 .05  eV betw een a d ja c e n t  l e v e l s .  

O bviously  s in c e  th e  energy  d i s t r i b u t i o n  o f  th e  in c id e n t  e l e c t r o n s  

i s  much l a r g e r  th an  t h i s  f i g u r e ,  one would n o t  expect to r e s o lv e  

the  reso n an ce  f i n e  s t ru c tu re s  even i f  th ey  do e x i s t .

(4) The 2p^ to 2p^ energy  gap i s  0 .2 4  eV. S ince  t h i s  i s  l a r g e r  than

th e  2p^Q to 2pg gap, one would e x p e c t  th e  e x c i t a t i o n  f u n c t i o n  f o r  

th e  2pg l e v e l  to a ls o  p o sse s s  a s h a rp  s p ik e  s i m i l a r  to t h a t  found 

in  the e x c i t a t i o n  f u n c t io n  o f  th e  2p^^ l e v e l .  T h is ,  how ever, was 

n o t  the  c a s e .  T h e re fo re ,  t h i s  p o i n t  shou ld  be i n v e s t i g a t e d  f u r t h e r .

(5) F i n a l l y ,  th e  energy  s p a c in g  o f  th e  3p^g to 3pg le v e l s  i s  much 

s m a l le r  t h a n  i s  t h a t  o f  the  2p^g to 2p^. Thus, i t  is  n o t  too s u r ­

p r i s i n g  t h a t  no e v id e n c e  was found o f  r e s o n a n c e  phenomenon i n  the  

3p^Q c a s e .  N e v e r th e le s s ,  we m ust em phasize  a t  t h i s  s t a g e  t h a t

the  a ss ig n m en t o f  the  sh a rp  s p ik e  found i n  the  e x c i t a t i o n  f u n c t io n  

o f  the  2p^Q s t a t e  to th e  r e s o n a n c e  b e h a v io r  i s  a very t e n t a t i v e  

one and t h a t  a d d i t i o n a l  work m ust  be done to c l a r i f y  t h i s  p o i n t .

The prob lem  o f  d i s t o r t i o n  i n  the  e x c i t a t i o n  fu n c t io n s  as  r e p o r t e d

by Anderson e t  a l^  f o r  the  case  o f  m ercury  due to  the  p resen ce  o f  Hg I I  

s p e c t r a l  l i n e s  which cou ld  n o t  be r e s o lv e d  from th e  d e s i r e d  Hg I  t r a n ­

s i t i o n  was n o t  so s e v e re  i n  the  case  o f  neon . Two reasons  may be p r o ­

posed  as to  the  f a i l u r e  i n  f in d in g  any t r a c e  o f  Ne I I  in  th e  e x c i t a ­

t i o n  s tu d i e s  o f  th e  2p l e v e l s :  ( 1) th e  i o n i z a t i o n  c ro s s  s e c t i o n  o f

Ne I I  i s  much s m a l le r  th an  t h a t  o f  Hg I I ,  and (2) th e  only  known Ne I I  

l i n e s  have been found in  a  s p e c t r a l  r e g i o n  which l i e s  a t  s h o r t e r  wave­

le n g th s  th an  th o se  o f  the p r i n c i p a l  s p e c t r a l  l i n e s  c o n n ec t in g  th e  2p- 

f a m i ly .  As w i l l  be p o in te d  o u t  l a t e r ,  a  few c a se s  i n  which Ne I I  l i n e s  

tended  to d i s t o r t  the  e x c i t a t i o n  f u n c t i o n s  d id  occu r  in  th e  s t u d i e s  o f
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t h e  3p l e v e l s .  The d i f f i c u l t y  i n  o b t a i n i n g  s u f f i c i e n t  r e s o l u t i o n

be tw een  a d j a c e n t  Ne I  l i n e s ,  how ever, d id  p r e s e n t  a prob lem  as  was the

c a s e  in  m ercu ry . This d i f f i c u l t y  o c c u r r e d  f o r  o n ly  a few c a se s  in  the

m easurem ent o f  th e  c ro s s  s e c t i o n s  o f  th e  t r a n s i t i o n s  c o n n e c t in g  the

2p-* I s  l e v e l s ;  i n  f a c t ,  th e  e x c i t a t i o n  f u n c t io n s  d i s p l a y e d  i n  F ig u re s

11 and 12 were o b ta in e d  by m ea su r in g  th e  r a d i a t i o n  e m i t t e d  from s p e c t r a l

o
l i n e s  which were w e l l  i s o l a t e d ,  th e  w o r s t  c a se  b e in g  ~ 6A, from any 

a d j a c e n t  l i n e  o f  s i g n i f i c a n t  i n t e n s i t y .  This d i f f i c u l t y ,  however, 

became q u i t e  s e v e re  when m easurem ents  were made to  d e te rm in e  th e  p e r ­

c e n ta g e  o f  ca sc a d e  c o n t r i b u t i n g  to  the  a p p a re n t  c ro s s  s e c t i o n s  o f  the  

2p l e v e l s  and w i l l  be d i s c u s s e d  i n  the  f o l lo w in g  c h a p te r .

The a b s o lu t e  c ro s s  s e c t i o n s  o f  a l l  30 t r a n s i t i o n s  o r i g i n a t i n g  from 

th e  2p l e v e l s  were e x p e r i m e n t a l l y  m easured a t  an i n c i d e n t  e l e c t r o n  en ­

e rg y  o f  100 eV. From t h i s  d a ta  th e  a p p a re n t  c ro s s  s e c t i o n s  o f  a l l  t e n  

l e v e l s  have been o b ta in e d  a t  t h i s  energy  by m ere ly  summing th e  c ro s s  

s e c t i o n s  o f  a l l  t r a n s i t i o n s  o r i g i n a t i n g  from a common upper  l e v e l .

The r e s u l t s ,  grouped a c c o rd in g  to  the r e s p e c t i v e  l e v e l s  in v o lv e d ,  a re  

p r e s e n t e d  i n  Table  1. Also t a b u l a t e d  f o r  conven ience  and f u tu r e  r e f e r ­

ence  a r e  the  w av e len g th s  o f  th e  c o r r e s p o n d in g  s p e c t r a l  l i n e s .  With 

t h e  a id  o f  the  e x c i t a t i o n  f u n c t i o n s  d i s p l a y e d  i n  F ig u re s  11 and 12 th e  

a p p a r e n t  c ro s s  s e c t i o n  o f  any 2p l e v e l  from o n s e t  to  200 eV may be 

o b ta in e d  by m ere ly  m u l t i p l y i n g  th e  r e l a t i v e - h e i g h t  o f  th e  r e s p e c t i v e  

cu rv e  by th e  v a lu e  o f  i t s  c o r re s p o n d in g  c ro s s  s e c t i o n  a t  100 eV.

The l i m i t s  p la c e d  upon th e  e x p e r im e n ta l  e r r o r s  w ere based  s o l e l y  

upon th e  e x p e r im e n ta l  r e p e a t a b i l i t y ,  i . e .  in d ep e n d e n t  c r o s s  s e c t i o n  

d e te r m in a t io n s  a t  d i f f e r e n t  t im e s ,  f o r  v a r io u s  beam c u r r e n t s  and gas 

p r e s s u r e s  w i t h i n  the  r a n g e  p r e v i o u s ly  s p e c i f i e d ,  and f o r  d i f f e r e n t



TABLE 1 . A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  
f o r  th e  S e r i e s  2p-* I s

_ 2 Q  2
The u p p e r  number i n  each  e n t r y  i s  th e  v a lu e  o f  Q., a t  100 eV i n  u n i t s  o f  10 cm and th e  low er

o
number i s  th e  c o r r e s p o n d in g  w a v e le n g th  i n  A.

2P l 2P2 2P3 2^4 2Ps 2P6 2P7 
_ 1

2P8 2Pg 2PlO

1 6 8 t l l 1863 0 .2 4 436  6 1962 3564 1 .9 6 0 .5 5 .9 6 0 .7 0.86

6 0 .0 5 6 0 .3 0

5852 (6 5 9 9 )^ 6652 (6678)C (6717)C 6929 7024 7174 8082

106 2 1963 1162 3 .2

(6 1 6 4 )^ 6266
-----

6533

6 0 . 5

7439

1 .9 6 0 .3 4 .1 6 0 .5 3766 3364 0 .7 6 0 .1 7 .8 6 1 .3 3 5 t6 5368 13fcl
I s ,4- 5401 6030 6074 6096 6128 6305 6383 6507 7245

^=5
8 .9 6 0 .9

5882

1963

5945

3 .2 6 0 .6

(5976)C

5368

(6143)C

7 .0 6 1 .2

6217

2864

(6334 )^

3566

(6402)C

3363

7032

Z v
I s

170611 4166 376 6 956 13 42fc6 96613 55610 87613 3566 5065

00

^The i n d i c a t e d  s p e c t r a l  l i n e  c o u ld  n o t  be c o m p le te ly  r e s o l v e d  from  an a d j a c e n t  l e s s  i n t e n s e  one . 
T h e r e f o r e ,  a d ju s tm e n t s  w e re  made by e m p loy ing  t h e o r e t i c a l  b r a n c h i n g  r a t i o s .
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t e m p e ra tu re s  o f  the  s ta n d a r d  lamp. An e r r o r  a n a l y s i s  was made o f  th e  

m easu r ing  d e v ic e s ,  e . g .  th e  e l e c t r o n  beam c u r r e n t  m e te r ,  th e  L ock -In  

a m p l i f i e r ,  the  c h a r t  r e c o r d e r ,  th e  McLeod gauge, and the  s ta n d a r d  lamp 

c u r r e n t  m o n i to r .  C o n s id e ra t io n  was even g iv e n  t o  th e  s c a t t e r i n g  o f  th e  

s t a n d a r d  lamp l i g h t  w i t h in  the  monochromator f o r  some r e g io n s  o f  th e  

spec trum . Only the  u n c e r t a i n t i e s  in  the  s t a n d a r d  lamp r ib b o n ,  e . g .  the  

e m i s s i v i t y  o f  tu n g s te n  and the  c a l i b r a t i o n  o f  th e  t ru e  te m p e ra tu re ,  

were exc luded  in  th e  c o n s i d e r a t i o n  o f  f a c t o r s  w hich  were b e l i e v e d  would 

i n t r o d u c e  e r r o r s  i n t o  th e  c ro s s  s e c t i o n  m easurem ents  d e te rm in ed  from 

e q u a t io n  (4 0 ) .  Th is  a n a l y s i s  r e s u l t e d  in  an e s t i m a t e  o f  th e  p ro b a b le  

e x p e r im e n ta l  e r r o r  which was l e s s  th an  th e  g e n e r a l  r e p e a t a b i l i t y  o f  

th e  e x p e r im e n ta l  m easurem ents . Thus, i t  was d e c id e d  t h a t  th e  m ost 

l o g i c a l  method o f  d e te rm in in g  th e  e x p e r im e n ta l  e r r o r  was to  p e rfo rm  

th e  ex p e r im en t  s e v e r a l  t im es  ( a t  l e a s t  s i x ) ,  a v e ra g e  the  r e s u l t s ,  and 

th e n  use  th e  ex trem e v a lu e s  as th e  l i m i t s .

Comparisons w i th  O ther  I n v e s t i g a t o r s  

As p r e v i o u s ly  s t a t e d  v e ry  l i t t l e  known e x p e r im e n ta l  e x c i t a t i o n  

d a t a  e x i s t s  f o r  neon. Up to t h i s  time th e  most s i g n i f i c a n t  c o n t r i b u t i o n  

had been  made by Hanle^^ in  1930 and by Herrmann^^ i n  1936. H a n le 's  

r e s u l t s  c o n s i s t  e s s e n t i a l l y  o f  16 d i s t i n c t  e x c i t a t i o n  f u n c t io n s  f o r  

s p e c t r a l  l i n e s  o f  th e  2p-" I s  s e r i e s  o v e r  an  e n e rg y  ran g e  from t h r e s h ­

o ld  to  100 eV. No r e p o r t  was g iv e n  in  h i s  p a p e r  o f  the  a b s o lu t e  i n t e n ­

s i t y  a t  a g iv en  e ne rgy  o f  th e s e  l i n e s .  Hence, one  can  o n ly  o b t a i n  

r e l a t i v e  d a ta  from t h i s  p a p e r .  Herrmann, on th e  o t h e r  hand , p u b l is h e d  

no e x c i t a t i o n  f u n c t io n s  o f  neon. His work c o n s i s t e d  in  m ea su r in g  the  

a b s o lu t e  c ro s s  s e c t i o n  o f  o n ly  14 s p e c t r a l  l i n e s  b e lo n g in g  to  th e  2p-* Is 

s e r i e s  and th r e e  l i n e s  c a s c a d in g  in to  th e  2p^ and 2p^ l e v e l s .  A
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com parison  i s  g iven  b e lo w . in  T ab le  2 -a  o f  H errm ann 's  r e s u l t s  w i th  th o se  

o f  t h i s  work f o r  the  maximum v a lu e s  o f  th o se  c ro s s  s e c t io n s  which were 

r e p o r t e d  by him. The r e l a t i v e  shapes  p r e s e n te d  by Hanle and th e  a b so ­

l u t e  d a ta  p r e s e n te d  by Herrmann a p p e a r  to  a g re e  q u i t e  w e l l  w i th  the  

r e s u l t s  o f  t h i s  work when one c o n s id e r s  t h a t  th e y  bo th  used p h o to g ra p h ic  

p l a t e s  in  c o n t r a s t  to  p h o t o m u l t i p l i e r  tu b es  to d e t e c t  the  r a d i a t i o n  

e m i t t e d  from the  c o l l i s i o n  r e g i o n .

Subsequent p a p e rs  on work p e r t a i n i n g  t o  s p e c t r a l  l i n e s  b e lo n g in g

TABLE 2-a . E x p e r im en ta l  Comparison o f  th e  E x c i t a t i o n  Cross 
S e c t io n  f o r  Some S p e c t r a l  L in es  o f  th e  2p-* Is  S e r ie s

_ 2 q 2
The Q . , ' s ,  g iv en  in  u n i t s  o f  10 cm , a re  the  maximum v a lu e s  o f  th e  

JK
r e s p e c t i v e  c ro s s  s e c t i o n s .

W avelengtho
in  A T r a n s i t i o n

Qjj^(max)

T h is  Work Herrmann ■

5852 2P l -  1=2 2256 15 172

5945 2P4-  1=5 216  3 19

6074 2P3-  1=4 38 6  6 29

6096 2P4 -  1=4 376  4 30

6143 2p6-  1=5 636  9 69

6217 2P j -  IS 5 7 . 5 6  1 .3 12

6266 2P5-* I s ^ 226 4 27

6334 2p g -  IS 3 346  5 38

6383 2P7-  IS 4 38 6  6 39

6402 2P9-  IS 5 91 6  16 90

6507
2P8-* 1^4 6 4 6  10 65

6678 2p ^ -  I S 2 4 8 6  7 72



51

to  th e  2p-* I s  s e r i e s  a r e :

( 1) a r e p o r t  on th e  a b s o lu t e  e x c i t a t i o n  c ro s s  s e c t i o n s  o f  fo u r  p rom i­

n e n t  l i n e s  a t  an i n c i d e n t  e l e c t r o n  e ne rgy  o f  100 eV by M i l a tz  and 

Woudenberg^^ i n  1940,

( 2) the  d e te r m in a t io n  o f  th e  a b s o lu t e  maximum v a lu e  o f  th e  c r o s s  s e c -

18t io n s  f o r  23 s p e c t r a l  l i n e s  by F r i s h  , and

19(3) a p u b l i c a t i o n  by Z apesochny i  and F e l  T San d i s p l a y i n g  t h r e e  

e x c i t a t i o n  f u n c t io n s  o f  v e ry  p ro m in e n t  s p e c t r a l  l i n e s .

The l a t t e r  pap e r  i s  th e  r e s u l t  o f  a  s tu d y  o f  neon u s in g  a  h i g h l y  mono- 

e n e r g e t i c  e l e c t r o n  beam. The g e n e r a l  f e a t u r e s  o f  the  t h r e e  r e s u l t i n g  

c u rv e s  resem ble  v e ry  c l o s e l y  th e  e x c i t a t i o n  f u n c t io n s  o f  th e  2p^ , 2p^, 

and 2pg l e v e l s  d i s p l a y e d  i n  F ig u re s  11 and 12. There a r e ,  how ever, 

se co n d a ry  peaks  i n  th e  cu rve  c o r r e s p o n d in g  to th e  2p^ l e v e l .

M i l a tz ,  u s in g  p h o to g ra p h ic  p l a t e s ,  m easured o n ly  f o u r  l i n e s  which 

w ere p r e v io u s ly  m easured  by Herrmann. F r i s h ' s  work i s  th e  r e s u l t  o f

m easurem ents made i n  a  p o s i t i v e  column o f  a D.C. d i s c h a r g e  which a r e  __

d i f f e r e n t  c o n d i t i o n s  th a n  th o s e  o f  t h i s  work. I n  view o f  t h e s e  con­

d i t i o n s  under  w hich  t h e i r  d a t a  was o b t a i n e d ,  any a t t e m p t  to  compare th e  

r e s u l t s  p r e s e n te d  in  t h i s  p a p e r  w i t h  t h e  f i n d i n g s  o f  M i la tz  and F r i s h  

i s  f e l t  to  be o f  l i t t l e  v a lu e .

In o r d e r  to  compare e x p e r im e n t  w i th  th e o r y ,  the  e x p e r im e n ta l  c ro s s  

s e c t i o n s  g iv en  i n  Table  1 have  b een  c o n v e r te d  to  e x p e r im e n ta l  b r a n c h in g  

r a t i o s  and the  r e s u l t s  a r e  g iv e n  i n  T ab le  2 -b .  Also g iv e n  i n  t h i s

t a b l e  f o r  com parison  a re  a  few e x p e r im e n ta l  b r a n c h in g  r a t i o s  w hich  were

20c a l c u l a t e d  from t r a n s i t i o n  p r o b a b i l i t i e s  r e p o r t e d  by I rw in  and Nodwell

and t h e o r e t i c a l  b r a n c h in g  r a t i o s  o b t a i n e d  from th e  t h e o r e t i c a l  t r a n -
2

s i t i o n .  p r o b a b i l i t i e s  c a l c u l a t e d  by Fred E. F a jen  . The g e n e r a l



TABLE 2 -b ,  C om parison  Between E x p e r im en t  and Theory  o f  B ra n c h in g  R a t io s *  
f o r  th e  Atomic T r a n s i t i o n s  B e lo n g in g  to  th e  2p-* I s  S e r i e s

The u p p e r  number i n  e a c h  e n t r y  i s  a  r e s u l t  o f t h i s  w ork .

2p^ 2pg 2p^ 2p^ 2P5 2P6 2P8 ZPlO

1.0 2 .3 150 2. 2

1

2 . 2 2 .7 29 15 58

?®2
( 2 . 3 ) 2 ( 2 . 1)2 ( 2 . 7 ) 2 (1 3 )2

T( 1 . 0 ) ( 2 . 6) ? (8 1 ) ? ( 4 . 6 ) ? ( 2 . 1) ? ( 1 . 7 ) ? (4 2 0 )? (3 8 ) ? ( 200) ?

4 .1  2 .2  5 .0  16
EIS 3   ( 3 .7 )

( 3 . 8 ) ?  ( 3 . 1 ) ?  ( 2 . 9 ) ?  ( 1 4 ) ?
Ln

90

( 4 8 ) ?

10

( 11)G

( 10) ?

1 . 0

(1 . 0 ) ?

2 .9

( 3 . 1 ) 2

( 3 . 1 ) ?

60

( I D ?

12

(1 3 )2

( 3 1 ) ?

1 . 6

( 1 . 8 ) ?

1 . 6

( 1 . 8)2

( 1 . 5 ) ?

3 .9

( 3 . 8 ) ?

N ?

4 .6 5 .0 13 1. 8 7 .8 3 .1 1 .5

I S 5 - - - - - - - - - - - - - ( 4 . 8 ) 2 - - - - - - - - - - - - - ( 4 . 8 ) 2 ( 1 . 8)2 ( 2 . 8)2

( 4 . 1 ) ? ( 2 . 2) ? ( 8 . 7 ) ? ( 2 . 8 ) ? ( 12) ? ( 3 . 1 ) ? ( 1 . 5 ) ?

*
The 2pg l e v e l  h a s  b e e n  o m i t t e d  from  t h i s  t a b l e  s i n c e  th e  2pg-‘ I s ^  t r a n s i t i o n  a lw ays  y i e l d s  a 
b r a n c h i n g  r a t i o  o f  1 . 0 .

EC a l c u l a t e d  from  e x p e r i m e n t a l l y  m easu red  t r a n s i t i o n  p r o b a b i l i t i e s  by  J .  C. I r w in  and R. A. N odw ell.
TC a l c u l a t e d  from  t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  s u p p l i e d  by F re d  E. F a j e n .
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agreem en t i s  q u i te  good f o r  th e  more p ro b a b le  t r a n s i t i o n s  b u t  l a r g e  d i s ­

c r e p a n c ie s  e x i s t  f o r  th o se  s p e c t r a l  l i n e s  o f  low i n t e n s i t y .  Not a l l  the 

d i s c r e p a n c y  can be a t t r i b u t e d  to th e  th e o ry  a t  t h i s  p o i n t  fo r  i t  i s  

r e a s o n a b le  to  b e l i e v e  t h a t  t h e r e  w i l l  be more u n c e r t a i n t y  in  th e  e x p e r i ­

m en ta l  v a lu e s  f o r  weak t r a n s i t i o n s  th a n  f o r  s t r o n g e r  o n e s .  However, f o r  

th o s e  c a se s  where th e  th e o r y  and th e  ex p e r im en t  o f  t h i s  work d e p a r t  

n o t i c e a b l y ,  and y e t  the  s p e c t r a l  l i n e s  in v o lv e d  a r e  r e l a t i v e l y  i n t e n s e ,  

i t  a p p e a rs  t h a t  the  two e x p e r im e n ta l  v a lu e s  a g re e  in  c a se s  where th ey  

can  be compared more c l o s e l y  th a n  do th o se  be tw een ex p e r im en t  and 

th e o r y .

Looking a t  th e  neon p rob lem  as a whole and comparing th e  agreem ent
3

h e r e  w i th  t h a t  found in  m ercu ry  by Anderson , one would have to  conclude  

t h a t  th e  t h e o r e t i c a l  p i c t u r e  o f  th e  neon atom i s  q u i t e  good.

The 3p Fam ily

In  o r d e r  to  s e e  how th e  c ro s s  s e c t i o n  v e r s u s  energy  changes as—the  

n va lu e  i s  i n c r e a s e d  th e  3p f a m i ly  o f  l e v e l s  w ere s tu d i e d .  G re a te r  

c a r e  had to  be e x e r c i s e d  i n  o r d e r  to  o b t a i n  th e  s e t  o f  e x c i t a t i o n  fu n c ­

t i o n s  d i s p la y e d  in  F ig u re s  13 and 14 th a n  was n e c e s s a r y  f o r  th e  c o r r e ­

spond ing  cu rves  o f  F ig u re s  11 and 12 o f  the  2p f a m i ly .  This  was due to  

th e  fo l lo w in g  two f a c t o r s :

(1) S ince th e  3p l e v e l s  a r e  more c l o s e l y  spaced  th a n  a r e  th e  c o r r e ­

spond ing  2p o n e s ,  g r e a t e r  r e s o l u t i o n  was r e q u i r e d  from th e  mono­

ch rom ato r .  This  m eant i t  was n e c e s s a ry  t h a t  th e  s l i t  jaws be 

s e p a r a te d  ~ 0.10  m i l l i m e t e r s  f o r  some c a se s  i n  o r d e r  to  s e p a r a t e  

the  s p e c t r a l  l i n e s .  The lo s s  o f  i n t e n s i t y  r e s u l t i n g  from t h i s  

r e q u i r e m e n t ,  added to  th e  a l r e a d y  l e s s  i n t e n s e  3p-* I s  t r a n s i t i o n s  

because  o f  h ig h e r  n v a lu e ,  p r e s e n t e d  an in d ee d  d i f f i c u l t  s i t u a t i o n
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FIGURE 13. E x c i t a t i o n  F u n c t io n s  o f  th e  3p Fam ily  
W ith Even J  Values
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FIGURE 14. E x c i t a t i o n  F u n c t io n s  o f  th e  3p Fam ily  
With Odd J  V alues
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i n  th e  3p„ and 3p^_ case  as may be no ted  from th e  r a t h e r  n o is y  
L iU

cu rv e s  shown i n  F ig u re  14 f o r  t h e s e  l e v e l s .  D e s p i te  th e s e  p r e ­

c a u t i o n s ,  i t  was found e x p e r im e n ta l l y  im p o s s ib le  to s e p a r a t e  th e  

s p e c t r a l  l i n e s  a s s o c i a t e d  w i th  th e  3p^ l e v e l  from  th o se  o f  th e  3pg 

l e v e l  s in c e  in  a l l  t h r e e  i n s t a n c e s  the  t r a n s i t i o n s  were w i t h in  

0 .1 1 2  A o f  each  o t h e r .  Thus, th e  e x c i t a t i o n  f u n c t i o n  d i s p l a y e d  in  

F ig u re  13 i s  the  sum o f  th e  a p p a re n t  c ro s s  s e c t i o n  o f  the  3p^ and 

3pg l e v e l s .  From th e  r e s u l t s  o b ta in e d  f o r  the  c o r re s p o n d in g  t r a n ­

s i t i o n s  in  the  2p^ and 2p^ c a s e  i t  i s  assumed t h a t  th e  r a d i a t i o n  

e m i t te d  from th e  3 p ^ -* I s ^  t r a n s i t i o n  which t h i s  curve  r e p r e s e n t s  

i s  much more i n t e n s e  th a n  t h a t  o f  the 3pg^  I s ^  t r a n s i t i o n .  Thus, 

t h i s  curve  as th e  a s t e r i s k  (*) i n d i c a t e s  r e p r e s e n t s  p r i m a r i l y  the  

a p p a re n t  c ro s s  s e c t i o n  o f  th e  3p^ l e v e l .

(2 )  The second f a c t o r  c o n t r i b u t i n g  to the  d i f f i c u l t y  o f  o b t a i n in g  the  

e x c i t a t i o n  f u n c t i o n s  o f  th e  3p fam ily  was due to  th e  p re s e n c e  o f  

Ne I I  l i n e s  which r a t h e r  t h i c k l y  p o p u la te  t h i s  r e g io n  o f  the  Ne I  

spec trum  and, h e n c e ,  ten d  to  d i s t o r t  th e  shape o f  th e  cu rv es  a t  

h i g h e r  e n e rg y .  Hence, 3p-* I s  t r a n s i t i o n s  had t o  be chosen  which 

were s u f f i c i e n t l y  i s o l a t e d  from n e ig h b o r in g  Ne I I  s p e c t r a l  l i n e s  

so t h a t  adequate  i n t e n s i t y  cou ld  be o b ta in e d  to  p e rm i t  r e a l i s t i c  

p l o t t i n g  o f  the  d e s i r e d  e x c i t a t i o n  f u n c t io n .  A l l  th e  cu rv es  

shown a re  f r e e  o f  any known Ne I I  c o n ta m in a t in g  l i n e s .

Comparing th e  e x c i t a t i o n  f u n c t i o n s  o f  th e  3p f a m i ly  w i th  the  c o r r e ­

spo n d in g  2p o nes  i l l u s t r a t e s  which l e v e l s  a r e  most s i g n i f i c a n t l y  a f f e c t e d  

by  cascade  a s  t h e  e n e rg y  o f  th e  e l e c t r o n  beam i s  v a r i e d .  Most o f  the  

3p c u rv e s  r e t a i n  th e  g e n e r a l  shape o f  t h e i r  2p c o u n t e r p a r t .  The c u rv e s  

showing s i g n i f i c a n t  change a r e  th o s e  c o r re s p o n d in g  to  th e  Spg, 3pg, 3p^,
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and 3p^ l e v e l s .  These c u rv e s  have s h a rp e r  peaks s h i f t e d  toward lower 

energy  and t h e i r  t a i l s  d e c l in e  f a s t e r  w i th  i n c r e a s in g  energy  th a n  do 

t h e i r  2p c o u n t e r p a r t s .  These l e v e l s  show the  e f f e c t s  o f  a d e c re a s e  in  

th e  c a sc a d e  c o n t r i b u t i o n  as n changes from 2 to 3. Of th e se  f o u r  l e v e l s  

the  3pg i l l u s t r a t e s  t h i s  c o n c ep t  m ost s i g n i f i c a n t l y .  S ince  i t  i s  fed  by 

f iv e  l e v e l s  f o r  each  n v a lu e  (nSg, n s ^ ,  n s | ,  nd^, and nd^ a l l  o f  which 

a re  b ro a d ,  hav ing  t h e i r  maximum around 100 eV ), i t  i s  n o t  too s u r p r i s i n g  

to  see  t h a t  when th e  2 s ^ ,  2 s^ , 3 s | ,  Sidg, and 3d^ l e v e l s  a re  exc luded  

from th e  ca sc a d e  c o n t r i b u t i o n  th e  shape  o f  th e  2p^ e x c i t a t i o n  f u n c t io n  

w i l l  tak e  on a form which shou ld  lo o k  l i k e  t h a t  o f  the  3p^ l e v e l .  Of 

th e s e  fo u r  l e v e l s  the  3p^ i s  the  o n ly  one t h a t  i s  fed e x c lu s i v e l y  from 

upper l e v e l s  p o s s e s s in g  b road  e x c i t a t i o n  f u n c t i o n s .  T h e re fo re ,  the  

l e s s  s i g n i f i c a n t  change i n  th e  e x c i t a t i o n  functions o f  th e  Slpg,, 3p^, 

and 3pg l e v e l s  in  going  from t h e i r  2p c o u n te r p a r t s  may be a s c r ib e d  to 

the  f a c t  t h a t  th ey  a re  fed  n o t  o n ly  by upper  l e v e l s  p o s s e s s in g  b road  

e x c i t a t i o n  f u n c t io n s  b u t  a l s o  by upper  l e v e l s  hav ing  narrow  ( t r i p l e t  

ty p e )  e x c i t a t i o n  f u n c t io n s  as w e l l .  However, i n s p e c t io n  o f  th e  cascade  

a t  100 eV ( th e  r e s u l t s  o f  which w i l l  be g iv en  l a t e r )  i n t o  the  2p^ l e v e l  

shows t h a t  th e  m ajor  c o n t r i b u t i o n  i s  from th o se  l e v e l s  p o s s e s s in g  broad 

e x c i t a t i o n  f u n c t i o n s .  Thus, th e  s h a r p e r  peaks and th e  f a s t e r  d e c l i n e  

o f  th e  t a i l s  in  th e  e x c i t a t i o n  f u n c t i o n s  o f  the  3%^, 3p^, and 3p^ o v e r  

th e  c o r r e s p o n d in g  ones o f  the  2p f a m i ly  a re  no t  too s u r p r i s i n g .  F i n a l l y ,  

th e  sh a rp  s p ik e  which e x i s t e d  i n  th e  2p^g e x c i t a t i o n  f u n c t io n  was n o t  

found i n  th e  3p^g c a s e .

In  Tab le  3 th e  a b s o lu t e  v a lu e  o f  th e  c ro s s  s e c t i o n  o f  the  t e n

s p e c t r a l  l i n e s  y i e l d i n g  th e  t e n  3p c u rv e s  o f  F ig u re s  13 and 14 a re  g iv en  

-  20  2
i n  u n i t s  o f  10 cm a t  an  e l e c t r o n  energy  o f  100 eV. These numbers
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a r e  used i n  the  fo l lo w in g  c h a p te r  to o b t a i n  an e s t i m a t e  o f  th e  amount o f  

c ascade  i n t o  the  fo u r  2s l e v e l s  from th e  t e n  3p l e v e l s .

S ince t h i s  work r e p r e s e n t s  th e  f i r s t  known s tu d y  o f  th e  3p“* I s  

s e r i e s ,  com parison w i th  o t h e r  i n v e s t i g a t o r s  i s  im p o s s ib le .

The ns F a m il ie s

Each ns fam ily  i s  composed o f  f o u r  e ne rgy  l e v e l s .  These l e v e l s ,  

d e s ig n a te d  in  the  Paschen  n o t a t i o n  as nSg, n s ^ ,  n s^ ,  and n s ^ ,  a re  

c h a r a c t e r i z e d  by the  t o t a l  J  v a lu e s  1, 0 , 1 , and 2, r e s p e c t i v e l y .  As 

p r e v i o u s ly  s t a t e d  the  t o t a l  J  v a lu e  o f  a g iv en  neon l e v e l  i s  th e  o n ly

TABLE 3. A bso lu te  C ross S e c t io n s  o f  the  P rom inen t 
S p e c t r a l  L ines  B e long ing  to th e  3p-* I s  S e r ie s

W avelength
o

i n  A T r a n s i t i o n

Qjj^ a t  100 eV 

i n  U n i t s  o f  lO '^O cm^

3520 3 P i -  I s , 12± ,2

3461 0 . 4 6  0 .1

3454 2 . 8 6  0 .6

3594 3P4 -  1^2 ( 1 . 3 6  0 .3 ) *

3467 3P5 -  1=3 0 . 7 6  0 .2

3448 1 . 6 6  0 .3

3501 3 P ; -  1=4 1 .1 6  0 .2

3464 3 p g -  I S j 1 .2 6  0 .2

3473 3 p , -  1=5 0 . 9 6  0 .2

3511 0 . 2 6  0 .1

*The Qj^ v a lu e  which was m easured  r e p r e s e n t s th e  sum o f  the  t r a n s i t i o n s

3p^-* I s g  and 3pg^  I s 2 ' The number p r e s e n te d h e r e  was s c a le d  a c c o rd in g

to  the r a t i o  o f  the m easured v a lu e s  c o r re s p o n d in g  to th e  2p^-* ISg

and 2pg^ I s ^  t r a n s i t i o n s ,
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good quantum number r e s u l t i n g  from any ty p e  o f  c o u p l in g  scheme which may 

be employed to  s tu d y  th e  atom. This means t h a t  th e  t o t a l  a n g u la r  momen­

tum would be a  c o n s t a n t  o f  the  m o tio n .  Thus, one can expand the  wave- 

f u n c t io n  o f  th e  s t a t e  to  which th e  l e v e l  i n  q u e s t io n  r e p r e s e n t s  in  

terms o f  th e  e ig e n f u n c t io n s  c o r r e s p o n d in g  to  th e  same J  v a lu e  o f  a g iv en  

ns  fam ily  d e s c r ib e d  by L S -c o u p l in g .  To o b t a i n  th e  form o f  t h i s  f u n c t io n  

i t  i s  n e c e s s a r y  th e n  to f i r s t  f in d  th e  form o f  th e  e ig e n f u n c t io n s  

d e s c r i b i n g  th e  s t a t e  in  th e  L S - n o t a t i o n .  When an s - e l e c t r o n  i s  coupled

w i th  th e  ( 2p )^  c o re  th e  p o s s i b l e  s p e c t r a l  term s which a r i s e  a re  

3 3 3P^, P^, and Pq . Thus, th e  e ig e n f u n c t i o n s  depend o n ly  on th e s e  te rm s.

The form o f  th e  w a v e fu n c t io n s  f o r  t h e  i n d i v i d u a l  ns l e v e l s  a re  th e n  as 

fo l lo w s  :

( J  = 1) = Ofu(^P^) +  P u ( ^ P p  , (43)

Ÿ ( J  = 1) = - 9 u ( l p . )  + a u ( 3 p  ) , (44)ns^ 1 1

Yns (J  = 0) = n ( \ )  , (45)

and

(J = 2) = u ( ^ p p  . (46)

These e x p r e s s io n s  which d e s c r i b e  th e  form o f  th e  w a v e fu n c t io n  o f  

th e  i n d i v i d u a l  s t a t e s  o f  any n s  f a m i ly  r e v e a l  t h a t  th e  ns^ and ns^ 

l e v e l s  a r e  o f  pu re  t r i p l e t  c h a r a c t e r ,  w h i l e  th e  ns^  and n s^  l e v e l s  a re  

a  m ix tu re  o f  s i n g l e t  and t r i p l e t  com ponents . As a l r e a d y  p o in te d  o u t  in  

th e  2pg c a s e ,  one e x p e c ts  p u re  t r i p l e t  s t a t e s  to  be c h a r a c t e r i z e d  by 

e x c i t a t i o n  f u n c t i o n s  which have  s h a r p  peaks  and f a s t  d e c l i n i n g  t a i l s  a t  

h ig h e r  e n e rg y .  This  i s  indeed  the  c a s e  as  may be se en  from F ig u re  15b 

f o r  th e  3Sg, 4Sg, 3Sg, 4 s ^ ,  and 5s^ l e v e l s .  A lso ,  s in c e  th e  n s^  and n s^
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l e v e l s  a re  m ix tu re s  o f  s i n g l e t  and t r i p l e t  components, i t  i s  n o t  too 

s u r p r i s i n g  to f in d  t h a t  the  shape  o f  t h e i r  e x c i t a t i o n  f u n c t io n s  have 

th e  v e ry  broad f e a t u r e  i l l u s t r a t i n g  t h a t  th e  s i n g l e t  component i s  

d o m in a n t ,

The e x c i t a t i o n  f u n c t io n s  o f  the s l e v e l s  have  the  f o l lo w in g  i n t e r ­

e s t i n g  f e a t u r e s ;  (1) The c u rv e s  do n o t  show any s i g n i f i c a n t  v a r i a t i o n  

i n  shape  w ith  n v a lu e .  Such a  v a r i a t i o n  produced  by a change i n  the  

c a scade  component w i th  n was o b se rv ed  to  o c c u r  i n  a  few c a se s  f o r  the 

np f a m i l i e s ,  (2) The shape o f  the  ns^ and ns^ e x c i t a t i o n  f u n c t io n s

a r e  a lm o s t  i d e n t i c a l .  The same may be s a id  o f  th e  ns^  and n s^  e x c i ­

t a t i o n  f u n c t io n s .  (3) F i n a l l y ,  the  c u rv e s  show no resem blance  to the 

e x c i t a t i o n  f u n c t io n s  o f  the  np f a m i l i e s  which cascade  in to  them.

These t h r e e  q u a l i t a t i v e  f e a t u r e s  may l e a d  one to conc lude  t h a t  

th e  s l e v e l s  a r e  n o t  s i g n i f i c a n t l y  a f f e c t e d  by cascad e  ( sa y  l e s s  than  

20 p e r c e n t ) .  This  problem  i s  s tu d i e d  from a q u a n t i t a t i v e  a s p e c t  i n  

th e  fo l lo w in g  c h a p te r  where th e  r e s u l t s  a r e  p r e s e n te d  f o r  the  cascade  

c o n t r i b u t i o n  from th e  3p f a m i ly  o f  l e v e l s  i n t o  th o se  o f  th e  2s f am ily .  

This  a n a ly s i s  was c a r r i e d  o u t  f o r  an i n c i d e n t  e l e c t r o n  e ne rgy  o f  100 eV.

In  o rd e r  to  draw a few a n a lo g ie s  be tw een  neon and h e l iu m , th e  

fo l lo w in g  r e s u l t s  from  h e l iu m  a re  l i s t e d :

(1) Those l e v e l s  h a v in g  t r a n s i t i o n s  c o n n e c t in g  th e  ground s t a t e  which 

a r e  o p t i c a l l y  a llow ed  by the  s e l e c t i o n  r u l e s  o f  e l e c t r i c  d ip o le

r a d i a t i o n ,  i . e .  the  l e v e l s ,  p o s s e s s  v e ry  b road  e x c i t a t i o n

f u n c t io n s .  The o t h e r  s i n g l e t  l e v e l s  (^S and ^D) a l s o  have  broad  

e x c i t a t i o n  f u n c t i o n s ,  i . e .  b road  w i th  r e s p e c t  to th e  t r i p l e t  type 

o f  c u rv e s ,  b u t  th e y  a r e  n o t  as b road  as  the  e x c i t a t i o n  f u n c t io n s  

o f  the l e v e l s .
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(2 )  The a p p a re n t  c r o s s  s e c t i o n s  o f  th e  s i n g l e t  l e v e l s  a r e  in  g e n e r a l

much l a r g e r  th a n  th o se  o f  th e  t r i p l e t  l e v e l s  h a v in g  the  same n v a lu e .  

The f i r s t  o b s e r v a t io n  above f o r  th e  h e l iu m  c a se  would im ply t h a t  

one would e x p e c t  th e  e x c i t a t i o n  f u n c t i o n s  o f  th e  n s ^ ,  n s ^ ,  n s ^ ,  ndg , and 

n d j  l e v e l s  to  p o s s e s s  v e ry  b road  p e a k s ,  even b r o a d e r  th a n  th o s e  o f  th e  p 

l e v e l s .  I n s p e c t io n  o f  th e  e x c i t a t i o n  f u n c t io n s  in v o lv e d  r e v e a l s  t h a t  

t h i s  i s  indeed  th e  s i t u a t i o n .

In o r d e r  to  compare neon w i th  t h a t  o f  h e l iu m  i n  r e g a r d  to  the  second 

o b s e r v a t i o n  g iv en  above, t h e  a p p a r e n t  e x c i t a t i o n  c r o s s  s e c t i o n s  f o r  an 

i n c i d e n t  e l e c t r o n  energy  o f  100 eV o f  the  2s, 3 s ,  and 4 s  f a m i l i e s  a re  

p r e s e n t e d  i n  T ab le  8 . These r e s u l t s  were o b t a in e d  by d e te r m in in g  the  

c r o s s  s e c t i o n s  o f  a l l  o p t i c a l l y  a l low ed  j - * k  t r a n s i t i o n s  c o n n e c t in g  the  

d e s i r e d  ns f a m i ly  w i th  a l l  low er  np l e v e l s  and th e  ground s t a t e .  Thus, 

i t  was n e c e s s a r y  to  m easu re  th e  c r o s s  s e c t i o n s  o f  a s  many s p e c t r a l  l i n e s  

a s  c o u ld  be i s o l a t e d  and d e t e c t e d ,  and th e n  from th e s e  v a lu e s  employ 

t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  ( l i s t e d  i n  th e  Appendix) to  o b t a i n  

t h e  r e s t .  T ab les  4-7  g iv e  th e  c r o s s  s e c t i o n s  o f  a l l  s i g n i f i c a n t  j-» k  

t r a n s i t i o n s  c o n n e c t in g  th e  ns f a m i l i e s  w i th  th e  2p f a m i ly .  The d a t a  has  

b e e n  p r e s e n te d  in  t h i s  m anner i n  o r d e r  to  i l l u s t r a t e  more e f f e c t i v e l y  

th e  cascade  a n a l y s i s  o f  th e  t e n  2p l e v e l s  p r e s e n t e d  i n  the  fo l lo w in g  

c h a p t e r .  Thus, th e  e x p la n a t i o n  o f  th e s e  t a b l e s  i s  d e f e r r e d  u n t i l  th en .  

The c o n t r i b u t i o n  to  th e  a p p a r e n t  c r o s s  s e c t i o n s  f o r  an i n c i d e n t  e l e c t r o n  

e n e rg y  o f  100 eV o f  th e  2 s ,  3 s ,  and 4s  l e v e l s  g iv e n  i n  Table 8 which 

r e s u l t s  from th o s e  t r a n s i t i o n s  c o n n e c t in g  the  2p f a m i ly  may be o b ta in e d

by m e re ly  ad d in g  the  Q,, v a lu e s  o f  T ab les  4 , 5 , and 6 h o r i z o n t a l l y ,  i . e .
JK

t h o s e  v a lu e s  b e lo n g in g  to  t h e  same row.

E xam ina tion  o f  T ab le  8 r e v e a l s  t h a t  the  a p p a r e n t  c r o s s  s e c t i o n s  o f
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a l l  ns^  and ns^ l e v e l s  ( th e  p u re  t r i p l e t  s t a t e s )  a re  always much l e s s  

th an  th o se  f o r  the  n s^  and ns^  l e v e l s  b e lo n g in g  to  th e  same fa m i ly .  

S ince  th e  v a lu e s  g iven  f o r  the  ns^  and ns^ l e v e l s  a r e  i n  a l l  t h r e e  

c a se s  p r e s e n te d  so much l a r g e r  th an  th o s e  o f  the  ns^ and n s^  l e v e l s  a t  

100 eV, i t  i s  q u i t e  obv ious  t h a t  upon e x a m in a t io n  o f  the  e x c i t a t i o n  

f u n c t io n s  p r e s e n te d  i n  F ig u re s  15a and 15b th e  a p p a re n t  e x c i t a t i o n  

c ro s s  s e c t i o n s  o f  a l l  ns^  and ns^ l e v e l s  w i l l  be l e s s  th an  th e  c o r r e ­

spond ing  v a lu e s  o f  th e  n s^  and ns^ l e v e l s  f o r  any e n e rg y .  Thus, neon

and h e l iu m  a re  s i m i l a r  f o r  th e  above two c h a r a c t e r i s t i c s .

I t  sh o u ld  be n o t i c e d  t h a t  a column o f  numbers h a s  been  in c lu d e d  i n  

Table  8 which g iv e s  the  p e r c e n ta g e  o f  the a p p a re n t  c r o s s  s e c t i o n s  which 

r e s u l t e d  from v a lu e s  o b ta in e d  by em ploying t h e o r e t i c a l  t r a n s i t i o n

p r o b a b i l i t i e s .  The f i g u r e s  show t h a t  in  a l l  i n s t a n c e s  th e o r y  a f f e c t e d
*

more th a n  50 p e r c e n t  o f  th e  f i n a l  r e s u l t .  F a je n  h a s  shown t h a t  the

t r a n s i t i o n  p r o b a b i l i t y  i s  v e r y - s e n s i t i v e  to  th e  wave f u n c t io n s  o f  the

upper  s t a t e ,  a t  l e a s t  f o r  th o s e  t r a n s i t i o n s  c o r r e s p o n d in g  to  s p e c t r a l

l i n e s  a s s o c i a t e d  w i th  th e  2 s ^ ,  2s^ l e v e l s  and th e  ground s t a t e .  He

has  found t h a t  a  s l i g h t  change in  th e  wave f u n c t io n  o f  e i t h e r  o r
2

Y g can  a f f e c t  the  t r a n s i t i o n  p r o b a b i l i t y  to  th e  ground s t a t e  by a 
4

f a c t o r  g r e a t e r  th an  two. T h is  r e s u l t  p la c e s  c o n s id e r a b l e  doubt upon 

th e  n u m e r ic a l  v a lu e s  l i s t e d  f o r  th e  a p p a re n t  c ro s s  s e c t i o n s  o f  th e  ns^ 

and n s^  l e v e l s .  A lso , i t  f o r c e s  one to  wonder i f  th e  r e s u l t s  a r e  

r e l i a b l e  f o r  th e  ns^  and ns^  l e v e l s  s in c e  th e  g r e a t e r  p e rc e n ta g e  o f  

t h e i r  a p p a re n t  c ro s s  s e c t i o n s  was o b ta in e d  by em ploying t h e o r e t i c a l

*
P r i v a t e  communication w i th  Fred E. F a je n ,  Los Alamos S c i e n t i f i c  

L a b o r a t o r i e s ,  Los Alamos, New M exico.



TABLE 4 . A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  
f o r  t h e  S e r i e s  2 s -* 2p

The upper number in each entry is the value of at 100 eV in units of lO"^^ cm^ and the lower
number is the corresponding wavelength in %.

2P l 2P 2 2P3 2P4 2P5 2P6 ZP7 2Ps ZP9 2P l 0

( 1 . 1) ^ ( 5 . 5 ) ? ( 1 . 1) ? ( 9 . 2 ) ? ( 3 . 2 ) ? 9 .7
± 1 .9

1 .3
± 0 . 5

( 0 . 9 ) ? ( 2 . 3 ) ?

1 5 ,2 3 4 11 ,767 11 ,6 0 2 11 ,523 11 ,409 1 0 ,845 1 0 ,6 2 1 1 0 ,295 8,866

< ( 0 . 8) ?

11 ,985

< ( 1 . 0 ) ?

1 1 ,6 1 4

< ( 1 . 5 ) 2

10 ,798
----- < ( 0 . 6) ?

8 ,9 8 9

T( 0 .4 )

17 ,165

< ( 0 . 1) ?

(

T
( 2 . 1)

12 ,689

T
( 1 . 1)

12 ,595

T( 3 . 2 ) ^

12 ,459

T( 5 .0 )

11 ,789

T
( 5 .9 )

11 ,5 2 5

20±4

1 1 ,143

4 .2 ± 0 .9

9 ,4 8 7

2^5
( 0 .3 5 ) ?

13 ,219
----- ( 1 . 3 ) ?

1 2 ,9 1 2

( 0 . 1 8 ) ?

12 ,767

( 1 . 1) ?
12 ,066

( 0 . 1 8 ) ?

11 ,7 9 0

( 1 . 4 ) ?

1 1 ,391

( 6 . 7 ) ?

1 1 ,1 7 8

2 .7 ± 0 .8

9 ,6 6 5

/L Q jk
2s

( 1 . 5 ) ? ~ ( 6 . 7 ) ?
T

( 3 .2 ) ( 12) ^ ~ ( 6 . 6) ? 16±3 22±4 ( 6 . 7 ) ? . , ,

Ul

TCalculated using theoretical branching ratio.

Estimated from experimental data.

Indicated line has never been reported in the literature.



TABLE 5 .  A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  
f o r  th e  S e r i e s  3s-* 2p

- 20 2The upper number in each entry is the value of Q., at 100 eV in units of 10 cm and the lower
o JK

number is the corresponding wavelength in A.

2P l ZP2 ZP3 2?4 2^5 2^6 2^7 2pg 2?9 2^10

0 .5 ( l .O ) T 0 .7 9 ( 1 . 9 ) ^ 1 .3 0 .8 1 0 .4 7 0 .3 8 0 .4 2
3=2 ± 0. 1 ± 0 .1 7 ± 0 .3 ± 0 .1 5 ± 0 .0 9 ± 0 .0 7 ± 0 .0 7

7305 (6 4 0 1 )^ 6352 (6328)C 6294 6118 6046 5939 5434

0 .2 8 1.8 ' 0 .2 6 < 0. 1

3 s s ± 0 .0 6 ± 0 . 4 ± 0 .0 6

6422 ■ 6314 6065 5449

0 .9 8 (0 . 12 ) ^ 1. 1 ( 0 . 2 8 ) ^ T
( 2 .7 ) 3 .2 T( 3 .0 ) 7 .4 1. 0

3 s . ± 0 .2 3 ± 0 .5 ± 0 .5 ± 2. 0 ± 0 . 24 I c c
7725 6721 6667 ( ) 6603 6410 (6331) (6214 )^ 5663

0 . 12 (0 . 66) ^ < 0 . 1 0 .6 5 0 .1 6 0 .5 8 2 .5 0 .8 1
3 s 5 ± .0 4 ± 0 .1 5 ± 0 .0 4 ± 0. 12 ± 0 . 4 ± 0 .0 7

6760 (6678)C 6640 6445 6365 (6 2 4 7 )^ (6182)C 5690

Y o 1 .5 1 .5 1 .9 2.8 5 .8 4 .7 3 .9 8 .4 2 .5 2 . 2

^  j k ± 0 .3 ± 0 .3 ± 0 .7 ± 0 . 6 ± 1 . 2 ± 0 . 8 ± 0 . 8 ± 2 . 2 ± 0 . 4 ± 0 .3
3s

ON



TABLE 6 . A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  
f o r  t h e  S e r i e s  4s-» 2p

_ 2Q 2
The u p p e r  number i n  each  e n t r y  i s  th e  v a lu e  o f  a t  100 eV i n  u n i t s  o f  10 cm and th e  low er  
number i s  t h e  c o r r e s p o n d in g  w a v e le n g th  i n  A.

2P l 2P2 2^3 2^4 2P5 2P6 2P7 2^8 2Pg 2PlO

4=2

( 0 .1 3 ) ^ 0 .3 9
± 0 .0 7

0 .1 4
± 0 . 02

1.1
± 0 . 2

1

|. 0 . 22  

± 0 .0 4
0 .2 5

± 0 .0 4
< 0 . 1 0 . 12

± 0. 02
0 .1 8

± 0.02

(5967 )^ 5349 5315 5298 5274 5150 5099 5023 4656

4 s3
< ( 0 . 1) ’’

(5 3 5 5 )^

-----
0 . 10

± 0 .01

5280

------
< 0 . 1

5105

< 0 . 1

4661

4^4

( 0 .1 5 ) ^

(6250)C

< 0. 1

5576

0. 20

± 0 .0 3

5539

< ( 0 . 1)T  

( /

0 .3 3
± 0 .0 6

5494

0 .9 4
± 0 .1 4

5360

0 .7 9
± 0 .0 9

5305

1.6
± 0 . 4

5222
-

0 .2 8
± 0 .0 5

4827

4=5

< 0. 1 < 0 . 1 < 0 . 1 0 . 22

± 0 .0 4
< 0 . 1 0 . 12

± 0 . 02

0 .6 1
± 0 .0 8

0 .1 7
± 0 .0 3

5589 5534 . 5507 5372 5317 5234 5189 4837

I v
4s

( 0 .2 8 ) ^ 0 .3 9
± 0 .0 7

0 .3 4
± 0 .0 5

1.1

± 0 . 2

0 .6 5
± 0. 11

1 .4
± 0 . 2

0 .7 9
± 0 .0 9

1.8

± 0 . 4
0 .6 1

± 0 .0 8
0 .6 3

± 0 . 10

ON



TABLE 7. A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s

f o r  th e  S e r i e s  ^  ns-* 2p 

5 , 6 , 7 , 8 ,9

Each e n t r y  i s  th e  v a lu e  o f  ^  a t  100 eV i n  u n i t s  o f  10“ ^® c t ^ .
n

2 p  Z p g  2 p g  2 p g  2 p g  2 p ,  2 p g  2 p g 10

ns^   < 0 . 1      < 0 . 1    < 0 . 1      < 0 . 1

0 .1 0  0 .1 1  0 .1 4  0 .4 8  0 .4 4  0 .8 4  0 .1 3
^^^4 ± 0 .0 2  ± 0 .0 1  ± 0 .0 3  ± 0 .0 5  ± 0 .1 2  ± 0 .1 7  ± 0 .0 3

" S  —  <0  1 —  < 0-1  <0  1 ± o : o i  <0  1 <0 1 i o ' . o l  < 0-1

0 .1 0  0 .1 2  0 .1 1  0 .7  0 .2 4  0 .7 2  0 .4 4  0 .8 4  0 .2 8  0 .1 3
j k  ± 0 .0 2  ± 0 .0 2  ± 0 .0 1  ± 0 .1  ± 0 .0 4  ± 0 .1 0  ± 0 .1 2  ± 0 .1 7  ± 0 .0 5  ± 0 .0 3

ns
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t r a n s i t i o n  p r o b a b i l i t i e s ,  a l th o u g h  th ey  do n o t  e x p e r ie n c e  t r a n s i t i o n s  

t o  th e  ground s t a t e .

S ince  th e o ry  dom inates the  r e s u l t s  o f  Table  8 and b ecau se  o f  F a j e n 's  

d i s c o v e r y ,  one must conc lude  t h a t  t h e s e  numbers can s e rv e  o n ly  to i n d i ­

c a t e  r e l a t i v e  m agn itudes  and , hence ,  no q u a n t i t a t i v e  s i g n i f i c a n c e  shou ld  

be  a t t a c h e d  to  them.

F i n a l l y ,  i t  shou ld  be m entioned  t h a t  s in c e  t h i s  work r e p r e s e n t s  the  

f i r s t  known a t te m p t  to d e te rm in e  th e " a p p a r e n t  e x c i t a t i o n  c ro s s  s e c t i o n s  

o f  th e  ns f a m i l i e s ,  com parison  w i th  o t h e r  i n v e s t i g a t o r s  i s  im p o s s ib le .

TABLE 8 . E s t im a t io n  o f  A pparent E x c i t a t i o n  
Cross S e c t io n s  o f  th e  ns F a m il ie s

Upper
Level

)  Q., a t  100 eV
.20  0i n  u n i t s  o f  10 cm^

P e rc e n t  A ffec te d  
by Theory

2^3 < 3 .9 62

3s3 5 .7 60

4 s 3 0 .3 70

2s 5 14 81

10 52

4 ss 2.8 61

2^2
110 90

3=2 44 90

4s 2 14 83

2=4 110 78

3=4 106 87

4=4 29 86



CHAPTER VI

CASCADE ANALYSIS OF THE 2p AND 2s FAMILIES

Under c o n d i t i o n s  o f  low e l e c t r o n  beam c u r r e n t  and atom number 

d e n s i t i e s  and when s t e a d y  s t a t e  c o n d i t i o n s  e x i s t ,  th e  d e c re a s e  in  the  

p o p u l a t io n  o f  an e x c i t e d  l e v e l  due to  r a d i a t i v e  t r a n s i t i o n s  w i l l  be 

e q u a l  to  i t s  g a in  i n  p o p u la t io n  due to  c a s c a d in g  t r a n s i t i o n s  from 

l e v e l s  o f  h i g h e r  energy  and by d i r e c t  e x c i t a t i o n  p roduced  as a  r e s u l t  

o f  e l e c t r o n  bombardment o f  ground s t a t e  a tom s. S ince  t h i s  i n v e s t i g a t i o n  

was c a r r i e d  o u t  unde r  t h e s e  c o n d i t i o n s ,  a t  l e a s t  in  m ost i n s t a n c e s ,  the  

d i r e c t  e x c i t a t i o n  c r o s s  s e c t i o n  o f  an a r b i t r a r y  j t h  e x c i t e d  l e v e l  can be 

o b t a in e d  d i r e c t l y  by m ere ly  s u b t r a c t i n g  from the  a p p a re n t  e x c i t a t i o n  

c r o s s  s e c t i o n  a l l  c o n t r i b u t i o n s  due to  c a scad e  ( r e f e r  back to  e q u a t io n  8) 

Beam c u r r e n t s  and gas  p r e s s u r e s  were i n c r e a s e d  o c c a s i o n a l l y  i n  o r d e r  to 

o b t a i n  s u f f i c i e n t  i n t e n s i t y  from some o f  the  weaker t r a n s i t i o n s  so t h a t  

an u p p e r  l i m i t  c o u ld  be p la c e d  upon th e  v a lu e  o f  t h e i r  c ro s s  s e c t i o n .

I n  t h i s  i n v e s t i g a t i o n  th e  e f f e c t s  o f  ca sc a d e  upon th e  d i r e c t  e x c i ­

t a t i o n  c ro s s  s e c t i o n  have  been  c o n s id e r e d  i n  a number o f  c a s e s .  This 

c h a p te r  p r e s e n t s  th e  r e s u l t s  o f  some o f  th e s e  c o n s i d e r a t i o n s .  Tabu­

l a t e d  h e re  f o r  c o n v en ien ce  a r e  th e  e s t i m a t e s  t h a t  were n e c e s s a r i l y  made 

i n  o r d e r  to  o b t a i n  th e  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  o f  th e  t e n  2p 

neon  l e v e l s .  Also g iv e n  a r e  t h e  r e s u l t s  o f  a s i m i l a r  d e te r m in a t io n  o f  

th e  c a scad e  c o n t r i b u t i o n  from o n ly  t h e  3p fa m i ly  i n to  the  2s f a m ily .

70



71

A ll  r e s u l t s  p r e s e n t e d  a re  f o r  an  e l e c t r o n  e n e rg y  o f  100 eV.

The 2p Fam ily

T ab les  4 - 7  o f  th e  p rev ious  c h a p te r  and T ab les  9-11 o f  t h i s  c h a p te r  

l i s t  th e  n e c e s s a r y  in fo rm a t io n  to  a l lo w  a com ple te  ca sc a d e  a n a l y s i s  o f  

a l l  t e n  2p l e v e l s .  For f u tu re  r e f e r e n c e  th e  w av e len g th s  o f  th o s e  

s p e c t r a l  l i n e s  c o n t r i b u t i n g  s i g n i f i c a n t l y  to  th e  ca scad e  i n t o  th e  2p 

l e v e l s  have  b een  t a b u la te d .  T h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  were 

u se d  r a t h e r  e x t e n s i v e l y  in  d e te r m in in g  m ost o f  th e  e n t r i e s  i n  T ab les  4 

and 9 - a  f o r  t h e  f o l lo w in g  r e a s o n s :

(1) Most o f  th e  l i n e s  a s s o c i a te d  w i th  the  2s f a m i ly  and some o f  th e  

l i n e s  c o n n e c t in g  the 3d-* 2p l e v e l s  a r e  beyond th e  s p e c t r a l  ran g e  

o f  any p r e s e n t l y  e x i s t i n g  p h o t o m u l t i p l i e r  tu b e .

(2) Due to  low r a d i a t i o n  i n t e n s i t y  from  many o f  th e  s p e c t r a l  l i n e s ,

a d e q u a te  s i g n a l  could n o t  be o b t a in e d  from th e  p h o t o m u l t i p l i e r

tube  w i th o u t  in c r e a s in g  th e  s l i t  w id th  o f  th e  m onochrom ator.

This  p ro c e d u re  r e s u l t e d  i n  th e  l o s s  o f  a d e q u a te  r e s o l u t i o n  o f  a

few d e s i r e d  s p e c t r a l  l i n e s .

Thus, th e  Q , v a lu e s  e n te r e d  i n  T ab les  4 and 9 - a ,  a c q u i r e d  by em ploying  
JK

t r a n s i t i o n  p r o b a b i l i t i e s ,  were so o b t a in e d  b ecau se  o f  e i t h e r  o r  b o th  o f  

t h e s e  two r e a s o n s .

I t  sh o u ld  be n o ted  t h a t  t r a n s i t i o n  p r o b a b i l i t i e s  w ere a l s o  used  in  

T a b le s  5 , 6, and 10. The r e a s o n  f o r  t h i s  was n o t  b e c au se  th e  s p e c t r a l  

ran g e  to  w hich  th e  l i n e s  a s s o c i a t e d  w i th  th e  3 s ,  4 s ,  and 4d l e v e l s  

b e lo n g  cou ld  n o t  be reached by p h o t o m u l t i p l i e r  t u b e s ,  b u t  was due to  a t  

l e a s t  two f a c t o r s :

(1) Some o f  th e  l i n e s  have n e v e r  been  r e p o r t e d  i n  the  l i t e r a t u r e .  The



TABLE 9 - a .  A b s o lu te  C ro ss  S e c t i o n s  o f  t h e  S p e c t r a l  L in e s
f o r  th e  S e r i e s  3d-* 2p

Each e n t r y  i s  th e  v a lu e  o f  a t  100 eV i n  u n i t s  o f  10 cm^.

2Pi 2pg 2Ps 2P4 2^5 2P6 2P7 2P8 2P9 2PlO

3 s J 2 .5
± 0 . 5  j  4 .  4 \  

___  l± 0 .9 J

( 5 . 0 ) ^ ( 0 .1 4 ) ?

< ( 0 . 1 ) ?

( 0 .5 8 ) ?

< ( 0 . 1 ) ?

( 0 . 2 0 ) ?

( 0 . 1 7 ) ?

( 0 .1 8 ) ?

< ( 0 . 1 ) ? ~ ( 0 ) ?

1 .2

± 0 .1

0 .4 6
± 0 .0 7

3 s ; "

I : : : )
( 1 . 1 ) ? 0 .7 ± 0 .3 < ( 0 . 1 ) ?

3 s ^ " -----  ~ ( 0 ) ^ 1 .2
± 0 . 2 < ( 0 . 1 ) ? ( 1 . 3 ) ? < ( 0 . 1 ) ? < ( 0 . 1 ) ? ~ ( 0 ) ?

3d^ —  ~ ( 0 ) ' f

----- ( 0 . 8 1 ) ?

< ( 0 . 1 ) ? 0 .3 9
± 0 .0 8

( 2 . 2 ) ?

< ( 0 . 1 ) ? ( 0 . 5 7 ) ?

/  0.861 
U 0 . I 7J { . i - i , ~ ( 0 ) ?

342 ( 4 . 7 ) ^  < ( 0 . 1 ) ^ ( 4 . 6 ) ? 1 .5
± 0 .3

5 .1
± 1 .1 < ( 0 . 1 ) ? ( 7 . 8 ) ? 2 .2

± 0 . 4
2 .9

± 0 .3

343

344 

34;

-----  < ( 0 . 1 ) T

-----

T
< ( 0 . 1 ) ^

2 .2
± 0 . 6

( 0 . 9 1 ) ?

< ( 0 . 1 ) ? < ( 0 . 1 ) ?

4 .2
± 0 .8

( 0 . 1 5 ) ? 1 .8
± 0 . 2



TABLE 9-a. (Continued)

1 2Pl 2^2 % ZP5 ZP6 2P7 2Pg 2PlO

( 0 .3 1 ) ^

L o : ^

1 .1
± 0 . 2 ( 0 .6 5 ) ^ ~ ( 0 ) ^

< ( 0 . 1 ) ^

1 .3
± 0 : 2

1 ___

< ( 0 .1 ) '^

< ( 0 . 1 ) T

( 0 .2 7 ) ^ 7 .9
± 0 . 6

1 .0
± 0 . 3

Z ÎQ jk
3d

7 .5
± 1 . 5

5 .7
± 1 . 2 11±2 11±2 7 .3

± 1 . 5
8 .1

± 1 . 6 12±2 8 .4
± 1 . 7

5 .1
± 1 .0 15±2



A l l  numbers g iv e n  a r e

TABLE

o
i n  A.

9 - b . W av e len g th s  o f  th e  
f o r  th e  S e r i e s  3d-*

S p e c t r a l
2p

L in e s

2Pl 2?2 ZP3 ZP4 ZP5 2?6 2P7 ZP8 2P9 ZPlo

10 ,562 8 ,7 7 2 8 ,6 8 0 8 ,6 3 5 8 ,5 7 1 8 ,2 4 9 8 ,1 1 9 7 ,927 7 ,051

----- 8 ,7 8 4 ----- 8 ,6 4 7 8 ,5 8 3 8 ,2 5 9 8 ,1 2 9 7 ,937 7 ,8 3 3 7 ,059

3 s ^ " 8 ,7 9 3 -----

8 ,6 5 4

8 ,6 5 6 8 ,5 9 1

8 ,2 6 6

8 ,2 6 7 8 ,1 3 6

7 .943

7 .9 4 4

7 ,839  

( )<- 7 ,065

3dJ  ̂       9 ,2 2 0    8 ,7 8 1    8 ,4 1 7  8 ,3 0 2

3d^   9 ,3 7 7    9 ,2 2 2  9 ,1 4 9  8 ,7 8 2  8 ,6 3 5  8 ,4 1 8  8 ,3 0 0  (

3<2 11 ,536 9 ,4 3 3 9 ,3 2 7 9 ,2 7 6 9 ,2 2 2 8 ,8 3 1 8 ,6 8 2 8 ,4 6 3 7 ,4 7 2

9 ,4 5 9 ----- 9 ,3 0 1 9 ,2 2 7 8 ,8 5 4 8 ,7 0 4 8 ,4 8 5 8 ,3 6 6 7,489

3d^       9 ,3 1 4    8 ,8 6 6    8 ,4 9 5  8 ,3 7 6 --------------

3d^                 8 ,3 7 8  -----

3d^ 11 ,6 8 8  9 ,5 3 4  9 ,4 2 5  9 ,3 7 3  ( )'^ 8 ,9 1 9  8 ,7 6 8  8 ,5 4 5    7 ,536

3 d ,    9 ,5 4 7      9 ,3 1 1    8 ,7 7 9      7 ,5 4 4o



TABLE 10. A b s o lu te  C ross  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  
f o r  t h e  S e r i e s  4d-* 2p i

The u p p e r  number i n  e a c h  e n t r y  i s  t h e  v a lu e  o f  a t  100 eV i n  u n i t s  o f  lO"^^ cm^ and th e  lo w e r  
number i s  t h e  c o r r e s p o n d in g  w a v e le n g th  i n  A.

2P l ZP2 2?4 ZP5 2P6 ZP7 2PS 2p 9 2PlO

0 .7 3 1 .5 2 .2 < 0 .1 0 .4 0 < 0 .1 0 .4 0 < 0 .1 0 .4 0
4 s ; ± 0 .1 5 ± 0 . 3 ± 0 . 3 ± 0 .0 5 ± 0 .0 6 ± 0 .0 4

6738 5962 5919 5898 5868 5715 5653 5559 5114

4 s " , 4 s ' " , 0 .7 5 1 .7 0 .6 0 0 .1 3 0 .2 0 0 .2 2 - ( 0 ) ^ 0 .2 0
1 '  1 ’ ± 0 .0 8 ± 0 .3 ± 0 .0 6 ± 0 .0 2 ± 0 .0 2 ± 0 .0 2 ± 0 .0 2

4 s ^ " 5965 5902 5873 5719 5657 5563 5 5 h 5116

4 d ' ~ ( 0 ) ^ 0 .1 5 ( 0 .4 1 ) ^ ( 0 .4 0 ) ^ 0 .5 4 0 .3 5 0 .3 4 ~ ( 0 ) ^1 ± 0 .0 3 ± 0 .0 5 ± 0 .0 4 ± 0 .0 4

4 d ; ( 6175 6143 5975 5906 5804 5748 5321

0 .8 0 < 0 .1 2 .1 ( 0 .3 0 ) ^ 2 .0 1 .1 3 .3 0 .8 8 0 .4 1
4d2 ± 0 .1 0 ± 0 , 2 ± 0 . 2 ± 0 .6 ± 0 .5 ± 0 .1 3 ___ ± 0 .0 7

7112 6253 6206 6183 6150 5982 5914 5811 5326

< 0 . 1 0 .2 0 < 0 .1 0 .3 3 < 0 .1 < 0 .1 < 0 .1 0 .4 8
4d3 ± 0 .0 5 ± 0 .0 5 ± 0 .0 5

6259 6189 6156 5988 5919 5817 5761 5331

Ln



TABLE m . (Continued)

ZPl ZP2 ZP3 2^4 2^5 2P6 2Py 2Pb 2P9 2PlO

< 0 .1

6193

0 .3 5
± 0 .0 4

5992
-----

1 .6
± 0 . 2

5820

1 .1
± 0 . 2

5764
-----

4d3 ( 0 .2 0 ) ^ ( 0 .7 5 ) ^ ( 0 .3 4 ) ^ ( 0 .3 9 ) ^ < 0 .1 0 .5  , 
± 0 . 1

< 0 .1 0 .2 0
± 0 .0 5

2 .2
± 0 . 2

( ) t 6273 6226 6203 6173 ' 6001 5934 5829 5341

] » S j k
4d

1 .7 3 .0 4 .6 2 .7 3 .4 2 .8 4 . 4 3 .3 1 .4 3 .7
± 0 .3 ± 0 . 6 ± 0 .9 ± 0 . 5 ± 0 .7 ± 0 . 8 ± 0 .6 ± 0 . 4 ± 0 . 2 ± 0 . 4

o



TABLE 11. A b s o lu te  C ro ss  S e c t i o n s  o f  th e  S p e c t r a l  L in e s  

f o r  th e  S e r i e s  ^  nd-* 2p

5 , 6 , 7

Each e n t r y i s  th e  v a lu e
Ï  S k a t  100 eV i n  u n i t s  o f  10 -2 0  2 cm , w here  u r e p r e s e n t s a l l  th e

i n d i c a t e d  iu p p e r  s t a t e s . U

2Pl 2P2 2P3 2P4 2P5 2P6 2P7 2Pg 2P9 ^PlO

n s ^ , n s ^ ,
0 .3 8 0 .7 2 0 .5 0 .9 3 0 .3 2 0 .1 6 0 .3 0 0 .1 4 0 .5 2

ns^ ' ' , n s - ' ± 0 .0 8 ± 0 .1 4 ± 0 .1 ± 0 .1 8 ± 0 .0 6 ± 0 .0 3 ± 0 .0 6 ± 0 .0 3 < 0 .1 ± d ; i o

n d ' . n d ^ ,

ndg .n d g 0 .1 8 0 .1 6 0 .6 5 0 .1 2 0 .4 5 1 .4 1 .4 1 .7 0 .7 8 1 .1

n d ^ .n d ^ . ± 0 .0 4 ± 0 .0 3 ± 0 .1 3 ± 0 .0 2 ± 0 .0 9 ± 0 . 3 ± 0 .3 ± 0 .3 ± 0 .0 8 ± 0 . 2

nd g ,n d g

I V
nd

0 .5 6 0 .8 8 1 .2 1 .1 0 .7 7 1 .6 1 .7 1 .8 0 .7 8 1 .6

± 0 .1 2 ± 0 .1 7 ± 0 . 2 ± 0 . 2 ± 0 .1 5 ± 0 .3 ± 0 .4 ± 0 .3 ± 0 .0 8 ± 0 .3
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sp ace  which would be o cc u p ie d  by t h e i r  w a v e le n g th s ,  i f  th e y  e x i s t e d ,  

have been  n o ted  by th e  e n t r i e s  ( ) ^ .

(2) Some o f  th e  s p e c t r a l  l i n e s  r e p o r t e d  i n  t h e s e  t h r e e  t a b l e s  were 

j u s t  too c lo s e  to  n e ig h b o r in g  l i n e s  o f  g r e a t e r  i n t e n s i t y  to  be 

s a t i s f a c t o r i l y  s e p a r a te d  from th e  more i n t e n s e  ones by th e  mono­

ch ro m ato r .  T h e re fo re ,  th e  o n ly  way to  d e te rm in e  th e  ca sc a d e  con­

t r i b u t i o n  from th e s e  t r a n s i t i o n s  was to  f i r s t  f in d  s p e c t r a l  l i n e s  

o r i g i n a t i n g  from th e  same upper  l e v e l  t h a t  cou ld  be i s o l a t e d  and 

d e t e c t e d ,  m easure  t h e i r  c r o s s  s e c t i o n s ,  and th en  from th e s e  v a lu e s  

make th e  a p p r o p r i a t e  e s t i m a t e s  by em ploying  t r a n s i t i o n  p r o b a b i l i t i e s .  

I t  i s ,  o f  c o u r s e ,  u n d e rs to o d  t h a t  an a n a l y s i s  o f  t h i s  type  would 

y i e l d  much more s a t i s f a c t o r y  r e s u l t s  i f  one d i d  n o t  have to  r e l y  so 

h e a v i l y  on th e o r y ,  f o r  a f t e r  a l l  the  u l t i m a t e  r e a s o n  f o r  p e r fo rm in g  th e  

e x p e r im e n t  was to  o b t a i n  a check  on th e  th e o r y  and i t  does seem a  l i t t l e  

s t r a n g e  to  use th e o r y  to  t e s t  th e o r y .  N e v e r th e le s s ,  s in c e  a p u r e ly  

e x p e r im e n ta l  s o l u t i o n  to  th e  2p c a sc a d e  p rob lem  cou ld  n o t  be o b t a i n e d ,  

t h i s  approach  was n e c e s s a r y .  As i t  t u r n s  o u t ,  the  ca sc a d e  e s t i m a t e s  

o b ta in e d  by th e o r y  a r e  such a  sm a l l  f r a c t i o n  o f  th e  t o t a l  c o n t r i b u t i o n  

to  any g iv en  2p l e v e l  anyway t h a t  the  f i n a l  r e s u l t s  sh o u ld  y i e l d  a s i g n i ­

f i c a n t  t e s t  o f  th e  th e o r y .

For th o se  t r a n s i t i o n s  where t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  

a r e  u sed  to  d e te rm in e  th e  v a lu e ,  i t  i s  im p o s s ib le  to  p l a c e  l i m i t s  

o f  e r r o r  upon th e  number e n te r e d  in  t h e  t a b l e .  The p u r e l y  e x p e r im e n ta l  

m easurem ents g e n e r a l l y  v a r i e d  from one d e te r m in a t io n  to  th e  n e x t  f o r  

i n d i v i d u a l  t r a n s i t i o n s  to  w i t h i n  20 p e r  c e n t .  A few c a s e s  where t h i s

e r r o r  ; ia ;  l a r g e r  a r e  r e p o r t e d  f o r  some o f  th e  weaker t r a n s i t i o n s .

T ab les  7 and 11 were o b t a in e d  s t r i c t l y  by ex p e r im e n t .  S ince  many
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o f  th e  l e v e l s  merge as  the  n v a lu e  i s  i n c r e a s e d ,  e s p e c i a l l y  th e  nd 

f a m i l i e s ,  r e s o l u t i o n  o f  the  s p e c t r a l  l i n e s  p r e s e n te d  a r e a l  p roblem .

As one goes to  h i g h e r  n v a lu e s  th e  n s ^ ,  n s ^ ,  n s |"  , and ns'^" l e v e l s  s h i f t  

c l o s e r  to each  o t h e r  w h ile  a t  th e  same tim e th e  n d | ,  nd^, . . . ,  nd^ l e v e l s  

a l s o  s h i f t  c l o s e r  to  each o t h e r .  Thus, th e  r a d i a t i o n  in to  th e  2p l e v e l s  

coming from th e  d l e v e l s  i s  r e p o r t e d  i n  Tab le  11 f o r  n v a lu e s  o f  5, 6, 

and 7 a s  though i t  o r i g i n a t e d  from two d i s t i n c t  l e v e l s ,  i . e .  th o se  

d e s ig n a te d  i n  the  Paschen  n o t a t i o n  by p l a c i n g  p rim es on th e  l e t t e r  s and 

th o se  sym bolized  by th e  t r u e  l e t t e r  d. The m erg ing  o f  l e v e l s  f o r  i n ­

c r e a s in g  n v a lu e s  can a ls o  e x i s t  f o r  th e  ns f a m i l i e s ,  i . e .  n s^  and ns^ 

merge w h i le  a t  th e  same t im e n s^  and ns^  m erge. I n  Table 7, however, 

th e  i d e n t i t y  o f  the  upper l e v e l  h a s  been r e t a i n e d .

The c ro s s  s e c t i o n s  o f  th o se  t r a n s i t i o n s  o r i g i n a t i n g  a t  l e v e l s

-  22  2g r e a t e r  th a n  9s o r  7d were found to  be l e s s  th a n  10 cm a t  100 eV.

This  r e p r e s e n t s  th e  d e t e c t i v i t y  l i m i t  o f  th e  sy s tem  employed in  t h i s

i n v e s t i g a t i o n .  Inasmuch as  a l l  l i n e s  r e p o r t e d  i n  the  t a b l e s  w i th  c ro s s

-  21 2s e c t i o n s  l e s s  th a n  10 cm were n e g le c te d  i n  th e  t o t a l  ca sc a d e  con­

t r i b u t i o n ,  f u r t h e r  n e g le c t  o f  t h e s e  l i n e s  c e r t a i n l y  in t r o d u c e s  a n e g l i ­

g i b l e  e r r o r  i n  th e  f i n a l  r e s u l t .

Adding the  i n d i v i d u a l  Q., e n t r i e s  i n  each  column o f  T ab les  4-7 and
J K

9-11 w i l l  y i e l d  th e  t o t a l  c a sc a d e  c o n t r i b u t i o n  i n t o  th e  s e p a r a t e  2p neon

l e v e l s .  These sums have b een  o b ta in e d  and the  r e s u l t s  a re  p r e s e n te d  i n

the  form o f  p e rc e n ta g e s  i n  Table  12. Also in c lu d e d  i n  t h i s  same t a b l e

a re  th e  r e s u l t i n g  e x p e r im e n ta l  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  a long
2

w ith  th o se  c a l c u l a t e d  by F red  E. F a je n  u s in g  th e  Born-Ochkur a p p ro x i ­

m a t io n .

An e x a m in a t io n  o f  t h i s  t a b l e  r e v e a l s  d i s c r e p a n c i e s  betw een expe rim en t
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TABLE 12, Comparison Between Experim ent and Theory At 
100 eV f o r  th e  D i r e c t  E x c i t a t i o n  Cross 

S e c t io n s  o f  the  2p Family

-  20  2A ll  c r o s s  s e c t i o n s  a re  e x p re s s e d  in  u n i t s  o f  10 cm ,

L eve l
D i r e c t

Theory

E l e c t r o n  E x c i t a t i o n
*

Experim ent
P e r c e n t  o f  

Cascade

2Pl 690 160 8

2P2 0 .2 2 23 45

2^3 14 15 59

2P4 9 .60 64 33

2PS 7.10 17 59

2Pe 37 62 36

2Py 1 .50 23 58

2P8 7 .60 40 54

Zpg 3 .90 18 50

2PlO 14 17 67

A maximum e r r o r  o f  20 p e r c e n t  i s  p la c e d  upon th e  e x p e r im e n ta l  v a lu e s .  
U n c e r t a i n t i e s  in t ro d u c e d  due to  t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  
ëmploÿedii i n  . ' t h i s - a n a l y s i s  a re  unknown to  t h i s  a u th o r .  T h e r e f o r e ,  the  
20 p e r c e n t  f i g u r e  m ere ly  r e p r e s e n t s  an e s t im a te  o f  the  a c t u a l  e r r o r  
which cou ld  p o s s i b l y  e x i s t  fi^om» t h i s  a n a l y s i s .

and th e o r y  w i t h  th e  t h e o r e t i c a l  to e x p e r im e n ta l  r a t i o  r a n g in g  from 

a f a c t o r  .01 to  4 . 3 .  Due to  th e  l a r g e  v a r i a t i o n s  i n  some c a s e s ,  i t  i s  

pe rh ap s  q u i t e  a c c i d e n t a l  t h a t  such n e a r l y  p e r f e c t  ag reem en t  does 

e x i s t  betw een th e o r y  and e x p e r im e n t  f o r  the  2p^ and 2p^Q l e v e l s .  I t  

i s  i n t e r e s t i n g  to  n o te  t h a t  a l l  t h e o r e t i c a l  r e s u l t s ,  w i th  the  e x c ep ­

t i o n  o f  th e  2p^ case . 'j , a r e  s m a l le r  th an  th o se  f o r  th e  c o r r e s p o n d in g  

e x p e r im e n ta l  v a lu e s .  The l a r g e s t  d i s c r e p a n c y  be tw een  th e o r y  and
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e x p e r im e n t  o c c u rs  f o r  the  2pg l e v e l .  S ince  th e  t h e o r e t i c a l  v a lu e  i s  

q u i t e  s m a l l  f o r  t h i s  l e v e l ,  i t  i s  n o t  too  s u r p r i s i n g  t h a t  such  a  l a r g e  

d i f f e r e n c e  does e x i s t  between th e  two a p p ro a c h e s ,  f o r  th e o r y  can y i e l d  

a  r a t h e r  ab su rd  r e s u l t  when the  f i n a l  answer i s  s m a l l .  T h is  i s  because  

i n  any ty p e  o f  a p p ro x im a t io n ,  which m ust be used  to  c a l c u l a t e  t h e o r e t i c a l  

e x c i t a t i o n  c r o s s  s e c t i o n s ,  i t  i s  p o s s i b l e  t o  n e g l e c t  a sm a l l  number 

w hich  c o u ld  a f f e c t  th e  f i n a l  r e s u l t  q u i t e  s i g n i f i c a n t l y .  Ju d g in g  from 

p r e v io u s  c o n c lu s io n s  which have been drawn betw een th e o r y  and e x p e r i ­

ment f o r  o t h e r  g a s e s ,  i t  i s  f e l t  t h a t  a  f a c t o r  o f  f i v e  betw een th e  two 

a p p ro a c h e s  to th e  neon  p roblem  i s  n o t  too  s u r p r i s i n g .  W hile th e  o v e r ­

a l l  ag reem en t  i s  n o t  p o o r ,  th e  above r e s u l t s  do s u g g e s t  t h a t  more 

a c c u r a t e  t h e o r e t i c a l  c a l c u l a t i o n s  a r e  needed .

F o r  uhe b e n e f i t  o f  com p le teness  and to  f a c i l i t a t e  f u t u r e  d e te r m i ­

n a t i o n  o f  th e  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n  o f  any d e s i r e d  2p l e v e l  

f o r  a  d i f f e r e n t  e n e rg y  o t h e r  than  100 eV, r e p r e s e n t a t i v e  e x c i t a t i o n  

f u n c t i o n s  o f  th e  d l e v e l s  a re  in c lu d e d  in  t h i s  p a p e r .

S ince  th e  d l e v e l s  a r e  spaced so c l o s e l y  to  each  o t h e r ,  i t  was

e x p e r i m e n t a l l y  im p o s s ib le  to  o b t a i n  e x c i t a t i o n  f u n c t i o n s  to  r e p r e s e n t

e x c l u s i v e l y  th e  a p p a re n t  c ro s s  s e c t i o n s  o f  th e  12 i n d i v i d u a l  nd l e v e l s .

For exam ple, th e  e x c i t a t i o n  f u n c t io n  o f  any nd^ l e v e l  co u ld  n o t  be

o b t a i n e d  d e vo id  o f  nd, r a d i a t i o n .  Also nd'' r a d i a t i o n  c o n ta m in a ted  the
4 1

e x c i t a t i o n  f u n c t io n s  o f  th e  n d |  l e v e l s  o r  v i c e  v e r s a .  S im i la r  s t a t e ­

m ents  can  be made r e g a r d in g  n s^ ,  ns j "  , and ns^"'.  The o n ly  d l e v e l s  

w hich  y i e l d  e x c i t a t i o n  f u n c t io n s  f r e e  o f  c o n ta m in a t in g  r a d i a t i o n  from 

o t h e r  l e v e l s  a r e  th e  n s | ,  ndg, nd^, nd^ , nd^ , and ndg l e v e l s .  For 

th o s e  l e v e l s  where th e  a s s o c i a t e d  s p e c t r a l  l i n e s  c o n n e c t in g  th e  2p fam ily  

co u ld  n o t  be s u f f i c i e n t l y  r e s o lv e d  to y i e l d  e x c i t a t i o n  f u n c t i o n s  f r e e  of
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FIGURE 16a. R e p r e s e n t a t i v e  E x c i t a t i o n  F u n c t io n s  
o f  th e  d L ev e ls
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c o n ta m in a t in g  r a d i a t i o n ,  cu rves  a r e  p r e s e n te d  which p r i m a r i l y  r e p r e s e n t  

th e  e x c i t a t i o n  f u n c t io n s  o f  the  d e s i r e d  u p p e r  l e v e l s .  These c u rv e s  were 

o b t a in e d  from s p e c t r a l  l i n e s  whose r a d i a t i o n  was known to  be predom i­

n a t e l y  from t h a t  o f  th e  upper  l e v e l  whose e x c i t a t i o n  f u n c t i o n  was d e s i r e d .  

The c u rv e s  so o b ta in e d  and p r e s e n te d  i n  F ig u r e s  16a and 16b have th o se  

upper  l e v e l s ,  marked %)ÿ an a s t e r i s k  ( * ) ,  w h ich  a r e  known to  c o n t r i b u t e  

th e  l a r g e s t  p e rc e n ta g e  o f  t h e  r a d i a t i o n .  The e x c i t a t i o n  f u n c t io n  o f  

th e  3dg l e v e l ,  c l o s e l y  re se m b lin g  t h a t  o f  th e  3d^ l e v e l ,  was o b ta in e d  

b u t  th e  r e s u l t i n g  c u rv e  c o n ta in e d  so much d e t e c t o r  n o i s e  t h a t  i t  was 

f e l t  th e  d a t a  would n o t  be u s e f u l .  S ince  th e  nd^ l e v e l s  do n o t  con­

t r i b u t e  s i g n i f i c a n t l y  to  th e  cascade  ( th e  m a jo r  t r a n s i t i o n  be in g  

3dg-* Zp^g), th e  e x c lu s io n  o f  the  c u rv e ,  o r  even  th e  nd^-* 2p t r a n s i t i o n  

a l t o g e t h e r  f o r  t h a t  m a t t e r ,  would n o t  i n t r o d u c e  a  n o t i c e a b l e  e r r o r  i n to  

th e  f i n a l  r e s u l t .  F u r th e rm o re ,  v a lu e s  o f  n ^  4 r e s o l u t i o n  o f  th e  s p e c ­

t r a l  l i n e s  o r i g i n a t i n g  a t  a l l  ndg l e v e l s  c o u ld  n o t  be r e s o lv e d  from 

th o se  o r i g i n a t i n g  a t  the  c o r re s p o n d in g  nd^ l e v e l s .  T h e re fo re ,  th e  

r e s u l t s  may be c o n s id e re d  a s  the  t o t a l  c o n t r i b u t i o n  from bo th  l e v e l s  

and th e  (4d^) , 4d^ c u rv e  g iv en  in  F ig u re  16b used  to  o b t a i n  th e  c ro s s

s e c t i o n ,  i . e .  a t  l e a s t  f o r  th e  np -* 2p c a s e s  which a r e  the  o n ly  ones
D lU

n e c e s s a ry  to  c o n s id e r .

A few p o in t s  o f  i n t e r e s t  may be n o te d  from th e  c u rv e s  p r e s e n te d  

i n  F ig u re s  16a and 16b. Most o f  th e  e x c i t a t i o n  f u n c t i o n s  have s h a rp  

peaks  and t a i l s  t h a t  d e c l in e  w ith  v a ry in g  d e g re e s  o f  r a p i d i t y  f o r  

i n c r e a s i n g  e n e rg y .  The o n ly  e x c i t a t i o n  f u n c t i o n s  w i th  v e ry  b ro a d ,  

a lm o s t  f l a t ,  peaks a r e  th o se  o f  th e  l e v e l s  w hich  have a llow ed  o p t i c a l  

t r a n s i t i o n s  to  the  ground s t a t e ,  i . e .  th e  n s ^ ,  n d ^ ,  and nd^ l e v e l s .

The argument, g iv en  i n  the  p re v io u s  c h a p te r  f o r  th e  s s t a t e s  p e r t a i n i n g
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to  the  s i n g l e t  and t r i p l e t  m ix ing  o f  th e  l e v e l s  a lso  a p p l i e s  to  th e  d 

l e v e l s ,  b u t  in  t h i s  c a s e ,  a t  l e a s t  f o r  m ost o f  the  e x c i t a t i o n  f u n c t i o n s ,  

th e  t r i p l e t  form seems to  dom ina te  th e  c u r v e s .  The o n ly  pu re  t r i p l e t  

s t a t e  o f  t h e  d f a m i l i e s  i s  t h a t  c o r r e s p o n d in g  to  the nd^ l e v e l s .

The 2s Family

I n  o r d e r  to  d e te rm in e  w hat f r a c t i o n  o f  th e  a p p a re n t  c r o s s  s e c t i o n

o f  the  s l e v e l s  i s  produced by c a s c a d e ,  th e  c o n t r i b u t i o n  in f l u e n c i n g

th e  2s f a m i ly  from r a d i a t i o n  o u t  o f  th e  3p f a m i ly  was o b ta in e d .  The 2s

fa m ily  was chosen s in c e  they  would be th e  m ost a f f e c te d  by c a sc a d e  o f

th e  s l e v e l s ,  and the  3p fa m i ly  would y i e l d  th e  m ajor  c o n t r i b u t i o n .

The r e s u l t s  p r e s e n te d  in  Table 13 w ere  o b t a in e d  from the Q., v a lu e s
j k

l i s t e d  in  Table 3 f o r  th e  3p-* I s  s e r i e s .  T r a n s i t i o n  p r o b a b i l i t i e s

l i s t e d  in  th e  Appendix were employed by th e  method g iv en  th e r e  i n  o r d e r

to  o b t a i n  the  d e s i r e d  3p-«2s Q v a lu e s .
Jk

In  t h e  p re v io u s  c h a p te r  i t  was s t a t e d  t h a t  the  shapes o f  th e  

e x c i t a t i o n  f u n c t io n s  im p l ie d  t h a t  t h e  c a sc a d e  c o n t r i b u t i o n  i n t o  any s

TABLE 13. Cascade C o n t r ib u t io n  From 
3p I n to  2s L e v e ls

Lower
L e v e l

/L Q3p,2s 100 eV

-20  2in  U n i t s  o f  10 cm

P e r c e n t  o f  
Cascade

2^2 50 45

2^3 2 .8 > 72

2^4 24 22

2^5
12 , 86
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l e v e l  does n o t  exceed  ab o u t  20 p e r c e n t .  A lthough th e  p e rc e n ta g e s  g iv en

h e r e  a l l  exceed t h i s  m arg in ,  th e y  a r e ,  how ever, n o t  too s u r p r i s i n g .  I t

m ust be remembered t h a t  t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  a f f e c t

each  e n t r y .  By s l i g h t l y  v a ry in g  th e  wave f u n c t i o n s  o f  th e  3p s t a t e s ,
*

F a je n  has  shown t h a t  th e  t r a n s i t i o n  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  the  

3p-* 2s s e r i e s  a r e  n o t  a f f e c t e d ,  b u t  th o s e  a s s o c i a t e d  w i th  th e  3p~* I s  

s e r i e s  can change by a f a c t o r  o f  15. Thus, i t  a p p e a rs  t h a t  a more 

a g re e a b le  r e s u l t  be tw een e x p e r im e n t  and th e o ry  can o n ly  be o b t a in e d  

when more a c c u r a t e  v a lu e s  o f  t r a n s i t i o n  p r o b a b i l i t i e s  become a v a i l a b l e .  

The m ethod, how ever, i s  sound and may be used l a t e r  when a c c u r a te  

t h e o r e t i c a l  d a ta  becomes a v a i l a b l e .

*
P r i v a t e  com m unication.



CHAPTER VII

SUMMARY

E x c i t a t i o n  f u n c t i o n s  f o r  44 s p e c t r a l  l i n e s  o f  neon  were o b ta in e d  

u n d e r  c o n d i t io n s  o f  low e l e c t r o n  beam and ground s t a t e  number d e n s i ­

t i e s .  These c u rv e s  i l l u s t r a t e  th e  v a r i a t i o n  o f  th e  a p p a re n t  c ro ss  

s e c t i o n s  o f  th e  s ,  p , and d l e v e l s  o v e r  an e n e rg y  ra n g e  from o n s e t  to  

200 eV. S i m i l a r i t i e s  i n  th e  shapes  o f  th e s e  c u rv e s  and th o se  o b ta in e d  

f o r  the  e x c i t e d  s t a t e s  o f  h e liu m  have been  n o te d .  The pure  t r i p l e t  

s t a t e s  have  been  found to  p o s s e s s  e x c i t a t i o n  f u n c t io n s  which have s h a rp  

peaks  and f a s t  d e c l i n i n g  t a i l s  a t  h i g h e r  en e rg y .  Those l e v e l s  h a v in g  

o p t i c a l l y  a llow ed  t r a n s i t i o n s  to  th e  ground s t a t e  were d isc o v e re d  to  

have  e x c i t a t i o n  f u n c t i o n s  c h a r a c t e r i z e d  by v e ry  b road  f l a t  maximums 

q u i t e  s i m i l a r  to  th o se  o f  th e  s t a t e s  o f  h e l iu m .

O th e r  s i m i l a r i t i e s  to  h e l iu m  in c lu d e  th e  fo l lo w in g :  th e  a p p a re n t

c r o s s  s e c t i o n s  o f  the  p u re  t r i p l e t  s t a t e s  a r e ,  i n  g e n e r a l ,  much s m a l le r  

t h a n  th o se  o f  th e  s i n g l e t  s t a t e s ,  and th e  c a sc a d e  c o n t r i b u t i o n  in to  th e  

s l e v e l s  was o b s e rv e d  q u a l i t a t i v e l y  to  be q u i t e  s m a l l .

A b so lu te  m easurem ents  o f  th e  c r o s s  s e c t i o n s  o f  o v e r  250 s p e c t r a l  

l i n e s  have  y i e l d e d  th e  e x p e r im e n ta l  b a s i s  f o r  th e  neon  s tu d y .  Extreme 

c a r e  was e x e r c i s e d  i n  th e  m easurem ents and s e v e r a l  d e te r m in a t io n s  w ere 

made so t h a t  th e  l a c k  o f  r e p e a t a b i l i t y  in  th e  e x p e r im e n ta l  r e s u l t s  c o u ld
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be used to  e s t im a te  th e  e x p e r im e n ta l  e r r o r s .

Where p o s s i b l e ,  com parisons have  been  made w i th  e a r l i e r  e x p e r i ­

m en ta l  r e s u l t s  b u t  th e  methods employed in  th e s e  few i n s t a n c e s  by those  

w orkers  were so p r i m i t i v e  t h a t  c o n c lu s iv e  comments c a n n o t  be j u s t i f i a b l y  

made.

The c ro s s  s e c t i o n s  o f  th e  s p e c t r a l  l i n e s  a s s o c i a t e d  w ith  th e  2p 

fa m ily  were used  to  d e te rm in e  the  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  a t  

100 eV o f  a l l  t e n  2p l e v e l s .  For t h o s e  v a lu e s  w hich  could  n o t  be 

de te rm ined  e x p e r im e n ta l l y ,  t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s  o r  

b ra n c h in g  r a t i o s  were used to  o b t a i n  th e  d e s i r e d  r e s u l t .  These were 

used  o n ly  in  d e te rm in in g  cascade  c o n t r i b u t i o n s  i n t o  th e  2p fa m i ly .  The 

t o t a l  c o n t r i b u t i o n  o b ta in e d  i n  t h i s  manner r e p r e s e n t s  a sm all  f r a c t i o n  

o f  th e  t o t a l  e s t i m a t e .  Thus, the  r e s u l t s  g iv e n  i n  t h i s  work were 

p r i m a r i l y  de te rm ined  th ro u g h  e x p e r im e n t  and th e  e r r o r s  in c u r r e d  shou ld  

be l a r g e l y  due to  th e  e x p e r im e n ta l  m ethod.

The d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  o b ta in e d  by expe rim en t  have 

been  compared w i th  c o r r e s p o n d in g  v a lu e s  r e s u l t i n g  from t h e o r e t i c a l  

c a l c u l a t i o n s  u s in g  th e  Born-Ochkur a p p ro x im a t io n .  A lthough the  a g re e ­

ment i s  n o t  p o o r ,  i t  i s  q u i t e  e v id e n t  t h a t  b e t t e r  t h e o r e t i c a l  c a l c u ­

l a t i o n s  a re  needed .

A s i m i l a r  a n a l y s i s  was c a r r i e d  o u t  i n  o r d e r  to  d e te rm in e  th e  c a s ­

cade c o n t r i b u t i o n  i n to  th e  fo u r  2s l e v e l s  from th o se  b e lo n g in g  to  the  

3p fa m i ly .  In  t h i s  c a s e ,  however, th e  f i n a l  r e s u l t  was com p le te ly  

a f f e c t e d  by th e o ry .  The r e s u l t  im p l ie s  t h a t  th e  c a sc a d e  c o n t r i b u t i o n  i s  

much l a r g e r  than  had been q u a l i t a t i v e l y  p r e d i c t e d  th ro u g h  exam ina t ion  

o f  th e  e x c i t a t i o n  f u n c t i o n s .  I t  was found t h a t  a s l i g h t  v a r i a t i o n  in  

th e  form o f  the  wave f u n c t io n s  d e s c r i b i n g  th e  3p s t a t e s  could  a f f e c t
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th e  t r a n s i t i o n  p r o b a b i l i t i e s  which were used i n  th e  c a l c u l a t i o n  by a s  

much as a f a c t o r  o f  15. Th is  d i s c o v e r y  le a v e s  th e  r e s u l t s  o f  t h i s  

l a t t e r  a n a l y s i s  and , f o r  t h a t  m a t t e r ,  any r e s u l t  o b ta in e d  i n  t h i s  work 

which was l a r g e l y  a f f e c t e d  by th e o ry  to be h i g h ly  q u e s t io n a b le .

This example i l l u s t r a t e s  one o f  th e  many d i f f i c u l t i e s  o f  u s in g  th e  

o p t i c a l  method to  d e te rm in e  the  d i r e c t  e x c i t a t i o n  c ro s s  s e c t i o n s  o f  th e  

h e a v ie r  a tom s. In  o b t a i n i n g  the  e x c i t a t i o n  c r o s s  s e c t i o n s  o f  a l l  

s p e c t r a l  l i n e s  in v o lv e d  i n  such a d e te r m in a t io n ,  one i s  fo rc e d  to  u s e  

t h e o r e t i c a l  t r a n s i t i o n  p r o b a b i l i t i e s .  T h is  r e q u i r e s  a c c u r a te  wave 

f u n c t io n s  o f  th e  e x c i t e d  s t a t e s  and t h e s e  a re  n o t  g e n e r a l l y  a v a i l a b l e .  

This d i f f i c u l t y  i s  n o t  as s e v e re  i n  h e l iu m , b u t  i s  r e p o r t e d  by Anderson 

e t  a l^  to be q u i t e  s e r i o u s  in  the  c a se  o f  m ercury .

Thus, t h i s  a u th o r  c o n c lu d es  t h a t  more a c c u r a te  t h e o r e t i c a l  work 

needs to be done i n  c o n ju n c t io n  w i th  th e  experim en t  i n  o r d e r  to  make 

th e  o p t i c a l  method a more e f f e c t i v e  t o o l  to s tu d y  b a s i c  a tom ic  and 

m o le c u la r  e x c i t a t i o n  p r o c e s s e s .



APPENDIX 

LIST OF TRANSITION PROBABILITIES

2
The numbers g iv en  i n  t h i s  ap p e n d ix  were s u p p l i e d  by F red  E. F a je n  

i n  o r d e r  to  c a r r y  o u t  th e  c a sc a d e  a n a l y s i s  p r e s e n t e d  i n  C hap te r  6.

A lthough th e  numbers a r e  e q u i v a l e n t  to  t r a n s i t i o n  p r o b a b i l i t i e s  i n  t h i s  

a p p l i c a t i o n ,  t e c h n i c a l l y  th e y  r e p r e s e n t  the  p ro d u c t  gA, where g = (2J.+  1) 

i s  the  s t a t i s t i c a l  w e ig h t  o f  th e  u p p e r  l e v e l  and A i s  the  sp o n taneous  

E i n s t e i n  t r a n s i t i o n  p r o b a b i l i t y  i n  u n i t s  o f  s e c  . The J  v a lu e  o f  a l l  

u p p e r  neon l e v e l s  i s  g iv e n  i n  th e  f i g u r e s  where t h e i r  e x c i t a t i o n  f u n c ­

t i o n s  a re  d i s p l a y e d .  H ence, t h e s e  numbers may be r e a d i l y  c o n v e r te d  i n to  

t r a n s i t i o n  p r o b a b i l i t i e s ;  how ever, th e y  were n o t  needed  to  c a r r y  o u t  

th e  c a l c u l a t i o n s  which l e d  to  th e  r e s u l t s  p r e s e n t e d  i n  C h ap te rs  5 and 6. 

The b a s ic  q u a n t i t y  d e s i r e d  i n  t h i s  work was th e  v a lu e  o f  a p a r t i c u l a r

j - * k  s p e c t r a l  t r a n s i t i o n  a f t e r  th e  Q , v a lu e  o f  th e  j  -* k '  t r a n s i t i o n
j k '

was o b ta in e d  from e x p e r im e n ta l  m easurem ent. I n  term s o f  Q , and th e
j k

r a t i o  o f  th e  r e s p e c t i v e  t r a n s i t i o n  p r o b a b i l i t i e s  in v o lv e d ,  th e  v a lu e  

may be o b ta in e d  from th e  e x p r e s s io n

v^,v ■

where j r e p r e s e n t s  th e  u p p e r  l e v e l  and k ,  k '  th e  two low er o n e s .  Thus, 

th e  f a c t o r  g i s  e l im in a te d  i n  th e  c a l c u l a t i o n s  and need  n o t  be d e te rm in e d .
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gA in units of 10^ sec ^

2^1 2^2 2P3 2^4 ^^5 2P6 2^7 2P8 299 2PlO
Ground
S t a t e

2Sg 0 .2 9  1 .49 0 .29  2 .50  0 .85  2 .64  0 .288  0 .2 4    0 .61  20.8

2s^   0 .6 6      0 .85    1 .30      0 .50  -----

2s . 0 .09  0 .0023 0 .51  0 .27  , 0 .755  1 .20  1 .40  3 .58    1 .00  16 .0

2 S3    0 .39    1 .44  0 .2 0  1 .21  0 .2 0 4  1 .51  7.47 3 .13  -----

3s., 0 .091  0 .382  0 .11  0 .699  0 .1 5  0 .484  0 .121  0 .139    0 .162  5.99
2.

3s_    0 .182      0.226    0 .314      0 .095  -----

3s, 0 .061  0 .0 1 2  0.119 0 .028  0 .273  0 .441  0 .313  0 .804    0 .158  8 .294
3Sg -----  0 .1 2 4    0 .4 4 2  0 .060  0 .337  0 .055  0 .39  1 .88 0.653 -----

4Sg 0 .040  0 .166  0 .054  0 .314  0 .058  0 .191  0 .061  0 .075    0 .073  2.60

4 S3  -----  0 .081      0 .100    0 .136      0 .039  -----

4 s ,  0 .033  0 .0084  0 .050  0 .0079 0 .130  0 .213  0 .130  0 .338    0 .061  4 .33

4 S3  -----  0 ,057    0 .202  0 .027  0 .151  0 .025  0 .1 7 2  0 .824  0 .276  -----

3 s |  1 .9 2  3 .55  5 .13  0 .145 ' 0 .6 0  0 .209  2 .01  0 .19    1 .24  10 .8

3 s i ’ -----  1 7 .4 0    1 .3 5  0 .1 2 4  2 .3 3  0 .4 8 1  0 .8 8 5  0 .0 3 3  6 .4 3  -----
1

3 s |"        23 .60    9 .75    5 .98  0 .104  -----  -----

3 s<mi -----  0 .0 0 2    1 .79  12 .50  0 .936  13 .50  0 .171  0 .005  0 .0 0  -----



2Pl 2^2 2P3 2P4 2P5 :P 6 2P7 2Pg 2P9 2PlO . Ground 
S t a t e

3d- ----- 6 .3 2 ----- 1 7 .2 0 0 .9 0 5 1 1 .70 ------ ■-----

3d^ ----- 0 .0 0 0 .9 2 6 .3 1 0 .0 3 3 9 .2 2 8 .6 6 0 .5 8 6 0 .0 0 -----

3d2 1 .7 2 0 .0 3 2 1 .7 0 0 .3 9 3 .7 4 0 .0 2 8 2 .8 4 1 .0 1 ----- 1 .0 6 2 2 .1

3^3
----- 0 .8 1 6 4 .7 9 0 .7 0 7 5 .7 7 0 .4 9 3 0 .4 2 9 1 .3 3 1 5 .6 0

3 d , ----- ----- ----- 0 .3 7 5 ----- 6 .3 4 2 9 .2 0 2 .0 5 ----- -----

3^4
3d^

3^6
4 s  '

4 s

4 s

4 s

4d

4d

4d,

4d ,

0 .4 8

0 .4 8 5

0 .3 9 4

1.66

0 .7 8 7

0 .6 2 5

3 .0 8

0 .0 0 4 5

0.00

0.010

0 .2 9 3

1.12

5 2 .1 0

0 .9 9 9 0 .0 0 0 9

0 .3 8 7

1.12 0 .013

0 .3 7 6

0 .4 0 9 12.1

5 .0 1

0 .8 7 5

0 .4 4 0

0 .0 3 7 0 .1 5 5 0 .0 3 1 0 .2 8 6 0 .0 2 0 .2 4 6

0 .3 1 9 0 .0 5 0 0 .2 8 5 0 .0 9 4 0 .1 2 5 0 .0 0 1 1 .27

4 .0 6 ------ 1 .9 8 ----- 1 .0 7 0 .0 0 2 7 -----

0 .3 1 9 2 .0 8 0 .1 7 3 2 .5 4 0 .0 6 2 0 .0 0 0 1 0 .0019

1 .4 5 ----- 2 .9 6 0 .1 1 6 2 .0 6 -----

0 .2 0 1 1 .3 8 0 .0 1 1 .4 9 1 .5 1 0 .1 0 3 0 .0 0

0 .0 5 9 0 .6 9 0 0 .0 0 3 7 0 .5 8 0 0 .1 7 9 ----- 0 .0 9 8

0 .8 7 1 0 .1 2 8 1 .1 8 0 .1 0 2 0 .0 9 6 0 .2 4 3 2 .2 6

7 .0 3

7 .7 8

VOto



2Pl 2?2 2P3 2P4 2P5 2Pe 2Ps 2P9 ^PlO Ground
S t a t e

^^4 0 .0 7 9 1 .1 8 5 .2 9 0 .3 7 3 -----

----- ----- — ----- ----- 9 .3 2 -----

4d5 0 .1 1 1 0 .3 6 5 0 .1 8 1 0 .2 0 9 0 .0 0 0 4 0 .2 2 0 .0 0 0 .0 8 9 ----- 2 .0 0 3 .8 6

4^6
----- 0 .1 6 1 ----- 0 .0 7 7 ' 0 .0 7 1 ----- 0 .8 2 1

3P l 3P2 3P3 3^4 3?5 3Pe 3^7 3PS 3P9 3PlO

I s ,

I s ,

I s ,

I s ,

2s ,

2s,

2s,

2s,

0 .2 1 8

0 .0 1 2 7

0 .7 8 9

0 .0 7 0 1

0 .2 9 7

0 . 22 2

0 .1 2 5

0 .0 5 1 3

1 .0 6

0 .581

0 .0 1 2 6

0 .204

0 .0 0 9 9

0 .2 3 0

0 .0 2 4 5

0 .7 1 9

0 .6 8 7

0 .4 2 8

0 .0 2 2 8

2 .6 9

0 .1 4 0

0 .0 9 0 8

0 .1 8 4

0 .4 6 6

0 .0 4 4 9

0 .0 0 3 5

0 .5 6 7

1 .1 9

0 .0 0 0 6

0 .0 1 3 4

0 .1 7 9

0 .1 8 0

0 .8 1 0

0 .0 7 1 6

0 .8 6 5

2 .2 6

0 .1 4 8

0 .0 1 1 9

0 .3 9 9

0 .1 1 8

0 .0 1 2 7

0 .0 1 9 9

1 .4 1

0 .3 2 5

0 .1 7 8

0 .5 7 6

0 .3 7 9

0 .0 0 7 4

1 .8 2

0 .9 7 7

1 .6 7

4 .1 2

0 .0029

0 .0 1 6 7

0 .1 3 3

0 .5 3 1

0.0110

0 .0 1 8 9

0 .2 2 6

1 .0 8

VOw



3 P i 3P2 3P3 3P4 3Pg 3?6 3P7 3P8 3P9 3PlO

^ ' 2
0 .0 8 5 5 0 .3 7 5 0 .0 3 7 0 0 .9 7 9 0 . 2 1 2 0 .0 2 9 7 0 .0 0 0 3 0 .0 0 5 0 0 .0 6 2 7

------ 0 .1 7 5 ------ 0 .3 8 9 0 .0 1 9 3 0 .0 4 1 9

3 - 4 0 .0 0 4 6 0 .0 0 0 6 0 .1 0 6 0 .0 0 0 4 0 .0 0 2 7 0 .2 9 4 0 .4 6 7 0 .7 2 6 ------ 0 .1 5 4

" ' 5
------ 0 .0 1 4 6 0 .0 0 6 5 0 . 0 0 1 1 0 .5 6 3 0 .0 8 4 6 0 .3 1 0 1 .4 7 0 .6 5 1

4 s 2 0 .0 3 5 8 0 .1 0 9 0 .0 1 1 6 0 .2 8 7 0 .0 5 9 4 0 .0 0 4 1 0 .0 0 0 8 0 .0 0 3 2 0 .0 1 3 7

4 3 3 ------ 0 .0 5 3 2 0 .1 1 5 0 .0 0 4 3 ------ 0 .0 0 7 8

4«4 0 .0 0 4 7 0 .0 0 0 8 0 .0 3 8 3 0 . 0 0 0 0 .0 0 1 9 0 .0 9 0 3 0 .1 3 9 0 . 2 0 2 ----- 0 .0 3 4 6

4=5
------ 0 .0 0 7 5 0 .0 0 3 3 0 .0 0 0 5 0 . 1 8 2 0 .0 2 6 9 0 .0 9 2 7 0 . 4 2 4 0 .1 6 2

4 P i 4P2 4^3 4P4 4P5 4Pe 4Py 4Ps 4P9 4PlO

4 s ,

4 s ,

4 s ,

4 s ,

0 .0 3 4 6

0 .000

0 .1 1 5

0 .0 6 4 6

0.000

0 .0 0 0 2

0 .0 0 5 6 0 .2 9 6

0 .0 3 1 1 0.000

0.000

0 .0 6 9 8

0.112
0 .000

0.000

0 .0 0 2 9

0 .0 8 7 4

0 .1 7 2

0.000
0 .0 0 1 5

0 . 1 4 2

0 .0 2 4 8

0 .0 0 0 4

0 .2 1 6  ------

0 .0 9 0 3  0 .4 3 1

0 .0 0 9 6

0 .0 0 6 2

0 .0 4 1 0

0 .1 9 1

VO
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