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h~2(1 ~ 2) is  v e r y  s i m p l e  and is  g iven  by 

A~(1 ~ 2 )  f~(1 ~ 3 ) .  ~2(3 ~ 2) 
= f~(1 - - 3 ) + f ~ ( 3 - - 2 )  " (3) 

Th i s  e x p r e s s i o n  is  va l i d  f o r  e a c h  to ta l  a n g u l a r  
m o m e n t u m  L t of the  s y s t e m  (ion + e - ) .  The  e x p r e s -  
s ion  (3) has  been  po in t ed  out r i g o r o u s l y  by G a i l i -  
t i s ,  but  i t  is  p o s s i b l e  to obta in  (3) th rough  the 
s a m e  p h y s i c a l  a r g u m e n t s  that  A. B u r g e s s  used  
in his  p a p e r  on r e c o m b i n a t i o n  [5]. 

Le t  us look at  the s p e c i f i c  p r o b l e m  of the Ca II 
e x c i t a t i o n  by e l e c t r o n  i m p a c t .  This  p r o b l e m  is  a 
s i x - c h a n n e l  p r o b l e m  if one r e d u c e s  Ca II to i t s  
f i r s t  t h r e e  l e v e l s :  4s ,  3d and 4p. F o r  a g iven  to ta l  
a n g u l a r  m o m e n t u m  L t, the s ix  a s s o c i a t e d  chan-  
ne l s  a r e :  

2 4s; l 1 L t 1 ~ k l ;  = 

2 
2 k2; 3d; 12 = L  t - 2  

2 3d; l 3 L t 3 = k2; = 

2 3d; l 4 L t + 2  4 -- k2; = 

5 = k 2. 5' 4p; 15 = L  t - 1  

2 4p; 16 L t + 1 , 6 -= k5; = 

k 2 and l:  be ing  the e n e r g y  and the a n g u l a r  m o m e n -  
tu~m of t~e add i t iona l  e l e c t r o n  a s s o c i a t e d  wi th  the  
channe l  i .  One s e e s  that  i n t roduc t ion  of the l e v e l  
4p c o r r e s p o n d s  to two new channe l s  in the s c a t -  
t e r i n g  p r o b l e m .  It fo l lows  that  (3) is  no l o n g e r  
va l id .  Since  the i n t e r a c t i o n  po t en t i a l  b e t w e e n  the 
channe l s  5 and 6 is  q u a d r u p o l a r ,  and by no m e a n s  
weak ,  it is  p o s s i b l e  to show that  the fo l lowing  is  
a good a p p r o x i m a t i o n  (i =2, 3, 4): 

A~2 (1 ~ i) = f~(1 ~ 5 ) .  f~(5 ~ i) + ~2(1 --~ 6 ) .  ~2(6 ~ i) 

j<5 j< 5 (4) 

Taking  the R m a t r i x e s  compu ted  by D. P e t r i n i ,  
who used  the C o u l o m b - B o r n  a p p r o x i m a t i o n  [6], 
we have  compu ted  ~ 2 ( 4 s  ~ 3 d ) .  

Tab le  1 shows  the  r e s u l t s  fo r  each  to ta l  an-  
g u l a r  m o m e n t u m  L t.  T h e s e  r e s u l t s  show that  
the e f f ec t s  of the n o n - d i r e c t  exc i t a t i on  a r e  not  
neg l i g ib l e  at  a l l .  Roughly speak ing ,  one can a s -  
s u r e  that  Q (4s ~ 3d) is  m u l t i p l i e d  by 2 be tween  
the l e v e l s  3d and 4p. 

In conc lu s ion  we can say  that  each  t i m e  one 
has  to dea l  with a weak  t r a n s i t i o n  c r o s s  s e c t i o n  
one has  to w o r r y  about  the e f f ec t s  that  the s t r o n g  
coupled  t r a n s i t i o n s  could  i n t r o d u c e  to the weak  
t r a n s i t i o n  c r o s s  s e c t i o n  th rough  the p r o c e s s  m e n -  
t ioned  above .  The  p a r t i c u l a r l y  i n t e r e s t i n g  c a s e  
of Fe  XIV is  unde r  i n v e s t i g a t i o n  now. 
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From CH3CN and from a mixture of CH3CN and (CB3)2SO4 laser emission additional to that already re- 
ported in the literature has been found at 119/2, 310.4 it, 310.5/2, 311.512, 334.4 ~ and 334.8 p. 

S e v e r a l  a u t h o r s  have  r e p o r t e d  f a r - i n f r a r e d  
l a s e r  e m i s s i o n  f r o m  cyan ic  compounds  [1-6].  We 
o b s e r v e d  with  a p u l s e d  e l e c t r i c  d i s c h a r g e  th rough  
CH3CN the w e l l - k n o w n  s t r o n g  l ines  at 337/2 and 
310/2.  F u r t h e r m o r e  we found unde r  a p p r o p r i a t e  

cond i t ions ,  s t r o n g l y  dependen t  on v a p o r  p r e s s u r e ,  
a sp l i t t ing  of the 310/2 l ine into t h r e e  l ines  at 
310.4 p, 310.5/2,  311 .5~  and a new l ine  group at 
334.4/2 and 334.8/2.  The sp l i t t ing  of 337 p e m i s -  
s ion  f i r s t  r e p o r t e d  by Kneubtihl et  a l .  [4] could  be 
p r o v e d .  
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Table  I 

Output peak 
Wave leng th  O p t i m u m  p r e s -  

Vapour  (/2) s u r e  (Torr )  e n e r g y  pe r  
pu l se  (J) 

CH3CN 

CH3CN 

+(CH3)2SO4 

310.4 l 10-6 
310.5 0.3 10 -6 
311.5 10 -7  

334.4 I 10-6 
334.8 0.5 10_ 6 

CH3CN : 0.01 10 -5 
119.0 

(CH3)2SO 4 : 0.8 

± 0.1,~ 

In a m i x t u r e  of CH3CN and (CH3)2SO 4 wi th  
p a r t i a l  p r e s s u r e s  of 1 0 - 2 T o r r  and 0 .8  T o r r  r e s p . ,  
a s t r o n g  l ine  at 119/2 w a s  ob ta ined .  T h i s  o s c i l l a -  
t ion o c c u r r e d  only  if the e l e c t r i c  d i s c h a r g e  w a s  
f i r s t  ap p l i ed  for  a f e w  m i n u t e s  to CH3CN only  and 
then (CH3)2SO 4 w a s  added.  With pure  CH3CN or  
p u r e  (CH3)2SO 4 an e m i s s i o n  of th is  w a v e l e n g t h  
cou ld  not be o b s e r v e d .  Al l  l i n e s  a r e  l i s t e d  in 
tab le  1. 

The l a s e r  c a v i t y  w a s  a g l a s s  tube 5 .85 m long 
hav ing  an i n t e r n a l  d i a m e t e r  of 7.2 cm c l o s e d  at 
one end by a p l a n e  a l u m i n i z e d  m i r r o r  and at the 
o t h e r  end by a p lane  c o p p e r  m e s h .  The  p r o p e r t i e s  
of th i s  m e s h  w e r e  [7,  8]: g r a t i n g  c o n s t a n t  = 35 /2 ,  
g r a t i n g  c o n s t a n t  to s t r i p  hal f  b r e a d t h  ra t io  = 8 and 
r e f l e c t i o n  = 0 .97 ,  t r a n s m i s s i o n  = 0 .02 a l l  at 330tt  
w a v e l e n g t h .  The r a d i a t i o n  w a s  c o u p l e d  through  the 
m e s h  to the o u t e r  d e t e c t o r  s y s t e m  c o n s i s t i n g  of a 
F a b r y - P e r o t - i n t e r f e r o m e t e r  [9] to s e p a r a t e  the 

i i i I , i ,, , i ~ 2 1 0 . 5 u ~  

' I , I 

I i ' 

i i b 

~ - . 7 l O . g u ~  I i 
[ ~ i i I I 

I 

Fig.  1. I n t e r f e r o g r a m  of CH3CN. T h r e e  l ines  at 310.4/2, 
310.5~t,  311.5/2.  The dashed  l ines  m a r k  the 21~t-reso - 

n a n c e s .  

1 
/2.- 

Fig. 2. Left: I n t e r f e r o g r a m  of CH3CN. T w o  l i n e s  at  
334.4/2 and 334.8/2.  With an e x t e r n a l  FPI  t he se  r e s o -  
n a n c e s  we re  p roved  to be p roduced  by t w o  l i n e s  and not  
by o ne  l i n e  at 167 ft. Right: I n t e r l e r o g r a m  of CH3CN and 

(CH3)2SO 4. One line at l l g t t .  

d i f f e r e n t  l ine  g r o u p s  and a b o l o m e t e r .  The  b o l o m -  
e t e r  w a s  c a l i b r a t e d  to m e a s u r e  the e n e r g y  p e r  r a -  
d i a t i o n  p u l s e .  The w a v e l e n g t h  of the l i n e s  w e r e  
d e t e r m i n e d  by the i n t e r f e r o m e t r i c  p r o p e r t i e s  of 
the l a s e r  c a v i t y .  The  i n t e r f e r o g r a m s  a r e  s h o w n  
in f i g s .  1 and 2. 

The  e l e c t r i c  p u l s e s  w e r e  p r o d u c e d  by a 17 k V  
d. c . - s o u r c e  and a 0.1 ~tF c o n d e n s e r  p e r i o d i c a l l y  
d i s c h a r g e d  through  the v a p o u r  in the c a v i t y .  The  
r e p e t i t i o n  f r e q u e n c y  w a s  1 c p s .  
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