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KINETIC PROCESSES IN NON-HEATED COPPER VAPOUR LASER 

A. Ludmirsky, Ch. Cohen and Yu. Kagan. 

The Hebrew University of Jerusalem, fie Racah I n s t i t u t e  o f  Physics, JerusaZem,IsraeZ. 

Copper vapour lasers a t t r a c t e d  a t t e n t i o n  owing t o  

t h e i r  h igh  e f f i c i e n c y  i n  the v i s i b l e  reg ion o f  the 

spectrum. I n  conventional copper vapour lasers, a 

temperature o f  150o0C i s  needed t o  achieve the re-  

qu i red vapour pressure. A lower temperature (400°C 

-600OC) i s  requi red i n  a double-pulse lasers us ing 

copper ha1 ides (1.2). These temperatures are usu- 

a l l y  obtained by power d i s s i p a t i o n  o f  the appl ied 

discharge operated a t  a r e l a t i v e l y  h igh  r e p e t i t i o n  

r a t e  ( 3 ) .  A promising method f o r  decreasing the 

working temperature o f  a copper vapour laser  i s  the 

pulsed i n t r o d u c t i o n  o f  vapour I n t o  the working vo- 

lume of the laser  (4,5,6). 

Copper vapour laser  w i t h  i n d u c t i v e l y  produced 

copper plasma, which i s  accelerated by a pulsed ma- 

gne t i c  f i e l d ,  operates a t  room temperature i n  a 

double-pulse mode (7). The magnetic f i e l d  was ge- 

nerated by the discharge o f  a capaci tor  (0.7 pF, 

30KV) through a solenoid mounted ou ts ide  a g lass 

tube (10cm bore and 175cm long) f i l l e d  w i t h  helium. 

The populat ion dens i t i es  o f  both the ground and 

2~5,2 metastable s ta tes  o f  cdpper atoms were d e r i -  

ved from measurements o f  the o p t i c a l  absorpt ion a t  

324.7nm and 510.6nm, respect ive ly ,  over a wide range 

o f  the hel ium pressure. These measurements were 

made along the tube a x i s  and across the tube t o  e l i -  

minate the in f luence o f  the heterogenei t ies o f  the 

copper vapour moving i n  the ax is  d i r e c t i o n  a t  the 

ins tan t  o f  vapour product ion. 

A t r i ggered  xenon f l a s h  tube was used as the sour- 

ce f o r  absorpt lon measurements. 

A lens focused the l i g h t  onto the enterance s l i t  

o f  a I-m monochromator equipped w i t h  10pm s l i t s  and 

a pho tomu l t ip l i e r  tube (PMT) a t  the e x i t  s l i t .  

The PMT s ignal  was d isp layed on an osc i l loscope 

and recorded on P o l a r o i d  f l  lm. 

Ground s t a t e  and metastable copper dens i t i es  were 

computed from the measured absorpt lon by employing 

the methods described by M i  tchel  l and Zemansky (8). 

The absorpt ion c o e f f i c i e n t  o f  the copper ground sta-  

t e  o r  metastable s t a t e  was obtained using the V o i g t  

p ro f  i le ,  which includes the e f f e c t s  o f  Doppler, na- 

t u r a l  resonance, and Van der Waals broadening. The 

hyper- f ine s t r u c t u r e  and isotope s h i f t  were taken 

i n t o  account i n  the ca lcu la t ion .  

The temporal v a r i a t i o n  o f  the temperature i n  the 

af terg low was studied by fast-scaning Fabry-Perot 

spectroscopy (9). The temperature o f  the copper 

vapour was determined f tom the Doppler broadening 

o f  the 521.8nm copper l ine.  T h i s  1 i ne was selected 

i n  order t o  exclude isotope s h i f t  e f fec ts .  

The tenlperature medsurements were made across o f  

the tube t o  exclude the v e l o c i t y  broadening e f f e c t s  

o f  the moving copper vapour along the ax is  d i r e c t i o n .  

The temporal v a r i a t i o n  o f  the temperature o f  the 

copper vapour (Fig. 1 )  was taken i n t o  account f o r  

l i n e  p r o f i l e  in te rp re ta t ion .  

The s l  t t -  funct  Ion was determined w i t h  the help o f  

a copper hollow-cathode lamp. The s i l t  func t ion  was 

used t o  ca lcu la te  absorpt ion c o e f f i c i e n t s  fro111 a 
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continuum r a d i a t i o n  source. 

The dens i t i es  o f  both the ground and metastable 
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