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FIG. 3. Variation of laser pulse delay with electrical delay at a low gain 
[lOP( IO)] and high gain [9P(22)] tandem operation. A possible combi- 
nation of r, and rz for synchronization is also indicated. 

emission of any arbitrary combination of dual pulses from 
our laser system was possible. Synchronization jitter 
< f 10  ns was obtained for the dual-laser system without 
any fast (- ns) electronic synchronization. 

The  fundamental dynamics of the COZ laser may be 
represented by a  four-level system whose temporal popu-  
lation densities and  the resultant intercavity photon flux 
are governed by coupled rate equations’8’19 that were si- 
mu ltaneously solved for our hybrid laser system 
(CO, :N2 :He: : 1: 1:7) incorporating the atmospheric gain 
section as well as the low-pressure section. The  resultant 
temporal profile of the output laser pulse was obtained. 
The  values of the decay constants were similar to those in 
Refs. 18  and  19  and  the pump ing rates were simulated to 
follow the observed current pulses due  to the TEA and  LP 
section discharges. Details of these calculations will be  pre- 
sented elsewhere.” 

A representative plot of the numerically computed de- 
lay in the emergence of the laser pulse from the cavity as a  
function of electrical delay of the TEA discharge with re- 
spect to the LP discharge is shown in F ig. 4. The  observed 
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FIG. 4. Delay characteristics obtained by the rate equation numerical 
calculations (in solid dots) compared to the experimental data (in open 
squares) for the hybrid laser cavity oscillating at the 9R(32) CO, laser 
transition at a pulsed LP section pressure of 8 Torr. 

initial decrease and  subsequent  increase in the calculated 
laser pulse delay with increasing electrical delay is consis- 
tent with the experimental data presented in F ig. 2. The  
good  agreement of the numerical calculations with the ex- 
perimental data elucidates the dynamics of the variation of 
laser pulse delay. The  initial decrease reflects the enhanced 
LP section again at the instant of TEA discharge (and 
hence early em ission from the laser cavity) due  to the 
collisional transfer of excitation to the CO, mo lecules from 
the metastable N2 excited in the discharge. The  subsequent  
increase is due  to the decreased LP section gain at later 
times as a  consequence of stimulated em ission in the cav- 
ity. Small signal dynamic gain measurements of the pulsed 
LP section performed by us are consistent with this inter- 
pretation. 

In summary, we have presented a  new technique for 
the synchronous em ission of independently frequency tun- 
able TEA CO, dual laser pulses from a  single discharge. 
Arbitrary pairs of em issions spanning the 9  and  10  pm 
range of the CO;! laser transitions can be  synchronized 
using this technique with a  temporal jitter < rt 10  ns, with- 
out the use of any fast electronic synchronization. We  are 
currently exploring the possibility of using these dual em is- 
sions to generate high-power synchronized dual picosec- 
ond  CO;? laser pulses by the method of optical free- 
induction decay. 
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