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0110 level of GOZ in a TEA laser  with a 
CO, pressure of 300 torr  and  not 10 ns  as 
would  follow from  an  experiment of 
Rhodes et aZ.4 Second, that  the  maximum 
gain  in gas-dynamic and sealed-off CO, 
lasers, found  for  ratios of the H,O and COS 
densities between 0.10 and 0.15,"9 is  fully 
explained by  the  behavior of the relaxa- 
tion  time of the lower laser level as re- 
ported here. 

For lasers with  indirectly excited upper 
laser  levels i t  will be shown from  the  rate 
equations of the  various levels that  the 
laser power decay  in  the afterglow of the 
laser  discharge  is  described by a sum of 
two exponential functions. This analysis 
of the power  decay is applicable to  the 
tail of the power response of TEA lasers 
and will be  illustrated for  different ratios 
of NZ and CO, densities. 
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a fine stainless steel mesh, spaced 50 
mm  apart  in a 1 :2:1  mixture of CO,, He, 
and Nz. Initial preionization  is  provided 
by electron emission from a third elec- 
trode, consisting of separately energized 
arrays of discharge  pins situated  behind 
the  perforated electrode. A two-stage 
100-kV Marx  generator is  used both  to 
supply  this  initial  ionization  and  to ener- 
gize the  main discharge. Sufficient delay 
between these two processes is  facilitated 
with  the  incorporation of an auxiliary 
switch. 

The laser system  is  modular in construc- 
tion, each module  having  its own discharge 
circuit and  gas  supply.  With six modules 
situated in a 6-m long  plane  optical reso- 
nator,  the  system produces a 50-mm2 
cross-sectional beam.  Initial  measurements 
of a known sample of the  beam, using a 
pyroelectric meter7 calibrated  with  the 
output of a solid-st.ate laser, indicate  total 
energies of  -150 J. Since the energy  in- 
put is -1.5 lcJ in  an  active discharge 
volume of  6.0-7.5  1, this  represents a 10- 
percent conversion efficiency and energy 
extraction  between 20 and 30  J/1. The 
pulse shape  as measured with a cooled 
Au-doped Ge detector consists of an  initial 
50-ns spike followed by a -2-ps tail.  The 
latter can be  largely  eliminated  by  almost 
complete exclusion of N, from  the dis- 
charge, in which case pulse  energies de- 
crease to -90 J. Thus powers in excess of 
1 GW are generated  and, when focused 
with a 10-m radius of curvature fully  re- 
flecting mirror,  air  sparks  approximately 3 
m in length  are produced. 

Chek .  Phys. vol.'48, p. 5730  1968. 
4 C K. Rhodes M .  J. Kelly,  and A. Javan, J.  

5 V. K. konyukhov, I. \i Matrosov A. M. 
Prokhorov, D. T. Shalunov,  and N. N. Qhirokov, 
JETP Lett., vol. 12, p. 321,  1970. 

6 S .  Yatsiv, E. Greenfield, F. Dothan-Deutsch, 
D. Chuchem. and E. Bin-Nun. Aabl. Phvs. Lett., 
vol. 19, p. 65, 1971. ' T. Tulm  and H. Seguin, Appl. Phxs. Lett., 

. ._ - 

vo1."19, p. 563, ??71. 
s J. Wilson  Laser plasma  interactions,"  pre- 

sented at   the  Conf. Quantum  Electron.  Div. 
European  Phys. SOC., Hull  England 1971. 

vol. QE-2, p. 375, 196fi. 
a W. J. Witteman, IEEE >. Qwamtdn Electron., 

Q.10 A High-Power  High-Energy  TEA 
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Division of Physics,  National  Research 
Council o f  Canada,  Ottawa,  Ont.,  Can- 
ada 

Many of the problems encountered  in  the 
construction of high-power high-energy 
TEA gas lasers1 have  been associated  with 
the  elimination of high-current  constricted 
arcs and  the  production of a uniformly 
excited medium  between  the discharge 
electrodes. Previous designs  aimed a.t pro- 
ducing  large-volume  discharges  between 
flatz.3 or Rogowski profile electrodes4 have 
incorporated  various  types of auxiliary 
electrodes and double-discharge circuitry. 
These  have  the purpose of generating  an 
initial region of uniform  conductivity 
within  the  excited volume, thereby facili- 
tating  an  even  distribution of the  main 
discharge. An alternate  approach  employs 
an  extended source of high-energy ele'c- 
trons as a separate  means of providing  the 
initial ionization.536 

In this  system, a  uniform  discharge 
is produced  between two  curvcd elec- 
trodes, one of solid 81, and  the  other of 
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Q.11 An Optically  Pumped CO, Laser, 
T .  Y. Chang  and 0. R. Wood, Bell 
Telephone  Laboratories, Inc., Holmdel,  
N .  J .  07733. 

Optical pumping  by  means of a laser has 
been  commonplace  for  some  time  in  the 
visible region of the  spectrum (e.g., dye 
lasers).  Recently  Chang  and Bridges1 
extended  this technique to gases in  the 
far IR region of the  spectrum, where 
they  obtained laser action on pure  rota- 
tional tra,nsitions. In this  paper we report 
observation of laser action in discharge- 
less pure COS gas on several vibrational- 
rotational  transitions  near 10.6 &m using 
a transverse-discharge  hydrogen bromide 
laser as  the  pump source. 

Several P-branch transitions of the v = 
2 + 1 and v = 3 -> 2 vibrational  bands 
of HBr  with wavelengths near 4.3 pm  are 
found  to  be absorbed by CO, gas. I n  
particular, we surmise a close coincidence 
between the P ( 6 )  transition of the v = 
2 + 1 vibrational  band of HBrsl  and 
the R(20) transition of the (OOoO)+(OOol) 
vibrational  band of COz from the spec- 

I ~ U R . ,  vol. 1, p. 423,  1970. 
I T .  Y. Chang  and T. J. Bridges, Opt.  COWZ- 

troscopic data of Oberly et a1.2 The KBr 
laser  should,  thercfore, be an effective 
pump source for a COZ laser whose upper 
laser level is  the (OO"1) state. 

The  experiment consisted of a linear 
arrangement of the pulsed HBr laser with 
internal mirrors, a COS gas cell, and de- 
tector. All air  paths between the  HBr 
laser and  the COS gas cell were eliminated 
since COZ in  air was found  to  strongly 
absorb  the  pump  radiation.  The  trans- 
verse-discharge HBr laser was similar to 
that  previouly described.3 

The 66-em long COZ gas cell, having 
KBr Brewster's  angle windows at each 
end, was situated  between two 10-m ra- 
dius  germanium  mirrors (spaced by 104 
em) which were coated  for 98-percent re- 
flectance a t  10.6 pm.  The 4.3-pm output 
of the pulsed HBr laser was introduced 
into  the COa gas cell through  one of the 
germanium reflectors. 

With 20 torr of CO, present in the gas 
cell, the  output near 10.6 pm is  char- 
acterized by  1)  peak power output -80 
W, 2) pulse duration -0.5 ps,  and 3) 
pulse delay -3 ps. The  optimum COZ 
pressure (20 torr)  appears to  coincide 
with  the  absorption of approximately 
90 percent of the power from  the  P(6), 
v = 2 -+ 1: transition of HBr, which 
under these  conditions exhibits a peak 
power of  -300-500. W with a pulse dura- 
tion -0.5 ps. 

In  conclusion, we expect that  the  opti- 
cal pumping  technique described here 
may  provide an unambiguous  means of 
studying some of the physical mecha- 
nisms involved  in a COS laser. Finally, we 
expect  this  technique  to be  potentially 
useful for pumping very-high-pressure 
COZ lasers. 
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Q.12 Dependence of the Output  Energy 
of a CO,, TEA  Laser on the  Pulse- 
width of the  Excitation  Current, M.  G. 
Drouet, Znstitut  de  Recherche  de 
1'Hydro-Que'bec,  Val-ennes, P.Q., Can- 
ada. 

I n  order  to  optimize  the design of the 
power supply we have  determined  the 
discharge duration  and  current  intensity 
in a given  gas mixture  for maximum  laser 
energy output in a CO, TEA laser. 

A laser with a 1-m discharge length  and 
a 1.9-em interelect.rode  distance was used. 

The  cathode consisted of  180 1-W 10004 
The  anode was a 1.3-cm brass cylinder. 

resistors  connected in parallel in  a single 
row along the laser axis. The 25-kV 0.005- 
pF capacitor  and  its  spark  gap were 
mounted  in a  coaxial  housing in order  to 
minimize the circuit  inductance. The d u m  
tion of the discharge in  the laser cavity 
was adjusted  by  short circuiting the power 
supply at a preset  time  after  the  initiation 
of this discharge. T'his was achieved  using 


