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A HIGHLY -STRESSED CYLIND RICAL ELECTRODE CO 2 TEA LASER

1. I NTRODUCTION

In co n t ras t  to  cu rr ent eff or t s  to sc a l e  ca rbon d i o x ide (C0 2 ) ,
Transversely Excited Atmospheric (TEA) lasers to larger active volumes ,
ce r t a i n  a p p l i c a t i o n s , both military anti commercial , require simple , compact
de v i c e s .  Output energies on the order of 50- 100 mJ are u s u a l l y  sought
w i t h  a c t i ve volumes on the order of 10-2 0 cm-s . A t t e mp ts  to scale  down
double  d i s c h a r g e  f l a t  e lec t rode  scheme s or p in  e lect rode schemes having
r e c t a n g u l a r  aper tures  are u s u a l l y  confronted w i t h  the problem of m a t c h i n g
the  more common c i r c u l a r l y  symmetric  opt ica l  modes to the rec tangular
active area . Thi s  mismatch  l imi t s  s i n g l e  mode e l ec t r i ca l  e f f i c i encie s  to
v i l u e s  cons iderably  lower than the corresponding mul t imode  va lues . 1 In
add i t io n , it is observed that arcing problems become more pronounced for
smal l  scale TEA discharges. This is attributable , at least in part , to the
propor t iona te  increase of f i e l d  gradient s associated wi th  small  electrodes
whic h are fabr icated to the same tolerances  as larger electrodes.

This report describes , in greater detail , a cylindrical electrod e
scheme fo r low energy app l i ca t ions  which  u t i l i z e s  a small diameter wire
,ts  the  cen t ra l  e lec t rode .  Cy l ind r i ca l  electrodes have been investi gated
p r e v i o u s l y  for C02 TEA laser appl ica t ions  but have always employed large
diamete r rods as the central  electrode. 3 ’4 These devices necessar i ly
operate  in h igh order transverse modes , unless  special toric cav i t i e s  are
emp loyed , 3 and require preionizat ion schemes s imi l a r  to those of planar
elect rode geometries.  By contrast , a h ighly-s t ressed central  electrode may
he used s imul t aneous ly  as a preioni : ing electrode w h i l e  pe rmi t t i ng  o sc i l l a -
t ion of low order transverse modes. In addi t ion , the divergent  na tu re  of
the current  dens i ty  a l lows  one to achieve r e l a t i v e l y  hi gh values  of
v o l u m e t r i c  energy deposi t ion in a local ized region of the d ischarge  wi thou t
excessively loading the entire plasma to the point of arcing . An especially
attractive feature of the device is its simplicity of construction and
main tenance  free operat ion .

2. DESCRIPTION OF ELECTRODES

The electrodes were constructed using a 0.0127 cm (5 mil) diameter
tungs ten  wi re  and a 1.524 cm i .d .  s ta inless  steel vacuum tube ( r o l l e d ) .
Fi gure 1 shows a photograph of the device. Other than a s l i g h t  f l a i r i n g
of the  ends of the tube, which helped reduce f ie ld  gradients  near the edges .

1. [) . S. Stark , P. H. Cross , and H. Foster , “A Compact Sea l ed
Pu l sed CO, TEA Laser , ” IEEE Journa l of Quantum Elect ronics , VOL QE- l I ,
No. 9 . Sept 1975 , p 774.

2.  G. R. Osche and H. E. Sonntag , “A Compact C y l i n d r i c a l  CO, TEA
l,~iser , ” IEEE Journa l of Quantum Elect ronics , QE -12 , Dec 1976 , p 752.

3. L. W. Casperson and M. S. Shekhani , “Mode Properties of Annular
Gain l,asers , ” Applied Optics , VOL 14 , No. 11 , Nov 1975 , p 2653.

4.  R.  K. Garnsworthy , L . E . S .  Mathias  and C.H.H. Carmichael , “Atmos-
phe ric Pressort ’ Pulsed COi Laser Utilizing Preion i zation by High Energy
t . l c c t r o n i c s , ” A p p l i e d  Phys i c s  Let ters , VOL 19 , p 50t-~ ( 1 9 7 1) .
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these  ma t er i a l s d i d  no t r equ i r e  a d d i t i o n a l  b u f f i n g  or po l i sh ing  in order to
prevent arcing . Holes were drilled in the center of the cavity mirrors
whi c h ~ere t hen used to support the wire. The tube was aligned coaxially
sith the wire v ia  a three-point adjustment on the plexiglass housing. A
more compact model mig ht he constructed as shown in Figure 2.

l’he pulse forming network (PFN) is shown in Figure 3. The main
capacitor was 0.01 uF. As expected , stable discharges could only be

~ht.1i nL ’J by letting the central electrode play the role of the cathode.
\dvantage was taken of the highly stressed nature of this electrode by series
tri ggering the spark gap and main electrodes. A substantial degree of
preioni:ation was thereb y achieved without additional trigger electrodes
or circuitry. This technique had a particularly beneficial affect on the
stability of the discharge at low to moderate driving voltages while greatly
simplif y ing the overall complexity of the device.

Current and voltage waveforms were typical of pulsed TEA discharges ,
the current pulse being well characterized by a half-period sine wave ,5
for example ,

V - V
i ( t )  = -. si n wt (1)

0

whe re V~ = plasma susta i n i n g  vol tage , V0 = applied voltage (on capacitors)

and : = (L/c)’2 . Note that V~ is the potential drop across the discharge

w h i c h  is a constant , independent of the applied voltage , V0. In particular ,

is determined primarily by the electrode gap and gas composition as is

characteristic of a glow type discharge. (Actually such discharges may be
more ap t ly  described as abnormal glow discharges since the entire electrode
surface is utilized during the discharge. This subtilty has yet to be fully
resolved in the literature.) The current pulsewidth measured approximately
300 ns full-width -half-maximum (FWFN) , as seen in Figure 4. Close inspection
of a sequence of current pulses at a variety of driving voltages shows that
the approximation of a half-period sine-wave is accurate only in describing
the first half of the current pulse , including its peak value. The tail
of the current pulse depends strongly on the driving voltage , gas mixture ,
and particular spark gap used . The latter produces a particularly long current
ga i l  when operated at the low end of its rated voltage range. Best results
were obtained when operating at or even above the high end of the rated
voltage range. An EGG 20B, with a rating of 3.S-11.O kV , showed excellent
performance near 14 kV. The resultant current pulse appeared closely approxi-
mated by half period sine wave. Above 14 kV an EGG 14B with a rating of
l2-3~, was used .

S. 0. P. Judd and J. Y. Wada , “Investigations of a UV Preionized
Electrical Discharge and CO2 Laser ,” IEEE Journal of Quantum Electronics ,
VOL QE-lO , No. 1 , ,Jan 1974 , p 12. 
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Fi gure 3. Voltage - current waveforms . Upper trace - 200 V/cm;
Lower trace - 50 amps/cm.
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Figure 4. Series triggered PFN . C1 0. 01 uF , R 1 = 1.5 H ,

R 2 = 1 M, T. M. rep resen ts tr igger modu le and
S. G. represents the spark gap.
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Fi gure 5. End v iew of disc harge . Br ight  area on top is due to
over-exposure of f i l m  by wire  as viewed s l i g h t l y
do wnward . Note radial  streamers cha rac te r i st i c  of
high-pressure d ischarges .

F lgCdTe
DET

LW .G .L. 1 B.S. DISCHARGE

Ch OPPER

Figure 6. Setup for measuring radial  gain p ro f i l e .
L 1 = 33 . 2 cm f . l . ,  L 2 = 5.0 cm f . l . ,
M 1 = movable mirror , R .G. is rough ground (plate).
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Stable discharges could be obtained over a wide range of gas
pressur es (up to 2.5 atm) , gas mixtures (pure N2, CO2 or He) and applied
voltages (5 to 25 kV). Figure 5 shows a photograph of the discharge
as observed from the end of the tube. The presence of “streamers” is
qui t e evident and are characteristic of strongly driven high pressure
pulsed glow discharges. Note that their density (number of streamers, per
unit area) decrease in accordance with the cylindrical geometry. Arcing
was found to occur at input energy densities of approximately 30 J/ 1 for a
variety of tube lengths (20 cm to 50 cm). Although this value is small
compared to that achieved with planar electrodes , it should he kept in mind
that the discharge has a strong radial dependence which , as will be shown ,
allows one to regain the higher values in a limited region of the discharge.
Subsequent data to be presented refers to a flowing gas mixture of 1:1 :3 ,
CO ., :11 7:He at atmospheric pres~ure and a tube length of 48.26 cm.

3. RADIAL GAT~ PROFILE

In order to perform a meaningful comparison of the present electrode
confi guration with existing schemes , a detailed understanding of the radial
gain profile is required . Small signal gain measurements were made using
the setup shown in Fi gure 6. A 1.63 mm square aperture CO2 waveguide laser ,
operating at 120 Torr , was used as the probe laser. The laser oscillated on
the P(20), 10.59 urn line and had a TEM00 transverse mode. The beam was
scanned across the radius of the discharge tube with a moving mirror . A
50 MHz bandwidth HgCdTe detector observed the scattered probe radiation
from a rough ground plate , the latter being necessary to minimize beam steer-
ing effects caused by thermal lensing and shockwaves. These effects
appeared somewhat enhanced compared to those arising from flat electrode
schemes due to the large gradients associated with the cylindrical geometry.

The maximum probe beam diameter was measured and found to be
approximately 2.5 nun at the ends of the discharge tube; the beam waist
after lens L1 being located halfway into the tube and approximately 2 mm in
diameter. The beam was attenuated to approximately 100 mW through a :nSe
beam splitter in order to avoid saturation effects. Since the beam diameter
was a sizeable fraction of the tube radius, each measurement constituted an
average value of the gain over- the probe beam diameter . (Attempt s to
illuminate the entire tube radius with an expanded probe beam , while scanning
the exit beam with a pin-hole/detector arrangement , proved less successful
due to diffraction at the tube ends). A chopper was placed at the focal
point of lens L2 and was synchronized with the discharge pulse so that the
reference beam could be continuously monitored . This eliminated the problem
of long term amplitude stability of the probe laser .

A typical oscilloscope trace of a gain measurement for some value of
r/b is shown in Figure 7. The relatively high value of the low frequency
cutoff of the detector circuitry (10 kHz) resulted in a differentiated square
wave for the chopped probe beam. The rise and fall portions of the square
wave appear as positive and negative going pulses at the beginning and end
of the trace• The gain pulse appears near the cent~ ’- . Assuming that the
gain pulse shape does not change with the probe location in the discharge ,

7 
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Figure 7. Gain and probe sign a l. Sweep speed = 100 usec/cm.

Figure 8. Expanded view of gain Pulse - ~0 usec/cm.
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which is certainly reasonable , values of gain normalized to the peak value
may be readily obtained via such measurements.

Fi gure 8 is an expanded view of the gain pulse. Considerable
structure of a quasi-periodic nature is to be seen in both figures. This
structure is attributable to acoustic shock waves generated by the current
pulse bouncing between electrodes and thereby perturbing the probe
beam. F~r an electrode gap of 0.762 cm and a sound velocity of approximately
33,500 cm/see , a transmit time of 22.5 usec results which agrees closely
with the observed spacing .

Values of gain in dB/m were obtained by measuring the output probe
and peak gain signal (17 + 12) and the input probe intensity (Il )  and using
the relation

10 ( 
~~~~ + I_ , ’

g = log (2)

where L is the active gain length (48.26 cm).

The resultant gain profile , normalized to the outer electrode radius , b ,
is shown in Figure 9. Values obtained near the inner electrode surface
at r = a were complicated by diffraction effects arising from the partial
obstruction of the probe beam by the wire and its support . However , since
this data point was found to be reproducible , it is included with a
reasonable amount of confidence. Values obtained near r = b were very
low and essentially undetectable within the accuracy of the setup. Peak
gains of 5-6 dB/rn were observed at hi gh input energies (2 to 2.5 J) in the
vicinity of the central electrode.

An idealized qualitative understanding of the radial gain profile may
be obtained by considering the radial dependence of such parameters as, E/p ,
current density, j, and energy deposition , jE , for a cylindrical geometry.
These quantities , appropriately normalized , are plotted in Figure 9 and are
discussed below.

From Gauss ’s law we obtain

V - vE c 1 (3)
~ p ln b/a r

where Vc is the cathode potent ia l  drop and p is the pressure in atmosp heres.
Here V has been corrected for the cathode potent ial  drop which was assumed
to be ~3O0volt s .  Possible e f fec t s  due to space charge formation are
neglected for simplicity. From the work of Nighan 6 and Judd ,7 we see that

6. W. L. Nighan , “Electron Energy Distributions and Collision Rates in
Electrically Excited N2, CU , and CU2,” Physical Review A , VOL 2, No. 5,
Nov 1970, p 1989.

o. P. .Judd , “The Effect of Gas Mixture on the Elec tron Kinetics in
the Electrical CO2 Gas Laser ,” Journa l of Applied Physics , VOL 45, No. 10,
Oct 1974 , p 15 72.
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Fi gure 9. Radial gain profile (dB/m) as given by g = 
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Results are normalized to peak value. Largest gain~
observed were 5-6 dB/m near r = a. Gas ratios were
CO2. N2, He = 1:1:3. Dashed “ urve represents a(r/by2

with a = 0.03. Dotted curve represent s e~~
”1’, ~ = 3~7
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opt imum values of E/p for pumping CO2 and N 2 exists at about r /b = 0.25

(E/p = 5 .2  kV/cm atm) , wh i l e  for va lues  below r/b = 0.1 (E/p = 12.9 kV/cm atm)
a significant fraction of the available electrical energy is used for
electronic excitation , dissociation , and ionization. The latter is, of
course, necessary in order to sustain the discharge , whereas the former two
constitute a loss for the system . On the other hand , the curren t dens ity

j ( t )  = 
2TrLr 

(4)

increases rapidly below r/b = 0.15 and more than compensates for the less
eff ic ient pumping of CO2 and N2 in th i s  region.  The combined effect of
both E/p and j is therefore to produce a radial gain profile which is
largest near the wire but which falls off slower than the r 2 dependence of
jE (see Equation s (6) and (7) bel ow).  This is easily seen by noting the
dashed curve in Figure 9 whicn represents a best fit of cx (r/bY 2 (cz = 0.03)
to the observed data. Of course , a more exact analysis would require the
inclusion of space charge effects since they could significantly alter the
radial dependences of j and E in jE. A theoretical calculation of the
radial gain profile , based on the works of Nighan and Judd , will be the
subj ect of later work .

An interesting and possibly useful representation of the observed
gain profile is

g = g0e~~~~~ (5)

where g0 is the peak small signal 
gain at the wire and b = 3 . 7. This

expression is plotted in Figure 9 as a dotted curve and is seen to closely
approximate the observed prof i le .  At hi gher currents it is expected that
the gain curve f l a t t ens  somewhat since the central reg ions saturat e before
the outer regions. This was not the case for the data points of Figure 9,
however , since they corresponded to a peak current of 200A which, for
r/b = O . l , resulted in the s t i l l  moderate value of 8.66 A/cm 2 .

The instantaneous electrical energy deposited in the plasma is given by

= 

V (t)i(t) (6)
-~ 2TrL ln B/a 2~~r

In tegra ting from 0 -* it , we obtain the radial distribution of the total
energy, Et ,  i . e . ,

ET~
r)  = 2irL in h/a . (7)

11~ 
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Referring to  Fi gure  10 we see that relatively large input energy densities
nay he obt ained in a localized region of the plasma . For example , at r/b = 0.1
and an i nput energy of 2J , a value of 238 J/1 is obtained with a corresponding
value for E/p of 12 .9 kV/cm atm. At r/b = 0.135 , 131 J/l is obtained at
9. n ky/cm atm . This should be compared with the reported results of a IJV
pre  ionized laser ,5 which attained a maximum value of 150 J/l at 9.5 kV/cm
a tin .

The si gnificanc e of the r
_ 2 dependence of jE is better appreciated

by integrating Eq. (7) over a cylin drical volume element extending from
r = a to r = r. Normalizin g to Et , one finds

K = 1 +  ln r/b (8)
ln b/a

w h i c h  represents  that  f rac t ion  of the total energy deposited within the
norma l i z ed  radius r/b  (see Figure 10) . One sees that as a consequence of the
large value of b/a , approximately 85 percent of the available electrical
energy is deposited within r/b = 0.5, or within 1/4 of the total gas volume.
By comparison , the gain falls off by approximately 85 percent within this
same r ad ius  so that the point r/b = 0.5 becomes a meaningfu l boundary for
characterizing the extent of the usable gain region . For the present dev ce
this amounts to approximately 22 cm 3 of active volume .

4. I ASF R OUTPUT CHARACTERISTICS

The small active gain area associated with the present configuration
suggests that the system may be efficiently matched to low order transverse
modes of stable opt ical cavities. In addition , the strong radial gain profile
should provide some degree of mode selectivity in favor of low order modes.
In order to investigate these possibilities , a plane-concave cavity was
employed which had a rad ius of curvature R = 3.8 meters and a cavity length
d = 55 cm. Coarse mirror alignment was achieved via a helium-neon laser
which entered off-axis through the Zn Se output mirror. The entire mirror-
wire system was considered aligned when the lowest order transverse mode
appeared . \t low to moderate driving voltages , oscillation occured in what
appeared to he the TEM01 Laguerre-Gaussian mode. In general , the intensity
distributions of the set of Laguerre-Gaussian modes are given by 8

‘r 2 
‘

~
1’mn L ~~

‘ I L  ~~ ~~~~~~ )L  e w (9)
w w

where are the generalized Laguerre polynominals of order m and index n.
The se m modes scale according to the well known beam parameter equations8

S. U. Kogelnik and T. Li , “Laser Beams and Resonators ,” Applied
Optics , VOL 5, No. 10, Oct 1 966, p 1550.
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Figure 10. Idealized curves characterizing highly  stressed ,
coaxial discharge.

E kV(K) = dimensionless , (—) =p cm atm

(J/ i m ) = cm 2 x l0~ , (E T ( r )/ E T) = l i ter ’.

K corresponds to right ordinate. Al l  others , the left
ordinate.
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w ( z )  = w
0

2 { 1 + ( l O~

and

2 
= ~~ (R— d)~ ( 11)

w h i c h - p i c s ~~i 1t s the c intensity spot si:es of the TEM mode. It is
easily seen tha t the TEN0, mode is the lowest order mode°~apable of being
- -a~ ta in~ d 1w an axi a l l y  orstructed cavity. Fi gure Il displays the
ob-~crved mode as obta m e d  w ith a ultra—violet (liV therma l imag ing screen
lon g with a l( element pyroelectric array scan of a sing le pulse beam

cross scet  ion. In Fi gure 12 a computer plot of the ‘l’EM
01 

mode , as
pr edict ed by Equations (9), (lO), and (11) for a distance = 2.15 meters
from the  output m i r r o r , is overlaid on tne experimental points for compari-
son (dotted curve). A best fit (solid curve) to the observed mode shows
that the latter is well characterized by a TEN01 Laguerre-Gaussian mode ,
h u t is sli ghtly larger than that predicted by passive cavity theory .
For the g iven val ues of and d , the l a t t e r  i n d i c a t e s  a s l i gh t bea m
narrowing effect within the cavity which may be traced to  the combined
influences of the radial gain profile and index gradients. The resultant
effect may he characteri:ed by an effective radius of curvature (R’) for
the cavi ty of l. S9 meters , w h i c h i s  approx ima te ly  1/2 the actua l value.
The full-ang le fur-field beam divergence of the TEM

01 mode is approxima t e ly
1.~ t imes t h a t  of  the TEM0() mode

9 as measured to the outer e 2 point s,
for examp le , ~~~~ = S\ / r n ~~. U s i ng R’ in Equation (11) we obtain Q

1) = 5.9 mrad.

It is  in te res t  ing that a pure mode can be sustained by a ga in  p r o f i l e
which has a cusp-like form . The reason is , of course , that the mode which
o scillates has near zero i n t e n s i t y  in the region of the cusp. Also , the
gain profile is sufficiently slowly varying in reg ions away from the cusp
that the Gaussian-like intensity profile of the mode remains essentially
uimperturh ed . 10, 11

The degree to which the above mode is matched to the radial gain profile ,
such t ha t  the  opt ica l  ex t rac t ion  e f f i c i ency  is an optimum , may be
est i mated by co ns ider ing  the location of the peak i n t e n s i t y  points of the
TEM~ 1 mode within t h e disc har ge t ube. Not i n g t ha t  d I I ’ 01

1 2 /dr = 0 at

r = w//2 for a l l  :, we f ind that the  pea k in te n s i t y  at the output mirror
f o r  the observed mod e occurs at r = 0 .120 cm (confirmed w i t h  a UV s c reen ) ,
m d  r = 0.143 cm at the rear mirror. These points correspond to the

9. IL J. Freiherg and A. S. Ilalsted , “Properties of Low Order Transverse
Modes in Argon Ion Lasers ,” App lied Optics , VOL 8, No. 2 , Feb 1969, p 353 .

10. L . W . Caspcrson , “Gaussian Light Beams in Inhomogeneous Media ,”
Applied Optics , VOL 12 , No. 10 , Oct 1973, p 2434.

11. U . Koge ln ik , “On the Propagation of Gaussian Beams of Light Through
l ens like Media Including Those with a Loss or Gain Variat ion ,” Applied
Optics , VOL 4 , No. 12 , December 1965 , p 1562.
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Figure 11. Pyroelectric array scan of single pulse beam prof i le
at z = 2.15 m. Distance between data point s corresponds
to 1.1 mm .

Figure 12. Comparison of theory and experiment , Dotted curve
represents idealized passive c a v i t y  theory . Solid
curve represents best fit of passive cavi ty  mode to
experimental  points .
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: i - - i m lm:ed r a d i i  i i i  F i gure 9 of r/b = 0.157 and 0.188 , r e spec t i ve ly ,  whic h
- i r e  w ell w i t h i n  the  h i g h g a i n  region . For add i t iona l  comparison , the
p o i n t s o f  t h i s  mode extend to r/b = 0.335 and 0.398, respectively,

rre- ~poimd i ug to an optical mode volume of approximately 11 cm 3.

hi gher  order transverse modes could he i nduced by slightly misali gn ing
the c m ~ it ’. or wire) or by increasing the total input energy. It was
i o i i i i d  t h a t  L a vity misalignment t ended to induce modes of higher azimutha l
i r i d e ~~, n , whil e large i nput energies tended to induce modes of higher
rad ii! index , in. The former effect results from the fact that the higher
o rd er  m odes have  a larger hole on-axis and can better tolerate the
m i s a l i gned cavity-wire system . The latter effect may be explained as a
comh inat ion of the following : (a) flattening of the gain profile due to
siturat ion by the pump of the central regions, and (b) the extension of the
usab l e g a i n  region to larger values of r/b. A simple test of the latter
involv e d i nc r ea s ing  the radius  of curvature  of the cavi ty  mirror  such that
t h e  I l M 1~1 mode d iameter  was better matched to the larger act ive in
r e g i o n  associated w i t h  the  hi gher i nput energies. For a radius o
c u r v a t u r e  of S meters , it was found that this node again became the more
d o m i n a n t  one. Other modes observed included TEM02, TEM Ø3, and TEM 11

.

The laser pulse , as measured with a 50 MHz HgCdTe detector , was
typ i ca l  of CU ,, N ,, lie TEA lasers consisting of an initial 100 nsec spike
f o l l o w e d  by Vuse~ t a i l  (see Fi gure 13). The energy per pulse was
calculated from an average power measurement made at a repetition rate of
10 11:.

_ _L
~~~~~~~~~~_ —~~~~~~~~~~~

_L

____

Figure 13. Laser output pulse- O.Susec/cm. Photograph is redrawn
for c l a r i t y .
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The r e s u l t s  are shown in Fi gure 14. The input  energy correspond s
to the energy in the capacitor , ~~~~ The linear nature of the curve is
assumed t o  be due to the non-uniform energy deposition (r 2) which is
capable of saturating only a li m i ted portion of the active gain region. The
to ta l  e l ec t r i ca l - t o -op t i ca l  conversion e f f i c i ency  is seen to approac h
4 percent at the hig h end of the curve. This value exceeds slightly that
achieved with planar electrode geometries mainly due to the better
utilization of active volume . For example , in Reference 1 a drop in
electrical efficiency from approximately 10 percent to approximately 3 per-
cent was realized when the device was apertured for single mode operat ion.
The resultant optical mode volume corresponded to only 55 percent of the
usable gain volume . It is expected that the values reported here could be
improved still further by optimally coupling the cavity and by adjusting
cavity parameters and electrode radii to furt her optimize the optical
extraction efficiency.

(0 0  
—

80 —
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’
O I .~ 2~0 2

’
.5

INPUT ENERGY (J)
Fi gure 14. Energy output versus energy input for 48.3  cm active length .

Out put mirror  r e f l e c t i v i t y  was 89 percent . Data points  were ,
obtained with a power meter at 10 pps. Input energy = ~ CV~ - .
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5. SUM MARY AND CONCLUSIONS

It has been shown that a highly-stressed cylindrical electrode geometry
exhibits several usefu l characteristics for low energy CO2 TEA laser appli-
cations . Most important is the fact that low order stable optical modes
(1l:M01) may he obtained without aperturing at electrical efficiencies near
1 percen t .  I n add i t i on , the device is simple to construct and has demon-
strated reliable arc free operation for a minimum of electrode preparat ion .
It is expected that this geometry should also be useful in exciting other
mo lecular gas systems such as DF/HF chemical lasers .
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