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The ar t ic le  presents  the resul ts  of experimental  studies on the determination of the cha r -  
ac te r i s t i c s  of the p rocess  of absorption of large specific electr ical  energy densit ies in a 
wide range of p r e s su re s  (0.1-0.5 atm CO2-2N2-0.5H2). The presence  of limitations (E0/P> 
45 V / c m .  to r r ,  Q / p ~  1 J / e ra  3. atm) v~hich are  responsible for the region of existence of a 
diffusional d ischarge  was established, which made it possible to determine the relationship 
between the limiting e lec t r ica l  energy density which can be absorbed in the discharge,  the 
initial p a r a m e t e r s  of the sys tem,  and the amount of radiated energy. 

Along with the development of the technology of powerful pulsed l a se r s  of the electroionization type, 
which use an electron beam to create  a uniform discharge in a dense gas, in te res t  continues to be main-  
tained in the mos t  simple l a se r  sys tems having excitation of an optically active medium at high p r e s s u r e s  
by means of a double t r ansve r se  e lec t r ica l  a r c  (TEA CO 2 lasers)  [1-4]. The investigations of such s y s -  
tems  have brought out a number  of insufficiently studied aspects  of the problem of creat ing an efficient 
pulsed l ase r  sys tem based on this principle.  F i r s t  of all, there  is no c lear  answer  to the question of just 
what p rocesses  are  responsible for the limitation in the amount of e lect r ical  energy absorbed in the arc  
without overheat ing and in a stable mode, what are  the l imiting values of the amplification factor  and en-  
e rgy  efficiency of the ent ire  system,  etc. 

The quenching by e lect rons  of the vibrational  excited s tates  of the molecules ,  which can cons ider-  
ably a l ter  both the e lec t ron distribution function and the average energy of the electrons and gas molecules ,  
begins to play an impor tant  role at higher densit ies of applied energy.  The resul ts  of studies of the dy-  
namics  of the absorption of e lec t r ica l  energy  in pulsed d ischarges  are  presented in the present  report ,  
and the relat ionship between the limiting energy, the initial pa r ame te r s  of the system, and the radiated 
energy is established. 

1. Experimental  Apparatus and Measurement  Methods. A schematic  d iagram of the apparatus and 
an equivalent e lec t r ica l  d iagram of the sys tem are  presented in Fig. 1. The capaci tor  C 1 is charged by a 
rec t i f ie r  to the voltage U 0 -  0-80 kV. When the d i scharger  D is fired through a c i rcui t  containing an in-  
ductance L 0 the voltage is fed to the a rc  gap and the initial ionization system. Upon breakdown of the a i r  
capaci tor  C 4 an a rc  develops which is a powerful source of ultraviolet radiation. The auxil iary capaci tors  
C 2 and C 3 determine the dynamics  of the igniting a rc  and allow the creat ion of an additional overvoltage on 
the a rc  gap, which considerably affects the rate of initial ionization in the main volume. The main a rc  
was produced in a metal l ic  chamber  100 cm long. The specially developed and fabricated s torage capac-  
i tor  C 1 = 10 -7 F consisted of a compact  e lect r ical  line for a voltage of about 100 kV with a charac te r i s t i c  
impedance p-- 0.8 f~. The total res i s tance  of the cu r r en t - ca r ry ing  elements  of the capaci tor  and leads was 
R b -  0.4 ~2. The e lec t rodes  were made in the shape recommended by Rogowski with a .length of 80 cm and 
a width of 8 cm. The distance between e lec t rodes  was 5 cm. The cathode was built in the form of a shell 
within which the p re l iminary  ionization sys tem was located. The capaci tor  C2--- 4 �9 10 -9 F, in which poly-  
ethylene film was used as an insulator ,  was placed right inside the igniting electrode,  which, in turn, was 
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covered  with a Teflon f i lm.about  250 /~ thick, which c r ea t ed  an additional 
dis t r ibut ing capac i tor  C3~ 8 �9 10 -~ F. The middle  pa r t  of the cathode in 
the region of the uni form field 2 cm in width was made of a pa ra l l e l  
s e r i e s  of thin f i laments  0.25 m m  in d i ame te r .  The dis tance  between the 
f i laments  and the d ie lec t r ic  sur face  of the igniting e lec t rode  was 2 ram.  

The a r c  cur ren t  I a and the ac t ive  voltage drop U a between the e l ec -  
t rodes  were  m e a s u r e d  in the exper imen t  with a Rogowski loop (1) and an 
ohmic d iv ider  (2) (see Fig.  1). The Rogowski loop had a c h a r a c t e r i s t i c  
t ime  T~ 15" 10 -6 sec ,  which made  i t  poss ib le  to re l i ab ly  de te rmine  the 
shape of a cu r r en t  pulse with a durat ion of ~ 2 .10  -6 see.  The ohmic di-  
v ider ,  cons is t ing  of a ca re fu l ly  ca l ib ra ted  wa te r  r e s i s t a n c e ,  was  con- 
nected d i rec t ly  to the cathode of the a r c  gap. The m e a s u r e d  cur ren t s  
and vol tages  made  i t  poss ib le  to de t e rmine  the basic  p a r a m e t e r s  c h a r -  
ac t e r i z ing  the arc :  i ts  r e s i s t ance  Ra(t) = U a / I a ,  power,  and total  ab -  
sorbed  ene rgy  pe r  unit volume 

Q ( t )=  y~-.i IaUadt. 
0 

The ave rage  e lec t ron  concentrat ion was de te rmined  f rom the expres s ion  

tial e l ec t r i c  field s trength,  U 0 is  the vol tage,  d is  the d is tance  between th~ e l ec t rodes ,  and p is  the p r e s -  
sure  of the working mix ture .  Typical  o sc i l l og rams  of the a r c  cur ren t  and voltage for  di f ferent  modes  a r e  
p r e sen t ed  in Fig.  2 (a: p=0 .2  arm,  U0=50 kV; b: p=0.23 alma, U0=40 kV; c: p=0.15 at-m, U0=60 kV). It  
was found that  the m i n i m um  value of the p a r a m e t e r  (E0/P) - r equ i red  fo r  s table  ignition should only exceed 
by a few pe rcen t  the value cor responding  to the independent breakdown threshold .  F o r  the CO 2 : 2N 2 : 0.5It 2 
mix tu re  i t  was  (E0/P)_~ 45 V / c m -  t o r t .  A vo lumet r i c  d i scharge  does not develop a t  lower  values ,  but a f t e r  
about 10 -6 sec  a s t r e a m e r  breakdown of the a r c  gap occurs .  This  fact  i s  explained by the uneven growth 
of ava lanches  in the init ial  s tage of ionization when E0/P < (E0/P)_. With the uneven ionizat ion produced by 
the auxi l ia ry  ignition s y s t em  i t  i s  n e c e s s a r y  to c r ea t e  an initial  overvol tage  for  the main  gap in o rde r  to 
ignite a s table vo lumet r i c  d i scharge  in a uni form field [6, 7]. I t  i s  just  this  fact  that  explains the exis tence  
of a l imit ing value (E0/P)_ (different  for  d i f ferent  mix tu re  composi t ions)  above which the ex i s tence  of a 
vo lumet r ic  d i scharge  in a wide range of working p r e s s u r e s  i s  poss ible .  

The data on the t ime dependence of E 0 /p  and n e p resen ted  in Fig.  3 i l lus t ra te  the dynamics  of the 
development  of a s table  d i scharge  (U 0 equals 50, 40, and 30 kV for  cu rves  1-3, r e spec t ive ly ,  and p=0.14  
arm). The t ime  var ia t ion  in the r e s i s t a n c e  of the a r c  is  shown in Fig.  4 (p equals  0.14, 0.21, 0.28, and 
0.35 a tm for  cu rves  1-4, r e spec t ive ly ,  and U 0 = 60 kV). When E0/P>45 V / c m - t o r r  a rapid  i n c r e a s e  occu r s  

Xa 
n e ~ e--~-d 7 

where  S is  the ave rage  c ro s s  sect ion of the a rc ,  and v d is  the effect ive 

dr i f t  veloci ty,  which was calculated f r o m  the equation v-~=_ ~$~/vd, (i i s  

the index of a component  of the gas mix ture ,  ~0 i =Pi/P;  Pi i s  the par t ia l  
p r e s s u r e ,  and Vdi i s  the dr i f t  ve loci ty  de t e rmined  with the value of the 
p a r a m e t e r  Ea/P=Ua/pd rea l i zed  in the arc) .  The gas mix tu re  CO2: 2N2: 
0.SH 2 was used in the m a j o r i t y  of expe r imen t s .  

2. Absorpt ion of E lec t r i ca l  Energy  in Arc.  The init ial  e lec t ron  
concentrat ion produced in our  expe r imen t s  using an aux i l i a ry  d i scharge  
depends on the gas composit ion.  F o r  a CO 2 : 2N 2 mix tu r e  i t  can r each  
values  of he< 109 era -~ under  the conditions chosen fo r  this expe r imen t  
[5]. The addition of hydrogen contr ibutes  to a ce r ta in  i n c r e a s e  in ne, a l -  
though this  i s  st i l l  not sufficient  to a s s u r e  the r ap id  and eff icient  con-  
t r ibut ion of ene rgy  to the a r c .  We have es tab l i shed  that  in o rde r  to c r e -  
ate  a s table  vo lumet r i c  d i scharge  at  h igher  p r e s s u r e s  i t  i s  n e c e s s a r y  to 
br ing  about a r e l a t ive ly  high ra te  of growth of the ini t ia l  ionization, 
which i s  de te rmined  by the p a r a m e t e r  E0/p =U0/pd , where  E 0 is  the in i -  
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in the e lectron concentration in the entire working volume, and there is 
a redis t r ibut ion of the initial voltage between the internal  res i s tance  of 
the energy  source  and the t ime-vary ing  ohmic res i s tance  of the arc  gap 
(see Fig.  2a and Fig. 3). The f i r s t  short  cur ren t  pulse cor responds  to 
the moment  of intense ionization in the gap and is determined mainly by 
the discharge of the auxil iary capaci tors  C 2 and C 3. About 20 �9 10 -a sec 
af ter  the rapid r ise  in the e lectron concentration (the res i s tance  falls:) 
its stabilization occurs  at some a lmost  constant level n e whose value is 
determined by the pa ramete r s  Eo/P, p, and p (see Figs.  3 and 4). The 
e lec t r ic  field s trength (Ea/P)c -~ 25-35 V / c m - t o r r  establ ished by this 
t ime in the gap does not depend on the initial voltage o r  the concentration 
n e which is reached.  The tendency toward the es tabl ishment  of some 
quas is ta t ionary  value of n e (and, consequently, of R a) actually comes 
down to the real izat ion of the condition dne/dt  -~ 0 in the a rc  for  di f fer-  
ent values of ne (see Fig. 3). Since (Ea/P) c is also established at some 
quasiconstant  level of ~ 25 V / c m -  t o r r  in this case and does not depend 
on E0/P, the fact  that the condition dne/dt  =0 is sat isf ied for  different 
values of n e cannot be explained by mutual compensation of two proc-  
esses :  direct  ionization of N 2 and CO 2 molecules  from the ground state 
and two-par t ic le  recombination. Evidently, at high a r c - c u r r e n t  densi-  
ties of ~ 50-100 A / c m  2 (ne > 1013 em -3) the determining role may be 
played by p roces se s  of mult istage ionization f rom excited metastable 
states (such as A 3 Z+u and B3IIg for  N 2 molecules)  and f rom states of dis-  
sociated CO 2 and N 2 molecules.  An exact solution of the sys tem of equa- 
tions descr ibing the kinetics of these p roces se s  is complicated because 

of the absence of rel iable data on the dissociat ion c ross  sections and, especial ly,  on the ionization cross  
sections of the excited states of N 2 and CO 2 molecules .  P re l iminary  es t imates  made with allowance for 
the known data on the rate  of excitation and subsequent ionization of states of the N 2 molecule,  A3Z+u, B3IIg, 
and others ,  which have l i fet imes considerably exceeding the duration of the discharge,  show that in the 
quas is ta t ionary  phase the number  of N 2 molecules  excited in the initial stage is sufficient to compensate 
for recombination losses  of e lec t rons  through mult istage ionization. In this case the equilibrium condition 
dne/dt  = 0, or  the equivalent f(Ea/P, p)n~ =fln~, does not depend on the electron concentration and is de te r -  
mined by the establ ished value of (Ea/P)c, the p res su re ,  and the recombination coeffidient. In Fig. 5 we 
present  typical osc i l lograms  of the cur rent  and voltage (a: U 0 =50 kV), as weI1 as the t ime variat ion in the 
a rc  res i s tance  (b: U0=50 kV) and the specific density of absorbed energy Q(t)/p (c: U 0 equals 60, 50, and 
40 kV for  curves  1-3, respect ively ,  and p= 0.21 atm). By the time the quasis ta t ionary phase ne ~- const has 
set  in, a minor  amount of energy (~ 15-20%) has been re leased in the gap, and therefore ,  the following r e -  
lationship should be valid: 

o r  

UoR a 
U a - - B  ' R '  R = R b  + p  

r Eo/p R a ~  R i ]  - i .  (2.1) 
1 
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Consider ing that (Ea/P) c is  p r ac t i ca l l y  independent of U 0 and has  a 
weak dependence on the p r e s s u r e  (35 V / e r a - t o r r  at  p= 0.07 a tm  and 
25 V / c m .  t o r r  at 0.5 atm) one can roughly a s s u m e  that  R a is  a func- 
t ion only of the p a r a m e t e r  E0/p. In Fig.  6 the exper imen ta l  data on 
the dependence of the a r c  r e s i s t a n c e  R a on the value E0/p (U 0 = 60, 50, 
40, and 30 kV for  points 1-4, respect ive ly)  a r e  compared  with a ca l -  
culation by the approx imate  equation (2.1) a t  (Ea/P)c  = 30 V / c m - t o r t  
(solid line). The poss ibi l i ty  of using Eq. (2.1) Ra=f(E0/p)  was t es ted  
exper imen ta l ly  in a wide range of p r e s s u r e s  p= 0.1-0.5 a im of the 
working mix tu re  with var ia t ion  in the s to rage  capaci tance in the range  
of 0.03-0.6 /~F. I t  was  found that  the bes t  a g r e e m e n t  is  obse rved  in 
the case  when the durat ion of the ini t ial  stage of ionization c o m p r i s e s  
a smal l  f rac t ion  of the durat ion of the phase  of a quas i s t a t iona ry  e l e c -  
t ron  concentra t ion ( r ~  0.1rc). In p rac t i ce ,  this condition i s  achieved 
through the appropr i a t e  choice of the capaci tance  of the main  s to rage  
capac i to r  C1, which m u s t  cons iderably  exceed  the capaci tance of the 
working gap and that  of the auxi l ia ry  capac i to r s  C z and C 3 (Ci~ 10Cz). 

A s e r i e s  of expe r imen t s  was conducted on the de terminat ion  of 
the l imi t s  of ex is tence  of the mode of s table  d i scharge .  The voltage 
dependence of the ene rgy  abso rbed  in the a r c  in the s table  mode for  
d i f ferent  gas p r e s s u r e s  is  p re sen ted  in Fig.  7 (p equals  0.07, 0.14, 
. . . ,  0.49 a tm fo r  1-7, respec t ive ly) .  The expe r imen t s  es tab l i shed  
that  the specif ic  ene rgy  densi ty  Q / p  absorbed  in the a r c  i s  l imi ted  by 
the fo rmat ion  of an ins tabi l i ty  man i fes t ed  in the const r ic t ion of the 
a r c  and a sha rp  d r o p  in i t s  r e s i s t a n c e  (see Fig.  4). The nature  of the 
va r ia t ion  in the cu r r en t  and voltage in such a mode i s  shown in Fig.  
2c. With a main  s to rage  capaci tance C i = 10-: F the l imi t ing  values  
of Q /p  a r e  r eached  in the expe r imen t  only when E0/p~ 100 V / e r a .  
t o r t .  An i nc r ea se  in C i to 6 �9 10-: F made  it  poss ib le  to es tab l i sh  the 
l imit ing value of (Q/p)_, which proved  to equal about 0.8 J / c m  3- a t m  
in the en t i re  range of the values  E0/P=45-150 V / c m .  t o r t  and p r e s -  
su r e s  0.1-0.5 a tm used. Unfortunately,  at  p r e s e n t  one cannot yet 
p r e s en t  re l iable  data on the cause and the dynamics  of the develop-  
men t  of the obse rved  instabi l i ty .  The r e su l t s  publ ished e a r l i e r  [8, 11] 
showed that the c h a r a c t e r i s t i c  t i m e  of i t s  development  i s  de te rmined  
by the r a t e  of ene rgy  absorpt ion,  the p r e s s u r e ,  and the composi t ion 
of the working mix tu re .  However ,  i t  m u s t  be noted that  const r ic t ion 
of the d i scharge  was  not obse rved  when r <  180 nsec.  These  fac t s  a r e  
in quali tat ive a g r e e m e n t  with the hypothesis  advanced in [9, 10] that 
i t  i s  poss ib le  for  ins tabi l i t ies  of the ion iza t ion-superhea t ing  type to 
develop in e l ec t r i ca l  d i scha rges  a t  high abso rbed  ene rgy  densi t ies .  
Somewhat  lower  va lues  of (Q/p)_ a r e  p resen ted  in [11]. This  is  ex -  
plained by the fact  that  they were  obtained under  conditions where  

E0/P~ (E0/P)_, and in this case  an ins tabi l i ty  develops e a r l i e r  because of the nonuniformity  of the initial 
stage of ionization. 

Since a l m o s t  all  the ene rgy  of a vo lumet r i c  d i scharge  i s  r e l e a sed  in the stage of slow var ia t ion  in 
i t s  r e s i s t a n c e  (see Fig. 5), one can es tab l i sh  useful re la t ionships  between the value Q / p  and the ini t ial  pa -  
r a m e t e r s  of the en t i re  sys tem:  

0 c,u~ i Ra (2.2) 
-7-= ~ -  ,s,~ (~--2~-~-;-b), 

where S is  the a rea ,  and d is  the length of the gap. Using (2.1) we obtain 

o c ,  t (2.37 
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where C =S/47rd is the capacitance of the a rc  gap. The dependences of the 
specific energy density Q/p  on the p a r a m e t e r  E0/p are  represented  by the 
curves  in Fig. 7. It is  seen that a tendency toward saturation is observed 
at Q/p~  0.6 J / c m  3. aim, while at  Q / p -  0.8-1.0 J / c m  a. aim constrict ion of 
the a rc  occurs  which l imits the p roces s  of energy absorption. This l imit 
i s  shown in Fig.  7 by ver t ical  a r rows .  

Finally,  using these resu l t s  one can establish the connection between 
the l imiting energy density which is re leased  in a volumetr ic  d ischarge  and 
the initial pa r ame te r s  which determine its value. If one denotes (Q/p)_ = 
q =0.8 J / c m  a. atm and (E0/P)_-  e =45 V / c m .  tor r ,  then the region of stable 
a rc ing  of the volumetr ic  d ischarge  is determined by the two inequalities 

C~ ~ t (2.4) 

-, 1+ ]Bb~P 

and 

G -~< r c - ~  ~h~ ~ t . c ,  (2.5) 

In the convers ion of (2.4) and (2.5) into an equality we obtain the following 
express ions  for the limiting energy density and the corresponding l imiting 
p r e s s u r e  of the working mixture:  

q2c8~ q2C �9 4,4-t07 5/cm~, 
Q- = ~ = ~ (2.6) 

qC8~ qC P- = ~ = 8~--~z " 4A' i07 atrn. (2.7) 

In the graph (Fig. 7) they a re  represen ted  by the point of in tersect ion of the boundary lines q = const  and 
e= const. It is  seen f rom (2.6) and (2.7) that when the initial condition E0/P~ e is sat isfied the absolute val-  
ues of Q_ and p_ depend only on the ra t io  of the capacitance of the a rc  gap to that of the working capaci tor  
and on the rat io R b / p .  Thus, by using Eqs. (2.6) and (2.7) one can solve pract ica l  problems on the choice 
of the optimum operating mode for  a volumetr ic  e lec t r i c  d ischarge in a dense gas. 

3. P rope r t i e s  of the Mode of Generation and Energy Efficiency at High Densit ies of Energy Applied 
to Arc.  In the exper iments  descr ibed the pa rame te r s  of the emerging  l a se r  beam were measured  s imul-  
taneously with the record ing  of the a rc  pa rame te r s .  The radiation was drawn f rom a volume of ~ 0.64 
l i te r  through a germanium plane-para l le l  plate. A spherical  metal l ic  m i r r o r  with a radius of curvature  
of 5 m se rved  as the second element  of the resonator .  The distance between the m i r r o r s  was 1 m. To 
r eco rd  the radiat ion with an energy on the o r d e r  of Qr ~ 25 J /pu lse  we used a ca lo r ime te r  with an absorb-  
ing element made in the form of an anodized aluminum disk 60 mm in d iameter  with a thickness d = 1 rnm 
which absorbs  95% of the incident radiation in the wavelength region near  10.6 ~ [12]. A study of the de-  
pendence of Qr  on the ra t io  of par t ia l  p r e s s u r e s  of the working gases  showed that the optimum rat io  is  
PCo2/PN2 = 1 /2 .  The addition of 10-20% hydrogen led to an improvement  in the uniformity of the a rc  and 

an inc rease  in Qr by approximately  25%. A fur ther  increase  in the H z p re s su re  leads to a decrease  in Qr, 
which is evidently connected with quenching of the upper l a se r  level. 

The dependences of the radiated energy Qr  on E0/p and the p re s su re  are  shown in Fig. 8 (p equals 
0.07, 0.14, . . . ,  0.49 a im for  1-7, respectively) and Fig. 9 (U 0 equals 30, 40, . . . ,  80 kV for  points 1-6, r e -  
spectively).  The energy  eff iciency of the sys tem was determined by the  rat io ~ =Qr/VoQ of the energy  
radiated per  unit volume to the applied energy density. The dependence of ~ on the p a r a m e t e r  E0/p is 
shown in Fig.  10 (p equals 0.07, 0.14, 0.28, 0.35, and 0.42 aim for  points 1-5, respectively).  A marked  de- 
c r ease  in ~ is observed  with an inc rease  in E0/p (which corresponds  to an increase  in Q/p  when the other 
initial conditions a re  maintained). Since the average  effective value of (Ea/P) c at  which the principal en-  
e rgy  application and the creat ion of the optically active medium occur  is prac t ica l ly  independent of E o / P ,  

the decrease  in efficiency cannot be connected with a decrease  in the pumping efficiency to the upper mo-  
lecular  levels  of CO 2 (00~ and N 2 (V = 1). Additional r e s e a r c h  is evidently needed to explain the obse rved  
dependence ~? = f(E0/P). 
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Fig.  12 

Final ly ,  the dependence of the specif ic  radia ted  ene rgy  densi ty  
Qr/pV0 on the value Q/p  is  p re sen ted  in Fig. 11 (E0/p equals 47 and 110 
V / c m -  t o r r  for  curves  1 and 2, respec t ive ly) .  At smal l  values  Q/p  = 0.2 
J / c m  3- a im and the opt imum value E0/p = 47 V / e r a .  t e r r  the e f f i c i ency  
reaches  17%, but when Q/p>  0.5 J / c m  3- a im  i t  d e c r e a s e s ,  approaching  i ts  
l imit ing value of about 14%, which is  de te rmined  by the upper  l imi t  of the 
region of exis tence of a vo lumet r ic  d i scharge .  

With al lowance for  the dependence of the eff ic iency on E0/P, as  
well  as  for  the l imi ta t ions  which condition the poss ib i l i ty  of obtaining a 
vo lumet r i c  d i scharge  (E6/P~ 45 V / c m .  t o r r  and Q /p~  0.8 J / e r a  s.  aim),  
one can de te rmine  the region of poss ib le  values  of the rad ia ted  ene rgy  
density.  In Fig.  11, curve  1, cor responding  to E0/P = 47 V / c m .  t o r t ,  de-  
t e r m i n e s  the m a x i m u m  values  of Qr/pV0 which can be obtained at the 
r e spec t ive  values  of Q/p .  The in te r sec t ion  of curve  1 with the dashed 
line Q/p  =q = 0.8 J / c m  3 �9 a im co r r e sponds  to the l imit ing at ta inable  value 
Qr/pV0 = 10 -2 J / c m  3. a im.  This value m u s t  be cons idered  as  the opt imum 
l imit  for  TEA CO 2 l a s e r s  with a double t r a n s v e r s e  a r c  under  the condi- 
t ions usual ly  r ea l i zed  in such sy s t ems .  When the e x t r e m e  s impl ic i ty  of 
cons t ruc t ion  of TEA l a s e r s  is  taken into account  the poss ib i l i ty  of ach iev -  
ing a high enough ene rgy  r e s e r v e  and eff iciency m a k e s  them fully com-  
pet i t ive with l a s e r s  of the e lec t ro ioniza t ion  type.  

In genera l ly  summing  up the invest igat ion p e r f o r m e d ,  i t  should be noted that  the exper imen ta l  r e -  
sul ts  p resen ted  in this r epo r t  made  i t  poss ib le  to br ing  out impor tan t  re la t ionships  which de te rmine  the 
dynamics  of the absorpt ion  of e l ec t r i ca l  ene rgy  in a double e l ec t r i c  a r c  and to find sttfficienfly universa l  
equations es tab l i sh ing  the connection between the l imi t ing  values of the rad ia ted  ene rgy  and the initial  pa -  
r a m e t e r s  of the sys t em.  The i r  e f fec t iveness  i s  now a l r eady  sufficient  to solve many  prac t i ca l  p rob l ems  
connected with the concre te  creat ion of powerful  pulsed CO 2 l a s e r  s y s t e m s  of the s imples t  construct ion.  
It  mus t  a lso  be noted that  the absence  of const r ic t ion of the a r c  for  T < 180 nsec  allows one to re ly  on an 
additional i n c r e a s e  in the l imit ing ene rgy  applied to the a r c  owing to a dec r ea se  in the durat ion of the d i s -  
c h a r g e  and a cor responding  i n c r e a s e  in the specif ic  power.  The m o s t  impor t an t  d rawback  of the d e s c r i b e d  
method of c rea t ing  an inver ted  med ium cons is t s  in the neces s i t y  of having a r e l a t ive ly  high init ial  value of 
the p a r a m e t e r  E0/P, which r equ i r e s  the use  of high-vol tage p r i m a r y  ene rgy  sources  of ~ 106 V at  high 
p r e s s u r e s .  P r e l i m i n a r y  studies conducted with the help of an e lec t ronic  compute r  and model  devices  show 
that the re  a lso  ex is t s  a prac t ica l  solution to this impor tan t  p rob lem,  which cons is t s  in the convers ion  to 
two-cascade  power - supp ly  s y s t e m s  with a double t r a n s v e r s e  a rc .  One poss ib le  e l ec t r i ca l  s y s t e m  allowing 
one to duplicate the init ial  voltage on the gap is  p re sen ted  in Fig.  12, and typical  o s c i l l o g r a m s  of the a r c  
cu r ren t  and voltage a r e  given. With the condition that  C1> C2> C a and with the appropr ia t e  choice of L 1 and 
L 2 o n e  can accompl i sh  the rapid  p r o c e s s  of init ial  ionizat ion through the ene rgy  of capac i to r  Ca, and then 
the ma in  appl icat ion of energy  f r o m  the sou rce  i s  achieved in the quas i s t a t iona ry  phase  a t  values  of E a / p  = 
25-30 V / c m .  t e r r  or  even l e s s ,  which a s s u r e s  an i n c r e a s e  in the total  ef f ic iency of such s y s t e m s .  Since 
the energy  requ i red  fo r  the p r e l i m i n a r y  ionization and exci ta t ion of the me ta s t ab l e  m o l e c u l a r  s ta tes  i s  
compara t ive ly  smal l ,  the capaci tance  of the high-vol tage s to rage  capac i to r s  C a p r o v e s  to be r a t h e r  smal l ,  
which a l l ev ia tes  the p rob l em  of the i r  development  and fabr icat ion.  

The authors  a r e  s ince re ly  grateful  to S. P. Shalamov, L. N. Puzyrev ,  and N. P. Davydov for  help in 
construct ing the appara tus ,  and to P. N. Medvedev and D. A. Suvorov for  par t i c ipa t ion  in the ins ta l la t ion 
and s t a r t - u p  of the high-vol tage equipment.  
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