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In connection with p rogres s  in the field of CO 2 lasers ,  questions of the vibrational kinetics 
of molecules of CO 2 have been discussed in many communications. In a majority of cases of 
practical importance, the distribution of CO 2 is due to processes of vibrational exchange 
(V-V) on which is based the well-known thermodynamic model [i]. In other cases, the V- 
V exchange does not determine the vibrational distribution, since the perturbation is small; 
therefore ,  it is found sufficient to consider  a small  number of levels of CO 2 (usually three), 
whose populations sat isfy the l inear  equations of the balance [2]. There  is the possibil i ty of 
conditions where the vibrat ions a re  strongly excited and, at the same time, V - V  p roces se s  
a re  insignificant (a very  small  CO 2 impuri ty in the inert  gas, with a high degree of ioniza-  
tion). Then the number of equations becomes large.  The present  ar t ic le  d i scusses  one such 
case:  the excitation of a s teady-s ta te  vibrational distribution in a glow discharge by laser  
radiation, whose solution is ra ther  graphic.  

The ar t ic le  considers  conditions where the excitation of an ant i symmetr ic  mode of CO 2 by electrons 
takes place far more  frequently than damping by heavy part icles ,  and in paired modes ( symmetr ica l  longi- 
tudinal bending vibrations),  the contrary ,  i.e., a Boltzmann distribution is establ ished in the an t i symmet r ic  
mode, with the tempera ture  of the e lect rons ,  and in paired modes,  with the t empera tu re  of the gas. Let  
us examine the variat ion of the distr ibution under the action of ra ther  s t rong laser  radiation, leading to in- 
duced transi t ions between the levels 00~ and 10~ 

Let us formulate the problem in more  detail. In a harmonic investigation, d igress ing from the spli t-  
ting of the levels due to F e r m i  resonance,  the vibrational levels of CO 2 can be given by the vibrational num- 
ber of the paired modes v = 2vl+ v 2 (vl, v 2 are  the vibrational numbers of symmet r i ca l  longitudinal and bend- 
ing vibrations) and the vibrational number  of the an t i symmetr ic  mode u. Under these conditions, the levels 
are  degenerate  with a mult ipl ici ty fac tor  

(v + 2)2/4, v - -  even, 

gv = (VA-, t)(V+3)/4, V--.odd. 

The vibrational levels form a square grid in the plane vu (Fig. i). Adjacent vibrational levels in the grid 
are connected by transitions along the u axis with collisions with electrons, and along the v axis with col- 
lisions with heavy particles. A laser transition is illustrated on the grid by the diagonal 01-20. By defi- 
nition, other transitions are unimportant. In the absence of laser radiation the vibrational distribution is 
obviously the product of the Boltzmann distributions along u with the temperature of the electrons, and 
along v with the temperature of the gas. It is required to find the distribution over the levels with a given 
intensity of the laser radiation. 

We define the current between two mesh points of the grid of the vibrational levels as the difference 
in the number of direct and reverse transitions between them in unit volume in unit time. The condition of 
the steady-state character of the populations then degenerated in accordance with the Kirchhoff rule: the 
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a lgebraic  stun of the cur ren ts  at  every  mesh  point is equal to zero.  We introduce the potentials q~vu with 
respec t  to the distribution unperturbed by lase r  radiation 

n~ (i) 

where nvu is the population of the level vu; ~c = e - h ~ c / T ;  ~ a  = e - ~  ~ a ~  Te; l~Wc, h w a  are  the vibrational 
quanta of the paired and an t i symmet r ie  modes;  Te, T a re  the t empera tures  of the e lect rons  and the gas. 
We adopt the normalizations00 = 1. We note that the formulas  for the currents  between neighboring mesh 
points have the form of Ohm's  law, for example; 

j v + i , u  ov-Fi,u f_. __ 
w = vu ~ v u  (P~+%u), 

_V+l,U . . . . .  v~,u~xTv+l,U, wV+% u is the rate constant of the transit ion where the conductivity is equal to Uvu - S v " 0 0 ~ c ~ a " v u  "M, - -vu 
vu---v+ 1, u with a collision with heavy par t ic les ;  n M is the density of the heavy par t ic les .  

The formula  for the diagonal cu r ren t  01-20 has another form: 

20 20 ~c 

where 20- ~01-n00~a~0 I; (r0 is the c ros s  section of the induced radiation; I is the intensity of the laser  radiation 
divided by the energy of a photon. 

As can be seen, the problem is analogous to calculation of the e lec t r ic  c i rcui t  f rom a source included 
between the mesh  points 01 and 20 (the analogy, however,  is incomplete f rom the point of view that the emf 
is not determined previously).  We note that the values of 

a~ q%~ -- ~o (2) 
�9 o l  - -  ~ 2 o  

are  determined only by the conductivities of the grid and do not depend on the source.  The avu obviously 
coincides with the distribution of the potential in the gr id  with fixed potentials ~01 = 1 and ~20 = 0. This dis-  
tribution is mos t  conveniently measu red  in an analog machine, select ing the appropriate  grid of the r e s i s -  
tances.  With values of avu known f rom measurements ,  it is sufficient only to determine ~01 and ~20 in o r -  
der  to be able to use (2) to calculate the potential at  all the other mesh points. 

Let  us consider  the equivalent circuit ,  i l lustrated in Fig. 2. The heavy line with the effective con- 
ductivity (ref rep laces  the grid.  Thus, Gef is the res is tance  of the grid (without diagonal) between the mesh 
points 01 and 20. This value is determined by the set  of coefficients avu , but can be measured  fa i r ly  well 
in an analog machine.  
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The equation of continuity of the cu r r en t  has the f o r m  

aol q~ol--~cP-~ + ~ef (%l --  q~'~ == 0" 

The insuff icient  equation for  de te rmin ing  ~0t and ~o20 gives the normal iza t ion  of the potential  

~oo=aoo%n + (1 --  aoo) %o=1- 

We wri te  the solution of the s y s t e m  (3), (4): 

(3) 

(4) 

20 2 
I -} %1 ac 

q~ol- ~ aa [ ( 2 - - ;  , -  c5) 
t + .0 O1 i - -  %0 

%f %/J 
9.0 

i + .  ?.~ 
%f 

(6) %'~ t+~176 ~oo( 
~ aa ] J 

The potent ia ls  of the remain ing  m e s h  points a r e  de te rmined  f rom (2), 

% = a . ~  %~ + (l - %,)q~.o (7) 

and have an in te rmedia te  value between cpo 1 and CP2o. 

Using fo rmulas  (5)-(7), taking account  of (1) and the normal iza t ion  nco, =rico ~ g ~ a : a ] % ~ ,  we obtain v,u 
the final fo rmula  for  the populations: 

t ~ ~ t - - a v u  l - -  

~ ~ ~ I ' (8) nvu=Ytco2gvO:'cO~a "A+ ~ A--B I J --~-aJJ 
%f 

1 ~ ....  With r 1, the populations tend toward a con- where  A (1 -- %) (1 -- ac)~ (1 - -  a~) ' B = ~,~'~ g ,~o~aa .... 

s lant  l imit ,  connected with equalizat ion of the populations of the l a s e r  levels .  

F igu re  3 shows the dis tr ibut ion of the potential  (Cvu is eas i ly  reduced with r e spec t  to the potential  
Olp 10  on a 4 x 4 g r i d ,  f o r  the f o l l o w i n g  cond i t ions :  ~a = 0.5; ~c  = 0.2; cr00/cr00 = 0.25 (here ~ef/cr~ ~ = 0.225) and 

0.20~ i0 - 01/~00 - 1. In calculat ing the conductivi t ies  of the grid,  i t  was a s sumed  that the dependence of the ra te  
constant  on the v ibra t ional  numbers  is de te rmined  by the square  of the ma t r ix  e lement  of the osc i l l a to r  
coordinate.  F o r  pa i red  modes ,  the degenera t ion  of the levels  was taken into considerat ion.  F igure  4 shows 
the dependence of the populations of s e v e r a l  levels  on the intensi ty of the radiat ion (the in te rsec t ion  of the 
curves  of the populations of 01 and 02 is connected with the fact  that  n20 is the population of the mul t ip le t  
20, exceeding by four  t imes  the population of the lower  l a s e r  level  10~ 

The change in the populations of tile v ibra t iona l  levels  under the action of l a s e r  radia t ion is the r e a -  
son for  the sa tura t ion  of the ampl i f ica t ion  of the l a s e r  radiat ion.  The dependence of the ampl i f ica t ion  co-  
efficient  on the intensi ty of the radia t ion is de te rmined  by the well-known formula  

K -  ~:o "~o~ (~o _ ~) ,  7-' Ko = % 
1 +  I--~ 

where K 0 is the ampl i f ica t ion coefficient  of a weak signal,  and the intensi ty  of the sa tura t ion  is calculated 
using the express ion  (8): 

I0 I0 (%f/%o)Woo %, 

It is a s sumed  that,  with a change in the intensi ty  of the radiat ion,  the intensi ty  of the e lec t r i ca I  field in the 
d i scharge  v a r i e s  in such a way that  the t e m p e r a t u r e  of the e lec t rons  r e m a i n s  fixed. 
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An investigation was made of the time, mass ,  and energy charac te r i s t i cs  of the collective 
acce lera t ion  of ions in a vacuum diode. Accelerat ion of ions was observed only with the 
presence  of surges  on the osc i l logram of the cur rent  density. The maximal  energies  of the 
ions in axial and radial  direct ions a re  equal and depend on the multiplici ty of the c h a r g e .  It  
is shown that ions of the near -ca thode  p lasma are  drawn into accelerat ion conditions. 

With a study of the explosive omiss ion of e lectrons in a vacuum diode, two sets of current- takeoff  
conditions a re  observed:  stable and unstable. Unstable conditions a re  accompanied by considerable surges  
on the osc i l logram of the total cur rent  [1] and the density of the electron current  [2]. The method of auto- 
graphs has been used to find that, with unstable cur ren t  takeoff, e lect ron jets a re  formed, localized in 
space. With the presence  of surges  on the osc i l logram of the total current ,  an accelera t ion of positive ions 
in the direct ion of the anode is r ecorded  [1]. Since there  exists an interconnection between these phenomena, 
it is n e c e s s a r y  to study the time, mass ,  and energy charac te r i s t i cs  of the acce lera ted  ions, as well as the 
localization of the region of acce lera t ion  of the ions, i n  o rde r  to study the mechanism of unstable cur rent  
takeoff. 

A more  detailed investigation of explosive conditions of e lectron and current - takeoff  conditions was 
made with a voltage in the diode of ~ 104V. Due to their  contradictory nature,  it is pract ica l ly  impossible 
to bring in data on the collective accelera t ion of ions in a vacuum diode, obtained with higher voltages [1, 
3-5]. Therefore ,  it is neces sa ry  to study the charac te r i s t i cs  of the accelera t ion process  with the above- 
mentioned voltage. 

Experiments  were made with a p r e s s u r e  of 10 -~ m m  Hg. Breakdown was effected between a sharp 
cathode (Cu, W) and a flat anode (Cu, Ta, W). The in tere lect rode gap was established within the l imits 
d = 1-5 ram. Single voltage pulses with an amplitude U 0 = 25 kV and a duration of 5-150 nsee were fed to the 
diode. The density of the e lectron current  was investigated using a collector  installed in back of an opening 
with a d iameter  of 0.1d at the center  of the anode. The time charac te r i s t i cs  were investigated by the meth-  
od of a broken discharge.  Provis ion was made for heating the anode up to a t empera ture  of ~ 2000~ The 
ion currents  were recorded  using a Thompson m a s s - s p e c t r o g r a p h  with an electron-opt ical  recorder ,  whose 
sensi t ivi ty is ~ 104 t imes g rea te r  than with photographic recording.  The resolving power did not exceed 25. 
The m a s s - s p e c t r o g r a p h  could be a r ranged  at  a distance of 20 mm from the axis of the diode, as well as 
along the axis of the diode behind an opening in the anode with a d iameter  of 1 ram, or  behind an opening of 
the same diameter  in the cathode holder.  

In the experiments  on study of the density of the e lec t ron cur ren t  Je at  the center  of the anode, it was 
observed that considerable surges  on the osc i l logram were  recorded  with a duration of the voltage pulse 
~'p ~ 1 / 2 t  k (t k is the duration of the high-voltage stage of the vacuum discharge).  The maximal  increase  in 
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