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Carbon dioxide gasdynamic  l a s e r s  a r e  widely studied at this  t ime  [1]. Numerous methods for  analyzing 
the GDL cha rac t e r i s t i c s  have been developed,  s ta r t ing  with approx imate  analyt ical  fo rmulas  permi t t ing  execu-  
t ion of some e s t i m a t e s ,  to numer ica l  methods of solving complex s y s t e m s  of differential  equations descr ib ing  
d ive r se  physical  p r o c e s s e s .  Never the less ,  perfect ing the analytical  fo rmulas  r e m a i n s  urgent .  This is re la ted  
to the ongoing sea rch  to r a i se  GDL eff iciency by applicat ion and development  of new methods to obtain an ac t ive  
medium,  which is re la ted ,  in turn ,  to the need to opt imize many  p a r a m e t e r s .  

An analytic dependence is obtained in this  pape r  for  the l imi t  value of the r e sona to r  efficiency (under- 
stood here  to be the ra t io  between the number  of radiat ion quanta which have emerged  f r o m  the r e sona to r  and 
the number  of vibrat ional  quanta accumulated at the upper  las ing level  and in the ni t rogen molecules)  as a 
function of the cha r ac t e r i s t i c s  of the act ive  med ium at the r e sona to r  input with re laxa t ion  l o s se s  taken into 
account in its cavity and without the rmodynamic  equi l ibr ium between the vibrat ional  modes  (a f o u r , t e m p e r a ~  
tu re  model) .  The conditions of equality of the total  radia t ion l o s se s  and the total  ampl i f ica t ion fo r  a constant 
intensity in the whole r e sona to r  volume [2] 

2<k>d = In (i/r), (1) 

is used in the der ivat ion,  where  <k) = (1/S)J'kdS; k is the gain coefficient ,  S is the a r e a  of the genera t ion  zone, 
r is the effect ive coefficient of r e sona to r  ref lec t ion  taking into account the l o s se s  assoc ia ted  with absorpt ion 
in the m i r r o r s  and the radia t ion yield,  and d is the th ickness  of the act ive medium along the optical axis .  An 
explicit  express ion  for  the power being genera ted  is obtained in [2] withinthe f r a m e w o r k  of the t w o - t e m p e r a -  
tu re  model .  Analysis of this  express ion  and optimizat ion of cer ta in  r e sona to r  p a r a m e t e r s  pe rmi t  l imi t  values 
to be obtained for  the p a r a m e t e r  eff iciency a for  a given ra t io  ~? between the gain of the act ive  medium k0d at 
the r e sona to r  input and the absorpt ion  coefficient 6 of the m i r r o r s :  

o - I - -  (I + In ~l ) /q .  (2) 

However ,  the fo rmula  p resen ted  in [21 does not co r r ec t l y  indicate the nature  of the dependence of the 
power of the radia t ion being genera ted  on the composi t ion of the las ing mix ture  (for instance,  its maximal  
value is obtained in the absence of w a t e r  vapor),  and on the length of the genera t ion  zone, for  which the power  
grows continuously, according to [2], as  it d imin ishes .  This is a resu l t  of using the t w o - t e m p e r a t u r e  model  
which is not appl icable for  l a rge  values of the radiat ion intensi ty in the r e s o n a t o r  and a smal l  re laxat ion  ra te  
of the lower  lasing level ,  which takes  place for  a deficiency of vapors .  All this  r e su l t s  in the need to consider  
the f o u r - t e m p e r a t u r e  model .  Linear ized equations descr ib ing  a s y s t e m  in conformi ty  with this model  a r e  
r ep re sen ted  in [2], and the means  to solve the p rob lem a r e  noted. In this  pape r  the solution is executed to 
an explicit  express ion  for  ~ and it is analyzed.  A s y s t e m  of l inear  equations analogous to [2] is used 

de/d~. = Ae + B, (3) 
e = ( e  1,e2,ea), B =  (Klet., 0, 0), 

( - (Kl+~lI+3[~Kl ' '~)  [~II+3~~ O ) 
A = ~I + K I , ~  -- (Xx + ~1 + KL:) x x ,: 

, 0 xc --  (xc + xttKD 
where  ~ = x/t'~ex; [5 = I:,%x[Xc :V(e~(O) --,h(O))hv]-l; K~ = ~ex/,,~ ~l = 2~/77,; ~2 ::  Ve~, - Here  e3, e2, e 1 a r e  
the populations of the vibrat ional  modes  of ni t rogen,  the upper  and lower  las ing levels  in the computat:ion pe r  
molecule  of the appropr ia te  spec ies ,  x c ,  XH, x N a r e  the carbon dioxide gas ,  wa t e r  vapor ,  and ni t rogen con-  
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centrat ions in the mixture ,  I is the radiat ion intensity, e t, is the equil ibrium value of el,  7ex is the t ime of 
vibrational quanta exchange between the N 2 and CO 2, and ~1, TI,2, ~'3 are  the vibrational re laxat ion t imes  of 
the corresponding modes.  The equations (3) differ  f rom the equations in [2] by the p resence  of the t e r m  de-  
scribing the V - T  relaxat ion of the ni trogen vibrations upon collision with the H20 molecules ,  as well as a 
modified t e r m  corresponding to the V - V  exchange between the upper and lower lasing levels .  

It can be shown that for  a CO~ l a s e r  with modera te  carbon dioxide gas concentrat ion (x C < 0.2), one of 
the eigennumbers of the mat r ix  A is much less  in absolute value than the other  two, and all three  a re  negative. 
Consequently,  the contribution of the e igenvectors  of the mat r ix  A corresponding to large  eigennumbers in 
absolute value, can be neglected in considering the resona tor  integral cha rac te r i s t i c s ,  and it is possible to 
l imit  oneself  to investigation of the slowly decreas ing  solution, It can also be shown that the minimal eigen- 
number  )t is much less  in absolute value than the diagonal e lements  of the second and third rows of the mat r ix  
A. This s implif ies  finding ~ and its corresponding eigenvector  (cl, c~, ca). Thus, substituting the solution 

e = c  exp  (--~,~) - -  A - 1 B  

in the f i rs t  and second equations of the sys tem (3), and neglecting the quantity h in compar ison with the diagonal 
e lements ,  we obtain the values of the eigenvector  components 

[' xN(131I + 313~K1,~) \ 
e = const [XN (K1 + 13,I + 313~Kx.2) ) 

\13I [K 1 + 213.2XN -- 13, (t -- 132) K1.21 + K~KI,, + XN (K~ + 313~K,,2) 

Knowing' c, we can find f rom the f i r s t  equation 

~ I  [ g  1 - -  ~2 ( t  - -  ~_) g l , ~ ]  + g l g l ,  2 

The magnitude of the intensity I is found f rom the condition (1) 
e~ ---2 c I __ W" e l*  e3 iL[ t  expi--XL)]+. . le-~(DetA)-X[XHKa(XN+Kx,e--~,~Kx,~ ) + x c K l , e ( l - - ~ ) ] =  e~ (O) -- e~ (O) �9 2dko%(O) In (t/r). 

Correspondingly,  the power W being genera ted  equals [1]: 

W = (t/2)IS, 

where  t is the t r ansmis s ion  factor .  Maximizing the quantity W with respec t  to t and L, we find the l imit  value 
of the r e sona to r  efficiency for  given working gas p a r am e te r s  at the input: 

o = IF(g, 7). (4) 

] = xca 1 (xca2 + xHK3a~) -~, g = ala-~arl. 

7 =- (xHK.a4 + XCXN'K1.2) a,a-41 (x~K3a, + xca2) -1, 

a a = t - - 3 v l ,  a ~ = l - - v  1, v I = ~ ( I - ~ 2 )  Kx,~K-[', 

where  the function F(g, Y) is expressed  in pa r am e t r i c  fo rm 

{:=[l+(g_ ~)'7~/(g--q~)] -lln[t-(t+lnq~ r~)/(g] 

The express ion  (4) has been obtained under the assumption e 3 (0)>>e 1 , .  

~ < g .  
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A graph of the function F{go T) (T=0; 0.02; 0.04; 0.1; 0.2; 0.5; 1 a re  curves  1-7, respectively)  is displayed 
in Fig. 1. It is seen f rom the graph that for  given g the value of F will be the g rea te r ,  the smal le r  the T. For  
f = l ,  y = 0  the expression (4) goes over into (2). This is related to the fact that when there  is no vibrational 
relaxation of the upper lasing level and nitrogen {~1~2 =0, K s =0), the resona tor  efficiency will grow as L groves, 
hence I will diminish and the four - tempera ture  model will become equivalent to the two- tempera ture  model.  

The quantity y is a function of the t empera tu re  and the mixture component concentrat ion.  Let us note 
that as x C changes, the value of ~? also changes. The dependence of T on x C and x H is shown in Fig. 2 for the 
tempera ture  350~ (3,=0.04; 0.05; 0.075; 0.1; 0.125; 0.15; 0.175; 1 are  curves  1-8, respect ively) .  

The data in [3-5] are  used to evaluate the constants K1, K1,2, K s at this t empera tu re :  

K3 = 1.4.  tO -~, 

K 1 = 2.0. t0-2xc -~ 1,2.10-2xw + 24xm 

KI,~ = 2.6. t0-2Xc -? 0,7. t0-2XN + 2,0X H. 

The dependence of the function f on the working gas composition is represented in Fig. 3 (f=0, 0.9, 0.95, 0.97, 
0.98, 0.99 a re  curves 1-6, respect ively) .  It is seen f rom the graphs that for fixed values of the t ranslat ional  
and vibrational t empera tu res  at the resona tor  input, as well as for  the ra t io  d / 6  as x C grows,  and therefore ,  
as ~ grows for an optimal selection of x H, the resona tor  efficiency increases .  However, this growth occurs  
more  slowly and a reg ime near saturation sets in for higher values of x C than follows f rom an examination 
of the two- tempera ture  model without taking account of upper level relaxation.  The dependence of the efficiency 
of sys tems producing the active medium on the gas composit ion and t empera tu re  is different in nature:  As a 
rule the efficiency decreases  as x C increases ,  consequently, optimization of the GDL pa ramete r s  as a whole 
should be per formed with thei r  influence on the efficiency of all the genera tor  e lements .  Formula  {4) can be 
applied in the formulation of such problems.  
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