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In the present  paper  a numer ica l  calculation is made of the vibrat ional  relaxation of a binary 
mixture of molecular  ni trogen and carbon dioxide gas. The calculation is per formed for the 
entire range of variat ion of the concentrat ions of the components and over  a wide range of 
mixture t empera tu res  and p r e s su re s  for various geometr ies  of the supersonic part  of the 
nozzle (throat dimensions,  degree of expansion). It is shown that population inversion of the 
CO2 molecules  exists  within a cer ta in  range of variat ion of the pa ramete r s  of the mixture and 
the nozzle.  The population inversion of the vibrational  levels and the gain of the gaseous mix-  
ture  are calculated as functions of these pa ramete r s  and of distance measured  from the c r i t i -  
cal  c ross  section of the nozzle.  The energy charac te r i s t i c s  of the two-component  gasdynamie 
l a se r  are optimized. 

The gasdynamic CO 2 lase r  was f i rs t  suggested by Konyukhov and Prokhorov [1]. 

In the calculations of Basov et al. [2] it was shown that a population inversion could occur  under c e r -  
tain conditions in the supersonic flow of a binary gas mixture in a Laval nozzle. The values of the re laxa-  
tion constants used in these calculations differ great ly  (by one or  two orders  of magnitude) from the values 
cur ren t ly  accepted in the l i terature .  When the equations are solved using the improved values of the r e -  
laxation constants it is found [3-8] that under the conditions considered in [2] no population inversion oc-  
curs  in a binary mixture of ni trogen and carbon dioxide gas.  

The experiments  reported in [3, 5] also showed that under the conditions used in these papers  the gain 
of a binary mixture of nitrogen and carbon dioxide gas is negative. 

Population inversion (positive gain) of the medium in a gasdynamic l ase r  was obtained exper iment -  
ally using three-component  mixtures  [3-7, 9-12], the experimental  resul ts  obtained in papers  [6, 11, 12] 
being in sa t i s fac tory  agreement  with theoret ical  calculations.  

The possibil i ty of obtaining population inversion in binary mixtures  has been studied experimental ly  
and theoret ical ly  in a nar row range of variat ion of mixture concentrat ions and of the other  pa r ame te r s  of 
gasdynamic lase rs  {pressure, dimensions of cr i t ica l  part  of nozzle,  degree of expansion). 

A necessa ry  condition for population inversion in an expanding supersonic flow is that the c h a r a c t e r -  
istic t ime of expansion of the flow T 0 must  be less than or  of the same o rde r  as the relaxation t ime of the 
upper l a se r  level ~'3, and that r 3 must be much g rea t e r  than the relaxation t ime of the lower l ase r  level T 2, 
i .e.,  

n / ~o ~ i, ~3 / ~ >~ i (1) 

Utilizing the express ions  for the t ime constants v 2 = [k2p]-I , ~3 = [r -t  (this formula holds when 
the concentrat ion of CO 2 gas in the mixture r > 10-3), T 0 = h . / u ,  tango, we find that the following conditions 
are neces sa ry  for population inversion of CO 2 molecules  in an expanding binary mixture:  

co -1 = a,  tg (p /~oksp.h. ~ i (2) 
k~ / k~0 >~ l (3) 

Moscow. Transla ted  f rom Zhurnal Prikladnoi  Mekhaniki i Tekhnicheskoi Fiziki,  No. 3, pp. 23-30, 
May-June,  1974. Original ar t ic le  submitted November  27, 1973o 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $15.00. 

305 



T A B L E 1  

Variant 
No. T,,  *K 

i000 
i000 
i000 
i000 
i000 
t000 
i000 
2~0 
2000 

]9* ' ~0 
atm 

Io O.i 
20 O.i 

iO0 O.t 
0.025 

2 0.005 
40 0.05 
40 0.t 
40 0.025 
40 O.i 

h,. cm a~%' 
cm 

0.I I 
0.05 I 
O.Oi I 
O.i 
0.t 2 
0.t 
0A 4 
0.t 
0.I 4 

a t  Zm'. 
elB 

0.37 
0.37 
0.37 
0.37 
0.37 
0.74 
t.5 
0.37 
t.5 

S/S, 

9 
9 
9 
7 
6.5 
8.5 

|2.9 
~ . 75 

ANmx 
x tO-do m-' 

0.4 
0.9 
4 
0.6 
0.7 
0.6 
0.4 
0.4 
0.i 

cr t x, CWI 

0.4 
0.5 8.6 
0.6 5.6 
0.15 6 
0.03 - -  
0.19 - -  

0 . 1  - -  

0 . 3  - -  

zo 

F i g .  1 

Here k 2 and k S are  the rate constants associated with the r e -  
laxation of the lower and upper l a se r  levels,  respectively,  @0 is the 
mola r  concentration of CO 2 gas, ~ is the semiangle of the diverging 
par t  of the nozzle near  the cr i t ical  c ross  section, h ,  is the width of 
the cr i t ical  c ro s s  section of the nozzle, and p ,  and u ,  denote the 
p res su re  and the velocity of sound in the cr i t ica l  part  of the nozzle.  

When inequality (2) is satisfied, the upper laser  level of the two- 
component mixture is frozen [7]; inequality (3) means that the lower 
l ase r  level relaxes more  rapidly than the upper.  Both conditions (2) 
and (3) for achieving population inversion are satisfied at sufficiently 

small  002 concentrat ions,  i.e., a range of pa ramete r s  exists  for  which population inversion of the mole -  
cules occurs .  In accordance with (2) the concentration of CO 2 gas must  be reduced with increasing p r e s -  
sure andwidth of the cr i t ical  c ross  section of the nozzle. 

A quantitative descript ion of the p rocess  of expansion and vibrational relaxation of a binary mixture 
of molecular  nitrogen and CO 2 gas was obtained by solving the appropriate set of differential equations. 
The probabili t ies of the relaxation p rocesses  were taken from [13-20]. The set of equations is descr ibed 
in detail in [17, 18]. 

The calculat ions were ca r r i ed  out for a planar wedge-shaped nozzle with 15 ~ semiangle of the d iverg-  
ing portion, the diverging portion being fitted to a channel of constant c ro s s  section. The degree of expan- 
s ionof the  nozzle, S / S ,  was varied over  a wide range. F rom the solution we determined the t ranslat ional  
tempera ture ,  density, and pressure  of the gas along the flow, and also the distribution of the vibrational 
t empera tures  of the molecules of nitrogen and CO 2 gas in the bending, symmetr ic ,  and ant i symmetr ic  modes.  

The CO 2 populations of the l ase r  levels, N001 and N~00, were determined by assuming the molecules  
to be Boltzmann-dis t r ibuted in energy within each mode of vibration. 

The gain of the medium o~ for the P branch (J =20) of the collisionally broadened spectra l  line and 
the populations of the vibrational  levels of the CO 2 molecules were calculated for various t empera tures  
T ,  and p re s su res  p ,  in the cr i t ica l  c ross  section of the nozzle, throat  widths h . ,  and CO 2 concentrat ions 
in the mixture @0. We denote by x the distance from the cr i t ical  c ross  section along the flow. The resul ts  
of the calculations are presented in Table I ,  from which it can be seen that for small  p * h * ( p , h  <5atm . cm  
for  T .  =1000~ maximum population inversion AN m and maximum gain occur  on the flat part  of the noz-  
zle (see Fig. I) .  The reason for this is that the lower level remains part ial ly frozen in the diverging part  
of the nozzle, and its population is depleted more  rapidly (compared with the upper level) in the constant-  
section channel for a constant gas density. The population inversion in the constant-sect ion channel is 
the g rea te r  the smal le r  the value of p , h , .  

In Fig. 1 we have plotted the calculated maximum population inversion (curves 2, 4) and gain (curves 
1, 3) in the diverging (curves 3, 4) and constant-sect ion (curves 1, 2) part  of the nozzle as functions of S / S ,  
(variant 2 in Table 1). It can be seen that maximum population inversion in the diverging and cons tan t - sec -  
tion par ts  of the nozzle occurs  at different values of S / S , .  Thus, to achieve maximum population inversion 
in the constant-sect ion part  of the nozzle, this part  must  be joined to the diverging part  at (S/S*)I differing 
from the value (S/S,)  2 corresponding to maximum population inversion in the nozzle.  The gain in the di-  
verging and constant -sect ion par ts  of the nozzle is likewise maximum for different values of S / S . .  Popu- 
lation inversion and gain expressed  as functions of S / S .  are also maximal  for different values of S / S . .  
We note that population inversion and a positive gain can be achieved at small  degrees  of expansion (S/S,  
5), when the p res su re  in the resona tor  region can exceed a tmospher ic .  
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T A B L E  2 

Variant 
No. T., ~ P*' h., cm 4o s /s .  ~~ ~tm ,Z~m ~ / ~ .  arm 

1 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
11 
t2 
13 
14 
15 
16 
t7 
t8 
t9 
2O 
2t 
22 
23 
24 
25 
26 
27 
28 
29 

t000 
1000 
t000 
t000 
1000 
2000 
2000 
t000 
1000 
t000 
1000 
1000 
t000 
1000 
1009 
1000 
t000 
t000 
t000 
1000 
t000 
1000 
t800 
1800 
25O0 
1800 
1800 
25O0 
25O0 

i0 
20 
40 
40 

i00 
40 
40 
40 
40 
t0 
40 

i00 
200 

�9 200 
5O0 

2000 
500 

t000 
25OO 

100 
100 
t00 
18 
72 

100 
7.2 

t8 
2.5 
0.62 

0.t  
0.05 
0.1 
0. t  
0.01 
0.t  
0.t  
0.t  
0 . t  
0 . t  
0.1 
0. t  
0.1 
0. t  
0.1 
0.1 
0. i  
0.I 
0.t  
0.1 
0.t  
0.t  
0.i  
0.i  
0.1 
0. t  
0.t  
0.1 
0. i  

0. i  
0.1 
0.025 
0. t  
0.1 
0.1 
0.025 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.0i 
0.0i 
0.0i 
0.02 
0.02 
0.02 
0 O5 
O.O5 
0.05 
0.05 
0.05 
0.05 
0.05 
0.01 
0.05 
0.05 

l i  .5 
t1.8 
i i . 4  
t t  .5 
11,7 
l i . 4  
35.4 
i0 
i i  .7 

9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
4.9 

t4.8 
29.2 
38.8 
38.8 
86.3 
39 
39 
86.2 
86.2 

15 
t5 
15 
t5 
t5 
15 
t5 
35 
15 
15 
t5 
15 
15 
t5 
15 
i5 
i5 
t5 
15 
15 
i5 
15 
15 
i5 
t5 
15 
15 
i5 
15 

0.37 
0.37 
0.37 
t .5  
0.37 
1.5 
0.37 
0.74 
0.74 
0.185 
0.74 
i .85 
0.37 
0.74 
i .85 
7.4 
0.37 
0.74 
i .85 
i .85 
1.85 
i .85 
0.34 
i .34 
1.85 
0.t34 
0.067 
0.047 
0.0ii  

0.72 
0.72 
0.72 
0.28, 
0.72 
0.16. 
0.69 
0.74 
0.53 
0.85, 
0.56 
0.3i 
0.69 
0.59 
0.34 
0.078, 
0,76 
O.59 
0.32 
0.34 
0.32 
0.32 
0.4 
0.t9 
0.t25. 
0.6i8 
0.77 
0.60 
0.844 

/.0 ~/~ ~ -  
0 6  

o - !  
* -Z  

A-/4 

Z00 /400 808 eo 
F i g .  2 

C a l c u l a t i o n  o f  t h e  e n e r g y  c h a r a c t e r i s t i c s  o f  t h e  g a s d y n a m i c  CO 2 l a s e r  in  t h e  g e n e r a l  c a s e  r e q u i r e s  

t h e  s o l u t i o n  o f  a c o m p l e x  s e t  o f  e q u a t i o n s  w i t h  a l a r g e  n u m b e r  o f  p a r a m e t e r s .  O p t i m i z a t i o n  o f  t h e  p a r a m -  
e t e r s  o f  t h e  s y s t e m  i s  a c c o r d i n g l y  a c o m p l i c a t e d  p r o b l e m .  

W i t h  a v i e w  t o  r e d u c i n g  t h e  n u m b e r  o f  p a r a m e t e r s  b y  e s t a b l i s h i n g  t h e  m o s t  i m p o r t a n t  a n d  d i s c a r d i n g  

t h e  l e s s  s i g n i f i c a n t ,  we u t i l i z e  in  t h e  p r e s e n t  p a p e r  a n  a p p r o x i m a t e  m o d e l  of  t h e  r e l a x a t i o n  p r o c e s s e s  in  

a n  e x p a n d i n g  s u p e r s o n i c  f l o w .  In  t h i s  m o d e l  t h e  t e m p e r a t u r e  o f  t h e  u p p e r  l a s e r  l e v e l  T 3 i s  a s s u m e d  e q u a l  

t o  t h e  t r a n s l a t i o n a l  t e m p e r a t u r e  T u p  to  a c e r t a i n  s e c t i o n  o f  t h e  n o z z l e  S ' ,  w h e r e  i t  b e c o m e s  " f r o z e n , "  

w h i l e  t h e  t e m p e r a t u r e  o f  t h e  l o w e r  l a s e r  l e v e l  i s  a s s u m e d  e v e r y w h e r e  t o  e q u a l  t h e  t r a n s l a t i o n a l :  

T3 = T w h e n  S . ~ S ~ S '  (4) 

T 3 :  T3' wh, e n  S ~ S '  (5) 

T2 = T (6) 
T h e  " m a x i m u m  g a i n "  m o d e l  [11, 19]  i s  a p a r t i c u l a r  c a s e  o f  t h e  p r e s e n t  m o d e l  (S T = S , ) .  We  s h a l l  

s h o w  t h a t  w i t h i n  t h e  f r a m e w o r k  o f  t h e  p r e s e n t  m o d e l  t h e  r e l a t i v e  f r o z e n  t e m p e r a t u r e  o f  t h e  u p p e r  l a s e r  

l e v e l ,  T ' J T . ,  i s  a p p r o x i m a t e l y  e x p r e s s e d  a s  a f u n c t i o n  o f  a s i n g l e  p a r a m e t e r  w. 

T h e  v i b r a t i o n a l  t e m p e r a t u r e  T ;  b e c o m e s  f r o z e n  in  t h e  c r o s s  s e c t i o n  S) in  w h i c h  t h e  r e l a x a t i o n  t i m e  
v 3 b e c o m e s  c o m p a r a b l e  t o  t h e  t i m e  o f  e x p a n s i o n ,  i . e , ,  w h e n  

�9 o/~3 = cons t  ~ I (7) 

T h e  r a t i o  ~ o/~-3 i s  a f u n c t i o n  o f  t h e  f o l l o w i n g  d i m e n s i o n l e s s  q u a n t i t i e s :  

"%/'r 3 = c0/(~, y, A~a/T:) (8) 
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where y = C p / C  v is the adiabatic exponent (assumed constant in the present  approximation), ~ =x/h,  tan~v 
is a dimensionless coordinate directed along the flow, and A i are factors  in the exponent of the exponential 
in the L a n d a u - T e l l e r  express ion for  the rate constants of the relaxations.  

Calculation shows that for expansion of the gas in a Laval nozzle the ratio ~0/~ 3 decreases  mainly 
because of the drop in p ressure  and not tempera ture ,  i.e., 

i I 0/,ol l <0> 

If the variat ion of r 0 / r  3 is ascr ibed solely to the fall in p res su re ,  then 

"~o/+3 = ,.of (~, ~) ( l O )  

On insert ing (10) into the condition for  freezing (7) and remember ing  that T3/T , within the f ramework 
of the present  model is a unique function of ~ for a given % we see that the relative frozen tempera ture  T ' J  
T .  is a function of the two dimensionless pa rame te r s  (Wt3/~, =F(f,d, T))~ 

For  mixtures  consist ing mainly of nitrogen (r << 1), the adiabatic exponent "f is only weakly depend- 
ent on the composit ion of the mixture and its t empera ture .  Accordingly,  in the f i rs t  approximation, T ' J T ,  
can be regarded as depending only on the single pa rame te r  co: 

r ; / r ,  = F (o~) (11) 

In the present  paper  we cite the resul ts  of an analysis of a gasdynamic laser  using the binary mix-  
ture N2+CO 2. A numerical  solution of the problem using the complete set of gaskinetic equations (vari-  
ants 1-8 in Table 2) and also an approximate calculation (variants 9-29 in Table 2) showed that over  a wide 
range of variation of the pa ramete r s  ( P ,  =10-250 atm, T ,  =1000-2500~ r h ,  =0.1-0.01 cm) 
the relative frozen tempera ture  T ' J T .  can be regarded approximately as a function of the single pa ramete r  
co (Fig. 2). This function can be approximated by the following formula: 

T~'/T, = (0.0270) 0.3 + 1) -t (12) 

In Fig. 2 the points 1, 2, 3, 4, 5 cor respond to T .  =1000, 1000, 1800, 2000, 2500~ the points 2 and 
4 were obtained by solving the complete set of equations. 

An approximation calculation of the frozen tempera ture  of the upper l a se r  level (variants 9-29 in 
Table 2) was made using the assumption of equilibrium between the v = 1 level of the nitrogen molecule and 
the 00~ level of carbon-dioxide gas. The relaxation equations for  the energy were solved in the l inearized 
L a n d a u - T e l l e r  form [8, 10]. 

The calculation showed that for values of the product p . h ,  >- 10 a t m - e m  for a binary mixture with 
r << 1 in the tempera ture  interval  T ,  =600-2600~ for the investigated degrees of expansion, the a s sump-  
tion that the tempera ture  of the lower l a se r  level equals the t ranslat ional  t empera ture  of the gas at the exit 
from the Laval  nozzle T 1 is quite well obeyed. 

The specific energy of the stimulated emiss ion per  unit mass  of the mixture (on the assumption that 
the vibrat ional  energy stored in the upper l a se r  level is converted into the energy of stimulated emiss ion  
in an ideal resona tor  without losses  on relaxation until the gain of the medium ~ falls to zero) was ca lcu-  
lated using the formula 

E : TI0 [E 3 ~- E 3 (~ = 0)] N / ~ (13) 

where E3N//~ is the specific energy of the vibrational  mode of the upper l ase r  level, frozen in the Laval 
nozzle;  E3(a =0) is the residual  energy of,the upper l a se r  level at a =0, which cor responds  to the condition 
T3=1.78T1; ~/0=0.41 is the quantum efficiency of the laser ;  N is Avogadro ' s  number;  and g is the molec-  
u lar  weight of the mixture .  The energy E 8 was calculated from 

E3 = hv [exp (()3 / T3') --  il -t (14) 

where v and 0 3 denote the frequency and the charac te r i s t i c  tempera ture  of the upper  l ase r  level. The quail- 
t i ty T 3 was determined from (12). 

The radiation energy from unit volume of medium in the resona tor  region is given by W =Ep, where 
p is the density of the gas. The l a se r  efficiency ~ was determined through the formula 

= E [8 (to) - ~ (r~)i -~ 
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where e is the f ree  energy ,  T O is the t e m p e r a t u r e  in the combust ion 
chamber ,  and Tg is the initial  t e m p e r a t u r e  (taken as 300~ in the 
calculat ions) .  

The above ene rgy  c h a r a c t e r i s t i c s  of the gasdynamic  l a s e r  
will be calcula ted using the following initial p a r a m e t e r s :  T , ;  p , ;  
the p a r a m e t e r  z = p ,  h , r  o/tan ~, propor t  ional to w for  a given t e m -  
pe ra tu re ;  and the degree  of expansion of the nozzle S / S , .  equal  to 
the a r e a  of the outlet c r o s s  sect ion of the nozzle where it goes over  
into the p l ane -pa ra l l e l  channel divided by the a r e a  of the c r i t i ca l  
c r o s s  sect ion.  

For  a binary mixture  with r <<1 and ~, =const ,  the specif ic  ene rgy  of the coherent  radiat ion f rom unit 
m a s s  E [see (13)] and the eff ic iency 77 can be e x p r e s s e d  through the initial  p a r a m e t e r s  

E = E (T,, z, S/S,) ,  ~ = ~ (T,, z, S /S , )  (15) 

The radiat ion ene rgy  f rom unit volume of the medium is e x p r e s s e d  by the fo rmula  

W = P,(I) (T, ,  z, S /S , )  (16) 

An ana lys i s  of (15) shows that  E and ~ inc rease  with increas ing  S / S ,  and dec reas ing  z and tend to -  
wards  the i r  max i m a l  values  when z-*0 and S/S ,  ~ ~ W i t h  inc reas ing  S / S ,  the functions E and ~ rapidly 
en te r  a region of sa tura t ion,  so that  we shall  r e s t r i c t  S / S ,  to values  for  which E ( T , ,  z, S / S , )  =0.9 E ( T , ,  
z, co). This  value of S / S ,  cor responding  to 0.9E we denote by S0/S , .  S inceSo/S,  =S0/S,  ( T , ,  Z), it follows 
that  E can be r ep re sen t ed  as a function of any two of the va r i ab l e s  f rom S, ,  T , ,  z. The resu l t s  o f t h e e a l -  
culation of E(S0/S , ,  z, T , )  a re  p resen ted  in Fig. 3. 

This figure shows two fami l ies  of  in te rsec t ing  curves  cor responding  to E =E(SO/S , ) fo r  T* =eonst  
(solid c u r v e s ) a n d f o r z  =eonst ,  (dot-dashed curves) .  The numbers  appended to the cu rves  denote the values  
of T ,  (deg K) and z (arm �9 cm), r e spec t ive ly .  Fo r  given values  of T ,  and z these  cu rves  can be used  to find 
the opt imum degree  of expansion S0/S,  and the cor responding  value of the energy .  Figure 4 shows analo-  
gous plots  of ~(S0/S, , T , ,  z). Taking S/S* < S0/S,  for  a given T ,  and z reduces  the ene rgy  (eff iciency);  by 
inc reas ing  the degree  of expansion,  which is usual ly  undes i rab le ,  the ene rgy  (e f f ic iency)eanbe  inc reased  
by not m o r e  than i /9- th  of the value at the point SO/S, .  I f  a single quantity is p r e s c r i b e d  ( T ,  =const  or  
z =const) ,  the point whose coordinates  de te rmine  the opt imum values of the two other  p a r a m e t e r s  l ies 
e i the r  on the boundary of the invest igated region of var ia t ion  of the p a r a m e t e r s  (for example ,  for  T ,  =const  
we find that  z =0) or  within this region.  Fo r  instance,  for  z =cons t  ( z -0 .1 )  max imum eff ic iency (see Fig. 4) 
is achieved within the region of calculat ion for  in te rmedia te  values  of So /S ,  and T , .  

The specif ic  radia t ion ene rgy  f rom unit volume of the medium W when s i tuated in the r e s o n a t o r  is 
d i rec t ly  propor t iona l  to the p r e s s u r e  in the c r i t i c a l  c r o s s  sect ion of the nozzle (16). All four  p a r a m e t e r s  
in (16) a re  then r ega rded  as independent. The number  of independent p a r a m e t e r s  can be reduced to th ree  
by consider ing the function W / P ,  (specific ene rgy  f rom unit volume at 1 a tm p r e s s u r e  in the c r i t i ca l  c r o s s  
section).  Fo r  each  z opt imum values  of the p a r a m e t e r s  T ,  and S / S ,  exis t  for  which W / P ,  is a m a x i m u m  
(Fig. 5). Figure 5 shows plots  of W / P , v e r s u s  z for  va r ious  values of T ,  (the numbers  appended to the v a r -  
ious cu rves  denote T ,  in deg K) and S / S , = 5 .  This  fami ly  of cu rves  has an envelope on which is achieved.  
for  each  value of z and S / S , = 5 ,  the m a x i m u m  W / P ,  and the opt imum T , .  S imi la r  envelopes  can be con-  
s t ruc ted  for  o ther  values  of S / S , .  In this  manner ,  the opt imum value of T ,  is a function of z and S / S , .  
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Figure 6 shows a p a r a m e t r i c  net of  z (dot-dashed curves)  and S / S .  (solid curves) .  The point on the 
graph cor responding  to a pa i r  of values  of z and S / S .  de te rmines  the opt imum value of T ,  and the a s s o c -  
iated max imum (for the given z and S / S . )  value of W / P . .  Choosing a t e m p e r a t u r e  T ,  different  f rom opt i -  
ma l  reduces  the value of W / P * .  

Figure 7 co r re sponds  to Fig. 6 plotted in o ther  coordinates .  The p a r a m e t r i c  net of S / S .  (dotted curve  
and solid curves)  and T ,  (dot-dashed curves)  can be used to de te rmine ,  for  given S S* and z, the opt imum 
t e m p e r a t u r e  T .  and the assoc ia ted  value of W/P . .  

It  can be seen  f rom Fig. 7 that the radiat ion energy  f rom unit volume W can be inc reased  by i n c r e a s -  
ing the t e m p e r a t u r e  of the mix ture  in the combust ion chambe r  of the l a s e r  and by lett ing z tend to zero at 
S / S ,  equal to around five. This  value of S / S ,  can be regarded  as the opt imum for  all  T .  and z, i .e . ,  W / P .  
is a max imum for  S / S . ~ 5 .  

The s impl i f ied method descr ibed  in the p resen t  pape r  can be used to de te rmine  the approximate  opt i-  
m u m  values  of  the p a r a m e t e r s  of  a gasdynamic  l a s e r  with a two-component  mix ture  and an ideal r e so n a -  
to r .  I f n e c e s s a r y ,  the posit ion of the opt imum can be ref ined by a m o r e  exact  calculat ion within na r row 
l imits  of var ia t ion  of the p a r a m e t e r s  in the vicini ty of the opt imum found in the f i r s t  approximat ion.  

The approach used  by us ( representa t ion  of the re la t ive  f rozen  t e m p e r a t u r e  T ~ / T .  as a function of 
the single p a r a m e t e r  r may  be useful  in opt imizing the p e r f o r m a n c e  of t h ree -componen t  gasdynamio l a s e r s .  

The p a p e r  by Gembarzhevsk i i  et al .  [21] appeared  a f t e r  the p resen t  pape r  had been submit ted to the 
p r e s s .  These  authors  obtained amplif icat ion using a b inary  mixture  of 10%CO 2 and 90%N2, which conf i rms  
the conclusions of  the p re sen t  work.  
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