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Wave propagation in an active molecular plasma (AMP) is of interest in relation to the 
physics of high-power gas lasers and research on the processes in cosmic lasers. Recently, 
much attention has been given to electron-beam pumped lasers [1], where the plasma density 
may be high and a certain part is played in noise production by the interaction between the 
hf fields and the resonant levels in the molecular gas [2]. 

The interaction of free electrons with the active component of the plasma gives rise to 
various instabilities that may be undesirable in high-power gas lasers. Some of these in- 
stabilities have been considered previously [3-5]. 

It is of interest to examine the behavior of an AMP in an external field, since such 
fields can suppress certain instabilities. 

Here we consider an AMP in a hf electric fleld. The active component is considered of 
two-level type. We assume that the plasma is cold and collision-free and use a system of 
equations 
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where v and u are the velocities of the free and bound electrons, respectively; ~, displace- 
ment of the bound electrons; n, electron density; N = N~ --Na < 0, difference in level popula- 
tion; and gm, oscillator strength. The other symbols are those commonly used. 

We act in the spirit of the theory of nonpotential plasma oscillations in an external 
field and consider the case klEe , where k is the wave vector for the inherent oscillation of 
the plasma and Ee(t) -- Eo sin ~ot is the external hf field. In this particular case the 
external field has only a minor effect on the corresponding potential oscillations [6]. 

We llnearize (i) in the fleld of the external wave for perpendlcularity between the field 
perturbation ~E and the plane formed by k and Eo, which leads to a dispersion equation pre- 
viously examined in [3-5] and which describes the behavior of the AMP in the absence of an 
external field: 

~o~ + k2~ ~ ~o~ 
1 c~ z j - - h 2  = O, (2) 

where 
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Equation (2) does not contain new singularities, and therefore we consider the case where 
~E lies in the plane of k and Eo. 

Here we use the fact that the velocities of the free and bound electrons in the external 
field are small by comparison with the velocity of light, which gives us the dispersion equa- 
tion 
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We envisage the low-frequency case, where ~ is less than all the characteristic fre- 
quencies appearing in (3). We will assume that mo - ~+, where m+ are the solutions =o (2) 

" + k ' c ' ,  I ~ I  << ~ (lo=g wave case). on the assumption that Up 

Then from (3) we get for mo - m+ that 
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where 
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Instability occurs for -- ~02 T < A o ) < 0 ,  and the instability 

in this range: 
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increment is maximal 
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For mo - m_ we get similarly 
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Analysis of (3) for the resonance cases ~ -- ~o c--m, where ~ ~ ~• indicates that there 
is no instability in these frequency ranges. 

We now consider the shortwave (kc >> ~) solutions to (3); for ~o ~ ~+ the low-frequency 
solution to (3) leads to an instability increment analogous to that given by (5) and (6). 

For ~o ~ ~- and J~o - - i l l  << J~nJ the low-frequency solution to (3) tekes the form 

~ ~' A~ (7) o) 2=(A~)2- 7 % - ~  �9 

From (7) we have an instability with a maximum increment 

7= • =6 %--~" 

Analysis of the resonant cases m -- mo = -~, where m - m+, 
stability in these frequency ranges. 

Therefore, an external hf field in resonance with the natural frequencies of the AMP 
leads to ins=abilltles of =he form of (5), (6), and (8) in certain cases. In the case of 
(8), an external field in resonance with the frequency of the transitions ~ in the inverted 
two-level system stimulates transfer of energy from the latter to free electrons. 

In the hf limit, viz., frequencies much larger than the natural frequencies of the sys- 
tem, (3) becomes 

t ~ . ~  ~ e~ r,O,) O, 

whose solutions that usually satisfy the conditions ~a [ ~ ]  ~2 pD << take the form 

(8) 

indicates that there is no in-  

59 



0) 5 ( 9 ) 

I t  f o l l ows  from (9) tha t  the o s c i l l a t i o n s  of the AMP in  these cases are s tab le .  Th is  i s  
of tn te res~  as an occurrence of suppress ion of i n s t a b i l i t y  i n  an AMP by an e x t e r n a l  f i e l d ,  
where the increment was 

as follows from (2) for m~ + kac a ~ ~, where this increment occurs in the absence of an ex- 
ternal fleld [5]. However, the conclusion is not general and applies only for the above 
conditions. 

I am indebted to N. L. Tslntsadze for advice and valuable discussions. 
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RELAXATION OF MOLECULEVIBEATIONAL ENERGY IN HETEROGENEOUS 

MIXTURES 

V. N. Falzulaev UDC 539.196:541.182.2/3 

In connection with the problem of producing low-temperature gasdynamic lasers (GDL) and 
proposals on the use of aerosol particles in the active media of GDL [1-3], investigations of 
the relaxation processes in vibrational nonequillbrlum disperse systems are of great interest. 
The fundamental regularities of molecule vibrational relaxation in such systems were clarified 
in [3]. However, the singularities in the progress of the V--T and V-V' processes with the 
participation of adsorbed molecules were not considered here. The purpose of this paper is 
a more complete description of the kinetics of these processes and of heterogeneous vibra- 
tlonal relaxatlon of molecules as a whole [4]. 

Let a disperse system be a mixture of monomers of two species A~, Aa and complexes of 
identical magnitude (A L) consisting of m L molecules of the same species as Aa. The composi- 
tion and other governing parameters of the heterogeneous mixture will be considered constant. 
We shall neglect the mutual interaction between the complexes. This is allowable if the 
mutual collision frequency of the complexes ZLL in a two-phase system is much less than their 
collision frequencies with the monomers ZLn (n = 1, 2), i.e., 

-- << t, N 4 V -2 m~ 3/'' • (1) 
~rt 

where Xm is the relative molecule concentration of the m-component in the mixture. We shall 
consider monomer interaction with complexes under the assumption that the particle size and 
the mean spacing between them are small compared to the monomer mean free path in a gas. 
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