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KINETIC COOLING OF AN ATMOSPHERE IN LASER RADIATION EFFECT ON 

MIXTURE OF THE ATMOSPHERIC GASES   
 

Within the refined 3-model model of kinetic processes there is quantitatively examined an effect of atmos-
phere kinetic cooling  while passing powerful laser radiation  through a mixture of CO2-N2-H20 atmos-
pheric gases.  
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At present time it is of a great importance investigation of the powerful laser radiation in-

teraction with an atmosphere (atmospheric gases) and search of new non-linear optical atmos-
pheric effects (c.f.[1-15]).. The latter is directly related with problems of modern laser (lidar) 
meteorology. From the pointview of an atmospheric physics non-linear optical effects in an 
atmosphere could find quite simple qualitative explanation within microscopic level. Really, 
one should say about a redistribution of molecules on the energy levels of internal degree of 
freedom in the resonant absorption of IR laser radiation by the atmospheric molecular gases. 
As a result of quite complicated processes one could define an essential changing of the gases 
absorption coefficient due to the saturation of absorption [1]. One of the most interesting ef-
fects  to be mentioned is an effect of the kinetic cooling of environment (mixture of gases), as 
it was at first predicted in ref. [2,5]. Usually the effect of kinetical cooling (CO2) in a process 
of absorption of the laser pulse energy by molecular gas is considered for the middle latitude 
atmosphere and for special form of a laser pulse.  

In series of papers (see, for example, [8-11]) computational modelling energy and heat ex-
change kinetics in the mixture of the CO2-N2-H20 atmospheric gases interacting with IR laser 
radiation has been carried out within  master three-mode kinetical model. It is obvious that 
using more precise values for all model constants and generally speaking the more advanced 
atmospheric model parameters may lead to quantitative changing in the temporary depend-
ence of the resonant absorption coefficient by CO2.  So, in the last there are developed more 
refined, advanced models [12-15] regarding determination of the atomic and molecular con-
stants and correspondingly interaction of the atoms and molecules of the atmosphere gases  
with a powerful laser  radiation. Let us remind that the creation and accumulation of the excit-
ed molecules of nitrogen owing to the resonant transfer of excitation from the molecules CO2 
results in the change of environment polarizability. Perturbing the complex conductivity of 
environment, all these effects are able to transform significantly the impulse energetics of IR 
lasers in an atmosphere and significantly change realization of different non-linear laser-
aerosol effects.  This paper, which goes on our work on atmospheric optics and photochemis-
try [8-15], is devoted to quantitative examination of an atmosphere kinetic cooling effect 
while passing powerful laser radiation  through a mixture of CO2-N2-H20 atmospheric gases..  

As usually, we start from the modified three-mode model of kinetic processes (see, for ex-
ample, [11]) in order to take into consideration the energy exchange and relaxation processes 
in the СО2.– N2 – H2O mixture interacting with a laser radiation. As in ref. [11-13]  we con-
sider a kinetics of three levels: 10°0, 00°1 (СО2) and v = 1 (N2). Availability of atmospheric 
constituents O2 and H2O is allowed for the definition of the rate of vibrating-transitional re-
laxation of N2. The system of balance equations for relative populations is written in a stand-
ard form as follows: 

242 



Kinetic cooling of an atmosphere 
__________________________________________________________________________________________ 

 
 

0
1102110

1 )2)2( xgPxxgP
dt
dx

β+βω++ωβ−= , 

                            0
22032201

2 )( xPQxxPQx
dt

dx
++++ω−ω= ,    (1) 

0
3303302

3 )( xPxPQQx
dt

dx
++δ−δ= . 

Here the following notations are used:  
                               x1 = N100/ 2CON ,x2 = N001/ 2CON ,  x3 = 

22 CON / NNδ ,                          (2) 
where N100, N001 are the level populations 10°0, 00°1 (СО2); 2NN  is the level population v = 1 
(N2); 2CON  is the concentration of CO2 molecules; δ is the ratio of the common concentrations 
of СО2 and N2 in the atmosphere (δ = 3.85⋅10-4); 0

1x , 0
2x  and 0

3x  are the equilibrium relative 
values of populations under gas temperature T: 
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The values E1 and E2 in (1) are the energies (K) of levels 10°0, 00°1 (consider the energy of 
quantum N2 equal to E2); P10, P20 and P30 are the probabilities (s-1) of the collisional deactiva-
tion of levels 10°0, 00°1 (СО2) and v = 1 (N2), Q is the probability (s-1) of resonant transfer in 
the reaction СО2 → N2,ω is the probability (s-1) of СО2 light excitation, g = 3 is the statistical 
weight of level 02°0,  β = (1+g)-1 = 1/4.  

As usually, the solution of the differential equations system (1) allows defining a coeffi-
cient of absorption of the radiation by the CO2 molecules according to the formula: 
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The  σ in (4) is dependent upon the thermodynamical medium parameters as follows [2]: 
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Here  T and p are the air temperature and pressure, σ0 is the cross-section of resonant ab-
sorption under T = T0, p = p0.  The  absorption coefficient for carbon dioxide and water va-
pour is dependent upon the thermodynamical parameters of aerosol atmosphere. In particular, 
for radiation of CO2-laser the coefficient of absorption by atmosphere defined as   

 

OHCO 22
α+α=α g  

is equal in conditions, which are typical for summer mid-latitudes, αg(H=0) = 2.4·106 сm-1, 
from which 0.8·106 сm-1 accounts for CO2 and the rest – for water vapour (data are from ref. 
[2]) . On the large heights the sharp decrease of air moisture occurs and absorption coefficient 
is mainly defined by the carbon dioxide.  

In Refs. [11] we have presented accurate our data for the relative coefficient of absorp-
tion 2COα , which is normalized on the linear coefficient of absorption, calculated using (1) on 
corresponding height H. All data for 2COα are obtained for the height distribution of the pres-
sure and temperature according to the advanced mid-latitude atmospheric model (all data are 
presented in series of refs. [1,16-19]).  
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When the resonant interaction of intense radiation of a CO2 - laser gas then the real part 
of the complex permittivity is changed 

 

                                               N
ε εε ρ χ
ρ χ
∂ ∂

= ∆ + ∆
∂ ∂

                                              (6) 

where ρ∆ and χ∆  - perturbation of the density and polarizability of the medium. 
 Change in density is caused by heating or cooling of the gas in the absorption of laser en-
ergy by molecular gas. The bulk density of the heat sources is expressed as follows: 
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 As can be seen from Eq. (7), the first term in this expression describes the evolution of 
heat due to the absorption of light energy by water vapor, the second term describes the ener-
gy flow in to translational degrees of freedom due to the vibrational relaxation of CO2 and N2. 
Heating of the gas steam does not compensate for its carbon dioxide cooling. The effect of 
kinetic cooling disappears at a certain critical intensity [1,2]. This is due to the fact that at 
high intensities the flow of energy from the translational degrees of freedom in the vibrational 
responsible reaches its maximum value and becomes independent of the incident radiation 
power. But the flow of energy to the translational degrees of freedom due to the absorption of 
radiation by water vapor, leading to the heating of the gas, is proportional to the radiation 
power. Therefore, starting from a certain critical power, heating the gas will dominate the 
cooling it for any time. For estimates, the altitude distributions of pressure and temperature 
are selected in accordance with the mid-latitude atmosphere model [9]. The final qunatitative 
estimate is as follows   
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and it corresponds to the evolution of an effect of kinetic cooling.  
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Кінетична охолодження атмосфери при взаємодії потужного лазерного випромінювання з суміш-
шю атмосферних газів 
Препеліца Г.П., Грушевський О.М., Пономаренко О.Л., Буяджи В.В. 
В рамках уточненої 3-модової моделі кінетичних процесів кількісно досліджений ефект кінетичного  
охолодження атмосфери при проходженні потужного лазерного випромінювання через суміш СО2-N2-
Н20 атмосферних газів. 
Ключові слова: охолодження атмосфери, потужне лазерне випромінювання, суміш атмосферних газів 
Кинетическая охлаждение атмосферы при взаимодействии мощного лазерного излучения со сме-
сью атмосферных газов 
Препелица Г.П., Грушевский О.Н., Пономаренко Е.Л., Буяджи В.В. 
В рамках уточненной 3-модовой модели кинетических процессов количественно исследован эффект ки-
нетического охлаждения атмосферы при прохождении мощного лазерного излучения через смесь СО2-
N2-Н20 атмосферных газов.   
Ключевые слова: охлаждение атмосферы, мощное лазерное излучение, смесь атмосферных газов 
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