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Abstract 

SENSING THE KINETICAL FEATURES OF ENERGY EXCHANGE IN MIXTURE CO
2
-N

2
-H

2
0 

OF ATMOSPHERIC GASES UNDER INTERACTING WITH LASER RADIATION 

N. G. Serbov, A. V. Glushkov, Yu. Ya. Bunyakova, G. P. Prepelitsa, A. A. Svinarenko 

A kinetics of energy exchange in the mixture CO
2
-N

2
-H

2
0 gases in atmosphere under passing the 

powerful laser radiation pulses is studied and the features are detected on the basis of the three-mode 
model of kinetical processes for different laser pulse parameters. 
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Carrying out new, avanced sensors and microsys-
tems technologies in the modern atmosphere and 
environmental physics is related to one of the most 
important problems (c.f.[1-4]). It is well known [1] 

that in the resonant absorption of IR laser radiation 
by the atmospheric molecular gases a redistribution 
of molecules on the energy levels of internal degree 
of freedom occurs. The change of level population 
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for gas composition leads to the disturbance of ther-
modynamic equilibrium between the oscillations of 
molecules and its translation. Then an effect of the 
kinetic cooling of environment may take a place, 
as it was at first predicted in ref. [4]. It should be 
noted that a new effect of kinetical cooling CO

2
 in a 

process of absorption of the laser energy by gas was 
considered for the middle latitude atmosphere and 
for special form of a laser pulse. Besides, there were 
used approximate values for constants of collisional 
deactivation and resonant transfer in reaction CO

2
-

N
2
. Using the more precise values for constants may 

lead to quantitative changing temporary depend-
ence of the resonant absorption coefficient by CO

2
. 

This is accompanied by additional effects. The for-
mation of the excited molecules of nitrogen owing 
to the resonant transfer of excitation from the mol-
ecules CO

2
 results in the change of environment po-

larizability. Perturbing the complex conductivity of 
environment, all these effects are able to transform 
significantly the impulse energetics of IR lasers in 
an atmosphere and realization of different non-lin-
ear laser-aerosol effects. An effective example is the 
pulsed enlightenment of artificial water aerosol by 
laser radiation [2]. In [5] more precise modelling 
kinetics of energy exchange in the mixture CO

2
-N

2
-

H
2
0 atmosphere gases under passing the powerful 

laser radiation pulse was carried out for different 
atmosphere and laser pulse parameters. Here we 
present the results of sensing the kinetical features 
of energy exchange in the laser aerosol system for 
different form of laser pulse and make estimating 
the changes in temporary dependence of resonant 
absorption relative coefficient for CO

2
. 

A usually, to describe the energy exchange and 
relaxation processes in the ÑÎ

2
. —  N

2
 — H

2
O mix-

ture interacting with laser radiation, we start from 
the modified three-mode model of kinetic proc-
esses [1,5]. We consider a kinetics of three levels: 
10°0, 00°1 (ÑÎ

2
) and v = 1 (N

2
). Availability of at-

mospheric constituents O
2
 and H

2
O is allowed for 

the definition of the rate of vibrating-transitional 
relaxation of N

2
. The system of balance equations 

for relative populations is written in a standard form 
as follows: 

 
dx

dt
gP x x gP x1

10 1 2 10 1
02 2= − + + +β ω βω β( ) ) , 

 
dx

dt
x Q P x Qx P x2

1 20 2 3 20 2
0= − + + + +ω ω( ) ,  (1) 

 
dx

dt
Qx Q P x P x3

2 30 3 30 3
0= − + +δ δ( ) . 

Here, x
1 

= N
100

/ NCO2
, x

2
 = N

001
/ NCO2

, x
3 

=
= δN NN CO2 2

/ ; N
100,

 N
001

 are the level popula-
tions 10°0, 00°1 (ÑÎ

2
); NN2

 is the level population 
v=1(N

2
); NCO2

 is concentration of CO
2
 molecules; 

Δ is ratio of common concentrations of ÑÎ
2
 and N

2
 

in atmosphere (Δ = 3.85⋅10-4); x1
0 , x2

0  and x3
0  are 

the equilibrium relative values of populations under 
gas temperature T: 

 x E T1
0

1= −( )exp , 

 x x E T2
0

3
0

2= = ( )exp   (2) 

Values E
1
 and E

2
 in (1) are the energies (K) of 

levels 10°0, 00°1 (consider the energy of quantum 
N

2
 equal to E

2
); P

10
, P

20
 and P

30
 are the probabilities 

(s-1) of the collisional deactivation of levels 10°0, 
00°1 (ÑÎ

2
) and v = 1 (N

2
), Q is the probability (s-1) 

of resonant transfer in the reaction ÑÎ
2
 → N

2
, ω is 

a probability (s-1) of ÑÎ
2
 light excitation, g = 3 is 

statistical weight of level 02°0, β=(1+g)-1= 1/4. 
The solution of system (1) allows defining a co-

efficient of absorption of the radiation by the CO
2
 

molecules according to the formula: 

 α σCO CO2 21 2= −( )x x N .  (3) 

The σ in (3) is dependent upon the thermo-
dynamical medium parameters according to [5]. 
It is well known that the absorption coefficient 
for carbon dioxide and water vapour is dependent 
upon the thermodynamical parameters of aerosol 
atmosphere. In particular, for radiation of CO

2
-

laser the coefficient of absorption by atmosphere 
α α αg = +CO H O22

 is equal in conditions, which 
are typical for summer mid-latitudes, α

g
(H=0) = 

2.4∙106 ñm-1, from which 0.8∙106 ñm-1 accounts for 
CO

2
 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. The physics 
of resonant absorption process is defined by chang-
ing the population of low level 10°0 (ÑÎ

2
), popu-

lation of level 00°1 and the vibrating-transitional 
relaxation (VT-relaxation) and inter modal vibrat-
ing-vibrating relaxation (VV’-relaxation). A thresh-
old value, which corresponds to the decrease of ab-
sorption coefficient in two times, for the strength 
of saturation of absorption in vibrating-rotation 
conversion give I

sat
=(2∙5)105 Wcm-2 for atmospheric 

CO
2
. In this case the laser (λ=10,6μm) pulse dura-

tion t
i
 must satisfy the condition t

R
 << t

i
 < t

VT
, where 

t
R
 and t

VT
 are the times of rotary and vibrating-tran-

sitional relaxation’s. by The fast exchange of level 
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10°0 with basic state, and by the relatively slow re-
laxation of high level 00°1define a renewal process 
of thermodynamic equilibrium is characterized. 
This can results in an energy outflow from the tran-
sitional degree of freedom to vibrating ones and in 
the cooling of environment. In table 1 we present 
data for the relative coefficient of absorption αCO2

, 
which is normalized on linear coefficient of absorp-
tion, calculated using (1) on corresponding height 
H. All data for αCO2

 are obtained for the height dis-
tribution of pressure and temperature according to 
the mid-latitude atmospheric model [2]. 

It is clear that the temporary dependence of 
resonant absorption relative coefficient αCO2

 of la-

ser radiation by CO
2
 molecules for different laser 

pulses differs. A significant aspect of modelling is 
connected with the correct choice of probabilities 
P

10
, P

20
 and P

30
 of the collisional deactivation of lev-

els 10°0, 00°1 (ÑÎ
2
) and v = 1 (N

2
), probability Q of 

resonant transfer in the reaction ÑÎ
2
 → N

2
, proba-

bility ω of ÑÎ
2
 light excitation and other constants. 

A quality of choice of the molecular constants may 
be significant under modelling an effect of kinetic 
cooling of the CO

2
 under propagation of the laser 

radiation in atmosphere.. The effect of kinetic cool-
ing of the CO

2
 is defined by the condition [1]: 

 α α αH O CO CO2

0
1 2 1

0 0

2 2
1 44< − =( /( )) .E E E  (5) 

Table 1 
Temporary dependence of resonant absorption relative coefficient αCO2

 ( sm-1) for rectangular (R ), gaussian (G) 
and soliton-like (S) laser pulses (intensity I, 105 W/sm2) on the height H=10km : A- data of modelling [2]; B — data 

of modelling [5]; C- present data. 

T 
μs

A 
I; R

A 
10⋅I;R

B 
I; R

B 
10⋅I; R

B 
I; G

B 
10⋅I; G

C 
I; S

C 
10⋅I; S

0 
1 
2 
3 
4

1,0 
0,48 
0,34 
0,41 
0,48

1,0 
0,12 
0,08 
0,27 
0,35

1,0 
0,45 
0,31 
0,36 
0,43

1,0 
0,11 
0,05 
0,19 
0,28

1,0 
0,40 
0,25 
0,30 
0,36

1,0 
0,10 
0,03 
0,17 
0,25

1,0 
0,42 
0,28 
0,33 
0,39

1,0 
0,10 
0,04 
0,18 
0,26

Taking into account the data of the table 1 one 
can wait for the changing CO

2
 kinetic cooling effect 

realization in dependence upon the atmospheric 
model conditions and parameters of laser radiation. 
The cited effect vanishes for some critical intensity. 
Under large intensities of radiation the energy flux 
from transnational degrees of freedom to the vibrat-
ing ones reaches the maximal magnitude and not 
depends on intensity of incident radiation [1]. The 
energy flux, which results in the heating of gas, onto 
transnational degrees of freedom due to the absorp-
tion of radiation by the water vapor remains propor-
tional to the intensity of radiation. Consequently, 
starting with some critical intensity, the gas heating 
prevails over its cooling for any time instant. It is 
natural to conclude that the correspondent values 
may change for different atmospheric conditions, 
laser radiation and molecular parameters. 
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