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We present the estimates of absolute cross-sections of light absorption by air and 

water vapor at laser wavelengths from 0.53 to 1.06 µm.  The measurements were 

performed under controllable conditions using laser spectrometers with long-path cells 

and high sensitive photoacoustic laser spectrometers. 
 

The problem of anomalous absorption of short-
wave radiation in clouds is widely discussed in 
literature in connection with the climatic models.  One 
of the hypotheses is related to the influence of 
continuous water vapor absorption.  Moreover, the 
measurements of optical radiation extinction within a 
wide range from 0.4 to 2.5 μm1,2 along open 
atmospheric paths, when excluding the contributions of 
aerosol extinction (measurements at large 
meteorological visual ranges) and selective absorption 
(based on the available banks of spectral lines) have 
shown value of aerosol extinction to be directly 
proportional to water vapor concentration, that enabled 
the authors to evaluate the value of the continuous 
absorption cross-section. 

The measurements under laboratory conditions, 
when the composition, temperature and pressure of gas 
medium are controlled and no aerosol component 
occurs, make it possible to obtain more reliable 
quantitative results on nonselective absorption of 
optical radiation by molecular atmospheric components 
in the transmission microwindows. 

In this paper we describe some results of 
measurements of atmospheric absorption coefficients 
using laser radiation at some wavelengths in the range 
from 0.5 to 1.35 μm.  These measurements are 
performed using a highly sensitive methods of laser 
spectrophotometry and laser optoacoustic spectroscopy. 

 

EXPERIMENTAL TECHNIQUE AND 

MEASUREMENT PROCEDURE 

 

The measurements of continuous absorption cross 
sections in gases using the optoacoustic technique are 
difficult because the signal of optoacoustic detector 
(OAD) U independent of the radiation source 
frequency is equally due to the continuous absorption 
by gas Ucont and the absorption of transmitted and 
scattered radiation by the OAD cell walls and windows 
Ub (Ref. 3). 

The level of the background signal Ub for the 
majority of OAD constructions is rather large and the 
value of equivalent absorption coefficient  
 

Kb = Ub/(α W) ≥ 10$7 “m$1, (α is the sensitivity of 

OAD, [V/(W ⋅ cm$1)], W is the radiation power,  
[W]) considerably exceeds the OAD threshold 
sensitivity expressed in terms of the absorption 

coefficient Kth(ν) = U2
n/(α W) ≥ 3 ⋅ 10$8$4 ⋅ 10$9

 “m$1 

(Refs. 3 and 4) (where U2
n is the rms value of noise, 

V2).  In the general case U as a function of radiation 
frequency ν, cm$1, total pressure in the OAD cell P, 
Torr, and number density of absorbing molecules N, 
cm$3, can be represented as 
 

U = α W [σsel(ν, P) N + σcont(P) N + Kb(P)], (1) 
 

where σsel(ν, P) and σcont(P) are the cross sections of 
selective and continuous absorption, cm2. 

At a constant pressure of the mixture in OAD cell, 
P = 0.5$1 atm (the buffer gas pressure is much higher 
than the absorbing gas pressure), the OAD signal U 
depends linearly on the number density of absorbing 
molecules N and the slope angle of the function U(N) 
is proportional to the sum of the cross sections of 
selective and continuous absorption 
[σsel(ν, P) + σcont(P)].  When using narrow band 
tunable lasers the contribution of selective absorption 
can be decreased by choosing the proper portion of 
spectrum, far from the absorption lines. In the case of 
untunable lasers the contribution can be taken into 
account based on the high resolution spectra available. 

The methods described enable us to exclude the 
background signal and to provide the measurements of 
continuous absorption with the threshold sensitivity at 
the level of 3⋅10$8 $ 4⋅10$9 cm$1. 

Measurements of the cross sections of continuous 
water vapor absorption were carried out with the use of 
optoacoustic spectrometers with the ruby  
(0.6942$0.6944 μm) and dye (0.567$0.597 μm) lasers.  
A detailed description of the spectrometer principle of 
operation as well as the calibration and measurement 
procedures are given in Refs. 3 and 4.  In all the 
measurements performed it has not been possible to 
record the dependence of the OAD signal on water 
vapor concentration.  Figure 1 presents the absorption 
spectrum of moist and dried air. 



V.A. Kapitanov et al. Vol. 10,  No. 12 /December  1997/ Atmos. Oceanic Opt.    929 
 

6942.5 6943.0 6943.5
0

1

2

3

4

λ, A°

UOAD , rel. units

 
FIG. 1. Absorption spectrum of atmospheric air in the range of the ruby laser temperature tuning. P = 300 mm Hg, 
(•) correspond to NH

2
O = 5.5 g/m3 and (+) to dried air; the background level is denoted by the dashed curve. 

 
Laser spectrometers with the long-path 30 m and 

110 m cells5 were used for measurement of absolute 
values of air absorption at the wavelengths of the 
following radiation sources: Nd:YAG-laser (1.064 μm) 
and its second harmonic (0.532 μm); ruby laser 
(0.69 μm); copper$vapor laser (0.52 μm; 0.57 μm). 

The radiation spectrum width (Δν) of Nd:YAG-
laser and copper$vapor laser did not exceed 0.01 cm$1, 
as to the ruby laser, Δν ≤ 10$3 cm$1, whose frequency 
was tuned within ~10 cm$1 limits.  The cell was filled 
with the air using a pipeline through a filter directly 
from the atmosphere.  The air humidity was measured 
by an aspiration psychrometer of MV$4m type.  The 
measurements were performed at partial pressures of 
water vapor from 5 to 15 Torr.  If the partial pressure 
of water vapor in the cell was less than the given 
pressure, before pumping the air to the cell, the water 
vapor are pumped to the cell using the technique 
described in Ref. 5 to make the water vapor pressure 
equals to the given pressure.  The filter for air cleaning 
is a container filled with a hygroscopic wadding, about 
2 cm thick layer.  The two-layer batiste spacers are 
located on both sides of the wadding layer. 

The gas transmission value is determined from the 
expression 

 

T = (Iout/Iin)/(Iout
0 /Iin

0 ), (2) 
 

where the indices œoutB and œinB correspond to the 
intensity values at the input and output of the cell, and 
0 corresponds to the measurements of the same values 
at the cell being completely evacuated.  The absorption 
coefficient is determined according to the B ouguer law. 

The systems used for intensity recording at the cell 
input and output as well as the values of the optical 
path obtained (≤ 4 km) enabled us to record the values 
of absorption coefficients Kcont ≥ 10$7

 cm$1. 
The measurements showed that in the range of the 

ruby laser wavelength tuning from the water vapor  
 

absorption line center (λ = 694.38 nm) by 5 and more 
halfwidths as well as at the wavelengths of the above 
mentioned lasers the value of the cell transmission does 
not depend on partial pressure of water vapor. 

The threshold sensitivity, expressed in terms of the 
absorption coefficient of optoacoustic spectrometers and 
spectrophotometers, is much less than 10$7 cm$1, and 
since in all the measurement series the dependence of 
absorption or transmission on water vapor 
concentration is not recorded, we can consider the 
value of the cross sections of continuous water vapor 
absorption σcont ≤ 0.010 g$1cm2. 

The estimates of the absorption cross-section values 
at all the wavelengths used, as compared to that from 
Ref. 1 and 2 are given in Fig. 2.  These values are half 
as many values as presented in Ref. 2, and the obtained 
in Ref. 2 directly proportional dependence of radiation 
extinction on the water vapor concentration, in our 
opinion, cannot be explained by the influence of water 
vapor continuous absorption. 
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FIG. 2.  The atmospheric air absorption cross-sections 
from Ref. 1 (•), from Ref. 1 with the account for 
selective absorption (%), from Ref. 2 (�), and the data 
presented by the authors (Δ). 
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