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ABSTRACT

The quasi random model is one of the elementaryelmaaf molecular band absorption. We
show its application in the interaction of a frdeatron laser beam of wavelengtjm with high
resolution lines of the sulphar dioxide gas. Thegtrency interval considered is from 2523.336
to 2524.727 ci. Values of transmittance, averaged over intervdl§.4 cm”, are calculated
for absorber thickness 0.05, 0.5 and 5 atm-cm ley lblp of quasi random model. From
generated absorptance values intensities of thé Inggolution absorption lines in the above
interval of SQ can be simulated. The application prospect of wsk in atmospheric optics is
quite bright.
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INTRODUCTION

The passage of a laser beam through the earth pl@s presents an important transmission
problem, a novel aspect of which is the almost nsbnamatic nature of a laser beam. Sulphur
dioxide is an important astrophysical and atmospherolecule. Natural sources of sulphur
dioxide (SQ) include release from volcanoes, oceans, biolbgieaay and forest fires. In 1983
the United Nations Environment Programme estimatdéigure of between 80 million and 288
million tonnes of sulphur oxides per year. Sulptiiaxide emissions also result from combustion
of fossil fuels due to varying amounts of sulphwinly present in these fuels. Lasers are
increasingly used in pollution control studies anonitoring the environmenRecently a linear
relationship between concentration of sulfur diexahd optical parameter (OP) is established
using the Beer—Lambert law [1A precise knowledge of the spectra of sulphur idiexs very
important for accurate measurements involving thespge of a laser beam through this gaseous
medium. In this work, a free electron laser is ad&ed tuned todm. The frequency interval in
which the propagation of this free electron lasearh is considered, 2523.336 — 2524.727cm
lies in the combination vibration — rotatian+vs band of S@ The combination vibration —
rotationv;+vz band of S@ has been recorded under Doppler limited and athegpconditions
with 3* 10* cmi* instrumental resolution using a difference-frequelaser [2]. They;+v; band

of SO is strategically located in the gm atmospheric window which is convenient for
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monitoring SQ in the air or observing extraterrestrial Srough the atmosphere. The method
used in this work, the quasi-random model [3] oflenalar band absorption, is a variant of one
of the methods described by Goody and Yung [4thkir monograph, Goody and Yung have
contrasted the use of random models with the lipéine method, and concluded that in some
circumstances the random models might be sufficiant require much less computer time.
Infrared transmittances, based on the quasi-ranchaatel, have been calculated fopGHand
CO, and the results fitted with experimental measurégmgb,6]. Using this model, simulations
of intensities of absorption lines have been damgfbenzoquinone-H4 vapour [7] in the region
17800 - 24900 cih for water vapour [8] around 1.18n, and for nitrogen [9hround 575 nm.
Potential use of this model in developing rapid eledor accurately calculating atmospheric
transmittances has been indicated [10]. Simulatireg intensities of high-resolution lines of
nitrogen around 570 nm, applicability of this moaebptics of the atmosphere, especially of the
upper atmosphere, has been shown [11]. Intensfieke high resolution absorption lines of
sulphur dioxide are simulated in the frequency rimbs 2499.0115-2499.9910 &fi2] and
2523.336 - 2524.727 chj13]. This work can be treated as extended part of teeiqus work in
the frequency interval 2523.336 - 2524.727 chtere amount of absorbers are taken five times
than in earlier work to see the effects.

MATERIALSAND METHODS

Method of calculation

High-resolution near-infrared absorption spectruivsaphur dioxide is considered frequency
interval 2523.336 — 2524.727 &mThe maximum relative intensity is normalized tuty and
other values of intensity are taken relative tcstbne. The lines along with the assigned
intensities are given in Table 1. The entire spwtrs divided into frequency interval® = 0.1
cm® wide. TheseQs are the intervals over which the average tramanués have been
computed. Each interval is further divided into #eraintervalsd = 0.025 cm'. The quasi-
random model localizes each line within an errofingel by the interval sized. The
transmittance at a frequeneyas affected bygilines within the intervad, is computed from the
expression [14]

n
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where nrepresents the number of lines within the intgnsihge i, which itself is characterized
by an average intensity, $ is the half width at half maximum, u is the abswrthickness, and
v; refers to the centre of the line.

The gases of the atmosphere are usually measur#t hynitatmosphere centimeti@tm-cm).
This measurement unit is used to define an atmogpdas distributed along a path reduced to a
layer at STP, provided the other gases are exclubesl resulting thickness is then expressed in
atm-cm, given by = cLP, wherec is the fractional concentration of the absorleis the path
length in cm andP is the pressure in atmosphere.

For three different masses per unit area, u = @@and 5.0 atm-cm, and taking the half-width
as a=0.015 cn, equation (1) is evaluated with the help of a cotep program based on
Simpson's rule of numerical integration. First, thensmittance values are calculated at the
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centre of 0.1 cf intervals. Transmittances by the wings of lineshat left and right adjacent
intervals are also included. The transmittancenatdentre of an interval is finally obtained as

[15]
0=0,[15 )

17 ]

Next, transmittance values are obtained for anatbenf frequency intervals whose centres are
shifted by half the interval size (0.05 &nfrom the original positions of the centres of the
intervals. This is done in order to minimize theoerassociated with the occurrence lines at
frequencies near the edges of a given interval.réhelts for the shifted and un-shifted intervals
are averaged, and thus we obtain the average titasoe over a 0.1 crhinterval.

Table 1: SO, lines affecting the propagation of the 4 um laser beam

Frequency (cml) Intensity Fraquency (cml) Intensity
21323336 04z 2324078 43
21313343 0.61 1324107 0.32
23235603 0.66 2324.1303 0.63
13133697 1 2324.188 0.43
2323.43%4 0.39 1324197 0.43
23235122 0.30 1324274 040
2323570 0.30 23243924 0.36
23235821 0.76 2324424 0.32
21313.6353 0.76 21324431 0.32
1323744 0.34 21324.443 046
23213751 046 1324447 0.43
2323773 52 2324488 0.32
2323.824 044 1324.496 0.18
2313.8510 097 1324519 0.24
1313.881 044 2324 5783 0.66
23139610 0.5% 213243887 047
1313971 43 21324693 33
2324.0023 0.61 1324727 0.27

Table 2: Absorption of a free electron laser beam for three different amounts of SO,

Frequency Abszorptance (%) for path length

{crr ]y 0.03 atm-cm 0.3 atm-cm 3 atme-cm
2323356 2333 2445 33
2323436 3022 3169 4473
2323.336 254 272 4295
2323636 2726 30.76 36.85
2323756 32.38 40.75 81.82
2323.8536 3272 T9.16 9629
25230536 73.14 0097 100
2324036 7407 0097 100
2324.136 5726 82136 08.83
2324123 2647 36.63 79.03
232433 2876 ER 36.12
13244356 3478 3644 30.87
232433 37.64 304 3133
2324656 3148 3223 3925
232473 2093 2133 2319
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Figure 1: Absorptance of a4 um free electron laser beam for a 0.05 atm-cm path length of SO,.
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Figure 2: Absorptance of a4 um free electron laser beam for a 0.5 atm-cm path length of SO..
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Figure 3: Absorptance of a4 um free electron laser beam for a 5 atm-cm path length of SO.,.
RESULTSAND DISCUSSION

Influences of 36 lines for the interval are workaat for 0.05, 0.5 and 5 atm-cm thickness of
sulphur dioxide in the frequency intervals 2523.338524.727 ci. The computational results
for the propagation of a 4m laser beam through these three amounts of therlkadysare
presented in Tables 2 and shown in Figures 1 —dByparing these figures with the figures of
the previous work of same interval [13], it revethlat the smaller the amount of the absorber the
more marked is the variation. This is, perhapsgetqu, as with greater amounts of the absorber
the absorptance values tend to saturate. From @edeabsorptance values intensities of the high
resolution absorption lines in the above interiab@®, can be simulated. The absorption values
agree well with the experimental data taken fos thork. This concludes that the quasi-random
model for simulating the intensity distribution ggouping the lines in a given frequency interval
works reasonably well - a fact established in retiemes for important atmospheric species like
nitrogen sulphur dioxide and methane.

CONCLUSION

As the rotational lines are observed to be suffittyefine, therefore in this work the broadening

of the lines is assumed to be homogeneous. Theee 9sope to generalize the model for
inhomogeneous broadening as well. Application peospf this work in atmospheric optics is

quite bright. Till now, a large number of high regmn absorption spectra of other diatomic and
polyatomic molecules have been reported; the pteserk could easily be extended to these
spectra. Temperature and pressure dependence odfingwidth, and consequently of the

absorptance, is the aspect that calls for furthesearch. The scopes of error in these
computations are (a) the size of the small interval as mentioned in the description of the
model, and (b) the number of divisions taken in 8impson-rule based program, which is
known to any programmer.
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