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Studies on a method for monitoring four-dimensional multiphase
air-pollution dynamics using a portable semi-conductor laser unit
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An atmospheric.gas monitoring system was developed as well as its application techno-
logies. Specifications posed on the measuring system were sensitivity, locality, fn sifa and
real.time capahilities, The equipment should be small and light for a wide applicabilities.

A derivative absorption spectrometry with a tunable lead-salt diode laser and a short op-
tical path in the open air were employed. Absorption spectra over a specific small spectral
width in a mid-infrared region, instead of an absorption on a single absorption line, is in-
volved. This allows a reliable operation to the measuring system. A sensitivity is decided
by optical neises which take place as a result of unintended optical cavities formed in the op-
tical system.

Special technologies to suppress optical noises were developed in order to attain high sen-
sitivity even with a short optical path of one meter. A modification of laser-current modula-
tion profile was effective for fine-pitched etalon fringes and a numerical data treatment based
on a notion of adjoint spectrum can eliminate an interference from an foreign gas spectra.

An experimental system was build and atmospheric methane was measured for its den-
sity both in a laboratory and outdoors. A rapid change which could not be found with any
conventjonal measuring instruments was measured. The sensitivity of the developed system
was 0.3ppm {rms) and a finite settling time of 12s was demonstrated. The system sizes
0.45x0.45x 0.8 m? and weighs about 30 kg.
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Fig. 4. An experimentally obtained instru.
mental function of a diode-laser second.
derivative spectrometer. The laser-current
modulation profiles are sinusoidal, triangular
and repeated hyperbolic sinusocidal.
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Tig. 5. A schematic diagram of the double
beam absorption spectrometry system.
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Fig. 10. An etalon-fringe superimposed on a
methane spectrum. The fringe comes from
a cavity between the laser and the first
collimating lens.
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Fig. 11. A fine pitched etalon fringe which
arises between the laser and the ir.detector.
A Doppler-limited line profile of methane
is associated.
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Tig. 19. The optical head.
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