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The 3.392-um emission of the He-Ne laser is strongly absorbed by methane while the 3.391-
um emission of the same laser is absorbed only weakly. This property of methane is utilized

in methane sensing by differential absorption laser radars.

A dual-wavelength He-Ne laser

developed recently emits the two lines simultaneously whose intensities are modulated with
equal amplitudes and opposite phases to each other. To achieve the quantitative remote sens-
ing of methane in the air the double modulation method has been introduced, in which the
intensity of the dual-wavelength He-Ne laser is further modulated by a mechanical chopper.
The light reflected from a target is focused on a detector and the ratio of the outputs of two
lock-in amplifiers synchronized to each modulation frequency gives the methane concentration-
pathlength product. By using a target at a distance of 2.5m, methane of 40 ppm.m was de-
tected with a signal-to-noise ratio of 7 at an averaging time of 3s.
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Fig. 1 Schematic diagram of the intensity-modulated dual-wavelength He-Ne laser.
Mirror M1 is manually translatable by £3mm for getting the optimum modulation.
Cavity length: 68 cm, plasma length: 50 cm, methane cell length: 4.2 cm.
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Fig. 2 Variation of the measured output power of the individual emissions and the
sum of both vs. the cavity length. One cycle of the variation corresponds to a 2/2
change in the cavity length. Note that the total power is nearly equal at A and B
while the individual emissions change appreciably.
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Fig. 3 Waveforms of the intensity of the total
output (upper trace), the 3.392-um line (middle
trace), and the 3.391-um line (lower trace).
Note that the total output is modulated princi-
pally at twice the modulation frequency.
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Fig. 4 Set up for the quantitative remote methane sensing by the double-

modulation method.
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Fig. 5 Detected wave forms of the double-mo-
dulated laser output (a) without methane and
(b) with methane along the optical path. fi=
175 Hz, f>2=694 Hz.
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Fig. 6 Recorded signals of the quantitative remote methane sensing. Three targets with high,
middle and low reflectivities are used in turn. Methane-nitrogen mixtures of the methane con-
centration-pathlength product of 200, 160, 120, 80, 40 ppm-m are flowed inside a cell for each tar-
get. N2 means a pure nitrogen gas. (a) Ji/Jz output, (b) Ji output, (c) Jz output.
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Fig. 7 Plots of the recorded signals in Fig. 6. (a) Ji vs. methane concentration-
pathlength product. (b) Ji/Jz vs. methane concentration-pathlength product.
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Fig. 9 Recorded signals of the methane sensing by the vehicle-mounted laser radar.
(a) 1000 ppm+m methane, (b) 300 ppm+.m methane.
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