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Fig. 1. (a) Schematic diagram of Fabry-Perot interference;
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(b) schematic diagram of filtering light by Fabry-Perot in-

terference.
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Fig. 2. Structure diagram of the measurement system.
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Fig. 3. Measure the spectra before and after blowing and

clearing the airway with nitrogen gas.

020702-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 73, No. 2 (2024) 020702

4 FREXREHITR

4.1 RUREIEES CO, IRERE

COy T W I % BEAE 4.20—4.32 pm, A SCF]
FHIZ 0% B SRS CO, W EE. BT 4 AR SRR
fETERT DU Y, 6 A -0 TR E R,
Br T4 CO, ISR, iR f77E CHy il HyO M
PRI PRI CH, & R, BAHIE
CH, T4k, H4R HyO 78 3.1—4.4 pm i1 Bz i
s, {H HoO FE R B T & i m, A AR
PIAEHA N HyO WS A AR 1E H ).

1l — CO, — H,0 — CH,
10 £ 1.76x10-15 ]

1.54x10-18

1.32x10-15 1
8 1.10x10-18 ] [,

1.48x10~2! 4
o2 I Wil
7.40x10-22
3.70x 1022 4
0 i

3150 3200 3250 3300 3350 3400

/ Wavelength/nm
P

i |

: :
oLt XHIHLIMHH ! L L

3100 3400 3700 4000 4300
Wavelength /nm

Cross section/(cm? molecule~!)

Cross section/(10~'8 cm2-molecule1)

B4 3.1—4.4 pm P B A SRR SRR AE 1%
Fig. 4. Gas absorption spectra in the 3.1-4.4 pm band.
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Fig. 5. Inversion example of spectra for CO, with concen-
tration of 150.8x10 % (a) Absorption spectrum and fitted

spectrum; (b) residual spectrum after fitting.
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Fig. 6. The direct measured value is fitted to the nominal

value by a three-order curve.
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Fig. 9. Time series of atmospheric CO, during observation.
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Method of measuring atmospheric CO, based on
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Abstract

CO, is one of the main greenhouse gases. Its emission and accumulation lead to the strengthening of the
greenhouse effect, which in turn causes global climate change. Therefore, it is of great significance to obtain the
change of CO, concentration in the atmospheric environment for the study of climate change. In order to meet
the requirements of low cost, fast, on-line and accurate measurement of CO, in atmospheric environment, a CO,
gas concentration measurement system based on Fabry-Perot interferometer is built in this work. The thermal
radiation source based on micro-electro-mechanical system (MEMS) technology is used as a light source of the
Fabry-Perot interferometer system, and the transmission optical path is designed to replace the common
refractive optical path. By electrostatically controlling the distance between the two lenses and changing the
interference spectrum, the interference peak adjustment of the center wavelength of the 10 nm step is realized,
and the absorption spectrum is obtained by scanning. Based on the principle of differential optical absorption
spectroscopy, the concentration of CO, gas is obtained, and the real-time on-line monitoring of CO,
concentration is realized. Using the sample gas calibration system and the commercial photoacoustic
spectroscopy multi-gas analyzer to verify the system, the results show that the detection limit of the system is
1.09x10°%, the detection accuracy is +1.13x10°% and the measurement error is less than 1%. Real-time online
monitoring of atmospheric CO, has been conducted in Huaibei, a coal city. A comparative observational
experiment is performed between this system and a commercial photoacoustic spectroscopy multi-gas analyzer.
The two systems show consistent trends in measuring CO, variations, with a correlation coefficient of R=0.92.
It shows that the Fabry-Perot interferometer system can meet the requirement of rapid, convenient and high

precision measurement of CO, concentration in the environment.

Keywords: carbon dioxide, Fabry-Perot interferometer, thermal radiation source, photoacoustic spectrum

multi-gas analyzer
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