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Fig. 1. Schematic diagram of laser heterodyne.
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Fig. 2. (a) Internal device of suntracker; (b) sunlight spot centroid offset in precision tracking mode.
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Fig. 3. System structure schematic diagram. LIA, lock-in amplifier; PC, personal computer; DAQ, data acquisition card; FL1, 2, fo-

cus lens 1, 2; BS1, 2, beam splitter 1, 2.

217801-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 21 (2021)

217801

3.2 SLIG¥EE

S LT R NLO MW 2k R E T
Nanoplus 28 A 42 7= f9 3.9 um ICL VE AARIRIGIER,
PR L R 2537.5—2540.5 cm !, OG22
9 1.8 mW, 2K LDC501 #OG# hil g 5. 783
W NoO KA Hir-E AR A o 1 95%
DA b, A SRR T .

WK 3 Fras, i LA HL Labview £ 5 5 il
LDC501 #4722 550 ok L 44, 1B b pLd il
TR 74 T O PH R AU S B SR AR K PHOYE, SRt Brie 2
Je SO A A LI TN, WA i R A
B E TR L BRI g S 2
I R A | AU AR A B R AR, IR A
J& , I SRR RO GEEE. o, SRNER A DC
iy HH R R WO T R B AR e 1, B a2 I AR
SIARIRBOC AT AT SR bR . 1 4 S ROEAE
22 SRR ZERA () S 1]

B4 RESSHIYE

Fig. 4. Physical picture of system structure.
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Fig. 5. (a) RF signal power spectrum; (b) instrument func-

tions.

R 1 3.9 um HOLINE RGNS EE
Table 1. Parameter setting of 3.9 um laser hetero-

dyne system.
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Fig. 7. (a) Heterodyne signal absorbed by N,O; (b) the rela-

tionship between laser wavenumber and injection current.
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Fig. 10. Inversion results of LHR data: (a) Experimental
and fitted LHR spectrogram; (b) residual.
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Abstract

aser heterodyne spectroscopy detection has rapidly developed in recent years due to its high spectral
resolution, small size, and light weight. It can be used to measure the atmospheric greenhouse gas vertical
profile and calibrate the carbon satellite ground. This paper reports a laser heterodyne system for measuring
atmospheric N,O, with a 3.939-pm interband cascade laser used as a local oscillator light source. A homemade
high-precision solar tracker collects sunlight as a laser heterodyne signal source. The tracking accuracy reaches
7 arcsec, and the spectral resolution of the laser heterodyne system arrives at 0.004 cm™. The atmospheric N,O
absorption spectrum in Hefei area (31.902°N, 117.167°E) is measured, and two strong absorption peaks
respectively at 288.336 and 2539.344 cm™' are obtained. In addition, the wavelength calibration of the
absorption signal, and the entire atmospheric transmittance spectrum of N,O molecules are obtained, and the
signal-to-noise ratio is 93. The high-resolution spectrum data are normalized and frequency is corrected, and the
N,O atmospheric concentration profile is obtained by using the reference forward model and the optimal
estimation algorithm. The standard deviation of volume fraction is in a range of 0.000031—0.0026 ppm, and the
corresponding relative error range is 0.009% —0.83%. The research results show that the laser heterodyne
system built in this work can be used to measure the absorption spectrum of NyO in the atmosphere and realize
the inversion of the N,O profile, which provides a guarantee for long-term observation of atmospheric NyO

concentration.

Keywords: laser heterodyne, transmittance spectrum, nitrous oxide (N,O), inversion calculation
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