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Theoretical analysis of the atmospheric absorption coefficient of
He emission line in thermosphere

HE Jian, ZHANG Qing-guo
( School of Physics and Engineer, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: In order to detect the helium density in thermosphere with a laser radar, after theoretical analysis and computer
simulation, the atmospheric absorption coefficients for the three resonance lines making up metastable He 1083nm emission line
were calculated, and the atmospheric absorption coefficient was found at the order of magnitude of 10 *. The results show that for
the same spectral line, the atmospheric absorption coefficient is proportional to the concentrate of atoms and the fourth root of the
temperature, however it is inversely proportional to the pressure. For different spectral lines, the atmospheric absorption
coefficients are proportional to the central wave length. In the half width of the spectral line, the average atmospheric absorption
coefficient 1s proportional to the atmospheric absorption—coefficient at the line center. Finally, the application of atmospheric
absorption coefficient in spectrum analysis was pointéd_out. This calculation has some reference significance to realize the
detection of the helium density in thermosphere.
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Fig. 1 The energy diagram for the lower levels of the He atom
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Fig.2 The individual lines that make up the 1083nm triplet line
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Table 1 The transition characteristics of five metastable helium resonance emission lines

metastable He line values

1083. 034 nm 1083.025nm 1082. 908 nm 388.9nm 311.8nm
9 5 3 1 9 9
q 3 3 3 3 3
Ay /s™! 1.022 x 107 N022 x 107 1.022 x 107 0.948 x 107 0.564 x 107
1y /s 9.785x107®8 9.785x1078 9.785 x10® 10.55 x 10 % 17.73 x10°®
g factor(airglow) 16. 8 16.8 16. 8 0.1 small
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Fig.3 Curve of atmospheric absorption coefficients at line center with tem-

perature

ERJZRZ RSIRE N 1000K, M ERM 0.5 x
10°Pa 2] 1.5 x 10°Pa ZFfL B, X T T & & K
1083. 034nm, 1083. 025nm, 1082.908nm 3 2% 4% &14%,
WL O RS R IR R B RSB Y R N 4 TR .

LR EE, B FAMHER, MENARRE AL,
MREEA — ML ER. fmEs, —BEe s
SANFEE (L) &R HATURTRA:

P(v -v,) = ll%exp[—ilynzz(y—yo)z] (9)

2011 %3 A

- 2.6
S 14 — -1083.034nm
> ‘;',, \ 1083.025nm
222N 1082.908nm
820 N\
2 1.8 \
§ 1.6¢ - 1
S 14 e :
212 T 1
E 10 T ]
%0.8 T

03507 09 1T T3  Ts

pressure/10'Pa
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