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Experimental study of atmospheric dispersion

at Xinglong observatory
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Abstract: Atmospheric dispersion affects the observation quality of high-resolution imaging, photometry
and spectrometry. It obtained atmospheric dispersion of four bands including 360-440 nm, 360-550 nm,
360 -640 nm and 360-790 nm, according five zenith angles including 59.8°, 57.6°, 48.1°, 47.8° and
36.4°, with an 80 cm telescope at Xinglong Observatory. Four main sources of error were discussed in
detail, and the accuracy of the measurement was about 0.6”. Based on the zenith angle, the temperature,
the humidity and the atmospheric pressure during observation, the theoretical value of atmospheric
dispersion was calculated. The results of the calculation and measurement are consistent well with each
other. In addition, it discussed the influence factors of atmospheric dispersion and their effect on high

precision astronomical observation, and offered solutions for decreasing atmospheric dispersion for large
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telescope. The calculation and measured results show that: the observation method can achieve adequate
precise result; and the effect of atmospheric dispersion is obvious for high-accuracy astronomical
observation with large telescope, and corresponding auxiliary equipment is needed to decrease or correct
atmospheric dispersion for different observation.

Key words: atmospheric dispersion; atmospheric refraction; zenith angle; error analysis
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Tab.1 Atmospheric dispersion measured results of different wavelengths
Region
ZA 360-440 nm/(") 360-550 nm/(") 360-640 nm/(") 360-790 nm/(")
RA(h:m:s) DEC(°:":")
01:00:36 +09:56:49 59.8 °W 1.55(0.34) 2.26(0.56) 2.76(0.32) 3.35(0.41)
07:30:16 +06:01:11 57.6 °E 1.29(0.12) 1.83(0.35) 2.41(0.30) 2.87(0.20)
02:00:00 +17:04:00 48.1 °W 1.06(0.11) 1.52(0.05) 2.01(0.04) 2.02(0.30)
04:00:20 +04:57:52 47.8 °W 0.92(0.19) 1.35(0.20) 1.59(0.16) 2.17(0.23)
08:00:45 +14:53:35 36.4 °E 0.60(0.20) 0.94(0.11) 1.23(0.28) 1.51(0.41)
07:42:06 +40:26:43 2.4 °W - - - 0.12(0.28)
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Tab.2 Comparison of the calculation and experiment results of atmospheric dispersion at different wavelengths
A 360-440 nm/(") 360-550 nm/(") 360-640 nm/(") 360-790 nm/(")
T (6] A T (6] A T (6] A T (6} A
59.8° 1.54 1.55 -0.01 2.62 2.26 0.36 3.11 2.76 0.35 3.58 3.35 0.23
57.6° 1.42 1.29 0.13 2.41 1.83 0.58 2.85 2.41 0.44 3.28 2.87 0.41
48.1° 1.00 1.06 -0.06 1.70 1.52 0.18 2.02 2.01 0.01 2.32 2.02 0.30
47.8° 0.99 0.92 0.08 1.68 1.35 0.33 2.00 1.59 0.41 2.30 2.17 0.13
36.4° 0.66 0.60 0.06 1.13 0.94 0.19 1.34 1.23 0.11 1.54 1.51 0.03
2.4° - - - - - - - - - 0.09 0.12 -0.03
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Tab.3 Calculation values of atmospheric dispersion 0.7-0.9 pm 0.9-1.7 pm
at Xinglong observatory and Lijiang Im 0.23 0.43
observatory 1.8m 0.13 0.24
Observational band 4m 0.06 0.11
ZA
0.4-0.7 pm 0.7-0.9 um 0.9-1.7 um
4.2
XL LJ XL LJ XL LJ
10°  0.26" 0.20"  0.05"  0.04"  0.05  0.04"
’
20° 055" 0417 0.10"  0.07"  0.11”  0.08" 5
30° 0.877  0.64" 0167 012" 017" 0.13" , N ,
40° 126" 094"  0.23"  0.17" 025  0.19” °
50° 179" 133" 0.33"  0.24" 035" 0.26 ’
’
60° 2,607 1.93" 0477 035 0.52"  0.38"
o
70 412"  3.077  0.75"  0.56"  0.82"  0.61 , (Point Spread
80° 851"  6.33" 155" 116" 1.69"  1.26 Function , PSF) . ,
, 93100Pa, 69300Pa,  -20TC
4.1 )
33°  48° 1.8m ’ ’
0.9pum 1.7 um , ’ ;
s o
4m
[e] 9
5
16° 27°
09pm 1.7 um o 80 cm ,

0410006345



4 www.irla.cn

46

0°~60° ,
’
’
o ’
’
o ’
’
60°
’
o
’
’ o
’
’ o

) 80 cm

[1]  Sun Aiqun, Hu Jingyao. Atmospheric refraction effects on
large-field multiobject spectroscopy [J]. Acta Astrophysica
Sinica, 1997, 17(2): 213-218. (in Chinese)

[2]  Liu Genrong, Yuan Xiangyan. The correction of atmospheric
dispersion in LAMOST [J]. Acta Astrophysica Sinica, 2005,
46(3): 331-342. (in Chinese)

[3] Zhang Xuejun, Jiang Wenhan. Numerical calculation and
results analysis for atmospheric refraction and atmospheric
dispersion [J]. Opto —Electronic Engineering, 2002, 29 (2):
1-5, 34. (in Chinese)

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

041000636

Feng Yuezhong, Song Zhengfang, Gong Zhiben. Atmospheric
dispersion in adaptive optics [J]. J Infrared Millim Waves,
1991, 10(3): 217-221. (in Chinese)

Yao Huiling, Jin Zhenyu, Xiang Yongyuan. A study of
influences of atmospheric dispersion on the multi-waveband
synchronous high-resolution reconstruction applied to solar
images [J]. Astronomical Research and Techonology, 2015,
12(2): 189-195. (in Chinese)

Ming Ming, Lv Tianyu, Wu Xiaoxia, et al. Influence of
atmospheric dispersion on image resolution of 4 m telescope
and correction method[J]. Chinese Optics, 2015, 8(5): 814—
822. (in Chinese)

Wang Donghe, Wang Xijun, He Xin, et. al. High-precision
correction of atmospheric refraction in optical measurement
applications [J]. Opto-Electronic Engineering, 2013, 40 (4):
45-51. (in Chinese)

Lu Weiyi, Yuan Ke’e, Hu Shunxing, et al. Effection of
atmospheric refraction on opto-electronic engineering in arid
area[J]. Infrared and Laser Engineering, 2015, 44(1): 291—
297. (in Chinese)

Han Yan, Qiang Xiwen,

Feng Jianwei, et al. Height

distribution  profiles and its application of atmosphere
refractive index [J]. Infrared and Laser Engineering, 2009,
38(2): 267-271. (in Chinese)

Li Shuanggang, Nie Jinsong. Effect of atmospheric refraction
to electro-optical reconnaissance and orientation [J]. Infrared
and Laser Engineering, 2008, 37(S3): 170-173. (in Chinese)
Xiang E. Application of lucky imaging technology in
astronomical observation [D]. Beijing: National Astronomical
Observatories, Chinese Academy of Sciences, 2015: 22. (in
Chinese)

Lucchini C, Gaignebet J, Hatat J. Validation of two color
laser ranging-comparison between: index integrated on the
trajectory and index at the station [C]//Ninth International
Workshop on Laser Ranging Instrumentation, 1996, 2: 628—
634.

Yan Haojian, Fu Yang, Hong Zhenjie. An Introduction of
Modern Atmospheric Refraction [M]. Shanghai: Shanghai

Scientific and Technological Education Publishing House,

2006. (in Chinese)



