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Measurement method of the wave front aberration of optical

system in cryogenic vacuum environment

Yin Ganghua, Li Mengjuan, Li Ling, Jin Zhongrui, Wang Zhaoming, Wang Xiangdong
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: In order to predict the imaging quality of space cryogenic optical system, a method of high
accuracy measuring the wave front aberration of the optical system with low F number and short back focal
in cryogenic vacuum environment was presented. Firstly, the optical path was designed. The layout of
cryogenic optical system, interferometer and flat mirror were prepared for wave front aberration testing.
Then, the key components such as cryogenic vacuum standard lens, standard flat mirror and atmospheric
window glass were analyzed and designed. The testing wave front aberration was removed as a system error
term. Finally, the wave front aberrations of normal pressure and temperature and cryogenic vacuum
environment (Temperature: 100 K, Pressure: 1x10~ Pa) were obtained by debugging the optical path. The
accuracy test showed that the deviation between the measured value and the standard value was 0.010A (A=
632.8 nm), and the difference was very small, which proved the feasibility of the test method. The wave
front aberration difference between the two stages was small. This method solved the difficult problem of
the cryogenic vacuum optical system wave front aberration testing with low F number and short back focal
in the cryogenic vacuum environment, which couldn’t be accurately tested or even tested.
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Fig.1 Structure schematic diagram of the cryogenic optical system
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Tab.1 Performance parameters of the test object

Name Performance parameter
Work spectrum/pm 5.5-7.5
Entrance pupil diameter/mm 300
Focal length/mm 438.13
Back focal length/mm 30

1.2 Wik /igit
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Fig.2 Schematic diagram of cryogenic image quality test scheme

for optical system
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Fig.3 Schematic diagram of calibration for cryogenic vacuum
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Fig.4 Test results of spherical standard mirror wavefront aberration
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Fig.5 Test light path of plane mirror calibration
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Fig.6 Temperature nephogram of the plane mirror
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Fig.7 Wavefront aberration of plane mirror at controlled temperature
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