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Abstract A hyper-resolution spatial heterodyne spectrometer (SHS) used for hydroxyl radical OH detection with
limb observations from a satellite is presented. The SHS instrument, consisting of two 1-D imaging channels in two
orthogonal observation directions at different time for the same volume with the aid of the movement of the satellite
platform, can get the three-dimensional distribution of OH with a series of observation radiation intensities. Each
channel, including cylindrical telescope, collimating lens, a monolithic spatial interference unit and imaging lens,
has vertical spatial resolution without scanning parts, and it can be field widened with prisms in the interferometer
arms to increase the throughout of the instrument. An optical system for measuring mesospheric OH with a spectral
resolution of 0.01 nm over the 1.6 nm ultraviolet passband 308.2-309.8 nm is designed, and its optimizing process
and results are shown. The ground-based experiment with the prototype instrument is carried out with the use of
the light from the sun tracker. The measurement results show that the optical system design meet the needs of OH
detection requirements, and the instrument experimental performances are in agreement with the theoretical spectral
characteristics. Our research provides a basis for remote sensing of mesospheric atmosphere detection in satellite.
Key words spectroscopy; spatial heterodyne spectrometer; hyper-resolution ultraviolet spectrum; hydroxyl radical
OH; mesospheric atmosphere
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Fig. 1 (a) Schematic of principle of optics in dispersive cross section and

(b) schematic of principle of optics in 1-D imaging direction
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Table 1 Parameters of spatial heterodyne interference unit

Parameter

Original value

Corrected value

Littrow wavelength

307 nm

307 nm

Ruled area: 12.02X15.44 mm®

Grating

Rotation angle: 4.223°

Groove density: 1200 [*mm™

Ruled area: 12.02X15.44 mm®

1 1

Groove density: 1200 lemm™

Rotation angle: 3.924°

Air spacer 1

Apex angle: 9.719°

Apex angle: 9.719°

Apex angle: 13.048°
Material: F_SiLiCa

Field-widening wedge

Apex angle: 13.644°
Material: F_SiLiCa

Air spacer 2

Apex angle: 0.895°

Apex angle: 0°

Size: 35 mm X35 mm X35 mm Size: 35 mm X35 mm X35 mm

Beam splitter

Material: F_SiLiCa

Material: F_SiLiCa
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Table 2 Design specifications of SHS for hydroxyl radical OH

Value

Parameter

X in dispersive cross section

Y in 1-D imaging direction

Spectral resolution /nm
Spectral range (FWHM) /nm
Working distance /km
Focal length /mm
Field of limb view@500 km /(*)
Object height /km
Image height /mm
Focal length of cylindrical lens /mm
Focal length of collimating lens /mm
Grating size /mm
Magnification of imaging lens

Detector size /mm

13.312(0.013X1024)

0.02
308.2-309.8
2574
380.7
+/—1.00(90 km) +/—0.78(70 km)
90 2
13.312€0.013X1024) 0.296(0.013X22.75)
888 ©
445 445
15.44 12.02
—0.8622:1

10.36(0.013X797)
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