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Dyson Prism Imaging Spectrometer with Long Slit and Uniform Dispersion
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Abstract The advantages of small aberration and high transmittance exist in Dyson prism imaging spectrometers studied
at home and abroad. The purpose of this paper is to improve the dispersion uniformity of the Dyson prism imaging
spectrometer. By analyzing the dispersion law of prisms made of different materials, this paper chooses fused silica and
CaF, materials to form achromatic prism group, and uses super-ring reflecting surface and lens group to correct other
aberrations. Through optimization, a Dyson prism imaging spectrometer with a slit length of 80 mm and uniform
dispersion is obtained. At the same time, the structure of double-objective lens and the means of splicing slits are chosen to
meet the overall requirement of 200 km swath. The results show that the resolution is 10 nm in 400-2500 nm band and the
slit length is 80 mm. The design value of the optical system is under the 25 Ip/mm cut-off frequency, and the modulation
transfer function is larger than 0.6. According to the spectral position of the image surface after dispersion of each
wavelength, we obtian that in the range of 400-1200 nm, the fitting accuracy between the dispersion curve and the fitting
line increases from 0. 88 in the case of a double material prism to 0. 94 in the case of a single material prism, which greatly
improves the dispersion uniformity.
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Table 1 Design indexes

Index Value Index Value

Height 600 km Wavelength range 400-2500 nm

Swath 200 km Focal length 480 mm

GSD (ground sample of distance ) 25m F 3
Resolution 10 nm Field of view 9.6°
Coefficient of determination =>0.9 Slit length 80 mm

Pixel size of spectral dimension 24 pm Root-mean-square radius <20 pm
Pixel size of spatial dimension 20 pm MTF >0. 6@25 lp/mm
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Fig. 1 Dyson prism imaging spectrometer

R R TR L R PR I DA — A RIS 2
Hov, 78 b B 41 b R FHAS TR R L 22 ) A €2 22 5 0 38
I 3 R R[] R4 A AT 3k 30 25 20 i H Y o

IERE R G SO 2 R B R IER 25,
0 I % BT A AT 4 e AL R AT R ] K 0 06 LR ]
N B EE TE A TR A R S5 T 3 Ao ) 0% T Y AR R
il 15 e 2 SO v S L AR T 6 A R I A
0 AR o FE T ER TG, 38 1B 15 5 s il W5
e Y4 Dyson i il 45 ¥4 Bt B8 43 6 41 4 il A 1 AR
1§ ICTEAL LS, I X400 4 25 F AT TR AL Ak
3 Dyson # 8 W& GBI % R &

B3t
3.1 Ao WMS5SHmE
3.1.1 Zik ZRUAH W5 AKHE

PRS2 S T AS ) A% T o™ 5 4 ml 4 4l 0 X, T M
M S AR G T R B2 B S R I A K R B 4T b
R Z AT TP R M IATE S . ZIR S RGN 2 BF
o R MR M, R BB d R PR R ], R A% T
B R BE S

B2 MY R B s B

Fig. 2 Schematic diagram of concave-convex mirrors
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Fig. 4 Dispersion diagram of double glued prism
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Fig. 6 MTF curves of telescope system. (a) 2500 nm; (b) 1700 nm; (¢) 900 nm; (d) 400 nm
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Fig. 8 MTF curves of imaging spectrometer components. (a) 2500 nm; (b) 1700 nm; (¢) 900 nm; (d) 400 nm
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Fig. 9 Overall structure splicing results. (a) Two dimensional graph; (b) three dimensional graph
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Fig. 10 MTF curves of integral structure. (a) 2500 nm; (b) 1700 nm; (c) 900 nm; (d) 400 nm
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Fig. 11 Energy concentration curves. (a) 2500 nm; (b) 1700 nm; (¢) 900 nm; (d) 400 nm
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Fig. 12 Linear dispersion curves. (a) Spectral position curves of image plane of two prism materials;

(b) spectral position curves of image plane of single prism material
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