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Optical Design of Broadband Advanced Wadsworth
Grating Imaging Spectrometer
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Abstract An advanced optical system has been obtained to solve the problem that the traditional Wadsworth optical
system can not be applied for broadband imaging spectrometer with high resolution. The meridian and sagittal focal
lengths have been changed by the method of adding a cylindrical lens into the Wadsworth optical system. The
optimal imaging conditions including location, inclined angle and wedge angle of the cylindrical lens have been
calculated based on the analysis of the astigmatism and optical path. An example of the advanced optical system
design with the working waveband of 400 ~800 nm has been presented to verify the theory. The results present
good optical performances of the advanced system. The modulation transfer functions in all fields of view and
working waveband are over 0.57, and the spectral resolution is 1.6 nm. The Wadsworth system is improved
effectively.
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Fig. 1 (a) Traditional Wadsworth mounting, i and @ are the incidence and diffraction angles for the grating with radius R;

(b) advanced mounting with a cylindrical lens, the subscript m and s stands for meridian and sagittal
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Fig. 2 Ray-tracing for an arbitrary 1st order diffraction wavelength in the advanced Wadsworth spectrometer by a

tilted cylindrical lens in meridian view, i is the incident angle to the grating
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Table 1 Fixed parameters of the advanced mounting
Fixed parameters R, R, fa t Acentral
Value/mm 200 250 100 4 600
Wadsworth Zemax 2
2
Table 2 Initial and optimized parameters of the advanced mounting
Parameters w (off-axis angle) /(°) i /(" a /() Lse /mm x /("
Initial value 5.9 10.9 31.44 115.01 4.3
Optimized value 5.73 10. 85 30. 974 113.07 3.62
4 o (RMS) 10 pm,
25 gmx 25 pm ’
(MTF) 0.57, Wadsworth
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Fig. 4 (a) Layout of the advanced Wadsworth spectrometer; (b) RMS spots radii versus wavelengths;
(c) MTF curves in all fields of view under 400 nm; (d) MTF curves in all fields of view under 600 nm;

(e) MTF curves in all fields of view under 800 nm
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