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Descriptions of Rotationally Symmetric Aspheres and Analysis of

Their Characteristics

Liu Jinlin, Yu feihong"
College of Optical Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 310027, China

Abstract In optical design, to provide more design freedom for optical system design and optimization, a
rotationally symmetric aspheric surface is often used. The standard expression for a rotationally symmetric aspheric
surface is usually a combination of a base quadric surface and an additional polynomial, which can be an even-power-
series polynomial, Zernike polynomial, or Q-type polynomial, among others. Hence, the expressions for the base
quadric surface and aspheric surface based on different additional polynomials are derived, the aspheric coefficient
and the slope of the aspheric surface of various rotationally symmetric aspheric surfaces are compared, and the
application of an aspheric surface based on different additional polynomials in optical design is compared with design
examples, and the characteristics of each aspheric surface are identified. The results show that, compared with other
aspheric surfaces, the aspheric surface based on a Q-type polynomial can better control the surface shape of the
aspheric surface, and the optimization efficiency is higher.
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Fig. 1  Cartesian coordinate system representation of

aspheric surface
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Fig. 13

First-order partial derivative curves of different additional polynomial pairs with respect to 4. (a) Even power series

polynomial; (b) Zernike polynomial; (¢) Q.,, polynomial; (d) Q. polynomial
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Fig. 14 1Lens structure drawing and spot diagram. (a) lLens structure of aspheric surface based on even power series

polynomials; (b) spot diagram of aspheric surfaces based on even power series polynomials; (c¢) lens structure of

aspheric surface based on Zernike polynomials; (d) spot diagram of aspheric surface based on Zernike polynomials
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Fig. 16 Lens structure and spot diagram of Q. aspheric surface based on Q-type polynomials. (a) Initial lens structure;

(b) initial spot diagram; (c) lens structure to control deviation of RMS sag; (d) point diagram to control deviation of
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