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Design of Off-Axis Three-Mirror Optical System
Based on Wassermann-Wolf Equations
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Abstract To solve the problems in conventional design of three-mirror system such as complicated initial structure
solution and slow convergence when using aspheric surfaces, a design for of f~axis three-mirror optical system based on
Wassermann-Woll differential equations is proposed. According to the law of reflection and sine condition, the
Wassermann-Woll differential equations for solving coaxial three-mirror initial structure are derived. The coaxial
three-mirror initial structure with good image quality is obtained by fitting Wassermann-Wolf surfaces with
polynomial. An off-axis three-mirror optical system is achieved with long effective focal length (1200 mm ), wide
field of view(18°X4°), and large relative aperture (F number is 4). The modulation transfer function is over 0.5 at
50 lp/mm in every field of the system. Result of the design indicates that this method based on Wassermann-Wolf
differential equations is simple, effective, fast in convergence, and it provides a good starting point for the design of
three-mirror optical system. Besides, the primary mirror is of conic surface, and both the second and tertiary mirrors
are aspheric. The three reflectors are neither eccentric nor tilted, so the fabrication cost as well as the alignment
difficulty are effectively reduced.
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Fig. 1 W-W model of coaxial three-mirror system
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Table 1  Specifications of off-axis three-mirror optical system
Parameter Specification
Effective focal length 1200 mm
Entrance pupil diameter 300 mm
Field of view 18°x4°
F number 4
Wavelength 486.1~656.3 nm
MTF (all fields) >0.5@50 lp/mm
2 ’ ’ dlzidzzilooo mm\dgz
—1200 mm, rv—=—4200 mm,
(L~ Matlab , - W-W ,
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Fig. 2 Design flow chart of off-axis three-mirror system

2
Table 2 Profile data points of M2 and M3

t 2 Vi 2y hE
3.75 —0.00175 1.96428 —0.00460 3.75000
7.50 —0.00702 3.92855 —0.01841 7.50003
11.25 —0.01578 5.89279 —0.04143 11.25010
15 —0.02806 7.85699 —0.07366 15.00025
18.75 —0.04385 9.82114 —0.11510 18.75049
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Table 3 Lens parameters of off-axis three-mirror optical system
Surface Surface type Radius /mm Thickness /mm
1 Conic —5092.99 —1096.88
2 (stop) Asphere —1351.18 1300.00
3 Asphere —1798.79 —1385.22
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Fig. 3 Layout of initial structure Fig. 4 MTF of initial structure
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Fig. 5 Layout of off-axis three-mirror optical system

6 . () ;(b)
Fig. 6 MTF of off-axis three-mirror optical system. (a ) Central fields ; (b) edge fields
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