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By using the method of expansion around the folded axis of reference which is set on the optical
path of the reference ray, the paraxial theory for off-axial optical systems can be derived. It is
shown that this analytical theory generalizes the prior paraxial theory for co-axial optical
systems and includes it perfectly. Some simple examples are also shown for understanding the
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results of this theory.
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Fig.1 An example of the off-axial HMD optical system.
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Fig.2 Schematic diagram of an off-axial optical system.
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Fig.3 Previous method for surface arrangement: the ray of reference cannot be

fixed with the changes of surface.
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Fig. 4 New method for surface arrangement: the ray of reference can be fixed with

the changes of surface.
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Nsin 6 =N'sin 6’ ( Snell’s law )
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Fig.5 Notations of quantities used in expansion around the folded axis of reference. N,
refractive index of incident side; N’, refractive index of exit side; s, unit vector for
incident ray of reference; §’,, unit vector for exit ray of reference; n,, unit normal vector
at the point where the ray of reference intersects; n, unit normal vector at the point where
a general ray intersects; s, unit vector for an incident general ray; s’, unit vector for a
refracted general ray; b, vector for object height; ', vector for image height; r, vector for
entrance pupil height; r’, vector for exit pupil height; s, length to the object plane; s’, length
to the image plane; ¢, length to the entrance pupil plane; ¢/, length to the exit pupil plane.
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Fig.6 Decomposition of an image point vector into two components.
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Table1 Results of the paraxial expansion around the folded axis of reference.
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Top of the surface

Table 2 Paraxial parameters for an off-axial refracting surface.
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Fig. 7 An off-axial reflecting quadric surface.
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Fig.9 Spot-diagram of the example shown in Fig. 8.

Fig.8 An example of lens design using 5 off-axial mir-

rors.
r" "
Table 3 Specifications of the off-axial optical system -
shown in Fig. 8.
Half angle of view 317 de ‘L"’
(horizontal) et L__
Half angle of view (vertical) 24.8 deg.
Diameter of aperture 1.60 mm 1|
Im e 4.8 mm (horizontal) X 3.6 mm
age s1z (vertical) 1
Table4 Azimuth dependence of the power. —|
Azimutk
Surface No. it —
0 30 60 90 Y
2 0.1071 0.1080 0.1098 0.1107
3 —0.1541 —0.1583 —0.1669 —0.1712
4 0.0762 0.0773 0.0797 0.0808
5 —0.1258 —0.1307 —0.1406 —0.1455
6 0.0879 0.0881 0.0837 0.0889 V4
Total —0.3102 —0.3118 —0.3133 —0.3131 Fig. 10 Distortion of the example shown in Fig. 8.
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Off-axial optical systems
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Fig. 11 Inclusion relations among optical systems.
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