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Lens Design for Optical System of High Zoom Ratio
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® Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract A high zoomrratio zoom structure type is introduced, which is composed of zoom imaging group and zoom
reimaging group. The zoom ratio of system is the product of the two zoom groups. The size and numerical aperture of
the intermediate image plane can be changed in the zoom process, when system is in short focal length position. the
height of the immediate image is large while the numeric aperture is small. When system is in long focal length, the
height of the immediate image is small while the numeric aperture is large. This will help to correct aberrations of
image. Compared with the traditional zoom system, this type of zoom system structure is easier to obtain high zoom
ratio. Using this structure a 80 X cooled long-wave infrared zoom system is designed. The modulation transfer
function (MTF) is above 0. 26 in all focal length at the spatial frequency of 14 lp/mm. The result indicates that the
structure can be used to achieve high zoom ratio zoom system.
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Fig. 1 Diagram of Gaussian optical system of the zoom structure
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Table 1 Specifications of the long-wave infrared
zoom optical system
Parameters Specifications
Variable focal length /mm 11~880
F number 4
Largest aperture /mm 270
Wave band /pm 8~12
Full filed of view /() 0.45~35.2
Back focal length /mm 77.95
Total track /mm 880
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Table 2 Relation between the front and back zoom group
Focal length of Height of the F number Projection
front zoom immediate of the immediate magnification of F number System focal
of the image length /mm
group /mm image /mm image back zoom group
22 7 8 0.5 4 11
210 4,67 5.33 0.75 4 157.5
300 3.5 4 1 4 300
356 2.8 3.2 1.25 4 445
440 1.75 2 2 4 880
i B e __l::—'___ ==
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(a) f=22 mm (b) /=300 mm (¢) f=440 mm
2
Fig. 2 Layout of the front zoom group
(a) projection ratio m=0.5 (b) projection ratio m=1 (c) pr.(';j.om.iun ratio m=2
3

Fig. 3 Layout of the back zoom group
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Fig. 6 Temperature-compensation curves
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