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Optical zoom system with long focal length and large aperture
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Abstract: To accomplish the real-time track and measurement of remote distance objects, a continuous
zoom optical system with an aperture of 650 mm and the long focuses of 5 000—2 000 mm was
designed. The combinatorial design method of a Newton catadioptric system and a reverse continuous
zoom system was adopted, and the pupil was matched and connected reasonably. A proper pupil
position was determined, then, the ghost often appeared in the image plane in zoom process was
eliminated. By reasonable matching the focal power of the main system and the zoom system, the
secondary spectrum was minimized. By using the CODE V software to optimize and balance the
aberration of every focal length, all the aberration of focal positions in the zoom optical system were
corrected and balanced, and the image plane was consistency strictly. Thus, the imaging quality of
each focus is favorable. Experiments show that the full field average Modulation Transfer Function
(MTF) of each focus at the Nyquist {requency is over than 0. 524, which meets the system
requirements.
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Fig. 1 Structure of Newton’s optical system
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Fig. 2 Structure of Cassegran’s optical system
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Fig. 3 Zoom optical systems with positive compensation
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Fig. 4 Configuration diagram of optical system
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(a) MTF of optical zoom system at long focus
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(b) MTF of optical zoom system at middle focus
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(¢) MTF of optical zoom system at short focus
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Fig. 5 MTFs of optical zoom system at different focuses
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Tab.1 MTF of each FOV at each focus

(35 Ip/mm)
Long EFLL.  Middle EFL.  Short EFL
T 0.603 0. 630 0.531
Ow

S 0.603 0. 630 0.531
T 0.603 0.635 0.529

0. 3w
S 0. 601 0.625 0.524
T 0. 604 0. 644 0.536

0.5w
S 0.595 0.615 0.518
T 0.603 0. 656 0.537

0.71w
S 0.588 0. 600 0.507
T 0.603 0.662 0.533

0. 85w
S 0.584 0. 584 0.498
T 0. 602 0.665 0.518

1. 0w
S 0. 580 0. 559 0.476
¥ 0.598 0. 625 0.524

FHE% 1 AT, & AR HE AL B Y7 35 4% 338 oR Y

TE 0.524 A L (Hi® K 35 Ip/mm) ,

DIFFRACTION ENCIRCLED ENERGY
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(a) Diffraction encircled energy of optical zoom

system at long focus



9 ]

AR EN 45 AR BE R D AR i 22 R BRI 7 R 5E 2373

DIFFRACTION ENCIRCLED ENERGY

(b) T £E B G 2% 3R 4 e d 4 v 3 T 46
(b) Diffraction encircled energy of optical zoom system

at middle focus
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(¢) Diffraction encircled energy of optical zoom system
at short focus
K6 SRS M RREEE ik
Fig. 6 Diffraction encircledenergy of optical zoom

system at any focus
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Tab. 2 Dispersion circle diameter at each FOV

of optical zoom system (mm)
Long EFL  Middle EFLL.  Short EFL
0w 0.022 0.019 0.022
0.3 w 0.022 0.019 0.022
0.5 w 0.023 0.018 0.023
0.71 w 0.023 0.019 0.023
1.0 w 0.023 0.019 0.024
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