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Abstract: Despite the optical design softwares like ZEMAX and CODE V own the strong optimization features
the selection of preliminary solution is still critical if a good design result is expected. A common practice for
finding a preliminary solution is to scale an existing optical system or one of its components. However this ap—
proach has a certain blindness. Another method is using the Gaussian optics and the third —order aberration
theory to find the initial solution of the zoom objective lens. This approach is helpful to produce innovative ide—
as in design but is rarely used. The ideas concept experiences and results generated by this approach are
introduced in this paper. Through the design example of a ten—fold zoom objective lens the process of finding
the preliminary solution is introduced in detail. In order to verify the initial solution obtained the aberration
optimization is also performed using ZEMAX. For the sake of increasing power of conviction specific data is
given at each step of the design process including the final results obtained by ZEMAX optimization.
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Fig.1 Zoom objective lens with two move components
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Teb.1 Movements of two move components and interval between components
F X Y D, D, D, D,
100 0 0 41.85 15 4 20
70 -2.579 1 -3.983 0 39.270 9 13.596 2 7.983 0 20
55 -4.850 1 -5.8512 36.999 9 13.998 9 9.8512 20
30 -12.547 8 -7.9311 29.302 2 19.616 7 11.931 1 20
10 -35.599 7 -6.306 9 6.250 3 44.292 8 10.306 9 20
23 o
m, Xm,
o u'-u
Up~u,=u,
o m, Xmy °
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-0.149 3~-1.493, -0.954 06.
-3.162 28 -0. 095 406 ~ 2,
2 F=100.F=35 F=10
Teb.2 Related parameters of components for F=100 F=35 and F=10
F
100 u-u 0.208 3 -0.229 2 -0.120 4 0.266 2 0
h 12.5 3.7813 4.093 8 4.658 7 2.158 7
» -9.675 9 -1.671 4 -0.322 0 1.609 9
35 u-u 0.072 9 -0.125 7 -0.088 4 0.266 2 0
h 4.375 2.075 1 3.065 3 4.658 7 2.158 7
h, -11.702 5 -2.847 -0.9423 0 1.609 9
10 u-u 0.020 8 -0.067 8 -0.094 2 0.266 2 0
1.25 1.119 8 3.203 4.658 7 2.159 7
» -8.205 7 -5.475 8 -0.829 6 0 1.609 9
24 ) 25 mm.,
36°
—4.2° 589 2
0 ) o 10
o 220°( 22.4° 43°
-5.3°
43°( 2 )
15°,
y o
3
2 o
36°. o X
10 100 .
3.1
Y 10 100 e —w
p w P,

Fig.2  Unfold curves of the cam. The solid lines express
the variable curves in shape of strait line with
rise angle of 36°. The dotted lines express the
variable curves in shape of bi - curve. X: The
moving direction of the zooming groups from F=

10 to F=100. Y: The rotation direction of roller.
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Teb.3 Aberration coefficients of zooming groups in each focal length after solving equations

F 100 90 70 55 40 25 15 10
S, 0 0.000 6 0.000 5 0 -0.000 5 -0.000 9 -0.000 7 0
S, 0 -0.000 3 -0.000 3 0 0.000 5 0.000 8 0.000 5 0
S, 0 0 0 0 0 0.000 1 0.000 2 0
Ss -0.025 9 -0.026 4 -0.027 6 -0.028 3 -0.028 6 -0.026 4 -0.015 0.011 3
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Teb.4 Aberration coefficients of the four groups by removing afocal group
F 100 90 70 55 40 25 15 10
S, 0 -0.001 5 -0.001 3 0 0.001 3 0.002 0.001 6 0
S, 0 0.001 4 0.001 5 0 -0.001 8 -0.002 6 -0.001 6 0
S, 0 -0.002 1 -0.005 2 -0.006 1 -0.005 6 -0.003 6 -0.001 5 0
S, 0
5 0 P.W P, )
° ° ° 0
o O o
5 0
Teb.5 Aberration reduction results using zero-point method
F 100 90 70 55 40 25 15 10
S, 0 -0.001 2 -0.001 0 0 0.001 0 0.001 6 0.001 3 0
S, 0 0.001 2 0.001 3 0 -0.001 5 -0.001 6 -0.001 3 0
S, 0.001 9 0 -0.002 9 -0.003 8 -0.003 5 -0.001 0 0 0.001 2
° P.W P, o
S,.5,.8, S, S1d3
o P.W P,
° o Py P,
3.2 (o 2N | >
N o P, P
N u-u o w 0
2 N P, -0.319 4
o K7 K9 N
LAK2 0.3
4
0 ° LAK2
7K9 0.4
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Teb.6 P~ w*~ p, and structure of each component
»*=0.210 1 = =1.1212 ™ =-1.8653 ™ =-0.262 3 = =10.8119
w” =0.938 8 w” =1.3316 w” =1.802 6 w” =0.6112 w* =1.128 5
Po=-0.319 4 po=-0.057 3 Po=-4.159 7 Po=-0.446 6 po=10.011 0
121.917 5 7F7 -74.656 9 7K9 -19.888 4 7F7 42.750 3 K9 9.622 6 7ZK9
42.715 2 K9 22.115 3 -13.023 7 -9.897 5 7F7 5.6437
-99.809 9 -28.057 7 7K9 -16.332 4 7K9 20.121 1 6.874 5 7K9
51.853 1 LAK2 13.439 9 7F¥7 48.494 3 17.668 7 LAK2 13.850 3
411.755 1 50.519 0 141.750 4
7 o
( 3) o c,=0 Cc F
. o d 0. 086 mm(
M o 1. 14 ) o o
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Teb.7 System aberrations of thin lenses
F S, S, S, S, S C, C,
100 0.001 55 0.000 479 -0.000 03  -0.001 195 -0.025 84 0 0
0.049 6 0.000 639  -0.002 141  -0.038 24 -0.034 46 0 0
-0.120 3 0.005 158 -0.443 1 0.070 15 -0.038 97 -1.281 6 0.0126 8
-0.169 9 0.004 519 -0.440 9 0.108 4 -0.000 45 -1.281 6 0.0126 8
70 0.002 078 0.000 126 0 -0.001 195  -0.027 54 0 0
0.066 51 0.000 168 0 -0.038 24 -0.036 72 0 0
-0.064 81 0.001 538 -0.365 6 0.047 67 -0.042 19 -0.633 3 0.011 75
-0.1313 0.001 37 -0.365 6 0.085 91 -0.005 47 -0.633 3 0.011 75
55 0.001 576 0.000 459 -0.000 02  -0.001 195 -0.028 23 0 0
0.050 44 0.000 612 -0.001 35 -0.038 24 -0.037 65 0 0
-0.086 99 0.001 646 -0.318 1 -0.032 96 -0.044 04 -0.548 7 0.010 24
-0.137 4 0.001 034 -0.316 8 0.005 28 -0.006 39 -0.548 7 0.010 24
30 0.000 758 0.001 167 0.000 06 -0.001 195  -0.027 49 0 0
0.024 26 0.001 556 0.003 952 -0.038 24 -0.036 64 0 0
-0.121 8 0.002 586 -0.229 1 0.007 815 -0.045 96 -0.546 0.004 71
-0.146 1 0.001 030 -0.233 1 0.046 55 -0.009 32 -0.546 0.004 71
10 0.001 579 0.0004 33 -0.000 05  -0.001 195 0.010 77 0 0
0.050 5 0.000 578  -0.000 303  -0.038 24 0.014 36 0 0
-0.090 47 0.001 538 -0.166 95  -0.001 345 0.010 15 -0.535 7 -0.007 35
-0.141 0 0.000 96 -0.166 6 0.036 90 -0.004 21 -0.535 7 -0.007 35
152 0.S.C. C1 o
8 ( )
Teb.8 Aberrations of initial solution for thick lens system
F S, S, S, S, S C, C,
100 0.014 13 0.006 108 0.000 206  -0.001 608  -0.022 55  -0.000 607 0.000 61
0.451 8 0.008 146 0.013 16 -0.051 43 -0.030 07 -0.516 5 0.004 876
0.429 1 0.013 126 -0.337 43 0.033 45 -0.034 4 -1.229 3 0.015 02
-0.022 7 0.004 98 -0.350 6 0.085 29 -0.004 24 -0.712 8 0.010 14
70 0.013 94 0.003 955 0.001 099  -0.001 608  -0.023 73 0.000 018 0.000 272
0.446 38 0.005 273 0.070 38 -0.051 43 -0.031 64 0.001 531 0.002 174
0.406 61 0.007 370 -0.217 8 0.013 77 -0.036 53 -0.247 1 0.011 91
-0.039 77 0.002 106 -0.282 2 0.065 17 -0.005 29 -0.248 6 0.009 736
55 0.013 01 0.003 744 0.001 569  -0.001 608  -0.024 09 0.000 242 0.000 088
0.416 0.004 992 0.100 31 -0.051 43 -0.032 13 0.205 9 0.000 70
0.362 2 0.006 843 -0.141 6 0.000 06 -0.037 66 -0.022 8 0.009 27
-0.052 7 0.001 851 -0.241 9 0.051 49 -0.005 53 -0.228 6 0.008 57
30 0.011 66 0.003 849 0.002 441 -0.001 608  -0.022 57 0.002 38 0.000 748
0.373 7 0.005 132 0.156 42 -0.051 43 -0.030 09 2.025 3 0.005 93
0.310 72 0.007 052 -0.004 87 -0.024 12 -0.037 75 1.759 5 0.010 86
-0.062 98 0.001 92 -0.161 29 0.027 31 -0.007 66 -0.265 8 0.004 94
10 0.013 116 0.002 626 0.002 779  -0.001 608 0.016 89 0.000 861 -0.000 455
0.419 42 0.003 502 0.177 9 -0.051 43 0.022 45 0.477 4 -0.003 635
0.360 36 0.005 836 0.063 51 -0.027 65 0.020 61 0.478 8 -0.010 5
-0.059 06 0.002 334 -0.114 4 0.023 78 -0.001 84 0.001 4 -0.006 865
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0.5.C
ZBAF1 30% 0
7KO9; F2
7K9, ZEMAX u-u= 0o
0 8. o 9
Teb.9 Structure data of initial solution
1 121.912 8 1.5 ZF7 60
2 42,713 6 4 K9
3 -99.806 1 0.1
4 51.851 1 3 LAK2
5 411.739 3
6 -78.323 4 1 ZBAF1 -16.5
7 23.201 4 2
8 -29.346 0 1 7ZK9
9 14.057 0 2 ZF7
10 52.838 7
11 -19.607 6 1.2 ZF7 -34
12 -12.839 8 1.5
13 -16.101 8 1 7K9
14 47.809 6
15 42.797 8 2.5 K9 17.498 3
16 -9.908 4 1 7¥7
17 -20.143 5 0.1
18 17.688 3 2 LAK2
19 141.907 9 20
20 9.622 58 0.7 F4 -315.43
21 5.643 74 0.3
22 6.874 45 1 7K9
23 11.940 0
F ds dy d,,
100 37.972 0 12.045 9 0.871 5
70 35.3923 10.611 7 4.854 8
55 33.1219 11.044 8 6.722 7
30 25.423 6 16.632 2 8.802 6
10 2.372 3 41.338 7 7.178 4
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Teb.10 Structure data of final design results

1 134.843 4 1.5 ZF7 29.8 60.120 2
2 47.075 39 4 K9 29.38
3 -134.108 2 0.1 29.36
4 47.300 25 3 LAK2 28.76
5 413.596 3 28.37
6 -66.570 41 1 ZBAF1 13.9 -16.494 9
7 19.972 16 2 12.88
8 —-41.840 76 1 ZK9 12.65
9 15.549 69 2 ZF7 12.38
10 54.753 75 12.18
11 -18.917 59 1.2 ZF7 8.38 -33.879 8
12 -13.284 99 1.5 8.53
13 —-15.468 31 1 ZK9 8.52
14 78.311 92 8.69
15 45.045 39 2.5 K9 8.85 17.527 2
16 -9.877 915 1 ZF7 9.23
17 -18.838 67 0.1 9.76
18 23.768 19 2 LAK2 10.04
19 -199.390 2 20 9.97
20 12.480 83 0.7 F4 7.5 -586.08
21 7.204 519 0.3 7.15
22 10.466 23 1 ZK9 7.15
23 23.432 3 14.383 01 7.04
F dS d]() d]4
100.07 38.280 17 11.728 7 0.607 73 14.382 02
70.05 35.667 3 10.405 0 4.544 1 14.449 3
55.02 33.406 05 10.778 18 6.431 32 14.382 02
30.02 25.6119 16.608 6 8.394 9 14.468 3
10.03 2.565 75 41.261 78 6.793 77 14.382 02
0 F 100.55 10
4 ZEMAX 3
ISFN 3
ZEMAX CODE V ZTHI
1415 .
MTF
o ( ) 3
o TOTR
0 ZEMAX o PETZ (
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