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Characteristic Evaluation of Optical Design Using Dimensionless Design Parameters
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Since optical systems are used for various applications, there are many designs, depending on the purpose and optical specifications, even though
they have similar formations. Optical aberrations of a system are affected by both structure and specifications. Thus, it is very difficult to find the
special characteristics of an optical design by using aberration analysis only. Regardless of specifications, a new method to investigate the aberration
characteristics of an optical design is presented, using dimensionless design parameters. Four kinds of triplet designs with different applications and

specifications are analyzed as examples.
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Fig. 1. Optical imaging of an optical surface.
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Fig. 2. Optical imaging of an optical system.
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Table 1. System specifications and scale parameters of the example triplets
System e SYStenfl_ rSlp:;cﬂi)ﬁecrations - o System scal;parameters _
High-speed triplet 99.583 2.5 32.4° 19.91652 -0.20000 0.29053
Cooke triplet 98.564 4.5 50.4° 10.95158 -0.11111 0.47056
Wide-angle triplet 25.254 5.0 68.6° 2.52537 —-0.10000 0.68215
Broad-band triplet 100.066 8.0 28.0° 6.25411 —-0.06250 0.24933
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Ao ogl=

S | Rt =1

Ahgstel At Zolal

No. 7 (mm) d (mm) glass remark WAl 8= L =10 =g
A Azl A W Az Aol A B FRL S
1 26.160 4916 NLAKI2 - ﬁi i oAl A ' ](j]j %i‘l o= %i"‘
P 1201.700 3.988 B B A= A0 Qltt. o] AL FAmtgat, fFAte] WAE £0|
3 —~83.460 1.038 NSF2 - 37 3 A0 E Holr o] A2 I 1094 % ERlHct.
4 25.670 4.000 - - Wide-angle triplet= FA|o0FE £ 22 sh= Ao,
5 0.000 6.925 - stop = = 1= -
7 = x| 21X =2 XA 91_1‘: =27 A
6 302.610 2.567 NLAK22 - e gl FAEo] HE A =0t A
7 ~54.790 81433 R ; A E5AR} F WA QE=Xo] B4R FA| 1EH9
Table 4. Design data of the wide-angle triplet Table 5. Design data of the broad-band triplet
No. 7 (mm) d (mm) glass remark No. 7 (mm) d (mm) glass remark
1 7.806 2.970 744449 - 1 11.350 4.410 CaF, -
2 18.314 0.720 - - 2 196.930 1.460 - -
3 —-31.450 1.160 717295 - 3 —53.800 0.830 SiO, -
4 7.410 0.970 - - 4 10.320 4.000 - -
5 13.074 1.770 581409 - 5 0.000 3.780 - stop
6 -13.074 1.300 - - 6 27.400 3.240 CaF, -
7 0.000 18.632 - stop 7 -116.370 85.167 - -

Fig. 3. Optical layouts of the example triplets. (a) High speed (F/2.5, FOV 32.4°). (b) Cooke (F/4.5, FOV 50.4°). (c) Wide angle (F/5.0, FOV

68.6°). (d) Broad band (F/8.0, FOV 28.0°).
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Table 6. Structural parameters of the high-speed triplet

J 4 M; P ny P n on/
1 1.00000e+000 1.63650e+000 1.00000e+000 0.00000e+000 1.08039e+000 1.693500 0.0130357
2 7.85834e-001 1.82791e+000 1.82964e+000 8.95286e-001 1.75381e+000 1.000000 0.0000000
3 7.30766e-001 1.25152e+000 1.89480e+000 1.46056e+000 5.45467e-001 1.672697 0.0208848
4 6.61869e—-001 —8.27550e—-002 1.72882e+000 —1.51232e+001 1.44789e+000 1.000000 0.0000000
5 6.68243e—-001 —8.27550e—-002 1.49646e+000 1.00000e+000 1.00000e+000 1.000000 0.0000000
6 6.74060e—001 4.65354e-001 1.49646e+000 —1.77832e-001 5.56741e-001 1.693500 0.0130357
7 6.57503e—001 1.00000e+000 1.41093e+000 4.65354e—-001 1.54184e+000 1.000000 0.0000000
Table 7. Structural parameters of Cooke triplet
J 4 M; P m; P n on/
1 1.00000e+000 2.55416e+000 1.00000e+000 0.00000e+000 8.33831e-001 1.677900 0.0122809
2 9.24077e-001 2.50278e+000 1.39909e+000 1.02053e+000 1.67025e+000 1.000000 0.0000000
3 8.22812e-001 1.87340e+000 1.39271e+000 1.33595e+000 5.87474e-001 1.647690 0.0191510
4 8.10839e-001 —1.43084e-001 1.34811e+000 —-1.30930e+001 1.49664e+000 1.000000 0.0000000
5 8.16645e—-001 —1.43084e-001 1.22452e+000 1.00000e+000 1.00000e+000 1.000000 0.0000000
6 8.26698e-001 3.22442e-002 1.22452e+000 —4.43751e+000 5.96621e-001 1.651130 0.0116498
7 8.26190e-001 1.00000e+000 1.20628e+000 3.22442e-002 1.48268e+000 1.000000 0.0000000
Table 8. Structural parameters of the wide-angle triplet
J 4 M; P, mn P, n on/
1 1.00000e+000 2.40696e+000 1.00000e+000 0.00000e+000 1.11143e+000 1.744000 0.0165702
2 8.37687e-001 1.54756e+000 1.93833e+000 1.55533e+000 1.50481e+000 1.000000 0.0000000
3 7.93565e-001 1.09041e+000 1.67248e+000 1.41924e+000 5.39866e-001 1.717410 0.0243190
4 7.64400e—-001 —7.78522e-001 1.55068e+000 —-1.40062e+000 1.25716e+000 1.000000 0.0000000
5 7.94304e-001 1.13565e-001 1.13511e+000 —6.85527e+000 7.11399e-001 1.581440 0.0142161
6 7.89270e-001 1.00000e+000 1.27703e+000 1.13565e-001 1.67848e+000 1.000000 0.0000000
7 7.37793e-001 1.00000e+000 1.35539e+000 1.00000e+000 1.00000e+000 1.000000 0.0000000
Table 9. Structural parameters of the broad-band triplet
J 4 M; P m; P n’ on/
1 1.00000e+000 3.82487e+000 1.00000e+000 0.00000e+000 1.02211e+000 1.433837 0.0045589
2 8.82437e-001 3.63034e+000 1.46554e+000 1.05358e+000 1.41730e+000 1.000000 0.0000000
3 8.29469e-001 2.92303e+000 1.44864e+000 1.24198e+000 6.63238e-001 1.458467 0.0067624
4 8.12845e-001 —6.90424e-001 1.40128e+000 —4.23367e+000 1.23840e+000 1.000000 0.0000000
5 8.40444e-001 —6.90424e-001 1.18985e+000 1.00000e+000 1.00000e+000 1.000000 0.0000000
6 8.66525e-001 6.82489e-001 1.18985e+000 —-1.01163e+000 6.55688e-001 1.433837 0.0045589
7 8.51113e-001 1.00000e+000 1.11863e+000 6.82489e—-001 1.40027e+000 1.000000 0.0000000
Table 10. Normalized wavefront aberrations of the example triplets (dimensionless quantity)
System WI Wz W;, V/Z WS WL V/I)T
High-speed triplet -7.931E-02 —-1.369E-01 2.968E-02 —8.360E-02 1.019E-01 —-2.813E-03 —3.441E-04
Cooke triplet —-1.828E-01 3.645E-03 3.976E-02 —6.847E-02 —3.421E-02 3.028E-03 —-8.324E-06
Wide-angle triplet —-2.715E-01 —-1.850E-01 5.063E-02 —8.798E-02 —3.485E-02 -7.112E-03 —-1.237E-03
Broad-band triplet —-2.374E-01 —-2.702E-02 2.747E-02 —4.784E-02 1.531E-01 —6.428E-05 —-1.379E-05
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Table 11. Wavefront aberrations of the example triplets (units in mm)
System W, W, W, W, W, W, W,
High-speed triplet 1.264E-02 -3.163E-02 -9.942E-03 2.800E-02 4.945E-02 1.120E-02 —-1.987E-03
Cooke triplet 3.004E-03 2.477E-04 -1.117E-02 1.925E-02 -3.977E-02 —-3.854E-03 —4.381E-05
Wide-angle triplet 6.858E—-04 —3.246E-03 —6.171E-03 1.072E-02 -2.951E-02 1.796E-03 -2.171E-03
Broad-band triplet 3.625E-04 —1.646E-04 —6.675E-04 1.163E-03 1.484E-02 2.513E-05 -2.151E-05
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