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Optimization by the Axial Point Images Evaluation Method in Lens Design

Jihei NAKAGAWA

Nakagawa Lens Design Laboratory, 2-16-8, Minamiikuta, Tama-ku, Kawasaki 214-0036

We propose a new method to optimize lens systems evaluating spherical aberrations on the
several axial point images in place of off-axial images. This axial point image evaluation method
(APE method) was proved effective for a double Gauss lens and a retrofocus wide angle lens. The

method can be extended to other types of lens systems.
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Table 1. Double Gauss lens data U. S. Patent No. 2824494,
Focal length: 100.02, back focus: 72.45, F number: 1.84, field
angle: 48.4°.

Max ra
R D N v heightsy

1 54.831 6.71 1.67000 47.2 27.59
2 156.250 1.27 26.80
3 39.670 8.93 1.69350 53.5 24.83
4 168.322 3.52 1.66450 35.9 23.96
5 25.890 10.21 19.19
6 Stop 11.00 18.97
7 —30.200 3.17 1.63980 34.6 18.36
8 90.179 11.88 1.65840 50.8 20.89
9 —41.871 0.20 21.60
10 2358.490 5.25 1.7447 44 .7 24.00
11 —77.238 24.44

Table 2. Optimized lens data by the APE method starting
from Table 1 data. Focal length: 100.08, back focus: 71.95, F
number: 1.86, field angle: 48.4°.

Max ra
R D N v heights.

1 61.080 5.15 1.80420 46.5 27.45
2 132.160 1.27 26.80
3 43.362 8.50 1.69350 53.5 25.11
4 186.230 5.74 1.66450 35.9 24.26
5 28.320 11.25 19.41
6 Stop 12.78 19.00
7 —27.712 1.50 1.63980 34.6 18.32
8 176.200 11.00 1.64850 53.0 20.80
9 —35.000 0.20 21.60
10 437.520 5.73 1.74470 447 24.00
11 —94.227 24.61

T, WEcoDiEFriz, —20, AGE+35 B X U+135 DY)
BEMZIZADDORY Y a Y 2HREL TEBELE{T-S 7.
B2, BARYYarvREIBRETIMFShRERS
BORETHED, ZITERIMEA201ERKEED 7
FHOBEOBREETER T 2 RO FEig FERHE 2 1 L)
FUCHE L, 13513 5 BB AICE £ 2 RO AZK T
DNELE YIRS T 5, &7, KSR SH B
HIZWERFANEZ 2 2T LADOBEMR K> THIRE I
5 &Lz

BIRYYa izowTiR55 D0 3IXNEFREE~—Y
FUBRANZERFIED Y —7 v b & LTz, ¥z APE 72
TTERY YN VHBHIEITE 2 WD T, ZOEIK S
B RNVWEICTEIEBRETHS, BEEVAHAD
HIAITA TV RFEOKEINENKRKEL T =1L T
BY, INERHETHIEDZ>TI7VTEROPKEL %3
EMRLSH 2 DT, FIRY Y a vOBRENE DRI E A5
PPIEL, B2, BARY Y 3> 3 REREINEREE~
— VI NVERENERSY -7 v MIEREL TRH#ELET-

336 (32)

Fig. 1. Configurations of the double Gauss type lens sys-

tems. (a) U. S. Patent No. 2824494, (b) optimized system
by the APE method.
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Fig. 2. Spherical aberration curves of the double Gauss
systems. Object distances (a) oo, (b) —20 mm, (c) 35 mm
(entrance pupil), (d) 135 mm. Solid line: starting system,
dotted line: optimized system.
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Fig. 3. Lateral aberration curves at middle field angle
from the data of Table 1 and Table 2. Solid line: starting
system, dotted line: optimized system.

Table 3. Retrofocus wide angle lens Japan Patent Sho 51-
13573. Focal length: 100.00, back focus: 107.34, F number: 2.85,
field angle: 62.0°.

Max ra
R D N v heights

1 161.100 4.20 1.51680 64.2 40.36

2 41.900 27.80 31.63

3 68.100 36.10 1.71300 54.1 25.00

4 —133.300 10.00 21.24

5 Stop 7.50 19.00

6 —58.300 4.40 1.74077 27.5 18.11

7 143.600 3.90 18.40

8 —176.700 7.20 1.77279 49.7 18.48

9 —46.400 0.30 19.50

10 305.600 6.70 1.71300 54.1 27.07
11 —109.950 27.93

Table 4. Optimized lens data by the APE method starting
from Table 3 data. Focal length: 100.04, back focus: 107.55, F/
number: 2.85, field angle: 62.0°.

Max r

R D N v heights.

1 624.500 420 1.51680 64.2 35.91
2 55.150  18.57 30.24
3 72,950 37.80  1.80420  46.5 25.00
4 —394.860  13.00 19.07
5 Stop 7.50 17.50
6 —45.180 440 1.78472 257 17.01
7 488.600 3.00 18.53
8 —146.500  11.70  1.77279  49.7 19.32
9 —45.650 0.30 22.00
10 174.890 765  1.71300  54.1 26.49
11 —222.240 27.36
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Fig. 4. Configurations of the retrofocus type wide angle
lens systems. (a) Japan Patent Sho 51-13573, (b) optimized
system by the APE method.
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Fig. 5. Spherical aberration curves of the retrofocus type
wide angle lens systems. Object distances (a) oo, (b) 28.2
mm, (c) 48.2mm (entrance pupil), (d) 68.2 mm. Solid
line: starting system, dotted line: optimized system.
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Fig. 6. Lateral aberration curves at middle field angle
from the data of Table 3 and Table 4. Solid line: starting
system, dotted line: optimized system.
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