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We discussed mathematically the effectiveness of odd order aspherical coefficient by considering
the possibility that the odd order aspherical surface can be represented as the function of even
order aspherical coefficients. Moreover, by practical lens designing, we confirm the effectiveness
of odd order aspherical surfaces. As a result, we conclude that odd order aspherical surfaces are
not indispensable but effective both to reduce the number of parameters and to give prospect of
lens designing. Also they are not effective in non-aberration symmetric optical systems.
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Table 1 Lens data of singlet.

Table 2 3rd order aspherical coefficients of singlet.

Surface Distance
Surface No. curvature between surfaces Index-glass
[mm] [mm]
Object co
BK7
1(Stop) 59.0214 2.0 7a=1.51680
vy =64.20
2 —410.6869 98.8454
Image 0.0

100.85mm
Fig. 1 Ray diagram of singlet.

Longitudinal Astigmatic Distorti
Spherical Aberration Field curves 1stortion
Angleldeg] Angle[deg]

F/4.0 5.0 50,
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-2.0 [mm] 2.0 -2.0 [mml] 2.0 -0.01 [%] 0.01

Fig. 2 Aberration diagrams of singlet.
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Surface No. Aspherical order Coefficients
2 3 8.34127842036443E-6
Longitudinal Astigmatic . .
Spherical Aberration Field curves Distortion
Angle[deg] Angle[deg]
F/4.‘QH B 50 5.0

\,\

20 [mml = 20 20 [mml 20 001 (% 001
Fig. 3 Aberration diagrams of singlet with 3rd order
aspherical coefficient.

Longitudinal Astigmatic Distorti
Spherical Aberration Field curves 1stortion
Angle[deg] Angle[deg]

F/4.0 50 5.0,

L

1 T T T 1 T T 1
2.0 -2.0 [mm] 2.0 -0.01 [%] 0.01

20 | [mm] '

Fig. 4 Aberration diagrams of singlet with 4th order
aspherical coefficient and defocus.

Table 3 4th order aspherical coefficients of singlet.

Surface No. Aspherical order Coefficients

2 4 3.48858743660873E-7
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R s 4
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Fig. 5 Spot-diagrams of singlet with 3rd order aspherical
coefficient.
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Fig. 6 Spot-diagrams of singlet with 4th order aspherical
coefficient and defocus.
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Table 4 Lens data of singlet in the case that stop does not
coincide with singlet.

Surface Distance
Surface No. curvature  between surfaces Index-glass
[mm] [mm)]
Object co
Stop 100.0
BK7
2 88.2121 3.5 7a=1.51680
vg—64.20
3 —123.1020 98.6481
Image 0
Stop — ¢
100.0mm
202.15mm

Fig. 7 Ray diagram of singlet in the case that stop does
not coincide with singlet.

Angle[deg]
5.0

Angle[deg]

25 | B o

Onaxis [ ® L ® .

A—p
Defocusing , ‘ ‘ . 0.2mm
[mm] 05 -025 00 025 05

Fig. 8 Spot-diagrams of singlet in the case that stop does
not coincide with singlet.

Table 5 3rd order aspherical coefficients of singlet in the
case that stop does not coincide with singlet.

Surface No. Aspherical order Coefficients

3 3 5.65092E-6
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RABIOOKRENZES Y 02 5 X5 IEEH Lz, ZodE
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Fig. 9 Spot-diagrams of singlet with 3rd order aspherical
coefficient in the case that stop does not coincide with
singlet.

Table 6 4th order aspherical coefficients of singlet in the
case that stop does not coincide with singlet.

Table 7 2nd and 4th order aspherical coefficients of singlet
in the case that stop does not coincide with singlet.

Surface No. Aspherical order Coefficients
3 2 3.14363824965353E-5
4 2.73849508104747E-7

Surface No. Aspherical order Coefficients
3 4 4.72442236085215E-7
Angle[deg] | ) [ . - ® |
5.0
Angle[deg] | ) ® . ° ® -
2.5
Onaxis | @ e . e ®
A—
Defocusing . . ) . 0.2mm
(mm] 05 025 00 025 05

Fig. 10 Spot-diagrams of singlet with 4th order aspherical
coefficient and defocus in the case that stop does not coin-
cide with singlet.

Fig. 9 10/RT. Kz, Z0 3 XHHREORD DI, 77 7
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Angleldeg] | Q |
5.0 i L] é g i
-0.6lum =
Angleldeg] | |
2.5 ® ® . o ®
2.12um
Onaxis - @ [ ] . ® @ -
A——
Defocusing . ) | 0.2mm
(mm] 05 025 00 025 05

Fig. 11 Spot-diagrams of singlet with 2nd and 4th order
aspherical coefficients in the case that stop does not coin-
cide with singlet. —0.61 gm and 2.1 yum are changes of
image height to the original image height.
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14.87mm
Fig. 12 Ray diagram of compact camera lens.

Table 8 Lens data of compact camera lens.

Surface Distance
Surface No. curvature between surfaces Index-glass
(mm] (mm]
Object ©o
71a=1.84666
1 13.8515 1.7 va=23.80
2 —13.8515 0.48
Stop oo 0.7883
_ 7a=1.92286
4 3.2957 0.6 va=20.90
5 11.2147 0.03
7a=1.81600
6 13.3788 3.8 Vo= 16.60
7 —3.8042 0.25
. 7a=1.49020
8 (Aspherical) 3.85 1.5 =57.50
9 (Aspherical) 4.25 4.4
71a=1.51680
10 0 1.3 va=64.20
11 ©o 0.0217
Image 0.0
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EfoMEe7 ) —7 4 A7 %2R, LT3z 7Y—7

£=6.5410mm, F J>/¥—/4.8, ¥ 1 =656.2725 nm,
587.5618 nm, 435.8343nm, Eif 20=+27.05 TH 5.
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6 RLAE O EERIEBRTE % Ml &b TR LITRLL 72,
o 5, 7, 9 RFFEHRIEEKE, 2 —=v 7 EHUIEE L L
7.
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Table 9 Aspherical coefficients of compact camera lens.

Surface No. Aspherical order Coefficients

Conic —5.1004

3 —0.0074637
0.018371
—0.0038733
—0.00074236
.00061612
0.0004452
—5.2655E-5
—5.8732E-6

S O 0 3 Oy U1 >
|
(=}

—

Conic —2.8176024
3 —0.009873
0.017177
—0.0030717
—0.0017903
00090337
0.0010817
—0.00029701
2.5117E-5

S © 00~ Ul
|
o

—

Angle[deg] ,%% “g Qg ¥ r .

27.05

Angle[deg] | A& & A .A.

20.29 'L"”
Angle[deg] | i
wid A A g e @
Angle[deg] | i
6.76 Q A & & e

Onaxis @ [ . ] ®
. . . —
Defocusing Slzg of Alrx d1sc—>Q . 27um
(mm] -0.04 -0.02 0.0 002 0.04

Fig. 13 Spot-diagrams of compact camera lens. Circle
drawn at the bottom shows Airy disk.
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Table 10 2nd and 4th order aspherical coefficients of
compact camera lens when 3rd order aspherical coefficient
is approximated by these coefficients.

Table 11 2nd through 28th even order aspherical coefficients
of compact camera lens when 3rd order aspherical
coefficient is approximated by these coefficients.

Surface No. Aspherical order Coefficients Surface No. Aspherical order Coefficients
8 2 —5.24563259673486E-6 2 —0.00252655944061075
4 0.0162789455159395 4 0.0114575962264798
6 0.00207257072547265
8 —0.000734410989562224
10 0.000366482858311599
: : : - - 12 —8.43794861416249E-5
3 14 1.32387923856572E-5
Angleldeg] 16 —1.32416047802674E-6
27.05 18 6.06433165490248E-8
20 3.14831169924205E-9
22 —6.93218870423387E-10
Angleldeg] 24 4.77924093770489E-11
20.29 26 —1.65222828410433E-12
28 2.57399086280238E-14
Angle[deg]
13.52
Angle[deg] !
6.76 i Angleldeg] | 28 M M % B
-16.78 1 m 27.05 -0.01x m
Onaxis T Angle[deg] i g .
Defocusin; ®) 27 m 2029 | a 4 A 'é‘ A |
g . . T . 0.0y m
[mm] -0.04 -0.02 00 002 0.04
Fig. 14 Spot-diagrams of compact camera lens when 3rd Angle[deg]
order aspherical coefficient is approximated by 2nd and 4th 13.52 I Q Q ‘ ? * i
coefficients. Circle drawn at the bottom shows Airy disk. n 0,0§u m
Angle[deg]
676 | A A o o
o -0.34 um
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Fig. 15127, REDBEER /NI,

Z DR R ORI R, B ETIIVb Y 3 [EHR
RA=7V =T 4 27) BECNE->TWE, Z£IT, H
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L5, n=1.4902, ¥R A (FHER)

587.5618 X10~°
4(1.4902—1)

&Ry, BPREOHAEIFN0.3um EF 2 515,

ARk, ESAPERZE (HEZE) OFFER, HEEC
X BN TT A OEE FAEH NG D 1< & > TRk % 2 [EH
GO AEL VNS TREIWEFEZ 6L, HEZDOFH
Kigkhke td5L,

=587.5618 nm &£V,

d= =3.00x10"7 (5)
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Onaxis -+ @ [ ) ° e ® -

A—
Defocusing . ‘ O. 27um
[mm] -0.04 -0.02 00 002 0.04

Fig. 15 Spot-diagrams of compact camera lens when 3rd
order aspherical coefficient is approximated by 2nd through
28th even coefficients. —0.01 um and etc. are changes of
image height to the original image height. Circle drawn at
the bottom shows Airy disk.

e(n41)§L2z%— (6)

%%, n=1.4902, A =587.5618 nm, D=1.0mm XY,

587.5618 X10~°
(1.0X107%) (1.4902—1)

=1.46X1077

(7)
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Fig. 16 The difference between original surface and that
approximated by 2nd and 4th coefficients.

Slope difference [mradl
o o

-10
Height of lens [mm]

Fig. 17 The difference between original surface slope and
that approximated by 2nd and 4th coefficients.

0 e
-0.01
-0.02
-0.03

-0.04 \
-0.05 *\
-0.06

| ¢

= —0.07 X
-0.08
-0.09
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Difference [pm]

Height of lens [mm]

Fig. 18 The difference between original surface and that
approximated by 2nd through 28th even coefficients.
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Slope difference [mrad]
S o
s =

&

|
©
~

Height of lens [mm]

Fig. 19 The difference between original surface slope and
that approximated by 2nd through 28th even coefficients.

Table 12 2nd through 22nd even order coefficients of
compact camera lens when 3rd through 9th odd order
aspherical coefficients of both 8th and 9th surfaces are
approximated by these coefficients.

Surface No. Aspherical order Coefficients
2 —0.00226713175270514
4 0.00979619262776327
6 —0.00116359096870432
8 —0.000301244367312238
10 0.000135360777763684
8 12 —2.26036545361092E-5
14 7.08782255795328E-7
16 4.07047418449757E-7
18 —7.91608678347981E-8
20 6.2633473553891E-9
22 —1.92129661093465E-10
2 —0.00375893480292657
4 0.00782123920704713
6 —0.0017074914964578
8 —0.000141145962032661
10 0.000132405092960764
9 12 —3.53155031575052E-5
14 5.65125946547897E-6
16 —5.85114726063023E-7
18 3.70691924840847E-8
20 —1.22505885572355E-9
22 1.33416866079711E-11
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Fig. 20 Spot-diagrams of compact camera lens when 3rd
through 9th odd order aspherical coefficients are approx-
imated by 2nd through 22nd even coefficients. —0.02 um
and etc. are changes of image height to the original image
height. Circle drawn at the bottom shows Airy disk.
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Fig. 21 The difference between original surface and that
approximated by 2nd through 22nd even coefficients instead
of 3rd through 9th odd order aspherical coefficients.
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Table 13 Lens data of inner focus camera lens. Object distance, distance between stop and 21st surface, and back focus length
are shown for four positions respectively.

Surface No. Surface curvature [mm] Distance between surfaces (mm] Index-glass
Object P1:oo, P2:509.9354, P3:108.7109, P4 : 52.3863
1 49.1686 3.2000 na=1.77250 v4=49.61
2 29.0414 10.4500
3 36.9310 3.1500 ng—1.74443 v;—49.52
4 (Aspherical) 16.5607 8.2000
5 49.1426 5.4500 79=1.51680 v3=64.10
6 109.6301 2.2000
7 —1351.7476 2.4500 73=1.79500 v4=45.30
8 18.0000 0.1000 79=1.55223 v4=238.70
9 (Aspherical) 18.5889 11.5500
10 84.9665 1.8000 ng—1.83481 wv,—42.72
11 15.6386 15.8500 7,=1.64769 v4=33.80
12 —36.5124 1.2000
13 77.0703 6.0000 ne=1.53172 v43=48.87
14 —180.4056 1.5500
15 59.6966 9.3000 ne=1.53172 v;=48.87
16 —26.7247 0.4500
17 126.8401 3.8500 1,=1.51742 v4=52.42
18 —17.4698 1.3000 7y=1.83400 v4=237.35
19 48.0387 2.0000
Stop P1:3.7775, P2 :3.4412, P3:2.4348, P4:1.4596
21 —772.3579 4.0000 1n,=1.48749 v,="70.24
22 —13.7605 1.3000 ne=1.77250 v4=49.61
23 —17.5351 0.1000
24 —341.9896 1.3000 7,=1.79500 v4=45.30
25 19.3148 3.7000 7ne=1.49782 v4=82.52
26 —62.8479 0.3000
27 69.1177 4.0000 7,=1.49782 v,=82.52
28 —17.6971 1.0000 79=1.80400 wvy4=46.58
29 —42.0166 P1:38.0864, P2:38.4226, P3:39.4291, P4:40.4042
Image 0.0000

N TH 25, £D7—% % Table16 IZRd, 727/2L,
WS 2B 2 /NEE) 2 U CREEOBRIAME 2 —H3 ¥ T

Table 14 Aspherical coefficients of inner focus camera lens.
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Fig. 24 (a) Spot-diagrams of inner focus camera lens when object distance is infinite. (b) Spot-
diagrams of inner focus camera lens when object distance is 509.9354 mm. (c) Spot-diagrams of inner
focus camera lens when object distance is 108.7109 mm. (d) Spot-diagrams of inner focus camera lens
when object distance is 52.3863 mm.

Table 15 2nd through 26th even order aspherical coefficients
inner focus camera lens when 3rd order aspherical
coefficient is approximated by these coefficients.

Table 16 Defocus data of inner focus camera lens when
3rd order aspherical coefficient is approximated by 2nd
through 26th even order aspherical coefficients.

Surface No. Aspherical order Coefficients Position Defocus [mm]
2 9.47022958343147E-5 1 0.00102583300847716
4 5.34667675291597E-5 2 0.00424046033069505
6 —5.96240574093328E-7 3 3.5879685805603E-8
8 1.44419312004649E-8 4 3.33967819376911E-8
10 —2.30542967671539E-10
12 2.24953069753039E-12
9 14 —1.34350547523656E-14
16 4.38620389372387E-17 4. V=4 ZERILBRE
18 —5.87940895422142E-20 .
N — = ~8) — e Mo
20 —5.52350042075932E-24 V2V =7 HERNBEERERTOTY, —REKKIE
22 1.45577303984011E-26 DT A 7 —EFHETHEBXIERENEE L EHE 26N, 28
24 —4.51673408789873E-30 en .
= 13 7 H 3
2 1.37161579218609E-31 DFEMEFETL2OTE RV ERDbNRSE, LR

FEL 72 BEANC 2 o 7z,
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Fig. 26 The difference between original surface and that
approximated by 2nd through 26th even coefficients instead
of 3rd order aspherical coefficients.
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Fig. 25 (a) Spot-diagrams of inner focus camera lens when object distance is infinite in the case that

3rd order is approximated by 2nd through 26th even coefficients. (b) Spot-diagrams of inner focus
camera lens when object distance is 509.9354 mm in the case that 3rd order is approximated by 2nd
through 26th even coefficients. (¢) Spot-diagrams of inner focus camera lens when object distance is
108.7109 mm in the case that 3rd order is approximated by 2nd through 26th even coefficients. (d)
Spot-diagrams of inner focus camera lens when object distance is 52.3863 mm in the case that 3rd order
is approximated by 2nd through 26th even coefficients.
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Fig. 27 The difference between original surface slope and
that approximated by 2nd through 26th even coefficients
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Fig. 31 The difference between 3rd order surface slope
and that approximated by Zernike coefficients.
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