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Optics and Photonics Sectional Committee, PGD 39

NATIONAL FOREWORD

This Indian Standard (Part 8) which is identical to ISO 10110-12 : 2019 ‘Optics and photonics —
Preparation of drawings for optical elements and systems — Part 12: Aspheric surfaces’ issued by the
International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards
on the recommendation of the Optics and Photonics Sectional Committee and after approval of the
Production and General Engineering Division Council.

This standard specifies rules for presentation of aspheric surfaces and surfaces with low order
symmetry such as cylinders and toroids.

IS 5920 (Part 1) supersedes the originally published Indian Standard IS 5920 : 1970 ‘Recommendation
for the preparation of drawing for optical elements and system’.

This standard has been published in thirteen parts. The other parts in this series are:

Part 1 General

Part 2 Surface form tolerances

Part 3 Centering tolerances

Part 4 Surface imperfections

Part 5 Surface texture

Part 6 Surface treatment and coating
Part 7 Non-tolerance data

Part 9 Wave front deformation tolerance

Part 10 Diffractive surfaces

Part 11 Laser irradiation damage threshold

Part 12 Stress birefringence, bubbles and inclusions, homogeneity, and striae
Part 13 General description of surfaces and components

The text of ISO standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards.
Attention is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be
read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current-practice
is to use a point (.) as the decimal marker.

In this adopted standard, references appear to certain International Standards for which
Indian Standards also exist. The corresponding Indian Standards, which are to be substituted in their
respective places, are listed below along with their degrees of equivalence for the editions indicated:

International Standard Corresponding Indian Standard Degree of Equivalence
ISO 1101 : 2017 Geometrical |3 8000 (Part 1) : 2019/ISO 1101 : 2017 Identical
product specifications (GPS) — Geometrical ~ product  specifications
Geometrical tolerancing ~ — (GPS) — Geometrical tolerancing: Part 1
Tolerances of form, orientation, Tolerances of form, orientation, location
location and run-out and run-out (second revision)

(Continued on third cover)
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Indian Standard

OPTICS AND PHOTONICS — PREPARATION OF DRAWINGS
FOR OPTICAL ELEMENTS AND SYSTEMS

PART 8 ASPHERIC SURFACES

1 Scope

This document specifies rules for presentation of aspheric surfaces and surfaces with low order
symmetry such as cylinders and toroids in the ISO 10110 series, which standardizes drawing indications
for optical elements and systems. It also specifies sign conventions and coordinate systems.

This document does not apply to off-axis aspheric and discontinuous surfaces such as Fresnel surfaces
or gratings.

NOTE For off-axis aspheric and non-symmetric surfaces, see 1SO 10110-19.

This document does not specify the method by which conformity with the specifications is tested.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1101:2017, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerances of form,
orientation, location and run-out

ISO 10110-1, Optics and photonics — Preparation of drawings for optical elements and systems —
Part 1: General

ISO 10110-5, Optics and photonics — Preparation of drawings for optical elements and systems — Part 5:
Surface form tolerances

ISO 10110-6, Optics and photonics — Preparation of drawings for optical elements and systems — Part 6:
Centring tolerances

ISO 10110-7, Optics and photonics — Preparation of drawings for optical elements and systems — Part 7:
Surface imperfections

ISO 10110-8, Optics and photonics — Preparation of drawings for optical elements and systems — Part 8:
Surface texture

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/
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4 Mathematical description of aspheric surfaces

4.1 Coordinate system

Aspheric surfaces are described in a right-handed, orthogonal coordinate system in which the Z axis is
the optical axis.

Unless otherwise specified, the Z axis is in the plane of the drawing and runs from left to right; if only
one cross section is drawn, the Y axis is in the plane of the drawing and is oriented upwards.

The origin of the coordinate system is at the vertex of the aspheric surface (see Figure 1).

X

Figure 1 — Coordinate system

4.2 Sign conventions

As shown later in this document, the various types of aspheric surfaces are given by mathematical
formulae. In the drawings the chosen formula and the corresponding constants and coefficients are
specified. To achieve unambiguous indications of the surfaces, sign conventions for the constants and
coefficients shall be introduced.

The sign of the radius of curvature is positive if the centre of curvature is to the right of the vertex, and
negative if the centre of curvature is to the left of the vertex.

The sagitta of a point of the aspheric surface is positive if this point is to the right of the vertex (XY plane)
and negative if it is to the left of the vertex (XY plane).

NOTE1 Inthis case, “left” and “right” presume Z is increasing from left to right. When the Z axis is reversed as
aresult of a reflection (a 180-degree rotation about the Y axis), the sign convention for radius and sagitta is also
reversed. This is discussed further in 4.3.

NOTE 2  This is the default sign convention, assuming no coordinate system according to ISO 10110-1:2019, 5.3
has been defined for the surface of interest. See ISO 10110-1 for more information about defining local coordinate
systems.
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4.3 Surface descriptions

4.3.1 General

The phrase “aspheric surfaces” is commonly used in optics to describe rotationally invariant surfaces
such as are described below in 4.3.2. Surface descriptions for surfaces which are not rotationally
invariant such as cylindrical surfaces are described in 4.3.3. More complex optical surfaces can be
described using the methods given in ISO 10110-19.

4.3.2 Surface description — Rotationally invariant (h2 = x2 + y2)

4.3.2.1 Aspheric surface described by a conic section and a power series

The aspheric surface description consists of a conic part and a power series where the axis of rotation
is the Z axis.

h? ‘ .
z(h)= +) Ay h% (1)
(=2

R 1+\/1—(1+K‘)(%)2

z  is the sagitta;

where

h  is surface height perpendicular to Z-axis (h = 0);
R isthe radius of curvature of the base sphere;
Kk is the conic constant;

A.

i is the aspheric coefficient.

Where the basic conic formula behaves as follow:

k>0 oblate ellipse;
k=0 circle;
-1<k<0 prolate ellipse;
Kk=-1 parabola;

K<-1 hyperbola.

NOTE1 The formula of second order can also be used without the power series.
NOTE 2 Inthree dimensions, the conic formula shapes are called ellipsoid, sphere, paraboloid, and hyperboloid.

For an example drawing, see Figure 4.
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An extended version with the complete power series of this description is described in Formula (2).

h? =
z(h)= + ) Ah 2
(h) - 2A 2)
R| 1+ 1—(1+K‘)(—)
R
In a special version this formula describes an axicon:
z(h)=A;h (3)
Care should be taken that the signs of the power series named formulae z(h) are in accordance with the
conventions defined in 4.1 and 4.2.

In the case where the direction of the Z axis is reversed, but the lens stays unchanged, the signs of the
radius of curvature and of the aspheric coefficients shall be changed. The signs of the conic constants
remain unchanged.

4.3.2.2 Aspheric surface described by a conic section and orthogonal polynomials

4.3.2.2.1 Orthonormal in slope aspheres with spherical base

A surface of higher order can also be generated by combining a spherical surface with a polynomial of
the following kind, which has orthonormal derivatives.

hz W2 1—W2 n
z(h)= —+ [ 2] 2 Bu (w?) Q
R 1+,/1— h - 2] ™
R R
where
R is the radius of curvature of the base sphere;

h is the surface height;

hy marks the upper limit of h; and

w (normalized surface height) is defined as w :hi;
0

is the coefficient; and
QE{S is the polynomial term.

The description z is valid for 0 < h < h, only. The formula for the polynomial terms is

Qs (w2 )Z[Pm+1 (W?) =g (W )=k Oy (WP ):I/Im+1 (5)
starting with

Qgr (w?)=1 ©)

Qbfs (w2 ):%(13—16w2 ) (7)
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2
Qs (w?)= %[29—4w2<25—19w2)] (8)
Pm+1(Wz):(2_4W2 )Pm(wz)_Pm—l(W2> (9)

starting with
Py (w?)=2 (10)
P (w?)=6-8w? (11)

These auxiliary polynomials have to be solved in the order given here and are valid for m = 2.

k

m-2

=-m(m-1)/21, (12)
gm—l =_( 1—i_gm—ka—Z )/Im—l [13)
]% (149

L. =[m(m+1)+3—gr2n_1 — k2

m-2

starting with
1
- 15
9o 5 (15)
I, =2 (16)
I, =219
175 19 (17)

NOTE 1 Qé’fs (w2 ) is given above to be used as a check of the recursion algorithm provided in Formulae (5)
through (17). See also Annex B.

NOTE 2  “bfs” is an abbreviation for “best fit sphere”, which matches the sag of the aspherical surface at the
vertex and hy,

For an example drawing, see Figure 5.

4.3.2.2.2 Orthonormal in slope aspheres with conic base

It is also possible to generate a surface by combining a conical surface with a polynomial of the same
kind as in Formula (4). This kind is also an orthonormal set of polynomials.

h2 WZI:].—WZ:I

R{1+\/1—(1+K)(£)2 r \/@ 2 P (%) (18)

z(h)=
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where
R is the radius of curvature of the base sphere;
h is the surface height;
hy marks the upper limit of h;
. : : : h
w (normalized surface height) is defined as w=—;
hO
K is the conic constant;
B, are the coefficients; and

lefs are the polynomial terms.

4.3.2.2.3 Orthonormal in amplitude aspheres

A surface of higher order can also be generated by combining a conical surface with a polynomial of the
following kind, which has orthonormal amplitudes.

2 n
z(h)= h - +wt ZCmen(’“ (w?) (19)
R[1+\/1—(1+r<)(ﬁj } m=0
R

where

R is the radius of curvature of the base sphere;

h is the surface height;

hy marks the upper limit of h; and

w (normalized surface height) is defined as w = Z—;

0

K is the conic constant;

Cpn are the coefficients; and

Q" are the polynomial terms.
The formula for the polynomial terms is

Qcon (w?)=T, (2w?-1) (20)
starting with

Qsen (w?)=1 (21)

Q5" (w? )=—(5-6w?) (22)

Qsen (w?)=15-14w? (3—2w? ) (23)
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m_l(wz)—d(m)Tm_z(wz)]/a(m) (24)

starting with
T, (w?)=1 (25)
Tl(wz):Swz—Z (26)

These auxiliary polynomials have to be solved in the order given here and are valid for m = 2.

a(m)=2m(m+4)(2m+2) (27)
b(m)=-32m-48 (28)
c(m)=(2m+2)(2m+3)(2m+4) (29)
d(m)=2(m-1)(m+3)(2m+4) (30)

NOTE1 Q5" (W2 ), Q" (wz) and Q°" (WZ) are given above to be used as a check of the recursion
algorithm provided in Formulae (20) through (30). See also Annex C.

NOTE 2  The polynomial form given here is identical to Zernike radial polynomial expansion Rgn (W2 ) of
order q = 4 correlated to ISO/TR 14999-2 as W4an°” (w2 )= R;n (Wz ) withn=m+2,andm=0,1,2,3,4,5,6 ...

NOTE 3 Instead of using the recursion algorithm above, for lower orders of m (m < 8), the polynomials can
(2m+4—-s)!

sli(m+4-s)!(m-s)!

easily be computed using the formula Q7" (w2 ) = ’;‘:0 (-1)° wam=s)

For an example drawing, see Figure 6.
4.3.3 Surface description — Rotationally variant

4.3.3.1 Centred quadrics

In the coordinate system given in 4.1, the formulae of the surfaces of second order which fall within the
scope of this document are derived from the canonical forms

2 2 2
X_2+%+Z_2: 1 for centered quadrics (31)
a c
where

a,b arereal orimaginary constants;

c is areal constant.
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XZ yz
= + 7 +22z=0 for parabolic surfaces (32)

where a, b are real or imaginary constants, and can be written as

2 2
;_+g_
z=f(x,y)= O (33)
2 2
X Y
1+\/1—(1+K'X) — | —(1+xy )| —
Ry Ry
where
Ry is the radius of curvature in the XZ plane;
Ry is the radius of curvature in the YZ plane;

Ky, Ky —are conic constants.
Using curvatures Cy = 1/Ryand Cy = 1/Ry instead of radii yields
XZCX +yZCY
\/ 2 2
1+41-(1+x, )(xCy )" =(1+x, )(¥Cy )

If the surface according to Formula (33) or (34) is intersected with the XZ plane (y = 0) or the YZ plane
(x = 0), then, depending on the value of ky (or ky), intersection lines of the following types are produced:

z=f(x,y)=

(34)

k>0 oblate ellipse;
k=0 circle;
-1<k<0 prolate ellipse;
K=-1 parabola;
K<-1 hyperbola.

4.3.3.2 Cylinders

Formulae (35) and (36) describe a cylinder (due to k; not necessarily of circular cross section). For
u = x, the cylinder vertex line is parallel to the Y axis which is perpendicular to the XZ plane. For u =y
the cylinder vertex line is parallel to the X axis which is perpendicular to the YZ plane.

Using radii:

For Ry = o or Ry = o Formula (33) gives

u2

z=f(u)= (35)

R, 1+\/1—(1+;<U)[Ri]2
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Using curvatures:

For Cy =0 or Cy = 0 Formula (34) gives

2
uCU

z=f(u)= (36)
202
1+\1-(1+5x, )u?C?
4.3.3.3 Polynomials
The formula for polynomial surfaces is
z=f(x,y)=Ax2+B,y? + A, x* +B, y* + Ax® + B, y® +..+C; |x|3 +..+ D, |y|3 +.. (37)
Alternatively, this formula can be shown as a summation
n . .
z=f(x,y)=Y (A x[ +B,|y[) (38)
i=2

4.3.3.4 Toric surfaces

A toric surface is generated by the rotation of a defining curve, contained in a plane, about an axis which
lies in the same plane.

The formula of a toric surface having its defining curve, z = g(x), in the XZ plane and its axis of rotation
parallel to the X axis is

2= f(x,y)=Ry 7[Ry —g(x) -2 (39)

where Ry is the z-coordinate at which the axis of rotation intersects the Z axis.

For the purpose of this document, g(x) is derived from Formula (33) by setting y = 0.

XZ

R, 1+\/1—(1+KX)(R1J2

The formula of a toric surface having its defining curve in the YZ plane and its axis of rotation parallel
to the Y axis may be obtained from Formulae (39) and (40) by interchanging x with y, Ry with Ry and ky
with ky.

g(x)= (40)

The following special case of Formulae (39) and (40) should be mentioned:

IfKX:()
2
g(x)=Ry| 1- 1—{%] (41)
X
and
> 2
X
f(x,y)=R, F,|| Ry —Ry +Ry 1—[R—] — y? (42)
X

Formula (42) describes a torus whose defining curve is a circle with radius Ry.
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4.3.3.5 Conical surfaces

The canonical form

2 2 2
XY .z ) (43)
a? b: 2
where

ab are imaginary constants;

c is areal constant;
leads to Formula (44)
2 2
_ o XY
z=f(x,y)=c a2+b2 (44)

where a, b, ¢ are real constants.

This formula describes a cone with its tip at the origin, with elliptical cross section (if a # b) or with
circular cross section (if a = b).

4.3.3.6 Combinations of surface types

If necessary, surface types can be modified by the addition of another function f;(x, y). The complete
formula of the surface is then

2= f(x. )+ f (x,9) 5)
where

f(x,y) where represents the basic form according to Formulae (33) and (34) or one of their
derivatives and

f1 (x,y) represents polynomial surface functions like Formula (37).

For cylindrical surfaces, the defining curve f(u) can be modified by addition of a power series f;(u)
(see Annex A.) For toric surfaces, the defining curve g(x) can be modified by addition of a power series
g1(x) (see Annex A.).

Care should be taken that the signs of the coefficients [Formula (45)] in f(x, y) and f;(x, y) [or for toric
surfaces the signs of the coefficients g(x, y) and g;(x, y)] are in accordance with the conventions defined
in 4.1 and 4.2. In the case where the direction of the Z axis shall be reversed, the signs of the radii and
curvatures and of the coefficients for Formula (37) or (38) shall be changed. The signs of the conic
constants remain unchanged.

5 Indications in drawings

5.1 Indication of the theoretical surface
The formula describing the aspheric surface shall be given.
The radius of curvature is indicated with a sign, in accordance with 4.2.

The surface type shall be given as described in ISO 10110-1.

10
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A sagitta table having sufficient numerical accuracy shall be included on the drawing (see Figures 2 and
3).

5.2 Indication of surface form tolerances

Surface form tolerances shall be indicated in one of the following ways:

a) inaccordance with ISO 1101; or

b) inaccordance with ISO 10110-5;

NOTE The specification in version ISO 10110-12:2007 has been adapted and moved to ISO 10110-5.

5.3 Indication of centring tolerances

Centring tolerances shall be indicated in accordance with either ISO 1101 or ISO 10110-6.

5.4 Indication of surface imperfection and surface texture tolerances

Tolerances for surface imperfections shall be indicated according to ISO 10110-7. Specifications of mid-
spatial frequency ripple and surface texture shall be indicated according to ISO 10110-8.

6 Examples

6.1 Parts with rotationally invariant surfaces

In Figure 2, an aspheric lens is shown, where the datum axis is established by centre of curvature of
spherical surface A and the outer cylinder axis B determined at the circular target line, which is located
at the intersection of the spherical surface with the outer cylinder in accordance with ISO 10110-6.

The form tolerance of the aspheric surface is given in tabular form. Az is the maximum permissible
deviation, in millimetres, in the Z direction for the given h coordinate. In addition, a slope deviation AS
tolerance is indicated.

The centring tolerance is indicated in accordance with ISO 1101 as the maximum permissible axial run-
out, and, alternatively, in accordance with ISO 10110-6 as the maximum permissible tilt angle (marked
with index a).

11
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Dimensions in millimetres

7
7
1 %%//
7’ 7
o1 |7 #
o BV T T (] s
m —ﬁé'—'/é—y— """" "4 """"
® 7 77
e 7
Vi v
7% 7 1 7
o7 R
7 A%/%
// / / %
V4 /A
|

=l

N

Key
1 asphere

h? d 2i
z= +2(A2ih )

R(1+\/1—(1+K)h2/R2) -

a  Alternative indication of centring tolerance.

h 7 Az AS R = 56,031

0,0 0,000 0,000 0,3 kK = -3

5,0 0,219352 {0,002 0,5' A, = -0,43264E-05

10,0 0,825330 (0,004 0,5' Ay, = -097614E-08

15,0 1,600528 (0,006 0,8' Ag = -0,10852E-11

19,0 1,938077 (0,008 Ay, = -0,12284E-13
(1/0,1)

Figure 2 — Lens with a rotationally invariant aspheric surface

In Figure 3 the drawing of an aspherical lens with the same geometrical shape as the lens in Figure 2
but turned over (so that the asphere is the right surface) is shown. Note that the signs of the radius, R
and of the coefficients 4; have changed. As a result the sagittas, z, have also changed sign.

12
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0,0 0,000 0,000 0,3
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Dimensions in millimetres
P2

RN

|
(=
w
~
v
n
N

Y,

7% 7

-56,031

-3

0,43264 E-05
0,97614 E-08
0,10852 E-11
0,12284 E-13

Figure 3 — Lens with a reversed rotationally invariant aspheric surface
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n
h? .
z3(h) = =7 "'ZAZihZ'
[ =
R|:1 + 1—(1+K)(/—?) | ! v/g
P3
R =1554+05%
K = -1,35
A, = 2,3618134e-005 P
Ay =-11303079e-008
Ag = -11113906e-011
A = -2,3981F1ke-014
Ay = 3,035791e-017 -
Ay = 13660815e-019 S
A = -18881587e-022 4+ —+ °j
e
h z(h)
0,0 0,000000
2,0 0,128891
4,0 0,517849
6,0 1173636
8,0 2,1071112
10,0 3,332245
12,0 4 863958
125  |5,296338 1.6£0,05
1) all dimensions in mm
Surface 1 Material Surface 2

ASPH
. 225
3/-(10)RMSi < 0,5 pm;

AS

g 100 prad/1/0,1)

4/5'

5/2 x 0,25; L1 x 0,1; EO,3

Company / S-LAH6L
ng = 118800
vy = 4736853
0/-

172 x 01

2/-

proftective chamfer 0,2-0,4
3/5 10,5)
L/-

5/2 x 0,25; L1 x 0,1, E0,3

AL / Scale 31
Ind. Acc. ISO 10110,
A =632 nm

Figure 4 — Description of an aspherical surface with conic and power series
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(h 2[ h\?
1 1-1 &
2 ho) ho) "
2lh) = h . > B,abf (h—z)
h\? h\? hy
R|1+ 1-(—> 1-(—) m=0
R R
G
R =204+05% v/7
' P3
hy =14
B, =061 \V4
By =-0,029
h zlh)
0,0 0,000000
2,0 0,112160
4,0 0,449930 S
6,0 1,017104 e — s — °S
8,0 1,819724 % §
10,0 2,865558
12,0 4162932
12,5 4 527382 P
10 +0,05
1) all dimensions in mm
Surface 1 Material Surface 2

ASPH

$e 225

3/-(10)RMSi < 50 pm;
RMSAS 54 (50 prad/1/0,1)
L/5'

5/2 x 0,25; L1 x 0,1; E0,3

Company / N-BK7?
ng = 15168

vy = 6416734
0/10

1/2 x 0,16

2/-

R=12% + 0,5% cx

e 225

proftective chamfer 0,2-0,4
3/-{0,5)

L/-

5/2 x 0,25; L1 x 0,1, E0,3

AL / Scale 3:1
Ind. Acc. ISO 10110,
A =632 nm

Figure 5 — Description of an aspherical surface using an orthonormal in slope asphere

description
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ASPH Company / N-BK7 R =100 + 0,5% cx
®,225 ng = 15168 e 225
3/-(10]RMSi < 0,5 pm; vy = 6416734 protective chamfer 0,2-0,4
AS {100 prad/1/0,1) 0/10 3/-{0,5)
1-dim,x
L/5' 172 x 0,16 L/-
5/2 x 0,25; L1 x 0,1, E0,3 2/- 5/2 x 0,25; L1 x 0,1, E0,3

AL / Scale 31
Ind. Acc. ISO 10110,
A =632 nm

Figure 6 — Description of an aspherical surface using an orthonormal in amplitude asphere
description
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6.2 Parts with rotationally variant surfaces

Figure 7 shows a planocylinder lens with rectangular cross section. The datum axis is given by the
intersection of surfaces A and B.

The axis of the cylindrical surface shall be within a cylinder of diameter 0,05 mm.

The form error tolerance is specified in accordance with ISO 1101:2017, 17.5 and additionally by
different slope deviation tolerances in the two sections.

Dimensions in millimetres
a

0,001
B
8] ;

L —4-[#0,05|A B |

i\

20
|
|
|
[

Key

marKk for identification
R =-172+0,2

3 3/ASy4imy(0,5'/2/0,2)
b 3/AS| im,x (1,0'/2/0,2)

8

Figure 7 — Planocylinder lens

Figure 8 shows a planotoric lens with circular cross section.
The datum axis is given by the edge cylinder B and the plano surface A.

The surface formula shown in the drawing indicates that defining arc and rotation axis of the surface
lie in the XZ plane.

Different tolerances for the surface tilt angles are given in the two cross sections. Also, the (local) slope
angle tolerances are different in the two cross sections.
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Dimensions in millimetres

N\
N\

30
N

N\

N N X N X N X\

?

Key
1 TORIC
2
— 2 2 2
Z—RY—\/[RY—RX-M/RX—X i| -y
R, =16+0,1
Ry =40%0,2

® 3/ASydim,y (0,5'/3/0,2)
b 3/AS.gim,x (0.8'/3/0,2)

Figure 8 — Planotoric lens
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See Table A.1.

Annex A
(informative)

Summary of aspheric surface types
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Annex B
(informative)

Description of orthonormal in slope aspheres

The following formula describe the generation of the Qbfs for 4.3.2.2.1 and 4.3.2.2.2:

rl;’lf-ls—l (Wz ):[Pm+1 (Wz )_ngrk;sz (Wz )_km—lQrt))El (Wz )]/Im+1 (B.1)
Pm+1(wz):<2_4WZ)Pm(W2)_Pm—1(W2) (B-2)

starting with

Py (w?)=2
Pl(w2)=6—8w2.

The following auxiliary polynomials (B.3), (B.4) and (B.5) have to be solved in the order given here and
are valid for m = 2.

k. ,=-m(m-1)/2l , (B.3)
Im =_(1+gm—2km—2 )/lm—l (B.4)
1/2
lmz[m(m+1)+3—gr2n_1—kr2n_2] (B.5)
starting with
1
== B.6
9o 2 (B.6)
ly=2 (B.7)
N T
=5 (B.8)

Based on the recursion the first six Qs are the following:
05" (w?)=1

QPfs (w? )=%(13—16w2)

QbFs (w? )=\/%[29—4W2(25—19w2 )]
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QL (w?)= 252?{207—4W2[315—w2(577—320w2):l}

1
Qbfs (w? ):m(7737—16w2{4653—2w2 [7381-8w?(1168-509w? ) |}
1
Qs (w? ):m[66657—32w2 (28338-w?{135325-8w?| 35884—w? (34661-12432w? ) |} )]
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Annex C
(informative)

Description of orthonormal in amplitude aspheres

The following formulae describe the generation of the Q¢ for 4.3.2.2.3:
Qcn (w?)=T, (2w?-1)
starting with

05 (w2 )=1

Qf°" (w?)=—(5-6w?)

Qsen (w?)=15-14w? (3-2w? )

starting with

TO(W2 >=1

T, (w?)=3w2-2

These auxiliary polynomials have to be solved in the order given here and are valid for m = 2.

a(m)=2m(m+4)(2m+2)
b(m)=-32m—-48
c(m)=(2m+2)(2m+3)(2m+4)
d(m)=2(m-1)(m+3)(2m+4)

Based on the recursion the first six Qs are the following:

Qg (w?)=1
Q" (w? )=—(5-6w?)
Qsen (W2 ):15—14w2(3—2W2 )

Q5™ (w? )=—(35-12w? (14-w?(21-10w?)))

24
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Qsen (w?)=70-3w? (168-5w? (84—11w? (8-3w? )))

Qcom (w?)=—(126-w?(1260-11w? (420-w?(720-13w? (45-14w? )))))
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