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THESE RECOMMENDATICHS, having been approved by the N CONTENTS
Instruments Industry Standards Committee and endorsed by
the Chairman of the Enginecring Divisional Council, were .
published under the authority of the General Council on
30th April, 1968. c : :

" Co-operating organizations
- Foreword

SBN: 580 00193 8 ) ST S R " RECOMMENDATIONS

. Scope

Definitions

General requirements
Methods of represenfation
Materials -
Dimensiuns

Surface texture

Errors of form

Surface defects

Surface treatment

Joining optical components

In order to keep abreast of progress in the industries
concerned, British Standards are subject to periodical review.
Suggestions for improvements will -be recorded and in due
course brought to the netice of the committees charged with
the revision of the standards to which they refer.

N R W

A complete list of British Standards, numbering over 4000,
fully indexed and with a note of the contents of each, will
be found in the British Standards Yearbook, price 15s. The
BS Yearbook may be consulted in many public libraries and
similar institutions.

-
~5ww

.d,_.omo recommendations make reference to the following APPENDICES
British Standards:

BS 308.  Engineering drawing practicc. Tests for inhomogeneity
BS 1134, Centre-line-average height method for the assess- Comparisen test for surface defects
ment of surface texture.

British Standards are revised, when necessary, by the issue either
of amendment slips or of revised editions. It is important that
users of British Standards should ascertain that they are in
possession of the latest amendments or editions.

The following BSI references relate to the work on these rccom-
mendations:

Committec references INE/9 and INE/9/5

Draft for comment 66/568
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CO-OPERATING ORGANIZATIONS

‘The Instruments Industry Standards Committee, under
whose supervision these recommendations were pre-
pared, ‘consists of representatives from the following -
Government departments and scientific and _=m:m:.w_
organizations:
British Clock and Watch Manufacturers’ Association
British Electrical and Allied Manufacturers’ Association
British Industriai Measuring and Control Aparatus
Manufacturers’ Association

British Iron and Steel Federation
British Nautical Instrument Trade Association
British Railways Board

*British Scientific Instrument Research Association
Council of British Manufacturers of Petroleum Equipment
Electrical Research Association
Electricity Council, the Central Electricity Generating Board

and the Area Boards in England and Wales

Electronic Engineering Association
Engineering Equipment Users® Associalion
Gauge and Tool Makers’ Association
Institution of Chemical Engineers
Institution of Electrical Engincers
Institution of Heating and Ventilating Engincers
Institution of Mechanical Engincers
Institution of Production Engineers
Meteorological Office
Ministry of Defence, Air Force Department

*Ministry of Delence, Army Department
Ministry of Health
National Coal Board

*National Physical Laboratory (Ministry of Technology)
Oil Companies Materials Association

*Scientific Instrument Manufacturers’ Association
Society of Instrument Technology
Water Resources Board
Walter-tube Boilermakers® Association

The Government department and scientific and indus-
{riz) organizations marked with an asterisk in the above
list, together with the following, were directly repre-
sented on the committee entrusted with the preparation
ol these recommendations:

British Glass Industry Research Association

British Photographic Manufacturers Association Ltd.
Federation of Manufacturing Opticians

Ministry of Defence (Navy Department)

Royal Microscopical Society

BS 4301 : 1968

.. RECOMMENDATIONS FOR
.Hmm wwnwb»?.ﬂoz OF Umn}cﬁzmm
m.OW Om.EO>H ELEMENTS AND m,&mﬂmgm

~,‘ O-ﬂm.‘doz_u

These recommendations have’ been _unnuu—.na ::ann the m_._»ro:q of the Instru-
ments Industry Standards Committee, with'the intention of providing designers
and. draughtsmen with’ guidance in the preparation of drawings relating to
components produced from-optical material, or assemblies no:ES_:m such
no:,io:o_:w.

The problem of establishing a drawing systera has been investigated in
various national and international associations and within the North Atlantic
Treaty Organization (NATO) in particular, detailed consideration has been
given to this matter. Arising from activities within WATO the requirement for a
national standard was made known by the Royal Armament Research and
Development Establishment who were supported by manufacturers and other
users concerned with this subject.

In the course of preparing these recommendations, attention has _umoz paid
to American military standard MIL-STD-34 and German Standard DIN 3140,
both of which present requirements for drawing presentation. In the case of
MIL-STD-34 the approach adopted is a literal one, taking the form of extensive
notes on drawings, and instead of following this technique the technical com-
mittee responsible for the preparation of these recommendations has considered
it more practicable to adopt a system similar to that in DIN 3140 which is
essentially *symbolic’ in nature. Wherever possible therefore, these recom-
mendations have been prepared so as to be in accord with the requitements
of the German Standard.

It should be stressed that unless otherwise stated in these recommendations
the procedure laid down in BS 308* should be followed.

RECOMMENDATIONS
1. SCOPE

These recommendations apply to the presentation on drawings, of design and
functional requitements for optical elemenis and systems. Suggested methods
of testing for certain requirements are detailed in Appendices A and B.

* BS 308, * Engineering drawing practice .
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2. DEFINITIONS-
For the purposcs of these recommendations the following definitions apply:

(1) Element. An optical ‘unit which cannot be subdivided into other optical
umits. .~ :. . e R : : -

(2) Component. An optical unit composed of one or more elements.

(3) Field h,.a? “The aperture or any of its images limiting the extent of the
object viewed (see 4.4). ‘

(4) Pupil. The aperture or any of its images limiting the bundie of rays
entering the system from an object point at the centre of the field (see 4.4).
NOTE 1. The cntrance pupil is the pupil in the object space.

NOTE 2. The exit pupil js the pupil in the image space.

(5) Magnification - : -

a. Linear magnification. The ratio of a length “on an image plane to the

corresponding length on the object plane. - AR
b. Anguiar magnification. The ratio of the argigs subtended by the image
and the abject, both as seen from the centre of the exiz pupil.
(6) True field of view
a. Linear. The size of the field accepted at a given distance from some
fixed point in the system such as the centre of the entrance pupil.
b. Angular. The angular subtense of the field accepted as seen from some
fixed point in the system such as the centre of the entrance pupil.
(7} Oprical axis (of a system). The ray path passing through centres of
pupils and field stops (sce 4.1).
NOTE. Tn the case of a centred optical system or lens it should be noted that the optical
axis is the theoretical axis of rotational symmetry of the optical surfaces.
(8) Mechanical axis (of an unmounied lens). The axis of the edge surface of a
lens by which it is to be mounted.
(9) Equivalent focal length (of a systent). The ratio of the size of an image of
a small distant object near the axis, to the angular extent of that object in radians.
NOTE. The shortening of this term to * focal length * is deprecated.
(10) Test region. An aptically effective surface or space, or both, which is
subject to testing to ascertain errors and flaws (sec 4.7).
(L) Test field. That portion of a test region which is effective in the system
at any one time (see 4.8 and Fig. 4).
(12) Optical inhomogeneity. Lack of uniformity in optical properties through-
out a material (see 5.2).

NOTE 1. This lack of uniformity usually takes the form of variations in refractive index
which may be eitlier graduat, usually due to thermal history or abrupt, usually duc to lack
of chemical uniformity.

NOTE 2. It is customary to exclude from the term sharply defined inclusions or bubbles
which do not affect the refractive index of the glass in their immediate neighbourhood.
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(13) Birefringence. The variation of the refractive properties of an optical
material with the direction of propagation and state of polarization of light -
within the material (see 5.2).- ~ .~ R - i

NOTE 1. Birefringence may be a characteristic of the material or due Lo stress. If due to
stress this birelringence would be termed * strain birelringence .~ 7

NOTE 2. Birefringence is measured as the maximum difference in the optical path length
for light polarized in two perpendicular dirceti ) -

(14) Optical ,_E:: length. Two distances are said to be optically equivalent
when light takes the same time to pass through them. The optical length ofa
path is defined as the length of its equivalent in vacuo. - ’

NOTE. If the path traverses different media with mechanical lengths s, 5., €lc. in each,
and refractive indices m,, n., efc. respectively, the optical length of the path is & ns. The
same summation can be employed if the path traverses an imperfectly homogencous medium
with a varying refractive index by dividing the path into short successive lengths ds, cach
having its own value of refractive index. = - -

(15) Optical parallelisnt. Two nominally plane surfaces are optically paraliel
when, for all light rays of a given wavelength and direction, the optical path
length between the surfaces is constant at all parts of the aperture.

NOTE 1. If the material is not perfectly h it is possible to for local
variations in refractive index by local variations in the surface(s).

NOTE 2. Optical parallelism requitements may be specified in terms of total form error
(see 7.3).

(16) Centring error of a lens. The condition which exists due to fzulty manu-

facture when centres of curvature do not lic on the mechanical axis or when
a plane surface is not normal to the mechanical axis (see 6.7).

NOTE. When centring error exists, a ray incident along the mechanical axis will be deviated
or displaced by the lens, or both. In practical cases this displacement will generally be
negligible and the angle of deviation alone may then be used to define the extent of the
centring error. Alternatively, wi the same practical limitations, there is a ray incident
paralle! to the mechanical axis which passes through ke lens with no deviation and the
lateral displacement of this ray from the mechanical a: may also be used to define the
extent of the centring crror. This lateral displacement is equal to the product of the angular
deviation in radians and the equivalent focal length of the lens.

(I7) Veiling glare. Unwanted light within the system, tending to diminish
the contrast of the image formed by the main beam.

(18) Error of form. The extent to which an oplical surface deparls from
its specified wﬁoBm:.mnn_ form (see Clause 8).

(19) Total form error (of a component or systeni). The combined cffect of
form error at all the opically cffective surfaces and of optical inhomogeneities
of the material(s) (sce 8.4).

NOTE. Total form error allows the effect of several errors to compensate for one another
and may be specified in terms of the optical performance.

7
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(20) Grey surface. A surface containing the characteristic irregularities
resulting from the grinding process which, en glass, give a grey appearance.

(21} Coarse pelished. A sutface which may contain traces of the previous
machining (or other process).

(22) Fine polished. A surface from which all traces of earlier machining
{or other processes) have been removed.

(23) Surface texture. Those irregularities with regular or irregular spacing
which tend to form a pattern or texturc on the surface. This texture may contain
both roughness and errors of form.

(24) Surface roughness. The irregularities in the surface texture which result
from the inherent action of the production process.

(25) CLA (cenire-line-average height) values. Numerical assessments of the
average height of the irregularities constituting surface texture or roughness.

Rough polished
Fine polished
Anti reflection

ks, | Front surface metallized
oty | partial reflection

3. GENERAL REQUIREMENTS

3.1 Types of drawing. Three types of drawing are generally required, namely:
(1) Optical assembly.
(2) Optical sub-assembly.
(3) Optical detail.

3,1.1 Optical assembly. An aptical assembly drawing should show the relative
positions of all the components of a complete optical system and should specify,
as appropriate, the following:

(1) Component part numbers.

(2) Separation distances (see 4.6).

{3) Overall magnification (see 4.5),

(4) Magpification between adjacent image planes (see 4.5).

(5) True field of view (see 4.5).

(6) Position and sizes of field stops (see 4.4).

(7) Position and sizes of pupils (see 4.4).

(8) Clear apertures at component spaces (see 6.3).

(9) Details of light source (sce 4.5).

(10) Special netes regarding assembly and testing procedures (see 4.5).

(11) Movements required for magnification and focus adjustment (see 4.6).

(12) Reference to performance specification (see 4.5).

%7 | Rear surface metallized

— ~|Inhomogeneity
4/___ Centring error
5/___ Surface quality

I/_.__ Inclusions
3/___ Form error

2/-

O/___ —| Birefringence
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3.1.2 Oprical sub-assembly. An optical sub-assembly drawing should give, as
appropriate, the following:

(1) Part numbers and assemblies on which used.

(2) Details of cement or other method of fixing (see Clause 11).
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