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Foreword

These recommendations make reference to the following British Standards:
BS 4779,  Recommendations for measurement of the optical transfer function of 
optical devices.  

BS .  .  .  .  . ,  Recommendations for veiling glare measurements.  

These recommendations have been prepared under the authority of the 
Instrument Industry Standards Committee.
Their principal aim is to recommend objective procedures for use when specifying 
the performance of television lenses.  One of the measures of performance adopted 
in these recommendations is the optical transfer function (OTF).  Techniques for 
the accurate measurement of this function have been established in recent years,  
and these not only form the basis of a reliable test method but also serve as a 
means of expressing performance in design specifications.
In addition to OTF,  the complete assessment of television lenses demands the 
measurement of other parameters such as vignetting,  veiling glare,  distortion,  
etc.
It is envisaged that at some future date a generic standard for each given category 
of lens or optical instrument will be published,  giving all those characteristics 
that are considered to be mandatory together with a preferred format for their 
presentation.  The present document is to be considered as one for interim use,  
and its material will be incorporated in the full scheme as this develops.
No previous national or international recommendations exist that use OTF in 
connection with the performance of lenses for television.
Other standards in this series dealing with environmental,  mechanical and test 
requirements are being prepared.
A British Standard does not purport to include all the necessary provisions of a 
contract.  Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages

This document comprises a front cover,  an inside front cover,  pages i and ii,  
pages 1  to 6,  an inside back cover and a back cover.
This standard has been updated (see copyright date)  and may have had 
amendments incorporated.  This will be indicated in the amendment table on the 
inside front cover.

http://dx.doi.org/10.3403/00127441U
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1  Scope

These recommendations are for the specification 
and assessment of the optical performance of lenses 
for use with television cameras.  These may be either 
zoom lenses,  variable focal length lenses,  or single 
focal length lenses,  and they may be required to 
operate in either black-and-white or colour 
reproduction systems.
A special feature of these recommendations is that 
they adopt the optical transfer function (OTF),  or 
more specifically its modulus,  the modulation 
transfer function (MTF),  as a method of assessing 
and specifying image quality.
These recommendations cover the performance of 
the lens as a complete optical unit but do not deal 
with the performance of individual component 
parts.  The condition of test must however include 
any additional glass paths between the lens and the 
image plane that are required by the optical design,  
such as may be introduced by colour filters,  beam 
splitting blocks,  the face plate of the camera tube,  
etc.

2 Definitions

For the purposes of these recommendations the 
following definitions apply:

2.1  
equivalent focal length

this is the ratio of the size of a focused image of a 
distant object to the angle subtended by that object,  
when the object is near the axis and the angle 
subtended by it has its apex on the front nodal point 
of the lens and is so small that its tangent is equal 
to its magnitude,  in radians,  within the limits of the 
required accuracy

2.2 
back focal length

the back focal length is the distance from the point 
of intersection of the optical axis with the back 
surface of the lens to the rear focal point

2.3 
flange focal distance

the flange focal distance is the minimum 
(perpendicular)  distance between the plane of the 
flange mounting surface and the rear focal point

2.4 
relative aperture

the relative aperture of a lens is also its “f number” 
and is the ratio of the equivalent focal length of the 
lens to the diameter or equivalent diameter (same 
area)  of its entrance pupil.  The relative aperture is 
normally written as f/N,  where N is the above ratio

the entrance pupil is specified as that for the infinite 
object distance

2.5 
image format

the image format is the shape and size of the area 
within which the specified image must be formed.  
For a rectangular image format the shape is 
specified by the aspect ratio of breadth to height,  
whereas the size is determined by the length of the 
diagonal

2.6 
zoom ratio

the zoom ratio is the ratio of the extreme values 
of equivalent focal length.  It is expressed as n,  
where n  > 1

2.7 
lens hood

the lens hood is a shield,  extending beyond the lens 
on the object side,  to exclude light from bright 
sources outside the object field without obstructing 
light from the latter

2.8 
near focusing distance

the near focusing distance is the distance from the 
point of intersection of the optical axis with the front 
surface of the lens to the nearest object point that 
can be brought to a focus in the image plane,  defined 
in terms of the specified flange focal distance
NOTE Although this definition can apply to fixed focal length 
lenses,  it is of prime importance for zoom lenses.  It should also be 
borne in mind that,  at the expense of image quality,  a lens may 
be used at much shorter distances than those for which it is 
designed.

2.9 
variable focal length lens

a variable focal length lens is a lens whose 
equivalent focal length can be varied.  Such a lens 
will normally require to be refocused when this is 
done

2.10 
zoom lens

a zoom lens is a lens whose equivalent focal length 
can be varied but whose image plane,  for a given 
object plane,  remains at a fixed distance from the 
mounting flange without the need for refocusing

2.11  
line spread function

the line spread function of an optical system or 
device is the distribution of intensity across the 
image of a sufficiently narrow self-luminous line 
object as formed by that optical system or device
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NOTE In general the line spread function of an optical 
system or device will vary with choice of image plane,  
wavelength,  aperture,  position in the image field,  azimuth 
of the line object,  etc.

2.12 
optical transfer function (OTF)

this is a complex function of which the modulus is 
the modulation transfer function and the argument 
is the phase transfer function
an alternative and mathematically rigorous 
definition is that the optical transfer function is the 
Fourier transform of the line spread function.  The 
modulus of this function is normalized to be unity at 
zero spatial frequency and the argument is zero at 
zero spatial frequency

2.13 
modulation transfer factor

the modulation transfer factor,  at a particular 
spatial frequency,  is defined to be the ratio of image 
modulation to object modulation

2.14 
modulation transfer function (MTF)

the variation of the modulation transfer factor with 
spatial frequency is defined to be the modulation 
transfer function.  This function is normalized to 
unity at zero spatial frequency

2.15 
axial transmission factor

the axial transmission factor is the ratio (normally 
expressed as a percentage)  of the transmitted flux to 
the incident flux in an axial beam of monochromatic 
light that passes through the lens without being 
obstructed by any aperture stop

2.16 
relative illumination

relative illumination is the ratio of the illuminance 
at the image plane for extra-axial field positions,  to 
the illuminance at the centre of the field,  for an 
object of uniform luminance

2.17 
veiling glare index (bright field)

the veiling glare index (bright field)  is the ratio of 
the minimum illumination in the image of a suitable 
“black” patch (of specified size and shape)  at the 
centre of the field,  to the illumination in a uniformly 
illuminated surrounding field filling,  but not 
exceeding,  the picture area

2.18 
stray image

a distribution of light in the image plane,  other than 
the primary image,  which is an identifiable image of 
some object

2.19 
image ghost

a stray image that is an identifiable image of the 
primary object

2.20 
diaphragm ghost

a stray image that is an identifiable image of the 
diaphragm
NOTE Anti-reflection coatings greatly reduce the effects 
described in 2.17, 2.18, 2.19  and 2.20  and increase the axial 
transmission factor 2.15 .

2.21  
radial distortion

an object point at distance R  from the optical axis 
should be imaged in the image plane at a distance 
k R  from the optical axis,  where k  is a constant.  Any 
departure from this simple proportionality is 
referred to as radial distortion
If R½  is  the distance from the optical axis of the 
image of an object point at distance R,  then the 
radial distortion is defined as
%  R½  = R½  – kR.

the value of the radial distortion so defined will 
depend on the particular choice of value for k
NOTE For zoom lenses,  k  will,  of course,  change with focal 
length.

2.22 
radial distortion factor

this is the value of the radial distortion at a specified 
image distance from the optical axis,  expressed as a 
fraction of that distance
the choice of distance to be employed varies with the 
condition of use but should at least include the 
maximum radial distortion factor obtained within 
the useful field of the lens

2.23 
radial tracking error

this is the transverse displacement of a central 
image point produced when the focal length is 
altered
NOTE The maximum value is to be quoted as a percentage of 
the format diagonal.

2.24 
standard image plane

the plane in which the modulation transfer factor of 
a zoom lens,  at the centre of the field and for a 
chosen spatial frequency,  aperture and spectral 
power distribution is a maximum at each of the two 
extremes of the focal length range
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NOTE This plane exists for only one setting of the focusing 
adjustment and its position is normally established by an 
iterative process in which the modulation transfer factor is made 
a maximum at the short focal length by a choice of image plane,  
and at the long focal length end of the range by means of focusing 
adjustment provided on the lens.

2.25 
axial spectral transmission characteristic

this is the curve that shows the variation of the axial 
transmission factor as a function of wavelength

2.26 
focusing range

this is the range of object distances that can be 
brought into focus in the image plane of the camera 
by adjustment of the focusing control only
NOTE This range is not always from infinity to the near 
focusing distance,  especially when certain attachments are used 
in conjunction with the basis lens.

3 Specification of parameters relevant 
to optical performance

3.1  Parameters relevant to optical 
performance

3.1.1  Equivalent focal lengths.  The equivalent 
focal length should be within ± 3 % of the length 
specified by the manufacturer,  but see 3.1.5 .  In the 
case of zoom lenses and variable focal length lenses 
the minimum and maximum focal lengths should be 
specified and should be within this tolerance.
3.1.2 Relative aperture.  Relative aperture should 
be within 5 % of that specified by the manufacturer.  
For zoom lenses a constant relative aperture should 
normally be held to within this tolerance over the 
whole zoom range for all aperture settings.  In lenses 
with a very wide zoom range a gradual relaxation of 
maximum aperture may be permitted (in the 
interest of limiting the physical size of the lens)  as 
the narrow angle extremity of the zoom is 
approached.  In this case the manufacturer should 
specify the zoom ratio at which maximum relative 
aperture cannot be maintained and should also 
specify the maximum aperture at the narrow angle 
extremity of the zoom range.
3.1.3 Image format.  Television images have an 
aspect ratio of 4 :  3.  The image size is determined by,  
but not identical with,  the diagonal of the camera 
tube.

Unless otherwise specified,  the diagonal for the 
following common types of camera tube should be 
taken to be:  

Figure 1  illustrates this image format for television 
lenses and identifies three zones of the image field 
for the purpose of specifying image quality.
3.1.4 Additional optical components.  The 
influence of additional glass components 
(e.g. the faceplate of the camera tube,  colour filters,  
glass splitting block,  etc.)  between the lens and the 
image plane is to be compensated for in the lens 
design and test procedure,  and the parameters so 
compensated should be fully specified as to 
thickness,  refractive index and dispersive power.
3.1.5 Zoom ratio.  This should be specified to an 
accuracy of ± 4 %.
3.1.6 Near-focusing distance.  The near-focusing 
distance should be specified to an accuracy of ± 5 %.
For zoom lenses the zoom capability should be 
maintained at the specified near-focusing distance 
unless otherwise specified.
3.1.7 Aperture stop markings.  These should be 
specified.
Stop markings,  where provided,  should be accurate 
to ± 5 %,  i.e. the light flux is to be indicated to 
within ± 10 %.

3.2 Parameters directly describing optical 
performance

3.2.1  Modulation transfer factor.  The minimum 
of the average values of the radial and tangential 
MTF at a spatial frequency corresponding to the 
chosen cut-off frequency of the television system1)  in 
which the lens is to be used,  should be specified for 
each of the zones depicted in Figure 1  (MTF is to be 
measured in accordance with BS 4779).
The modulation transfer factor values quoted for 
each zone should be those corresponding to a 
common image plane and unless otherwise specified 
should be for an infinite object distance.
NOTE If either the radial or tangential value of the modulation 
transfer factor is low,  e.g. 20 % or less,  then a statement of the 
modulation transfer factor at the cut-off frequency may be 
misleading and should be supplemented by a measurement of the 
modulation transfer factor at half cut-off frequency.

1)  Image orthicon 40.6 mm
2) Plumbicon 21.4 mm
3) Vidicon 15.8 mm

1)  Unless otherwise specified,  the cut-off frequency of the television system should be taken as 5.5 MHz System I — CCIR 
(International Radio Consultative Committee)  and the corresponding spatial frequencies should be assumed to be:
Image orthicon format 9 c/mm.
Plumbicon 17 c/mm.
Vidicon 21  c/mm.

http://dx.doi.org/10.3403/00127441U
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For monochrome applications the spectral 
characteristics to which these MTF values refer 
should be those resulting from the use of a tungsten 
source at 3 000 K and a detector having the 
following effective spectral sensitivity2).

For colour applications,  spectral characteristics 
should be stated and the methods of measurement 
should be in accordance with BS 4779 or as 
otherwise stated.
In the case of zoom lenses and variable focal length 
lenses these values should be quoted for a 
comprehensive range of focal lengths that should 
include at least the two extremes and the geometric 
midpoint of the range.
Unless otherwise specified,  all the values quoted for 
zoom lenses are to be for a common image plane and 
for a fixed setting of the focusing adjustment.  If this 
common plane differs from the standard plane,  the 
difference including distance and direction between 
the two planes should be stated.
3.2.2 Veiling glare index (bright field)  
(see BS . . . .3)).  The maximum veiling glare index 
should be stated for conditions specified in 
BS . . . .3).  In the case of zoom lenses and variable 
focal length lenses these values should be quoted for 
a comprehensive range of focal lengths that should 
include at least the two extremes and the geometric 
midpoint of the range.
3.2.3 Axial transmission factor.  For monochrome 
applications the minimum value of the axial 
transmission factor should be adequately specified 
for the relevant spectral characteristic(s)  as defined 
in 3.2.1  and Figure 2.  As an alternative to this,  and 
when lenses are intended for colour transmission,  
the minimum axial transmission factor may 
be specified for a range of wavelengths 
from 440–450 nm,  520–530 nm or 600–610 nm 
and may conveniently be presented as a curve of 
axial transmission plotted against wavelength.
3.2.4 Relative illumination.  For each aperture 
setting the minimum value of the relative 
illumination is to be specified at the edge of Zone 1,  
Zone 2 and Zone 3 (see Figure 1)  along a diagonal of 
the format.  In the case of zoom and variable focal 
length lenses these should be stated for a range of 
focal lengths that should include at least the two 
extremes and the geometric midpoint of the range.

3.2.5  Radial distortion factor.  The radial 

distortion factor at the periphery of the field 

(image height,  R½  =  ½  × format diagonal)  is to be 
specified.  For the purposes of these 
recommendations the constant k  in the equation
%  R½  =  R½  – kR

is to be chosen to make 

In the case of zoom lenses and variable focal length 
lenses,  the radial distortion as defined here should 
be specified for a variety of focal lengths including at 
least the extremes and one point at about the 
geometric midpoint of the range.
3.2.6 Radial tracking error.  The maximum 
values should be stated.

3.2.7 Miscellaneous

3.2.7.1  Lens hood.  The internal finish of the lens 
should be such as to minimize reflections as much as 
possible.  However,  for difficult lighting conditions it 
may be necessary to supply a shield type of lens 
hood for use with the lens.  This should be designed 
to eliminate stray images caused by high-lights 
outside the field of view,  without causing any 
restriction in the maximum field of view of the lens 
or any change in the relative illumination over the 
field.  

1)  Image orthicon Curve A
See Figure 2.2)  Plumbicon Curve B

3)  Vidicon Curve C

2)  The curves given in Figure 2  are typical of present day manufacture and have been selected for the purposes of standardization 
in this present recommendation as representing the most commonly used characteristics.
3)  In course of preparation.
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http://dx.doi.org/10.3403/00127441U
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Figure 1  — Relative illumination zone
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These are curves representing widely used types.  Other characteristics are also available.

NOTE 1  nm = 10 Å.

Figure 2 — Typical spectral sensitivities
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British Standards

The following are available on application:
YEARBOOK
Including subject index and numerical list of British Standards
SECTIONAL LISTS
Aerospace materials and components (SL 25)
Agricultural,  dairying and allied interests (SL 31)
Automobile (SL 34)
Building (SL 16)
Chemical engineering (SL 5)
Chemicals,  fats,  glues,  oils,  soaps,  etc.  (SL 4)
Cinematography and photography (SL 1)
Coal,  coke,  mining and colliery requisites (SL 13)
Codes of Practice (SL 8)
Consumer goods (SL 3)
Documentation,  including Universal Decimal Classification (SL 35)
Drawing practice (SL 37)
Electrical engineering (power,  electronics,  telecommunications,  acoustics,  illumination,  domestic 
appliances)  (SL 26)

Furniture,  bedding and furnishings (SL 11)
Gardening,  horticulture and landscape work (SL 41)
Gas and solid fuel and refractories (SL 2)
Glassware,  excluding laboratory apparatus (SL 39)
Heating,  ventilating and air conditioning (SL 42)
Hospital equipment (SL 18)
Industrial instruments,  etc.  (SL 17)
Iron and steel (SL 24)
Laboratory apparatus (SL 23)
Leather,  plastics,  rubber (SL 12)
Local authority purchasing officers’ guide (SL 28)
Machine tools (SL 20)
Mechanical engineering (SL 6)
Nomenclature,  symbols and abbreviations (SL 29)
Non-ferrous metals (SL 19)
Nuclear energy (SL 36)
Packaging and containers (SL 15)
Paints,  varnishes,  paint ingredients and colours for paints (SL 9)
Paints,  varnishes and paint materials (SL 9)
Petroleum industry (SL 38)
Printing and stationery,  paper and board (SL 22)
Road engineering (SL 32)
Safety equipment (SL 30)
Shipbuilding (SL 40)
Textiles and clothing (SL 33)
Welding (SL 7)
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