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FOREWORD

HIS is one of a series of Engineering Monographs
I published by the British Broadcasting Corporation.

About six are produced every year, each dealing
with a technical subject within the field of television and
sound broadcasting. Each Monograph describes work
that has been done by the Engineering Division of the
BBC and includes, where appropriate, a survey of eartier
work on the same subject. From time to time the series
may include selected reprints of articles by BBC authors
that have appeared in technical journals. Papers dealing
with general engineering developments in broadcasting
may also be included occasionally.

This series should be of interest and value to engineers
engaged in the fields of broadcasting and of telecom-
munications generally.

Individual copies cost 5s. post free, while the annual
subscription is £1 post free. Orders can be placed with
newsagents and booksellers, or BBC publications, 35
MARYLEBONE HIGH STREET, LONDON, W.I.
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NEW METHODS OF LENS TESTING AND MEASUREMENT
SUMMARY

Part I of this monograph describes a photo-electric lens test bench capable of measuring lenses of focal length from 12 mm
to 1 m. Designed specifically for television applications, it gives the ‘optical transfer’ curve automatically plotted on record-
ing paper, using the sine-wave analyser described by Hacking. Facility is also provided for the recording of the ‘spread func-
tion’. The angular field is somewhat in excess of +-45°: the field diagonal in the image plane is limited to + 100 mm. An air-
spaced doublet of 3-05 m focal length and 200 mm diameter is used as collimator.

Provision is made for the measurement of the optical transfer function for imagery at finite conjugates by the addition of
a second cross-slide with its own light source and test object. The bench is physically large enough to accommodate large
zoom lenses and complete optical systems.

Some comparisons of two basic types of optical bench are given and the accuracy of the final result is discussed.

Part IT deals with an optical arrangement which can be used to examine a lens, by visual means, for surface defects
(e.g. dust, scratches, poor blooming, etc.). This type of defect gives rise to flare and loss of contrast in the image formed
by the lens. In the visual field of the device the sources of flare in the lens are seen as points or patches of light against a
dark background. Thus the method is similar to the dark-ground illumination techrtique used in microscopy. Photographs
of the flare-source patterns obtained from several camera and enlarging lenses are shown. These serve to illustrate some
common flare-producing defects.

PART I

A PHOTOELECTRIC LENS TESTING BENCH

1. Introduction

The optical bench was designed and constructed so that
accurate measurement of the modulation transfer charac-
teristic of any lens likely to be used by the Television
Service could be made. Prior to the installation of this
bench in January 1960, measurements of modulation
transfer characteristics were made on a modified version of
the Mark 1 Taylor Hobson Optical Bench.! A serious
limitation of this bench was its inability to measure lenses
of focal length in excess of 6 in. (150 mm). Further, the
measurement of lenses at finite conjugates was not easy
with this particular bench as it was intended primarily for
working with a test object at infinity.

In designing a new and larger optical bench, it was
desirable that these two limitations should be avercome
and the attempt was made to design a bench suitable for
all optical measurements (of modulation transfer charac-
teristic) relevant to television. These include complete
optical systems and zoom lenses in addition to fixed-focus
single lenses.

2. Requirements

2.1. For Single Lenses

Focal length range: from 4 in. to 40in. (12-7 to 1016 mm)
Aperture: f/1-0to /16

Semi-angular field: not less than 40°

Spatial frequencies: normally from zero up to about
30 ¢/mm (occasionally up to 60 ¢/mm)
either infinite or finite as application
demands

Object distance:

2.2, For Zeom Lenses

In addition to measuring the modulation transfer char-
acteristic for a range of focal lengths from 12 mm to 1 m,
the minimum working distance for accurate zooming
should be easy to check.

2.3. For Optical Systems

Sufficient space should be available to install and
measute complete systems such as colour-camera optical
systems and multiplex telecine optics.

3. Methods of Measurement of
the Optical Transfer Function*

Prior to 1960, the standard method of determining the
optical transfer function in the BBC Research Department
was by means of the ‘spread function’. This was recorded
automatically? and a Fourier transform of the spread func-
tion was obtained by a sampling method using a desk-
calculator.’ This method was adequate for our purposes
but suffered one grave disadvantage, namely that the pro-
cess of sampling the spread function and then doing the
computation on the desk-calculator was very time-con-
suming.

In 1958, Hacking® suggested a method, based on an
optical Fourier transform generator originally described
by Born et al, in which the Fourier transform is obtained

* Optical transfer function is the name recommended by the
Tnternational Commission for Optics for frequency response when
both phase and amplitude are considered. The modulus of this is to
be called ‘modulation transfer function’,




directly from the spread function. It was decided that the
new optical bench should provide for the use of this
method as well as the older method.

4. Sine-wave Analyser

It may be appropriate at this point to explain how the sine-
wave analyser performs the Fourier transform of the
spread function. The lens under test forms an image of a
thin slit tes{-object and this image is magnified by a micro-
scope objective. The magnified image is made coplanar
with a thin slit which is oriented at right angles to the image
of the test-object slit. The thin slit thus takes a representa-
tive sample of the magnified image. Immediately behind
this thin slit is a photographic plate which has a sinusoidal
variation of transmission (sine-wave grating). The spread
function is thus multiplied by a sinusoid and the trans-
mitted light flox is then allowed to fall on the photo-
cathode of a photomultiplier where integration takes
place, the current flowing in the photomultiplier being
directly proportional to

f_‘: fix)cos{wx +8)dx + C

where f{x) is the spread function
w/2zis the spatial frequency of the sinusoid (as seen
through the thin slit)
& isanarbitrary phase angle depending on the setting of
the sinusoid vis-a-vis f{x)
2A is the length of the thin slit (near to the sinusoid)
C is a constant depending on the mean transmission of
the sine-wave plate.
The spatial frequency w27 can be changed by causing the
sine-wave plate to rotate. If the lines of constant trans-
mission are initially parallel to the thin slit, the effective
spatial frequency will be zero; when the lines of constant
transmission are perpendicular to the thin slit, then the
spatial frequency will be a maximum (f;) and for inter-
mediate values of rotational angle ¢ we have

Jf=fysind

In the mechanical drive of the sine-wave plate, a mech-
anical coupling (Fig. 1) is used so that the frequency scale
on the recording paper shall be linear rather than one
depending on the sine of the angle of rotation, In the pre-
sent equipment a rotation of 70° is employed. This gives
over 90 per cent of the maximum possible frequency range
of the sine-wave plate.

Two settings of the phase of the sine-wave plate with
reference to the adjacent thin slit are usually necessary for
the complete Fourier transform ; the cosine component* is
obtained with the sine-wave plate adjusted to obtain the
maximum photocurrent. It may be shown that the sine
component is obtained by a lateral shift of the sine-wave
plate such that the photocurrent corresponds to the mean
transmission of the sine-wave plate at zero spatial fre-
quency. It is essential that as the sine-wave plate rotates,
a constant phase position {(¢.g. a maximum) be maintained

* The sine and cosine components are only one special case of the
two components required for a Fourier transform, Any two com-
ponents which have a 90° phase shift will suffice.

o~
P

SINE-WAVE GRATING

Fig. 1 — Mechanical coupling used with sine-wave
analyser
{a) Beginning of the recording cycle
(b) End of the recording cycle

at the centre of the slit. The mathematical process involved
in these two operations is illustrated in Figs. 2(a) and 2(b).
The only difference between the mathematical processand
the method used in the sine-wave analyser arises because
the sinusoidal plate has a non-zero mean level, but this is
trivial and can easily be allowed for. The modulus of the
optical-transfer function is the root sum of the squares of
the sine and cosine components.

5. Basic Design

The optical bench used up to 1960 was an adaptation of a
Mark 1 Taylor Hobson Bench® and was of the nodal-stide
type. This means that the lens is mounted on a turntable
and adjustment is provided so that the rear nodal point of
the lens under test can be brought into coincidence with the
axis of rotation of the turntable. Under these conditions
the image suffers no lateral movernent when the turntable
is rotated. The provision of a tee-bar makes automatic
adjustment for the increase in back-working-distance for
off-axis imagery. Figs. 3(a) and 3(b) show diagrammatic-
ally the operation of this type of bench.

Another type of optical bench may be called the
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Fig. 2 — Hlustrating the cosine and sine components of a Fourier transform

{a) Cosine component f f(x) cos wx. dx is the
sum of the shaded area (due regard being
paid to sign)

swinging-arm bench; an example of this type was exhi-
bited by Messrs Precision Tool and Instrument Company
at the 1956 Annual Exhibition of the Physical Society.
This bench was of large dimensions and appeared to
satisfy many of the requirements listed in Section 2. The
mode of operation of a swinging-arm bench is illustrated
in Figs. 4(a) and 4(b).

Before deciding whether to continue using a nodal-slide
type of bench (but clearly of much larger dimensions than
the Mark 1 Taylor Hobson bench) or to use the swinging-
arm type, it was necessary to consider the advantages and
disadvantages of each type.

The advantages of a nodal-slide type of bench can be
summarized as follows:

{D) the image remains located substantially in one posi-
tion;
(i) direct measurement of focal length is possible;
(iii) determination of geometrical distortion is straight-
forward.

The disadvantages are:

(i) rotation about the rear nodal point can cause the
front element of a long lens to swing out of the beam
of the collimator;

(ii) the bench is not easily adapted for measurements at
finite conjugates;

{iii) the bench is less adaptable for measurement of com-
plete optical systems.

(b) Sine component f f(x) sinwx. dx is the sum
of the shaded areas (due regard being paid
to sign)

The swinging-arm type of bench has the following
advantages:

(i) rotation of front element can easily be arranged to
coincide with the axis of the swinging arm; hence the
front element of the lens under test never swings out
of the beam of the collimator and uses substantially
the same portion of the beam given by the collimator
for axial and off-axis measurements.

(ii) basic simplicity of design means easy adaptation for
finite-conjugate working and also testing complete
optical systems.

The disadvantages are:

(i} off-axis image has to be located and hence a rapid
visual inspection of the whole field is not possible;
(ii} focal length is not directly given;
(iii) geometrical distortion not easily measured.

In view of its greater versatility it was decided to use a
swinging-arm type of bench for the new optical bench,
although clearly each type of bench has its own particular
virtues.

6. Detailed Description of
the Optical Bench
An overall view of the bench is given in Fig. 5. The light

source A is a 100-watt tungsten lamp together with a con-
denser and one sheet of diffusing material, Provision is
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(a) Axial setting

(b) Off-axis setting

Fig. 3 — Nodal-slide optical bench
A Light source and test object

D Nodal slide turntable G Axis of rotation of slide turn-
B Collimator E Tee-Bar table (coincident with rear
C Lens under test F Viewing and detecting system nodal point of lens)
1

=l C e

(a) Axial setting

[

{b) Off-axis setting

Fig. 4 — Swinging-arm optical bench
A Light source and test object

F Viewing and detecting system I Swing-arm
B Collimaior G Axis of rotation of swinging-arm I Rear nodal point of lens
C Lens under test H Cross-slide




Fig. 5 — Photograph of optical bench

made for the insertion of neutral filters and colour filters
behind the test object which usually takes the form of a
thin slit. The lamp house is mounted on a two metre optical
bench of triangular cross-section. For measurements at
infinite conjugate, the test object is positioned at the focus
of the 120 in. (3-05 m) collimator lens B which is an air-
spaced doublet of 8 in. (20 cm) diameter. The collimator
can be removed by unscrewing the three knurled screws
whereupon axial measurements at finite conjugates can
be made.*

The collimator bracket is mounted on a large sector-
shaped horizontal casting C which carries the swinging

* Off-axis measurements at finite conjugates require the use of
either a second cross-slide not shown in Fig. 5 or a manual adjust-
ment of the light source distance for each field angle [A = (1 4+ m)
(sec § — 1) f] - where A = change in distance of test object, /'is the
focal length, m = magnification, and & = field angle.

arm D upon which is mounted the lens under test E and the
image-viewing and measuring device F, the latter being
mounted on the cross slide G. The lens under test forms an
image of the test object slit which is magnified by a relay
lens (8 mm and 4 mm apochromatic microscope objec-
tives are used for this purpose). The magnified image can
be viewed through the eyepiece H or measured by means
of the sine-wave analyser 1 and photomultiplier photocell
J. The knob K (which is more clearly seen in Fig. 6) con-
trols the phase of the sine-wave plate.

The knob L controls a locking device on the carriage
supporting the cross-slide G and coarse focusing is
achieved by moving the whole assembly along the sliding
arm D. Fine focusing is achieved by rotating the knob M
which rotates a micrometer screw of 40 t.p.i. Shifts of focus
can be read-off on the dial gauge N which is graduated in
intervals of 10u and can be estimated to about 2u. Centr-




ing of the image can be done either by the micrometer O,
or the wheel P. The reason for two adjustments is that the
micrometer O is driven by an impulse motor when making
a recording of a tangential spread function and it is usually
convenient to use this for small lateral shifts. The wheel P
is used for larger shifts of the image receiving system which
are necessary when an off-axis image is being found. Verti-
cal centring of the image is available by rotating Q, which
lifts the microscope tube, sine-wave analyser, and photo-
cell. The photomultiplier output is fed to an amplifier via
the potentiometer R. The output from the amplifier
operates the recording milliammeter and also the meter S
(in series with the recorder) which is conveniently placed
for reading during the setting-up of the lens under test.

A more detailed view of the receiving and viewing sys-
tem is shown in Fig. 6. The impulse motor T is used when a
tangential spread function is required, as stated above.
This drives the micrometer O in steps of 1 through a gear-
train so that a slow mechanical scanning of the image is
performed. For this purpose, the slit in the sine-wave
analyser is made parallel to the vertical test object slit. The
vertical centring knob Q can also be driven by an impulse
motor U so that a sagittal spread function can be recorded.
The test object slit and the sine-wave slit are both rotated
to a horizontal setting for a sagittal spread function. As

with the automatic recording facility on the Taylor Hob-
son bench,! three rates of recording of spread function are
available viz. 10, 20, and 40 microns per inch of recording
paper.

For off-axis measurements when the swinging arm is
inclined ata large angle to the optical axis of the collimator,
it is necessary to rotate the image receiving system (con-
sisting of microscope objective, sine-wave analyser, and
photo-multiplier) if the microscope objective is not to
restrict the image-forming rays. Facility for doing this is
provided by pivoting the sector-shaped plate which sup-
ports the image receiving system on a vertical axis a little
in front of the front edge of the cross-slide G. The sector-
shaped plate is clamped by the small lever V. As an ex-
ample of the angular field covered without the need to use
this facility, a lens with a relative aperture of f/2 can be
tested up to 30° semi-angular field. Beyond 30° the image
receiving system must be rotated towards the incoming
light rays.

The output from the photomultiplier is insufficient to
operate the recording milliammeter so that a current
amplifier with a gain of the order of 10% is required. A valve
amplifier was used with the Taylor Hobson bench: the
corresponding unit in the new optical bench is a transistor
amplifier. As a result of this change there has been a

Fig. 6 — Scanning head, sine-wave analyser, and cross-slide of optical bench

10
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Fig. 7 — Circuit diagram of current amplifier

marked improvement in the stability of the black level,
The amplifier is battery-operated with Mallory mercury
cells; its circuit diagram is given in Fig. 7.

A point of interest arises in the application of aperture
correction for the finite width of the object and scanning
slits. In the spread function method, the corrections for
both objectand scanning slit are in the same sense, i.e. both
slits are responsible for a loss of modulation at the higher
spatial frequencies. In the case of the sine-wave analyser,*
the two corrections are in opposite senses and this makes it
possible to achieve a direct result which requires virtually
no aperture correction. The mathematical form of the two
corrections is not identical, but if the nominal width of the
image of the test object slit is made equal to the width of the
slit in the sine-wave analyser (as seen through the micro-
scope objective) and provided that this width is less thana
guarter of the shortest wavelength tested, then the cor-
rections are self-cancelling to better than half a per cent
over the range of spatial frequencies investigated.

7. Measurements at Finite Conjugates

A second cross-slide is used when measurements are
required at finite conjugates. This cross-slide has its own
light source. The same slit assembly is used for working
at either infinite or finite conjugates. This assembly has
nine slits any of which can be brought to the central, active,

* For a mathemalical treatment, see the Appendix.

position: it is also easy to rotate the slits so that they are
either vertical (for tangential modulation transfer func-
tions) or horizontal (for sagittal functions).* The slits were
prepared by vacuum evaporation of aluminium on to a
glass plate with a wire of appropriate diameter stretched
across the glass (and in contact with it). The widths of the
slits range from 13} to 1226.. This range is needed so that
the nominal image produced by the lens under test shall be
about 5u. Even so, the range is not as great as would be
desirable, e.g. for measurements at unity magnification a
slit of 3p would be highly desirable. The present practice is
to make the necessary aperture correction when the
nominal image of the object stit is not 5p.

The light housing on the cross slide is arranged to rotate
about a vertical axis through the object slit. This was found
to be vital for off-axis working; otherwise little or no light
flux from the object slit reaches the entrance pupil of the
Jens under test.

8. Performance Tests

8.1. Sine-wave Analyser
There are a number of features of the sine-wave analyser
which require accurate construction and careful checking

* The measurement of the spread function is limited to tangential
and sagittal orientations of the test object. The sine-wave analyser,
however, is not restricted to these two orientations since it suffices for
the analyser slit to be orthogonal to the test object slit, and the sine-
wave plate can be rotated so that it is paraltel to the analyser slit at
the commencement of a recording.
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Fig. 8 — Transmission characteristic of the sine-wave grating

Measurement

in order that the results shall be reliable. The concentricity
of rotation of the sine-wave plate needs to be good: some
relaxation in mechanical tolerances is obtained by virtue of
the fact that the sinusoid is situated in the magnified image
plane. If we take 30 ¢/mm in the primary image plane as the
highest spatial frequency measured (in conjunction with
an 8 mm apechromatic relay lens), then the smallest wave-
length is 33, which becomes 660 in the magnified image
plane. Any error of centring should certainly be less than
one-tenth of this figure and preferably better than one-
twentieth. Examination of this part of the apparatus shows
a maximum shift of the order of about 10 which is small
in terms of the minimum wavelength used.

Another feature of the sine-wave analyser which is essen-
tial for accurate results is the correct transmission char-
acteristic of the sine-wave plate. The sine-wave plate was
made by an interference technique. Localized fringes
formed by a thin wedge in monochromatic light {green
5461 A Hg line isolated by an 1iford Mercury filter) were
photographed and a positive was printed from the nega-
tive. The transmission characteristic is shown in Fig. 8,
A compromise needs to be effected between the contrast
(modulation depth) and accuracy of characteristic. In
order to obtain a high contrast a constderable excursion of
the photographic transfer curve ("H and D curve} is used
and non-linearity becomes increasingly troublesome:
hence a good approximation to a sine-wave is difficult to
achieve with high contrast. In the present case, a modula-
tion of about 84 per cent is obtained with a fair approxi-
mation to a sine-wave transmission characteristic,

Probably the best way of checking the performance of
the sine-wave analyser is to present it with a function (i.e.

Plotofy — 52 + 43 sin2n (

12

x—0-164
0618 )

test object) whose Fourier transform is well known and
precisely determined. A slit uniformly illuminated with
incoherent light satisfies this requirement and its normal-
ized Fourier transform is the (sin &v)/ky function, where v
is the spatial frequency and k is 2mb for a slit of width 25,
Two examples of this are given in Fig. 9 where the con-
tinuous curves are the mathematical (sin kv)/kv functions
and the plot points are the measured values. This check
serves two purposes, (i) it shows whether the spatial fre-
quency scale (abscissa) is correct by virtue of the location
of the zeros; (ii) it checks the shape of the output curve
which is dependent mainly on the accuracy of form of the
sine-wave plate. Check (i) is independent of check (ii).

8.2. Comparison of Sine-wave Analyser Results with
Results obtained by the Spread Function Method
This comparison is most easily shown in graphical form
and Figs. 10, 11, and 12 are offered in evidence of the sub-
stantial agreement which has been achieved between the
two methods. Figs. 10 and 11 relate to axial modulation
transfer functions and Fig. 12 relates to an off-axis func-
tion. In the case of an image whose spread function is very

‘extensive, the sine-wave analyser can give a slightly favour-

able answer because its slit has a finite length and the
spread-function may extend beyond this. This fact is
responsible for the greater modulation transfer factor in
the range of spatial frequencies from 0 to 12 ¢/mm {Fig. 12)
when the sine-wave analyser results are compared with
those derived from the spread function. This limitation of
the sine-wave analyser applies only in cases where the
quality of the image is relatively poor and well below the
standard laid down in the BBC Specification for lenses.?
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k =2wb, where 2b = width of slit
0 0 o Experimental results

Theoretical results
The results given in Figs. 10 and 11 show that the two 8.3. Modulation Transfer Function
methods give results which never disagree by more than of the Microscope Objective
3 per cent over the range of spatial frequencies from zero The primary image formed by the lens under test is
to 30 cycles per mm. relayed by a microscope obiective on to the plane of the
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o0——o0 Fourier transform of spread function
e——e Sing-wave analyser

slit. It is essential that the microscope objective shall make
a negligible contribution to the aberrations of the lens
under test. The modulation transfer function of the § mm
apochromat used as a relay lens was measured by deter-
mining the spread function preduced by a 5p slit when
imaged by the objective (this measurement was done on
the Mark 1 TTH bench). The result is shown in Fig. 13 and
it will be observed that up to 30 ¢/mm the loss in modula-
tion is less than 2 per cent.

In Section 8.1 the test using a stit includes any errors
introduced by the microscope relay lens.

8.4. Consistency of Measurements
using the Sine-wave Analyser
The measurements given in Section 8.2 were done by one
carcful observer, Itis of interest to know whether measure-
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ments are repeatable and whether different workers obtain
the same result. To answer the latter question, the modu-
lation transfer function of a defocused 50 mm lens was
measured by four workers. The reason for choosing a de-
focused image is that a steeply descending function is more
sensitive to positional experimental errors in the frequency
scale than a monotonic function of high value throughout
the range of measurements. The results are given in
Table 1.

Tt will be observed that the maximum standard deviation
is about 2 per cent and this holds over the range of spatial
frequencies from 6 to 12 c/mm where the function is
steeply descending (Fig. 14). It is considered that this re-
presents the vpper limit of inaccuracy of measurement
(except for the case illustrated in Fig. 12 where the spread
function exceeds the aperture of the slit in the sine-wave




TABLE 1

MODULATION TRANSFER DIFFERENCES FROM
SPATIAL FACTOR MEAN STANDARD*
FREQUENCY A MEAN A DEVIATION
¢/mm Worker VALUE Worker %
1 2 3 4 1 2 3 4
3-05 95-7 946 935 924 94-05 1-65 0-55 —0-55 —1-65 142
6-1 77-4 764  76-1 73-0 75-72 1-68 0-68 0-38 —2-72 1-90
9-15 53-6 52-6 52-2 49-1 51-88 1-72 0-72 0-32 —2-78 1-94
12-2 31-6  30-5 28-5 27-1 29-42 2:13 1-08 —0-92 —2:32 201
15-25 132 13-5 12:6 104 12-42 078 1-08 0-18 —2-02 1-40
18-3 43 4-3 5-8 4-8 4-8 —0-5 —0'5 1-0 0 0-71

* Standard deviation & is strictly [Z{Ax)*/{(n)H: however, when nis
small a better estimate of the standard deviation of the parent popu-

lation is given by {Z (Ax)% [ (# — 1}]t and this formula has been used
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here. The standard deviation of the mean (standard error) is
o/(#)* which is half the value guoted in the last column for n = 4.
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analyser). This level of accuracy is considered sufficient for
most purposes: an improvement can be effected if several
measurements are taken and averaged but this is not
normally necessary.

9. Operational Experience

The optical bench has now been in use for about two years.
During this period a considerable number of lenses and
optical systems have been measured. In the matter of fixed
focuslenses, the shortest focal length encountered has been
that of a 12 mm lens for 8 mm cinematography and the
longest, that of a 40 in. {1 -02 m) lens used with the image
orthicon camera. The lens with the greatest angular field
has been a 28 mm /2 lens designed for the image orthicon
camera (semi-angular field = 35° 6°). The largest zoom
lens, which also uses folded optics in the rear conjugate
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axis was a five-to-one zoom lens designed for the image
orthicon camera. Other zoom lenses include several with
four-to-one zoom ratio and more recently two ten-to-one
zoom lenses. So far no lens has been either too large or too
small to be mounted and measured,

Multiplex optical systems for vidicon telecine machines
and the optical systems of two colour cameras have been
accommodated and measurements of the modulation
transfer functions have been made. Sufficient space exists
for the mounting of these systems and a blank saddle with
a plane horizontal top surface has been very useful for
mounting these systems with the aid of specially construct-
ed units.

The facility for measurement at finite conjugates has
been frequently used and is certainly very valuable in
assessing lenses for flying-spot scanners and telerecording
film cameras.




10. Conclusions

Facilities now exist for the fairly rapid measurement of the
optical transfer function of all the lenses and optical sys-
tems likely to be employed in television. Up to a spatial
frequency of 30 c/mm, the standard deviation of the
measurements is of the order of 2 per cent. Measurement at
finite conjugates can be accomplished with equal facility to
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those at infinite conjugates, The bench is sufficiently large
and versatile to enable complete optical systems to be
measured. It is doubtful whether a nodal-slide type of
bench would have been suitable for all the lenses and
optical systems which have been measured; the choice of
a swinging-arm bench appears to have been completely
Jjustified.

I

A METHOD OF OBSERVING AND RECORDING THE SOURCES OF
FLARE IN A LENS

11. Introduction

A photoelectric method of measuring the total amount of
veiling-glare produced by a lens, due to scattering by sur-
face irregularities, interfacial surface reflections, etc., has
already been proposed.? Briefly, the method consists of
determining the relative illumination at the centre of the
image of a small, opaque, ‘black’ patch located as an axial
object in an otherwise [arge and uniformly bright ficld. Ifa
small ‘pin-hole’ aperture is placed in the plane of focus and
at the centre of the image, the illumination can be deter-
mined by measuring with a photocell the light flux emerg-
ing from the ‘pin hole’ relative to that emerging when the
“black’ patch is removed. This ratio has been termed the
veiling-glare index, and is usually expressed as a per-
centage.

However, it was suggested to the writer, by Dr J. M.
Burch of the National Physical Laboratory, that it should
be possible to observe the actual sources of flare within the
lens if the photocell is replaced by a lens focused on the exit
pupil of the lens under examination. Thus an image of the
flare-producing centres and defects on the lens surfaces
may be obtained behind the pin-hole aperture screen

where they may be photographed directly or observed
with a simple eyepiece.

12. Method

The diagram shown in Fig. 15 (not drawn to scale) indi-
cates the optical arrangement which was used to explore
this interesting suggestion. It will be seen from the figure
that only the light which has been severely scattered by
reflection, refraction, or diffraction from its true geo-
metrical transmission path (i.e. the flare-light) can be
accepted by the ‘pin-hole’ aperture because of the focal-
isolation effect. Thus the method is similar to the well-
known dark-field illumination technique employed in
microscopy.

The lens replacing the photocell is a low-power micro-
scope objective. An eyepiece (not shown) is used to ob-
serve the flare-pattern and adjust the apparatus; it can
then be removed and the flare-pattern imaged on toa
photographic plate for recording.

It was necessary to use a larger ‘pin-hole’ than for the
corresponding photoelectric measurement, simply be-
cause of the loss of sharpness due to diffraction. On the

light
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Fig. 15 — Optical arrangement
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other hand, the ‘pin-hole’ must not be too large because a
substantial depth of focus is required if the flare-centres on
all the surfaces of the lens are to be observed, simul-
taneously, with reasonable definition. A ‘pin-hole’ dia-
meter of 0-02 in. (0-51 mm) was found to be a good com-
promise, in conjunction with a 2 in. (51 mm) or 3 in.
(76 mm) microscope objective. The focusing procedure
adopted was to adjust for maximum edge-sharpness on
the iris-blades.

13. Results for Several Lenses

The flare-source patterns exhibited by several lenses, some
with deliberately introduced surface defects, have been
recorded and are shown in Figs. 17 to 26. Fig. 16 is the
ideal pattern representing a lens with zero veiling-glare
index, and the plate also gives a standard of comparison
for ‘black’ as reproduced by the lithographic process in the
other photographs. Fig. 17 shows the nearest approach to
the ideal so far encountered in a highly-corrected lens.

The type of lens and a brief description of the major
defect responsible for each flare-pattern is appended to the
photographs. Defects such as fingerprints and scratches
are self-evident. In general, the predominant ‘sky-at-
night’ type of pattern is due to dust particles on the glass/
air surfaces, while the ‘milky-way’ type of galaxy (as in
Fig. 20) is probably due to a defective antireflection coat-
ing. A grey background to the flare-centres implies no (or
very inefficient) antireflection coatings on the glass/air
surfaces; conversely, a dark background suggests efficient
‘blooming’. Broad, smudgy, light-patches may be due to
greasy organic deposits. The bright circumferential rings
are due to the edges of the iris-blades.

Fig. 16 — Ideal flare-pattern
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Fig. 17 — Enlarging lens 80 mm f]4-5

Veiling-glare index 0-5 per cent. Rather bright iris-rim, but
good ‘blooming’. Some dust on internal surfaces

Fig. 18 — Enlarging lens 80 mm f/4-5
(same lens as in Fig. 17)

Smudged finger-print on front surface. Veiling-glare index
now increased to 35 per cent




Fig. 19 — Enlarging lens 80 mm f]4-5 Fig. 21 — Camera lens 5 cm fj1-5

New lens—just unpacked—without cleaning external sur- An attempt to remove a hard grimy deposit on the front sur-
faces. Veiling-glare index 1-9 per cent. Mainly packing- face by rubbing with dry cotton-wool. Veiling-glare index
dust, slight finger-print 2-3 per cent

Fig. 20 — Enlarging lens 3% in. f{4-5 Fig. 22 — Enlarging lens 2 in. f/4-5
Defective ‘blooming’ on rear surface of front element. “Unbloomed’ lens. Some scraiches—rather grimy deposits.
Veiling-glare index 2-0 per cent Veiling-glare index 34 per cent
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Fig. 23 — Cameralens 2in. fj1'9 Fig. 25 — Enlarging lens 4 in.

Badly scratched on several surfaces. Poor ‘blooming’ and Dusty internal surfaces. Good ‘blooming’ (black back-
some grimy deposits (note damaged iris-blades). Veiling- ground) Veiling-glare index 20 per cent
glare index 5-3 per cent

Fig. 26 — Camera lens 5 cm

Fig 24— Camprofany. oo ljers ‘Unbloomed’ lens. Deep scratches are on the front surface.
Old ‘unbloomed’ lens. Worn and badly scratched front sur- Also, hard grimy deposit showing attempts to remove it with
face. Veiling-glare index 6 -4 per cent a cloth
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14. Conclusions

The method affords a visual means of determining the
type, location and extent of those defects of the surfaces of
a lens which give rise to flare in the image plane. The
results indicate that a sensitive diagnostic tool for examin-
ing ordinary camera lenses can be constructed from simple
and inexpensive optical components. .

An operator could rapidly acquire the experience
necessary to interpret, qualitatively, the various flare-
source patterns. Greater experience, supplemented in the
first instance by corresponding photoelectric measure-
ments of the veiling-glare index, would be required to
establish reliable visual criteria of acceptability.

It is sugpested that this type of device would be useful to
those departments which deal with the general servicing of
lenses.
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APPENDIX
APERTURE CORRECTION REQUIRED BY THE SINE-WAVE ANALYSER

LINES OF PEAK TRANSMISSICN
-~
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A

Fig. 27 — Aperture correction required by the sine-wave analyser

x=direction of independent variable of Fourier integral
y=direction of major axis of source it

Let transmission along centre of slit be given by
f=AcosQrx/A+ &)+ C A=C
where 4/C = modulation

A = effective wavelength at orientation, 8, of sine-
wave plate
¢ = arbitrary phase of grating.

At a displacement of y from centre line, the sine-wave is
shifted by — pcot 8

X+ ycoth

S (y)=Acos (217 x

+¢)+c

I slit is of width 25, mean transmission is given by

I xtvycotf
t_igf_b[A cos (hfm 4;5) —|—C] dy
A

. 2mbcotd
—ﬁm [ACOS (2‘1‘1‘I/7\+ fﬁ) S]ﬂf] +C

Thus the original modulation 4/C is multiplied by the
factor

__Atand mebcotG
T A

and thisis independent of the phase angle ¢.

23

This can be rewritten in terms of the effective spatial fre-
quency f(= 1/A) and the natural spatial frequency of the

sine-wave grating fy(=1/Ay)
o Sin{2m b (f* — /)
I b (j;,’! 7]‘2)1_-
sin 2= b f,
2m b f,

Note that when /=0 k=

whenf=f, k=1

Tt will thus be seen that the variation of & with frequency is
in the opposite sense to the spectrum of a thin slit.
A thin slit of width 2b has a spectrum proportional to
sin2wx b f
2rnbf

The combined effect of two slits at right angles is thus

sin {27 b (fi2— /Y sin (2= b
b (ff—f " 2mbS

When 25 = A,/4 the product given above is constant to
about 01 per cent over the frequency range f = 0to f = f,.
A narrower slit (e.g. 2b = A,/6) does not give as good
constancy of product over the range f=0to f = f; and in
fact varies by about 0-5 per cent.




A Recent BBC Technical Suggestion

TWO-TUBE COLOUR CAMERA USING IMAGE ORTHICONS

The light entering the camera through a normal lens is split
in two directions: (¢) to a conventional monochrome
image orthicon which provides the luminance signal (with-
out all the problems of registeationy and (b) to the colour
image orthicon system which works as follows:

The light incoming to the colour section is split into two
beams by way of two anamorphic (i.e. cylindrical) lenses.
The two light beams are then passed through red and blue
filters and focused side by side on to two halves of the
image orthicon. Each half of the photo-cathode, therefore,
has a separate image on it (coloured red and blue respec-
tively). These images have already been ‘squeezed’ hori-
zontally by the anamorphic lens to fit into the reduced as-
pect ratio (approximately 2:3). The scanning beam now
reads off line 1 on the luminance image orthicon together
with Iine 1 on the red half of the colour image orthicon. In
the blanking period between line | and the next line {line 3
inthe interlaced system) the image orthicon beam has been
shifted bodily from the red half of the image orthicon to

LUMINANCE QUTPUT

applied to a delay line system to produce an NTSC colour
signal, or used for SECAM.

The signal-noise ratio of the colour image orthicon,
which will be degraded by using only half the image orthi-
con target per line, could possibly be improved by elon-
gating the scanning beam vertically (by spot wobble) since,
in the case of, say, the red section, only lines I and 5 are
used (line 3 comes from the blue section). The scanning
beam could therefore conceivably be stretched vertically
to cover lines 1, 2, 3, and 4. The mirror used to split the
light into the colour and luminance sections could have
its reflectance/transmission ratio adjusted to feed a pro-
portionally larger amount of light to the colour section to
compensate for lack of sensitivity in the biue. Further-
more, if the camera were constructed to use only one
mirror (as illustrated) the sensitivity of the whole system
could presumably be improved by comparison with the
conventional three-tube image orthicon camera and its
associated multiplicity of mirrors,

LIME SCAN CF HALF AMPLITUDE

RED FILTER /

<

SEM! \BLUE FILTER
REFLECTING
MIRROR
ANAMORPHIC

{CYLINDRICAL] LEMSES

the blue half. Line 3 on the blue half of the colour image
orthicon is now read off at the same time as line 3 in the
luminance image orthicon. For line § the colour scanning
beam is shifted back to the red half during the line 3-5
blanking period, and so on. Thus, alternate lines from the
colour image orthicon are red and blue. This could be
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A further advantage of this camera is that under con-
ditions of light which are too low for the colour section of
the camera, it might be possible to use the output from the
luminance tube to produce a conventional monochrome
picture and, indeed, it might even be possible to remove
the splitting mirror from the luminance light path if this
were necessary.
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