JOURNAL OF

The British Institution of Radio Engineers

(POUNDED IN 1925~ INCORPORATED IN 1932)

“To promote the advancement of radio, electronics and kindred subjects
by the exchange of information in these branches of engineering.”

Vol. XIV No. 8 AUGUST, 1954

NOTICE OF THE TWENTY-NINTH ANNUAL GENERAL MEETING

NOTICE IS HEREBY GIVEN that the TWENTY-NINTH ANNUAL GENERAL MEETING
(the twenty-first since Incorporation) of the Institution will be held on WEDNESDAY, OCTOBER
27th, 1954, at 6 p.m., at the London School of Hygiene and Tropical Medicine, Keppel Street, Gower
Street, London, W.C.1.

AGENDA
1. To confirm the Minutes of the 28th Annual General Meeting held on October 21st, 1953. (Reported on pages
517-520 of Volume 13 of the Journal dated November, 1953.)
2. To receive the Annual Report of the General Council. (To be published in the October 1954 Journal.)

3. To elect the President.
The Council is unanimous in recommending the election of Rear-Admiral (L) Sir Philip Clarke, K.B.E., C.B.,
D.S.0., as President of the Institution for the year 1954/55.
4. To elect the Vice-Presidents of the Institution.
The Council unanimously recommends the re-election of Leslie H. Paddle, John L. Thompson and Professor
E. E. Zepler, Ph.D., and the election of George A. Marriott, B.A.(Cantab.).
5. To elect the General Council.
The retiring members of the Council are:—

E. A. H. Bowsher (Member) Major S. R. Rickman, T.D. (Associate Member)
H. E. Drew (Member)
H. J. Leak (Member) Commander (L) H. W. Young, R.N. (Associate Member)

In addition, G. Wooldridge, B.Sc. (Associate Member), retires on receiving an appointment abroad.

Consequently, under Article 29, vacancies arise for ordinary members of Council as follows:—a maximum
of four Members, a maximum of three Associate Members and one Honorary Member.

In accordance with Article 32, the Council has nominated:-
(a) Member for re-election: H. J. Leak.
(b) Members for election: D. R. Chick, M.Sc., B.Sc., Captain (L) A. J. B. Naish, R.N,, M.A,, F. G. Diver, M.B.E.
(c) Associate Members for election: F. T. Lett, Lt.-Col. J. P. A. Martindale, B.A., B.Sc., E. W, Pulsford, B.Sc.

Any member who wishes to nominate a member or members for election must deliver such nomination in
writing to the Secretary, together with the written consent of such person or persons to accept office, if elected,
not later than September 14th, 1954. Each nomination must be supported by not less than 10 corporate members.

6. To elect the Honorary Treasurer.
The Council unanimously recommends the re-election of Mr. G. A. Taylor (Member).

7. To receive the Auditors’ Report, Accounts and Balance Sheets for the year ended March 31st, 1954.
The Accounts for the General and other Funds of the Institution will be published in the October Journal.

8. To appoint Auditors.
Council recommends the reappointment of Gladstone, Jenkins & Co., 42 Bedford Avenue, London, W.C.1.

9. To appoint Solicitors.
Council recommends the reappointment of Braund & Hill, 6 Grays Inn Square, London, W.C.1.

10. Awards to Premium and Prize Winners.

11. Any other business. (Notice of any other business must reach the Secretary 40 days before the meeting.)

(Members unable to attend the Annual General Meeting are urged to appoint a proxy.)
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The 1954 Convention Banquet
“ THE INSTITUTION ” .

Air Vice-Marshal R. G. Hart, C.B., C.B.E., M.C.*

The toast proposed at the Institution Banquet in Christ Church, Oxford, on July 9th, 1954, during the
Industrial Electronics Convention.

One of the purposes of any technical meeting is
to promote discussion. In this way, points are
made clear and some measure of agreement is
obtained in solving particular problems.

What I have to say this evening, however, will
hardly require discussion, for I know that there is
a general desire to express every good wish for the
future of the British Institution of Radio Engineers.

Although the Institution is only now in its
twenty-ninth year, it has accomplished much and
has seen the development of a scientific hobby into
one of the country’s most important industries, and
into some of its most potent weapons. Indeed, in
my lifetime, I have seen the birth and healthy
development of a new type of professional engineer,
for whose services our country has much cause to
be grateful, and whose work not only extends all
over the world, but will have a profound influence
on our future lives,

Those of us who have seen the growth of your
Institution, Mr. President, have found much to
admire in your initiative, your mastering of
obstacles, and your determination to justify your
place in the realm of learned societies and
engineering bodies. You were young and not fully
developed when the war broke out—indeed, you
were then but 14 years old. To men of lesser
determination, that catastrophe could have been
the most serious setback. I believe, however, that
you, Mr. President, were one of those who were
determined, at the outbreak of war, to prove your
Institution’s usefulness to the country, to your

- profession, and to your industry. I know that
within my own Service we had much cause to be
glad that there was a British Institution of Radio
Engineers. Without your help we could not have
built up quickly enough that protective Leviathan,
the Radio Defence System, which gluttonously

* Director-General of Engineering, Air Ministry,
London. (Address No. 11.)
U.D.C. No. 061.27 (425.7.)
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devoured 16,000 officers and a vast number of
other ranks. A few of these officers were
admittedly recruited from the Stock Exchange
because of their ability to appreciate a situation
quickly and to take prompt and profitable action,
but your profession, largely through your
Institution, contributed a really handsome force of
able radio engineers, without whom such pillars of
the financial world would have crumbled to
impotent dust,

You may recollect that in 1945 Sir Victor Tait,}
speaking in his capacity of Director-General of
Signals of the Royal Air Force, paid a glowing
tribute to the inestimable help given to the Services,
and particularly to the Royal Air Force, by your
Institution during the last war. Electronic
devices have become essential elements in major
weapons of war, and the development of such
weapons in peace can be a major deterrent to an
aggressor. This can only be achieved by close co-
operation between electronics engineers and the
Services.

I believe it has always been a cardinal point in
your policy to serve the three defence Services and
your industry by promoting professional associa-
tion between engineers in the Services, in Govern-
ment Departments and in industry. In these fields
there are many common problems, not the least of
which is the present-day shortage of manpower. It
is so easy to pay lip-service to such a problem, but
once more you have shown initiative by attempting,
in this current Industrial Electronics Convention,
to start lines of thought which might mitigate the
manpower problem.

You have already discussed in your opening
session the value of the computer as an integral
part of the simulator in helping us to train aircrew.
Many man-hours are thereby saved, apart from
wear and tear of valuable equipment. The use of
computing machinery is showing much promise in

t During an Address at the Twentieth Annual General
Meeting. See J.Brit.l.R.E., 5, October 1945, pp. 188-9,
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the efficient analysis of defects: 1 anticipate that
computers may very well replace pay accounts
clerks so that an angry airman seeking an interview
with the accounts clerk will, in future, find only a
hard mechanical nose to punch!

1 must admit that the prospect becomes a little
frightening if there is much more development
work on the theme of one of your authors, who is
to discuss with you on Saturday “The replacement
of the human operator by machines’”’; 1 have a
nostalgic memory that the ability to keep an
aeroplane flying was very much an individual’s
job, but now the computer, the radar aid, radio
guidance of manned and unmanned flying machines,
most ingenious devices to locate submarines. and
the mechanical operator have invaded the nursery
in which 1 was reared where a sterling spark
transmitter conveyed a message from the air to the
ground, but the human eye had to distinguish a
sometimes grubby white ground strip to learn
what the battery commander or the isolated
infantryman wished to tell the intrepid birdman
above him!

To more serious thought—the use of sonics,
X-rays, and gamma-rays are being shown in your
Convention as great contributory factors towards
reliability in production, and 1 hope we can
expect them to contribute also towards detection
of faults in servicing, for which the Royal Air
Force will be most grateful. Reliability of aircraft
and all equipment in them is of paramount
importance to my Service, as 1 am sure you
realize.

The expansion of the use of electronics beyond
the simple realm of communications has been
almost fantastic in my lifetime. Your art and
science offer much promise in reducing the cost of
production and in creating better outlets for
technical ability. I am waiting to hear that
electronics have entered the field of battie on which
the fair sex wage a relentless struggle with Father
Time.

This is the third Convention that you have held
since the war. The first was wholly concerned
with the art of communication and with radar, and
brought us up to date, so to speak, with what had
been achieved during war-time. You demonstrated
the application of radar technique to safety in
flying and to navigation generally, and we all
recall your example of post-war possibilities in
communication by sending and receiving messages
from the four corners of the earth within a few
minutes.

1 personally liked very much the trend of your
1951 Convention, which you most appropriately
tied up with the Festival of Britain. It was, [
think, the first time that there had been a series of
meetings on problems of nuclear instrumentation.
You attacked boldly the technique and future
development of valves and comparable devices and
many of the papers read then are now regarded as
standard reference works. At a time when
Eurovision had hardly been thought of, you went
on to a further session of your Convention in
another University—Cambridge—to discuss the
future of television. This session was notable for
the number of engineers who attended from over-
seas countries and the original papers which you
then discussed.

I must, however, comment here on the way in
which the Institution is either pushed by its
members, or is determined to punish its members.
Most bodies seem content to hold a Convention
by just having at the most half a dozen papers for
discussion. In 1947, you had 14 papers; in 1951,
you divided your Convention into 14 days, spread
over three months, and having a total of 68 papers.
Now you are in the middle of your Industrial
Electronics Convention where I note from the
programme that you are discussing over 40 separate
and independent contributions. Indeed, such is the
scope of this Convention that you have had to
divide it into six separate sessions.

Such hard work reaps its reward. From the
attendance at the Convention, where you are
welcoming representatives from many countries
overseas, it is obvious that the Institution is well
respected and well justifies the recognition that it
has gained at home and abroad.

Radio and electronics engineers are not only
needed in the Services, in research, in the industry
which provides the equipment, in all forms of
broadcasting and communication, but now, in
those factories which are producing equipment and
goods with the aid of electronics. You surely must
have a wonderful future; I am, of course, conscious
of the fact that your Institution demands high
standards of qualification for membership; this
leads me to the ever-present problem of keeping
pace in technical education with rapidly developing
applications.

We have just had the satisfying experience of
dining in this magnificent hall of this ancient
foundation of learning, and I have had the
additional thrill of sitting in the shadow of a fine
portrait of Marshal of the Royal Air Force Lord
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Portal. In the days when this educational establish-
ment was founded a single qualified instructor had
time to spend upwards of a month illuminating a
single letter or cypher. How times have changed !

The problem of up-to-date education is now a
matter of national life and death. 1 cannot claim
to be an expert on these matters, but 1 have good
reason to believe that the percentage of scientists
and engineers trained in relation to the population
in this country shows a SOrry comparison with
what is being done elsewhere in Europe and in
America. We cannot afford to allow this situation
to continue, so | would like to urge the importance
of technical education, with particular reference
to training in physics—the pearly gate in the
citadel of education which opens on countless

paths of technical endeavour. At the same time 1
would like to pay tribute to our national status in
research on nuclear physics and low-temperature
physics. Our standards are high—our technical
education must grow.

You are an Institution of engineers and it is
expected of you that you will get down to practical
problems and that, in this way, you will justify
your first object—the advancement of science for
the benefit of mankind.

In those endeavours you have the good wishes
of people from all walks of life and it is to wish you
success in your Convention and, in fact, in all your
work, that I am honoured to propose the Toast of
the Institution, coupled with the name of your
President, Mr. W. E. Miller.

The Response :—

The President, Mr. W. E. Miller, responded to
the Toast and thanked Air Vice-Marshal Hart for
the generous way in which he had spoken of the
Institution’s work.

Mr. Miller continued :—

“This Convention does show the diverse ways
in which electronics is now affecting almost every
other branch of science. If evidence were needed
of this fact it has been provided in the tremendous
attendance we have had at this Convention, not
only from our own membership, but from delegates
representing every other major industry.

“We must remember, however, that the scientific
principles of radio were established less than 60
years ago—a point which was emphasized last
night by Sir John Cockcroft when he delivered to
us the Clerk Maxwell Memorial Lecture. Those of
us who attended that meeting are proud of the
fact that the first principles of what we call radio
were discovered by a Scot—albeit in another
university. Although I suppose Clerk Maxwell
would to-day be regarded as a physicist, Sir John
Cockcroft emphasized last night that after the work
of Maxwell and then Hertz, the development of
our branch of science passed from the hands of
the physicist to the engineers, and a new breed of
engineer—the radio engineer—was born,

“Now the advance of modern science is so rapid
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that the problem of securing an equally rapid
translation of the results of research into industrial
practice is of vital importance. The problem
resolves itself into two parts, first that of making
the results known, and secondly, that of applying
them industrially.

“All engineering Institutions comprise bodies of
men who endeavour to translate scientific principles
into practical benefits. We have always been
fortunate in our membership and it is proper
that I should pay tribute to my predecessors in
office and to those of our members who help to
organize Conventions of this character. I hope
they will feel that their work has been well rewarded
in the enthusiastic attendance and by the kind
remarks of Air Vice-Marshal Hart.”

The Toast of the Guests was proposed most
humorously by Rear-Admiral Sir Philip Clarke.
The guests included the Dean of Christ Church and
many overseas representatives,

Dr. Denis Taylor replied on behalf of the guests
and especially stressed the growth of the Institution
and its importance in the increasing application of
electronics in industry,

During the reception and dinner, music was
provided by the orchestra of the Irish Guards under
the direction of their Director, Captain C. H.
Jaeger, Mus.Bac.
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OPTICAL TRANSDUCERS AND SOME INDUSTRIAL
APPLICATIONS*

by

John A. Sargrove (Member)t

A paper presented during the Industrial Electronics Convention held in Oxford in July 1954

SUMMARY

After a brief survey of the principles and characteristics of photocells and electron multipliers,
the advantages of various optical arrangements for different applications are considered, with particular

reference to a high signal-to-noise ratio.

light scatter transducers for nephelometric determinations are described.

Sharp focus light spot transducers for reflectometers and

Suitable transducers are

referred to for particle detection in liquids, goniometric applications such as high speed weighing, line

following and edge alignment equipment.

1. Introduction

An optical transducer converts visible or
near visible radiant energy into electrical energy.
Its electrical part is based on the photo-electric
cell, of which there are many types. This aspect
of the transducers will only be considered when
absolutely essential to the point under discussion.

The main features dealt with are the optical
considerations enabling a high signal efficiency
to be obtained, i.e., a high ratio of wanted signal
to unwanted background energy or high signal-
to-noise ratio.

In industrial applications it is rare to be faced
with the type of difficulties encountered in a
television camera, or even in a sound on film
photo-electric head unit, as the speed at which
separate signals follow each other is com-
paratively slow. There is, therefore, no difficulty
in using photo-electric circuits of a type which
are quite unsuitable for video or audio frequen-
cies, but which may present some other advan-
tage particularly useful to the industrial appli-
cations in question.

Thus, for instance, the barrier layer photo-
cell (or photo-E.M.F. cell)* %2 will be usable
in spite of its comparatively high electrical
capacitance. Though the capacitance of this
type of cell is of the order of 0-0lwF/cm? and is
thus inherently slower in response to change in

* Manuscript received May 31st, 1954. (Paper
No. 274.)
+ Sargrove Electronics Ltd., Hounslow, Middlesex.
U.D.C. No. 621: 383: 62.

light intensity than the photo-emissive cell,
it can nonetheless be used to advantage in
industrial applications where frequencies of
the order of 500 ¢/s are rarely exceeded. In many
industrial applications the rate of change in
light intensity in any signal wave front is much
slower, representing something like 10 c/s.
At such low frequencies it is sometimes even
advantageous to shunt the photocell with a
1-wF capacitor and make the input to any
subsequent electronic circuit non-responsive to
the 100-c/s ripple, due to 50-c/s mains feeding
the light source.

Apart from its high capacitance the barrier
layer photocell has the disadvantage of a low
output voltage. Whilst this is, generally speaking,
true, the cell gives specific output voltage of
about 0-1 V at 100ft. candles, rising very little
above this level with increasing illumination
intensity. (The output at 10,000ft. candles is
only about 0-5 volts.) On the other hand, the
open-circuit voltage is quite independent of area,
provided the whole cell is illuminated. With
partial illumination of the cell the unilluminated
area is electrically in shunt with the illuminated
area, consequently the cellis nolonger in an open-
circuit condition as might be thought by
considering the circuit.

The great advantage of this type of cell in
industrial use is its low impedance when
illuminated. As stated, a signal of 0-1 volts can
be realized in most industrial applications. A
further advantage is its very long term perman-
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ency, its rigidity, robustness, and small size,
which make it invaluable in many machine
applications which would be impossible to
achieve by other types of glass envelope cells.

In applications where the maximum achiev-
able light intensity is well below 100ft. candles,
emissive cells have advantages as they are
effectively light-sensitive relays and the output
signal voltage is proportional to the supplying
voltage as well as to the external load resistance.
In practice, a usable output signal of, say,
0-1 V,with light levels down to about Ift. candle,
may be obtained from an emissive cell mounted
in proper optical systems.

On the other hand, the very high impedance
of this cell is a disadvantage. For light levels
lower than Ift. candle it is necessary to use very
special optical and circuit techniques, but in
general the approach is to use a multi-stage
secondary-emission electron-multiplier cell. With
a well-designed optical system, which should
obscure all extraneous light, it is possible to
operate with very low light levels, provided the
multiplier cell is kept at a low temperature by
water-cooling to eliminate all traces of ther-
mionic emission. In fact, the usable light-to-
darkness step signals can be so small that a
distant star can be detected. This would not be
an industrial condition, but is mentioned to
emphasize the amazing sensitivity of the multi-
plier cell.  There are, however, some practical
cases, such as guarding long fences against
intruders on dangerous industrial plant (such as
explosive works, etc.), where this type of light-
sensitive device might be required.

2. The Light Source

The light source must be considered almost
as an integral part of the optical transducer,
because in most industrial applications it is not
used as a remote transmitter of energy to the
receiving photocell. The light source shining
into the photo-electric cell forms a complete
system maintaining the * no signal ” back-
ground level. If the lamp is lit by a 50-c¢/s supply
its light output will be modulated by twice this
frequency as the light output is proportional to
the square of the instantaneous wattage dissi-
pated.

At signal frequencies much lower than the
filament ripple, this effect can be completely
neglected. However, should the signal frequency
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be near to the ripple frequency, one must either
adopt a direct’ current light source with very
good smoothing or produce a much higher
frequency to feed the incandescent filament.

In certain cases, this light source ripple may
actually be used as a continuous carrier fre-
quency at the photo-electric receiver to feed
a tuned 100-c/s amplifier. It is easier to obtain
larger gains by tuned transformer coupling
without the difficulties inherent in direct-coupled
amplifiers otherwise required.

To increase the light modulation depth in
such cases, it is usual to insert a half-wave metal
rectifier in series with the lamp filament which
eliminates one half-wave of the 50-¢/s current
and hence the output frequency will now
become actually 50 c¢/s but with quite appreci-
able dark gaps in between the remaining active
half-waves of radiant energy.

3. Optical Considerations

The optical system used is one of the most
important aspects of obtaining a high signal
to noise ratio.

In practical cases, unfortunately, some stray
light falls on the photo-electric cell. Also the
quantity of active, useful light that can fall on
the photo-electric cell is limited by economic
considerations, as well as the upper limits of
temperature which the photo-sensitive layers of a
p-e.c. will stand. The step in light levels between
useful light and background dark is never very
large, and the optical system must be designed
to make this step as large as possible.

3.1. Long-Range Light Beams

In cases where the light beam is, say, 100 times
as long as its diameter, and which occur most
frequently in industry in photo-electric guards
for dangerous machinery or photo-electric
burglar alarm systems, a number of conflicting
factors have to be reconciled.

The first consideration is the amount of light
energy which can be projected through a given
optical aperture at a given light source brilliance.
Clearly, the total spherical light output from a
lamp filament can never be used with lenses
lying on one side of a filament, but only the
rather small cone of light subtended by the lens
aperture on the actual incandescent filament.
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Even with a concave backing mirror the output
rarely reaches double this value.

In designing an optical transducer the main
consideration must be to obtain the largest
possible electrical change from a given change
of light level. With any given load circuit
attached to the photocell, the useful signal is

A
AE, = Pp Ky Ky -ATzl ................ (0
and the signal/noise ratio
P.K,.r
'TTz’T ~ +P,
T TI LI P 2
o0

Where K, is a constant of the transmitting
optical system.

K, is a constant of the receiving optical
system.

P, is the light power output of the
transmitting light source.

P, is the effective light power level at
the aperture of the receiving
photocell housing from any
irrelevant background.

AA is the effective aperture of the
receiver.

! is the length of path between trans-
mitter and receiver.

is the effective loss ratio of the
actual light level change in the
optical image at the receiving
light-sensitive surface, to the
actual change in light level at the
viewed object itself.

This factor r could be unity only in the ideal
case when the image is in perfect sharp focus and
at some part of its time cycle it must completely
cover the optical slit mask in the receiver and
there is no loss through haze in the transmission
path, etc.

As none of these ideals can be completely
realised, r is always smaller than unity. In
designing practical systems r is one of the most
difficult factors to cope with efficiently.

and r

3.2. The Effective Aperture of the Light
Projector

Dealing with the more obvious factors first,
consider Figs. 1 a, b and c. Here P.E.C. is

the photo-electric cell in a light-proof box
which is assumed to have the same aperture
AA in all three cases. Also L.P. is the light
projector which is assumed, for simplicity’s sake,
to have one condensing lens. AA is always
smaller than A, the full transmitted image of
the light source.

3.3. Determination of Transmitting Power: P

It is obvious that with any one of these optical
systems, if the effective brightness of the incan-
descent body increases, and provided its effective
dimensions do not change, then P, would
increase. As the light source is usually an
incandescent tungsten filament, the emitted
radiant energy reasonably follows the laws of a
so-called black body radiator. The photocell is,
however, sensitive to a restricted band of
spectrum frequencies which, being the only
effective part of P, is approximately propor-
tional to the square of the watts dissipated in a
given incandescent filament, a fact well known in
the electric lamp industry. The remainder of P,
is lost in useless heat energy. The useful light
output of any given piece of tungsten wire is,
therefore, proportional to the fourth power of
the voltage that can be applied to it. Hence,
the over-run photoflood lamps, and the instan-
taneously vaporizing photographic flash bulbs
are very efficient light emitters. As industrial
applications require very long life light pro-
jectors, the tungsten filament must be under-
run, both with a view to increasing the crystal-
lization time, and to reduce to insignificance
the vaporization of the metal and the blackening
of the inside of the evacuated glass bulb.

_11 I ————— A
1 —— L
.Pa‘ - (a)

—l: S N .

i i —
Py (b
yoy D I
ﬁlfé_- — - — ==
AA (c)

Fig. 1.—Basic features in design of long-range industrial

light projectors. Though using smaller cone of light

from the total spherical emission of lamp, (c¢) makes
best use of light at p.e.c. aperture.
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Normally the lamp with long-life filament
runs at an abnormally low temperature of about
1,500° K at most (red-orange to yellow) certainly
not the bright white light normally used in non-
industrial light projectors.

It may be concluded that P, cannot be made
very large because with any given filament size
the useful wattage is limited by permissible
temperature for long life, and with a given
temperature the wattage can only be increased
by making the filament larger. This brings with
it the immediate enlargement of every
dimension of the projector optical
system if the same shape of light

beam is to be maintained. This is Piu/
not the only consideration. @11\
From Fig. 1a, assuming the filament ar

of the L.P. twice as large as shown,
and the lens twice as large, then
with the same distance / between L.P.
and p.e.c., theimage Pa received at the
plane of the p.e.c. would also be twice as large,
due to the normal laws of optical projection,
but as the /\A4 (effective aperture) of p.e.c. must
be assumed to be unaltered considering the light
source only, no more light enters through the
aperture than before and the photocell receives no
more energy.

Thus, it is important to choose the most
compact filament lamp, run it at a suitable
temperature for long life and accept the resultant
wattage at whatever upper limit it happens to
be. Therefore the useful power of the trans-
mitter P, is very much limited and could almost
be entirely dependent on the material and
temperature of the filament. In practical cases,
a lamp with the lowest voltage filament available
is used to obtain the thickest piece of tungsten
filament and it is hoped that the lamp designer
has coiled it into a very compact and short
coil. It is a pity that the industrial uses of
photo-electric devices do not yet demand
sufficient numbers to warrant lamp manufac-
turers investing in the design of a special lamp
for this purpose alone. Such a lamp would
probably have a rating of 1 V 10 A with one,
or at most three, very tight coiled loops forming
the really hot light source. The filament ends
would have to be straight for a short length
to permit a sensible temperature gradient before
the weld at the thick support rods. The maxi-
mum temperature of the centre of the incan-
descent coil would probably be designed to run
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at around 2,000° K, the whole structure being
enveloped in a bulb about | inch diameter, a
somewhat larger size than is customary for a
10-watt lamp, to expose a larger area for the
deposited vaporized metal. Krypton gas filling
might also be beneficial to increase the specific
cooling effect by convection cooling with the
heaviest inert gas.

In practical cases it is normal tousea 6 V6 A
car headlamp bulb and to run it at about
4V 5 A. The filament shape is quite wrong and

ngvmg
0BJEC
e

— (ﬁf—i;%>@w

™. CONVEYOR

Fig. 2.—Practical advantage of use of cross-over light beam.

of the 20 W dissipated, probably not more than
5 W is used to heat the part whose image
ultimately falls upon the useful aperture /A4
of the photocell housing.

3.4. Determination of K,

Comparing Figs. la, 1b and Ic, it will be
noticed that these are all drawn with the same
diameter lens on L.P., the same size of filament,
the same length path / and the same /A4 of
the p.e.c. The only difference is in the focal
length of the condenser lens. Fig. la uses the
largest cone of light emitted in a spherical

Fig. 3.—Typical industrial accessories utilizing cross-
over light beams.
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manner by the incandescent body, and would
at first sight appear to make the most efficient
use of the total emitted light; it does not really
achieve this at all. This is again due to the
laws of optical projection magnification. The
projected image Pa 1s largest in this case and the
fraction of the image light actually entering
through the aperture AA is very small.

Considering Fig. 1b, and then lc, it will be
found that Ic is the most efficient, although the
focal length of the lens in this case is the longest,
and consequently the amount of light used is
the smallest (probably not more than 3 per cent.
of the total global cone). The largest fraction
of the image falls on the /A4 aperture.

Tt is this kind of consideration that determines
the magnitude of the coefficient K, and decides
the design dimensions of the light projector.
Designers would prefer to use a parallel beam
of light, but unfortunately this cannot be
obtained in practice as a point source of light
having no size does not exist.

3.5. Aperture of Receiver

In many practical industrial applications, such
as perceiving moving objects on a conveyor
(Fig. 2), it is possible to improve matters still
further. In this case, an optical system is used
at L.P. which will project an image of the actual
incandescent light source half-way between L.P.
and p.e.c. Now that the image path is 1/2, the
magnification of the projector is only half of
the previous case. The image is more compact
and the rays of light cross over at the object to
be detected and do not form an image at the
receiving photocell. A lens with similar
aperture to that of L.P. may be mounted at the
receiver and a fairly large fraction of the diffused
image passes through AA.

3.6. Determination of P,

There is another much more important reason
why a lens at the receiver is advantageous. Not
only does this help to make the constant K
larger, but also makes the receiver directionally
selective and this decreases P, the unwanted
background lighting. Without the optical system
at the receiving aperture the p.e.c. views a large
diffused cone of space increasing the chance of
extraneous light falling on the cell. The more
directional the optical system at the receiving
end is made the smaller is P, and the greater

is AE, and the greater is the signal-to-noise
ratio.

3.7. Optimum length of Path

Theoretically, if a point source of light having
no dimensions was realizable and hence a really
parallel light beam, the factor / in equation (1)
would not be raised to the power of two.
Further, if there was no absorption in air due
to haze, / could be ignored entirely. In practical
cases, as none of these ideals exist, and the
image is always larger than the real light source,
the factor /2 is also very real and the well-known
inverse square law operates. Therefore, where
really long beams of light reflected perhaps from
mirror to mirror in a zig-zag form to make a
guard for a dangerous machine, would appear
to be a desirable solution, this reduction must
be borne in mind. It frequently pays to build
into a system two or more light sources and a
corresponding number of receivers instead of
using many mirrors. Again, experience helps
in deciding the best compromise. Another
factor which must not be ignored in this type
of argument is the reliability of the whole
photo-electric amplifier system. A mirror is
likely to get dirty, broken or be pushed out of
its correct directional setting, but it cannot fail
in the same way as an electronic system or
even the entire light source. It depends very
much on the actual application which solution
one chooses, and no dogmatic rules can be laid
down to cover all cases.

4. Reflectometer-Type Transducers

When the object to be detected cannot be
made to form a shadow, the alternative is to
illuminate it and view the light reflected. Thus,
a further loss factor enters into our system, i.e.,
the coefficient of reflection.

A comparatively simple example is shown
in Fig. 4a. Here, within a box having five black
sides, a travelling surface is viewed which is
arranged to be the sixth side of the black box.
For the purpose of this example, assume that
the travelling surface is itself black and the mark
to be detected is white. If, in Fig. 4a, there is
a p.e.c., looking at the surface directly, without
the aid of an optical system, it receives any
light reflected from the travelling surface.
Assuming that the light source would also have
no optical system (not as shown in the drawing),
then the travelling surface would be illuminated

341



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEERS

\\\LP
W3
Fig. 4. — Evolution of Ny
the modern ** Registec”’
head transducer. PEC.

!

W

——= TRAVELLING SURFACE

(a)

generally. If it is black and matt, only a very
low state of illumination will fall on the p.e.c.,
especially if it has a small box surrounding it,
as shown, shielding it from direct light. As
the white mark printed on the travelling surface
enters the larger box from the left, there will be
an immediate increase in diffuse light reaching
the cell, which will remain more or less at the
same level until the travelling white mark leaves
the box again on the right. However, as the
light from the lamp is diffuse the brightness on
the entire travelling surface is low.

The signal to be detected, which is the increase
in light level energy received by the p.e.c., is
very small, though it lasts the whole time the
white mark is travelling through the black box.
If, on the other hand, a transmitting optical
system as shown in Fig. 4a is used to focus
the light on the travelling surface (which by
definition was matt), the general background
light level will be the same, but the active signal
step when it occurs will be tremendous in
comparison with the above case. While the
increase in light intensity level is very great, its
duration is extremely short. It should be noted,
however, that the total energy over total time
is the same, though in the latter case it is used
efficiently to give a very large signal step both
up and down, i.e., a square pulse of energy if
displayed on a time base.

Figure 4b shows a more practical case used
frequently in industrial applications where it is
often inconvenient to use the method described
above because, to act efficiently, the box must
be very near to the travelling surface which
may be soft or wet or gummy, etc. The arrange-
ment shown in Fig. 4b enables the two optical
systems to be far from the travelling surface.
In this case, the p.e.c. lies behind a mask *“ M’
inside a rear box behind the receiving optical
system. The mask *“ M must be in the plane
in which the focused image of the travelling
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white spot produces a sharp image. The white
spot is now illuminated by stray light all the
time and the reflected image of the white spot
travels across the mask “ M *’ also. The p.e.c.
does not receive this reflected light until the
image on the mask just passes over the slot, as
actually shown in Fig. 4b. In this case, the
sharpness of focusing of the light source image
on the travelling surface is not so critical. A
slightly blurred image is in fact best, as this
allows for the filament of the lamp to sag with
age without the arrangement becoming seriously
affected.

The receiving optical system, however, has to
be very carefully focused to get the sharpest

- reflected image on the mask to permit the

greatest light level step or contrast to occur as
the image moves across the slit in the mask.
The narrower this slit is, the steeper becomes
the wave front and the greater the signal to
background ratio.

4.1. Lustrous or Shiny Surfaces

It has been assumed that the surface was
black and matt, but in most industrial cases this
is not so. Usually, one has to deal with a white
surface and a dark printed register mark and,
furthermore, the surface is itself either lustrous
or shiny. The shiny surface causes great diffi-
culty, as even if it is black there is still a large
proportion of light reflected from it at an angle
equal, and opposite, to the angle at which the
projector is pointed at the travelling surface.
This is called the specular reflection. Thus
even the black background would reflect much
light into the p.e.c. and the factor P, in
equation (2) would be large and thus the wanted
signal step received is small.

There is a further trouble with shiny surfaces.
Small creases will directionally alter the reflected
light, the image wobbling across the slit in
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Fig. 5.—Reflectometer-type transducer used in dentistry
to compare whiteness of teeth.

mask ‘“ M.”” Hence the intensity of the unwanted
light falling in the p.e.c. is itself being modulated
by these creases and wrinkles. Some of these
modulation waves, if large enough, might be
detected by the p.e.c. and appear as spurious
signals. For this reason, so-called ‘* register-
mark detecting units” frequently have a
“ threshold limiter > circuit built in which can
eliminate all modulations less than the threshold
voltage. The main signal itself may become
obscured by such a wrinkle if it is not very
much larger than the threshold, consequently
except on matt surfaces the arrangements
Fig. 4a and Fig. 4b are not very suitable.

A much better system is shown in Fig. 4c.
Here the specular reflection from the shiny
surface (either light or dark) can never reach
the receiving cell. The diffused light from the
printed white or dark image still sweeps across
the mask M which has to be carefully
focused to have a sharp image of the travelling
surface appear on it. The background level
received by the cell is low and P, is small and
this makes AE, large, even if all the other
factors remain unchanged. Also wrinkles do
not now affect the system to the same extent,
and they would have to be exceedingly large
to cause trouble. Moreover the main signal
/\E, is larger than before, and thus the threshold
voltage can be pre-set even higher in the
amplifier and this will still further reduce the
disturbing effect of the wrinkles and creases.

These facts, relating to the different angles
at which the specular light and the diffused
light are reflected from the surface, can be used
industrially in, for instance, chocolate wrapping

machines. In these, the metal foil for the
packing can be embossed with a register mark
instead of being printed in colour. The whole
pattern may be embossed and deliberate dimpled
wrinkles put on the surface provided there is a
marked contrast between this general state and
the register mark.

5. Light-Scatter-Type Transducers

There are some photo-electric applications
in which the objects to be detected are very small.
These occur when detecting small solid particles
of matter suspended in a transparent liquid.
Fig. 7a shows one approach in which a glass
tube is assumed to carry the transparent liquid,
with or without the solid particles, and the light
beam is passed through it, generally at right
angles to the flow. Obviously, the pipe need not

Fig. 6.—Register mark detector (**Registec’) head (cf.
Fig. 4c). Note simplicity of mounting and built-in
amplifier.

carry a transparent liquid, it could carry a gas,
as is the case in chimney stacks, where the aim
is te detect smoke particles.

The solid particles will rob the photo-electric
cell of a small fraction of the light that would
have fallen on it had there not been any solid
particles. If the concentration of these particles
i1s a sufficiently large percentage of the whole
and the photo-electric cell and light source and
amplifier are all sufficiently stable, then these
particles will cause a sufficiently large decrement
in the light to be detectable as an electrical
signal. An electronic circuit can then be used
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to translate the light decrement into a corre-
sponding electrical decrement or increment,
whichever is required.

In practice, this type of nephelometric system,
together with most carefully designed constant-
gain amplifiers, can be used to detect turbidity
concentration in a transparent background fluid
of 1 part in 100 down to | part in 10,000 solid
to liquid matter. The sensitivity will be greatest
at the larger concentrations.

For much lower concentrations, usually
referred to as a haze in the range of | part in

Lauio

s( ko
(a) (b)
Fig. 7.—Evolution of the modern ** Nephoscope > head

* transducer.

1,000 to 1 part in 100,000, then quite a different
type of optical arrangement is required. Such
an optical arrangement is shown in Fig. 7b.
The light source LP projects a beam of light
across the tube as before, but as much of the
light as possible is now absorbed in black matt
material marked ‘“ V.”” The p.e.c. looks into
the tube and at the screen ‘“ V> through an
optical system arranged adjacent to and at an
angle to the light projector. The whole system
has to be very carefully designed and built so
that no shine from the glass tube is reflected into
the p.e.c. but all the reflected light should go
back into the light projection aperture.

If the liquid is truly transparent and clear,
then the background illumination is very low
and the factor P, very small.

Figure 7b shows one giant particle of solid
matter floating through the illuminated light
beam. This represents the thousands of micro-
scopic particles in concentrations in the region
of, say, | part in 10,000 or less. Each particle
will scatter some of the light into the p.e.c.
giving the increase in the factor ““ r.”> This small
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(b}

Fig. 8.-—(a) Light-scarter-type transducer with built-in pre-

amplifier for continuous turbidity monitoring (cf. Fig. 7a).

(b) Test tube turbidity *“Nephoscope” for precipitation or

sedimentation monitoring using light guides with scatter-
type transducer.
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increment in light produces a similarly small
signal which can be amplified until it becomes
usable. This type of scatter optical system is
more efficient at low concentrations.  This
statement and equation (1) contain all the relevant
information to design a successful Nephoscope,
but there are many practical difficulties to which
only long experience provides the answer.
Obviously electronic stabilizers of a high order
are required to compensate for any tendency
of the electrical constants to alter, but the
maintenance of cleanliness of the optical system
is usually a practical operational difficulty.
Industrial users adopt certain periodic flushing
routines to keep the system clean. The designer
can also help by using transparent surfaces,
which should be as non-adhesive to dirt as
possible.

The criterion as to which type of optical
system to adopt for any given case is obviously
further complicated by such factors as the colour
of the particles and the colour of the liquid.

Obviously, the scatter effect referred to in
connection with Fig. 7b is greatest when the
particles are white and the liquid is colourless.
This system is not very promising for the detec-
tion of carbon particles. For this problem, an
arrangement closer to Fig. 7a is used, though
somewhat altered to make the transmitted light
path long. The factor /\Ar/I? is here made as
large as possible.

By making / longer, it might appear that the
signal will get smaller for any given concentra-
tions, but this is not the case due to the statisti-
cally random distribution in particle arrangement
in every unit length of /. If, in one unit length
cross-sectional slice of the light path /, thereis a
space through which the light can pass, it is
statistically much more likely that in the next
slice it will be obscured. It is very unlikely that
the particles would be just behind each other
and form only one shadow. Thus, the greater
the length, the greater the effective obscuration.

Therefore, A Ar, the fraction of the effective
aperture, is altered most by increasing /. Due to
the random distribution of particles the change
in A\Ar is greater than the change in /2 and hence
the signal, which is proportional to AAr/l,
becomes larger.

For turbidity concentrations which are very
low, 1 part in 1,000,000 or less, the amplifiers

have to be even more carefully constructed to
have a very low background noise and extremely
good long-term stability.
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Fig. 9.—S8lit optics and optical grid method of detecting
small particles.
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In special cases, quite good long-term results
have been obtained, however, and it must be
emphasized that every case has to be assessed
on its own merits before design is undertaken.

6. Slit-type Transducers

Another approach to this problem of detecting
only a few solid particles in a transparent liquid
has been proposed* and this is, broadly speaking,
to use an optical system similar to Fig. 7a,
but to make the aperture of the photocell into
a very narrow slit, as shown in Fig. 9a. The
slit width is comparable to the diameter of the
particles to be seen. Very little light is now seen
and P, is almost zero but AAr will be a maxi-
mum. P, is made even smaller by putting the
p.e.c. into a box lined with light-absorbent black
velvet (Fig. 9b).

For the optimum-sized particle, » is an
absolute maximum and if the liquid is moving
fast then its transit time across the slit is a
minimum.

Therefore, as explained above in conjunction
with Fig. 4a and b, the transitional signal pulse
will be very short and all the signal energy,
however small, concentrated into one very short
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pulse. Accurately parallel light is required so
that the particle will make a sharp shadow, and
this is diagrammatically shown in Fig. 9b by
the introduction of the double concave lens,
though in practice many other ways are open
to the designer.

A special amplifier is used which ignores all
long-term changes and amplifies only very short
changes. This method has the great merit that
the amplifier can be made with a.c. coupling
elements and designed to sharpen pulses. P,
the output of the lamp, does not have to be long-
term constant either, as the amplifier will ignore
this even if the p.e.c. does not. This system has
been used for the examination of soft drinks in
bottles on rotary table machines at high repeti-
tion speeds. It has also been used experiment-
ally to detect blood corpuscles in a blood solvent
passing through capillary tubes to obtain
automatic blood counts.

6.1. Multiple Slits or an Optical Grid

Slits or a grid, coupled to an a.c. amplifier,
can also be used as shown in Fig. 9c. The sequen-
tial appearance X1 and disappearance X2 of the
particle to be detected produces a.c. signal
pulses, which is now the relevant signal. As
P, and A Ar are both large, the short-term
constancy of these two factors is very important.
However, long-term constancy is not important
due to use of the a.c. coupled amplifier and,
therefore, such a system is much more tolerant
to dirt adhering to the optical surfaces.

7. Goniometric Transducers

There is quite a different class of industrial
applications where we are interested in the
change in direction of a light beam along the
light path. This change in direction can be
by reflection, refraction or deflection of the axis
of either the directional transmitter or the
directional receiver (Fig. 10a). This arrangement
is obviously useful for detecting small changes
in angles of a few degrees in some part of a
machine, but it is not sensitive enough for very
small angles. However, the optical system can
be greatly improved.

One application of this principle is photo-
electric precision weighing. Fig. 10b shows a
torsionally mounted mirror which can rotate
slightly on its axis by an angle /8. The sensi-
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Fig. 10.—Evolution of the goniometric transducer.
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tivity is increased by improving the transmitting
optical system. This now has a slit mask so as
to make the used fraction of the light source
narrower. The fine slit approximates more
closely to the ideal light source having no
dimension at all. The slit projects an almost
parallel beam of light and it is used as an angular
lever. In Fig. 6c this design feature produces
a very small end image on the series of optical
slits behind which there is one photocell
arranged in a dark box.

At rest, the optical system is so adjusted that
the transmitter slit produces an image on one
end of the black mask surface. The light is
absorbed and the photo-electric cell is in dark-
ness, and we have no deflection and no signal.

A small deflection upwards allows the light
beam to illuminate the cell and provides one
signal. A small further deflection and the light
image now falls on the next black surface. A
further angular motion allows the light to
illuminate the cell a second time and so on. If
some form of electronic counter is now coupled
to the photocell a digital knowledge of the
angular motion of the mirror is obtained.
Naturally, the torsional system carrying the
mirror must be perfectly clamped so that the
system cannot rock, after its initial movement,
as it would then produce additional counts and
consequent errors.®

The final resolution of this system is one pulse
for every black bar uncovered, but due to the
optical law of rotating mirrors, the reflected
angle is 2 A\ @ for every unit angle /A 8 of the
mirror.

Figure 10d shows another arrangement for
weighing in which two photocells are used, each
in its own black box. This system is particularly
good for check weighing and sorting objects
moving on a conveyor band. If the control
black bar of the mask is made wide enough to
allow the weighing mirror to deflect within the
weight tolerance without light falling on either
photocell, then the weight is within tolerance
limits. If the deflection is sufficient, either in a
positive or negative sense (4 A8 or —A#),
to fall on one of the cells, the electronic ampli-
fier attached to the appropriate cells and
actuators can operate selector gates which can
marshal the object being weighed into appro-
priate channels.

A light diffuser screen is shown in front of

each cell in Fig. 10d and the slits in the mask
are shown quite wide. This is to permit the
appropriate p.e.c. to retain the light signal even
if the angular deflection of the mirror, and hence
the weight deviation, greatly exceeds the exact
tolerance point limit. If the slit were too narrow
then the deflecting light beam would, after
hitting the p.e.c., pass to the edge portion of
the black mask and the signal would vanish and
the electronic system might not be able to
distinguish this condition from the neutral one.

Of course, with certain types of impulse-hold
amplifiers this feature is not required, although it
increases the reliability of the system.

7.1. Grouped Photocell Transducers

If the design is taken a stage further, the
system illustrated in Fig. 11a is obtained. There
are four separate photo-electric cells each
arranged in light-tight boxes with separate slit
apertures for each cell. At rest the transmitting
optical system and the weighing mirror are set
up to produce the image of the transmitting slit
on the central black bar of the mask. This is
the position in which the system is shown in
Fig. 1la.

A very slight angular motion of the mirror
now produces a signal in one or other of the
cells adjacent to the central bar. A greater
deflection of the mirror produces a signal first
in one of the inner cells and then in one of the
outer ones. With suitably designed electronic
circuits attached to the several cells, the degree
of mirror deflection can be ascertained without
the possible ambiguity of the arrangement of
Fig. 10c using the electronic counter. By
adopting light guides made of Perspex, as shown
in the drawing, the optical slits in the receiver
can be arranged very close to each other and
higher angular accuracies are obtainable.

7.2. ¢ Sratistrol >’®

This system is particularly suitable for auto-
matic weight control of a production process.
The transducer (such as Fig. 11a) can be coupled
to an electronic statistical computer. Statistical
histograms .are produced automatically by
coupling electronic counters to each cell with
appropriate muting and hold circuits.

A production process which results in objects
being produced having random weight variations,
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Fig. 11.—Evolution of the multi-aperture transducer.
(@) For goniometric use such as rapid weighing, (b) JSor rapid correction edge alignment guiders.

for example, a mechanical bread dough divider,
may be controlled by varying the volume of
the moulding cavity of the dough divider machine
through appropriate actuators from the calcu-
lated mean weight by the statistical computer
coupled to the above group of photo-electric
cells.

The statistical computer in this case is
designed to discern any trend in the apparently
random variations and control the processing
machine to compensate for this drift, before it
becomes serious.’

8. Edge Alignment and Guiding Transducers

A four-aperture optical transducer which is
very similar to the one discussed above has been
evolved for guiding at high speed the edge of
a sheet of paper, textile web or metal strip, etc.

Whilst there are very much simpler systems
in existence they all suffer from one or more
deficiencies in performance which are not present
with the system shown in Fig. 11b. This,
together with its specially designed electronic
amplifier circuit, can deal successfully with the
edge of materials which defeat the simpler
arrangements.

Four photocells are used in a composite
head having four slit-like apertures all close
together illuminated as uniformly as possible
by a short focus light source mounted rigidly
close by. The edge of the material to be observed
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is arranged to be guided by mechanical means
Into a processing machine, such as a textile
‘“ stenter.”

Figure 11b shows the edge of the material
(which should be visualized as coming out of
the drawing at right angles to the paper) in its
correct position. Thus, the two upper photo-
cells are fully illuminated while the two lower
ones obtain less light through the textile fabric.
The electronic circuit is designed to accept this
state of affairs as a neutral one.

If, now, the material shifts slightly to obscure
the inner aperture immediately above the neutral
state, an edge alignment correcting mechanism
is brought into play by the appropriate amplifier
and the edge correction mechanism corrects the
lie of the material back to neutral. The same
thing happens if the edge of the material moves
downwards. Now, the inner photo-electric cell
becomes completely uncovered and its amplifier
responds in a way to make the correcting
mechanism bring the edge of the material
upwards, back to the neutral state again.
However, whilst this two-way correction system
can be made to deal adequately with the normal
kinds of bad alignment due to the shapelessness
of the textile fabric, it cannot cope quickly
enough with mis-alignments which occur occa-
sionally at joints of strips of material where a
sudden mis-alignment may be several inches.

In this case, either of the outer cells is also
involved in addition to one or other of the inner
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cells whose action has already been described.
The electronic circuits connected to the two
outer cells are so designed that they will
accelerate the correction system to a lateral
correcting velocity several times the normal. It
should be noted that as soon as the correction
has been effective enough to leave only one of
the inner cells perceiving a residual small mis-
alignment, the correction velocity reverts to
normal and the edge comes back to the neutral
position slowly. This avoids over-shooting and
what would be termed ** hunting.”

Fig. 12.—Double-photocell transducer far industrial edge
alignment problems.

This type of system, with its appropriate
control system, can cope with almost completely
transparent textile materials as knitted nylon
web, net-like materials, such as lace curtains,
etc., etc., at high speed. With such materials
the actual signal is only 3 per cent. of the
background illumination. Automatic equipments
of this type have been in industrial use satis-
factorily for many years.

8.1. Line-Following Transducers

In some industrial problems the optical
system has to follow, not the edge of the material,
but a line drawn, printed or even woven into it.
In these cases an optical system, such as depicted
in Fig. 10d or Fig. 11b, might at first sight appear
suitable. This is not the case, however, if
the line to be followed moves out of the observa-
tion region too quickly to be followed by the
mechanism, the line would become irretrievably
lost. The alignment mechanism would search
around and in most cases make the mis-

alignment even greater than it was before the
correction took place.

Clearly, such a system would be unstable and
thus industrially quite unsuitable. For line
following and similar applications, it is better
to use the flying spot system of scanning. One
such system is illustrated, purely as an example,
in Fig. 14a.

An optical transmitter is arranged to produce
a flying spot of brightly illuminated light in a
fairly wide region where the black line on the
surface of the material might be found. The
high-speed rotating polygonal mirror shaft,
which also carries a commutator, is so arranged
that at the moment when the light beam is
pointing vertically downwards to the place where
the line ought to be, a slot of the commutator
surface is just passing under the commutator
brush. Thus, it is touching both segments, the
one ahead of the slot as well as the one behind it.

+ ——

Fig. 13.— Four-aperture optical transducers and associated
amplifiers for edge alignment guiders (cf. Fig. 11b).
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P (a)

®

Fig. 14.—(a) Line-follower transducer, (b) rotarv puise
generator head transducer.

The electronic amplifier and switching circuit
has to be so designed that the line-following
correcting mechanism remains mute under this
condition—the correction system must only act
if the commutator brush touches only one
segment alone of the commutator, at the instant
when the flying spot appears and thus the
photo-electric cell is actually observing the
black line upon the surface.

If, now, this happens on a segment in advance
of its correct neutral position (Fig. 14a), then the
correcting system would move the entire optical
system and any machinery attached to it
towards the right, until the black line is again
exactly vertically under the mirror shaft.

This system can be used to guide an oxy-

acetylene flame cutter mounted on pantograph
arms or on a slide, and make the cutter follow
the pattern on a drawing mounted on an
adjacent table.

8.2. Rotary Pulse Generating Transducers

An optical system somewhat similar to the
above is illustrated in Fig. 14b, with a mirror
polygon having many facets. The number of
photo-electric pulses is an exact function of the
speed of rotation. The pulses obtained per
second can be related to peripheral speed of
some mechanism coupled to the shaft. There
are very many applications of this device, and
also further elaborations of the optical systems
are possible. They are of use as tachometers
and length-measuring systems in conjunction
with high-speed production processes.
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SUMMARY
After discussing the economic advantages of training on simulated equipments, some of the problems

solved by the computers in flying trainers,

methods to training equipments are discussed.

1. Introduction

The complete instruction of aircrew in ground-
based trainers has been the goal of aircraft
operators and the Services for many years. The
earliest attempts, quite naturally, were made
with tethered and suspended aircraft, but these
methods were soon abandoned in favour of a
type of trainer in which the pilot, sitti