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ROy NEWS . . . .

RADIO NEWS, foremost American Radio magazine, can now
be obtained direct by post from America ; the only sure way of receiving
copies regularly. :

RADIO NEWS unfolds, month by month, the complete story
of radio research and development. Editorially and in presentation,
printing and production, it maintains the highest American standards.
Each issue contains from 136 to 160 pages of news, articles, pictures
and advertisements, brilliantly written and illustrated.

Radio technicians, dealers, business and factory executives,
radio specialists in the services, amateurs, ‘‘ hams,” officials, research
specialists, constructors, all are fully catered for. The scope of
RADIO NEWS, in all that matters, is complete.

For a subscription of £1 5s. 0d., inclusive of postage, payable in
advance (equal to 2s. 1d. a copy), the postman will deliver a copy ‘at
the door every month for a year. For two years the rate is £2 5s. 0d.
and for three years £3 0s. 0d.

Subscription orders may be placed through your Radio dealer
or newsagent or, in case of difficulty, send.your order (mame and full
address in BLOCK LETTERS, please) with remittance covering the
period required, to us at the address below.
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POPULAR PHOTOGRAPHY, FLYING, PLASTICS.

From the same publishers come these three superb magazines, each completely fulfilling,
in its own sphere, the same essential purpose as RADIO NEWS. Informative to the highly
skilled operator or technician, yet understandable and interesting to the amateur : intensely

practical, yet never dry or stodgy. Brilliantly written, copiously illustrated and beautitully
produced, each magazine maintains the highest standards for which American magazines
are famous.

Particulars of subscription rates and facilities on request.
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INTRODUCTION

The circuits and experiments described in this Manual were designed to
investigate the possibilities of building, under home workshop conditions,
simple and relatively cheap television receivers. The programme value aspect,
as distinct from novelty value, was kept well in view, and much of the work
was performed using a 6” tube, the picture sizes being graded down to a
point where programme value could be said to vanish. It was found that a
perfectly good picture, suitable for one or two viewers, could be produced on
an ordinary 3” oscilloscope tube, sizes smaller than this suffering from the
fact that the size of the spot on the tube screen does not decrease with the
size of the tube, so that detail and apparent focussing can never be so fine
on the smaller tube as on the larger.

This does, however, mean that for home experiments and televiewing
quite small tubes will suffice, with a consequent saving also in power pack
and timebase equipment.

So far as the vision receiver proper is concerned, saving is not quite
so simple, although in the author’s case no time base amplifiers are used.
.However, by making each valve play its full part, a smaller receiver than
is usual can give very good results.

Once again it is emphasised that the circuits to be described are built
up round the electrostatic oscilloscope tube, such as can be obtained at any
good radio house. Naturally, magnetic deflecting tubes cannot be obtained in
such sizes, but again the expense and undoubtedly troublesome adjustment
of the deflecting coils and time base amplifiers were avoided.

The fact that the oscilloscope type of tube gives a green trace, and
therefore a green picture, need deter no prospective builder, since the writer
has found by trial that the “effect is pleasing rather than otherwise, and
adequate contrast is obtainable. '

The work was carried out in a good reception area about five miles from
Alexandra Palace, so that it was difficult to estimate the actual reception
range of the receivers built. The T.R.F. circuit is, however, certainly
suitable for a wide area, but where great sensitivity is required the superhet.
is almost essential.

Some effort was made to lose efficiency at the receiving end by using an
inefficient aerial situated indoors without any real insulation or care in
running the feeder line. Since the receivers worked perfectly, it is felt that
their possibilities for wide range reception is distinctly good, especially when
used with a good aerial erected well in the open.

Great attention must be paid to circuit details as outlined here, since
television technique differs in many respects from broadcast or even short
wave reception, whilst in addition to this the time base and general power
supply circuits will be unfamiliar to man§®™home constructors.
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For these reasons, therefore, as well as for the reason that good recep-
tion of the signal is greatly dependent on local conditions, there can be no
absolute guarantee that these circuits will produce the same results in other
hands. Bernards (Publishers), Ltd., however, are always prepared to give
what help they can in answer to technical questions (which should be accom-
panied by return postage), and point out that the circuits described have been

thoroughly tested, only those giving consistently good results being passed
for publication. -

The present writer wishes to express his indebtedness to the work of

many authors published at times in the technical press, and for much
instruction gained therefrom.

A short bibliography is appended, listing works which have a direct
bearing on the reception of television signals.
RADIOTRICIAN.
London, 1947.
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CHAPTER 1.
THE TELEVISION SIGNAL.

-It is necessary completely to understand the nature of the television
signal before discussing the methods of receiving and using it, for in many
ways the modulated television carrier differs widely from the ordinary
broadcast signal. ;

To transmit a scene in terms of light, with all the variations of light
and shade and detail that implies, it will at once be obvious that the scene
cannot be transmitted as a whole at any given instant. This would be
analogous, in sound broadcasting, to transmitting a whole symphony in one .
beat of musical time. A scene, to the eye, contains innumerable changes
of light values which a complex organ like the eye can receive all at once
by the use of a lens and a vast array of sensitive devices behind the lens,
known as the rods and cones. From each sensitive device a message relating
to the amount and colour of the light at one particular point in the scene
is transmitted to the brain, the myriad messages making up the mental image
of the scene before the eye.

This human system relies entirely, however, on the huge number of
light sensitive devices in use at one time inspecting the scene, together with
the equally large number of nerve fibres carrying the information.

In television plainly only one ‘ nerve fibre ’’ is available in place of
many. thousands, this ‘‘ nerve fibre ”’ being the carrier wave linking trans-
mitter and receiver. Clearly, also, only one piece of information can be
sent along the link at a time, which means that the scene to be televised
must be inspected portion by portion. The light intensity of each small
portion, therefore, must be translated into an equivalent electrical intensity.
This must be transmitted, received and influence the receiver to cause a
proportionally strong light output, and at the same time the receiving
system must put this speck of light into its correct place in the scene. Thus
the scene will be rebuilt on the viewing screen piece by piece in exact accord
with the manner in.which it is being inspected at the transmitting end.

Such an inspection of a scene to be televised, the ordered examination of
a picture piece by piece, is known as scanning, and in Fig. 1 is shown the
method by which a single spot of light can be made to traverse and illuminate
a whole scene. The spot starts at point A and crosses to point B at a
constant set speed. It then returns to C at a greatly increased speed (in
television parlance it ‘‘ flies back ”’) and then crosses at its normal speed
from C to D. If sufficient traverses of a small spot are made the whole
scene will be lit by the one spot of light in a series of lines. Now consider
the same scene to be evenly illuminated from an ordinary light source, such
as a lamp, and replace the spot of light by a purely imaginary light sensitive
device of very small size, giving an electrical output when light falls upon
it. On its travels from C to D the light sensitive device will respond strongly
to the bright portion of the scene, its response wiil then drop or cease
altogether as it traverses the dark arm of the cross, and will then rise again
as it reaches the second light portion.

Thus a graph of the electrical output from the light sensitive device
would appear as in Fig. 2, and clearly these signals, used to modulate the
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strength of a spot of light moving across the viewing screen of a receiver
would rebuild the scene in facsimile as long as the light sensitive device and
the modulated spot of light remained exactly in step each with the other.
It is now necessary to consider the efficiency of the system so far. A
scene illuminated only by a single spot of light would certainly appear only
very dimly lit, whilst in addition the rapid movement of the spot would cause
flicker to appear in the action of any moving object. Moreover, there would
be intensity flicker—the persistence of vision of the eye would retain the
image of the top of the Scene whilst the spot moved downward on its succes-
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sive traverses. When the spot reached the bottom of the scene the top
- would seem to be very dim indeed as the persistence effect wore off. A better .
way of sweeping the spot over the scene, however, would be to interlace the
lines along which the spot travels in the manner shown in Fig. 3. In this
‘way the spot still covers the scene in the same time, but the intervals
between illumination of the top and bottom areas is not so great. It will
be seen from the diagram that the spot crosses from A to B as usual, and
then flies back to C, but now C is twice the distance below A. The spot
moves from C to D, then from E to F, and so on, until it reaches the point
N, this complete travel having scanned half the scene, due to the lines being
separated from each other by twice the spot diameter. The spot then flies
back from N to O, whence it recommences to scan from O to P, from Q
to R, and so on to the last line. It then recommences at A once more.

At this point we must leave the theoretical spot of light and discuss
modern practice, remarking in passing that in the old 30-line Baird system
a flying spot of light actually ‘was used in the studio. For modern high
definition, however, the scene is constantly floodlit with banks of very bright
lighting, and our moving spot of light is replaced by an electron spot moving
over a light sensitive screen. :

Fig. 4 shows in diagram form the essentials of the ‘‘ Emitron Camera,”
as used by the B.B.C., which has in external appearance much the same
form as a film studio camera. The heart of the camera is the tube, an
“ Iconoscope,” or similar device, which consists of an electron gun at A, a
deflecting system at B, a special photo sensitive screen at C, all contained
in an evacuated glass envelope, with a lens system at D. The lens projects
an image of the scene to be televised on to the screen, C, and focussing is
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facilitated for the camera operator by an identical lens mechanically coupled
to D, which projects an image on to a translucent screen. The operator,
by watching the translucent screen, can see the same picture as that being
projected on to the sensitive screen, C, thus focussing and controlling the
camera, *

The photo-sensitive screen C is made up of tiny globules of a photo-
sensitive metal, such as caesium, mounted on $o a mica plate. A vhoto
sensitive metal is an element, relatively rare, which changes its electrical
state when illuminated. Selenium was the first element discovered to
exhibit this property—it changes resistance under the influence of light—
but more useful still are the metals, like caesium, which give off free
electrons when illuminated. Thus on screen C every tiny globule, each one
insulated from the next, even though there are thousands of them on the
mica plate, gives off free electrons as soon as light from the scene, focussed
on to the plate by D, stimulates the metal. Moreover, the number of
electrons given off is dependent on the intensity of the light, so that on
the screen there is not only a picture of the scene to be televised, focussed
there by the lens, there is also an exactly corresponding *‘ electrical picture ”’
made up of the multitude of separate free charges on the isolated photo-
sensitive dots. t

Naturally it is necessary to allow these free charges to have some effect
or other on an external circuit in order that they may be used to modulate
the transmitted carrier wave, and an ingenious method of accomplishing this
has been developed. The mica plate carrying the photo-sensitive dots is
backed by a sheet of metal, silver for instance, and thus every dot on one
side of the mica forms a tiny condenser with the sheet of metal on the other
side. Thus each charged dot acts as the plate of a charged condenser, and
it is now only necessary to break down the charges on each tiny condenser
in turn to cause a series of electrical impulses to flow from the metal sheet
forming the plate common to all the condensers. This is done by sweeping
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an electron beam across the mica sheet, the beam originating from the
electron gun A and being controlled by fhe deflecting coils B. In other
words, the plate is scanned, and a series of charges are led away through
the lead E for amplification.

In this way, then, the studio scene is translated into terms of electricity.

The scanning of the mica plate through the agency of the electron gun
‘and deflecting. system (both of which are dealt with in detail in Chapter 2)
is: carried out in the manner already described. The ratio of width to
height of the picture is as shown in the diagrams, namely 5:4, and the
scanning lines are interlaced to give two half pictures which, occurring in
rapid succession, make up the whole picture.

The number of lines which make up the whole picture has been fixed
al ,405, a compromise giving very reasonable detail without too great a
complication of scanning apparatus, so that there are 202.5 lines to each
half picture.

An average eye has a persistence of about one-twelfth of a second, but
this would be too slow a scanning rate to overcome flicker, and that chosen
is 25 complete pictures per second, which, to cause two interlaced scans,
means that the frame time base must run at double this rase, i.e., at 50 scans
per second. This figure was chosen with the frequency of the A.C. mains
supply in mind, for reasons to be made plain later.

So far, then, it is established that the dot of light at the receiving end
must travel in exact step with the transmitter scanning, from side to side
of the picture 405 times per second and from top to bottom 50 times per
second. To keep the receiver in step with the transmitter is, therefore, no
light task, and to facilitate the process a synchronising signal of very definite
characteristics is transmitted at the end of each line with a synchronising
signal of different characteristics at the end of each frame. Circuits at the
receiving end are arranged to distinguish between these ‘‘ sync ”’ signals and

.ooZ SIGNAL AMPLITUDE

BLACK LEVEL

/ S)oZ AMPLITUDE (SYNC PULSES)

FiG, 5a

VISION SUPPRESSED FOR 10 LINES OR MORE.

LINE N9 405 6 12FRAME PULSES———> LINE N6 10

FiG. 5b
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to feed impulses to the two deflecting systems which keep them in step with
those at the transmitter.

To see how these sync signals are arranged with the actual picture
voltages from the camera it is now necessary to look at Fig. 5. ™

It will straightaway be noticed from the diagram, which shows the
television signal as given by the detector or demodulator of the vision
receiver, that the modulation is ‘‘ positive,”” that is that black in the picture
corresponds to 30 per cent. modulation of the carrier, whilst white corres-
ponds to 100 per cent. modulation. Below the black or 30 per cent. level
lies the area known for obvious reasons as ‘‘ blacker than black,” and it is
in this area that the synchronising signals are accommodated.

Fig. 5a shows four lines of the signal at the centre of the picture. At the
end of each line the picture signal falls to black level for 0.5 per cent. of
the total line time, drops further to zero amplitude for 10 per cent. of the
total line time and then returns to black level for another 5 per cent. of the
line time before picture intelligence is again passed. The sync. signal
consists of the very sharply defined drop to zero amplitude, and altogether

. 15.5 per cent. of the line time is taken up by black and sync. signals. The
levelling off to black, both before and after the sync. pulse, not only assists
the circuits to respond to the wide variations of amplitude, but also blacks out
the receiver spot during its flyback time, so that it does not appear across
the picture.

Synchronising the vertical or frame time base is not so simple a matter,
however, due to the necessity of maintaining the interlacing of lines. At the
end ofan even frame, that is at the end of line No. 405, the vision signals
are suppressed for 10 lines or more, while about eight wide frame pulses are
transmitted. Black level is then resumed before the picture signals recom-
mence, as shown in Fig. 5b, the line sync pulses being transmitted to pull
the line scanning circuits back into synchronisation should they have been
disturbed during the framing pulses.

At the end of odd frames, that is, at line 203, the picture signal falls
to zero amplitude halfway along the line vision signals, once more being
suppressed for 10 lines or so whilst eight or more framing pulses are trans-
mitted followed once again by black level and line synchronising pulses.

Thus blacking out of the receiver light spot is automatic for all flyback
times, and the manner in which the sync pulses of the two kinds are used is
described in a later chapter.

It will be realised that due to the suppression of vision signals only about
385 lines are used in the building up of the actual picture, the other lines
being used for the essential sync intelligence.

The frequency of operation of the line scanning circuit is clearly 405
multiplied by the number of complete pictures per second, or 10,125 scans
per second.

The limits of the frequencies which modulate the carrier wave need some
consideration, and the usual method of approach is to imagine the picture
to be composed not of lines, but of a number of square elements. Since
in the picture, as just seen, there are 385 lines, the number of square

elements can be said to be the ratio of picture width to height,%multlplied
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Fi6. 6.—Showing how a Sine Wave may be said to embrace two square elements per-eycle,

by the square of the lines, or 3852. The product of this.equals 185,000,
and, allowing for 25 pictures a second, the number of elements to be
transmitted per second is thus 4,620,000.

To imagine the picture as being built up of square elements, however,
assumes a modulated signal, after detection, to consist of a square wave,
whereas in actual fact the signal may be considered as a sine wave with
one complete cycle embracing two elements as in Fig. 6.

The actual modulation frequency at its maximum limit may therefore
be said to be one half of the element frequency, or 2,310,000, i.e.,
2.31 mcs. per sec. This is still a very high frequency indeed, especially
when it is compared with the maximum broadcast frequency of 9 kcs. per
sec., and for a carrier wave to be modulated with such frequencies it must
be in the Very High Frequency spectrum. Vision signals, therefore, are
transmitted at 45 mcs. (6.6 metres), whilst the associated sound signals are
transmitted at 41.5 mcs. (7.2 metres).

Since both sidebands are transmitted the total bandwidth of the vision
signal amounts 0 5 mcs., and because of the wide bandwidths permissible
at these frequencies the sound signals accompanying the vision are noted .
for their excellent tone and quality.

13



CHAPTER 2.
THE CATHODE RAY TUBE AND ITS POWER SUPPLY.

Discussion of the television signal has shown us that a picture at the
receiver is built up in the same way as it is inspected, that is, it is constructed
on a mesh of lines, these lines being drawn by a spot of light moving along
controlled paths at high speeds. The signal as received obviously must be
fed to the. light source in such a way that the light intensity is modulated
in sympathy with the signal, so that the lines being drawn are brightest in
the bright parts of the scene and vanish altogether in the blackest parts.

Before discussing the actual receiver circuits it is necessary to under-
stand the device which supplies and controls this spot of light, the whole
heart of the television receiver, and whilst purely mechanical means can be
employed to build up the mesh of lines, as in the remarkably effective
Scophony system, for the present purpose the discussion must be limited to
the electronic device, the Cathode Ray Tube.

The C.R. tube is basically similar to the Iconoscope already mentioned,
consisting as it does of an electron gun, deflecting system and screen, but
since in many ways the two tubes differ, the internal arrangements of the
C.R. tube are shown in detail in Fig. 7. The electron gun consists of a
heater and cathode as a source of electrons, rather similar to the heater
and cathode of an ordinary valve except in the fact that the cathode is made
so as to supply electrons from a point source rather than in broad streams.
The electrons are drawn along the tube by attraction from the positive
anodes, but as soon as they leave the cathode they come under the influence
of the negatively charged cylinder, the shield or grid, which causes them to
bunch into a narrow pencil due to the repulsion between the shield wall and
the electrons. Any stray electrons are trapped by the first anode, the pencil
passing through an aperture in the centre of the anode and coming under the
influence of the second anode, which has a variable positive charge. The
second anode is so shaped that the lines of force due to its charge have a
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F16. 7.—The Cathode Ray Tube
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