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PREFACE

The Television Servicing Manual has been written in the hope
that it will supplement the existing literature on the subject of tele-
visor service work. At the present time there would appear to be no
“ popular ”” book on the subject, and so it is the hope of the author
and publishers that this Manual will fill a need of the service engineer

~ and experimenter.

It must, of course, be stressed that the inexperienced radio con-
structor or the beginner in radio should not attempt to repair a
faulty televisor. A single mistaken move could cause very serious
damage, whilst a working television set, with the E.H.T. circuits
exposed, must always be regarded as a lethal machine, capable of
killing. Nevertheless, the experienced man can, at least, cure many
smaller troubles, but it must always be borne in mind that the
guarantee given with a receiver is made void if work is done on the
set by ‘any other than an engineer recognised by the manufacturers
as capable of performing, and licensed for, the work.

The author and publishers wish to express their very grateful
thanks to those British manufacturers whose televisor circuits are
shown in this Manual, and who have given such kind and generous
assistance in providing servicing data, mechanical details, circuits
and general information on their receivers which may all be classed
as the foremost types in the field. These receiver circuits and allied
information are, in each case, the sole copyright of the manufacturer
concerned, and embody patent rights. The circuits and details shown
in this Manual are, therefore, for information only, and may not
be used for any commercial or constructional purpose.

Manufacturers who have so kindly assisted with material in the
preparation of the Television Servicing Manual are:—

THE GENERAL ELECTRIC CO., LTD.

INvicTA RADIO, LTD.

KOLSTER-BRANDES, LTD.

MurpHY RADIO, LTD.

I?YE, L1D.

THE RADIO GRAMOPHONE DEVELOPMENT Co., LTD.
ULTRA ELECTRIC, LTD.
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CHAPTER 1
The Television Receiver in Outline

ELEVISION receiver servicing differs practically at all points
from the repair and maintenance of ordinary broadcast
receivers. The televisor operates on a very high frequency,

the vision channel being tuned (for the London transmissions) to
45 mcs. and the sound channel to 41.5 mcs. and this, apart from
any.other consideration, means that the receiver has several more
valves anc stages than an ordinary set for the reason that each stage,
at the high frequencies involved, has a relatively low gain.

The receiver proper, therefore, is large and, as will be seen, often
complicated, but in the televisor the receiving section—that is, the
section comprising R.F. Amplifiers, Frequency Changer, I.LF. Ampli-
fiers and Detector, in a superhet, or R.F. Amplifiers and Detector
in a T.R.F. circuit, followed in each case by an ““ Output Stage ™ for
vision, known as a Video Amplifier—is only a part of the whole.
There are, in addition, the Power Pack, delivering normal heater
and H.T. currents for the receiver as well as the Extra High Tension
—E.H.T.—for the cathode ray tube, the two Timebases and the
Synchronising Circuits which build up the regular tracery of lines,
known as the Raster, on the face of tube, and on which the picture
appears, and the Sound Receiver which, though often linked to the
Vision Receiver, must be regarded as a separate section.

The operation of the televisor in receiving and reproducing a
television picture may be summarised as follows:—

British television transmissions are carried out by amplitude
modulated waves. The studio cameras are, broadly speaking, photo-
electric devices which give an electrical output depending on the
amount of light in the portion of the scene which is being scanned.
Scanning is the ordered exploration of a picture—the scene is split
up into 405 horizontal lines with 25 complete pictures per second,
but to avoid flicker each complete picture is transmitted in two
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10 TELEVISION SERVICING MANUAL

halves, the lines being interlaced. Thus, the first half-picture consists
of lines numbers 1, 3, 5, 7, etc., whilst the second half of each picture
consists of lines numbers 2, 4, 6, 8, etc. As a complete pictéire
contains 405 lines, the first and last lines are obviously half-lines

The horizontal or Line Timebase thus operates at a speed of
10,125 scans per second, and the vertical or Frame Timebase at a
speed of 50 scans per second. The two timebases working together
cover the screen of the televisor with the raster of 405 lines every
25th of a second in two half-rasters, each of which takes a 50th of
a second to complete. For correct reception the two half-rasters
must interlace perfectly, so that the lines fall into their true places,
and not one set beside, or over, the other set.

This scanning proceeds both at the transmitter and receiver, and
the scanning operation at the receiver must be in exact step, or
synchronisation, with that at the transmitter.

The synchronisation is assured by the transmission of sync. signals.
A normal modulation pattern on a vision signal may be shown as
in Fig. 1. Full or 100% modulation corresponds to the white or
brightest parts of the picture, whilst a modulation depth of 30%
corresponds to the black or darkest parts of the picture. When the
transmission amplitude falls to below 30%; the modulation is then
in a part of the band known as ‘ blacker than black.” At the
bzginning of each line the carrier is suppressed by automatic means
at the transmitter to zero amplitude for 10% of the line time, the
picture modulation being suppressed, before this drop, to the black
or 30% modulation level for 0.5% of the line time to prepare the
modulating and synchronising circuits for the final drop to zero
amplitude. At the end of the drop or pulse the transmission level
returns to the black or reference level of 30% for 5% of the line
time before the signal modulation recommences, so that in each
complete line 15.5% of the line time is taken up by the synchronising
pulse and its preparatory and concluding steps of 30% transmission
depth, whilst 85.5% of the line is actually concerned with picture
transmission proper.

Each line sync. pulse operates circuits within the receiver which
ensure that the line timebase “ fires ” or starts its next scan at the
correct instant to agree with the commencement of the new scan
at the transmitter.

At the end of each half-picture or frame, the picture content is
suppressed for 14 lines whilst 8 pulses, each pulse occupying 40%
of the line time, are sent out. These pulses pull the frame timebase
into synchronisation through further synchronising circuits. After
the 8 pulses the carrier returns to its 30% level for the rest of the
suppressed lines, with a drop to zero amplitude at the beginning of
each line to keep the line timebase in synchronisation.
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No.202 No.203 No.204

END OF ODD FRAMES.

FiG. 1.—The Television Signal

The picture content on each line causes the electron beam of the
cathode ray tube to vary in strength in accordance with the amount
of light in the scene, so that when the modulation of the carrier is
high the beam is strong and causes a brilliant fluorescence on the
screen of the tube. When the carrier level falls to 30% the tube
should be biased so that very little light, if any, appears on the
screen.
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It is well known. that the bandwidth occupied by any modulated
carrier depends on the modulating frequencies impressed on the
carrier. In ordinary broadcasting, international agreements require
the bandwidth to be contained in a space of 9 kcs., so that each side
band can be no more than 4.5 kcs. wide. Such a width is useless
for television, and the modulated vision signal must be considered
as being at least 5 mcs. wide, hence the use of very high frequencies
for the transmission. This means that a signal sideband occupies
2.5 mes. or more, and so the first tuned circuits must be capable
of dealing with bandwidths of the order of 5 mcs., whilst modu-
lating frequencies of 2.5 mcs. and more are passed to the cathode
ray tube to vary the beam strength and thus the picture brilliance.

The sound carrier is not nearly so broad, but television ‘sound is
not restricted as is normal broadcast sound, and a bandwidth of
30 kes. or so can be employed to give final audio coverage over
a range extending up to 15,000 cycles. Television sound therefore
requires more carefully designed amplifying and output stages and
gives a better and more true reproduction than does broadcast
sound.

It has been said that the vision and sound receivers within a
televisor are often linked. The two receivers are fed from a common
aerial and the bandwidth of the first stage in the set is often made
sufficiently broad to enable this stage to tune both to the sound and
vision signals; in a T.R.F. receiver the first two stages sometimes
amplify the sound and vision signals together, the signals then being
separated by filters for further individual amplification and output

The Pye receiver gives an example of this.

In a superhet receiver the signals are often fed together to the
frequency changer which is then common to both circuits. The
two signals then automatically give different I.F. signals, no matter
what the local oscillator frequency might be, and are passed to
individual I.F. amplifiers, detectors and output stages. Filters, some-
times in both and sometimes in only one circuit, block the un-
required signal from the other channel. The chief requirement is
to block the sound signal from the broadly-tuned vision receiver.

Not all televisors have the vision and sound channels or receivers
linked at the input end with a stage or stages common to each,
although this is the most usual arrangement. In some receivers the
sound and vision sections are fed through filters from the aerial
so that each section can be considered as an entirely separate unit,
and it must be remembered that in such a case the filter is actually
a -matching arrangement and that a length of co-axial cable may be
the means of coupling each receiver section to the dipole aerial.”

Changing the length of the cable would then upset the whole
alignment of the set.
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As a general rule it is never safe to run a televisor from any aerial
other than a properly cut dipole. The input circuits of the tele-
vision set are adjusted so that they are correctly loaded and tuned
by the dipole and a proper feeder which matches to the dipole's
characteristic impedance, and if an attempt is made to run the
receiver on any other type of aerial, results are almost certain to
be very poor, whilst it is quite likely that interference response will
rise sharply. In some cases, when an aerial other than a dipole
is used, it is possible to receive only one of the two signals when
the set is trimmed, either the vision or the sound, and to make both
come in together the dipole has to be used.

The general outline of the modern televisor may be set out as in
the block diagram of Fig. 2, remembering, as has been shown, that
the input circuit may vary from set to set. The dipole feeds into
a common R.F. stage which passes the two signals to another com-
mon R.F. stage, in the case of a T.R.F. receiver, or to a common
frequency changer in the case of a superhet receiver. The two
signals are then separated, the sound signal passing on for further
R.F. or LF. amplification, demodulation and audio amplification,
the vision signal also passing through further R.F. or L.F. amplify-
ing stages, a demodulator and a video amplifier.

One or both receiver sections may be fitted with an interference
limiter which prevents interference (chiefly ignition) from marring
the picture and sound output.

The vision signal, after video amplification, has the D.C. com-
ponent restored by the D.C. restorer diode or metal rectifier, and
is then used to modulate the grid of the C.R. tube, when the feed
is not direct from the video amplifier anode. The use of direct feed
from the video amplifier makes it possible to dispense with D.C.
restoration, and the signal is then generally applied to the cathode
of the C.R. tube, the grid of the tube being held at a constant
negative potential. The modulation may, of course, be applied either
to the grid or the cathode of the C.R. tube; in either case the modu-
lation opposes the bias on the tube and a signal of high amplitude
will cause the electron beam to give a brilliant trace on the screen
whilst a low amplitude signal will give a faint trace or no trace
at all.

D.C. restoration is necessary when the tube is fed from the video
amplifier via a capacitor. A capacitive coupling can pass rapid
changes of signal amplitude but does not respond to a general slow
change in overall signal level. Such a change in signal level corres-
ponds to the general brilliance of a scene, and so if this is neglected
the final picture appears to lack modelling and has a uniform
character. In D.C. restoration a diode or similar device provides
what may be termed a reference level against which the signal
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through the capacitive coupling can be compared. The bottom of
the sync. pulses, or zero signal amplitude, provide the level against
which the overall signal amplitude can be balanced and so corrected
automatically.

The video amplifier, besides supplying the vision signal to the
C.R. tube, also supplies the signal to a sync. separator. (The sync.
separator .can appear before the video amplifier, but usually is fed
from the anode of this valve.)

The sync. separator, as the name implies, suppresses the video
content of the signal and passes only the sync. pulses which appear
in an amplified form across the sync.separator anode or load
circuit. These pulses are then fed (through some form of filter
circuit which depends on the design of the receiver) to the timebases,
the line sync. pulses triggering the line timebase and the frame pulses
triggering the frame timebase.

The power pack in the modern receiver is usually combined—
that is, the one power pack supplies both the receiver normal H.T.
and the E.H.T. for the tube, together with all the heater currents
required,

Two valves are generally employed, one a full wave rectifier for
the receiver H.T. requirements and one a high-voltage half-wave
rectifier. f

It can be seen, therefore, that the first step in servicing a faulty
televisor is to determine that section of the whole receiver in which
the fault lies, and the multiplicity of the circuits makes this no
light matter. A great deal cah be.deduced from the appearance of
the picture—unless the picture fails to appear at all—though some
experience is needed before a fault and its effect on the picture can
be connected with certainty, but ordinary test methods, especially
when used in copnjunction with the service literature issued by the
manufacturers of the television receiver under repair, and with the
lists of test voltages published in such literature, should enable the
practised worker to isolate and remedy faults without too much
trouble.

When dealing with faults in an ordinary broadcast receiver, the
work can be approached in one of two general ways—if the fault
"is obvious it can be tackled direct, the rest of tle receiver being
ignored save for a final check, whilst if the fau.t is not obvious
then a systematic test of the receiver is necessary in order that
- haphazard working and the waste of time shall be avoided. Depend-
ing on the test gear the fault may be traced from the aerial end of
the receiver forward to the power pack, or from the power pack
back towards the aerial terminal. but in either case the tests are
made systematically.
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The same system must be used with a faulty televisor, and so
the rest of this Manual sectionalises the televisor, describing prob-
able and possible faults in each section, commencing with those
parts of the receiver most likely to give trouble.

Before dealing with faults, however, the following chapter on the
mec;lianical handling of a television receiver should be read and
not:

CHAPTER 2
Handling the Televisor

URELY mechanical adjustments, as well as electrical adjust-
ments, are necessary when televisors are installed and repaired,
whilst service work often calls for the dismantling of the C.R.

tube or the removal of a chassis from the cabinet. In a television
receiver more than in any other type of set such dismantling must
be done with the absolute maximum of care and attention.

The C.R. tube is a large evacuated vessel; pressure inside is very
low, whilst the glass bulb and neck are supporting normal air
pressure on their surfaces. A knock or blow may cause a C.R. tube
to “ implode ”—a word coined to give the impression of an inwards
collapse. Unfortunately, the term also conveys the impression that
an ““ implosion ” is a fairly docile falling-in, but an imploding tube
is very dangerous, since glass and the metal electrodes can scatter
just as badly as if the tube exploded from pressure within.

The following points must, therefore, be observed whenever a
C.R. tube is dismantled from a televisor: —

ALWAYS discharge E.H.T. capacitors. See next chapter.

ALWAYS handle the tube with the greatest care.

ALWAYS avoid knocking or tapping the tube.

ALWAYS have a padded carton into which the tube can be
placed immediately it is removed from the set.

ALWAYS remove the tube from its rubber mask gently.

ALWAYS WEAR GOGGLES WHICH ENCLOSE THE EYES
WHILST REMOVING AND REPLACING THE TUBE.

The C.R. Tubes in all modern commercial television receivers are
of magnetic deflection and focusing type. The tube electrodes consist
of a heater-cathode system, a grid and one or two anodes, the last
anode often having its connection brought out through a side cap on
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the tube. The electron beam is therefore focused by either a perma-
nent magnet system or a ring electro-magnet, in the form of a coil
round the tube neck, whilst the deflector coils are wound on formers
and a yoke and also placed round the neck of the tube.

The pin or base end of the tube, the focusing coil or magnet and
the deflector coils are all secured to a stirrup or mounting. The
focusing system is found nearest the base of the tube and the
deflector coils nearest the bulb end of the tube neck. Both focusing
and deflector systems are mounted so that they may be centred or
otherwise adjusted, the yokes and frames of the various coils having
slotted holes or being on spring retained fastenings so that they may
be moved to the required degree and then clamped in place.

Adjustments to the focusing and deflection unit must always be
made with a raster on the screen, and the focus must never be
adjusted on a stationary spot. Apart from giving an incorrect focus,
a stationary spot, unless the brilliance is turned right down to make
the spot barely visible, will cause a “ burn ” or an insensitive patch
on the tube screen.

The focusing and deflection adjustments are, to a degree, inter-
dependent. When a new C.R. tube is fitted to a receiver the manu-
facturers’ instructions should always be carried out, the sequence
being somewhat as follows: —

Switch off, and remove the mains plug.

To remove the tube, remove such top chassis components as may
be around the tube.

Carefully remove the anode cap connectors and the base socket.

Don goggles and slacken off the screws or bolts which retain the
deflector and focusing assembly to the chassis, so that the whole
arrangement, on its supporting arm or stirrup, may be drawn from
the neck of the tube.

Unhook the springs or straps which hold the tube in its rubber
mask, taking care not to allow any spring or sprung webbing to
slip and fly back, thus striking the tube.

Withdraw the tube from the mask.

To fit the new tube, this procedure is, of course, reversed, and
the televisor may then be switched on and allowed to warm up.
The raster on the screen will almost certainly be out of focus and
probably also out of place, either high or low or to one side.

The adjusting screws on the focusing and deflecting assembly
should be made no more than finger tight, and the adjustments may
then proceed.

If a tube is electrically focused, the focusing coil may need no
adjustment, since there will be a focusing rheostat to control the
current through the coil, but if the focusing is controlled by per-
manent magnets—as in the Kolster-Brandes CV40, for example—
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then all focusing adjustments must obviously be made by the
magnet placing bolts. .

Adjustment procedure is somewhat as follows (it will be realised
that definite instructions to cover every type of televisor cannot
be given):—

. Set the brilliance control to give slightly more than the normal
picture brilliance.

Set the vertical and horizontal hold and the sync. controls to
give a steady picture. The adjustments are best made, of course, on
a test pattern transmission from the B.B.C. station, but a pattern
generator may also be used.

Correct the height and width of the picture to the approximately
normal position.

Focus, either by moving the magnets or setting the coil current.

Correct any picture tilt or lack of centring by the deflector
assembly adjusting bolts.

Re-correct the width and height of the picture. Manufacturers’
instructions should be followed here, as in various sets various
effects can be observed if too much scan amplitude is applied.

Re-focus.

Fit the picture exactly to the tube mask. There will probably be
found an adjustment which allows the neck of the tube to be moved
for this adjustment, besides the adjustments on the deflector coil
assembly.

Re-focus.

Set the timebases for proper locking on the sync. signals in
accordance with the manufacturers’ instructions.

Make any final adjustment for picture centring by the fine adjust-
ment screws sometimes fitted.

Whilst adjustments are being made to the assemblies round the
neck of the tube the goggles should still be worn. The adjusting
screws should be made no more than finger tight until the picture
is exactly correct, when they may finally be tightened up, but in
some cases the focusing magnet settings have to be adjusted with
a spanner. If this should slip and rap the tube neck there would
be a chance of breaking the tube with consequent danger to the
eyes.

When the main or top chassis retaining the C.R. tube is to be
removed from the receiver, the tube should, in some sets, be re-
moved first before the chassis is taken out, but other chassis—in a
console receiver—may be withdrawn without touching the tube. In
each case it must be ascertained that the set is switched off and the
mains plug is clear of the power socket before the receiver is
touched.
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All plugs should then be removed from their sockets on the chassis
edges—in almost every commercial receiver it will be found that
the set is built up in unit form, the units being connected by multi-
way plugs and sockets—and the chassis retaining bolts or screws
can then be removed and the unit concerned taken out.

Some care should be taken to see that a steel chassis or any steel-
cased component or assembly on a chassis is not placed near to a
permanent magnet when the chassis is out of the cabinet and on
the work bench. A steel member placed accidentally beside a loud-
speaker magnet might become magnetised and so exert an influence
on the C.R. tube beam when the magnetised component or chassis
is replaced in the televisor, so that the deflecting coils would then
require quite a large amount of adjustment to correct the resulting
picture displacement. In its turn this might lead to picture dis-
tortion.

A rear view of a typical television receiver, the R.G.D. 254TR,
is shown in Fig. 3, by kind permission of the Radio Gramophone
Development Co. Ltd. The use of unit construction is well illus-
trated, and it will be seen that the C.R. tube, with its focusing and
deflecting coils, is mounted in a separate cradle, permitting any
chassis to be removed without interfering with the tube. This set
contains a small radio unit with a programme selector giving recep-
tion of the Light, London Home and Third programmes, this unit
being mounted in the top of the cabinet beside the tube. The vision
and sound receivers share a chassis, a third chassis contains the time-
bases and the power pack is mounted, with the loudspeaker, on the
cabinet floor.

The handling of the C.R. tube and the precautions necessary
whilst doing so, with the adjustment details for focusing and
deflection coils, constitute the chief mechanical notes on television
receivers, but mention of the valves on the receiving and timebase
chassis may also be made.

Midget glass-based valves are rapidly coming into greater use in
television sets, whilst normal sized glass-based valves, such as those
in the EF50 range, are by now very well known. Care must always
be taken when handling glass-based valves to avoid strain and twist-
ing when the valves are being withdrawn from their holders; the
valves are extremely robust, but unequal strains and wrong handling
can cause breakages. Valve retaining clips are sometimes used, and
retaining rings round the EF50 type of valve are not always obvious
if a valve is being withdrawn from'its socket with the chassis in
position and, possibly, in a poor light. Midget glass-based valves
fitting B7G holders have contact legs which are slightly flexible in
order that the valves may fit more easily into their sockets, care
must therefore be taken to avoid bending the legs or pins.
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Fic. 3—Rear View of a typical Televisor

A watch should also be kept for fixed adjustments in a televisor,
and such adjustments should not have the seals broken until the
service literature on the set has been consulted. As an example,
the LF. filter on the Kolster-Brandes CV40 may be mentioned, L18
in the CV40 diagram. The filter is a parallel tuned rejector circuit,
which prevents any LF. from appearing at the grid of the video
amplifier, and the iron dust core of the coil is set in the factory
and then sealed. If this seal is broken and the core moved the
circuit cannot be accurately re-tuned in the receiver.
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CHAPTER 3

The Televisor Power Pack and
C.R. Tube Network

Remember that the televisor power pack can kill

HEN working on the power pack of a television receiver care
must always be taken to see that the set is switched off, the
mains plug is withdrawn so that there is no possibility of the

set being switched on accidentally by another person, and that
‘the reservoir capacitors are discharged.

The reservoir and smoothing capacitors of the normal H.T. line
feeding the receivers and timebases are usually discharged rapidly
through the receiver and timebase circuits, as are the capacitors of
an ordinary broadcast receiver, the cathodes of the valves retaining
heat and passing current even though the set is switched off, but
the capacitor or capacitors across the E.H.T. circuit do not discharge
to any great degree in this manner. The C.R. tube passes a very
small current, of the order of microamperes, and so is a very poor
discharge path, whilst though in all sets there is usually a resistive
network or a system of bleeders across the E.H.T. supply the resis-
tance used is very high indeed, and so this discharge path allows the
accumulated charge on the E.H.T. capacitors to leak away only very
slowly.

It must therefore become a habit for the service engineer to dis-
charge the E.H.T. capacitors whenever he is about to work on the
televisor, and it is recommended that this be done by a special tool
made for the purpeose, and not by a screwdriver or a similar tool
picked up from the bench.

Some manufacturers state that a short-circuit can be made across
the capacitors, but a tool such as that shown in Fig. 4 is easily
made, discharges the capacitors efficiently, and prevents the high
voltage spark and heavy surge caused by a direct short circuit.

As can be seen from the diagram, the discharger is merely a
5,000 ohms 1 watt resistor with a Hellerman sleeve slipped over it,
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|
F1G. 4—The E.H.T. Discharger

the resistor being clamped into a filed-out slot at the end of an
ebonite rod which makes the discharger handle. Paxolin tube could
also be used, or perspex strip could be softened in hot water and
clamped round the resistor to form the insulating handle to the tool.

A hole at the hand end allows the discharger to be hung from its
own hook over the test bench, so that it is always ready for use and
can easily be seen without hunting for it.

Safety Points
Only when the voltage across the £.H.T. pack is to be measured
should work proceed on the power pack with the set switched on



















































































































































































































































































































































