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introduction

HERE in the second volume the less delicate circuits are dealt
with exclusively. Signal voltages are higher and frequencies
are lower. With the exception of the channel selector and con-
trast and agc, all of the receiver’s controls are in these circuits.

While the speaker and the CRT screen are the end result of all
the other circuits combined, most customers do not fully appre-
ciate their dependence on the preceding stages. Although the
audio circuits of many table radios and TV receivers are designed
with a high percentage of distortion tolerance to obtain the maxi-
mum volurne with the minimum amount of circuitry, it is not
possible to do this in most other TV stages. A fraction of a percent
of distortion is quite visible to the average viewer and stands out
to the discerning.

The ability to apply the principles offered here to the proper
situation is something to be developed. Only experience will help
decide if a symptom is a design fault or a circuit failure. While it
is possible to compensate for faulty components it is always best
to find the defective part and replace it. Nevertheless some tech-
nicians will consistently bridge an old part with a new part thus
introducing the possibility of intermittents. Experience will show
this to be an unwise technique. Wherever practical, use parts with
the next highest wattage or voltage ratings. Never skimp on re-
placements as the hardest thing to repair is a ruined reputation.
Capacitor voltage ratings must consider the combined ac and dc
voltages. Even resistors have a maximum voltage rating although
it is seldom mentioned. Ohm’s Law will easily determine the
safety factor of a circuit’s resistors.

While these two volumes are not expected to be utilized for
each and every service call, the information contained herein
should be indispensable on these bad days if kept handy on a
shelf near the bench or in the service vehicle.

LEeEo~NARD C. LANE
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Fig. 701. In this chapter, the CRT and its associated circuits are spotlighted.
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THF_ picture tube can be considered a receiving depot for a
variety of circuits in the television receiver. For example, the
input signal, after going through various stages of amplification
and detection, is fed either into the cathode or the control grid of
the picture tube. At the same time, for its proper operation, the
picture tube requires a source of high voltage. In addition, there
is also a brightness circuit connected to the picture tube and
there may also be a retrace blanking circuit. Trouble in the pic-
ture tube can arise because of a defect in the tube itself, or be-
cause of complete or partial failure in some circuit connected
to the picture tube (Fig. 701).

Around the neck of the tube, we have -the deflection yoke, the
focus coil (or magnet), a centering magnet and an ion-trap mag-
net. These components must also be considered when analyzing
picture-tube troubles. Sometimes quite dissimilar components can
produce troubles that are identical. For example, the setting of
the ion-trap magnet is critical. If it should happen to be moved
out of position, the result could be loss of the raster or a dim
raster with corner shadows. However, loss of raster could also be
produced by some trouble in the high-voltage supply, or a result
of some physical trouble within the picture tube itself.

It would be useless and time-wasting to replace a picture tube
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if all that is required is an adjustment of the ion-trap magnet. At
the same time, moving the ion-trap magnet around and misad-
justing it when the difficulty lies in the high-voltage supply, can
be time-consuming.

Types of picture tubes

Although two tubes may have the same face diameter, it does
not follow that these tubes can be used as substitutes for each
other. You have about as many differences between picture tubes
as you have between smaller size tubes in the TV receiver. There
are also differences in gun structure, in focusing techniques, in
sweep angle, in length and in high-voltage requirements.

Picture-tube components

The ion-trap magnet, the focusing magnet and the deflection
coils (yoke) all depend upon magnetic fields for their action. The
yoke is invariably an electromagnet and contains two pairs of coils
producing horizontal and vertical deflection of the scanning
beam, while the other devices are now mainly of the permanent
magnet type.

A centering magnet also sits on the neck of the tube. Each of
these magnets has different jobs to perform and various picture-
tube troubles can arise if they are not properly positioned on the
neck of the tube or if their magnetic fields are permitted to inter-
act with each other.

Physical examination of the picture tube

Turn the receiver on and set the channel selector for a good
station. While the set is warming up, look at the rear end of the
picture tube. Observe the heater of the tube to see if it is lighting.
If not, wiggle the socket gently, to see if the trouble is caused by
a poor contact.

If the picture-tube heater still does not light, there are a num-
ber of checks you can make to determine if the trouble is inside
the tube or outside of it. With the receiver turned off and with
the picture-tube socket disconnected, make a resistance measure-
ment between the heater pins. The reading should be fairly low.
Use a pin crimping tool or resolder the filament pins. With the
ohmmeter test leads again connected, gently tap the neck of the
tube. Watch the ohmmeter for any sign of intermittent connec-
tion. As a further check, connect the secondary of a filament
transtormer to the filament pins of the picture tube, with the pri-
mary of this filament transformer plugged into the ac power line.
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If, however, you do get a resistance reading, or if the heater
lights when you use a test transformer but the tube does not light
when connected to its socket, the trouble is not in the tube but
in the 6.3-volt supply going to the picture-tube heater. Disconnect
the socket from the picture tube. Measure the ac voltage across
the heater contacts of the socket. The trouble may be due to a
loose connection or to a broken wire.

No raster

There are other conditions which can cause loss of the raster.
Turn on the receiver and listen carefully, close to the high-voltage
cage. Practically all high-voltage supplies in television receivers
produce some characteristic noise, even though this may be slight.
Hold the tip of an insulated handle screwdriver near the plate cap
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Fig. 702. Capacitively coupled cathode-driven CRT has bright-
ness control in the cathode.

of the horizontal output tube (or tubes). Do not ground. A husky
arc indicates operation of the horizontal sweep circuit, up to
this point. Remove the high-voltage anode connector to the
picture tube and spark it to the chassis momentarily. A substantial
arc indicates complete functioning of the high-voltage supply.

However, it is entirely possible for the high-voltage supply
to be functioning properly and for the raster to be missing. Turn
off the receiver and make sure that the picture tube is discharged.
Examine the wire going to the high-voltage anode on the picture
tube. Sometimes this lead is fastened but not soldered to the
button connected to the high-voltage terminal. Check the con-
nection to make sure that it is secure. Solder it, if necessary.

Brightness control
The brightness control, as shown in Figs. 702 and 703, is a
definite part of the picture-tube circuit. The brightness control

2-9



can be part of the cathode circuit of the picture tube or the control
grid. In either case, its job is to put the proper amount of fixed
bias on the picture tube. A properly operating brightness control
should be able to make the picture tube go from a condition of
complete black (no raster) to full brilliance raster.

Check the functioning of the brightness control. Connect a
vtvmn (set to dc volts) — between control grid and cathode pins
of the picture tube socket. The negative test prod of the vtvm
should go to the control grid and the positive test lead to the
cathode. Set the vtvm to read at least 100 volts. Turn your receiver
on and observe the positioning of the meter needle. Vary the
brightness control. You should be able to make the meter needle
swing between 0 and approximately 50 volts.

Do not assume that it is always possible to check the voltage
between cathode and ground or control grid and ground. In some
cases, the video amplifier tube is directly coupled to the cathode
of the picture tube and as a result the cathode of the picture tube
is at approximately the same potential as the plate of the video
amplifier. A defect in brightness may be caused by some trouble
in the plate circuit of the video amplifier tube.

In Fig. 702 the video amplifier is coupled to the cathode of the
picture tube through a capacitor. The brightness control forms
a voltage divider from a low-voltage tap in the receiver (usually
less than 100 volts). In this particular circuit, the control grid
of the picture tube is connected to the chassis. The bias voltage
can then be measured, if desired, between the cathode and the
chassis.

In Fig. 703 the video amplifier is directly coupled to the cathode
of the picture tube. The voltage on the cathode of the picture
tube is essentially the same as that on the plate of the video
amplifier. In a circuit such as this, the control grid is tied to some
positive potential point. For this reason, the bias cannot be
measured between cathode and ground or control grid and
ground, but must be measured between the two electrodes —
between the cathode and the control grid. In either circuit the
action of the brightness control is the same and measuring the
bias voltage, while rotating the brightness control, will give an
indication as to whether the bias circuit is functioning properly.

Brightness problems

Although the brightness circuit, in itself, is quite a simple one,
trouble with picture-tube brightness isn’t necessarily confined to
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the picture tube. When the video amplifier is directly coupled to
the picture tube, a defective video amplifier will affect the voltage
at the cathode of the picture tube, hence the brightness will be
affected.

Other circuits also can reduce or increase brightness: the ver-
tical retrace blanking network; agc; the horizontal sweep circuit
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Fig. 703. Direct-coupled cathode-driven CRT has the bright-
ness control in the grid circuit.

(horizontal oscillator and horizontal amplifier tubes); the low-
voltage supply, and, in some cases, the audio output tube.

Silvery images

When the images on the screen have a silvery appearance, and
the situation cannot be relieved by any adjustment of the bright-
ness and contrast controls, then it is very probable that the
picture tube is defective,

Excessive brightness

If the brightness cannot be reduced by any setting of the bright-
ness control, measure the bias voltage on the picture tube while
rotating the brightness control, as described earlier. If the bias
voltage goes through its normal range, and a visual examination
of the picture-tube socket shows it to be in good condition,
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then there is a possibility of leakage between the first and second
grids in the picture tube. This condition can sometimes be
corrected by applying a high-voltage across the pins. Use a sub-
stitute picture tube to make sure that the trouble is in the
picture tube first.

To burn out a picture tube short, remove the socket. Ground
the control grid to the chassis. Momentarily touch the high-
voltage lead (disconnect it from the tube) to the cathode of the
picture tube. The resulting arc should burn away any material
between these two electrodes. Caution: This test should be done
only if you are clearly convinced that the picture tube is defective.
(Also read the section on a safer method for removing internal
shorts described later in this chapter.)

With excessive brightness, that can be reduced slightly by the
brightness control, it is entirely possible that the high voltage
may have increased. This can be due to an improper setting of
the horizontal drive control, to a gassy horizontal output tube
or high-voltage rectifier. An indication of this trouble can be
found by examining the picture. If the width of the picture is
decreased, then it is possible that the voltage on the picture tube
anode is too high. Verify this by measuring with a high-voltage
probe and a vtvm. (Excessive high voltage may not reduce the
picture vertically.)

A defective damper tube sometimes causes one side of the
picture to be brighter than the other. Substitute a new damper
tube.

Where the video amplifier is directly coupled to the cathode
of the picture tube, any change in resistance or capacitance values
that make the voltage on the cathode of the picture tube abnormal,
will reduce the effectiveness of the brightness control. Check
the schematic for normal voltage on the cathode and measure
the voltage between the cathode and the chassis. If it is lower
than that indicated as desirable on the schematic, the trouble is
between the video amplifier and the cathode of the picture tube
and may be due to some defective component between those
two circuits. Sometimes, a defective video amplifier tube will
produce this condition.

In Fig. 703, for example, a gassy video amplifier tube means a
greater than normal current flow through the tube. This results
in a larger voltage drop across R1 and R2, and less voltage at
the plate of the video amplifier and the cathode of the picture
tube. This upsets the bias on the picture tube, lowering it and
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increasing the brightness. The current through the video ampli-
fier can be reduced by adjusting the contrast control. While this
may restore picture-tube brightness to its proper level, contrast
may be inadequate.

Insufficient brightness

Measure the bias voltage between the control grid and cathode
of the picture tube as indicated earlier. If the voltage on the
cathode of the picture tube is normal with respect to the chassis,
and if the bias voltage varies through its desired range as the
brightness control is rotated, then the trouble is either in the
picture tube itself or in the high-voltage circuit. Measure the
voltage on the high-voltage lead with a high-voltage probe and
a vtvm. If all voltages on the picture tube are normal, examine

A universal brightener is a handy
test gadget. It can isolate heater-
to-cathode leakage in series- and
parallel-filament chassis as well as
indicate weak picture tubes.

(Chicago Standard Transformer Corp.)

the setting of the ion trap magnet. It may have been moved out
of position. It is also possible that the ion trap magnet has be-
come weak and needs replacement.

Some technicians confuse brightness and contrast. If the picture
seems weak and washed out but turning up the brightness control -
makes the screen brighter (contrast probably will get poorer),
then the trouble is due to insufficient signal and not to brightness.
If you can get bright, sharp raster lines and if you can control
the brilliancy of these lines with the brightness control (from
cutoff to very bright), then the trouble is not in the picture tube
or the brightness circuit. If, however, the brightness control is
in its maximum position (or close to it) and you cannot bring up
the brightness of the raster lines, then picture-tube, high-voltage
or brightness-circuit trouble is indicated.

Insufficient cathode emission in a picture tube shows itself in
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several ways. The picture will seem weak and washed out and
the raster will appear dim. Use a picture tube brightener. It takes
but a minute to install.

As a final check, use a substitute picture tube. If the test tube
functions properly, then the picture tube is defective.

lon-trap magnet

Most receivers today use a PM magnet ion-trap. Improper
positioning of this magnet can result in complete loss of picture,
corner shadows and a picture that is out of focus. The sound will
not be affected.

An improper setting of the ion-trap magnet is serious since it
can result in a defective picture tube. If the magnet is not
properly positioned, it can ultimately result in an ion burn, a
brownish spot near the center of the picture-tube screen. This
brown spot cannot be removed and requires the installation of
a new picture tube. When adjusting an ion-trap magnet, keep
the brightness turned down and rotate the magnet until you get
maximum brightness on the screen. Some picture tubes have a
green glow indicator. Set the trap for minimum glow.

Adjust the ion-trap magnet so it is close to the base of the
picture tube, if possible. You will sometimes find two settings
of the magnet that will give good brightness on the screen. One
of these positions will have the magnet close to the focus magnet
and the other close to the base of the picture tube. Use the latter
position. Sometimes you will find a mark on the magnet to indi-
cate the side which should face the tube. If the magnet does have
such a marking, either a circle, a dot or an arrow, then the coding
should be toward the picture tube.

The ion-trap magnet should not be checked or moved, except
as a last resort. The setting of the magnet is fairly critical. You can
get an idea of the strength of the magnet by its position on the
neck of the tube during operation. If the ion-trap magnet is too
strong, the best position will be fairly close to the socket. If the
ion-trap magnet is too weak, you will find that it must be set
closer to the focus coil or focus magnet. However, as we men-
tioned earlier, the best position of the magnet is that which is
closest to the base of the tube.

Corner shadows

This trouble is generally due to an improper setting of the ion-
trap magnet. Adjust the magnet for maximum brightness on the
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screen, but with corner shadows removed. However, corner sha-
dows should not be removed by adjustment of the ion magnet, if
this means a reduction of brightness. If the receiver has a center-
ing adjustment, use this to eliminate corner shadows and then
adjust the ion-trap magnet until you get maximum brightness
on the screen. Also, make sure that the ion-trap magnet is the
right type for the particular picture tube being used. Do not try
to use a single ion-trap magnet for a tube designed for a double
magnet. Nor will a double magnet work well on a tube con-
structed to use a single magnet.

Corner shadow will exist if the deflection yoke is not right up
against the bell of the picture tube. If there is no setting or
positioning of the focus coil or deflection yoke which will elim-

Electromagnetic focus coils are found in
old receivers. An unrealized advantage with

this type of focusing is that any afterglow O)
in the CRT is completely defocused and is
not usually noticed.
{Chicago Standard Transformer Corp.)

inate corner shadow, try an ion-trap magnet that is slightly
stronger. If you can get maximum brightness only by having the
ion-trap magnet close to the focus unit, this is an indication that
the magnet has lost some of its strength. Do not try using an ion-
trap magnet that is too strong for the picture tube. You can
recognize an excessively strong magnet by the fact that it needs to
be positioned right on the tube base.

Handling ion-trap magnets

Dropping these units or storing them close to heat will cause
them to lose their effectiveness. Do not keep these magnets near
metal picture tubes and do not keep them in drawers with
metal tools.

Focus adjustments

Troubles with the focus adjustment can result in a blurred
picture or shadows on the screen. The focus control on the re-
ceiver should be able to go through focus. That is, you should be
able to rotate the control so that the picture goes into focus at one
point during the travel of the control (preferably near the center
setting of the focus pot). If the receiver does not have a chassis
mounted focus control, you should be able to control focus with
the focus magnet.
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Although modern receivers use permanent-magnet focusing,
you will find some receivers that use electromagnetic focusing
or a combination of PM and electromagnetic focusing. On PM
units, focus is adjusted by rotating one or more screws. With
electromagnetic units, focus is adjusted by adjusting the setting
of a potentiometer.

If you find it necessary to move the focus unit on the neck of
the picture tube to produce proper focus, you may find that you

Removal of the dried and split rub- - ’5’-
ber flange of the 2nd anode con- ‘, \
nector can reduce corona discharge == g

problems.

must readjust the ion-trap magnet. Examine the position of the
focus unit on the neck of the tube. The focus unit should be
centered on the picture tube; that is, every point on the circum-
ference of the neck of the picture tube should be equally distant
from the inner ring of the focus unit. The focus unit should be
vertical to the neck of the picture tube and should not be tilted.

Fig. 704 shows the circut of a picture tube using electrostatic
focusing. Focusing is by means of an adjustable potentiometer
connected to a B-plus point. Focus difficulties with this system
can be due either to some defect in the potentiometer (focus
control) or to insufficient voltage applied to the focus electrode
of the picture tube.

Focusing troubles

The focusing coil or PM unit must be vertical to the neck of the
picture tube. A picture that does not have uniform focus — that is,
looks blurred along the edges of the screen — can be due to a tilted
focus coil. Examine the unit to make sure that it is properly
positioned.

If good focus cannot be obtained with any setting of the focus
control (electromagnetic units), or if there is poor focus with
PM units (for any setting of the slugs in the unit), examine the
position of the ion-trap magnet. If this magnet is too close to the
focus coil or focus unit, the magnetic fields of the two will inter-
act and poor focus will be the result. Adjust the ion-trap magnet
for maximum brightness as described earlier. Then, position the
focus magnet and adjust the control or the slugs until the sharpest
raster lines are obtained.
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Sometimes rotating a focus coil improves focus. This simply
indicates that its original positioning was incorrect. It is also
possible that the focus magnet is too strong or too weak, or that
the adjustment slugs have been turned by a screwdriver-happy
customer. When adjusting a PM unit, rotate the slugs with a
nonmagnetic material such as brass or plastic.

Do not overlook the fact that faults outside the focusing system
can also result in the same trouble. A defect in the high-voltage
system can produce defocusing but, generally, this trouble is
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Fig. 704. Electron-beam focus is obtained in this cir-

cuit by the electrostatic field created by the difference

in potential between the elements connected to pins
6 and 10.

accompanied by other symptoms such as a decrease in brightness
or change in width. However, it should not be overlooked as a po-
tential source of trouble. If the picture tube is defective, a con-
dition of poor focus can result. For example, reduced cathode
emission (but with high voltage remaining unimpaired) can
result in poor focusing.

Deflection yoke

The deflection yoke consists of two pairs of deflection windings,
one pair of which is connected in a series-parallel circuit with
two resistors. The other has a single capacitor across one of the
windings, as shown in Fig. 705. Defects in the deflection yoke can
produce a large variety of troubles.
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A capacitor is shown across one of the windings in Fig. 705-b.
This capacitor is usually about 56 puf. Should it become open or
have the wrong value, it can produce a ringing effect, resulting
in vertical lines on the screen. A defective capacitor or winding
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Fig. 705. Typical vertical deflection coil circuit (A) and hori-
zontal deflection coil circuit (B).

can also produce a trapezoidal raster known as keystoning (Fig.
706). Keystoning can also be produced by a defect in the vertical
winding, or the resistors shunting them, in the horizontal winding
or by its shunting capacitor. Defective resistors or windings can
also result in horizontal foldover, insufficient height, wavy vertical
or horizontal lines in the picture.

Horizontal line across center of screen

Adjust the vertical gain control to maximum. If the result is
to increase the thickness of the line but slightly, the trouble is
in the vertical deflection system. This could be caused by an open
in the vertical deflection coils or the output transformer. These
can be checked with an ohmmeter.
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The resistance of each vertical deflection coil is less than 50
ohms, 25 ohms being a typical value. Each coil is shunted by a
resistor, the most usual value being 560 ohms. When checking
resistance, your ohmmeter should read 50 ohms or less. If it shows
the value of the shunting resistor (560 ohms), then the coil is open.
The leads to the vertical deflection coils are often (but not always)
color-coded green and yellow, while the horizontal coils are coded

— B

— =

Fig. 706. Keystoning could be caused by a short in either
of the deflection coils.

red and black-red or red and blue. You can easily identify the
vertical coils by the resistors placed across them. A capacitor
(56 puf) is shunted across one half of the horizontal deflection
windings.

Frozen yoke

In making a picture-tube replacement, it will be necessary to
remove all the components on the neck of the tube, including
the yoke. However, the yoke sometimes seems to become perma-
nently fastened to the neck of the tube. Do not break the picture
tube in an attempt to remove the yoke since this can be danger-
ous. To remove the yoke, unsolder the yoke leads and connect
them in series. Put approximately 50 volts ac across the windings
and wait for several minutes. The yoke will become quite hot
and you should be able to slide it off the neck of the tube readily.
To facilitate removing the yoke, coat the neck of the picture tube
with a lubricant.

The 50 volts for the yoke can be obtained through a stepdown
transformer, a variable transformer (such as a Variac) or a fixed
resistor. To determine the value of the resistor, measure the dc
resistance of the two windings in series and then use a resistor
having that value. Use a resistor having a rating of 10 watts or
more. If such a resistor is not available, connect two 25-watt elec-
tric light bulbs, in series, and then put this combination in series
with the yoke windings. If this arrangement does not heat up the
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yoke sufficiently, then short the connections across one of the
bulbs.

Horizontal scanning lines in raster are wavy

The lines of the raster should be straight across the face of the
picture tube. If they evidence a certain amount of waviness, the
trouble could be due to an incorrect value of capacitance across
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Fig. 707. Putting a resistor in series with the horizontal deflection coils
is a simple service change. A resistor can also be placed in series with
the capacitor across one half of the winding.

the horizontal deflection coil. Try different values of capacitance
(less than 100 uuf) and note if the waviness of the lines is reduced.

Light and dark bars in raster

These bars can be due to ringing in the horizontal deflection
windings. As a check, insert a 510-ohm resistor (rated at 1 watt,
minimum) in series between the damper tube and the horizontal
deflection coil, as shown in Fig. 707. Another technique is to put
a resistor (value from 5,100 to 10,000 ohms, 14 watt) in series with
the capacitor across the yoke winding.

White vertical lines on left side of screen

Make sure that the capacitor is properly placed across the
“high” side of the horizontal deflection windings. These lines
will appear if the capacitor has been transposed and is across the
wrong coil. Also, experiment with different values of capacitance.
Try moving the wires going to the picture-tube socket. If they
disappear, shift or become weakened, the trouble is due to im-
proper lead dress.
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Horizontal reversal of picture
The leads to the horizontal deflection coils have been trans-
posed. Unsolder them and connect them correctly.

Vertical reversal of picture
The leads to the vertical deflection coils have been transposed.
Unsolder the leads and connect them correctly.

Yoke is excessively hot

This condition can be produced by a shorted turn in the yoke.
This cannot be detected by any resistance check. Generally the
condition is indicated by an excessively hot yoke and by some
picture keystoning.

Picture nonlinearity

If the vertical gain control is set to maximum but cannot pro-
duce sufficient picture height and the picture is distorted, check
the damping resistors across the vertical deflection windings. It
will be necessary to disconnect one end of each resistor from the
yoke to make a resistance check. A defect in the resistors or in the
winding itself can also result in keystoning.

Horizontal foldover

This can be due to a defect in either one of the horizontal de-
flection coils. It can also be the result of a higher than normal
value of capacitance across the horizontal winding. Try using a
smaller capacitor and note its effect on the foldover.

Checking picture-tube currents

To determine if a picture tube is passing current, you can make
several checks. The easiest is to disconnect the high-voltage lead
and hold it close to the anode cup or receptacle on the picture
tube. A steady spark across the space between the two points
indicates a current is flowing in the picture-tube circuit. An alter-
native method is to open the cathode lead to the picture tube and
insert a dc meter having 1-ma full-scale deflection. If the meter
deflects, current is being passed through the picture tube. The
plus terminal of the milliammeter should be connected to the
cathode. (Remember, a milliammeter is a current-measuring de-
vice and must be placed in series with the circuit or tube whose
current is to be measured.)

Blooming
Blooming is a condition in which the picture expands, goes out
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of focus and often disappears from the screen as the brightness
control is advanced. Most usually, the defect is due to some
trouble in the high-voltage supply. However, it can also be pro-
duced by trouble in the brightness-control circuit. Check all
resistors connected between the brightness control and the picture
tube. It is entirely possible that blooming might be caused by
a defective picture tube. For example, if the picture tube is
gassy or if it has an internal short, a condition of blooming could
result.

Other faults leading to blooming, will be discussed in the chap-
ter on the high-voltage power supply (Chapter 8).

Afterglow

A spot of light is sometimes seen on the face of the picture
tube after the receiver is turned off. This spot is due to the fact
that the hot cathode of the picture tube continues to emit elec-
trons for some time after the removal of filament voltage. High
voltage remains on the picture tube because the high-voltage
filter capacitor (either a 500-ppf unit or the inner and outer coat-
ing on the picture tube) takes a long time to discharge. If the
spot is a concentrated pinpoint on the face of the screen, it can
burn away some of the phosphor material. For complaints of this
nature it is only necessary that the customer turn up the bright-
ness control a bit before turning off the receiver. If the spot is
fairly large (about the area of a dime), it will do no damage.

The reason for advancing the brightness control is that this
action increases the scanning-beam current, thereby discharging
the high-voltage capacitor that much more quickly. Also, a slight
amount of blooming will cause the spot to become defocused.
Some receivers come equipped with a spot killer circuit.

Heater-cathode leakage

Heater-cathode leakage in the picture tube (or in one of the
preceding tubes carrying the picture signal) can cause 60-cycle
hum modulation of the picture, producing a typical hum bar
(horizontal) across the screen. The bar may make the upper or
lower portion of the screen dark.

To determine if the leakage is in the picture tube, vary the
contrast control. If it has no effect on the hum bar, then the
hum modulation exists in the picture tube. Otherwise substitute
new tubes (video amplifier, video if amplifiers) one at a time.
If you do not have tubes available for substitution, you can
ground the cathode of each tube in turn (video amplifier and
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Fig. 708. Connections for adding a filament transformer to isolate
the CRT filament.

if’s). This test must be done quickly to avoid tube damage. If
the hum bar does not disappear, the picture tube is at fault.

If heater-to-cathode leakage does exist in a picture tube and
the picture is weak and washed out (due to insufficient cathode
emission) try a picture-tube brightener of the isolation type. It may
cure both troubles at the same time. If the picture still remains
somewhat washed-out, the picture tube should be replaced.

Another cure for heater-cathode leakage in a picture tube is
to install a separate filament transformer (Fig. 708). Disconnect
the leads going to the heater pins of the tube socket and connect
them to the secondary of a filament transformer. The primary
of a power transformer must be connected to the ac line coming
into the receiver so that the on-off switch opens and closes the
circuit to the primary of the new filament transformer.

If the picture-tube heater is part of a series-string arrangement,
disconnecting the picture-tube heater leads will open the heater
circuit. To restore continuity insert a 10-watt 10-ohm resistor
between the heater leads which have been disconnected from the
picture tube (Fig. 709).

Arcing

The high-voltage lead going to a metal picture tube is fastened
to the rim edge. This must be secure and make good contact. If
not, the result will be intermittent flashes in the picture accom-
panied by a crackling sound.
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Fig. 709. Additional problems are encountered with
series-filament circuits. An isolation brightener is a
quick way to test and an easier way to repair.

Barreling

Barreling, as its name implies, causes the raster or picture
to push outward, producing a condition that resembles a barrel
(Fig. 710). This condition is sometimes produced when vertical
or horizontal output transformers are replaced. It is caused by
an impedance mismatch between the transformer and the deflec-
tion yoke. It can also be the result of poor positioning of anti-
pincushioning magnets.

If the output transformer has not been replaced and if the tube
has no anti-pincushioning magnets (or if the magnets are properly
set), it is possible that a shorted turn in the deflection yoke is
causing the condition.

Pincushioning

Pincushioning is a condition in which the sides of the raster
or picture are pushed in (Fig. 711). Although the final result is
an effect which is opposite to that of barreling, it can be produced
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by the same defects — that is, mismatching between vertical or
horizontal output transformers and the yoke, shorted turns in
the yoke and improper positioning of the anti-pincushioning
magnets.

To adjust the anti-pincushioning magnets feed in a signal
from a cross-bar generator and adjust the magnets until all lines
are straight. If such a generator is not available, reduce the size
of the raster with the size controls until the four edges of the
raster can be seen. Adjust the magnets until the edges are straight.

Fig. 710. Barreling is a condition in
which the sides of the raster are
curved outward.

The raster can then be increased in size once again. It may be
necessary to readjust the magnets when replacing a picture tube.

Gassy picture tube

A gassy picture tube has excessive beam current. The bright-
ness may be erratic and focus can be poor. A gassy tube may result
in a negative picture.

Fig. 711. Pincushioning is a condi-
tion in which the sides of the ras-
ter are curved inward.

Magnetized picture tube

If the inability to focus is accompanied by a steady bend in
the picture, it is possible that the cone of the picture tube (metal
picture tube) has become magnetized. Magnetization usually
occurs in a small area of the cone. Check for magnetization with
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a compass. Make sure the receiver is turned off. Hold the compass
in a horizontal position and move it slowly back and forth near
the metal portion of the picture tube, gradually covering the
entire metal surface area. Any sharp movement of the compass
needle indicates a magnetized area.

To demagnetize a metal picture tube use the degaussing coil
sometimes required for three-gun, color picture tubes. If such
a coil is not available, use any iron-cored coil (such as a filter
choke) (Fig. 712). As a precaution, put a 25-watt bulb in series
with the coil and connect the combination to the 117-volt ac line.
(Note: the filter choke must be an unshielded type.) Now bring
the energized choke coil close to the magnetized spot on the
picture tube, then move the choke away slowly. Check for com-
pleteness of demagnetization with the compass.

UNSHIELDED FILTER CHOKE
(uSE ANY VALUE 5h TO30p)

D 000000000004

I
N

25 WATT
ELECTRIC
LIGHT BuULB

Fig. 712. This simple circuit can be used for demagnetiz-
ing the metal cone of a CRT.

Metal tubes in stock should be kept away from PM focus units,
PM speakers, ion-trap magnets or other components that have
a magnetic field. When the receiver being serviced has the speaker
mounted near the picture tube, it may be necessary to relocate
the speaker.

Broken or loose picture-tube base

Just because the base of the picture tube is broken or loose
does not mean that the picture tube will have to be replaced. If
the base is loose, run a thin layer of cement around the edge
where the base touches the glass. Masking tape also makes a quick
repair.
Buzz

Some glass picture tubes have an outer Aquadag coating. A
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pressure contact or clip connects this coating to the chassis. A
poor connection between the chassis or ground clip and the
Aquadag can result in buzz. To determine if the buzz is due to
this, turn the brightness down until the screen is dark. Adjust
the contrast control to minimum. Keep the volume control turned
up. If the buzz disappears, the trouble is due to poor contact
between the Aquadag and ground.

Time-saver

To eliminate any possibility of the picture tube as a source
of buzz, disconnect the high-voltage lead or the picture-tube

PICTURE TUBE |2P'CTURE utsls

1

13_ >

- | |

12 t 2

TO BOOSTED B+ To BOOSTED
AT T
tufd = lufd
| 600VOLTS .D.C. WORKING 600 VOLTS DC

if

Fig. 713. Techniques for burning out a short between the CRT filament and
cathode (left), and grid and cathode.

socket. If the buzz remains, the fault does not exist in the picture
tube.

Dark areas at bottom, sides or top of picture

This trouble may be due to improper centering of the picture.
Make sure that the deflection yoke is as far forward as it can
go, snug against the bell of the picture tube. Turn the receiver
on but set the channel selector to an off-channel position. Make
sure the raster is perfectly straight and, if not, turn the yoke
until it is. Examine the raster scanning lines at each end, center
and top to bottom. Adjust the focus unit for sharpest scanning
lines over the greatest area of the picture-tube screen. The func-

tion of the focus unit is to give sharp scanning lines, not maximum
brightness.
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Sound normal; picture delayed

It is quite normal for sound to be heard before the picture
appears. If, however, it takes some time for the picture to show
on the screen, then the trouble may be due to insufficient picture-
tube cathode emission. When the picture finally appears, it may
not cover the entire screen (some corners will appear pulled in)
and picture contrast may be poor. The trouble may be due to
inadequate heater voltage at the socket of the picture tube. If
voltage is normal (6.3 volts ac), the defect is in the tube. Try a
picture-tube brightener or replace the picture tube.

Picture-tube corona

Leakage sometimes takes place between the high-voltage button
and the rubber cap surrounding the end of the high-voltage lead.
Examine the cap. If it appears to have lines running through it,
or if it feels brittle and rough instead of smooth, it is decomposing.
When this happens, the rubber loses some of its insulating prop-
erties and becomes slightly conductive, providing a leakage path
from the high-voltage connector. Trim away the rubber with a
razor blade. Wipe the glass area around the high-voltage second
anode until it is absolutely clean. It is only necessary to moisten
a cloth, sprinkle some household cleanser on it and then scrub
the glass area near the second anode. Be sure to rinse and dry the
area, after cleaning it.

Heater-to-cathode short

To check for a heater-cathode short, allow the picture tube
to remain in an operating condition for at least 10 minutes. Turn
the set off, remove the picture-tube socket and then quickly
measure (with an ohmmeter) between the cathode pin and either
heater pin. A low-resistance reading (it may jump to a high resist-
ance reading as the heater cools) indicates a heater-cathode short.
This test must be done quickly before the tube heater has had a
chance to cool.

Grid-to-cathode short

This condition results in a picture that is excessively bright.
Retrace lines will show while the brightness control will seem
not to be functioning. To test for a short between the cathode
and control grid, allow the picture tube to operate for at least
10 minutes. Turn the set off and then make an ohmmeter check
between cathode and control grid pins. This test must be done
quickly before the cathode has had a chance to cool.
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Removing internal shorts

If the previous tests show a short between any elements try to
clear the short. It is often caused by a bit of material that has
become lodged between tube elements. To remove the short, use
a 1 uf capacitor rated at 600 working volts dc. Connect one side
of the capacitor to the chassis. If the short is between heater and
cathode, connect either pin of the picture tube (Fig. 713) to the
chassis. Solder a wire to the other side of the 1 uf capacitor. Touch
the other end of the wire to the boosted B-plus in the receiver
(receiver turned on). This will charge the capacitor. Turn the

SOUND
VIDEO
AMPLIFIER CRT
l > CONTRAST
CONTROL
—
VIDEO I
AMPL L
+—
y
R
CONTRAST
CONTROL R2
B+ B8+

Fig. 714. Although the contrast control is usually found in the cathode cir-
cuit of the video amplifier, it has also been used in the CRT input electrode.

set off. Remove the wire from the boosted B-plus point and
touch it to the cathode pin of the picture tube. The capacitor
will discharge through the material in the tube that is causing
the short. Repeat as often as required.

The same technique can be used to remove an internal short
between cathode and control grid (Fig. 713).

Contrast-control troubles

Most receivers have the contrast control in the cathode circuit
of the video amplifier tube although in a few sets the contrast
control is in the plate circuit. However, the contrast control can
be located in the cathode circuit of the picture tube. In such
cases, the contrast control is part of the load circuit of the video
amplifier, and the amount of signal fed into the cathode of the
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picture tube depends on the setting of the control. The contrast
control and the other components in the circuit can be checked
with an ohmmeter.

Note the location of the contrast control shown in Fig. 714
and the effect it can have on receiver symptoms. A defective
contrast control in the cathode circuit of the video amplifier can
cause loss of picture and sound or weak picture and sound (when
the sound takeoff is from the plate circuit of the video amplifier).
When the contrast control is placed after the sound takeoff,
contrast-control troubles affect only the picture. Once again,
intelligent symptom analysis depends upon an examination of
the schematic.

Dirty picture tube

The face of the picture tube tends to collect dust and dirt.
When the dust layer is uniform, it sometimes has an appearance
similar to that produced by a weak, washed-out picture. Make
sure that the receiver line cord is disconnected and that the high-
voltage filter capacitor (either the tube itself acting as a capacitor
or a regular high-voltage filter) is completely discharged. Use
moderately warm water. Do not use a soap, household cleanser,
abrasive or any substance that could scratch the glass. Use a soft
cloth to wipe the face of the tube.

Examine the protective mask or glass in front of the picture
tube. Clean, using the same technique as that employed to clean
the face of the picture tube. Never use any chemical cleanser on
plastic masks. Usually any cleaner used on fine china or glass-
ware is suitable.

Reactivating cathode

If brightness is poor and raster and picture appear dim, it is
possible to squeeze some extra life out of the picture tube. This
can be done conveniently with a picture-tube brightener. An
alternative is to operate the heater with a slightly higher voltage
for a short period of time and then to let the heater “‘cook” for
a while. To reactivate a picture-tube cathode, apply the usual 6.3
volts ac for at least 10 minutes so that the heater has a chance
to get hot. Now increase this voltage to about 10 volts for 1
minute, then decrease the filament voltage to 7.5 volts for about
2 hours. Never apply a higher than normal heater voltage (10
volts or more) to a cold heater.

The reactivating voltages can be acquired in a number of ways.
Connect the picture-tube heater pins to a tube tester and then
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apply the necessary heater voltage by rotating the heater voltage-
selector switch on the tube tester. Or, use a filament transformer
with the primary connected to a variable auto transformer. When
using this method, put an ac voltmeter across the secondary to
measure the voltage being fed to the picture-tube heater. Some
hobby shops sell toy-train transformers having variable outputs
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Fig. 715. Retrace blanking circuits can be coupled into the
cathode or the grid of the CRT.

ranging from 5 to 10 volts. These can also be used, provided the
voltage is monitored with an ac voltmeter.

Vertical retrace blanking

Sets which incorporate a vertical retrace blanking circuit (Fig.
715) should not show vertical retrace lines at the usual bright-
ness-control setting. The presence of retrace lines often indicates
an open in the coupling capacitors (C1 and C2) between the
vertical output transformer and the cathode or control grid
(whichever is the signal electrode) of the picture tube.

Trouble in the retrace blanking network can cause retrace lines
to appear bunched together on the screen, looking like a white
band. The presence of retrace lines may also be due to an im-
properly positioned ion trap magnet or to a gassy picture tube.
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chapter 8

high-voltage troubles

R, ) & TT

v OLTAGEs present in a television set are often used in a manner

that is sometimes confusing but perfectly logical when ex-
plained. The positive voltage at one end of a resistor used to
develop cathode bias can also be used as a delay voltage on an
agc tube. A noise voltage is amplified, inverted in phase and
then is fed back into the circuit from which it started so that, in
effect, it cancels itself. Similarly, the circuits that do the horizontal
scanning give us high voltage in addition to scanning action and,
as a consequence, these two actions are related to each other in
servicing.

The block diagram of the complete television receiver shown
in Fig. 801 indicates the relationship of the high-voltage supply
to the rest of the receiver. The part of the receiver to be studied
now is blocked in black. In Fig. 802 is a block diagram of the high-
voltage section showing the circuits that can be involved in high-
voltage troubles. Although we show the afc in this diagram, a drift
in oscillator frequency will not mean loss of high voltage. For this
reason, horizontal afc and horizontal oscillator troubles are covered
in the next chapter.

Sources of high-voltage trouble

Loss of high voltage (or insufficient high voltage) can be due
to troubles in the horizontal oscillator, horizontal output, damper
and high-voltage rectifier circuits. Since loss of high voltage (or
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Fig. 802. Block diagram of the stages which can be a source of high-voltage
troubles. Although the afc is part of the horizontal oscillator, it usually does
not interfere with the generation of high voltage.

insufficient high voltage) causes a condition (no raster) that is
also produced by other troubles, it is important at the outset to
determine whether the blank screen is actually due to the ab-
sence of high voltage. For example, an improperly positioned ion-
trap magnet can cause complete disappearance of the raster, but
it would not be a good servicing technique to try to adjust the
magnet at once. First, determine if high voltage is available or
missing. If high voltage is present at the second anode of the
picture tube, then this eliminates the sweep section (horizontal
oscillator, horizontal output, etc.) as the source of the trouble.
The various causes of a blank screen have already been discussed
in earlier chapters.

Horizontal output troubles

A common cause of high-voltage failure is a defective horizontal
output tube. (see Fig. 803)

Repeated horizontal-output tube failure (requiring frequent
replacement of the tube) may be due to operating conditions or
components and not to defective tubes.

Picture hook

A heater-cathode short in the horizontal output tube can cause
a slight amount of picture hook. An open B-plus capacitor can
also cause this trouble.
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Horizontal drive
In some receivers the horizontal drive is a small trimmer, as
shown in Fig. 803, or a variable pot but in some receivers there
is no provision for varying horizontal drive. The purpose of the
horizontal drive control is to adjust the amount of signal voltage
fed to the control grid of the horizontal output tube. Excessive
drive (too much signal output) means excessive pulse currents
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va +
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Iig. 803. Typical horizontal am-
plifier stage. Some circuits use a
variable resistor for drive con-

trol. It is not used at all on some
chassis. -+265V

through the tube. The result is poor horizontal linearity, picture
stretch (on left side of the screen). Overdrive can also result in a
picture that seems squeezed in at the center. There may also be
one or more white vertical lines on the screen (overdrive lines).

If the drive control is set so that insufficient excitation (signal
voltage) is fed into the control grid of the horizontal output tube,
high voltage will be decreased. Since the reduction of drive reduces
the grid-leak bias of the tube, the flow of direct current through
the tube will be increased. The picture width varies with the
amount of drive.

To adjust the horizontal drive, rotate the control until drive
lines and nonlinearity occur, then back off the control until the
drive lines disappear or the picture becomes linear.

Cathode bias of horizontal output tube

Some horizontal output tubes obtain part of their bias voltage
from a cathode resistor (usually 100 ohms or less) connected be-
tween the cathode of the tube and chassis. The resistor is not
always bypassed by a capacitor. A typical value for this capacitor
is 0.1 pf.
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The cathode resistor is generally rated at 2 watts. Never re-
place this resistor with one having a lower wattage rating (a unit
with a higher wattage rating can be substituted). If the resistor
gets excessively hot (look for swelling, splitting, smoking), then
too much current is flowing through it. Probable cause is under-
drive or a gassy horizontal output tube.

Bias for the horizontal output tube may be supplied by the
driving signal (from the horizontal oscillator) and by a cathode
resistor. A typical value of dc bias between the control grid and
cathode of the tube is 35 volts (that is, the control grid is negative
35 volts with respect to the cathode). If the tube has no cathode
resistor, the 35 volts of bias is all grid-leak bias and is supplied
by the drive signal. If the tube also uses a cathode resistor, cathode
bias is approximately 13 volts and grid-leak bias approximately
22 volts.

T Fig. 804. A 15,750-cycle wave-
100 Y0 150 form as seen at the grid of
VOLTS the horizontal amplifier with
l. a scops sweefr of 5,250 cycles.

Bias voltages are dc and should be measured with a vevm. If
the horizontal output tube has no cathode resistor, bias can be
measured between control grid and ground. If a cathode resistor
is part of the circuit, then bias is measured between control grid
and cathode.

Significance of bias checks

A bias test of the horizontal output tube supplies useful infor-
mation. If the horizontal output tube uses a cathode resistor,
measure the voltage drop across it. Connect the plus lead of the
meter to the cathode and the negative lead to the chassis. If the
bias voltage is normal (compare it with that shown on the manu-
facturer’s schematic), then the horizontal output tube, horizontal
oscillator and discharge circuits are working. To verify, measure
the voltage between the control grid and cathode. Set the vtvm
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to read about 50 volts dc, full scale. The control grid has a
negative voltage.

In the absence of drive (or insufficient drive), the voltage across
the cathode resistor will be above normal. The cathode resistor
may be excessively hot and it is possible for it to burn out.

To check the drive voltage, measure the bias voltage across the
grid-return resistor of the horizontal output tube (between con-
trol grid and chassis). Zero bias voltage indicates lack of drive and
that the trouble (no high voltage or insufficient high voltage) ex-
ists prior to the horizontal output tube. If the bias is incorrect,
adjust the drive control. Also measure the resistor or resistors in
the grid circuit of the horizontal output tube.

Oscilloscope check
Connect the vertical input of the scope between the control

Fig. 805. Normal sweep wave- A
form at the plate of the hori- !
zontal output tube, seen with  ppprox
the aid of a 100-to-1 capaci-  gyy
tive-divider probe. Diagonal '
line is scope retrace. Peaks ]
are about 6 ku. high. i/ E—

grid of the horizontal tube and ground. Adjust the coarse and
fine vernier controls on the scope until you see one or two input
signal waveforms on the screen. The waveform will resemble a
sawtooth. The peak-to-peak value will vary from one receiver to
the next, but will generally be between 100 and 150 volts. (The
scope must be calibrated to read this value of peak-to-peak volt-
age.) The manufacturer’s service notes or schematic will indicate
the amount of voltage to be expected at this point. If the wave-
form does not appear, then the trouble is in some circuit pre-
ceding the horizontal output tube. A typical waveform at the
control grid of the horizontal amplifier tube (as seen on the
screen of an oscilloscope) is shown in Fig. 804. A straight line trace
is an indication of lack of drive. Either the horizontal oscillator
is not working or there is an open coupling capacitor connected
to the control grid of the horizontal amplifier tube.
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Caution: When making voltage checks with the vtvin or scope
on the horizontal output tube, keep the test leads away from the
plate cap of the tube. Pulses of 6 kilovolts, peak-to-peak (Fig. 805)
are here with 500 to 600 volts dc.

Horizontal output-tube screen circuit

The voltage on the screen is about 135 to 150 volts dc. In
some receivers a 14 amp (250-ma) slow-blow fuse is in the B-plus
line going to the screen (and plate of the damper). An open fuse
means loss of high voltage. The fuse can open for a number of
reasons. C1 (in Fig. 803) can be leaky or shorted. The horizontal
output tube can be passing too much current (soft or gassy tube,
or improper drive-control adjustment). A heater-to-cathode short
in the damper can blow the fuse. Sometimes the fuse will blow if
it is replaced by one having a lower current rating. (Do not use

PLASTIC TUBIN(7
Q i el
NE 2
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Fig. 806. Neon lamp in plastic holder needs no elec-
trical connection to indicate the presence of horizon-
tal pulses in the output circuit.

a fuse having a higher current rating than the one specified by the
manufacturer of the receiver.) Check the bias voltage of the hori-
zontal output tube (between control grid and cathode). If it is
lower than normal, excessive current will flow through the tube,
blowing the fuse. If bias is normal, then trouble is probably in
the damper.

If there is no high voltage and the fuse checks OK, measure
the voltage on the screen of the horizontal output tube. If there
is no voltage at the screen, turn the receiver off and check all re-
sistors in the screen circuit. These usually have a rating of 1 to
4 watts. Test for resistance and examine physically for tell-tale
signs of overheating. Do not replace these resistors with units
having a lower wattage rating (resistors of a higher wattage can
be substituted).

Note: Not all screen circuits in all television receivers are alike.
Some receivers have a horizontal size control as part of the screen
circuit. Some sets have a screen bypass connected directly at the
screen pin while others have a small resistor (about 100 ohms) con-
nected to it. (Fuse trouble in the damper circuit is described later.)
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Checking at plate of horizontal output tube

So far we have concerned ourselves with the cathode, control
grid and screen grid of the horizontal output tube. The plate
cap of the tube is a good point at which to make checks because
it is generally readily accessible.

Manufacturers’ schematics usually do not list the voltages on
the plate of the horizontal output tube. The dc voltage is be-
tween 400 and 500, and the ac pulse voltage in the order of 6
kilovolts. Do not attempt to make direct voltage measurements
at the plate of the horizontal output tube. Some technicians arc
the plate of the horizontal output tube to judge, from the size
of the arc, whether the tube is working properly. A better tech-
nique is to bring a small neon lamp (NE-2) close to the plate cap

Fig. 807. High-voltage rectifier circuits use various values of
series-filament resistance.

and observe whether the bulb lights. As a safety precaution, mount
the bulb in the end of a piece of plastic tubing (Fig. 806). No
wired connections or ground leads are required.

Using an arc test or a neon-light indicator is satisfactory except
that these devices do not tell you how well the tube is working.
You can check the pulse voltage at the plate with a 100-to-1
capacitance divider probe and a scope. The scope must be cali-
brated in terms of peak-to-peak voltage. The advantage of this
method is that it enables you to see the waveform and also to
measure its actual amplitude.

High-voltage rectifier tube

In all circuits, the top end of the flyback transformer connects
to the plate of the high-voltage rectifier tube. Typical high-voltage
rectifier circ