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introduction

HE television technician, “used to” being thrown upon his own

resources, has been put to sterner tests than ever by the advent
of color television. Color receivers are more complex in construc-
tion and circuit operation is more critical than in black-and-white
sets. The practical man, who must keep these receivers operating
satisfactorily, is being deluged, unfortunately, with high-lown
theory from the research laboratory, and with little translation of
theory to practice. This book is planned to meet this real need.

New test equipment has become necessary to install and service
color television receivers—instruments such as color bar and white
dot generators and scopes with 100 % response at 3.58 mc. Conven-
tional test equipment, such as sweep and marker generators, have
become obsolete in many cases because of lack of flatness of out
put from the sweep generator, lack of accuracy of the marker indi-
cation, excessive numbers of spurious outputs and insufficient out-
put over the necessary ranges of frequency. Video-frequency sweep-
ing (10 kc to 4.5 mc) becomes an important new requirement in
color servieing. These requirements and techniques are carefully
discussed and illustrated in this volume. Instructions are provided
on how to test the test equipment for the more critical service ap-
plications.

Such matters are becoming of increasing importance to the TV
technician (relatively inexperienced in color TV) since he may
frequently be in doubt as to whether his instruments are all they
are supposed to be or whether he may be applying the instruments
incorrectly.

This is primarily an applications book. However it has as its
central purpose the provision of the clearest possible instructions
on how to do the job and how to do it right. It is not a step-by-step
book to be followed mechanically and without understanding of
why each step is specified; it is the purpose of the book to explain
fully why the particular method and test setup are utilized and to
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show the false conclusions and distortions which result from com-
mon errors in making such tests. '

The author wishes to take this opportunity of extending his sin-
cere thanks to Mel Buehring, sales manager of Simpson Electric Co.,
for making available for publication findings of the company’s field
engineering program, for supplying art work, and making avail-
able copyrighted technical data from the company’s house organ
and instrument instruction book. Bert Williams of Admiral Corp.
and Tim Alexander of Motorola likewise deserve credit.

In conclusion, I wish to extend my thanks and appreciation to a
host of fellow engineers and TV technicians throughout the coun-
try from whose comments and observations I have benefitted enor-
mously. To this group (who for practical reasons cannot be listed
individually) I gratefully acknowledge my indebtedness.

ROBERT G. MIDDLETON



chapter

preliminary servicing

As in black-and-white reception, most servicing of color receivers
requires only replacement of defective tubes. Fig. 101 shows
a block diagram of a color set from which it will be evident that the
faulty section can often be localized by observing the reproduction
(or lack of reproduction) of chrominance, monochrome and audio
signals.

A complaint of no sound and no picture may indicate a faulty
tube in the front end or in the if stages prior to the sound takeoff
point. A complaint of no color picture, but with a black-and-white
picture and sound present, points to a faulty tube in the chroma or
color-sync sections. For example, if the bandpass amplifier tube is
defective, no chroma signal can pass. If the color sync discriminator
tube is faulty, the color signal rolls so fast on the screen of the pic-
ture tube that it produces gray, and the color signal appears to be
missing. If the color picture is satisfactory, but sound is absent, the
tubes in the sound channel should be checked, as in a black-and-
white receiver. When the complaint is that the color picture has
very poor definition with dim and bluish colors, the tubes in the Y
channel between the color takeoff point and the picture tube should
be checked.

If the color information in the picture appears as horizontal rain-
bows, the color subcarrier oscillator is out of color sync and is op-
erating slightly off frequency. Sometimes the burst amplifier tube
is weak or the color phase-detector tube may be somewhat unbal-
anced; the reactance or subcarrier oscillator tube can also be re-
sponsible. Color hum bars can be seen in the picture if the band-
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Fig. 101. Block diagram showing the various sections of a color TV receiver. (Courtesy of Motorola, Inc.)




pass amplifier tube, for example, develops heater-to-cathode leak-
age. They can appear due to heater-to-cathode leakage in the chro-
minance amplifier tubes or to leakages in the picture tube.

Note that the response of the chroma channel can be rapidly ex-
amined by turning the contrast control to minimum and the color
intensity control to maximum. Likewise, the response of the Y
channel can be checked by turning the intensity control to mini-
mum and the contrast to maximum. These simple tests supplement
the conclusions gained by observing the receiver response with the
operating controls set for normal reception.

Reproduction of improper colors

When the complaint is improper reproduction of colors, the
characteristics of the receiver must be considered before a particu-
far tube is suspected. Fig. 102 shows a popular arrangement of an
(R—Y) and a (B —Y) color detector and 2 (G — Y) matrix.
The red color signal is obtained at the output of the (R —Y) de-
tector, the blue color signal from the output of the (B —Y) de-
tector and the green from the output of the (G — Y) matrix. Con-
sider first the situation in which the red, green and blue color signals
are ac coupled to the picture tube. If green is missing from the pic-
ture, normal yellows appear red because yellow is produced by a
mixture of red and green. Lack of green in the picture, and the
red appearance of normal yellows, would point to a defective
(G — Y) matrix tube.

The color detectors and matrix tubes are often followed by ampli-
fiers, so lack of green would also point to a defective (G —Y) ampli-
fier tube, if utilized in the particular receiver. A defective (R —Y)
detector tube (Fig. 102) causes the reds to disappear from the pic-
ture and normal magentas will appear blue because magenta is a
mixture of red and blue. In the same manner, a defective (B — Y)
detector tube causes the blues to disappear from the picture and nor-
mal cyans appear green because cyan is a mixture of blue and green.

These considerations are quite straightforward. Now consider
the symptoms obtained from the arrangement of Fig. 102 when the
circuits are dc coupled to the color picture tube. In this case (quite
common in modern receivers), tube failure affects, not only the
signal voltage, but also the dc voltages in the channel. The nature
of the disturbance in dc distribution will depend upon the particu-
lar type of tube failure because the bias on the grids of the picture
tube is determined by plate currents and grid biases on the receiving
tubes in the channel.



Clear distinction must be made between raster colors and signal
colors on the screen of the color picture tube. The raster colors are
present in the complete absence of an incoming signal or in repro-
duction of a black-and-white signal. Signal colors are developed in
response to signal voltages {rom the chrominance channels and al-
ways appear superimposed upon the raster colors.

TO RED GRID
(R-Y) DET
FROM CHROMA TO GREEN GRID
(6-Y) MATRIX
BANDPASS AMPL
(B-Y) DET
TO BLUE GRID

Fig. 102. A common (R—Y) (B-Y) (G-Y)
arrangement.

Raster colors are controlled by dc potentials on the cathodes,
grids and screen grids of the color picture tube. A higher cathode
bias, a higher grid bias or a lower screen voltage causes the associated
raster color to decrease in intensity. On the other hand, a lower
cathode or grid bias or a higher screen voltage causes the associated
raster color to increase in intensity. In normal operation, adjust
the grid-cathode bias and the screen voltage for each of the three
electron guns in the picture tube to produce a neutral gray or white
raster in the absence of a signal.

An inspection of the circuit arrangement of Fig. 103 will show
that maintenance of proper bias on the green grid of the picture
tube is dependent upon normal plate voltage at the (G — Y) matrix
tube. Loss of emission in this tube is equivalent to advancing the
green brightness control and causes the entire screen to assume 2
greenish cast. On the other hand, a defect which causes the grid
bias to fall at the (G — Y) matrix tube is equivalent to backing off
the green brightness control and causes green to be lacking from the
raster. It might be assumed that the green signal was not getting
through whereas actually the loss of green is caused by dc bias dis-
turbance.

Hence, when dc coupling is used in the chroma channels, signal
and background disturbances go hand-in-hand and picture analysis
must be made with this in mind. Dc coupling is used to eliminate
the need for dc restorers hence to minimize the tube complement.

Check for tube trouble first

Unless the receiver has been tampered with, it is best to leave all
background, screen, gain and balance controls unchanged until a
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justifiable reason appears for changing a control setting. If the
screen appears dominated by a green hue—actually due to heater
failure in the (G — Y) matrix tube (Fig. 103), it would be a time-
wasting error to start by backing off on the settings of the green
background and screen controls to obtain a neutral raster. After
getting a neutral raster in this manner the green signal would be
missing from the picture, with only red and blue signals to drive the
picture tube.

B+
B 2

TO RED GRID

S

S

1 TO GREEN GRID
(G-Y)

% MATRIX

TO BLUE GRID

Bt )

Fig. 103. Modern receivers
often use dc coupling in the
chroma channels. This means
that tube faults which affect
the signal will often affect the
background as well.

8+

(B8-Y) AMPL

Hence, the (G —Y) matrix tube must be replaced anyhow, and
the green background and screen controls must then be readjusted
to neutralize the raster on black-and-white reception. Always as-
sume at the start that the receiver is capable of normal operation if
a faulty tube or two can be located and replaced. This approach will
usually save a great deal of time.

Receiver manufacturers often publish trouble charts which are
a valuable guide in localizing faulty tubes. A typical example is
given in Chart 1—1, which applies to the Motorola TS-902 series.

Precautions against high-voltage hazards

Color picture tubes operate at approximately 25,000 volts and
substantial current requiring much more care than in black-and-
white work. Once a person gets “‘bit” by the high-voltage supply in
a color receiver, he does not soon forget it. There is little question
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Chart 1-1—Trouble Chart for Color Section

Symptoms

Tubes to Check

Normal raster and black-and-white pic-
ture. No color.

Bandpass amplifier and cathode follower; 3.58-
mc buffer; (R — Y) and (B — Y) demodulators;
{(R—Y) and (B—Y) amplifiers; 3.58-mc
oscillator and reactance tube; rf amplifier;
mixer—oscillator; first, second and third if tubes.

Normal! raster, normal black-and-white
picture, color out of sync. Color infor-
matian falls off to side, similar ta ovt-
af-horizontal sync.

Bandpass cathode follower; 3.58-mc buffer;
burst amplifier; (G — Y) matrix amplifier; color
afc tube; 3.58.mc oscillator and reactance tube.

Normal raster and black-and-white pic-
ture. Poor color tone and balance on
calor partion of picture.

Burst amplifier and (G — Y) matrix tube;
(R—Y) and (B — Y) demodvulators; (R — Y)
and (B — Y) amplifiers; picture tube,

Tinted tinted

evenly).

raster (entire raster

Picture tube—make visval check first to see if
all three heaters are glowing; burst amplifier
and (G — Y) matrix tuvbe; (R—Y) and
(B — Y) demodulators; (R — Y) and (B —Y)
amplifiers.

Excessive 920-kc beat interference in
picture.

Rf amplifier; oscillator—mixer; first, second and
third if amplifiers; sync and video amplifiers;
agc detector and amplifier; brightness amplifier.

Picture size changes excessively with
adjustment of brightness control.

High-voltage regulator tube,

Tinted raster (one or more sections
tinted, vsvally in the outer areas).

Picture tube.

Color fringing.

Picture tube.

Sound ok; no picture. (Receivers using
separate sound detector).

Last if amplifier, picture detector tube.

No sound, no color; black and white
picture ok. (Receivers using separate
Y detector.)

Chroma-and-sound detector tube.

Picture blooms badly, with varying dy-
namic convergence as brightness con-
trol is advanced.

Regulator tube. (Some receivers vtilize a triode
regulator—others vse a corona bleeder tube),
If corona tube is used, weak high-voltage recti®
fier tubes may reduce the high voltage below
the striking level of the regulator.

Color hum bars in picture.

Heater-cathode leakage in color detector tubes,
or color amplifier tubes,

Blves and greens only are present in
the color picture.

(R — Y) detector, ar amplifier.

Reds and greens only are present in
color picture,

(B — Y) detector, or amplifier.

12



Trouble Chart for Monochrome Section

Normal raster. No picture, no sound.

Rf amplifier; oscillator—mixer; first, second and
third if amplifiers.

Weak picture (insufficient contrast).

Rf amplifier; oscillator—mixer; first, second and
third if amplifiers; sync and video amplifiers;
video amplifier; brightness amplifier.

Low brightness or no raster.

Horizontal oscillator and amplifier; damper;
focus rectifier; high-voltage rectifier tubes and
regulator; picture tube.

Poor vertical linearity and/or size.
Horizontal white line (no vertical
sweep).

Vertical oscillator, vertical output.

Vertical instability (picture rolls).

Sync separator and noise gate; sync amplifier
and horizontal phase detector; horizontal
oscillator.

Loss of vertical and horizontal hold.

Sync separator and noise gate; sync amplifier
and horizontal phase detector.

No horizontal hold or critical horizontal
hold.

Sync separator and noise gate; sync amplifier
and horizontal phase detector; horizontal
oscillator.

Insufficient horizontal size.

Horizontal oscillator and amplifier; damper.

Picture normal, no sound or weak
sound.

Agc detector and amplifier; first and second
avdio if amplifiers; ratio detector; avdio and
agc clamps; avdio ovtput.

Buzz in sound.

First and second avdio if amplifiers; ratio de-
tector; avdio amplifier and agc clamp; avdio
ovtput.

vhf—no vhf.

Uhf oscillator,

Excessive contrast, negative picture.

Rf amplifier oscillator—mixer; first, second and
third if amplifiers; sync and video amplifier;
agc detector and amplifier; brightness amplifier.

Wide horizontal bar or graduation in
- shading vertically (set may also have
poor vertical sync).

Rf amplifier; oscillator—mixer; first, second and
third if amplifiers; sync and video amplifier,
brightness amplifier.

Interference in picture.

Horizontal amplifier.

Negative picture.

Agc detector and amplifier, video amplifier,
gassy picture tube.

Picture blooms and loses focus as
brightness control is advanced.

Regulator tube, high-voltage rectifier tube,

13



that death could be caused if a person should “freeze” to the high-
voltage circuit. The danger of the second-anode voltage is in the
heavy current which it can supply. The picture tube is capable of
“soaking up” considerable high voltage, which is released after
standing a while, although it has been previously discharged. Always
discharge a color picture tube before handling, even though it may
have been discharged previously.

Measurement of the high voltage is most easily accomplished
when the receiver utilizes a high-voltage interlock. This consists of
a center pin contacted by one or more flat springs (Fig. 104), to

Fig. 104. The high-voltage interlock
Y IRIER INTERLOCK  consists of a center pin at high-voltage
I potential and one or more flat grounding

= = Springs.

short-circuit the high-voltage filter capacitor. When the rear cover
is on the set, a polystyrene tube slips over the center pin and sepa-
rates the spring from the pin so that the high-voltage output is not
shorted. During service operations, the rear cover is removed and
a tubular cheater (Fig. 105) can be inserted into the interlock. A
high-voltage dc probe can then be inserted into the cheater to con-
tact the center pin and measure the voltage on a vom or vtvm.

Fig. 105. A tubular high-voltage
cheater. (Courtesy of Walsco.)

It is more difficult to measure the high voltage in a receiver which
does not provide an interlock, because corona is a severe problem at
25,000 volts. Sometimes a fine wire can be inserted down the sleeve
of the high-voltage connector to bring the high voltage out where it
can be measured. But often this expedient is unsuccessful due to
corona discharge which ionizes the surrounding air and starts a hot
arc to some metallic surface. Indirect methods of measurement arc
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sometimes suggested in the service manual for the particular re-
ceiver. It will often be necessary to check the value of the high volt-
age as it is much more critical than for a black-and-white picture
tube. Proper convergence, for example, cannot be obtained with an
incorrect voltage.

Standing waves, due to mismatch between the front end and the
lead-in must be minimized in color reception. When ample signal
is available, the standing-wave ratio can be improved by a suitable
pad between the lead-in and the front end (Fig. 106). The pad
imposes a 50% loss of signal but ahsorbs reflections on the lead-in.
It should be connected directly at the receiver input terminals.

4la 4la
Fig. 106. A simple resistive pad ~<——AM—1— AAMA—>
which sometimes improves “rain-
bow” a('riz.d smear in the g)ictu're, due P4 00
to standing-wave trouble. The pad T0 LAV W $400a TO RCVR
causes a 50% loss of the incoming )
sig'nal‘ 47 47a.
——AA——— AAM————

Be careful in the use of brute-force expedients sometimes utilized
in black-and-white reception to attenuate the input signal. For ex-
ample, if one side of the lead-in is disconnected from the receiver.
the result is serious standing-wave trouble. This can distort the
color signal or eliminate color reproduction entirely. It is poor
practice to attenuate the incoming signal or to attempt to “‘soak up”
standing waves by merely connecting series resistors on each side of
the lead-in. This oversimplified padding does afford a measure of
swr reduction but also offers a mismatch to the lead-in, which again
gives rise to more standing waves. Only a suitably designed H-pad
will provide the maximum possible attenuation of standing waves
in return for the signal loss incurred.

Convergence of the three-gun tube

Convergence is not an easy job and requires considerable prac-
tice before it can be satisfactorily completed within a reasonablc
time. Convergence adjustments are needed when a black-and-white
picture exhibits rainbows at the edges of objects. To the experi-
enced eye, the characteristics of the misconverged pattern often
give clues for rapid touchup adjustments. The beginner, however,
will find it necessary to go through a complete convergence pro-
cedure in most cases.

Receiver service manuals always provide explicit instructions for
step-by-step convergence adjustments, and these should be carefully
followed until experience is gained. It is our purpose to outline
general principles rather than to cite the procedure for a given set.
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An understanding of these principles facilitates individual jobs and
hastens the acquisition of practical experience.

Purity adjustments are preliminary to convergence and, if sub-
stantial changes of the convergence voltages and fields are required.
the operator must recheck the purity adjustments since these are
interdependent to some extent. Purity refers to the uniformity of
individual color fields, and hence to the uniformity of the gray or
white raster obtained by simultaneous operation of the red, green
and blue guns in the color picture tube.

The red field should generally be inspected first. The green and
blue guns must be disabled by whatever means available in a par-
ticular set. In receivers having plug-in facilities for the three grid
leads from the picture tube, a gun can be disabled by unplugging
its grid lead from the output of the chrominance circuit and ground-
ing the lead in a nearby jack provided for the purpose on the chas-
sis. Other receivers require shunting a 100,000-ohm resistor from
the picture-tube grid to chassis ground. Still others require that
the screen control for the gun be turned to minimum. In every
case, though, the green and blue guns must be always disabled to
make a check of red field purity.

The red field is usually checked first because the beam current of
the red gun is higher than that of the blue and green guns. Hence,
it is more difficult to obtain red purity. The master brightness con-
trol is advanced to obtain suitable screen illumination. (The mas-
ter brightness control is the customer’s brightness control and is
located at the front of the receiver.) If the field is not uniformly red,
being tinged with blue or green or both, purity adjustments will be
required.

Good purity depends upon proper position of the deflection yoke.
Unlike a black-and-white picture tube, the yoke is not pushed for-
ward as far as it will go on the neck of the picture tube. Instead, it
is positioned at the point which provides best purity. In most cases,
the yoke will not require attention, having been properly set at the
factory. However, if a new picture tube is installed, this is a point
to be kept in mind. The yoke is mounted in slotted brackets, so
that it can be exactly centered or slid back and forth along the neck.
and secured in position by hex-head machine screws.

Purity is also affected by a magnet mounted on the neck of the
picture tube. To the beginner, the purity magnet is suggestive of
the centering magnet used on some black-and-white tubes. In most
cases, the purity magnet is a pair of adjacent flat rings, with protrud-
ing tabs (Fig. 107) . When the tabs are rotated to the same position,
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the fields of the two rings cancel so that minimum magnetic flux
passes through the neck of the picture tube. When the tabs are
turned away from each other, correspondingly stronger flux is
passed through the tube neck. The general rule is to use the mini-

~— TAB
TAS —=

Fig. 107. A purity magnet consists of a pair of

adjacent flat magnetic rings. When the tabs

are rotated to the same position, the purity

field is minimum. Maximum magnetic flux

passes through the picture tube when the tabs
are turned away from each other.

mum strength of field which provides good purity. The rings can
also be rotated as a pair. This is another of the essential features of
the purity adjustment.

The purity magnet must be located properly about halfway be-
tween the convergence magnets and the blue lateral corrector on the
tube neck; in case of doubt consult the service notes for the receiver.
The purity magnet affects purity chiefly in the center of the screen,
while the yoke position has a greater influence on edge purity. The
two adjustments should be worked together, in case the yoke re-
quires positioning.

The majority of color receivers also have rim magnets for touch-
ing up purity at the edges of the screen. - Early sets had a single rim
electromagnet, with an adjustment for the amount of dc to be
passed through the rim coil. This wasa compromise which has been
supplanted by approximately eight individual permanent magnets
mounted around the periphery of the screen. In some receivers, the
rim magnets can be advanced or retracted from the screen and also
turned to adjust the polarity of their fields. Other receivers pro-
vide only a rotational adjustment. Still others dispense with rim
magnets entirely. Some manufacturers believe that rim magnets are
not required if the picture tube is properly fabricated. '

Since yoke position, neck magnet and rim magnets all interact
to some small extent, check back to obtain the most uniform red
field possible. In case no adjustments suffice to obtain a satisfactorily
pure red field, the most likely trouble is residual magnetism in the
picture-tube shield. Regardless of how the shield may have become
magnetized, the job is to remove the residual magnetism. This is
. done by means of a degaussing coil (Fig. 108), consisting of about
500 turns of No. 20 magnet wire, taped into a compact doughnut
shape about the diameter of the picture tube. The ends of the coil

17



connect to a cord which can be plugged into a 117-volt, 60 cycle
outlet.

The degaussing coil should not be applied until the rim magnets
have been removed from their holders or retracted into their hous-
ings, as the case may be. Otherwise, the ac field of the degaussing

Fig. 108. A degaussing coil has the

appearance of a large doughnut.

The diameter of the coil is about

the same as the rim of the picture

tube. It provides an ac field for

demagnetizing the picture-tube
shield.

VA,

coil will weaken the rim magnets and make them ineffective. The
coil is held squarely in front of the picture tube for a few seconds
and then backed away slowly, so that the ac field is not removed from
the tube rapidly. The coil is then unplugged and the rim magnets
returned to their positions. If good purity still cannot be obtained
in the red field, the yoke or the picture tube is defective. In some
special cases, however, trouble may be caused by strong magnetic
fields in the neighborhood, such as by subway cables.

After good red purity has been obtained, the green and blue fields
are checked in a similar manner. Generally these will fall into
satisfactory purity, although slight compromise adjustments may
have to be made in some cases. If necessary, it is best to favor the
red field since it dominates the flesh tones of which viewers are most
critical.

Make certain that the high-voltage value is correct and that any
necessary width, height. linearity and drive adjustments have been
made. These will affect the accuracy of convergence to a greater or
lesser extent and will waste time unless attended to before the con-
vergence procedure.

With preliminaries out of the way, note the three beam magnets
on the neck of the picture tube, mounted behind the yoke. Most
present-day beam-magnet arrangements have small knobs for mak-
ing adjustments. In some receivers, the beam magnets slide in and
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out of strap brackets. The three beam magnets are supplemented
in nearly all cases by a blue lateral corrector magnet, mounted be-
hind the purity magnet. The magnet isa rod which slides in and out
of its strap mount. The blue lateral corrector is adjusted in con-
junction with the three beam magnets. Adjustment is made upon
the basis of indication provided by a pattern generator. A white-
dot pattern (Fig. 109) or a white crosshatch pattern (Fig. 110) can

Fig. 109. Typical white dot pattern.

be used. Either is satisfactory, but note that random patterns such
as program material are quite unsuitable.

When the beams are convereged on the screen, the pattern ap-
pears white; but where misconvergence exists the dots or lines do

Fig. 110. Crosshatch pattern (white cross-
hatch).

not appear white—instead they are split up into colored dots or lines
(Fig. 111). Convergence is a process of eliminating the color split-

up and obtaining a pure white pattern. Here are some useful rules:
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1. The red beam magnet will move the red dots diagonally on
the screen.

2. The green beam magnet will move the green dots on the op-
posite diagonal. Hence, there is always a crossover or merging point
for the green and red dots.

3. The blue beam magnet moves the blue dots straight up and
down.

4. The blue lateral corrector moves the blue dots left and right.

5. Adjustments of the three beam magnets and the blue lateral
corrector produce the same motion of the dots at all points.

Fig. 111. Crosshatch pattern displayed on misconverged
picture tube.

At the outset of the convergence procedure, the red and green
beam magnets are adjusted to merge the red and green dots or lines
at the center of the screen. If convergence is not obtained at the
edges or top and bottom, do not concern yourself about it, as other
controls are provided for this purpose. Next, the blue beam magnet
and the blue lateral corrector are adjusted to merge the blue dots or
lines with the (yellow) lines in the center of the screen. The red
and green combination produces yellow, and a combination of red,
areen and blue produces white. At this point, white dots or lines
will be obtainable only in the central area of the screen, except in
the case where a touchup adjustment may suffice.

If the receiver is considerably out of adjustment, the screen con-
trols may have to be turned to obtain a balance.of red, green and
blue to make the converged pattern in the center of the screen ap-
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pear truly white. In case considerable adjustment of the beam mag-
nets and blue lateral corrector has been required, return to the
purity checks at this point and make certain that proper purity is
obtained.

Now proceed to the dynamic convergence controls. There are
usually 12 of these, and sometimes 13. They are grouped into red,
blue, and green controls, into horizontal and vertical controls and
into amplitude and phase (or tilt) controls. We are first concerned
with the vertical amplitude and tilt controls for red, green and blue.
We turn to the vertical center column of dots on the screen (Fig.
112) and disregard the rest of the pattern. And at this point, we

o Fig. 112. To make the vertical dynamic
convergence adjustments, focus your atten-
tion on the vertical column of dots down

the center of the screen.

may observe another very useful rule: In this vertical column of
dots, the blue dots indicate the direction of final convergence. This
rule is based on the fact that no adjustment of the vertical ampli-
tude or tilt controls can make the blue dots lean or curve—only the
relative spacing between the blue dots can be changed by adjust-
ment of the blue vertical amplitude and tilt controls.

The blue vertical amplitude and tilt controls thus do not require
immediate attention and the first job is to bring the red dots and
green dots into columns parallel with the blue dots. Fig. 113 shows
the dots separated in parallel columns. Now, note this very impor-
tant fact:

When the red, blue and green dots appear in parallel columns,
adjustment of the beam magnets and blue lateral corrector
will serve to merge all the dots and obtain final convergence.

The reason for this follows from the principle noted earlier: ad-
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justment of the three beam magnets and blue lateral corrector pro-
duces the same motion of the dots at all points on the screen.

Of course, the trick is first to get the color dots lined up in parallel
columns. This is accomplished by the vertical dynamic convergence

oL
NN N

-

GREEN COLUMN OF DOTS
. -
D COLUMN OF DOTS

w
~ {I -4
——BLUE COLUMN OF DOTS

Fig. 113. Dynamic convergence brings the
red, green and blue dots into parallel
columns.

controls. It is oftén helpful to disable the blue gun at the begin-
ning and to work with the red and green dots only. This simplifies
the pattern and, once the green and red dots have been converged
to a column of yellow dots, the blue dots can then be easily merged
with the yellow dots, The vertical tilt controls, as their names indi-
cate, have the effect of tilting or inclining the dot column. The
vertical amplitude controls alter the spacing of dots from each other.

CONVERGED COLUMN OF YELLOW DOTS

Fig. 114. The columns of red and green dots
converge to a column of yellow dots.

With the blue gun disabled and paying attention, of course, only
to the vertical columnn of dots in the center of the screen. we adjust
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the red and the green vertical amplitude and tilt controlsas required
to form a column of yellow dots (Fig. 114). As these controls are
being adjusted, we usually find that the center convergence begins
to go out, so that the yellow dots in the center screen split up into
red and green color dots. Always keep touching up the red and green
beam magnets so that center-screen convergence is maintained.

Eventually, by working back and forth between the vertical tilt
and amplitude controls for red and green (with touchup of the
magnets as necessary) a converged column of yellow dots will be
obtained down the center of the screen. Sometimes it is not possi-
ble to obtain perfect convergence at the extreme top and bottom
of the column, but the residual misconvergence will not be visible
unless the viewer is close to the screen. .

Next, the blue gun is started up and the blue beain magnet and
lateral corrector are adjusted to produce white dots at the center of
the column. Then, the blue vertical tilt and vertical amplitude
controls are adjusted to produce white dots all the way up and down
the column. While moving the blue vertical tilt and amplitude
controls, it is usually necessary to touch up the blue beam magnet
and lateral corrector at intervals to maintain white dots at the cen-
ter of the column.

When the red and green dots have been converged to yellow dots,
the column of yellow dots is necessarily straight and parallel to the
blue dots—any adjustment of the blue tilt and amplitude controls
only changes the relative spacing of the blue dots from one another.
However, in case very large adjustments are required in the blue
dynamic controls, the previous convergence of red and green may
have been affected slightly and final convergence will require some
touchup adjustment of the red and green dynamic controls. The
final result is a column of white dots down the center of the screen,
with perhaps a very slight misconvergence at the extreme ends of
the column.

We now proceed to horizontal dynamic convergence. The oper-
ator focuses his attention on the horizontal line of dots across the
center of the screen (Fig. 115). All other dotsare disregarded. Note
that both horizontal amplitude and phase controls are provided for
the red, blue and green beams. We are first concerned with the
three phase controls. These are slug-tuned coils, to be tuned or
resonated before proceeding further. Start with the red phasing
coil. Turn the green and blue horizontal amplitude controls to
minimum, turn the red amplitude control to maximum, and ob-
serve the red row of dots as the slug is turned in the red phasing
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coil. As you approach resonance. the row of red dots starts to move,
especially in the center. The slug will go through a peak, in which
the dots have a maxiinum curvature at the center—this is the desired
point of adjustinent. When the peak is obtained, observe the curve
for symmetry—the dots at the ends of the row should fall at the
same height on the screen. Of course. a final touchup of phase can
be made later, if necessary.

Next, resonate the blue horizontal phasing coil. Turn the blue
horizontal amplitude control to maximum, and the red and green

Fig. 115. Horizontal dynamic converyence
is made with respect to the horizontal
center row of dots across the screen.

horizontal amplitude controls to minimum. Adjust the blue phas-
ing coil to peak the row of blue dots. Resonate the green horizontal
phasing coil. Turn the green horizontal amplitude control to max-
imum and the blue and red horizontal amplitude controls to mini-
mum. Adjust the green phasing coil to peak the row of green dots.
Now turn all three horizontal amplitude controls to minimum.
Touch up the beam nagnets, if necessary, to obtain convergence at
the center of the row. You will observe that the convergence be-
comes progressively poorer toward the left and right ends of the row.
Adjust the blue dynamic amplitude and phase controls as required
to form a straight line of horizontal blue dots. At this point use it
sheet of paper or a ruler to check the straightness of the blue row of
dots. The blue beam magnet and lateral corrector are then touched
up again, if required, for convergence at the center of the row.
The next step is to adjust the green horizontal dynamic ampli-
tude and phase controls to obtain equal spacings of green and blue
dots. With equal spacing along the row, the green and blue dots
can then be converged with the beam magnets. Then, the red hori-
zontal dynamic amplitude and phase controls are adjusted to equal
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spacings of the red dots from the blue dots across the horizontal row.
The beam magnets will then bring the horizontal row into proper
convergence. However, if extensive adjustments have been madc
on the red controls, it may be necessary to recheck the blue and
green controls. Likewise, extensive adjustments of the horizontal
controls may require a touchup of the vertical dynamic controls.

It is generally somewhat more difficult to obtain good conver-
gence at the ends of the horizontal row than at the ends of the verti-
cal row. For this reason, some receivers provide a horizontal con-
vergence trimmer coil mounted on top of the yoke. The slug in
this trimmer coil can be moved in or out as required to obtain a
final horizontal edge correction.

This completes the convergence procedure. A recheck of purity is
advisable since convergence adjustments may affect purity. Chart
1—2 gives a resume of the convergence procedure.

Tracking the scanning beams

The picture tube beam currents are not linear functions of the
applied voltage. Instead the light output increases faster than the
applied voltage. That is, the red, green and blue guns have non-
linear characteristics. Furthermore, the characteristic is somewhat
different for each gun. If the light output from a gun is plotted
against grid or screen voltage, the characteristic curves upward.
This curvature is different for red, green and blue guns.

Hence, the screen and brightness controls for each gun are ad-
justed to make the characteristics cross over at two or more points
so that the raster maintains a neutral gray hue for all usable settings
of the contrast and master brightness control. This is analogous to
tracking the rf amplifier and oscillator in a superheterodyne re-
ceiver. It isnot possible to track the circuits exactly but adjustments
can be made for two or more crossover points so that practical uni-
formity is realized. Similarly, the outputs from the red, green and
blue guns are adjusted so that practical uniformity of light radia-
tion from the three screen phosphors is obtained.

To track the picture tube, tune the receiver to a black-and-white
_ program. Set the master brightness and contrast controls for a
normal picture. Then, advance the red, blue and green screen con-
trols to maximum, unless blooming and defocusing occur—in such
case, keep the screen controls below the bloom point. Then, adjust
the blue and green background (sometimes called brightness) con-
trols to obtain white highlights in the brightest portions of the
picture. If the green background control is set too high, the high-
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Chart 1-2. Convergence Procedure

PRELIMINARY SETUP

Control

How Adjusted

Remarks

Horizontal drive.

Usually advanced as far as possible without ap-
pearance of an overdrive (white vertical) line.

Horizontal drive must be set up ot the outset because
it offects horizontal dynamic convergence.

Horizontal linearity.

Adijust to obtain uniform horizontal spacing on a
white dot or crosshatch pattern.

Horizontal linearity adjustments will affect horizontal
dynamic convergence.

Horizontal width.

Usually adjusted for slight overscanning of the
color picture tube.

Horizontal width adjustments will affect horizontal
dynamic convergence.

Horizontal hold.

Adjust to mid-range of lock on a black-and white
program.

Convergence should be made at exactly 15,750
cycles since the horizontal oscillator frequency affects
horizontal dynamic convergence.

Picture-tube accelerating voltage.

Usually 25,000 volts, but check manufacturer’s
service notes.

Incorrect accelerating voltage affects convergence,
purity and focus.

Vertical linearity.

Adjust to obtain uniform vertical spacing on a
white dot or crosshatch pattern.

Vertical linearity adjustments affect vertical dynamic
convergence.

Vertical height.

Adjust for slight overscanning of the picture tube.

Vertical height adjustment affects vertical dynamic
convergence.

Yoke position

Yoke must be properly positioned on neck of pic-
ture tube to obtain good purity.

Yoke will not need to be moved unless new picture
tube is installed.

Purity magnet assembly.

The ring magnets are rotated with respect to each
other, and as an assembly, to obtain the best
screen purity.

The purity magnet assembly is the most important
unit in providing good purity.



CONVERGENCE ADJUSTMENTS

Synchronization of white dot or crosshatch
generator.

Sync the generator, if required, at exactly 15,750
cycles.

Incorrect frequency of horizontal operation will affect
horizontal dynamic convergence.

Beam magnets and blve lateral corrector.

Adjust for best center-screen convergence.

These static convergence adjustments are touched vp
as required during the procedure to maintain center-
screen convergence.

Red and green vertical dynamic amplitude
and tilt controls.

These controls are adjusted to obtain convergence
of the red ond green beams olong the verticol
center line of the screen.

The blue gun may be disabled, if desired, to simplify
the pattern during this procedure. Touch up static
adjustments.

Blue vertical dynamic amplitude ond tiit
controls.

Adjust these controls to converge the blve dots
with yellow olong the vertical center line of the
screen.

These controls affect only the relative spacings of the
blve dots. Touch vp the beom-magnet and lateral
corrector adjustments os required.

Horizontol dynomic phose coils.

Tune the red, green ond blve horizontol dynomic
phosing coils for peak.

Horizontol dynomic omplitude control must be turned
to moximum during odjustment of the coil. Then
return omplitude control to minimum.

Blve dynomic amplitude and phose con-
trols.

Adjust controls to obtoin o straight horizontal
line of blue dots ocross the center of the screen.

Use o stroightedge ocross the screen, if necessary, to
check on stroightness of the line of dots.

Beom magnets ond loterol corrector.

Touch vp odjustment of these controls for best
convergence ot the center of the screen.

Dynamic convergence procedures stort with good cen-
ter convergence ond progressively work in the dots
{or lines) toward the screen edges.

Green horizontol dynamic amplitude and
phase controls.

Adjust controls to obtoin vniform spocing of the
green dots from the blve,

Touch vp beom mognets and loterol corrector for best
center-screen convergence,

Red horizontol dynamic amplitvde oand
phose controls.

Adjust controls to obtoin equol. spocings of the
red dots from the blve (or cyon).

Touch vp odjustments of the beam mognets and
lateral corrector.

N Note: Corner-screen convergence will avtomaticolly fall in when convergence is properly mode olong the vertical ond horizontol lines through the center
N of the screen. There is no provision for touching up the corner oreos of the screen.




lights will appear greenish. If set too low, the highlights will ap-
pear magenta. In most cases, only the highlights can be made white
at this point in the procedure and the lowlights will very likely ap-
pear tinted. However, do not concern yourself with them here.

Now turn the master brightness control down so that the screen
is considerably dimmer than before. Inspect the highlights for
color tinting. If a red tint appears, adjust the red screen control to
restore the white (or gray) highlights. Or, if a blue or green tint
is seen, adjust the corresponding screen control to obtain white (or
gray) highlights.

Advance the master brightness control again for normal bright-
ness. Readjust the blue and green background controls as required
to produce white highlights. Recheck the highlights when the mas-
ter brightness control is turned down and repeat the steps, if re-
quired. When the tracking is acceptable, no tinting of the picture
will be visible at any usable setting of the master brightness control.

Color picture tubes have rather wide tolerances and when a pic-
ture tube is replaced, the tracking adjustments, like the convergence
adjustments, will have to be made “from scratch.”

Adjustment of phasing and intensity controls

Adjustment of color phasing and intensity controls is best ac-
complished with a TV color program. Otherwise a color bar or
rainbow generator signal must be used. Viewers of color receivers
usually appreciate the opportunity to watcl and ask questions about
the operating controls; few nontechnical persons ever reach the
point where they feel sure they are obtaining the best possible color
picture. It is hardly possible to give the layman too much instruc-
tion and it is appreciated by most customers. These points should
be explained:

1. Selecting the desired channel with the channel-selector switch.

2. Adjustment for best color with the fine-tuning control. Point
out the 920-kc beat between sound and chroma signals to the cus-
tomer and show how the best color is received at the point where
the beat is eliminated.

3. Adjustment of the contrast and master brightness controls for
best picture.

4. Adjustment of the color-intensity control for the proper pro-
portion of color.

5. Adjustment of the color phasing control for best flesh tones.

The adjustments of the controls are not the same on various
channels, due to difference of signal levels, antenna and receiver
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characteristics. When height, linearity and hold controls are mount-
ed with the color intensity and phasing controls, caution the cus-
tomer not to turn these. This point should be made very clear be-
cause viewers sometimes feel that “'it won’t hurt” to see what hap-
pens when the service controls are turned. The result is a callback.

A station program is the best signal to use in setup procedures. In
the first place, the setting of the color intensity control is seldom the
same for both a generator and a given station signal. Further, a
station signal takes into account the antenna and lead-in character-
istics, which sometimes affect the setting of the color phasing con-
trol.

It is sometimes asked whether the color stripe can be used for
setup of the operating controls; stripe indication is too indefinite
to obtain accurate settings and is generally impractical. Color
stripes are transmitted as vertical bars at the left and right-hand
edges of a monochrome picture, and appear as “barber poles.”
Sometimes the color subcarrier oscillator in the receiver will happen
to zero-beat with the signal and a single uniform color may appear
up and down the stripe. Also, depending upon the setting of the
horizontal-hold control, either the left- or right-hand bar may not
be visible.

The color stripe is a greenish-yellow signal transmitted to facili-
tate installation and initial checks of color receivers during the time
that a color program may not be on the air. Many factors can
impair color reception which would not seriously affect mono-
chrome reception—narrow-band antennas, impedance mismatches,
minor misalignment of the signal circuits, some conditions of
multipath reception, etc.

The color stripe is a greenish-yellow hue because it has the least
visibility on a black-and-white receiver and produces the least inter-
ference. On a black-and-white set, the color stripe may be com-
pletely invisible, or it may appear as a faint vertical herringbone
bar. The herringbone is invisible at normal viewing distance.

When the color intensity control is advanced on a color receiver,
the color stripe appears as a barber-pole display of red, green and
blue spirals. Adjustment of receiver controls may serve to zero beat
the stripe so that it appears as a continuous hue with no color break-
up. To obtain normal coloration of the stripe—greenish yellow at
the correct setting of the color-phasing control, connect a capacitor
into the burst-amplifier keying circuit to delay the keying pulse so
that the burst amplifier is gated somewhat later than in normal
operation. To insert the capacitor so that the color-stripe can be
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locked in color sync, consult the service notes for the receiver.

The following fundamental points of color bar and rainbow
generators will be noted here:

1. The simplest rainbow generators provide a pattern such as in
Fig. 116. As the color phasing control is turned, the entire spectrum
moves horizontally on the screen. Correct adjustment of the phas-
ing control is obtained when the left-hand edge of the screen is a

ORANGE
REDS
BLUES

GREENS

Fig. 116. A simple rainbow pattern is a
spectrum of color-difference signals.
dim orange, merging into red; the red merges into blues in the
center screen area, and the blues finally merge into greens at the
right-hand edge of the screen.

BLACK
BRIGHT RED
MAGENTA
REDDISH- BLUE
BLACK
BLUE
BLACK
GREENISH-BLUE
BLACK
CYAN
BLACK
BLUISH GREEN
GREEN
BLACK

ELLOW-
BLACK

Fig. 117. In a keyed rainbow generator, the
spectrum is broken up into stripes by black
bars.

2. More elaborate rainbow generators key the rainbow pattern
into stripes (Fig. 117). This type of pattern is more accurate since
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the individual bars can be localized and compared with a rainbow
chart.

3. The most complete color bar generators provide a test signal
consisting of bars of true saturated color, as indicated in Fig. 118.
The signal is termed an N'TSC signal and is equivalent to a color
test pattern transmitted from a TV station.

Regardless of the type of color bar generator, there is a definite

GREEN
YELLOW
RED
MAGENTA
WHITE
CYAN
8L
BLACK
GREEN

Fig. 118. Typical pattern for an NTSC color
bar generator. True colors are displayed,
plus black-and-white bars.

sequence of colors obtained from left to right when the color phas-
ing control is properly adjusted. The better generators provide a
sound carrier so that the fine-tuning control can be properly ad-
justed for rejection of the 920-kc beat, at which point the color
reproduction is normal.

Color reproduction vs. ambient light

The colors displayed on the screen, whether obtained from a sta-
tion transmission, N'TSC.color bar generator or rainbow generator,
will undergo a change when the ambient light falling on the screen
of the picture tube changes. Thus, if a strong white light is directed
on the screen of the tube, all colors will lose saturation. In total
darkness, the reproduced colors have maximum saturation but view-
ing of the screen in total darkness is fatiguing to the eye. A small
amount of neutral illumination is desirable.

In case the color picture tube is balanced in tracking during day-
light or reduced daylight, the neutral gray raster which is obtained
will become tinted with color under various conditions of artifi-
cial illumination. The raster which appeared gray or white in
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daylight will take on various tints when illuminated by tungsten
lamplight, fluorescent light or from various shaded lamps.

It is advisable to explain this in detail to the customer and to
balance the raster under the condition of illumination which will
exist. The balance adjustments are somewhat complex and it is im-
practical for the layman to attempt to adjust the color balance for
daytime or nighttime viewing. However, by experimenting with
the available lamps and shades, a selection can be made which will
cause the least change in raster tinting from daylight to artificial
lighting.

Antenna Pointers

Check the antenna connections at the
receiver for corrosion and poor contact.

. Check the antenna connections at the

antenna end for corrosion and poor
contact.

. Is the antenna corroded or covered with

soot?

. Is the lead-in frayed, broken, or touch-

ing the building or antenna mast?

. Has the antenna changed orientation?

6. Has a second receiver been attached

Q9

to the antenna without the owner's
knowledge?

7.

Has the antenna been blown away or
removed by the landlord without the
owner's knowledge?

. Is the lightning arrester causing trouble

due to leakage?

. Has the owner been sold a replacement

antenna lately that might not be suit-
able for color . . . especially the channel
used for color?

. Have any of the antenna elements been

damaged or blown off so that the
antenna response could change?

—Courtesy, Motorola, Inc.



chapter

color sync servicing

ACOLOR receiver has a horizontal and a vertical sync system, just
as a black-and-white set. But, in addition, the color receiver
also has a color sync system. Servicing of the horizontal and vertical
sync sections is nearly the same in a color receiver as in a black-and-
white set, but a color sync system has different requirements. Loss
of color sync, with maintenance of horizontal and vertical sync, is a
common problem.

Loss of color component

When color sync is faulty, the most usual symptom is a display
of rainbows. They may be stationary or may move across the screen.
The number of rainbows which appear is determined by the
amount that the subcarrier oscillator drifts away from 3.58 mc, due
to loss of color sync. If the oscillator is running 60 cycles off fre-
quency, one rainbow appears. Its stripes run horizontally across the
screen. If the oscillator is 120 cycles off frequency, two rainbows
will be displayed horizontally across the screen, etc. When the
oscillator pulls out still farther, more rainbows appear and may
have a noticeable diagonal slant. If the oscillator is 15,750 cycles.
off frequency, one rainbow is formed again but now the rainbow
stripes are vertically up and down the screen. With the oscillator
31,500 cycles off frequency, two vertical rainbows are formed, etc.

Loss of color sync can also produce apparent disappearance of
color when the subcarrier oscillator is much too high or low in
frequency. The apparent disappearance of color results from the
fact that a very large number of rainbows are produced, which may
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move so fast that their colors blend into a gray. Fig. 201 shows de-

tails of the horizontal sync pulse and burst.
NotE: Scanning of the color picture occurs at 525 lines per frame,
interlaced 2 to 1. The horizontal scanning frequency is 2 /455 times
the color subcarrier frequency, or 15,734.264 cps. The vertical
scanning frequency is 2/525 times the horizontal scanning fre-
quency, or 59.94 cps. The burst frequency is 3.579545 mc =+
.0003 % . The scanning frequencies are quite close to the black-and-
white scanning rates of 15,750 and 60 cps. The change in scanning
rate of a color picture is required to obtain frequency interleaving
and thereby to minimize interference between the chroma and
monochrome components of the complete color signal.
Apparent loss of color sync occurs when the color-killer thresh-

old control is set on the ‘ragged edge.” Before making tests of
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Fig. 201. The color burst follows each horizontal pulse,

but is omitted following the equalizing pulses and dur-

ing the broad vertical pulses. The burst consists of

eight cycles of color subcarrier gated into the back

porch of the horizontal sync pulse. The average value
of the burst is at black level.

color sync circuit operation, the intensity control should be ad-
vanced to maximum and the color-killer threshold control to mini-
mum. If loss of color sync is still evident, tests of the color sync
circuits are in order. (It is assumed that the possibility of tube
trouble has been checked) . All receivers do not have color-killer
controls; many provide manual control of the chrominance signal
only and it is essential to determine the type of receiver at the outset.

Apparent loss of color sync also occurs upon occasion when the
agc threshold control is set incorrectly with the result that the com-
plete color signal is unduly attenuated in the high-frequency signal
circuits. Most receivers have area-selector swi  cs, and the agc
threshold should be checked before assuming that circuit trouble is
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present. The switch is usually accessible to the customer and may
have been moved to an incorrect position. Children often turn all
controls on a receiver, without their parents’ knowledge, and noth-
ing should be taken for granted in this regard.

Arrangement of color sync system

Fig. 202 shows a typical color sync system. Loss of color sync can
result from the color subcarrier oscillator being forced so far off
frequency (by circuit trouble) that the reactance tube cannot
control the oscillator and bring it back to 3.58 mc. Likewise, it
can result from a defective reactance-tube circuit or a fault in the
color sync phase detector.

The color phase detector compares the phase of the burst signal
with the phase of the color subcarrier oscillator signal output. If
these phases are not the same, a positive or negative control voltage
will appear at the output of the phase detector and is applied in turn
to the grid of the reactance tube which operates to correct the phase
of the color subcarrier oscillator. A reactance tube is an electronic
capacitor or inductor (depending upon the particular circuit con-
figuration of the reactance-tube section) and the value of capaci-
tance or inductance which it presents to the oscillating crystal is
determined by the value of grid bias applied to the reactance tube.
This grid-bias variation must be held within close limits and must
not be impaired by leaky capacitors, improper values of resistors
in the phase detector circuit or jncorrect adjustment of the phase
detector balance control, or poor color sync will result.

The reactance tube bias may drift off-value, with the result that
the color-subcarrier oscillator drifts and pulls off frequency.

BURST FROM
TARE - OFF COIL
————med
GATED BURST A PCOLOR PHASE DET BUFFER AMPL
KEYING PULSE
FROM HORIZ
SWEEP (KT
REACTANCE TUBE TO COLOR DEMODULATORS
SUBCARRIER 0SC

—_—

Fig. 202. The color afc detector monitors oscillator frequency drift.

Hence, the grid bias at the reactance tube is one of the key check
points in the event of loss of color sync. Confusion sometimes exists
between the cor:ceptions of phase and frequency in regard to control
of the subcarrier oscillator. Fundamentally, phase and frequency
are very closely related and are two aspects of the same thing. If the
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color subcarrier oscillator drifts slightly high in frequency, its phase
will lead the phase of the burst; if the oscillator drifts slightly low
in frequency, its phase will lag the phase of the burst. Hence, the
phase detector is also a frequency detector, depending upon the
point of view, and the control voltage developed by the phase
detector serves to correct the frequency of the subcarrier oscillator
via the reactance tube.

To insure that a clean burst voltage is made available to the color
sync system, the burst amplifier is keyed by a gate pulse from the
horizontal sweep circuit. The burst amplifier passes a signal only
during the time that the burst signal is present, and the color picture
signal is kept out of the burst amplifier. Attenuation or failure of
this keying pulse results in loss of color sync. A typical keying circuit
which operates with a gating pulse of approximately 35 peak-to-
peak volts is shown in Fig. 203.

BURST AMPL ! g
{ 1S BURST OUTPUT
35 |
B+
i 3
< KEYING WINDING
1 ] ON FLYBACK TRANS

5

B+

Fig. 203. The burst amplifier is keyed by a gate
pulse from the sweep section.

In some receivers the gain of the bandpass amplifier is boosted
during the burst interval by application of a keying pulse to the
grid of the bandpass amplifier tube. This pulse lowers the bias on
the grid during the burst interval. The voltage of the keying pulse
is determined by the setting of the color intensity control and its
associated circuitry. In this manner, the voltage of the burst signal
which is applied to the color afc circuit is maintained essentially
constant at different settings of the intensity control.

Best color sync action is obtained when the amplitude of the burst
signal is maintained at the optimum operating level (as specified
in the receiver service manual) . Circuit faults which cause an in-
correct burst voltage to arrive at the color afc circuit will contribute
to poor color sync. The burst should be traced by means of a wide-
band scope and low-capacitance probe to analyze the burst channel
for proper operation. Remember that some low-capacitance probes
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may have substantial input capacitance and hence load the circuits
under test if their impedance is high. Try to obtain a probe with
the lowest possible input capacitance.

The color stripe does not normally appear during reception of
black-and-white programs on a color receiver having a color-killer
tube. The stripe is delayed with respect to the sync pulse and does
not disable the color-killer tube. However, if the color-killer thresh-
old control is set too low, the stripe signal will not be rejected
and will appear as a barber pole on the screen. This is not a fault
of the color sync circuits but of improper setting of the color-killer
threshold control.

The burst takeoff coil must be properly tuned to 3.58 mc, or the
color sync voltage will suffer proportional attenuation. Improper
tuning of the burst takeoff coil also permits spurious signals at other
frequencies to get into the color sync system and cause trouble. The
coil may be peaked by use of a wide-band scope, color bar generator
or accurate signal generator. A vtvm can be used with a high-
frequency probe, instead of a scope. A trick sometimes used when
a signal generator is not available is to obtain a 3.58-mc test signal
by coupling some of the color subcarrier oscillator signal back into
the video amplifier. This expedient works only when the oscillator
is free-running and fails when a ringing circuit is used for the color
subcarrier oscillator.

When the color subcarrier oscillator is used as a source of 3.58-mc
test signal, suitable coupling must be employed so that operation
of the oscillator circuit is not disturbed. A satisfactory method is to
use a test lead terminated by alligator clips. This lead, can be
clipped over the insulation of the color subcarrier oscillator plate
lead, and the other end clipped over the insulation of the first video
amplifier grid lead. If too much signal voltage is obtained, insert
a piece of tape under the clip to reduce the coupling.
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VIDEO AMPL | gyRST TAKEOFF 258 MC CRYSTAL TO R-Y) CKT
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Fig. 204, The ringing type of color-

subcarrier oscillator does not use a

phase detector or reactance tube. The

crystal is shock-excited by the ap-
plied burst voltage.
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SHIFTING CKT

Likewise, application of the wide-band scope must not disturb
circuit operation. A low-capacitance probe is useful for this purpose
and a low-impedance signal takeoff point should be chosen. The
phase detector tube will serve as satisfactory isolation between the
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Chart 2-1. Servicing of Color-Sync and Associated Chroma Circuits

Complaint

Instruments Used

Procedure

No color sync. Yideo and auvdio ok.

Color-bar generator, vtvm, wide-
band scope, heterodyne frequency
meter (crystal-calibrated).

Check color phase. detector, reactance tube, and color subcarrier
oscillator. If grid bias of reactance tube is abnormal, temporarily
short its grid to ground; if out-of-sync color appears, check out the
color subcarrier oscillator. Check phase detector operotion. Check
reactance tube circuit. (See text for methods of checking.)

Intermittent color sync. Video and auvdio

ok.

Color-bar generator, vtvm, wide-
band scope.

Use same receiver control seftings as in operation with antenna.
Check the color-sync action, using the signal from the color bar
generator. If operation is ok with generator, check the antenna
installation. If operation is faulty on generator signal, check color
subcarrier oscillator, color afc detector, reactance tube circvit and
burst amplifier.

Intermittent or no color sync. Color inten-
sity control must be advanced to maximum;
color intensity in picture not up to normal.

Wide-band scope and low-capaci-
tance probe. Color bar generator.

Check at output of picture defector for proper level of burst. If
subnormal, check antenna installation. Check burst at picture de-
tector, using color-bar signal. If burst is subnormal, check the pic-
ture detector diode. Finally, check if and rf alignment. (If burst
is ok at picture detector, check burst levels subsequently through the
color sync system with scope and probe.)

Color sync drops into lock with difficulty
when receiver is switched from another
channel. Llock is ok, once the circvits are
cavght in sync.

Color bar generator, heterodyne

frequency meter, vivm.

Check color afc output bus for zero volts — adjust balance poten-
tiometer, if necessary. Check color-subcarrier oscillator (with re-
ceiver tuned to vacant channel) for off-frequency operation (use
crystal-controlied heterodyne frequency meter). Check tuned cir-
cvits in color sync section for peak response at 3.58 mc.

Color sync lock uncertain, losing sync at
times and then falling back into sync.

Wide-band scope.

Check burst level at picture detector. Trace burst through the sub-
sequent color sync circuits, observing peak-to-peak voltages. Check
peak-to-peak voltage of keying pulse at burst amplifier.




tuned burst takeoff coil and the scope input lead. Since the color
sync circuits are critical, with close tolerances, use exact replace-
ment parts in any repair work. An error of 5° in phase produces a
visible color change. See chart 2—1 for servicing of color sync and
associated chroma circuits.

Crystal-ringing circuits

Instead of utilizing a free-running oscillator, with a phase detec-
tor and reactance tube control, some color receivers employ a
crystal-ringing circuit (Fig. 204) . This is basically simpler than afc
3.58 MC AMPL ) T0 LIMITER

—y—i¢
o A TTEE Y
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Fig. 205. Typical circuit
for a ringing-crystal
subcarrier oscillator.

GATE PULSE

color sync systems. The ringing type of color subcarrier oscillator
does not have a phase detector or reactance tube. A limiter stage
after the ringing circuit ensures a constant output voltage from the
ringing-crystal source. The burst voltage from the signal circuits is
applied to the 3.58-mc crystal, which is shock-excited and continues
to ring between bursts by its flywheel action. The amplitude of the
ringing voltage falls off somewhat between bursts and the limiter
clips the output from the crystal so that the output is maintained at
a constant voltage. Incorrect bias on the limiter tube can result in
poor limiting action, so that color sync is impaired.

A trimmer capacitor is provided in series with the ringing crystal.
This allows moving the ringing frequency to exactly 3.579545 mc.
A trimmer capacitor is also provided at the output of the 3.58-mc
amplifier to permit adjustment of the phase of the output subcarrier
voltage. This is the color phasing control (a customer control) set
to provide the best flesh tones. (See Fig 205.) General relation-
ships of the principal color-difference (chroma) voltages with re-
spect to burst phase are shown in Fig. 206.

A high-frequency crystal probe and a vtvm can be used to check
operation of a free-running color subcarrier oscillator. The probe
should not be applied at the grid or plate of the oscillator, but at a
suitable low-impedance point which will not disturb oscillator

39




operation. Receiver service notes should be consulted or inspect the
circuit diagram for a suitable test point. The level of the 3.58-mc
voltage can be measured at the cathode of the subcarrier oscillator,
with a normal level of 5 peak-to-peak volts present. Of course, a
vtvin check of the color subcarrier voltage provides no information
concerning frequency. When a frequency check is desired, a
heterodyne frequency meter is convenient.

v
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/ Fig. 206. Phase diagram of the chief
color-difference signals.
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In sorue color receivers, a gating pulse is applied to the chroma
bandpass amplifier as well as the burst amplifier. The purpose of
gating the burst amplifier is to insure that no signal is admitted ex-
cept during the burst interval: The reason for gating the chroma
bandpass amplifier is different inasmuch as the bandpass amplifier
passes a signal continuously except when the burst is present. De-
pending upon the receiver circuits, the bandpass amplifier may be
disabled by the gating pulse during passage of the burst or the gain
of the bandpass amplifier may be increased during the burst passage
if the color sync takeoft follows the bandpass amplifier. The latter
type of gain gate is used in some receivers to obtain the desired key-
ing actions and also to insure that adequate burst voltage is passed to
maintain color sync lock, even at low settings of the color intensity
control. Receivers which have dc restorers at the picture-tube grids
must prevent passage of the burst through the bandpass amplifier
to avoid disturbance of dc restorer operation.

Subcarrier oscillator and buffer amplifier circuits

A free-running 3.58-mc oscillator is used in most present-day
¢olor chassis. The circuit provides its own tést signal and the oscil-
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lator tank coil and buffer coils can be tuned by utilizing the output
from the oscillating 3.58-mc crystal. An external signal source, such
as a signal generator, is not required. A wide-band scope or a vtvm
can be used as an output indicator at the output of a color demodu-
lator. The color demodulator serves as a conventional detector and
a vtvm can be operated on its dc ranges.

vTVM
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Fig. 207. Typical circuit arrangement for a color subcarrier oscillator,

buffer stage and reactance-tube circuit. L1 is the oscillator plate tank

coil; L2 is the buffer plate coil and L3 is the quadrature coil.
(Courtesy of Motorola, Inc.)

Fig. 207 shows a typical arrangement for a subcarrier oscillator,
buffer stage and (R — Y) chroma demodulator. When this section
is being checked or adjusted, feedthrough interference voltages
should be eliminated by suitable means, such as by biasing the if
amplifier. The afc control-voltage bus is also grounded to avoid
possible false indication from the afc output variation. If it is
necessary to disable the burst amplifier circuit, the burst amplifier
tube can be pulled. A dc vtvm may be connected at the output of
the (R —Y) demodulator (Fig. 207) to serve as the tuning indi-
cator. The oscillator plate-tank coil L1 is tuned for maximum in-
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dication on the vtvm. Likewise, the oscillator buffer plate coil L2
is tuned for maximum response. However, quadrature coil L3
must be adjusted for minimum response.

Color-sync afc circuits

The burst amplifier tube (Fig. 208) receives the complete color
signal but conducts only during the burst interval. A keying voltage
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Fig. 208. Burst amplifier and color afc circuits.

is applied to the screen of the tube and the waveform and peak-to-
peak voltage of the keying pulse can be checked with a scope and
low-capacitance probe at the screen of the burst amplifier. This
screen keying voltage is obtained frorm the flyback transformer, and
is the flyback pulse which is suitably delayed through an R-C circuit
shown in Fig. 208. The coupling transformer L2 from the burst
amplifier to the afc diodes is tuned for maximum output. The
balance potentiometer is adjusted for best weak-signal color sync.
L1 is tuned slightly off 3.58 mc, if necessary, to obtain a null (zero
volt) of burst pulse, as indicated by a scope applied at the (R — Y)
detector output. When a color stripe signal is to be locked in color
sync, it is the time constant of the R-C circuit which is increased
to lock the stripe.

The output from the burst amplifier is applied to the color afc
phase detector, which compares the phase (and frequency) of the
burst signal with that of the color subcarrier oscillator output. If
the oscillator signal leads or lags the burst phase, a positive or nega-
tive corrective voltage is developed by the phase detector, which is
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applied in turn to the reactance tube for correction of the subcarrier
oscillator signal. In normal operation, the color afc balance is
adjusted for zero-volt output from the color afc phase detector.

The burst amplifier grid tank L1, the coupling transformer 1.2 to

the phase detector and the plate coil in the reactance tube circuit
(Fig. 207), are each tuned to 3.58 mc for proper operation. A
signal source is required, and a color bar generator providing sync
and burst or a color transmission may be utilized. A dc vtvm is
convenient for indicating resonance; the vtvm is applied at a suit-
able point, such as at P in Fig. 208. The meter indication is the sum
of the burst and subcarrier oscillator voltages.

When making afc balance adjustments, first determine that the
operation of the color subcarrier oscillator is ok; otherwise output
voltage and frequency should first be corrected, using a vtvm and
heterodyne frequency meter as indicators, respectively. To proceed
to afc balance adjustments, set the receiver controls to provide a
normal burst signal to the burst amplifier. A color bar generator or
a station signal can be used. The color phasing control is set to the
midpoint of its range. The burst amplifier grid coil and coupling
transformer L2 should be previously peaked for maximum indica-
tion on a vtvm.

To check balance, a vtvm is applied at the arm of the afc balance
potentiometer. The reactance tube plate coil L in Fig. 207 is tuned
to bring the pattern into color sync and to make the vtvm indicate
zero volt. The setting of the color afc balance control is then checked
by reducing the input signal to the receiver until the picture loses
color sync; readjust the afc balance potentiometer for best color
sync. A color bar generator is most convenient because the burst
voltage is usually adjustable. Attenuators of color bar generators
are often inadequate to obtain the desired variation of signal out-
put. If an antenna signal is utilized, pads can be inserted between
the lead-in and the receiver to obtain the various reductions of
signal level required.

Finally, to check balance, restore the burst voltage to normal, con-
nect the scope at a convenient point in the (R — Y) output circuit
and adjust L1 (Fig. 208) to bring the burst pulse to zero as seen on
the scope screen.

It is treacherous to try to draw general conclusions in case of
color sync trouble without first inspecting the arrangement of the
particular receiver. For example, compare the two typical con-
figurations of Fig. 209 and Fig. 210. In Fig. 209, the output from
the bandpass amplifier is applied to both the burst amplifier and
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the color demodulators. However, in Fig. 210 the burst amplifier
and the color demodulators are driven from separate sources. In Fig.
210, the output from the bandpass amplifier is applied to the color
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demodulators but the burst amplifier derives its signal prior to the
bandpass amplifier. Thus, in Fig. 210, a fault in the bandpass
amplifier does not affect operation of the color sync circuits but will
affect color reproduction. In Fig. 209, a fault in the bandpass
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Fig. 211 (ato f). Typical video-frequency outputs from an NTSC color-bar
generator.

amplifier will be evident in both color sync and picture. Note
carefully, too, that in Fig. 210. a fault in the burst amplifier can
result in partial or complete disabling of the chrominance circuits
by applying excessive bias to the color demodulators.

Video-frequency output and color-sync servicing

Service color bar generators of the NTSC type sometimes provide
video-frequency signals with either positive- or negative-going out-
put and a crystal-controlled 3.58-mc output which are often very
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Fig. 211 (gto1). Typical video-frequency outputs from an NTSC color-bar
generator.

helpful in servicing difficult color sync situations. The video-fre-
quency output from a typical color bar generator is adjustable over
a range of 0-2 peak-to-peak volts. Such an output, in suitable
polarity, is applicable in signal-substitution tests.

Typical video-frequency outputs from an NTSC type of color
bar generator are illustrated in Fig. 211. At (a) isshown a complete
color bar signal, in positive polarity: (b) shows the same signal.
with the generator reversing switch thrown to obtain an output of
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negative polarity. (c) is the Y component of the color bar signal
in positive polarity and (d) shows it in negative polarity. (e) isthe
chrominance component of the color bar signal and is negative
polarity (and f is positive polarity) . (g) showsan (R =Y) chrom-
inance signal in positive polarity and (k) shows the same signal in
negative polarity. (i) showsan I signal in positive polarity and ())
the same signal in negative polarity. (k) illustrates I and Q signals
in positive polarity and (/) shows them in negative polarity. Of
course. it is impossible for the viewer to distinguish between
(R —Y) and (B —Y) and between I and Q signals on the basis of
this type of display—such distinction can only be made visible by
means of a vectorimeter type of display.
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Fig. 212. Arrangement in which
the first video amplifier drives the
burst and bandpass amplifiers. If BURST AMPL BANDPASS AMPL
it is suspected that the 7f or if cir-

cuits are responsible for poor color 1

sync, a conclusive test can be made
by applying a video-frequency
signal from a color-bar generator
to the grid of the first video COLOR SYNC  |——

amplifier.

Fig. 212 shows a receiver arrangement in which the first video
amplifier drives both the burst and the bandpass amplifiers. In the
case of unsatisfactory color sync, the question can arise whether the
fault is attributable wholly or partly to faulty operation of the rf
and if sections of the receiver. The question develops particularly
in situations in which the failure is marginal and permits the re-
ceiver to continue full although not normal operation. The ques-
tion of rf or if trouble is easily answered by driving the first video
amplifier with a video-frequency signal from the color bar genera-
tor. The output from the generator can be applied to the grid of
the first video amplifier, using a blocking capacitor, if necéssary, to
avoid draining off grid bias.

The output signal from the picture detector may be positive- or
negative-going, depending upon the video circuits. Inspect the
circuit diagram for the receiver to determine the required polarity
of video signal. Fig. 213 shows how to decide whether the color bar
signal is positive or negative-going, by means of a scope test. To
distinguish between positive- and negative-going pulses or signals,
note whether the pulse extends downward or upward on the scope
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screen. Some scopes have a polarity-indicating switch to advise the
operator whether the beam will deflect upward on a positive, or
negative signal. Other scopes have a fixed input arrangement,
usually with upward deflection of the beam for a positive-going
signal. However, this relation cannot be taken for granted—in
case of doubt. apply the scope to a known signal source to determine
the direction of beam deflection.

Fig. 213. Scope test shows whether pulse is positive- or negative-going.

The picture detector of a receiver is a good source ot reterence
signals. If the picture detector has cathode output. the sync pulses
will extend in the positive direction. [f the picture detector has
plate output. the sync pulses will extend in the negative direction.
In case a germanium diode is utilized in the picture detector circuit.
cathode output results in positive-going sync pulses: anode output
in negative-going sync pulses.

The picture detector usually provides a peak-to-peak output from
| to 2 peak-to-peak volts—this value can be determined from the
published waveforms in the receiver service manual. The output
from the generator should be set to the normal value for the
receiver.

Check of color sync lock by variation of burst voltage

Due to antenna characteristics and to misalignment of the rf, if
and chrominance circuits, the burst voltage often becomes attenua-
ted while the Y signal is unaffected. The Y signal contains the
horizontal sync pulse, which accounts for the fact that loss of color
sync can take place independently of loss of horizontal and vertical
sync when the antenna or signal circuits are faulty.

Color receivers are designed so that the color sync system, when
properly adjusted. will lock in on a burst voltage which is much less
than normal. A color bar generator often provides independent
control of the burst voltage (Fig. 214), which helps troubleshoot-
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This photo shows no burst signal on the
tack porch of the blanking signal.

A small amount of burst signal now be-
comes evident.

C

The burst signal shows a definite increase
in amplitude.

Fig. 214. Variable burst voltage (indicated by arrows) from generator
assists color sync tests.

ing. As seen in the photos, the voltage of the burst can be varied
while maintaining the same level of horizontal sync and Y signal,
independently of the level of the chroma bars. It is also possible
in most such instruments to vary the level of the chroma bars
independently of the level of the sync information.

To check the range of color sync dropout and dropin, a color bar
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Compare the size of the burst signal with
the photos in B and C.

The burst now has a greater amplitude than
that of the photo marked D.

Maximum burst signal amplitude.

pattern is displayed on the screen of the picture tube (Fig. 215-a) .
The video output from the color bar generator is displayed simul-
taneously on the screen of a wide-band scope (Fig. 214). A normal
burst is seen in d of Fig. 214. As the burst amplitude control of
the generator is varied, the height of the burst changes through the
range shown in Fig. 214 a—f. When the burst level reaches a critical
lower value, such as Fig. 214-¢ or -d, .the color component of the bars
will suddenly lose color sync (Fig. 215-b) . Color sync adjustments,
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of course, are made to maintain color sync lock at the lowest possible
level of burst.

Additional considerations

The color receiver system is such that when the 3.58-mc color
subcarrier oscillator ceases operation, no color reproduction is pos-

Fig. 215. The photo at the top shows a

color-bar pattern with Y and chroma both

in sync. The lower photo shows a color-bar

pattern with loss of color sync and reten-
tion of Y sync.

sible but black-and-white reception is unimpaired. The technician
can determine whether the subcarrier oscillator is operating, by
observing the detail of background interference during black-and-
white reception. When the color intensity control is turned to
maximum, there will be an increase in the amount of colored
snow (confetti) if the color subcarrier oscillator is operating. If the
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oscillator is dead, there is no change in the background noise when
the intensity control is advanced.

When making this test with receivers having a color killer, turn
the color-killer control to its counterclockwise position so that the
chrominance circuits are not biased off. Most receivers utilize full
manual control of the chrominance circuits but some have color
killers. In making this test the only question is operation of the
color subcarrier oscillator; the chroma circuits are otherwise
normal.

To troubleshoot the subcarrier oscillator, the dc plate voltage
can be measured as an initial test. Normal voltage is usually speci-
fied in the service notes for the receiver and is subject to some
variation, depending upon the adjustment of the oscillator plate
coil (Fig. 216) and also upon the value of the input capacitance to
the dc probe of the vtvm. Variations of =15 or £20% may be
anticipated. However, in case the oscillator is “dead,” the indica-
tion will be low by 40 or 50 %.

Fig. 216. Typical color-subcarrier oscillator. Low plate
voltage indicates a non-oscillating circuit.

A useful expedient is to retune the oscillator slug during the volt-
age measurement to compensate for the input capacitance of the dc
probe to the vtvm. If the measured plate voltage should suddenly
jump to its normal value as the slug is turned part way out of the
coil, the oscillator is normally operative, and was only “killed”
by the mistuning imposed by the input capacitance of the probe.

When the grid leak of the color subcarrier oscillator is grounded

(Fig. 216) , a dc voltage measurement with a vtvm will show a small
negative voltage at the grid of the tube, even when the circuit is
not oscillating. This is only a fraction of a volt caused by the contact
potential of the tube. During normal operation of the oscillator,
signal-developed bias causes a very substantial negative voltage to
appear at the grid—in the order of —5 to —25 volts. Thus, dc grid-
voltage checks are a useful cross check with dc plate-voltage cheeks.

A dead oscillator, with normal ‘plate-supply voltage available,

can be caused by a defective crystal or by defective fixed capacitors.

52



A defective tank coil is a less common source of trouble. The grid
and plate resistors are not critical but can “kill” oscillator operation
when far off value.

Fig. 217 shows the reactance tube afc diode circuits associated
with the color subcarrier oscillator. Defects in these associated cir-
cuits can cause the oscillator to become inoperative. To check,
open the circuit between the reactance tube and subcarrier oscil-
lator. If the oscillator has been *killed” by abnormal loading from
the reactance tube circuit, this expedient will cause the oscillator to
resume operation. However, the operating frequency, will be several
hundred cycles above the burst frequency. If it is desired to
restore temporarily the correct operating frequency of the oscillator
for tests, a small trimmer capacitor can be shunted between the
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Fig. 217. Defects in the color afc phase detector and in the re-
actance-tube circuit can cause failure of the 3.58-mc oscillator.
Sometimes a defective buffer stage is also responsible.

input lead to the oscillator and chassis ground. About 5 to 10 pupf of
capacitance serves to zero-beat the subcarrier oscillator at 3.58 mc,
although the colors will “roll” in the picture since there is no con-
trol of oscillator phase.

The buffer tube, commonly utilized between the subcarrier oscil-
lator and the afc detector can also cause abnormal loading of the
subcarrier oscillator in some cases and thereby “kill” oscillator
operation. Test by removing the buffer tube from its socket and
free-wheeling the subcarrier oscillator. A dummy tube may have
to be placed in the buffer socket in case a dual-section tube is
utilized. A dummy tube is easily made up by clipping off the pins
of the unwanted section.
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When shorted turns are suspected in the plate tank of the sub-
carrier oscillator and a substitute coil is not readily available, a
check can be made with a sweep and marker generator and a scope.
Service notes for the receiver will usually provide sweep test data
for the tank coil but, if notes are not available, an experienced
operator can easily devise a suitable test setup. A plate tank coil in
good condition will be tunable through 3.58 mc, and have a band-
width of about 0.5 mc at the 6-db points on the response curve. Even
a straight signal generator and vtvm can be used to make the test,
although the sweep method is preferred because the technician then
obtains a bird’s-eye view of overall response as the tuning slug is
turned in the coil.

Sometimes the subcarrier oscillator is operative but the tuning
slug cannot bring the frequency to 3.58 mc in spite of the fact that
the oscillator tank coil is ok. The 3.58-mc crystal determines the
general band of frequencies to which the oscillator can be tuned
but the crystal can be pulled over a small frequency range in either
direction. A heterodyne frequency meter provides the easiest and
most certain test of off-frequency operation. A free-wheeling check
of the oscillator operation should be made, and if the oscillator
free-wheels satisfactorily through 3.58 mc, the fault evidently is
located in the reactance tube or afc circuits.

To isolate the trouble the output lead from the afc balance con-
trol can be temporarily grounded. This brings the grid of the
reactance tube to zero volt, and, if the oscillator tank can now be
tuned through 3.58 mc, the trouble is in the afc circuit. However,
if the oscillator still cannot be tuned through 3.58 mc, examine the
reactance tube circuit.

Faults in this circuit can often be tracked down by dc voltage
measurements although an open capacitor or a defective coil for
example, has no effect on dc voltage. In most cases, a substitution
test should be made if the coil is suspected although the circuit can
be checked for correct frequency response with a sweep and marker
generator. In some cases, receiver manufacturers provide specified
response curves for the stage, with marker points indicated.

Uncertain color sync lock is caused in some cases by leakage in
the atc coupling capacitors, such as at C1 and C2 in Fig. 217. The
best check is substitution.

After the subcarrier oscillator has been restored to proper opera-
tion, it is then necessary to balance the afc circuit completely to
obtain good lock on a weak burst.
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Rainbow characteristics produced by loss of color sync

When the subcarrier oscillator is running off-frequency, rainbows
are produced in the picture. They are formed by a beating of the
color signal with the color subcarrier oscillator in the receiver. The
process cannot be properly visualized unless the color and subcarrier
oscillator signals are represented by vectors (Fig. 218). When the
receiver is in color sync, the oscillator and color signal voltage
vectors rotate together. When the oscillator output and the color
signals have exactly the same frequency, the two vectors rotate con-
tinuously as a single vector—color sync is ok and no rainbows are
formed.

0S¢
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Fig. 218. When the subcarrier os-
cillator is operating at 3.58 mc, the
oscillator vector rotates in sync
with the signal vector. Proper
colors (no rainbows) appear on the
screen of the picture tube.

However, when the receiver is out of color sync and the frequency
of the subcarrier oscillator is no longer 3.58 mc, but is slightly
higher, the two vectors do not rotate together. Instead, the sub-
carrier signal falls farther and farther behind the oscillator vector
(Fig. 219) . This is the nature of the beating of the color signal and
the oscillator. The essential point is that while the color signal
vector is falling behind the oscillator vector, it is sweeping through
the spectrum, since it is phase that determines hue in the receiver
circuits. Each time a sweep is made through 360° by the lagging
signal vector, one complete rainbow appears on the screen of the
picture tube.

Consider the situation in which the subcarrier oscillator is run-
ning 60 cycles above 3.58 mc. During one vertical scan on the
picture tube, one complete sweep will be made through the spec-
trum (360°) and one complete rainbow is seen on the screen. With
the subcarrier oscillator higher in frequency than 3.58 mc, the
rainbow display appears with red at the top of the pattern and
green at the bottom. With the subcarrier oscillator lower in fre-
quency than 3.58 mc, the rainbow display appears with green at the
top of the pattern and red at the bottom. Hence, it is possible to tell
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whether the subcarrier oscillator is running too high or too low in
frequency by observing the sequence of colors in the rainbow.
Suppose the subcarrier oscillator is running 1,800 cycles off fre-
quency. In this case, 30 horizontal rainbows appear on the screen
05C SI6

Fig. 219. When the subcarrier oscillator

runs at a frequency higher than 3.58 me, the

oscillator vector pulls ahead of the signal

vector and forms a rainbow on the screen of
the picture tube.

(Fig. 220) . Again, if the subcarrier oscillator is running 15,750
cycles off frequency, the oscillator completes one spectrum sweep
in the time of one horizontal scan and one vertical rainbow appears
on the screen (Fig. 220). If the oscillator is operating above 3.58
m, the rainbow appears with red on the left and green on the right.
But, if the oscillator is operating below 3.58 mc, the rainbow ap-
pears with green on the left and red on the right. When the sub-
carrier oscillator operates 31,500 cycles off frequency, two vertical
rainbows appear in the picture, etc.

Since loss of color sync usually does not result in a great dis-
crepancy between the color and oscillator frequencies, the symptoms
usually will appear as rainbows running from left to right on the
screen. Quite often, only one such rainbow is displayed when color
sync is lost. Stationary rainbows appear when the difference be-
tween the color-signal and oscillator frequencies is an exact multiple
of 60 cycles. Moving rainbows appear when the frequency differ-
ence is not an exact multiple of 60 cycles. A moving rainbow can
often be made stationary by turning the color phasing or horizontal
hold controls slightly.

Rainbow generation must occur whenever there is a frequency
difference between the incoming signal and the subcarrier oscil-
lator. If the receiver is operating normally, with the subcarrier
oscillator running at 8.58 mc, an incoming signal higher or lower
in frequency will likewise produce rainbows. This is the principle
of the familiar rainbow generator. This generator is customarily ad-
justed to provide a signal having a frequency of 3:58 mc minus
15,750 cycles. Hence the standard rainbow generator provides a
signal which is lower in frequency than the subcarrier oscillator

56




by one horizontal scan interval. The standard rainbow signal pro-
duces a pattern in which the rainbow stripes appear vertically on
the screen of the picture tube and in which reds appear at the left
of the screen. blues in the center and greens at the right.

Fig. 220. Color subcarriér oscillator operat-

ing off frequency. (Above) Oscillator off

frec{uency by 1,800 cycles. (Below) Oscil-
ator off frequency by 15,750 cycles

Loss of color sync, accordingly, which causes off-frequency sub-
carrier operation is a situation which is very closely related to the
application of a rainbow signal to a normally operating receiver.
Rainbows are produced in either case and the two situations aré
really two aspects of the same basic principle. Chart 2—2 gives the
picture symptoms of sync loss.

Contcmination of burst causes loss of tight chroma lock
Tight color lock depends upon a burst frequency of 3.58 mc
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Chart 2-2. Picture Symptoms of Sync Loss

Symptom

Cause

Discussion

Black-and-white reception ok; monochrome
portion of color picture ok; color appears as
rainbow stripes from left to right.

Circuits are holding vertical and horizontal
sync but have lost color sync. (Most usual
sync problem).

Color sync system operates independently of the ver-
tical and horizontal sync systems. Simultaneous loss
of monochrome and color sync is the exception rather
than the rule.

Picture rolls vertically on screen — can be sta-
bilized momentarily by free-wheeling the ver-
tical hold control. Colors are all in their right
places.

Circuits are holding horizontal and color sync
but have lost vertical sync.

Check vertical integrator and associated circuits
normally checked for the symptom in black-and-white
receiver. Trace vertical sync pulse with scope and
low-capacitance probe.

Picture slants diagonally on screen, framed by
dark stripes. Colors appear ok in the slanting
picture.

Circuits are holding vertical and color sync but
have lost horizontal sync. Loss of horizontal
sync is regarded as partial, not complete.

Check horizontal phase detector, horizontal oscillator
and associated circuits normally checked in black-
and-white receiver. Note that if diagonal lines slant
downhill to right, horizontal oscillator is running too
fast and vice-versa.

Picture slides from one end of screen to other
horizontally at varying rate. Colors are re-
produced ok. Picture can be stopped momen-
tarily by free-wheeling the horizontal hold
control.

Horizontal sync has been completely lost.
Vertical and color sync are ok. Loss of hori-
zontal sync is said to be complete because
picture moves continuously without being
pulled or torn.

Complete loss of horizontal sync can result from a
short or open in the differentiating circuit. Trace
horizontal sync puilse with scope and low-capacitance
probe.

Picture moves continually at varying rate both
in horizontal and vertical directions. Colors
appear properly. Picture can be stopped mo-
mentarily by free-wheeling the vertical and
horizontal hold controls.

Vertical and horizontal sync have been com-
pletely lost. Color sync is ok.

Complete loss of both vertical and horizontal sync is
often traceable to the sync separator. Best approach
in difficult cases is usually to trace the sync signals
with a scope and low-capacitance probe.

Horizontal and vertical sync ok. Receiver loses
color sync at end of color control range.

Characteristics of color phasing control are
reflected into reactance tube stage.

Some interaction is present normally in most receivers.
If color afc circuit is balanced properly, the effect of
interaction becomes negligible.




arriving at the color afc phase detector. If a false burst of 3.5 or
3.6 mc, for example, should find its way to the phase detector, the
frequency of the subcarrier oscillator will be pulled low or high,
respectively, with a resulting change in reproduced hues. Likewise,
if the output from the burst amplifier is contaminated by some
chroma signal voltage, tight color lock cannot be obtained.

To insure that a clean burst signal is obtained from the burst
amplifier, a gating pulse is applied to the burst amplifier from the
horizontal sweep circuit and in normal operation the burst amplifier
tube can conduct only during the burst interval. Suppose, however,
that the gating pulse arrives late at the burst amplifier, so that the
latter portion of the burst and the starting portion of the chroma
signal are both admitted to the burst-amplifier output. The output
is then contaminated with a portion of chroma signal, which may
have any frequency from 2.1 to 4.1 mc.

Teomz o,
Fig. 221. Burst keyer circuit. The re-
sistance and capacitance values must

be correct. If not, the timing of the ST KEYER WikDiNG

gating pulse to the burst amplifier is “WV—_]
“off,” resulting in improper burst =
amplifier operation.

" mmawm

The gating pulse arrives too late, in some cases, due to changed
values of resistors in the pulse-delay network, to faulty capacitors
(Fig. 221) or, in some receivers, to “pulling” in the horizontal
oscillator. The remedy is to check the waveforms in the horizontal
oscillator circuit with a scope and low-capacitance probe. The
slugs in the tuned coils should be adjusted to provide the waveforms
specified in the service manual.

Intermittent operation of the color subcarrier oscillator

Sometimes the color sync is satisfactory for a period of time,
following which the subcarrier oscillator abruptly stops operating
due to a slight shift of control voltage to the grid of the reactance
tube. In some cases, the subcarrier oscillator will resume operation
and color sync will be satisfactory if the receiver is switched off
channel and then back on. In other cases a few seconds pause be-
tween switching on and off is necessary. In still other cases, the
subcarrier oscillator drops out of oscillation and later resumes
without any discernible correlation to control settings.

When this trouble is encountered, first check the adjustment of
the subcarrier oscillator tank coil or coils. One of them will be
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found to have a marked effect upon the output voltage from the
oscillator—this coil will be in either the plate or the cathode circuit.
Apply the dc probe of a vtvm to one of the input electrodes of the
color afc phase-detector tube. If the receiver utilizes a color killer,
the line to it from the color afc tube is a suitable test point.

As the oscillator tank is tuned through its range, the output from
the subcarrier oscillator increases up to a certain point and then
drops abruptly to zero. This is a characteristic of all crystal oscil-
lators. Note the maximum output voltage obtained (such as 25
volts) just before the oscillator ceases operation, then back off on
the slug adjustment to decrease the output 2 or 3 volts. This
adjustment insures that the reactance tube will never cause
the subcarrier oscillator to enter the inoperative region of its
characteristic.

Intermittent color sync lock

Although the color sync lock may be satisfactory when the re-
ceiver is energized by a color bar generator, it can become poor or
intermittent when the receiver is operated from an antenna. In
such case, check the color sync action with a signal from the genera-
tor which has approximately the same level as the antenna 51gna1
This can be done with a vtvm applied to the agc line in the receiver.
Equal readings will be obtained on the vtvim when the signals have
the same signal strength (microvolts input) to the receiver. Of
course, the test must be made on the same channel to be valid, since
tuner response often varies considerably from one channel to an-
other.

If the generator cannot be operated on the same channel as the
available transmission, the possibility of tuner trouble on the sta-
tion channel should be investigated with a sweep and marker gen-
erator and scope. You may find, for example, that the rf response
curve has a severe tilt which unduly attenuates the color burst or
the tuner sometimes has greatly subnormal gain on the station chan-
nel, which prevents a clean signal from entering the if circuits. If a
wide-band scope is available, the burst voltage can be observed at
the output of the picture detector as a preliminary quick check. A
severe tilt in the tuner response will cause the burst to be repro-
duced at improper level at the picture detector—but a mismatch of
lead-in to the tuner can produce the same result. Hence, the sweep-
generator test is the more conclusive insofar as frequency response
is concerned.

When the color bar generator can be operated on the same chan-
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nel as the station and color sync is satisfactory when the generator
output is the same as the antenna’s (as checked at the agc bus), the
cause of poor color sync on station reception will usually be found
to result from a mismatch of the lead-in to the tuner.

A useful quick check can be made by cutting off sections from the
lead-in, approximately 1 foot at a time, observing any change in re-
ception. Cutting off a section of lead-in changes its standing-wave
pattern of voltage and results in a changed tilt of the overall re-
sponse of the receiver system. If a substantial mismatch is present,
a semicritical length of lead-in will be found which causes the color
information to increase greatly in intensity, with a resumption of
satisfactory color lock due to buildup of the burst voltage.

For a temporary cure the lead-in can be left cut to the critical
length although the color reproduction will not be as accurate as
when the lead-in is operated in a reasonably flat condition. The
preferred repair is to correct the tuner response or, if the shop does
not undertake to repair rf tuners, another possibility is to trade in
the tuner for a replacement. Asan economical expedient, a resistive
H-pad can be added in series with the lead-in to the tuner. Turret
type tuners have adequate space available inside the turret to mount
an H-pad, if it is desired to switch the pad in on the troublesome
channel only.

If adequate signal strength is available on all the operating chan-
nels, there is no disadvantage in mounting the H-pad at the input
terminals to the tuner, where it is operative on all channels. How-
ever, when the signal strength is marginal on one or more chan-
nels, install the H-pad inside the turret so that it is operative on the
desired channel only.

When checking a receiver on the bench for adequacy of color
sync, a color-bar generator should be used. Some generators are
better adapted for this purpose than others. For example, some
generators have a sequence of color bars in which the series starts
with green. The top of the green bar is level with the back porch
of the sync pulse. On the other hand, other generators have a se-
quence of color bars which starts with the red bar. The top of the
red bar extends higher than the green bar (up into the blacker-
than-black region). For this reason, a sequence starting with the
red bar is more useful in color-sync checks than one starting with
the green bar.

Just why this is so will become clear from the following consider-
ations: the color-sync circuits operate on a gating principle—in other
words, the burst amplifier is keyed open only for the duration of the
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color burst. However, trouble is sometimes encountered with the
gating circuit—the gating pulse arrives too late or too early, due to
incorrect values of R or C in the gating configuration.

If the gating pulse arrives too late, a high chroma signal, such as a
red bar, will succeed in gaining partial entry into the burst-ampli-
fier circuit, and thereby disturbing the color sync action. However,
a lower-level chroma signal, such as a green bar, will not have nearly
as much success in gaining entry into the burst amplifier, and will
be less effective as a test of color sync lock (gating action only) .

Furthermore, in choosing a color-bar generator for tests of color-
sync action, it is helpful to have control of the chroma-level output.
For example, some generators provide a chroma-level switch with
zero db, —6 db, and —15 db settings. The color sync circuits in the
receiver should be capable of holding color sync with the switch
in the —15 db position. ’
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chapter

chroma circuit servicing

ERHAPS the most unfamiliar section of the color receiver is the
video-frequency system comprising the monochrome video am-
plifier (s), the chrominance bandpass amplifier, color demodulators
and matrices. The output from the picture detector divides, ener-
gizing the Y and chrominance bandpass amplifiers. These divided
signals eventually reunite at the matrices but, prior to merging, the
color signal is processed through the color demodulators and phase
splitters.

Balance between chroma and Y output levels

Correct color reproduction can be obtained only if the relative
gains of the chrominance and luminance channels are correct. Both
manual and agc controls are provided in various receivers. Linearity
isalso important, hence the video-frequency circuits are customarily
designed to provide considerably greater reserve output than nor-
mally required to handle the luminance and chrominance signals.

The chrominance circuits may operate over a maximum band-
width of 1.5 mc when the I-Q system of demodulation is used, but
are restricted to a bandwidth of 0.5 mc when demodulation is along
the (R —Y) and (B —Y) axes. Some receivers utilize semi-wide-
band chroma circuits. Unless the bandwidth is restricted to 0.5 mc
in most (R —Y) (B —Y) systems, color crosstalk will occur be-
cause (R —Y) and (B — Y) signals both have I and Q components.
In the I-Q system of demodulation, an I signal produces no output
from the Q channel but does produce output from the I channel.
Conversely, a Q signal produces no output from the I channel but
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does produce output from the Q channel. Fundamentally, trans-
mission of I information is made at extended bandwidth (1.5 mc)
to take advantage of the color vision characteristics of the human
eye. Physically, I color information past 0.5 mc and out to 1.5 is
transmitted in single-sideband form.

SCOPE

LOW C PROBE

Fl
e voo e~}

Fig. 301. When a video-frequency circuit is

checked with a sweep-frequency signal, the scope

displays the outline of the circuit’s frequency
response.

Color detail between 0.5 and 1.5 mc is resolved on orange-cyan
axes in terms of primary colors. Larger color areas, corresponding
to frequencies up to 0.5 mc, are resolved in red, green and blue
primaries.

In the (R —Y) (B—Y) system of demodulation, the same
transmitted signal is used by the receiver but it is demodulated on
the (R —Y) (B —Y) axes at reduced bandwidth so that both de-
modulators operate completely on double-sideband signals. Both
the (R —Y) and (B —Y) signals contain I and Q components
and the I signal contains single-sideband signals from 0.5 mc to 1.5
mc. For this reason, unless the (R —Y) and (B — Y) demodula-
tor circuits are limited to a 0.5 mc bandwidth, color crosstalk will
be caused by the single-sideband I signal (portion of signal above
0.5 mc) .

The difference between the two demodulation systems may be
summarized:

1. With 1-Q) demodulation, the color subcarrier is reinserted ex-
actly in phase and quadrature, respectively, with the incoming I-Q
signal. The I signal in the I demodulator circuit is then converted

64



wholly to AM and the Q signal in the I demodulator circuit wholly
to FM and hence rejected by the subsequent AM circuits. The Q
signal in the Q demodulator circuit is converted wholly to AM and
the I signal in the Q dernodulator circuit to FM. Thus, the single-
sideband information contained in the higher-frequency portion
of the I signal can be properly demodulated without noticeable
crosstalk.
Fig. 302. Method of
sweeping a video am-
plifier, usually speci-
fied by color-receiver
manufacturers. A nar-
row-band scope can be
used. (Courtesy of The

Technician’s Time-
saver).

INPUT
VIDEO mmcul-—-. VIDEO AMPL Qﬂz—n @
{ crvsTAL

2. When the (R — Y) (B —Y) system of demodulation is used,
the color subcarrier is not reinserted exactly in phase and in quad-
rature with the I and Q signals, respectively. That is, the I-Q trans-

Fig. 303. The response of the Y
channel in a typical color-TV re-
ceiver shows a sharp dip at the
3.58-mc point (center arrow)
caused by a burst take-off trap.
The response from 3.58 to 4.5 me in
this case is considerably attenua-
ted with respect to the response
from 0 to 3.58 mc. Arrow at right

indicates zero frequency point.

mission is being treated in the demodulation process as if it were
an (R —Y) (B —Y) transmission. But since there are both I and
Q cornponents along the (R —Y) and (B —Y) axes, the I signal
is not converted wholly to FM (or AM) in either the (R —Y)
channel or in the (B — Y) channel and color crosstalk can be avoid-
ed-only by applying double-sideband information to both (R —Y)
and (B — Y) demodulators.

Video-frequency sweep tests

The Y amplifier in a color set corresponds to the video amplifier
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Chart 3-1. Video-Frequency Circuit Adjustments

Requirement

Reason

Circuit Adjustment

Proper bandwidth of I, Q, R—Y,
and B — Y synchronous demodula-
tors.

Loss of color resolution when bandwidth is inadequate;
color contamination when bandwith is excessive.

Coil slug seftings; load resistor values. (Make cer-
tain that tube shields are in place on demodulator
tubes.)

Avoidance of peaks in demodulator
response curves.

Excessive peaking causes color signal to ring. Moderate
high-frequency peaking of the [ circuits may be utilized,
however, to compensate for deficiencies in if response.

Damping resistors, load resistors, slug settings. Re-
generative peaks con result from open decoupling
capacitors or disturbed lead dress.

Proper passband in first chroma
amplifiers—2.1 to 4.2 mc.

Admission of color signal from Y amplifier and rejection
of all monochrome signals possible.

Slug settings, damping resistor valuves.

Check of Y amplifier response and
3.58-mc trap adjustment.

Picture resolution is determined primarily by proper re-
sponse of the Y amplifier. Unless the color subcarrier is
trapped, operation of the dc restorers is affected.

Resistor and capacitor network (matrices) termi-
nating delay line; substitution test of delay line.

Gain check of | and Q demodula-
tors (or of R— Y and B — Y de-
modvlators) .

Low gain in the Q channel causes the picture 10 be defi-
cient in magenta and green. Low gain in the | channel
causes picture to be deficient in yellow and cyon.

Grid and cathode bias values, 3.58-mc injection volt-
age, defective filters, faulty bypass capacitors, low
plate voltages.

Frequency response of red, green
and blve video amplifiers.

Picture resolution depends vpon the frequency response
of these amplifiers as well as vpon the frequency re-
sponse of the Y amplifier.

Load resistor values, peaking coils, damping resistor
valves. Check bypass capacitors also, in case of
trouvble.

Frequency response of | and Q
phase splitters, and of | amplifier.

Proper color reproduction depends vpon correct frequency
response at the output as well as the input end of |1 and
Q channels.

Peaking coils, damping resistor values, coupling ca-
pacitors, bias networks, bypass capacitors.

Frequency response of matrices.

Color balance and satisfactory monochrome reproduction
require correct matrix operation.

Open capacitors are not indicated in a dc resistance
check. Replace, if sweep response is distorted.




in a monochrome receiver. A suitable arrangement for sweeping
the Y amplifier is shown in Fig. 301. This is a general method of
checking the response of a video-frequency amplifier in either a
black-and-white or a color receiver. The scope used must have as
good or better frequency response than the amplifier under test.
The low-capacitance probe is required to avoid loading and attenu-
ating the high-frequency response of the video circuit under test.

With a narrow-band scope, the arrangement shown in Fig. 302
is used and is the method ordinarily specified by manufacturers.
The response of a typical video amplifier (Y amplifier) in a color re-
ceiver is shown in Fig. 303. The undulations in the top of the re-
ponse curve are caused by stray resonances in the l-usec delay line
which causes a ringing response. However, unless the ringing is
severe (Fig. 304), the variation in color picture shading is not
noticeable.

Fig. 304. Very severe ringing of
the Y amplifier caused by a
short in the delay-line branch.

Of course, frequency response tests are misleading unless the out-
put from the sweep generator is free from distortion. The FM out-
put from a color sweep generator has a relatively low output fre-
quency on the first band (video-frequency range) and canbeapplied
directly to the vertical input terminals of a wide-band scope since the
sweep frequency is within the frequency-response capability of a
4.5-mc scope (scope with flat response to 4.5 mc). The essential
quality of the sweep voltage is its constancy, or flatness over the
swept band.

Chart 3—1 lists adjustments that can be made in the video-fre-
quency circuit.

Marking chroma and Y response curves

To check the frequency at a given point along the sweep signal,
an absorption marker may be introduced (Fig. 305) . If the tuning
dial of the sweep generator is adjusted to make the zero-frequency
point appear in the center of the display, a dual response is obtained
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and the 50-kc marker appears ou cach half of the pattern.

By choosing suitable values of 1.-C, the sweep signal may be
marked at any desired point. (Peaking coils serve well as inductors
and may be obtained in a wide range of inductance values which
meet all practical requirements) . A 3-30 ppf trimmer capacitor in
series with the coil permits adjustment of the marker frequency to
specific values, which may be checked with a grid dip meter or other
suitable arrangement, such as a signal generator, crystal probe and
scope.

? 4
ol
CoIL
LINK SWEEP OUTPUT LEADS
TRIMMER —-
TH e (SEE TEXT FOR LC VALUES)

10 USE. SHUNT THE LC Fig. 305. Typical appearance of a 50-kc
AT ANT THE LS e absorption marker on the sweep signal,
END,OF THE SWEEP OUTPUT The small spurious marker is caused by

the presence of a spurious sweep output

voltage from the generator. The draw-

ings below the photo show circuit ar-

rangements for absorption marker indi-
cation.

Converting monochrome to chroma sweepers

A problem which arises in many shops is the adaptation of rf or if
signal and sweep generators to video-frequency sweep applications.
This conversion can be accomplished by heterodyning the output
from an if signal generator with the output from an if sweep gener-
ator through a nonlinear terminal probe (Fig. 306) . Such devices
are available commercially.

The probe, shown in Fig 307 and known as a Chromatic Probe,
was designed for use with specific equipment, but with slight modifi-
cations it can be used with most any sweep and marker generator.
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It is essentially a nonlinear mixing device, which generates an upper
and a lower sideband when two different frequencies are applied to
its input. The lower sideband is a difference-frequency sweep for

Fig. 306. A heterodyne output arrangement

for an if sweep and signal generator to provide

e a difference-frequency output for checking

IF SIG GEN —-Pj the frequency response of video-frequency
circuits.

il IN4B
cATH LOW FREQ SWEEP OUTPUT
il
H00a
F SWEEP GEN  [E===) %

testing video-frequency circuits. To understand how the probe op-
erates, consider a typical operating condition in which a 160-mc
center-frequency signal from a sweep generator is swept over a 5-mc
band, from 157.5 to 162.5 mc, and in which a 157.5-mc signal from

(31 INS6A

Fig. 307. Circuit arrangement

of the Chromatic Probe. The SWEEP 3 »
as a nonlinear mixer.

i » MARKER INAUT '
three crystals in parallel work [ ‘[ % . % YR
120a 1200

a marker generator is mixed with the swept signal. The signals are
applied to the input of the Chromatic Probe. The probe modulates
these signals and generates an upper and a lower sideband. The
lower sideband sweeps from (nominally) O to 5 mc and is the sig-
nal that interests the color-TV technician. It is the signal output
used to sweep-check the Y amplifier, I, Q, chroma amplifier and
chrominance circuits.

The probe has three parallel IN56A crystal diodes. The reason
for using three diodes is that the output impedance of the probe is
approximately 100 ohms, and maximum operating efficiency is ob-
tained with a low-impedance modulator. When three crystal diodes
are connected in parallel, the internal impedance of the equivalent
generator is reduced to one-third, with a corresponding increase in
sideband output voltage. A low-impedance output is used because
the impedance of color receiver circuits often contains a large
capacitive component which attenuates the higher-frequency out-
put signal unless the output impedance is a low value, such as 100.
ohms.

The cable of the probe is terminated principally by the first
120-ohm resistor but also in part by the internal impedance of the
paralleled crystal diodes plus the output lead resistor. The output
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network terminates the cable in its own characteristic impedance
so that standing waves are avoided. The probe is preferably oper-
ated with an rf instead of an if input. Although the probe can be
operated at if, the output is often not as uniform as when operated
fromrf. Some if sweep generators are provided with a low-pass filter

O PHASE SPLITTER
0-.5MC FILTER

Fig. 308. Typical circuit arrangement of a Q demodulator circuit. The photo
at the left shows the response obtained when using a demodulator probe.
The photo at the right is the response when using a low-capacitance probe.

in the output circuit so that only the frequency indicated on the
generator dial is delivered at the output of the instrument; then, it
makes no practical difference whether the probe is operated on rf
or on if generator bands.

When used with typical service generators, the probe provides
flat sweep output from 8 kc through 4.5 mc (or higher, if desired) .
This low-frequency limit is remarkable and far exceeds the ability
of demodulator probes to handle the low-frequency sweep. Ac-
cordingly, a demodulator probe must be avoided in checking out
the lower-frequency end of the video amplifier response, and the
output from the circuit under test must be applied to the scope
via a low-capacitance probe. Insofar as the higher-frequency end of
the video amplifier response is concerned, a demodulator probe
operates satisfactorily.
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If a low-capacitance probe is used instead, low-frequency attenu-
ation is eliminated. However, the technician usually finds that the
“modulated carrier wave” type of display is somewhat more difficult
to interpret than the conventional response curve. Fig. 308 illus-
trates the difference between these two types of response.

Two general test setups are shown in Fig. 309. Complete low-fre-
quency information is not obtained in a because of the limitations
in demodulator-probe response. Complete high-frequency infor-
mation may not be obtained in b unless the vertical amplifier of the
scope has a flat response, equal at least to the bandwidth of the
chroma circuit under test. Since few service scopes have a flat re-
sponse to 4.5 mc, the technician will often have to make both tests
to obtain complete information.

FROM CHROMA
CENERATORS_ Graauarc | CRCUIT "DEMDPROE Fig. 309. Chroma channel
PROBE response using demodulator
4 probe (a) and response dis-
P played when using a low-
capacitance probe (b).
FROM - »{CROMA
GENERATORS  crromaTic |CRCUT | wow-cap
PROBE PROBE
§

When the scope being used does not have as good frequency re-
sponse as the circuit under test, the result is distortion and attenu-
ation at the high-frequency end in b. But if the scope has full fre-
quency response, either test is equally useful to determine the high-
frequency response.

It may not be necessary to use a low-capacitance probe and it may
be possible in some cases to use a direct probe if the scope is applied
across a low-impedance circuit point. But the low-capacitance
probe is essential if the scope is applied across a medium- or high-
impedance circuit point. Omission of the low-capacitance probe
in such case will cause substantial high-frequency attenuation.

Certain precautions are sometimes required in applying the
Chromatic Probe at the input of the circuit under test. If a dc volt-
age component is present, a blocking capacitor must be used in
series with the probe output to avoid drainoff of the dc voltage and
possible damage to both probe and circuit.

The probe will not work unless both sweep and CW output are
applied to it. Since many generating units provide separate sweep
and marker outputs, a suitable mixing arrangement is necessary be-
fore the probe can be used. One practical solution is to remove the
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connector provided with the probe and substitute a Y connector
to accommodate the two output cables from the sweep and marker
generators.

The generator frequencies should also be pure fundamentals
(not harmonic or beat frequencies) or unusably low and distorted
outputs will probably plague the technician. This point requires
careful consideration, since the marker generator may not operate
on pure fundamentals above 60 mc, delivering only harmonic out-
put at higher frequencies while the sweep generator may not de-
liver pure fundamental output below 75 mc.

Preamplifier for demodulator probe

Various of the chroma circuits and, in some cases, the luminance
channel (Y amplifier) in the color receiver may have very low gain,
and adequate deflection may not be obtained on the scope screen
when the amplifier is swept with the output from the Chromatic
Probe. The amount of output available depends primarily upon
the output from the driving generators. When more deflection is
desired on the scope screen, a suitable preamplifier can be utilized.
Such an amplifier is a demodulator probe preamplifier and pro-
vides an important filter-amplifying function at video frequencies
for servicing the signal circuits of color receivers.*

OB ik FReg "
G2 CHROMATIC (‘PROBE

FROM GENERATORS AM TO SCOPE
-»——{ t-o o-j I—.-
o [

Fig. 310. Test setup for checking flatness of video
sweep output from the Chromatic Probe.

Checking flatness of chroma sweep signal voltages

The test setup in Fig. 310 is very useful for checking the flatness
of the video sweep from the Chromatic Probe if a wide-band scopc
is not available. If the swept trace is not flat within =5 %, there is
some fault in the equipment or arrangement which should be cor-
rected before proceeding with service tests. In this flatness check.
the Chromatic Amplifier operates both as an amplifier and as a
video-frequency filter. The tuning dials of the sweep and signal
generators may be set to any corresponding frequency, subject to
the limitations noted.

* The Chromatic Amplifier is a wide-band flat amplifier having a frequenc
response from 8 ke to 4.5 mc and a gain of approximately 40. It is available from
Simpson Electric Company, Chicago, Ill. The unit is described in detail in “Sweep

and Marker Generators for Television and Radio” bv Robert G. Middleton. Gerns-
back Library hook No. 55,
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Fig. 311 shows a somewhat similar test setup used to check the
flatness of the swept output from the Chromatic Probe when loaded
by the input circuit of the receiver under test. As before, the Chro-
matic Amplifier operates as a filter as well as an amplifier in this
test. There should be no variation from flatness in the swept trace.

Fig. 311. Flatness check witn
probe applied to input of cir-
® cuit under test.

T
CHROMATIC AMPL ( HiEHI!

o ;} TO SCOPE
[og

If there is excessive capacitance across the input of the circuit
in the receiver under test, high frequencies will be attenuated.
Under normal circumstances the circuit capacitance will not be suffi-
ciently large to attenuate the high-frequency response to any ap-
preciable extent. However, if an incorrect test point is selected for
application of the sweep voltage, this difficulty may be encountered
in a normally operating receiver.

After it has been determined that the swept input voltage to the

receiver is flat, the Chromatic Amplifier may be connected (Fig.
312) to observe the response of a video-frequency circuit in the re-

PEAK-TD-PEAK
CHROMATIC HiGH FREQ
PROBE TV RCVR CKT CHROMATIC AMPL PROBE

[ ! :UNMRTE

o
U=

TO SCOPE

—

Fig. 312. Typical arrangement of Chromatic Probe, Chromatic
Amplifier and peak-to-peak high-frequency probe in testing a
low-gain color-TV wvideo-frequency circuit.

ceiver under test. In many tests, its use is not necessary but for some
low-gain circuits in color chassis, its use may be required. Typical
low-gain circuits are the chroma amplifier and the I demodulator.
The Y amplifier is also a low-gain circuit.

When a very-low-resistance load is shunted across the output of
the Chromatic Probe, the high-frequency response sometimes tends
to rise somewhat during checks of sweep flatness. The reaction of
the circuit upon the probe can be corrected by inserting a smalil
series resistance between the output of the probe and the input of
the circuit under test. A value of resistor must be used which pro-
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vides satisfactory flatness of sweep. The test shown in Fig. 311 will
indicate when the right value has been found.

In other cases (Fig. 313) the nature of the load presented to the
Chromatic Probe may be such that the low-frequency response
tends to rise, as shown in Fig. 314. In such case, a series capacitor

I DEMODULATOR

typical I demodulator circuit. This
circuit tends to develop a low-fre- =
quency boost in an applied video-
sweep signal, as shown in Fig. 814.

Fig. 313. Partial circuit diagram of a Iw

of suitable value between the output of the probe and the input of
the circuit under test will provide the desired flatness of sweep volt-
age. Again, the test in Fig. 311 will indicate when the proper value
of series capacitance is utilized.

i a L

Fig. 314. The photo at the left shows the low-frequency boost imposed on

the output from the Chromatic Probe when the circuit of Fig. 313 is under

test. The photo at the right shows the correction obtained by the use of a
suitable series capacitor.

Test leads

A shielded cable can be used at the input of the Chromatic Am-
plifier, provided it is connected to a low-impedance circuit in the
color receiver. If it is desired to energize the Chromatic Amplifier
from a medium- or high-impedance receiver circuit, it is necessary
to dispense with the shielded input cable and to use a pair of open
test leads to avoid high-frequency attenuation of the video sweep
voltage.

Noise and interference voltages

It is essential to eliminate noise and interference voltages from
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Fig. 315. The photo at the left shows the Y amplifier response curve ob-

scured by entry of noise from the if amplifier. The photo at the right shows

the noise eliminated by application gf —10 volts.of override bias to the
agc bus.

APAWIN

Fig. 316. (Left) Horizontal sweep interference; (center) effect of shunt

capacitor at scope; (right) undistorted curve obtained when horizontal-

sweep circuit is ‘disabléd and no shunt capacitance is added across scope
input terminals.

Fig. 317. Power resistor serves as
dummy tube. The resistor can
have a rating of § watts or more,

the color circuits when making frequency-response tests. Fig. 315.
for example, shows the serious consequence of permitting noise
from the if amplifier to enter the Y channel during sweep-frequency
tests. After the if amplifier is biased off by application of —10 volts
of agc override bias, the desired curve display is obtained.
Interference from the horizontal-sweep circuit and sometimes
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the horizontal oscillator may also be a problem. Fig. 316 shows in-
terference from the horizontal-sweep circuit; the entire display is
made fuzzy by superimposition of 525 pulses per scan. Technicians
sometimes suppose that a bypass capacitor can be shunted across the
input terminals of the scope to eliminate such interference but this

-

Fig. 318. (Left) Distortion of @ demodulator response when demodulator

probe is applied directly at the output of the @ channel, instead of at the

low-impedance point in the phase(-sp}:‘tter circuit following the @ channel
right).

leads to curve distortion. The proper procedure is to eliminate the

source of the interfering voltage by disabling the horizontal-sweep

circuit. Q PHASE SPLITTER

9 0EuD 200 A7
PROBE TO SCOPE
@ | Y
INPUT : |
>
CHROMATIC PROBE ‘[ :: -
<

= l 8l

Fig. 319. Test setup for sweep-frequency
check of the @ demodulator. The sweep

input signal is applied at the grid of the
A GEN demodulator. The scope is connected
through a low-capacitance probe for
low-frequency tests, or through a peak-
to-peak demodulator probe for high-
frequency checks. Itis essential to apply
the scope probe at point Y in the circuit

and not at point X.

FM GEN

Sometimes, when the horizontal-sweep circuit is disabled by re-
moving the horizontal-output tubes, the dc distribution in the re-
ceiver circuits is upset because of the decreased load on the power
supply. The technician should use dummy horizontal-output tubes
(Fig. 317) . The dummy tubes are constructed from a pair of wire-
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Fig. 320. (A) Response of @ demodulator at high signal level. (B) Same

response curve at a low signal level. (C) Bandpass amplifier response at

high signal level. (D) Same response at low signal level. (E) Green video-

amplifier response at high signal level. (F) Same amplifier response at
low signal level.
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wound power resistors, octal tube bases and tube plate caps. The
resistance value used should be equal to the dc plate resistance of the
horizontal output tube—20,000 ohms.

Another common source of difficulty in making chroma circuit
tests is caused by application of the demodulator probe at an un-
suitable point as shown by the photographs of Fig. 318 and the cir-
cuit arrangement of Fig. 319.

The level of the applied sweep signal may be increased to over-
ride partially the horizontal pulse voltage. However, the applied
signal level may also change the shape of the response curve (Fig.
320) . The best rule to follow is to use the same voltage level as is
present in normal reception of a TV signal.

Control settings will sometimes have an effect upon the circuit
response and should be set in accordance with the service data. Fig.
321 shows how the impedance at the input of the Y amplifier (impe-
dance across the contrast control) changes as the power switch is
turned on or off. Fig. 322 shows how details of bandpass amplifier
response are changed by varying the setting of the color intensity
control.

Chart 3—2 lists generator and scope settings for sweep-frequency
checks of the Q demodulator.

Fig. 321. (Left) With the power switch “on,” the Y amplifier reflects into

the contrast control, and residual ringing of the delay line is seen. (Right)

With the power switch “off,” plate resistance of Y amplifier tube becomes
infinite, and reflection is no longer seen.

“Marking’’ with dial calibrations

When the marker or sweep generator used with the Chromatic
Probe has closely calibrated dials or when the video-sweep generator
has a closely indicated center frequency, the operator does not need
any marking equipment other than the instrument dials. Fig. 323
shows how to determine the frequency of various points along a
typical Y amplifier response curve. If a Chromatic Probe is being
used and the dials of the FM and AM generators are not set to the
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Fig. 322. Influence of the color-intensity control setting on the shape of the
bandpass amplifier response. (A) Control at maximum. (B) Control at
minimum.

same frequency (such as 160 mc) and the horizontal phasing control
of the instrument is properly adjusted, trace and retrace are both
visible in the display (Fig. 323-a). The zero-frequency point ap-
pears in the center of the twin pattern.

The retrace is next converted into a zero-volt reference line by
turning on the blanking control of the sweep generator and phasing
the blanking voltage to produce a zero-volt reference line as shown
in b, which fits the base of the curve and does not clip the display at
either end. In the next step, the operator turns the dial of either
the FM or AM generator by a suitable amount to bring the zero-
frequency point in the display to the right-hand end of the base
line, as shown in c.

Frequency determinations of any points along the response curve
can then be made in d, ¢ and f. In d, the dial of the sweep generator
has been moved through 2.65 mc to locate the 2.65 mc point on the
curve. In f, the dial has been moved through 3.58 mc to check the
trap frequency.

Of course, this method of marking requires good horizontal
linearity in the horizontal sweep generator output. Another re-
lated method of marking the video response curve makes use of the
ruled graticule over the screen of the cathode-ray tube. A test setup
such as in Fig. 324 may be used. The initial display obtained is a
twin type (Fig. 325) with the zero-frequency point in the center
of the pattern. Next, the tuning dial of the generator is turned to
move to zero-frequency point to the left-hand end of the base line
(Fig. 326-a) . The sweep width control of the generator is then ad-
justed to 2 mc, which can be checked by turning the sweep gener-
ator dial through 2 mc. If the sweep-width setting is exactly 2 mc,
then the zero-frequency point will move exactly to the right-hand
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A B
C D
E F

Fig. 323. Progressive steps in check of Y amplifier response curve. (A)
Response curve with retrace unblanked, but sweep phasing control
properly adjusted. (B) Retrace converted to zero-volt reference line. (C)
Zero-frequency point tuned to right-hand end of base line. (D) Generator
dial moved through 1.65 mc to locate 1.65-mc point on Y response curve.
(E) Generator dial moved through 2.65 mec. ( F) Generator dial moved
through 8.58 mc to check color-subcarrier trap frequency.
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Q PHASE SPUTTER

Fig. 324. Test setup for checking Q de-
modulator response.

end of the base line (Fig. 326-b) . Marking may be accomplished
with the zero-frequency point at either end of the base line, as de-
sired.

In Fig. 327, the horizontal gain control of the scope has been ad-
justed to make the dispiay occupy 20 squares on the graticule and

Fig. 325. Q response with the zero-

frequency point in the center of

the display. This is the waveform

obtained (when using a Chromatic

Probe) if the sweep and marker

generators are tuned to the same
frequency.

each square indicates an interval of 0.1 mc. Frequency points are
then determined at any desired point along the response curve by
counting squares and multiplying by 0.1 mc.

Chart 3—3 lists the scope control settings for checking the re-
sponse of the Q demodulator circuit.

Typical | demodulator sweep test

In checking the frequency response of the I demodulator channel;
the initial twinned response should be entirely symmetrical (Fig.
328) . If one of the curves is higher or lower and differently shaped
from the other, the video sweep voltage is not flat. A check of sweep
flatness should be made (Fig. 311) and the lack of flatness corrected
as required. Upon occasion the operator may note spikes at the
ends of the display. They are caused by differentiation of the 60-
cycle square-wave component in the signal by the series charging
capacitor in the crystal probe. The spikes will disappear when the
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Chart 3-2. Generator and Scope Settings for
Sweep-Frequency Checks of Q Demodulator

Instrument Setting

Discussion

FM generator tuning: set to any con-
venient frequency on a pure-funda-
mental band, such as 160-mc center
frequency.

Use an FM generator band which has a pure
fundamentat output to minimize the generation
of spurious markers, which often occurs when a
beat-frequency band is used.

FM generator attenuator: Advance set-
ting fo maximum.

Little or no gain is provided by the Q demodu-
lator circuit and accordingly the test signal
should have a high level.

FM generator sweep-width control: Set
to 1 or 1.5 mc.

The Q demodulator circuit has a bandwidth of
approximately 0.5 mc. A sweep width of 1 or
1.5 mc permits sweeping the response curve
down to the base line of the pattern.

AM generator tuning: Set tuning dial
initially to the same frequency as the
center frequency of the sweep gener-
ator, such as 160 mc.

The outputs from the two generators are beat
through the Chromatic Probe to obtain a video-
frequency difference signal, which will sweep
from zero to 1 or 1.5 mc¢, depending vpon the
setting of the sweep width control.

AM generator attenuator: Advance set-
ting to maximum,

AM generator function control: Set to
unmodulated rf output,

Because of the low gain of the Q demodvulator
circuit, a high-level signal is desirable.

A CW voltage must be utilized. If a modvlated
signal voltage were used, the pattern would
‘'wiggle’ violently with the avdio modulating
voltage.

Scope vertical gain control: Set initially
for maximum gain.

Fairly high gain must be used for adequate verti-
cal defiection. If the pattern drives off-screen
vertically, reduce the vertical gain setting of the
scope as required.

Scope centering and focusing controls:
Adjust for properly displayed pattern
and sharp focus, as in conventional ap-
plications.

If the centering controls are badly misadjusted,
the pattern may be initially invisible off-screen.
Likewise, if the intensity control is set too low,
the pattern will be invisible.

Scope horizontal defiection: Set for 60-
cycle sine-wave defiection.

Some scopes have a built-in 60-cycle sine-wave
defiection function; others require that this volt-
age be obtained from the sweep generator and
applied to the horizontal input terminals of the
scope via an interconnecting cable.

Scope horizontal gain control: Set for
appropriate width of pattern on scope
screen.
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Horizontal phasing control (provided
on either generator or scope). Set ta
merge trace and retrace together.

Use of 60-cycle sine-wave defiection always pro-
duces a trace and a retrace. These must be
phased together for proper display.

FM generator blanking control: Turn
on to convert the retrace into a zero-
volt reference line.

While it is not absolutely necessary to convert
the retrace into a zera-volt reference line, this
is a convenience in practical work.

Note an prabe utilized: Either a demodulator or a low-capacitance probe can be used in

this test. |f a demodulator probe is used, a conventional envelope type response is displayed

an the scope screen. If a low-capacitance prabe is used, an undemodulated type of display

is obtained. The advantage of using a low-capacitance probe is that the low-frequency

respanse is not ottenuated by the prabe; the disadvantage is that the technician is usvally
mare fomiliar with the envelope type of display.

AM generator tuning: Naw thot the
response curve appears on the scope
screen, retune the generator to bring
the zero-frequency point exactly to the
left-hand end of the base line.

The video-frequency sweep which is being vsed
will display two mirror-image curves when the
zero-frequency point falls in the center of the
pattern; hence, the generator is tuned to run
ane of the mirror images off the base line,
leaving the other fully displayed in conventional
form.

Marking the response: " Either an ab-
sorptian marker box can be used be-
tween the Chromatic Probe and the
grid of the Q demodvulator tube or the
operator can ‘‘step aff'’ 0.1-mc inter-

An absorptian morker box is mos! convenient
and usvally provides notches in the curve ot
50 ke and 0.5 mc for evaluation of the frequency
response. The ‘‘stepoff'’ method is also quite
satisfactory.

vals on the generator tuning dial.

zero-volt reference line is switched off. In operating with a zero-volt
reference line. the spikes are disregarded.

Circuit gain

It often becomes desirable or necessary to measure the gain of
video-frequency circuits during servicing. This is easily accom-
plished by moving the demodulator probe from the input of the
circuit under test to the output and noting the increase (or de-
crease) in pattern height which takes place. Fig. 311 shows how the
input signal voltage to the circuit under test can be measured on the
scope screen. If, next, the probe is applied at the output of the cir-
cuit under test, the relative deflection obtained indicates the cir-
cuit gain or loss.

Progressive gain checks may or may not be practical, depending
upon the circuit arrangement. For example, it is not possible to
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Fig. 326. (Left) Zero-frequency point tuned to left-hand end of base line.

(Right) Zero-frequency point appears at right-hand end of base line when

sweep-width control is set to 2 mc and the tuning dial of the sweep gene-
rator is moved through an interval of 2 mc.

sweep the I and Q demodulators through the chroma bandpass am-
plifier (at least by the methods so far described) . The output from
the picture detector passes through the chroma bandpass amplifier,
which passes frequencies from 2.1 t0 4.2 mc. This filter action serves
to remove as much of the monochrome signal as possible, but there

Fig. 327. The horizontal width

control of the scope has been ad-

justed to make the base line

extend over an interval of 20

squares on the graticule. Each

square indicates an 0.1-mc inter-
val along the curve.

still remains the interleaved monochrome signal in this band from
2.1 to 4.2 mc. The output from the chroma bandpass amplifier ac-
cordingly consists principally of the mixed I and Q signal voltages.

Fig. 328. Response of the I de-
modulator channel of a color-TV
receiver when the sweep voltage is
flat. Both curves appear symme«
trically at the same height.




Chart 3-3. Scope Control Settings for Checking Response of
Q Demodulator Circuit, Using Subcarrier Beat Signal

Control Setting

Discussion

Intensity, focus, and centering controls:
Set for normal aspect of pattern.

Beginners unfamiliar with the basic controls of
the scope can speed their learning by watching
experienced operators whenever possible.

Vertical attenvators: Set to obtain o
pattern height approximately two-
thirds of full screen.

Some scopes may overload and clip the wave-
form unless the vertical step attenvator is set to
a relatively low position and the vernier attenu-
ator to a relatively high position.

Horizontal function switch: Set to
horizontal input position. Connect cable
from horizontal input terminals of
scope to sweep generator.

The scope is conventionally operated on 60-cycle
sine-wave sweep in applications of this type. In
most cases, the phasable 60-cycle sine-wave
deflection voltage is obtained from the sweep
generator via an interconnecting cable.

Horizontal gain control: Set to obtain
a pattern width approximately two-
thirds of full screen.

The fundamental shape of the waveform is not
changed by variation of the gain-control set-
tings; however, the pattern is most convenient
for use when adjusted for about two-thirds
screen width.

Note: If the scope has a built-in source of phasable 60-cycle sine-
wave deflection voltage, set these associated controls as follows:

Horizontal function switch: Set to 60-
cycle sine wave.

In this position of the horizontal function
switch, an internal 60-cycle sine-wave deflec-
tion voltage is applied to the horizontal deflec-
tion plates of the cathode-ray tube.

i
Phasing control: Adjust to merge the
trace and retrace in the pattern.

Correct display of the curve requires that the
phases of the FM sweep voltage from the gener-
ator and the horizontal deflection voltage in the
scope be the same. The phases are the same
when trace and retrace lay over in the pattern.

Note on base-line display: the base line in the display is obtained by converting
the return trace in the pattern to o zero-volt reference line. This is always accom-
plished by turning the blanking control of the sweep generator to the ON position.

In the I and Q demodulators, these signals become separated and
demodulated in the suppressor circuits of the demodulators with
respect to the injected two-phase 3.58-mc color subcarrier voltage.
The output from the I demodulator contains the I signal as AM.
and the Q signal as FM (which becomes rejected by the subsequent
AM circuits) . The output from the Q demodulator contains the Q
signal as AM and the I signal as FM. In sweeping these circuits, it



is customary to apply a 0-2-mc sweep signal at the grid of the de-
modulator circuit under test and to apply a demodulator probe at
the output. The color subcarrier demodulator is usually disabled
to avoid interference.

Since the passband of the chroma bandpass amplifier is from 2.1 to
4.2 mc, a sweep signal applied at the input of the chroma bandpass
amplifier is cut off from the I and Q channels (Fig. 329) since the
passbands of the two circuits are staggered. An attempt to sweep
the color demodulators from the grid of the chroma bandpass am-
plifier results in small distorted feedthrough responses (Fig. 330).
It should not be inferred, however, that such a test cannot be made.

CHOWIM Fig. 329. Since the passband of the
chroma bandpass amplifier is from
ZlTo] L2MC 2.1 to 4.2 mc and the passband of the
demodulator circuits from 0 to 1.5 mc

and 0 to 0.5 mc, the combined re-

CHANN sponse of the chroma bandpass am-
1o e " plifier and the dergodulaﬁor circuits
cannot be obtained in the conven-
] oml.suc tional manner.
y

Color demodulator as AM detector

Fig. 331 shows that the color subcarrier is applied at the suppres-
sor grid of the color demodulator tube. AM demodulation occurs
in the suppressor circuit during normal operation. It is evident
that the frequency response of the color demodulator circuit could

.,

Fig. 330. Small distorted feedthrough obtained when attempting to sweep
the Y and @ channels through the chroma bandpass amplifier with a 0-2-
me sweep signal. Since the passbands of the two circuits are staggered, a
sweep test cannot be obtained by conventional sweep checks. (A) Feed-
through, I channel, from chroma amplifier. (B) Feedthrough, @ channel,
from chroma amplifier.
be obtained by permitting the color suhcarrier oscillator to con-
tinue in operation and applying a 1.58-3.58-mc sweep signal to the
grid of the color demodulator tube. The 3.58-mc color subcarrier

then heterodynes with the sweep signal to produce the 0.2-mc sweep
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output. However due to the relatively low output of conventional
service sweep generators (approximately 0.1 volt), the deflection
obtained on the scope screen after losses in the crystal probe is very
small. To obtain a satisfactory test, a Chromatic Amplifier must be
used betwen the cathode of the phase splitter and the input of the
crystal probe, or the scope must be applied directly at the cathode
ol the phase splitter.

The result of applying the scope directly at the cathode of the
phase splitter is shown in Fig. 332. This is a practical test which
makes it possible to view the combined response of the chroma
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Fig. 331. (A) Typical demodulator bandpass circuit

used inthe (R — Y) (B — Y) type of receiver. The out-

put from the color subcarrier oscillator is applied to

the suppressor grid of the demodulator. (B) Demodu-

lator bandpass circuit used in the I-Q receiver. The in-

coming signal heterodynes with the 3.58-mc signal

applied to the suppressor grid in both types of de-

modulators.

bandpass amplifier and the color demodulator by applying the
1.58-3.58-mc sweep signal at the grid of the chroma bandpass am-
plifier and the scope directly at the cathode of the phase splitter.
T'he color subcarrier oscillator is free running in some cases, but is a
shock-excited ringing circuit. in other cases. In the case of the shock-

excited oscillator, this type of test becomes impractical.

Overall response is dominated by narrowest-band circuit

Fig. 333 shows how the combined response of two circuits is in-
fluenced by the characteristics of the narrowest circuit. The pass-
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band of the second chroma amplifier is quite wide but when swept
through the first (chroma bandpass) amplifier, the combined re-
sponse becomes dominated by the narrow bandpass of the first cir-
cuit.

Fig. 332. Response of the (R—-Y)
demodulator obtained by beating
the 2-4.5-mc output from a sweep
generator, applied at the grid of
the demodulator tube, with the
3.58-mc color subcarrier voltage
in the suppressor circuit of the de-
modulator. The scope is applied
directly at the cathode of the phase
splitter to avoid loss in the crystal
probe. Note that the demodulating
action is somewhat unsymmetrical.

Fig. 334-a shows the chroma bandpass circuit on the scope screen
with the zero-frequency point in the center of the pattern; the
standard form of the curve is with the zero-frequency point tuned
to the end of the base line, as shown in . Since the (R-Y)
(B —Y) type of receiver utilizes a 0.5-mc bandpass in both color

Fig. 333. (A) Response of second
chroma amplifier. (B) Response
of first chroma (bandpass) ampli-
fier. (C) Combined response of
first and second chroma amplifiers.




demodulators, the passband of the chroma amplifier is 1 mc to
accommodate both upper and lower sidebands and the 3.58-mc
point is centered on the response curve. In fact, crosstalk from the
color subcarrier oscillator is often useful to mark the center of the
chroma bandpass response during alignment procedures. If the
ringing type of color subcarrier oscillator is used, the bias on the if
amplifier can be reduced somewhat to allow a little noise voltage to

Fig. 334. (A) When the sweep generator is tuned with zero frequency
appearing in the center of the display, there is considerable blank space
between the twin responses from the chroma bandpass amplifier since the
circuits cut off below 2.1 me. (B) To obtain the standard form of curve, the
zero-frequency point is tuned to the left-hand end of the base line.

enter the color sync circuits to excite the 3.58-mc ringing crystal
and provide a marker.

In the I-Q type of receiver, the I demodulator utilizes sidebands -

which extend 1.5 mc below and 0.5 mc above the color subcarrier
frequency. Hence, the 3.58-mc point is not centered on the chroma
amplifier response curve and the bandpass extends from 2.1 to 4.2
mc.

When making checks without a demodulator probe and with the
scope applied directly or through a low-capacitance probe at the
output of the circuit under test, the bandwidth of the scope must be
adequate. For example, if the output from a video generator is
applied directly at the vertical input terminals of a scope and if the
sweep width of the generator is set to a value greater than the band-
width of the vertical amplifier in the scope, the indication is not
flat but tapers off. In this type of test it is essential that the band-
width of the scope be equal to or greater than the bandwidth of the
circuit to be tested.

Sweep generator as 60-cycle square-wave source

A sweep generator can be readily utilized as a 60-cycle square-
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wave generator by making use of the circuit of Fig. 335 and reducing
the sweep width to a small value, such as 0.1 mc. The result of a
typical test of a Q demodulator channel is shown in Fig. 336. ‘The

Q PHASE SPUTTER
SCOPE

Q DEMOD @

|.O VERT
88

Fig. 335. Test setup using the video-fre-

1
I
: — = B+
i
) quency Sweep generator as a 60-cps

WETP GEn square-wave generator. The scope is

SWEEP WIDTH,I MC connected at the cathode of the phase

splitter through a low-capacitance

probe, or the scope can be applied di-

rectly at this point. The sweep generator

is set to some if frequency with a sweep
width of 0.1 mc or less.

center frequency of the sweep generator can be set to any con-
venient value, such as 10 mc or 20 mc.

When running any checks of the color demodulators, it is neces-
sary to bias off the grid of the color killer in case the horizontal-
sweep circuit is not disabled. The color killer is actuated by a pulse
from the horizontal sweep circuit. Hence, it is not necessary to bias
off the color killer. In the case of a manual color killer, the plate
voltage to the demodulators is customarily opened when the color

dﬁ

Fig. 336. Typical response of @ channel to 60-
cycle square-wave voltage.

killer is turned off. Hence, the control must be turned off in such
case, hefore tests can be made on the color demodulator circuits.

Not only is receiver operation often improved vastly by stabiliza-
tion of the line voltage, but various circuit tests are sometimes facili-
tated in the same manner. Consider, for example, a video sweep test
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of a chroma circuit in which the scope is applied directly at the cath-
ode of the phase splitter. The output from the generator is usually
quite stable, as may be determined by applying the generator signal
directly to the scope.

Delay time of video amplifier

Since the chrominance circuits have a narrower bandwidth and
a slower rise than the Y amplifier, a 1-usec delay line must be inter-
posed in the Y amplifier circuit (Fig. 337) to make color informa-
tion fit properly on Y information. Fig. 337 shows that a color signal
applied to the receiver comprises a 3.58-mc chrominance component
and a Y level situated somewhere between black and white, depend-
ing upon the particular color signal. If the color signal is alter-

¥ AMPL DELAY LINE
BLACK LEVEL ~ .I—I.
o v-56 11
358 56 CHROMNANCE crownnce 1 13 T COLOR PIX TUBE
EAll oS sl

WHITE LEVEL I I l

Fig. 337. The operation of the delay line is checked by the signal. The

crankshaft signal passes through the Y amplifier and the chrominance

signal through the chrominance circuits. If the delay is correct, the
edges of color bars and black bars will meet exactly.

nated with a black signal (as often provided by a color bar genera-
tor or a test pattern) , the operation of the delay line can be readily
checked.

The results of such a test, with the two types of delay defects, are
depicted in Fig. 338. If the Y signal is delayed too long, a gap will
appear between the color bar and the white bar. On the other hand,
if the Y signal is not delayed long enough, an overlap will occur be-
tween them. Such improper delays are caused by misalignment as
well as by faulty delay circuits and even by misadjustment of the
fine-tuning control in the receiver.

The transition from color to white bars in the arrangement of
Fig. 337 is the resultant of two signals. One component flows
through the Y amplifier—this is the crankshaft signal in the wave-
form. The other component is the demodulated 3.58-mc signal
from the chrominance circuits. The crankshaft signal is applied to
the cathodes of the picture tube while the chrominance signal is ap-
plied to one or more of its grids. Operation of the delay line can-
not be checked by a signal which does not pass through the delay

91




line—i.e., the delay line is not checked by the input signal unless it
has a crankshaft component.

Compare the arrangements of Fig. 337 and Fig. 339. In the lat-
ter the applied signal contains chrominance information only. The
application of such a signal to the receiver causes a flow of energy
through the chrominance circuits only; the Y amplifier remains un-

N:%

..

Fig. 338. When the color bar generator
energizes both the delay line and the
color circuits, bar patterns with a gap or
overlap between the color and black
bars indicate incorrect delays. Misalign-
ment can also cause delay trouble.
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9. s 000000000
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energized. The bars are made readily visible, in this instance, by
advancing the brightness control and thereby reducing the bias on
- the grids of the picture tube. Since no signal is flowing through the
Y amplifier, no check of the delay line is obtained although a pre-
mature unwarranted conclusion might be drawn in this regard
since black bars are displayed beside the color-difference bars.

Chart 3—4 lists the scope control settings for a 60-cycle square-
wave check of the Q demodulator circuit.

Y AMPL DELAY LINE ‘m’a‘v——sm'—-\
358MC SIG |
VR
wy \ - !
"BLACK € \ :J]' COLOR PIX TUBE
L CHROMINAN..E l——] ‘T
CKTS CHROMINANCE SIG

| Tl

Fig. 339. When the 3.58-mc component of the applied signal hasno Y
(crankshaft) component, the Y amplifier is not energized. Only the
chrominance circuits are energized. The Y component is artificially
produced at the picture tube by advancing the brightness control.
Under this condition, the color-difference bars always register per-
fectly with the black bars. A check of the delay line is not obtained.

Overload of chrominance circuits

Chrominance circuits can be overloaded by application of an ex-
cessively strong color bar signal. When overload occurs, some of
the color bars are affected before others because the chrominance
voltage of colors such as red and cyan is higher than for yellow and
blue. The relative chrominance voltages for the primary and com-
plementary colors are depicted in Fig. 340.
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Overload usually occurs in the bandpass amplifier when the
video-frequency output from the color bar generator is applied at
the output of the picture detector. The dynamic range of the color
detectors is normally much greater than that of the bandpass ampli-
fier. Thus, the color bars first affected by overload are red and cyan.
As overload is increased, the green and magenta bars are distorted.
Finally, with severe overload, the yellow and blue bars are improp-
erly reproduced. Overload distortion shows up on the screen of
the picture tube as a muddying and dirtying of the hue, accom-

Chart 3—4. Scope Control Settings for 60-Cycle Square-Wave
Check of Q Demodulator Circuit

Control Setting Discussion

Be certain that the waveform is not clipped by
the scope amplifier. Set the vertical continvous
attenvator to a relatively high position and the
vertical step attenvator to a relatively low posi-
tion.

Vertical attenvators: Adjust for o pat-
tern height obout two-thirds of full
screen.

Conventional display of square-wave response
is made on o sawtooth sweep.

Horizontal function switch: Set to saw-
tooth position.

The scope is defiected at o 60-cycle rate to
accomodate the 60-cycle square-wave display.

Horizontal frequency: Set the step
switch to a position which includes o
60-cycle sweep rate.

Some scopes provide o choice of INTERNAL -
ond INTERNAL — sync. Either position is satis-
factory for locking a 60-cycle ssquare-wave
display.

Sync function swilch: Set to internof
position.

Sync amplitude control: Advance to
lock pattern.

Do not set the sync amplitude control to an ex-
cessively high position or the pattern may be
distorted.

Vernier sweep control: Set to obtain
one complete cycle of the square wave
in the display on the screen.

If the vernier sweep control is set for a 60-cycle
defiection rate, one complete cycle is displayed.
If it is set for a 30-cycle defiection rate, two

complete cycles are disployed, etc.

Note: The blanking control of the sweep generator must be ON to pro-
vide o svitable test signal to the input of the Q demodvlator circuit.

panied by a darkening of the bars. A scope check shows overloading
as clipping of the chrominance waveform and subnormal peak-to-
peak voltage with respect to the bars which are not overloading the
bandpass amplifier.

Overload usually occurs in the if amplifier when modulated rf
output isapplied from the generator to the antenna input terminals
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of the receiver. In this case, the bars are affected in a slightly differ-
ent sequence because the signal in the if amplifier is a composite
signal comprising both Y and chrominance components (Fig. 341).
If overload almost always occurs as compression of the signal in the

GREEN | YELLOW | RED MAGENTA] CYAN | BLUE

Fig. 340. Chrominance signals with
59 " §3 .59 £ . the highest voltage are first affec-
| [ ted by bandpass overload.

BARS FIRST AFFECTED 8Y BANDPASS OVERLOAD

sync and blanking region. Hence, the colors first affected are red
and blue, followed by magenta, green, cyan and yellow.

In most cases, if overload can be avoided in normal operation of
the receiver by setting the agc threshold control to a suitable level.
However, if the applied signal from the antenna is too strong for

BARS FIRST AFFECTED
SINCPULSE gy vf DV[RLOAD

BURST E BLE

Il cvan
ol ‘! BLACK
)8 ‘
20- |
il
”r ih Fig. 341. Overload in if amplifier
& ‘ first distorts bar signals extending
so- into black region.
60}
7o
8o}
[ S
e B REF WHITE

ZERO CARRIER LEVEL

agc control, padding must be used in the lead-in to reduce the signal
to a suitable level.

Chrominance contamination of the white bar signal

When checking the chrominance circuits with a color bar gen-
erator, color contamination of the white bar (due to improper ad-
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justment of the generator) is sometimes encountered. See Fig. 805
in chapter 8. This drawing shows how red, green and blue are over-
lapped to produce white. Overlapping of color bars corresponds
to voltage mixtures of the corresponding signals. The complete
color signal which results from mixture of the primary voltages in
the generator circuits is also shown.

When the red, green and blue signal voltages are properly mixed,
the corresponding chrominance voltages and phases cancel com-
pletely, leaving only a horizontal line at the white level. No 3.58-mc
signal appears on this white level when the generator is properly
adjusted. The adjustment is made by service controls typically
identified as red, blue and green saturation.

Consider the case in which the blue and green saturation con-
trols are set to correct relative levels, but in which the red saturation
control is too high. Then, the white bar is not a clean horizontal
line and displays the presence of 3.58-mc voltage when checked with
a wide-band scope (Fig. 342) . When viewed on the screen of the
picture tube, the white bar will display a tint. With the red satura-
tion control set too high, the white bar displays a red tint. But if
it is set too low, the white bar displays a cyan tint.

WHITE BAR CONTAMINATED
WITH CHROMINANCE VOLTAGE

| UNCONTAMINATED WHITE BAR

Fig. 342. Result of unbalance of primary signal
voltages.

Next, consider the case in which the blue saturation control is
set too high, producing another type of unbalance in the white bar
signal and again causing it to show the presence of 3.58-mc voltage
superimposed upon its Y voltage. The white bar is displayed with
a bluish tint. On the other hand, if the blue saturation control is
set too low, the white bar displays a yellowish tint. Chrominance
voltage will be found upon the white bar display in either case when
the generator output is checked with a wide-band scope. When the
blue saturation control is set correctly with respect to the red and

95




green saturation controls (assuming that they are also set to correct
relative levels) , the chrominance information disappears from the
white bar signal and it is displayed without tinting.

Finally. consider the situation in which the green saturation con-
trol is set too high. The green bar displays a greenish tint. But, if
the green saturation control is set too low, the white bar displays a
magenta tint. Of course, the tinting of the white bar due to mis-
adjustment of the generator becomes evident on the screen of the
picture tube only when the color intensity control is advanced. If
this control is set to minimum, all hues disappear from the screen
of the picture tube and the color bars appear only as a series of
vertical bars having different values of gray. The white bar will
then appear white even if contaminated with chrominance infor-
mation.
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chapter

servicing chroma
demodulators

S WEEP-FREQUENCY testing of I and Q,and (R —Y) and (B —Y)

demodulators was discussed in Chapter 3. The reader is now
in a position to consider the more advanced types of chroma demod-
ulator service tests which are unique to color receivers and have no
counterpart in black-and-white.

Demodulator testing with linear phase sweep

A linear phase sweep is synonymous with the more familiar term
“rainbow signal.” Let us take a moment to explain just what is
meant by this. A standard linear phase sweep signal is a sine-wave
voltage having a frequency of 3.563795 mc. This frequency differs
from that of the subcarrier frequency of 3.579545 mc by 15,750 cy-
cles. If we represent the subcarrier oscillator voltage and the phase-
sweep voltage by vectors (Fig. 401), it is evident that in the course
of one horizontal scan interval the color subcarrier oscillator will
pull ahead of the phase sweep signal and, in fact, the two vectors
will pass each other once in their rotations for each horizontal scan.

Now, as the linear phase sweep signal is continuously lagging
farther and farther behind the color subcarrier oscillator signal, the
phase sweep signal sweeps through all (360°) of the color-difference
spectrum (Fig. 402). This is why a linear phase sweep signal is a
rainbow signal. A linear phase sweep signal is also referred to as a
side-lock signal or as an offset color subcarrier signal. For our pre-
sent purposes, we are chiefly concerned with its application in test-
ing the chroma demodulators in the receiver.

Linear phase sweep generators commonly provide a modulated
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rf output which can be applied to the-antenna input terminals of
the receiver. This method, of course, is most convenient in test
- work although the same patterns are obtained when a video-fre-
quency phase sweep signal is applied to the circuits following the
picture detector in the receiver.

2879545 M

0sc

~— 3.563795 MC . . .
buast sweep Fig. 401, A linear phase-sweep signal
has a frequency which is lower than
that of the color-subcarrier oscillator
by 15,750 cycles. The phase-sweep
vector falls farther and farther be-
hind the oscillator, causing the angle
between the two vectors to get larger
and larger—thus forming a linear

phase sweep.

Fig. 403 shows that, when a linear phase sweep signal is applied
to (R—Y) and (B —Y) demodulators and the vertical input
terminals of a scope connected to the (R — Y) demodulator output,
with the horizontal input terminals of the scope connected to the
(B —Y) demodulator output, a circular pattern is obtained on the

+(R-Y)
900

BRIGHT RED

Fig. 402. As the linear phase sweep vector lags

farther and farther behind the bursi{ phase, it pro-

gressively sweeps through all of the color-difference
signals during a horizontal scan interval.
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scope screen. The circle has a “‘pie cut” present, due to the blanking
pulse applied to the bandpass amplifier.

The pie cut marks the blanking interval in receiver operation
and is an important landmark in checks of chrominance demodu-
lators. Fig. 404 shows how the position of the pie cut falls with
respect to the horizontal base line of the scope, when color phasing
is correct. If the color phasing control is turned, the pie cut rotates

about the scope screen.
(R-Y) DEMOD —
FROM CHROMA BANDPASS AM
LINEAR PHASE SWEEP SIG
INPUT
(B-Y) DEMOD
Fig. 403. The linear phase sweep sig- SCory

formed by the blanking pulse which

nal produces a circular pattern. The
“pie cut” in the circular pattern is @
is fed to the bandpass amplifier.

v

H
o

" A circular pattern is obtained on the scope screen because the
two color detectors develop a sine-wave output when energized by
a linear phase sweep. The sine-wave outputs are separated 90° in
phase because the color subcarrier voltage is fed to the two demodu-
lators with a 90° phase difference (Fig. 405) . When the sine-wave
voltages applied to the horizontal and vertical amplifiers of the
scope differ 90° in phase, the scope necessarily develops a circular
screen pattern when the gains of the vertical and horizontal ampli-
fiers are equalized with the gain controls.

Fig. 404. The “pie cut” ap-
pears for the duration of the
herizontal blanking interval.
The illustration shows the
proper relation of the cut to
the horizontal base line for
an (R—Y) (B—Y) detec-
tion system.

HORIZ
—(B-Y) & BURST +(B-Y)

~(R-V)

Now, consider the situation in which the quadrature transformer
is misadjusted in the TV receiver so that the two subcarrier voltages
fed to the color demodulators are no longer in quadrature. In such
a case, the scope displays an elliptical pattern (Fig. 406), and no
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possible adjustment of the scope gain controls can make a circle out
of it. This is the basis of the quadrature test with a linear phase
sweep.

Ofcourse,  and Q aswellas (R — Y) (B — Y) demodulators can

TO MATRIX
R-Y) DEMOD [

4

Fig. 405. The subcarrier

38MC 0SC voltages to thetwochroma

demodulators should be

CHROMA INPUT FROM exactly 90° out of phase.
BAOMSS AMPL ‘ If the phase is more or less

than this, a circular pat-
90° PHASE tern cannot be obtained
SHIFTER with a linear phase sweep.

TO MATRIX

(B-Y) DEMOD

be checked with a linear phase sweep. Fig. 407 shows the arrange-
ment utilized in the test setup. The pie cut does not appear in the
same position for an I-Q) display because the I-Q axes are displaced
33° from the (R —Y) ((B —Y) axes as shown in Fig. 402. The
normal pie cut location for I-() demodulators is shown in Fig. 407.
Here again, turning the color phasing control of the receiver causes
the pie cut to rotate about the circle. Incorrect adjustment of the
quadrature transformer will produce an elliptical pattern on the

scope screen.
+(R-Y)

( Fig. 406. Misadjustment of qua-

TS drature transformer produces
/ elliptical pattern.

Some color receivers demodulate along the (R —Y) and (G —

Y) axes (Fig. 408) and matrix the outputs from the demodula-
tors to obtain (B — Y). When checking this demodulation system
with a linear phase sweep, the output from the (R — Y) demodu-
- lator is applied to the vertical amplifier of the scope and the output
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from the (B —Y) matrix to its horizontal amplifier. It is not
possible to check quadrature by testing the output from the
(G —Y) circuit since (G —Y) is not in quadrature with
(R —Y) asshown in Fig. 402. The vertical deflection plates are at
right angles to the horizontal deflection plates in the scope hence the
test requires that the signals be derived from quadrature signal

sources.

T DEMOD &

UNEAR PHASE

P ———

SWEEP SIGNAL

4 Q 0EMOD
SCOPE
Fig. 407. Test setup utilized to check I-Q
demodulators with a linear phase sweep.
v H
O

When checkingan (R — Y) (G —Y) demodulation system with
a linear phase sweep (Fig. 408), a circular pattern can be obtained
on the scope screen when the phase-shifter circuit (Fig. 409) is
adjusted to apply subcarrier signals 146° different in phase to the
two color demodulators. The (R —Y) (G —Y) system is used in
some receivers to equalize more nearly the dynamic ranges required
of the various chrominance stages.

(R-Y) UTPUT
(R-Y) DEMOD
(B-Y) OUTPUT
(B-Y) MATRIX
FROM BANDPASS
A”n (=Y o
TRpEL GOUTAIT_
SCOPE
Fig. 408. Technique for checking an
(R—Y) (G — Y) detection system with
a linear phase sweep. For this test the v "
scope must be set to external sweep. —to o-:l

When the output from a single color demodulator is applied to
the vertical amplifier of the scope and the pattern is displayed on
sawtooth sweep (Fig. 410), a sine-wave pattern is obtained on the
scope screen. The sine-wave is marked with a pulse. This is the
blanking pulse applied to the bandpass amplifier ar.d marks the
horizontal blanking interval.

Distinction must be made between blanking and boost-gate
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pulses which may be applied to the grid of the bandpass amplifier
in various receivers. Chrominance circuit arrangements differ.
Some receivers obtain the burst signal from the bandpass amplifier
output while others obtain it from the video amplifier preceding

(R-Y) DEMOD (R=Y) QUTPUT

3.8MC 0SC
FROM BANDPASS AMPL (B-Y)
>— (B-Y) MATRIX  [omar®

146°

PHASE SHIFTER

P
1 [EPeizy (6-Y) QUTPUT

Fig. 409. In the (R—Y) (G —Y) demodulation
system, a circular pattern is obtained in the test of
Fig. 408 when the two demodulators are fed sub-
carrier signals which differ in phase by 146°.
the bandpass amplifier. Likewise, some receivers have dc restorers
at the color picture tube while others use dc coupling throughout
the chrominance circuits and dispense with the dc restorers.

PHASE SWEEP SIGNAL (R=Y) OUTPUT
— el (R-Y) DEMOD >
FROM BANDPASS AMPL (RJOLE

SCOPE

Fig. 410. The output from an

individual chroma detector
can be checked by applying
the output to the vertical

amplifier of a scope. Set the v
scope to internal sweep. nd

In the first arrangement, the pulse applied to the bandpass ampli-
fier tube is a boost-gate type which increases the gain of the bandpass
amplifier during passage of the bur:t and, in such case, the output
from the color demodulator increases for the duration of the pulse.
In the second arrangement, the pulse applied to the bandpass ampli-
fier tube is a disabling pulse, which decreases the gain of the band-
pass amplifier during passage of the burst. In this case, the output
from the color demodulator decreases for the duration of the pulse.

Receivers which utilize dc restorers at the picture tube employ a
disabling pulse at the bandpass amplifier during the burst interval
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because dc restorers are upset if the burst voltage is permitted to
pass through the chrominance circuits. On the other hand, when
the color demodulators are dc-coupled to the picture tube, it is of no
consequence whether the burst voltage arrives at the picture tube or
not. With a boost-gate pulse applied to the bandpass amplifier
during the burst interval, the disturbance which reaches the picture
tube occurs during the flyback interval and is blanked out.

At the same time that a linear phase sweep is being applied to the
antenna input terminals of the receiver, a rainbow pattern appears
on the screen of the color picture tube. When the color phasing
control is turned, the complete color spectrum shifts left or right
on the screen of the picture tube, and the pulse moves correspond-
ingly along the sine wave on the scope screen.

Color demodulator testing with keyed linear phase sweep

The more elaborate type of linear phase sweep generators provide
akeyed output (Fig. 411) for easier interpretation of patterns. The .
pattern is commonly keyed into 11 bursts and contains a horizontal
sync pulse. The first burst serves as a sync signal for the color cir-
cuits and the following 10 bursts produce 10 color bars on the
screen of the picture tube. The pattern is also referred to as a keyed
rainbow pattern.

-

£
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Fig. 411. Keyed output of linear phase
sweep generator.

The relations between the scope pattern seen at the output of
the (R —Y) detector, the bars of color on the screen and the
various color-difference signals are depicted in Fig. 412. If the -
color phasing control is properly set and the quadrature transformer
correctly adjusted, the output from the (R —Y) detector will
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show a peak at the third bar and a null at the sixth. The reason for
this is that the third bar is an (R —Y) signal for which the

NULL POINT
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Fig. 412. A keyed linear phase sweep signal

has the characteristics shown above. The

scope pattern represents the (R —Y) detec-
tor output waveform.

(R —Y) detector develops maximum output. The sixth bar is
a (B —Y) signal for which the (R —Y) detector develops zero
output.
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Of course, an I demodulator nulls on a Q) signal, a ) demodulator
nulls on an I signal and a (B — Y) detector nulls on an (R —Y)
signal (Fig. 413). In the same manner, a (G —Y) detector nulls
ona (G —Y) /90° signal.

1 DEMOD

Q DEMOD

(R-Y) DEMOD

(B-Y) DEMOD

Fig. 413. The output from an I detector nulls on a

Q signal. The output from a Q@ detector nulls on an

I signal. Similarly, the (R —7Y) detector output
nulls on a (B —Y) signal, and vice versa.

When the output from a keyed linear phase sweep is applied to
the input of the receiver, the output from the (R —Y) detector
applied to the vertical amplifier of a scope and the output from the
(B — Y) detector fed into the horizontal amplifier of the scope, a
pattern is obtained as in Fig. 414. Patterns of this type are some-
times referred to as vectorscope, or vectorimeter patterns. When
a keyed linear phase sweep signal is used in this test, the vector
indications obtained in the display are not entirely definite and
clearcut. There are three reasons for this: First, the phase of the
sweep voltage is changing from the leading edge of each burst to the
lagging edge. Second, color demodulator circuits often develop a
certain amount of transient distortion for rapidly varying signals.
Third, scope amplifiers may also develop some degree of transient
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distortion on a rapidly varying signal. The pulse repetition rate for
the pattern in Fig. 414 is in excess of 200,000 pulses per second.

F1g 414. Vectorimeter pattern.
The vectors will rotate when the
color phasing control is turned.

When the color intensity control is turned, all vectors lengthen
or shorten equally. When the color phasing control is turned, all
vectors rotate on the scope screen, like the spokes of a wheel. The
missing vectors in the pattern are blanked out by the bandpass
amplifier blanking pulse. If the quadrature transformer is properly
adjusted, the ends of the vectors will lie on a perfect circle when the
gain controls of the scope are suitably adjusted. Otherwise, the ends
of the vectors will lie on an elliptical locus and the tilt in the ellipse
cannot be eliminated by adjustment of the scope gain controls—
only adjustment of the quadrature transformer will serve to convert
the ellipse into a circle.

Checking the demodulator section
‘with an NTSC color bar generator

Color demodulators and associated chrominance circuits are
tested to 