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COLOR FUNDAMENTALS

In order to understand the basic principles
of the color television system developed by the
National Television System Committee (NTSC), it
will be necessary to touch upon a subject that
is very complex, namely the nature of light and
color.

Light is a form of radiant energy and travels
in a wave motion, differing from other forms in
frequency and wavelength. We know that start-
ing with Sound and proceeding on through the
the Radio Frequencies up to the Ultra-High Fre-

quencies that as the frequency increases and -

the wavelength measurement decreases and through-
out this range we speak of cycles, kilocycles,
and megacycles in respect to measurements of
miles, kilometers, meters, inches, centimeters
and millimeters. Light falls in a much higher
portion of the frequency spectrum and a corres-

pondingly smaller wavelength (1/50,000 inch) .

and is measured in millimicrons with a range of
400 to 700 millimicrons. The color spectrum of
light to which our eyes are responsive is from
approximately 400 millimicrons, a deep blue or
violet through blue (approximately 470 millimi-
crons), green (approximately 525 millimicrons),
yellow (approximately 580 millimicronms), orange
and on to a deep red at approximately 700 mil-
limicrons. We now know that light changes its
wavelength in accordance with color. When light
is mixed in nearly equal proportions of Red,
Green, and Blue we produce a colorless light or
white. The system is called additive, that is
the three primaries are added to produce white,
and any two of the primaries can be added to
produce a secondary, but the sum of any two
primaries will not produce the third primary.
This can be demonstrated by using three projec-
tors, each with a different color slide and
superimposing one upon the other.

When the light outputs are nearly equal, the
screen will be white. Cutting off the blue
projector, the color produced will be a combin-
ation of red and green or yellow. With the red
turned off and the blue on, the combination of
blue and green will produce a cyan, and by using
the red and blue a magenta will be developed.
If the amount of light output can be controlled,
it is possible with the use of only three color
sources to produce not only the entire color

spectrum and white, but the non-spectral colors
of purple and magenta as well.

We are concerned with a three color repro-
duction system at this time, as the method of
display uses a three gun picture tube having
three types of phosphors, red, green, and blue
producing three primary colors. By mixing or
combining any two primaries, the secondary
colors are produced, and by mixing nearly equal
amounts of all three primaries, white will re-
sult.

The terms used in color television to denote
color are Hue and Saturation. Hue denotes a
particular color and Saturation denotes the
departure of a particular hue from white. As
the amount of saturation is increased, the hue
will not change but the color becomes deeper,
and the higher the brightness, the more vivid
the color becomes. With less saturation the
color becomes lighter tending toward the pastel
shades as the saturation decreases. Let us
take red for example; a red with a high degree
of brightness will be a bright red and the
greater amount of saturation the more red the
color will appear, but the hue has not changed,
only the proportions of brightness and satura-
tion.

The term Chromaticity will apply to repro-
duction of color, and we find that part of the
receiver will be called the Chrominance or
Chroma section. Thi$ portion of the receiver
will select from the composite video signal the
sub-carrier containing the color information to
be amplified, demodulated and passed on as the
color difference signal.

The gain of the Chroma amplifier will con-
trol the saturation and the degree of brightness
will be determined by the monochrome or "Y"
signal. The "Y" signal and the color difference
signal are added together, and the resultant
video signal applied to each gun of the picture
tube will be the algebraic sum of these two
signals.

The N.T.S.C. system is capable of trans-
mitting color information and at the same time
is compatible for Black and White reception.




) GREEN t I \
PICKUP DIGORIC ! 1 |
: 8 FILTER )mnons : ! i
i = ' : I
: 0" —V'g I:J\Il ; : TRANSMITTER
& L}
[ ST RED 3 )
! BLUE PICKUP : : 30%4
I PIGKUP B FILTER 2 )
la FILTER ; 2 L
B ey | ik !
cAMERA 4 | §1% | *y* monocHROME COMBINER
| < | :
1L |
(g st ol ) 3
1
MODULATOR
RED GOLOR
L. 32;2& DIFFERENGE
- AND B
GAMA Q
CORRECTOR NODULATOR
BLUE GOLOR
DIFFERENGE
VERT. 90° 570
¢ SYNG PHASE |e—| PHASE
59.94GP SHIFTER SHIFTER
3,58 MC
SYNG
HORIZ. CREat 3,58 MG Sune.
L svnc SRER MASTER whs
15,734,26 0SC. HORIZ.
Fig. 1.

In color transmission, as shown in Fig. 1
the camera has three pickup tubes, each with a
red, green, or blue filter. This makes each
pickup tube sensitive to the light of its fil-
ter. All three of the pickup tubes, through
the camera optical system, are in perfect align-
ment so they all pick up the same scene at any
instance of scanning, Therefore, one pickup
tube produces a video signal which is propor-
tional to the color light passing through its
filter at any one instance of scan. There is
nothing really green, red or blue about these
signals, they are just varying electrical volt-
ages like any other video signal. But each are
fed to their respective matrixing or mixing
circuits to proportion the amounts of signal.
To form the Monochrome or Brightness video
signal the ratio 59% of Green, 30% of Red, and
11% of Blue is used. Again these signals are
not amounts of color but video signals combined
to form one video signal, the same as if a
single pickup tube camera was used. The com-
posite signal will be made up of sync pulses,
blanking and video. This portion of the Com-
posite Color Signal will be the same as the
present black and white transmission.

To develop the Composite Color Signal, the
fore mentioned portion will be used for bright-
ness information and fine detail. The fine
detail will be reproduced by the color receiver
in monochrome and only larger objects will be
in color as the band-pass of the Chroma circuits
is only 500KC wide.

The video outputs of the camera pickup tubes
will supply video signals to other matrixing
and signal correcting circuits for conversion
to the color difference signals. Two modulators
will be used; one operating ninety degrees out
of phase with the other. The outputs of the
two modulators are combined to form the sub-
carrier and its associated side-bands. The

~sub-carrier frequency is 3.579545 MC and is
referred to as 3.58 MC.

It is necessary to transmit only two color
difference signals, and each will amplitude
modulate a separate 3.58 MC carrier. The two
carriers are synchronized to each other, but
they are not in phase, one is ninety degrees in
phase from the other. The two color difference
carriers are added together to form a single
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3.58 MC Color Sub-carrier. The phase of this
sub-carrier varies, and depends at any instant
on the relative amplitudes of the red and blue
color difference signals.

When the color being transmitted is white,
both color difference signals become zero and
the color sub-carrier becomes zero. Now we can
see that the amplitude of the sub-carrier in-
dicates saturation or the departure of the
color of the picture from white. The Hue of
the color is determined by the phase of the
Color Sub-carrier.

The composite color signal is formed by com-
bining the monochrome signal, the 3.58 MC sub-
carrier, sync and blanking, and the 3.58 MC
color sync burst.

With reference to Fig. 2 the resultant vec-
tors and amplitudes of the color difference
signals will indicate the phase angle for the
fully saturated primary and secondary colors
(Yellow, red, magenta, blue, cyan, and green).
Now you can see that by varying the amplitude
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and phase of the color difference signals any
color can be reproduced, as it will be possible
to swing the vector 360 degrees in reference to
the sync burst.

In Fig. 34, one horizontal line of a color
bar test pattern shows the composite signal,
containing the monochrome component, 3.58 MC
sub-carrier, horizontal sync and 3.58 MC color
sync burst, as seen on an oscilloscope at the
video test point.

Fig. 3B shows the same horizontal line at
the end of the delay line. Note the absence of
the 3.58 MC sub-carrier that has been stripped
by the trap in the line driver cathode circuit.

Fig. 3¢ shows one horizontal line at the
grids of the R-Y and B-Y demodulators. This is
the 3.58 MC color sub-carrier that has been
selected from the composite color signal and
amplified by the Chroma bandpass amplifier.

One horizontal line of the red color differ-
ence signal taken off at the R-Y test point is
shown in Fig. 3bD.
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The blue color difference signal as shown by
Fig. 3£ is taken off at the B-Y test point.

The waveform shown in Fig. 3F and taken off
at the Red test point is one horizontal line of
the combined monochrome or luminance signal and
the red color difference signal to produce that
portion of the picture display containing mono-
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chrome and red, or red combined with some other
color.

The waveforms shown in Figs. 3G and 3H are
taken from the Blue and Green test points re-
spectively and show the result of combining the
monochrome or luminance component and the blue
and green color difference signals.
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CIRCUIT DESCRIPTION

The operation of a color television receiver
is essentially the same as a black and white
receiver, except for additional circuits. The
block diagram, Fig. 4, shows the paths followed
by the signal components and auxiliary circuits
required by the reproduction of acolor broadcast.

RF Section (Fig. 14)

The tuner of a color television receiver
cover VHF and can also be a combination type
tuner covering UHF. The main difference between
a black and white tuner and a color receiver
tuner is that the tuner used ina color receiver
has a flat broad band response.

The reason for the broad band response is
that the 3.58 MC color sub-carrier is near the
sound and the sidebands extend to the upper
limits of video frequency response. A narrow
bandpass would mean attenuation or complete
loss of color information.

The reason for selecting a turret type of
. tuner for color is that each channel can have a
broad band response and uniform response on all

_\ I__TU NER
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channels. The adjustments of one channel will
not affect the overall response of another
channel.

Video IF Section (Fig. 14)

The video IF of a color receiver differs
from the conventional black and white in band-
pass and sound attenuation.

Bandpass must be essentially flat up to 4.1
MC. A bandpass this broad is necessary to give
full acceptance of the sidebands of the 3.58 MC
color sub-carrier.

Sound attenuation is in the order of 200 to
1 as compared to 15 to 1 in a black and white
receiver or approximately 38 db down. This is
accomplished by four traps at 41.25 MC. The
first trap is the top adjustment on the input
(T500) of the IF strip. The second trap (L502)
is located in the grid circuit of the 4th IF
stage. The third and fourth traps are in the
7500 assembly, L504 as a series trap, and L506
as a parrallel trap, all tuned to 41.25 ME.
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The four stages of IF are for the main pur-~
pose of getting a broad flat response rather
than higher gain.

The Sound Carrier Level Control (R502) is
set at the factory for a sound attenuation of
38 db. In areas where the sound is down, a
resetting of this control will be necessary.

The reason for the great amount of 41,25 MC
sound attenuation is that a 920KC beat would be
developed between the 3.58 MC sub-carrier and
the 4.5 MC sound carrier causing interference
in the picture as it falls on the lower video
frequencies. (4.5 MC - 3.58 MC = 920KC)

The sound is taken off at the plate of the
4th IF tube and a separate 1N64 crystal is used
for conversion to the 4.5 MC sound IF.

Another 1N64 crystal is used as the video
detector, with a negative video and sync signal
taken off at this point. The amplitude of this
signal is approximately 1,8 volts peak to peak.

Sound IF (Fig. 14)

The use of two stages of 4.5 MC sound IF is

necessary to recover the sound signal, which

BURST
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c602 .001
22

SYNC AMP.

has been attenuated by the trap circuits, and
amplify it to a high enough level for the FM
detector (6BN6) to function properly. One
stage of audio (6BK5) with its associated
volume and tone controls completes the sound
circuit.

Video Amplifier (Fig. 5)

All video, sub-carrier sidebands, and burst
signals are amplified in the first video ampli-
fier stage (12BY7). A trap (L605) in the
cathode circuit is tuned to 4.5 MC to prevent a
.92 MC beat mentioned previously from appearing
on the picture tube. Burst signal which follows
the horizontal sync pulse is taken off through
a tuned circuit consisting of C602, L600, R604,
and R603. A 30 mfd. (C605) capacitor is used
for coupling to the Picture Contrel (R607),
which controls the amount of video and color
sub-carrier signals applied to the grid of the
Line Driver tube (6BK5). In the cathode circuit
of the Line Driver there is a trap (L601) tuned
to 3.58 MC to trap out the color sub-carrier.
This is a very high "Q" circuit with a sharp
suckout to minimize loss of that portion of the
monochrome signal that lies near the 3.58 MC
sub-carrier. The signal path of the monochrome
or "Y" component of the video Signal is from
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the plate of the Line Driver. A delay line
(L603) is inserted in the circuit to cause a
delay of .75 micro-seconds. This is necessary
because of delays due to narrower bandpass
tuned circuits of the Chroma Amplifier. The
wide bandpass of the monochrome circuits would
cause the monochrome detail to arrive ahead of
the color information with poor registration as
the result. That is, the makeup of the picture
detail would not match with the color or the
detail and outline would be followed by the
coloring. This would be particularly noted
when the lips are outlined in monochrome and
offset to the right side would be the red color.
Of course this would hold true on all detail
and color if the delay was not introduced to the
monochrome or "Y" signal.

Adder or Matrix Circuits (Fig. 6)
The inputs tothe red, blue, and green adders

are through rather complicated signal dividing
or proportioning circuits.

From the output of the delay line, the mono-

chrome or "Y" signal is fed through the peaking
coil L604 to-the voltage divider network con-

sisting of R355 and R445. The signal taken off
at the junction of R355 and R455 is approximately
599 of the signal at the output of the delay
line.

Each adder has a different ratio of input,
and the monochrome signal is fed three ways,
one to the Red adder, second to the Blue adder,
and third to the Green adder. The Red ampli-
fier has a higher signal level, because of the
low efficiency of the red phosphor in the pic-
ture tube, and more drive is required on the
red control grid. By droppingthrough resistor
R401 (15K), the input signal to the red adder
is approximately 40% of the monochrome signal
at the junction of resistors R335 and R445.
R401 not only acts as dropping resistor, but
also acts as an isolation resistor for the
color difference signal from theR-Y demodulator
preventing the R-Y signal from affecting the
blue and green adders.

The input of the monochrome signal to the
Blue adder is through resistors R422 (12K) and
R423 (2.2K) to the top of the blue gain control
R424 (5K). The blue gain control varies the




signal input to the blue adder from 12% to 35%
of the monochrome signal level at the junction
of R445 and R355. The correct setting of this
control is made during the setup of Monochrome
Balance to produce the correct amount of blue
necessary in proportion with red and green to
produce white. R423 not only acts as a dropping
resistor but also as an isolation for the color
difference signal from the B-Y demodulator to
prevent the B-Y signal from affecting the other
two adders.

The input of monochrome signal to the green
adder is a circuit the same as the blue input.
All the parts are duplicated and the conditions
are the same.

The red video output tube (6BK7) is a dual
triode connected in parallel and operated from
the 400 Volt "B" supply. Again the red gun
requires more signal to the grid and a higher
grid drive is necessary.

The blue and green video output stages, "each
use half of a 6BK7, and have the same values of
components.

feBc7
0 RED CLAMP

All three of the video amplifiers incorporate
a negative feedback from the output plate to
the cathode of the video input adder tube. The
purpose of this is to prevent phase shift of
video information, particularly on the low
video frequencies, and to make the over all
gain linear.

Picture Tube and Clamping Circuits (Fig. 7)

The output of each video amplifier is fed to
its respective grid of the picture tube. A
clamping tube (6BC7) is used to control the
grid operating level. This clamping level is
supplied by the horizontal sync pulse on the
monochrome signal, clamped at sync amplitude
with a voltage decay to black level. The Master
Brightness Control (R416) sets the level for all
three grids. The Blue Background Control (R439)
and the Green Background Control (R460) are set
proportional to red to effect a balance of out-
put from each gun to produce a neutral gray on
the screen of the picture tube when the grid is
operating near cut-off.

The non-linear light output of each of the
three guns of the picture tube with respect to
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the grid voltages requires a method of balancing
to have the proper proportions of light output.
This is accomplished by having adjustments on
each of the respective screens or #2 grids,
R417 Red Screen, R418 Blue Screen and R419
Green Screen. These adjustments of light output
balance are made during the setup of controls
for monochrome balance.

It is necessary to have several adjustments
to correct for the light output from low to
high signal levels and keep each gun in its
broper proportion if a good monochrome display
is to be achieved. If all three guns of each
and every tube were uniform in output in respect
to the control grids, all these adjustments
would not be necessary as fixed values could be
used.

Chroma Amplifier (Fig. 8)

The Chrominance Amplifier is a RF bandpass
amplifier. The 3.58 MC sub-carrier and its
associated sidebands are selected from the
point of take-off through a 68 mmf. cap. (C606),
L300 a tuned circuit of the grid, ‘and T300 in
the plate circuit of the Chroma Amplifier
(6BA6). The overall bandpass response curve is
humped on the high side at 4.1 MC to make up
for the loss of the .5 MC sidebands on the high
side of the 3.58 MC sub-carrier that were at-

TR
21595 0s°

A
PIN 7 0-12 VOLTS D——|
AND 65 VOLTS WITH 1
COLOR CONTR, OFF isa" 8

rax L

L

.005 27K

ol

tenuated in the IF section due to being sc
close to the sound carrier, thus giving better
overall response.

The Chrominance signal is fed to both the
R-Y and B-Y demodulator grids (6AS6).

The operation of the Chroma Amplifier is
held in a non-operating condition due to a bias
developed by the rectification of pulses from
the horizontal output transformer. This grid
bias will be present onall monochrome reception
and the Color Killer Tube (%6BL7GT) is in a
conducting condition until a color sync burst
is transmitted, removing the cut-off bias from
the grid of the Chroma Amplifier. The Color
Control (R304) which controls the gain of the
Chroma Amplifier has a switch (SW300) that is
open on the off position setting up a high
positive cathode voltage making the amplifier
inoperative. As the control is advanced the
bias is reduced, and the gain is increased.
This is the color saturation control for set-
ting the amount of color signal that will be
of the proper proportion to the monochrome or
luminance signal.

The Chroma Amplifier is cut-off during hori-
zontal retrace by a negative pulse applied to
the screen grid. This prevents the Burst signal
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from passing through the Chroma Amplifier at
this time and supplying a signal to the demodu-
lators during retrace.

Color Sync Burst and Phase Detector (Fig. 9)

The purpose of the Burst Amplifier (6AH6) is
to amplify the color sync burst of 8 to 12
cycles of 3.58 MC on the back porch of the
horizontal sync pedestal. This signal is for
the purpose of keeping the local oscillator
locked in both frequency and phase with the
transmitted burst. The Master Phase or Hue
Control (T303) varies the phase relation of the
local oscillator in respect to the transmitted
burst and is used as a correction control for
phase changes due to possible phase shifts in
transmission and reception. The Burst Ampli-
fier (6AH6) is normally biased off by a high
positive cathode voltage and only during hori-
zontal retrace is held in operation by a nega-
tive pulse from the horizontal output trans-
former.

The Phase Detector (6AL5) is used as a phase
comparator, that is a small amount of local
oscillator output is fed back 90 degrees out of
phase with the burst, which is rectified and
developes a DC voltage across the Phase Detec-

tor Balance Control (R318). The control having
been set for zero, the voltage will change only
when the local oscillator is out of phase more
or less than 90 degrees in relation to burst.

Reactance Tube and Electron Coupled Oscillator
(Fig. 10)

A positive or negative voltage developed by
the Phase Detector will cause a change in the
conduction of the Reactance Tube (%6U8, triode
section). This tube is acting as a capacitive
reactance and will cause a change in the tuning
of the local oscillator (%6U8, pentode section).
This change is in proportion to the voltage
developed by the Phase Detector and will correct
the oscillator to be in the proper phase rela-
tion with the burst, that is 90 degrees out of
phase and zero voltage at the Phase Detector
balance control (R318).

The Reactance Tube is also controlled by the
Color Hold Control (R325). That is, the con-
duction can be changed and the capacitive re-
actance will change the local oscillator in
both phase and frequency. When the proper
setting is achieved the colors will lock' in
much in the same manner as the horizontal hold
control action.
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The Electron Coupled Oscillator (%6U8, pen-
tode section), is for the purpose of supplying
the local 3.58 MC signal in proper phase with
the sub-carrier signal to the synchronous de-
modulators (6AS6 or 6DB6). The 3,58 MC output
of the oscillator (which is 90 degrees out of
phase with the burst) is fed to the primary of
the Quadrature Transformer (T302). Approximately
30% of the signal developed across the primary
is then injected onto the suppressor grid (Pin
7) of the R-Y Demodulator (6AS6 or 6DB6). Also
at this point a reference signal is fed through
a 100 mmf. capacitor (C316) tothe plate (Pin 7)
and cathode (Pin 5) of the Phase Detector
(6AL5).

The secondary of T302 is said to be in quad-
rature, as it is 90 degrees out of phase, with
the primary and 180 degrees out of phase with
the color Sync Burst. The signal developed
across the secondary has the same amplitude as
the signal at the tap on the primary and is fed
to the suppressor grid (Pin 7) of the B-Y De-
modulator (6AS6 or 6DB6).

The R-Y and B-Y Demodulators are of the
synchronous type. That is, each will detect
that portion.of the color sub-carrier signal
that is in the proper phase with the local
oscillator signal applied to the particular
demodulator. The demodulator outputs will be
the respective color difference signals.

Both demodulators have tuned video pass =
band circuits to pass up to .5 MC and also 3.58
MC trap circuits to strip the sub-carrier from
the color difference signals.

The positive R-Y and B-Y color difference
signals will supply the red and blue signals
of both the R-Y and B-Y are added together in
the G-Y matrix (Fig. 11) to form the G-Y
color difference signal. The G-Y tube (%6BK7
"C") is used to obtain an 180 degree phase
inversion for the purpose of applying the G-Y
color difference signal in the proper phase or
polarity to the grid of the Green Amplifier
(%6BK7 "C").

Again we find that proportions of signal are
selected by resistive divider networks. The
R-Y output is fed through a 10 mfd. capacitor
(C334) to a 33K ohm resistor (R336) and a 10K
ohm resistor (R400) to ground or 23% of the R-Y
signal being applied to the red adder. The B-Y

v

output is fed through a 10 mfd. capacitor
(C340) to R346 (15K), the Blue test point, and
then through R423 (2.2K), the Blue Gain Control
(R424), and R425 (2.7K) to ground, or 12% to
35% of the B-Y signal being applied to the
blue adder. The G-Y output is fed through a 4
mfd. capacitor (C342) to R354, R443, R441, and
R442. The proportions of G-Y signal applied to
the Green adder are the same as the B-Y signals
applied to the Blue Adder. The Blue Gain Con-
trol (R424), and the Green Gain Control are
used for setting up monochrome balance, and the
‘B-Y Gain Control (R340) will be set for a level
at the Blue Test Point in respect to:that of
red. When a color bar is available, either
from the transmitter or a shop type geherator,
a ratio of Blue at approximately 90%, Red at
70%, and Green at 40% of black level. With the
B-Y signal removed, the G-Y Gain (R351) will
control the level at the. Green Test'Point that
portion of the R-Y signal that is used to form
the G-Y signal. After setting R351, the B-Y
signal is then applied and the G-Y Matrix Con-
trol (R348) will then be used 'to set the level
for the portion of B-Y used to form the G-Y
color difference signal. e

High VYoltage, Deflection, and Power (Fig. 12)

The horizontal output transformer (T800)
supplies four pulse sources, Chroma Amplifier
cut-off, Burst Amplifier key-on, Color Killer
to bias off Chroma Amplifier during absence of
burst, and conventional AGC.

_FPocus voltage of 2500V to 3500V is also
supplied by the horizontal output transformer
(T800). A 1AX2 tube is used to rectify the
voltage.

20KV of regulated high voltage is supplied
by the high voltage section. Three 3A3’s are
employed, one as a rectifier, the second as a
diode coupler, this is used instead of resis-
tors, as in the conventional doubler circuits,
due to the voltage regulator feature which re-
quires a higher value of current. The third

:3A3 is the doubler which rectifies the com-

bined voltage of the first rectifier plus the
charge of C813. This rectified voltage will
double the peak output of the transformer T800.
A large capacitor, four times the capacity of
the conventional high voltage supply, C814 at
2000 mmf, is used on the output high voltage.
The much larger current demand is due to the reg-
ulator tube (6BD4) and the three guns of the

i2 -
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CRT.
of the CRT can be off and on again at full
brilliance causing a wide fluctuation of cur-
rent. Without regulation, there would be a
wide fluctuation of high voltage affecting the
focus and convergence of the picture tube.

A convergence voltage of 7500V to 12,000V is
needed on the convergence electrode of the
picture tube. This voltage is taken from a
portion of the 20KV Hi-Voltage througha Dropping
Resistor (R810) and the Convergence Control
(R811).

The plate of the Voltage Regulator (6BD4) is
at high voltage potential and the grid is con-
trolled by voltage taken off from control R813,
which functions to change the conduction of the
6BD4. As the plate voltage rises the grid also
goes more positive and the 6BD4 draws more
current, loading down the Hi-Voltage supply.
As the plate voltage drops, the grid voltage
also drops, and the .02 mfd. capacitor (C815)
tends to slow down the change on the grid and
prevent overcontrol or a see-sawing effect.

Regulation is required as all three guns

13

Two damper tubes (6AX4GT) are used, again
due to the higher currents handled and dis-
sipated in the horizontal transformer and out-
put. 5

Electrical centering is used for both ver-
tical and horizontal. This is necessary as the
picture tube has three guns and the use of
centering magnets would not satisfy all three
guns. In varying the Vertical Centering Con-
trol (R818) the polarity of the DC voltage
applied to the vertical portion of the yoke
cannot only be reversed but reduce to zero value
as well. ; ?

Horizontal centering also uses a control
(R805), which is zero DC at center and will
reverse the polarity when varied from one end
to the other. In order to use this method, the
Horizontal Linearity Control (L801) had to be
the transformer type of tuned circuit for
changing the waveform and affecting the linear-
ity of the horizontal sweep.

The deflection yoke is more elaborate, and




greater care has been taken in its design. The
ends of the windings have been placed at a 90
degree angle with the deflection portion to
prevent a non-uniform deflection to the three
electron beams, as all three beams have to be
deflected the same and in direct respect to one
another.

The Purity Coil (L802), which is located on
the neck of the picture tube at a location to
affect the three beams. It acts much in the
same manner as the electromagnetic focus coil
did, except it squeezes and positions the three
beams for a proper centering in their approach
to the deflection yoke. The amount of DC is
controlled by the Color Purity Control: (R816).

The Field Neutalizing Coil located around
the front portion of the picture tube acts to
set up a uniform magnetic field to counteract
outside magnetic effects on various portions
around the face of the tube. That is, the
electron beams can be caused to change their
respective deflections and strike the wrong
phosphors by these outside influences. The
effect is color contamination in these areas.
The Field Neutalizing Control (R817) controls
the polarity and the amount of current in the
neutralizing coil.

T700

(-

S6AHAGT

5 6BL7GT

Power Supply Chassis (Fig. 14)

Several filament voltages are supplied. A
12.75 Volt, 12 Amperes center-tapped winding
supplies four filament strings at 6.3 Volts
each. A 6.3 Volt, 1.8 ampere winding supplies
the picture tube which has three filaments in
parallel, one for each gun. Another 6.3 Volt,
1.2 ampere winding supplies the filament voltage
for the 6BD4 High Voltage Regulator tube.

There are two B+supplies, one using a 5U4G
rectifier supplying 410 Volts to the Red Output
Amplifier, Picture Tube Screens, Dynamic Con-
vergence Amplifier, one half of the Vertical
Multivibrator, and one half of the Horizontal
Multivibrator.,

The second B+supply at 310 Volts uses 2
504G’ s in parallel and supplies B+to the balance
of the receiver.

Sweep, AGC, and Convergence (Fig. 13)

This portion of the receiver is just about
the same as found in Westinghouse monochrome
television receivers with the exception that
the horizontal output uses 2-6BG6G Tubes in

parallel because of the power demands of the
high voltage supply, which is mainly dissipated
across the 6BD4 Regulator tube.
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The Dynamic Convergence Amplifier (%6BL7GT)
is supplied both horizontal and vertical volt-
ages from the cathodes of each output. These
are in the form of parabolas and are used to
change the convergence and focus. The parabolas
are phased and shaped, thenamplified and super-
imposed upon the DC convergence and DC focus
voltages. These voltages are changing propor-
tionately with the deflection from the center
of the tube. The vertical is at 60CPS and the
horizontal at 15,750 CPS. As two frequencies
are used, two output transformers are used in
the Dynamic Convergence output circuit, T702,

the horizontal and T701, the vertical. Both
are AC coupled through capacitors to the DC
convergence voltages. The Vertical Convergence-
Focus control (R727) controls the amplitude of
the vertical, with the Vertical Shaping Control
(R730) proportioning the amount of feedback out
of phase to shape the vertical parabola. The
horizontal Convergence-Phase Control (L708) is
used to select and control the phase of the
horizontal parabola, and the Horizontal Conver-
gence-Focus Control (R754) controls the ampli-
tude. These are service controls and normally
are not to be touched by the customer.
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TEST EQUIPMENT

Additional test equipment will be required
over the present equipment used for black and
white servicing to adequately service color
receivers.,

Following is the list of additional equipment
required. '

1.>A Dot Generator to adjust overall conver-
gence and for checking linearity, both vertical
and horizontal. (Small dot type preferred).

2. Oscilloscope witha vertical response from
0 to 4.5 MC or 5 MC for checking burst signal
and 3.58 MC oscillator circuits. (Can be ad-
vantageously used for B & W servicing).

3. High Impedance Probe for Oscilloscope, en-
abling check of signal circuits without causing
distortion and detuning. (For B & W servicing
also). :

4, Diode (detector type) Probe for signal
rectification. To check signal envelopes of

bandpass circuits and for signal tracing. (For
B & W servicing also).

5. Video Sweep Generator with sweep of 0-5 MC
and suitable precision markers for bandpass
alignment and checking of response curves.

6. 3.58 MC Signal Generator - Crystal con-
trolled for adjustment of local oscillator,
quadrature transformer, burst coil and. phase
detector balance. i

7. A Crystal Modulator to check overall re-
sponse from antenna terminals to video detector
and to color signal demodulators. Also can be
used  for checking UHF by modulating video sig-
nals onto UHF signal generator. '

8. Color Bar Generator for color display on
picture tube, a color signal substitution for
circuit check, adjustment of Phase, Gains, and
Matrixing. This unit has to have NTSC standard
of phase, displacement and amplitudes, ‘and
should incorporate the correct luminance or
monochrome information.

SEY6 e




SECTION

I R-F

6AU
15t SNOI

AMP.

120v
T500 SE
o e |M£L rﬁ'( /
| 56M ,”-‘7 /f |51IFA r
| |4I 25M: 108 ]
= 93 4
5 i i ooy |1!
= Fi I
rios} | ci2s
10K S5
cu2
10
- IRON CORE
SHANNELS 2 THRU 6
142v
TUNING RIIO
33K1W B
T 800 18K 2W
i 0
cize ¥
1000 —~ 6us 6827
= 5 LIO! . 5005
o e g :
I = K
ALL GAPAGITOR VALUES IN R-F TUNER GIVEN IN MMF. T I—§\A2A» 120V
= 225v__ Al R505 300V
6.8 K 2w
1
6BG66G 6BG6G TO HEATER R756 l 4 3
HORIZ,OUT. HORIZ.OUT. * STRING 20108 1 82K ICTIPS h
2/\7  2/\7 = = 3
6BL7 5
mLE‘E‘RLamu 6BKS 6AUE AX4GT AX4GT ¢
CONV. 8 FOCUS AUDIOOUT. ~AGGC DAMPER DAMPE| y
- - = - - S~ £
5
BKTA 6086 6086
6BC7  6BK7A R VIDEO 6BK7A  6BK7A  6AS6 A5G 6U8 6ALS5 N SAUE 6AUE 6AL5  GAHAGT§
CLAMP  ROUT. 8 BAMPR  GYBGAMP eacouv RYDEMOD B DEMOD REACT.-EGO. PHASE DET. BuRSTAMP. FM DET.  2ndSND.LE SYNCSEP.  AFG  VERT.OUT
Y\ ,f). s\ TX; 5{35 3/\a aEy 4\s 3() (X 3[54 4()9 o/\3 LA TAVE ¢
= = = = = 3 = = = 5 5 =
- & L -~ G702 & z
=355 Tow Lom .
’J: T 005 12807 ¥
= HORIZ. MV. E
12AT7  6AU6  12BY7 6BK5 6BA6  6SN7GT 6CB6 6CB6 6CB6  6C36 a7 oAy \s
SYNCAMR IstSND. LF VIDED AMP LINE ORIVER CHROMA AMP. VERT. MV. IstIF  2ndIF  31dIF  4IhIF PILOT LAMP ]
A\s T)s @Y\ Th 4rls i
fe-d B = - = % i
%
;l_ Lu I.luh ) 5
c703 G707 -
T .005 :Deoo Ty Ieoo :D ¢
-y =~ MMF = MMF = MMF = MMF 4
" R-F TUNER §
5
NOTES:
I. PEAK.TO-PEAK WAVEFORMS WERE TAKEN WITH A SIGNAL OF 1.8V.P.P. AT THE VIDEO TEST POINT. ALL CTHER GONTROLS SET FOR NORMAL PIGTURE. 5
2.PARTS TOLERANCE AND RESPONSE OF TEST EQUIPMENT MAY CAUSE SOME VARIATIONS OF THE PEAK-TO.PEAK VOLTAGE READINGS. £
3.0:C VOLTAGES MEASURED FROM CHASSIS GROUND USING A 20,000 OHM /VOLT METER AND NO SIGNAL INPUT. READINGS SHOULD BE AS SHOVIN + 20 PER GENT. ;
4.ALL CAPACITANGE VALUES IN MFD AND ALL RESISTANCE VALUES IN OHMS UNLESS OTHERWISE SPECIFIED. ! .
i
k
§
¢
H
{
i
.
5 i




SECTION =1 R5F

BAU6G
SND. 1F AMP, 4.

MIXER-0SC.

Tsew il

c2%0 1 R205 500
QUIETING
mme T CONTR.
120V : 5
Dc
6CB6
2nd IF AMP.

===h

rl

IRON CORE
SHANNELS 2 THRU 6 L el
3 l‘ 1 iz
Liozcigis | 7 FINE
1 TUNING
)
L
ci26
|ooo:|:
ALL GAPACITOR VALUES IN R-F TUNER GIVEN IN MMF.
6BG6G _ 6BG6G TO NEATER R756 . 3
HORIZ.OUT. MORIZ.OUT. # 5 STRING c7gs_1 82K = 12
2/\7 T L " SYN
BL7 5 A :
KILLERS DYN. 6BKS 6AUE BAX4GT AX46T 3 £
CONV. 8 FOCUS AUDIOOUT. A GG DAMPER Sannen : i ;
e ¢
6BKTA goge - Jobt ‘5AU6
_68C7 EBK7A R VIDEO 6BK7A  6BK7A 6ASE §A 6. EALS GAHE 6BNGE Q.H_Q 6AUE BALS CAHAGT KEYED AGC
CLAMP  ROUL 8BAMR  GYBGAWP BAGOUT RYDEMOD B DEMOD REACTE.CO. PHASE DET. BURSTAMP, FM DET. 2n¢SND.LE SYNGSEP  AFG  VERT.OU b
o) st; 5\ AP.‘} lbrk.é fl. lfk r& 3()e 4{3.3 'P} a\3 7(X3
) l o Lo .
’_r 005 I 005 12AU7
= HORIZ. Mv. £
12AT7  6AUS  I2BY7 6BK5  6BA6  6SN7GT  6CB6 6CBE 6CB6  6C36 » a7 a(\s
SYNCAMR Ist SNO. LE  VIDED AMR INE DRIVER CHROMA AMP. VERT. MV. 1stIF 2ndIF 3rdIF 4th IF PILOT LAMP
+{¥\s ; T@qf ‘fs ; -
=l = = = = ¢
_L = ¥
c703 G707 { A
T .008 Isoo i Ieoo T 800 3
o7 T MMF T MMF T MMF T MMF 4
” $ R-F TUNER f
#

NOTES:

|, PEAK.TO-PEAK WAVEFORMS WERE TAKEN WITH A SIGNAL OF 1.BV.P-P. AT THE VIDEO TEST POINT.

ALL OCTHER GCONTROLS SET FOR NORMAL PIGTURE.

2.PARTS TOLERANGCE AND RESPONSE OF TEST EQUIPMENT MAY CAUSE SOME VARIATIONS OF THE PEAK-TO.PEAK VOLTAGE READINGS.

3.0:C VOLTAGES MEASURED FROM GHASSIS GROUND USING A 20,000 OHM / VOLT METER AND NO SIGNAL

INPUT,

4.ALL CAPACITANCE VALUES IN MFD AND ALL RESISTANGE VALUES IN OHMS UNLESS OTHERWISE SPECIFIED.

READINGS SHOULD BE AS SHOVIN * 20 PER GENT.

SECTION

7 SWEEF




>

5
q.?
57

o CTISEGTION . 3

CHROMINANCE

TION 2 SOUND

QUIETING
CONTR.

R214
750 s
1ow =

PHASE DETD 7. 246’

R313 2 00

T

G310 |.

C3i5
1-3.5 MMF

6CB6
4th IF AMP.

SECTION 5 [-F

T e 44 Mc

m;zg’

| §gg

14un

001

I ey p VIDEO TP <
/ R528
10K

1.8V. P-P
. 60G.PS.
T 800
= MNF SECTION 6 |VIDEO |AMP
“ ’
12AT7 ©AU6 6SN7GT R718 6AH4GT R726
SYNG AMP SYNC SEP. R709 VERT MULT. S 100K ] joour.p VERT OUTPUT 960
SR704 : 47Ki 60C.PS. 1700 ol
215 C719 g7, g %3 76T
c7i2 33v \éoLio0 "lﬁ/ = RIES Sreen 60CPS. . DYNANIC GONV.
RIDMME (ou R708 s2v | PHASING AMP.
— = 390k |R710 1
| g o T
) < ; 5
e AL S e 55 A0 @00 6 EEy .28 3av9——| i
; 2.2K 3] g R719 30 5M
1 470K VERT..
R70] SHAPE
0 = = R716 CONTR.
= t 270K R;zo IM o728
i HEIGHT 28!
R"GO% e 1 ‘_‘L GONTROL 5‘ .'53.,."
S Rm2 16 713 CTIS 1%y 13V PP t
60GPS. K 10 K 058 L i 60C.PS. -
i = c718 R725:10K R727 10K
R717 750K = o (4] VERT. LIN. L . CONV.
60C.P.S a7 =  VERT. HOLD R7215 = - CONTR. = CONTR.
30V.PP > CONTR. 10K =
= R0
I 27K IW
i
150V, P-p
g 15,750 GP.S.
50V.RP \
30| MBS 15,750C.PS.
S0~ = 390  R734
R MMF 18K
™ 3300
; MMF MMF 2.5Kv-34
= g7‘l
R736
470K 1
v -20,-22V. 1L
cnal‘cna y
R737 1
17 L o A c742 e ]
= 4 4700 MMF R754 100K
L708 HORIZ. CONV.
HORIZ. PHASING, GCONTR.
= HORIZ, HOLD =
= CONTROL
6.5V.RP |
15,750C.P.S.
18V'P-P 60 CPS.
WITH VERT, 8 HORIZ
DYN. CONY. CONTROL'S
7 SWEEP and HEATERS FULL GLOGKWISE

CHASSIS NO. V-2284-15



el

SEGTION '3

CHROMINANGE

PnﬁAAsJ::onS:? L

o315
1-3.5 MMF

T3

R320 | R32)
100K | 560

c319

15,750C.PS. 12BY7
S6V.P-P_ st VIDEO

130V

R452
22K

SECTION 4

1736BC7
RED CLAMF

1/36BC7
G419 GREEN CLAMF
05 “Rasoim .

1726 < AR RS
160 5U46 5U4G
e 800V. P-P 6BL7GT LV. RECT. LV.RECT.
= 6OCPS. . DYNAMIC GOMV. 6y 6|
3 / PHASING AMP. = 3
e G 1" T c723
| e 02
= $ 4 2
R730 SM 1_4
VERT, L]
SHAPE 490V
I CONTR.
c724
R728
\,/\ RYIUU
13vP.P t
60C.PS. ,
R727 10K
= TCONTR.
$ 6
=
o
7 i
28, e POWER
aiov__PLUG 1
E 310V 1
= i
‘ 3| (g R823 . ‘3:0,323‘
SRIZ. R755 j_ c749 = 3K 20W =
PUT 33M $ 7= 3300 ; e
55); MMF 2.5KV-3.5KV. E CHASSIS  NO. V-!
' grss = 310V
75K 5W POWER
i SOCKET
310v 1
746 c748
5 HT00NE, R754 100K Pov
L708 HORIZ. GONV.-
HORIZ. FHASING, GONTR.

18V.P-P 60 G.P.S.
WITH VERT, & HORIZ.
DYN. CONY. CONTROLS
FULL GLOCKWISE

P o

HI-LOW POWER and C

S
AL

Pl



(a)
1/26BK7
RED VIDEO

6BK7
RED OUTPUT

SECTION 4 ADDER

R4IE 5K 2w
BRIGHTNESS
CONTROL
100V
4
eﬁ«:n 100K M
RED
4
- - SCREEN
42 caos
R418 100K - .03
e BLUE SCREEN -
LU
BKGND. Sy 1 ca07
5439 R419 uos& 03
________ 10K IW GREEN SCREEN| .
100M S | 1/26BLTGT S hbe
TTT[TT COLOR KILLER e 03
15HP22
5 156P22
TRI-COLOR ¢
e . RUT. N
R340 500, o (L7
- 8-Y GAIN S0 31 4l [ls
« TSV ) SERTE)
145V ik
L1604 cazz L S o o4~
100uh ] 172 ot9) ¢+
Vo
Ra63 JEV;
:zg% 1.5k iw | [swac2 Ay
R460 50" A
R4G4 [ g
15K IW 120v ' = F—\
a8 0 [e s |= \
c34 N
0 Ra€2 Y Y
I 10K T0
| cae3 HEATER Q
- PLUG i S
&
gl & 8
Ol =
ca24 e 8 8
e —
Ay} | TR T, X s B e
e 3a3eT RB06 R9I0: 5u46 ~|'
SOOMMF . V. RECT. 22M | CV.RECT. 80! ]
7.5KV-10K'
7 I 15KV- 30KV 6 >
1800 12 |
¢ cei2 RBII 50M 20KV 5 s
,;’2’“ 4 sl 00 e CONVERGENGE ADJUSTED < !
IRST 8¢ c8I3 = |
N :
3A3GT Y = i
DIODI 420v_40W
GOUPLER el |
|
: | 3A3GT !
] 23 HV. DOUBLER |
AGGC. SHBlS |
e |
; T Soxv |
7 : :
z . !
RECT. 1
5 1
¥ |
g 800 r - :
- c802 L RE05 40 3W i
i Bis oS0 WIOTHC 10 ORIZ GENT. | oo ;
g e CONTR:  LoRiZ.LIN |
£y |
g 20 % |
1REOI 5M &= 2 =
e (on v g
= u OFF-ON-SWITCH
i
- = =
+R802 % g
824 .01
8 M
5w s 'D:—‘Ej_ @ @:anmm
s &TKS.
5 =L coiea R
30 624
2 100K
S w

{HI-LOW POWER and DEFLECTION




b oo




