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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.
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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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HORIZ. SYNC
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(H) COMBINED Y & GOLOR

DIF. AT GREEN T.P.

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-

(A) AT VIDEO DET.
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(C) AT DEMODULATOR GRID
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(D) RED GOLOR
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(E) . BLUE COLOR
— DIF. AT B-Y T.P

Fig. 3.

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
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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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