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FOREWORD

In December, 1953, a new set of standards for color television
trensmission was approved by the FCC, This set of standards is
known as the NTSC System, NTSC are the initials of the National
Television Standards Committee, This committee is a group formed
of the various engineers and scientists employed by radio and
television manufacturers throughout the country, A new set of
standards is a result of their combined efforts to set up a
system which would not only be capable of reproducing color of

a very high quality, but would also be able to meet all the re-
quirements for a compatible system,

In conjunction with a training program on color television, we
have compiled a series of notes on the material covered in our
lectures, They have been bound into book form and will present
the major points of the system, This book is not meant as a
complete text on the subject but as a discussion which will cover
the basic principles and method of operation of the NTSC color
system,

J. T, MecAllister,
National Service Manager
Hoffman Radlo Corporation

February 1, 1954



CHAPTER I
"BASIC COLOR PRINCIPLES"

Light is a form of radiant energy which travels with regular
wave motions, The speed at which the energy travels is
186,000 miles per second in air or the same speed as radio
waves, Light differs only from radio waves in frequency. The
portion of the spectrum which the light waves occupy is above
that of the radio waves and is located between the infra-red
radiation spectrum and the ultra-violet radiation spectrum,
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The Radiant Energy Frequency Spectrum

The wavelength of light is measured in milli microns (one bil-
lionth of a meter) and is designated by the symbol "mu"., The
light range covers the frequency range of 40O to 700 mu's, Be-
low 40O mu's are the ultra-violet rays and above 700 mu's are
the infra-red rays, In the range between 1,00 and 700 milli
microns, each frequency represents a different color within the
visible range, and when all the frequencies are present in the
proper proportions we see the combination as white light, The
proof of this fact i1s shown when the color makeup of white light
is separated. When we direct a beam of white light through a
prism onto a curved surface we get a distinct separation of all
the colors within the light spectrum, When the color spectrum
is viewed in this way we can see the range of visible colors.,

The principal colors which stand out are the blues, blue-greens,
greens, yellows and reds, and these appear in that order in the
spectrum, The blues represent the highest frequencies and the
reds the lowest, The sensitivity of the eye is such that it sees
the colors in the approximate center range of the spectrum more
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clearly than the colors at elther end, and these colors appear
to have more brightness than either the reds or blues, The

eye does not see colors as individual frequencies or colors but
sees a color as a combination of all the frequencies present,
Therefore, if we were to combine the blue frequencies and the
green frequencies, the eye would see a blue-green color called
cyan, If we were to combine the red and green colors, the eye
would see a combined color yellow. If we combined the red and
blue colors the eye would see a magenta color, Experlence has
shown that the eye is responsive to red, blue and green and 1s
capable of combining these colors into a single color or is
capable of combining any combination of these colors into a re-
sultant color. It has been found that almost all colors can be
matched by a proportionate mixture of red, green and blue, These
colors then are selected as the primaries to be used in the re-
production of all other colors, If red, blue and green are
combined in the right proportion, the resultant color will be
white, If by combining these three colors in the right propor-
tions will reproduce any of the colors in the visible spectrum,

Primaries are not necessarily confined to red, blue and green,
However, red and blue, located at opposite ends of the color
spectrum, in combination with green, which is located at the
center of the color spectrum, enable us to obtain the widest
possible range of color, The only actual requirement of the
three primaries is that no two shall combine to form the third,
The primaries which are chosen for any specific medium of color
reproduction are determined by the method to be used, There

are two ways by which colors can be reproduced, One is the sub-
tractive method., This method is used in color photography and
color print reproduction, With this method, we reproduce colors
by filtering out certain light frequencies, leaving only those
color frequencies that we wish to reproduce. In Kodachrome re-
production, the primaries selected are the yellow, cyan and
magenta group, The various layers of the film are dyed with
varying density of these colors, When a light is placed behind
the Kodachrome film, this light is filtered by the Kodachrome
transparency, The eye then sees a combination of the filtered
colors., The cyan filter will allow the blue and green colors

to come through but will hold back the reds, The magenta filter
will allow the blues and reds to come through but will hold back
the greens, The yellow filter will allow the red and green to
come through but will hold back the blue. We then have combina=
tions of the three primaries impressed upon the eye. The eye
will then produce the proper color sensation in the brain,

The second method of reproducing color is that of additive color.
With this method, we generate light frequencies of red, blue and
green, By proportioning the amount of each frequency generated,
we can reproduce any color within the visible spectrun, It is
the additive method that is used to reproduce the colors in color
television, In this system we ignite phosphors of red, blue and
green colors to the intensity necessary to reproduce any desired
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color,

There are many degrees of red, blue and green which could be
used as primaries, If we were to have a standard designation

of red, green and blue, it would then be possible for us to
reproduce a given color by any medium, The International
Commission on Illumination, after much research, recormended

the specific shades of blue, red and green which could be used
internationally for the reproduction of the colors in the
visible spectrum, These standards were then specified on a
chart known as the ICI Chromaticity Diagram. This is a mathe-
matical determination of the color value for any given hue,
Reference to the Chromaticity Diagram shows that we have two
coordinates, X and Y, The horseshoe shaped curve on the
Chromaticity diagram represents the fully saturated colors in
the spectrum, This curve represents the deepest possible hue
which can be attained, You will notice on the Chromaticity
diagram a point marked "Standard Source "e", This represents
the point at which a combination of red, blue and green combine
to become a neutral shade, The Chromaticity diagranm cannot

show the full range of color as it is only a two-dimension
chart., Color has actually three dimensions, The three dimen-
sions, or characteristics of color are hue, saturation and
brightness, Hue is the basic color. This would be any color

or combination of colors shown along the horseshoe shaped curve,
The second characteristic of color is saturation. Saturation
can best be described as representing the degree to which white
or a neutral shade has been mixed with the color, On the
Chromaticity Diagram, this would represent the distance traveled
from any point on the horseshoe curve toward the point "¢, The
third characteristic of color is brightness, Brightness repre-
sents the luminosity of a color, For examuple, if we were to put
a 1light in a slide projector and were to place in front of the
projecting lens & green filter, we would see projected on the
screer a green color of a certain brightness. If we then replaced
the light with one twice as bright, we would then see projected
on the screen a green color of a greater luminance, The hue and
saturation of the color would have remained constant; the only
change that we would have made in the color visible would be
that of brightness., If we agein refer to the Chromaticity
Diagram, we can see that the standerd polnt "o" i{s a mixture of
red, blue and green, these colors proportioned in the proper
smounts to give a neutral shade. "hether this point is white

or gray will be dependent entirely upon the brightness of the
colors used., The Chromaticity Diagram then represents a cross-
sectional slice of the entire color block, and must be considered
as a plane which can move up and down on an axis perpendicular to
the surface shown,

The degree of purity of color represented by the horseshoe curve

is one which we cannot reproduce by any of the present known
methods, This however is no great handicap in color reproduction,
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as colors of this degree of saturation very seldom, if ever,
exist in nature, The color range that can be covered by
color television is that shown within the triangle, This is
approximately twice the color area that can be covered by
printers inks or by color films,

The proportions of the primaries which appear at the points of
the trianﬁle required to reproduce the neutral shade represented
by point "C" are 59% green, 30% red and 11% blue, The points
along the triangle represent the colors in the spectrum in the
purest form in which they can be reproduced in color television,
We refer then to these points as the 1C0% saturated color.

If we mix white with the red primary, we will produce a shade
known as pink, In this we have not changed the hue of the color
red, but we have reduced its density, and it would be represented
by a point approximately midway between the point red and the
point "C", If this point fell at half the distance between "red"
and "C", we would consider the red hue to be 50% saturated, As
more white were added and the shade moved closer to "C" we con-
sider the shade as a less than 50% saturated. When sufficient
white had been added that the shade reached the point "C", then
we would consider the shade to be zero saturated, Therefore, a
color which is 0% saturated is a neutral shade and has no chromi-
nance or color characteristic. A hue which is in its purest form
is 100% saturated,

We state that the three basic primaries are red, blue and green,
and that these colors were selected because we could reproduce
almost every color in the visible spectrum by combining these
colors, This 1s not quite true, as we cannot reproduce the
violets which are in a frequency range above the blues, This
however 1s not important as the eye will combine red and blue to
give a shade of purple which the eye will interpret as violet.

One other point should be kept in mind and that is that we do

not need to use the primaries directly to reproduce the colors
within the triangle. We can, for example, combine green with

red and produce yellow. The proper proportion of yellow and

blue will produce white., By reducing the amount of blue, we can.
produce a light yellow or a yellow which 1s not fully saturated,
If we combine blue and red, we produce a color known as magenta,
By using combinations of these three colors, yellow, cyan and
magenta, we can produce the majority of colors within the spectrum,
However, we could not reproduce as wide a range of colors as would
be possible by using three primary bases., We could however use
four points along the triangle and with variations of these points
produce a greater percentage of color, If we were to pick the
polnt greenish-blue and reddish-orsnge, and if we were to use this
range of color as one group, and if were to use a reddish-purple
and a yellow-green and use the group of colors along a line
connecting these two points, it would be possible for us to re-
produce most of the colors within the triangle,

Due to reaction of the eye to variations in hue and brightness
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over the color range, we can in many cases use a smaller range

of colors to produce a satisfactory color picture., The eye

does not have & uniform sensitivity to color, The eye sees
colors in the greenish-yellow range as having maximum bright-
ness for a given color intensity. It then moves toward the

reds and will see the red group as the next brightest, The
effect of this characteristic of the eye is that we lose the
ablility to distinguish blues as the area of the color is reduced,
If we were to take a surface covered with squares of blue, cyan,
green, yellow, red and magenta and, if these colors were of equal
luminance or intensity, we would see these colors as separate
colors providing the area of each square were fairly large, ITf
we were to move away from this chart, we would notice several
things appear to happen, First, we would find that we could no
longer distinguish the blues, The affect is that the blues tend
to lose their blue and become indistinguishable from gray of the
same relative brightness, Colors which contain no blue seem to
pick up blue, The next affect that would be noticeable is that
we could no longer distinguish yellow, The yellow area would be
indistinguishable from a gray of equal brightness, At this
point, it would also be difficult to distinguish brown from crim-
son, and blue from green, However, we would still be able to
distinguish red from blue-green, A further reduction of the area
would result in reds becoming indistinguishable from grays of
equal brightness, and as we continued to move away from the chart,
the blue-greens would become indistinguishable from neutral shades
of equal brightness, The point that must be remembered is that
although we lose the ability to distingulish a color as such from
a neutral gray, we do not lose the ability to distinguish the
relative brightness of one area from another until a much greater
reduction of the surface takes place,

We teke advantage of this characteristic of the eye in the re-
production of color television, The larger areas are produced
in their proper hue, The smaller areas are reproduced only in
two color ranges, the magenta-orange red range, and the fine
detall need be reproduced only in black and white,
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CHAPTER 2

"COLOR PICTURE TUBES"

The picture tube used in a color receiver must be capable of
reproducing black and white pictures as well as color pictures.
From previous discussions, we know that if a picture tube is
capable of producing red, blue and green light, we can blend
these to produce a black and white picture or they can be
blended in such a manner that they will produce any color in
the visible spectrum. There are available phosphors which,

when ignited by an electron beam, will produce red, green or
blue light of the required shade to allow us to reproduce the
visible colors. The problem then becomes one of arranging these
phosphors in a form which will allow us to reproduce small
enough areas of color to insure good reproduction with the fine °
detall areas. While it is not necessary to reproduce all the
colors in the fine detail portions of the picture, we do have

to produce monochrome for the fine detail. If we use three
colors of light to reproduce the monochrome asreas, then the
definition of a picture tube would be limited by the smallest
possible area that these three light sources would occupy.

There are, at present, two general methods of arranging the
phosphors in the picture tube in order to reproduce the color
and black and white. The first method is that of using three
very smell phosphor dots, each capasble of reproducing one of

the three primary colors, and the three dots are pleced in a
triengular pattern in very close proximity of one another.

The total area occupied by the three dots would determine the
smallest area of definition that we could produce. With pre-
sent methods, it 1s possible to place approximately 5,550 dots
per square inch on a surface. This would mean that we would
have approximately 1,850 definition aress per square inch, as
each group of three dots could produce either a black, white or
color sensation. Color tubes with phosphor dots of a size which
allow this many color areas per square inch, will compare favor-
ably with the definition possible on present black and white
television receivers. A 15" black and white color receiver
reproducing the intelligence in a video signel of 3.7 megacycles
cen produce approximately the sasme number of definition areas,
If the black and white receiver were operating on a l megacycle
bandpass, 1t would be sble to reproduce aspproximastely 2,050
definition areas per square inch. Therefore, a color phosphor
plate of 5,550 dots per square inch would be capable of repro-
ducing definition within 10% of that possible on black and white
receivers under the most favorable conditions. Phosphor dots of
this density will allow an approximate line definition of 350.
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The second method of mounting phosphors in a picture tube is
that of using strips of phosphor which would extend either

in a horizontal or vertical direction. These strips would
have to be very narrow and would have to consist of the proper
arrangement of phosphors so that each strip would light with
the proper color when energized by an electron beam. This
method 1s being used at the present time with phosphor strips
approximately ten mills wide. The sequence of color phosphors
in this case is green-red-green-blue-gresn-red. There are
twice as many green phosphor strips as either the red or blue.
Definition in the direction of the strips can be as good or
better than that of the picture tube using the cluster of three
phosphor dots. There are two types of color tubes at the pre-
sent time which can be used for color reproduction and which
are avallable for use, One of these uses the triad grouping
of color dots and is of the type developed by RCA, The other
tube uses phosphor strips and is known as the Dr. Lawrence or
chromatic tube. The two types of tubes will be covered in
separate discussions, and the first one to be covered will be
the RCA type,

The Three-gun Shadow Mask Tube =-

At the present time, the RCA tube of this type appears to be

the one which will be used to the greatest extent in the initial
stages of color television., This tube contains three identical
electron guns, one for each primery color. The guns are mounted
parallel to the tube axis and are spaced radially 120° from each
other. Each gun has a filament and cathode, a control grid, a
screen grid and an electrostatic focus grid. A convergence grid
1s placed ahead of the focus grid and the convergence grid 1is
common to the three guns. The gun structure is assembled in the
neck of the tube in a manner similar to that of the black and
white tubs.

Located near the front of the bell of the tube is a shadow mask
color screen asssembly. The color screen consists of a neutral
density glass plate, upon which are mounted the phosphor dots
which are utlized to reproduce the three primary colors. These
dots are circular in shape and are approximately elght-thousandths
of an inch in dismeter. There are approximately 600,000 phosphor
dots deposited on the glass plate. There are ap roximetely 200,000
each of the red, green and blue phosphor dots. ghe dots are pos-
itioned in groups of three, with each group consisting of a red,
blue, and green dot. The centers of the dots form an equilateral
triangle. In front of the phosphor dots at an approximate spac-
ing of 5/8ths inches, there is placed a shadow mask. This mask

is a metal plate containing approximately 200,000 holes and is
positioned so that the center of the holes are in line with a
point equi-distant from the center of each dot in s group of three.
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Relationship of Shadow-mask to Dot Phosphors

The arrangement of the dots is such that the blue dot forms
the apex of the triangle, and the green and red dots form the
base. The three guns are positioned in the neck of the tube
so that the guns form an equivalent triangle with the blue
gun at the top of the tube. The tube 1s electrostatically
focused and converged and is magnetically deflected. The
present tubes are glass shelled, and the shell 1is approximat-
ely the size of the 16" round black and white tube.

PHOSPHOR-DOT SCREEN
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Electron Beams, Shadow Mask and Phosphor Screen

In operation, we feed the blue energy from the signal to the
blue gun, the red information to the red gun, and the green
information to the green gun. The beams are then directed
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toward the shadow mask plate. For proper operation, it is
necessary that the beams strike the proper phosphor dot. This
meens that the three beams must be directed to a single hole
on the shadow mask and must be focused on the individual dot
for which each beam 1s intended., As the beam travels down its
individual gun, the voltage between the focusing or number
three grid and the convergence, or number four grid, forms an
electrostatic lens which will focus the beam at the plane of
the phosphor plate. At the time the beams leave the number
three grids they must be travelling persllel to one another.
The three beams then enter the converging grid. The voltage
between the converging grid and the coating inside the bell of
the tube which is connected to the second anode forms an elec=-
trostatic lens which will direct the beams so they will converge
at the plane of the shadow mask. This condition of voltage
will allow for proper convergence and focus in the area in

the center of the shadow mask assembly.
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Dynamic Convergence and Focus Correction

The phosphor plate and shadow mask in this tube is a flst sur-
face. As we deflect a beam from the center portion of the tube,
the convergence point will follow an arc equal in radius to the
distance from the guns to the center point of the shadow mask
assembly. It is therefore necessary to supply a means of com-
pensating both the convergence and focus voltages to compensate
for this difference in distance. A voltage of proper waveform

is supplied in the receiver to accomplish this and is the dynamic
convergence voltage.

The components necessary for the operation of a three gun color

tube are of necessity more complex than that needed for a black
and white tube,
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The outline of the tube and the necessary components are as

shown.
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Placement of Components

Mounted near the base of the
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on Neck of Shadow Mask Kinescope

tube, we have three small magnets.

These are known as the static convergence magnets and there 1s
one msgnet for each gun., The purpose of these magnets 1s to
compensate for production tolerances and to make sure that

each beam 1s travelling exactly parallel to the axis of the
tube, Slightly forward of these magnets there 1s located a
coil known as the purifying coil., This coll carries a DC cur=-
rent and its purpose is to compensate for any tolerances in the

position of the three guns.

The position of the guns must be

such that each of the guns 1is directly in line with the color
dots. If the guns are slightly rotated from this position,

proper convergence would not

be possible. The function of the

purifying coil coll is then to rotate all of the beams equally
so that the beam from the blue gun is exactly at the top center
of the tube. The next unit mounted on the neck of the tube is

that of the deflecting yoke.

The function of this yoke is the

seme as that of the yoke in the black and white tube; however,
much greater care must be exercised in its manufacture to mein-

tain uniform fields.
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