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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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SUPPORTING
BEAD
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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.

BEAM CONVERGENCE POINTS DURING SCANNING PEATNERY ;f':g;
(NO DYNAMIC CONVERGENCE CORRECTION X \ N\
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21T g e
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STATIC CONVERGENCE POINTS ¢ FLAT MASK e

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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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.

Hoffman Radio Corp. - Serv. Div,



2-5

The effect of the earth's magnetic field must be taken into
consideration in the operstion of a three gun tube. These
fields do not cause any particular problem in black and white
tubes, as the only effect would be to displace the field either
in an up and down direction or side to side direction, or a
combination of both. This effect could be overcome by the use
of the centering controls. In a three-gun tube we are essen-
tiaelly reproducing three rasters and any displacement of these
three would cause a lack of register, and would result in in-
correct color reproduction or color fringing, To overcome this
effect, a Mumetal shield is placed around the bell of the tube
and covers the area from immedistely in front of the yoke to
the high voltage anode ring located approximately three to
four inches behind the face plate., The Mumetel shield is a
non-magnetic material which prevents stray magnetic field from
affecting the beams. Around the edge of the face plate we
place a neutralizing coil. This coil is energized with a DC
current and 1its purpose is to neutralize the effects of any
stray magnetic fields in the area of the face plate and on

the short length of the bell that is unprotected by the Mumetal
shield.

CBS-Hytron has developed a tube of the three gun shadow mask
type. In the CBS tube, the phosphor dots are deposited directly
on the face plate of the tube and the shadow mask i1s positioned
directly behind the face plate. In the CBS system, a curved
phosphor plate and shadow mask assembly are used. This would
appear to reduce the convergence action when the beams are

swept across the tube face.

The Lawrence or chromatic tube is a2 single gun type. The method
of operation 1s entirely different from that of the three gun
shadow mesk type. In the Lawrence tube the gun structure is,

in effect, that of a black and white tube in which we have a
single source of energy being directed toward the face plate.
The face plate on the Lawrence tube consists of horizontal strips
of 'phosphors. There are twice as many green as red and blue
strips, and a green strip appesrs between each red and blue
phosphor. DBetween the gun and the phosphor plate and in close
proximity to the phosphor plate we use a switching grid. The
grid structure consists of very fine wires placed in the same
direction as the phosphor strips. There are two wires for each
three phosphor strips. The alternate wires are insulated from
the others. One of the wires is directly in front of the red
phosphor strips; the green phosphor strip is unobstructed and
the blue phosphor strip has & wire in front of it. The wires

in front of the red strip are all connected together on one

side of the tube. The wires in front of the blue strips are

all connected together at the opposite side of the tube. These
two groups of wires asre insulated from each other.
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By applying a positive voltage to one wire, a negative to the
other, we can cause the beam to be deflected upward to the red
strip. By applying an equal voltage to each grid, the beam
will be directed toward the green strip. By refersing the vol-
tages used, we can deflect the beam toward the blue strip.

This method of reproduction relies upon the retentivity of the
eye to hold the effect of one primery until the energy from the
other two can arrive., If the switching is done at a rapid
enough rate, this can be done without a sensation of flicker
or lack of color fidelity. With this system, the colors are
created in the eye by causing three primaries to be generated
in succession but in a short enough total period of time that
the eye will mix primaries to give the proper color sensation.
This type of tube has many advantages over the three-gun type.

l. The single gun construction does not require convergence
voltages.

2. Because all the energy from the gun strikes the phosphor
strips and none is lost against the shadow mask, we can get a
brighter picture.

3. With this type of tube construction we can sweep the beam
more easlly over a wider deflection angle and, as a result, can
use larger picture areas for a given length of tube.

The disadvantages of the tube are slightly less verticel defini-
tion and the amount of energy necessary to energize the switch-
ing grids. At the present time, it requires approximastely 30
watts to switch the beam from one phosphor strip to the other.
This energy is generated at a frequency of 3.6 megacycles and

it causes a serious radiation problem, as the deflectihg grids
act as efficient radiating elements. Until this particular
problem can be overcome, it appears that the three-gun type of
tube, as developed by RCA, offers the most practical immediate
solution for color television.
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CHAPTER 3
"OUTLINE OF COLOR SYSTEM"

We have studied the basic color principles and are acquainted
with the requirements of color reproduction, From our know-
ledge of the color picture tube, we know that the construction
of the tube will allow us to reproduce the primaries required
to reproduce color, Before meking a detailed study of the
transmitter signal, and the receiver requirements, it would be

an advantage to study a block diagrem of the receiver and trans-
mitter.

A color camera contains three pick-up tubes., The scene to be
telecast will generate a signal in the pick-up tubes., A filter
is placed in front of each camera tube so that each tube will
receive only the information representing one primary color.
One tube receives only the red information, another the blue,
and a thrid the green, The output voltages from these tubes
are adjusted to an equal amplitude when the camera is directed
at a white surface, The outputs of the three cameras then go
to a mixer or matrix, The matrix is a divider and polarity
changing device from which we can assemble the signals which we
require,

MIXER
> y-.596+.30R+//8 B';Z‘;;’;SS BRISGHTNESS

rd

) 7 O-4 Mc.
CAMERAS )}(‘\
\

\ \\\{r. B L
T G+,60R-.3 CTYAN
FUTER ADDER XMTR
o-L.5 Mc.,

S *. v, 3/ 7

o-,5Mc.

COLOR TRANSMITTER

From the block diagram, you can see we set up three signals,
These are the Y, I, and Q signals, If we review for a moment
the information which is necessary for color reproduction, we
know that we need three types of information to reproduce a
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color, These are brightness, hue, and satuvrstion. In a color
system, we &lso have to supply a signal which can be used to
reproduce a black and white picture of the color scene., This
i1s necessary in order to satisfy the compatability requirement.
We will then briefly discuss each of these signals and its
function,

The Y, or luminance signal contains the information necessary
for black and white picture reproduction on black and white
sets, and also contains the brightness information for use in
color receivers, This signal consists of a portion of the
output of each of the camera tubes, The proportions are .30
red + ,59 green + ,11 blue, This signal adds up to a total of
1 when the camera is directed against a white scene, The
figure 1 in this case represents unity and is not indicative

of a value of voltage, When the caneras are directed against

a white scene, the amplitude of signal in the Y channel will be
equal to that of the signal at the output of each of the camera
tubes, This signal will then indicate the brightness of the
scene and the output signal from this channel will register
differently for colors of different hues, saturation, and bright-
ness, This will satisfy the requirement for a compatible signal,
When the camera is directed at a white scene, the signal output
will be maximum, and if this signal were impressed on a black
and white tube, we would see white reproduced, If the camera
were directed at a green scene, there would be no red or blue
information in the signal and the black and white tube would
produce a shade of grey which would be approximately 607 as
bright as the white shade, If the cauera were directed
successively at a red and a blue scene, we would see shades of
grey which would be approximately 30% and 11% as bright as the
white, A grey object would reproduce a signal approximately
half the amplitude of that produced by a white scene, and a
black and white tube would reproduce this as a grey object,
This signal will then reproduce a different shade of grey,
dependent upon the brightness of the object and in this manner
would reproduce a black and white signal as we now see them
when an ordinary camera is used for television broadcast.

The I and Q signals are the color control signals and are used
to control the hue and saturation of the color in the color
receiver, These signals are not used if the transmission is
picked by a black and white receiver,

The Q signal is the color control signal which is used only in
the reproduction of the large color areas in a scene, This
signal is proportioned ,21R - ,52G + ,31B, As the signal is to
be used only in the larger areas of the picture, it is fed
through a 0-,5me bandpass filter, This signal will control the
colors over the sreen-magenta range,

The I signal is the second color control signal, This signal
is proportioned ,60R - ,28G - ,32B, This signal will control
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colors over the range of the cyan-orange red group. The I
signal is used in conjunction with the Q signal to control the
colors in the large areas of the picture and is used by itself
to control the colors in the small picture areas, This signal
passes through a bandpass filter with range of 0 to 1,5me.

The three signals Y, Q and I are then combined and used to
modulate transmitter output. The manner in which these signals
are combined 1s quite & complex operation and will be covered
later,

When the signal is received by a black and white receiver, only
the informationcontained in the Y channel will be utilized and
the color control information will be cancelled out, The black
and white receiver will then reproduce a picture and the viewer
will be unaware of the fact that the program is a color trans-
mission unless he has been previously informed,

When the signal is received by a color receiver, all of the
information is utilized, the Y signal is used to control the
brightness, and the I and Q signals control the hue and satu-

ration of the color.
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COLOR RECEIVER

The block diagram of the receiver will show that we have an RF
and IF system very similar to that used in black and white re-
celvers, The signal then enters a divider system which separates
the three signals, The Y signal goes through a normal type of
video circuit and this information is then fed to the three guns
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of the picture tube., The color control signals are handled
by circuits which are additional to those required for black
and white., In these circuits the two signals are separated,
the Q signal is then fed through a low pass filter of 0-,5mc
and the output signal properly proportioned to the picture
tube guns, The I signal proceeds throcugh a low pass filter
0-1.5me¢ and is properly proportioned to the picture tube guns.

The color control information is fed into a chroma control
prior to the operation of separating these two signals, If
the chroma control 1s adjusted so that no I and Q information
can reach the picture tube, then the color receiver will re-
produce a black and white picture. When a black and white
picture is being transmitted, the I and Q signals are not
reproduced and it is not therefor necessary to reduce the
chroma control to & O position for black and white reproduction.
In normal operation on a color broadcast, the position of the
chroma control will determine the amount of color hue which is
fed to the picture tube and will as a result determine the
degree of saturation reproduced in the colors up to the limits
set by the transmitted signal,
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CHAPTER L

NATIONAL TELEVISION SYSTEM COMMITTEE
SIGNAL SPECIFICATION

Approved by Panel 13, July 8, 1953 and
the National Television System Committee
July 21, 1953

1. General Specifications

A.

Channel

The color television signal and its accompanying sound signal shall be transmitted within a 6
megacycle channel.

Picture Signal Frequency

The picture signal carrier, nominally 1.25 Mc above the lower boundary of the channel, shall con-
form to the frequency assigned by the Federal Communications Commission for the particular
station.

. Polarization

The radiated signals shall be horizontally polarized.

. Vestigial Sideband Transmission

Vestigial sideband transmission in accordance with Figure 2 shall be employed.

Aspect Ratio

The aspect ratio of the scanned image shall be four units horizontally to three units vertically.

Scanning and Synchronization

1. The color picture signal shall correspond to the scanning of the image at uniform velocities
from left to right and from top to bottom with 525 lines per frame interlaced 2:1.

2. The horizontal scanning frequency shall be 2/455 times the color subcarrier frequency; this
corresponds nominally to 15,750 cycles per second (with an actual value of 15,734.264 -+ 0.047
cycles per second). The vertical scanning frequency is 2/525 times the horizontal scanning

frequency: this corresponds nominally to 60 cycles per second (the actual value is 59.94 cycles
per second).

3. The color television signal shall consist of color picture signals and synchronizing signals,
transmitted successively and in different amplitude ranges except where the chrominance
penetrates the synchronizing region, and the burst penetrates the picture region.
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NTSC Signal Specification—continued

G.

4. The horizontal, vertical, and color synchronizing signals shall be those specified in Figure 1,
as modified by vestigial sideband transmission specified in Figure 2 and by the delay charac-
teristic specified in III.B.

Out-of-Channel Radiation

The field strength measured at any frequency beyond the limits of the assigned channel shall
be at least 60 db below the peak picture level.

1I. Sound

A.

Sound Signal Frequency

The frequency of the unmodulated sound carrier shall be 4.5 Mc + 1000 cycles above the fre-
quency actually in use for the picture carrier.

. Sound Signal Characteristics

The sound transmission shall be by frequency modulation, with maximum deviation of + 25 kilo-
cycles, and with pre-emphasis in accordance with a 75 microsecond time constant.
Power Ratio

The effective radiated power of the aural-signal transmitter shall be not less than 50 per cent nor
more than 70 per cent of the peak power of the visual signal transmitter.

III. The Complete Color Picture Signal .

A.

G

General Specifications

The color picture signal shall correspond to a luminance (brightness) component transmitted as
amplitude modulation of the picture carrier and a simultaneous pair of chrominance (coloring)
components transmitted as the amplitude modulation sidebands of a pair of suppressed subcar-
riers in quadrature having the common frequency relative to the picture carrier of + 3.579545
Mc =+ 0.0003 per cent with a maximum rate of change not to exceed 1/10 cycle per sec per sec.

Delay Specification

A sine wave, introduced at those terminals of the transmitter which are normally fed the color
picture signal, shall produce a radiated signal having an envelope delay, relative to the average
envelope delay between 0.05 and 0.20 Mc, of zero microseconds up to a frequency of 3.0 Mc; and
then linearly decreasing to 4.18 Mc so as to be equal to —0.17 psecs at 3.58 Mc. The tolerance on
the envelope delay shall be + 0.05 usecs at 3.58 Mc. The tolerance shall increase linearly to + 0.1
psec, down to 2.1 Mc, and remain at + 0.1 psec down to 0.2Mc*. The tolerance shall also increase
linearly to -+ 0.1 usec at 4.18 Mc.

The Luminance Component

L. An increase in initial light intensity shall correspond to a decrease in the amplitude of the
carrier envelope (negative modulation).

2. The blanking level shall be at (75 + 2.5) per cent of the peak amplitude of the carrier en-
velope. The reference white (luminance) level shall be (12.5 + 2.5) per cent of the peak car-
rier amplitude. The reference black level shall be separated from the blanking level by the
setup interval, which shall be (7.5 + 2.5) per cent of the video range from the blanking level
to the reference white level.

*Tolerances for the interval of 0.0 to 0.2 Mc should not be specified in the present state of the art.
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NTSC Signal Specification—continued

3. The overall attenuation versus frequency of the luminance signal shall not exceed the value
specified by the FCC for black and white transmission.
D. Equation of Complete Color Signal
1. The color picture signal has the following composition:
Ey = By’ + {Eq'sin (ot + 33°) + E; cos (vt + 33°) }
where
Eq' = 0.41 (Ep’ — Ey') + 0.48 (Ex’ — Ey')
E/ = —0.27 (Ey' — Ey') + 0.74 (Ex’ — Ey')
Ey’' = 0.30 Ex’ + 0.59 E¢’ + 0.11 Eyp’

Il

The phase reference in the above equation is the phase of the (color burst 4 180°), as shown
in Figure 3. The burst corresponds to amplitude modulation of a continuous sine wave.

Notes: For color-difference frequencies below 500 Kc, the signal can be represented by

1 2 ! !
Ex = E¢ + {W[H(EB — Ey') sinowt 4+ (Eg’ — Ey') cos«»t] }

In these expressions the symbols have the following significance:

Ey is the total video voltage, corresponding to the scanning of a particular picture element,
applied to the modulator of the picture transmitter.

Ey’ is the gamma-corrected voltage of the monochrome (black-and-white) portion of the color
picture signal, corresponding to the given picture element.*

Ex’, E¢’, and Eg’ are the gamma-corrected voltages corresponding to red, green, and blue signals
during the scanning of the given picture element.

The gamma corrected voltages Ey’, E¢’, and Ey' are suitable for a color picture tube having pri-
mary colors with the following chromaticities in the CIE system of specification:

X y
Red (R) 0.67 0.33
Green (G) 0.21 0.71
Blue (B) 0.14 0.08

and having a transfer gradient (gamma exponent) of 2.2** associated with each primary color. The
voltages Ey’, Eq', and Eg’ may be respectively of the form Ep!/7, Eg'/7, and Eg'/7 although other
forms may be used with advances in the state of the art.

Eq' and E/ are the amplitudes of two orthogonal components of the chrominance signal corre-
sponding respectively to narrow-band and wide-band axes, as specified in paragraph D.5.

*Forming of the high frequency portion of the monochrome signal in a different manner is permissible and may in
fact be desirable in order to improve the sharpness on saturated colors.

**At the present state of the art it is considered inadvisable to set a tolerance on the value of gamma and correspond-
ingly this portion of the specification will not be enforced.
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NTSC Signal Specification—continued

The angular frequency o is 2 = times the frequency of the chrominance subcarrier.

The portion of each expression between brackets represents the chrominance subcarrier signal
which carries the chrominance information.

2;

The chrominance signal is so proportioned that it vanishes for the chromaticity of CIE illumi-
nant C (x = 0.310, y = 0.316).

Ey', Eq’, E/’ and the components of these signals shall match each other in time to 0.05 psecs.

A sine wave of 3.58 Mc introduced at those terminals of the transmitter which are normally
fed the color picture signal shall produce a radiated signal having an amplitude, (as measured
with a diode on the R.F. transmission line supplying power to the antenna) which is down
(6 + 2) db with respect to a radiated signal produced by a sine wave of 200 kc. In addition,
the amplitude of the radiated signal shall not vary by more than <+ 2 db between the modulat-
ing frequencies of 2.1 and 4.18 Mc. @

The equivalent bandwidths assigned prior to modulation to the color-difference signals Eq’ and
E,’ are given by Table I.

Table 1

Q-channel bandwidth

at 400 kc less than 2 db down
at 500 kc less than 6 db down
at 600 kc at least 6 db down

I-channel bandwidth

at 1.3 mc less than 2 db down
at 3.6 mc at least 20 db down

- The angles of the subcarrier measured with respect to the burst phase, when reproducing satu-

rated primaries and their complements at 75 per cent of full amplitude, shall be within + 10°
and their amplitudes shall be within + 20 per cent of the values specified above. The ratios of
the measured amplitudes of the subcarrier to the luminance signal for the same saturated
primaries and their complements shall fall between the limits of 0.8 and 1.2 of the values

specified for their ratios. Closer tolerances may prove to be practicable and desirable with ad-
vance in the art.
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CHAPTER 5 3

"THE TRANSMITTER COLOR SIGNAL"

The color camera contains three color pickup tubes, The informa-
tion at the output of each tube 1s in the form of a voltage which
represents the amount of that color in the portion of the picture
being scanned, The camera is adjusted to give equal output at
each of the camera tubes when a white object is being scanned,
These outputs will be referred to as unity or 1,0 for discussions
concerning signal composition, To develop a signal which will be
representative of changes in brightness level, a portion of each
camera voltage must be taken and this proportion must be such
that the signal will represent maximum amplitude for a white
object, The amplitude of the signal will vary in proportion to
the relative brightness of any object to that of white,

The signal which is developed by these proportionate outputs 1s
referred to as the "Y" or luminance signal, Additional signals
must be developed for color control,

The luminance signal which meets the requirement of a compatible
signal for black and white reproduction is -

Y = ,30R + ,59G + ,11B

This signal 1s the proportions of Red, Blue and Green which will
represent white or gray dependent upon the luminance of the ob-
ject being scanned, For color control it will be necessary to
develop additional signals to control the color tube in the re-
celver, To trensmit the color information, it is more convenient
to work with the smallest number of signals, The color control
signals can be made up of portions of the outputs of each of the
color tubes, Ii each of the camera tube outputs is expressed in
terms of the three primary colors, then we can combine these
signals in such a way that we need only transmit two control
signals, the third signal can be redeveloped at the receiver by
taking portions of the other two signals, Two signals can be
transmitted by modulating them on portions of the same subcarrier
which have a phase displacement of 90°, If the resulting side-
band signals are combined, both signals would add to create a sig-
nal which would vary in amplitude and phase, This resultant
sideband 1s then used to modulate the picture carrier of the
transmitter just as any video signal, Two proportionate amounts
of the camera outputs were developed which would satisfy the
requirements of being able to produce the three primary colors
for full reproduction of color in the large picture areas and

for two-color reproduction in the small picture areas, These
signals are called the I and Q signals, and their proportions

of the camera outputs are -

Q - .52G + ,21R + ,31B
I - .28¢ + ,60R - ,32B

Hoffman Radio Corp, - Serv, Div,



ga2

The Q signal is transmitted only over a frequency range of 0 - ,5
megacycles and the I signal is transmitted over a range of 0 = 1,5

megacycles,
v.oson+oaii;fjaa Y}7

Y
R >3 MATRIX ADDER
G I I » ¢
MATRIX MOD.
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35 | | 90°
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The requirement for the transmission of the Y, I and Q signals
would seem to be that of 6 megacycles wide, As this space is
not available, further study of the black and white system would
have to be made in order to determine how this could be accom=-
plished,

One of the requirements of the color signal is that it must be
cormpatible, This means that the signal must be capable of repro-
ducing a black end white picture on a monochrome set without the
need of readjustment or redesign on any of the components, A
review of the factors which must be retained for compatible per-
formence shows -

a, The picture and sound signals must be contained within a
6 megacycle frequency allocation,

b. The equalizing and sync pulses for sync control must be
retained,

c. The picture carrier frequency shall be 1,25 megacycles from
the lower frequency limit of the 6 megacycle allocation,

d. The sound frequency must be L .5 megacycles above the picture
frequency,.

e, The video information shcouléd be contained within a l megecycle

band to minimize interference between videc and sound sideband
frequencies,
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f. The relationship between the number of horizontal lines,
fleld frequency and horizontel line frequency shall be such that
all are harmonically related for control purposes,

A study of the frequencies involved in a black and white signal
shows that a field frequency of 60 would allow the fields to oceur

at & rate equal to that of the power line frequency, This was then

fixed as the stendard which wouléd meet the requirement of no
visible flicker, and a frequency which could be compared with a
readily available standard, The vertical line frequency for suit-
able definition was placed in the vieinity of 500 lines, The
exact number of lines determined was that of 525 lines, The num-
ber, 525, was chosen as an odd multiple of 5 x 5 x 7 x 3 and
would allow counter circuits to maintain the harmonic relation-
ship., A horizontal line frequency for suitable definition was
set in the order of 15,000 cycles, Again for control purposes,

a harmonic relationship between the field frequency and the
number of horizontal lines had to be established, The frequency
was then determined to be 60 x 525 & 2, This resulted in a line
frequency of 15,750 as the horizontal line frequency,

These frequencies coulé be maintained within very close limits if
synchronized with an automatically controlled power line, and the
power line coulcd be used as a common sync standard between f£ilm
transmission and broadcast station sync requirements or as a
standard between transmissions originating from two stations,
Power companies with automatic regulation cen maintain their
frequency within ,1 CPS, This is equivalent to .16% varietion,
The sync circuits in a receiver could be designed to handle this
range of variation without need of readjustment,

To transmit a colcr signal within the limits defined for black
and white transmission would appear to present an impossible task,
The problem was that of transmitting 6 megacycles of information
through a l megacycle system, Experiments proved that a black
and white signal did not require the entire L4 megacycle band to
transmit all the necessary information for video reproduction,
The lowest frequency which would be transmitted at a line fre-
quency of 15,750 would be a signal which would result in an all
white or all black signal to appear on the face of the tube,
This would require that the signal be a square wave, A square
wave consists of a fundamental frequency equal in time duration
to the square wave and the sum of all the harmonics of this
fundamental frequency, This means that the energy in a l mega-
cycle band would appear as bursts of energy occurring at the
line frequency or harmonics of that frequency,
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POSSIBLE VIDEO SIGNAL DISTRIBUTION

)

Disposition of Video Information in a Black and White Signal

A further study of the black and white signal showed that the
only energy appearing in the video signal which was not a
harmonic of the line frequency was random energy., When this
energy consisted of frequencies which were odd harmonics of
one-half the line frequency, the signals would cancel out on
the face of the picture tube in esch successive field, A
signal which is an odd harmonic of one-half the line frequency
would cause a positive signal to appear on the first line of
any frame, This energy would appear as a negative signal on
the first line of the following frame, The effect on the eye
would be that of representing an average change in brightness
of zero, The interference or energy appearing at this frequency
would not be visible to a viewer,
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Cancellation of coloring information: (A) even harmonies of half
line frequency reinforce each other on successive scanning of same
line; (B) odd harmonics cancel out
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Discovery of the fact that the energy was contained in bunches
at harmonics of the line frequency showed that there was avail-
able a considerable amount of unused space in the 4 me, pass
band, It was then evident that these spaces could be used to
insert additional information without utilizing additional

pass band width, The chrominance or color information could

be Inserted in the areas between the black and white information
and both signals could then be transported within a frequency
pass band which would meet the requirement for black and white
signals, If this signal were used to modulate a frequency
whose harmonics would fall between the harmonics of the line
frequency, then the information could be combined with the
black end white information without causing interference, The
next consideration was that of determining the frequency to be
used to accomplish this purpose, Several factors had to be
taken into consideration in determining the frequency.

The frequency should be maintained at the highest possible value
in order to minimize picture degradation caused by the beat fre-
quency resulting from the picture carrier frequency and the color
subcarrier frequency, If the subcarrier frequency is made as
high as possible, the beat frequency between the color subcarrier
and the picture carrier frequency would be high, This would re-
sult in a high frequency beat which would cause a very fine beat
pattern to appear in the picture and would be the least visible,
The higher the subcarrier frequency, the lower beat frequency
between the subcarrier and the sound frequency, This pattern
would be at a relatively low frequency and would, therefore, be
visible in the picture, If the beat pattern between the color
subcarrier and the sound carrier could be caused to appear at
an odd multiple of the line frequency, this interference pattern
could be made to cancel out, The approximete location of the
color subcarrier was determined by the space requirements of
the color information and the maximum bandpass which could be
utilized for video use, It was determined that a bandpass of
4,2 me, could be used without causing interference between the
video information and the side bands of the sound transmission,
The requirement for the large color areas was that we be able
to transmit a color signal from O - ,5 me, The requirement for
the smaller color areas was that we be able to transmit informa-
tion on a 0 - 1,5 me, range, In order to keep the color sub-
carrier high it was decided that the low frequency color informe-
tion could be transmitted with double side band modulation, and
the information for the small areas would be single side band
transmission, If the single side band transmission were made to
place the side band on the low frequency side of the color sub-
carrier, then the color subcarrier frequency could be placed at
approximately .6 of a megacycle below the upper video range of
4,2 me, This would meen the color subcarrier was in the vicinity
of 3.6 mes, The color subcarrier should be harmonically related
to the line frequency for control purposes, A study of the approxi-
mate location of the color subcarrier against a line frequency of
15,750 showed that the L55th harmonic of one-half the line fre-
queéncy gave a number which was easily handled through counter
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control equipment, the factors of 455 being 5 x 7 x 13, This
calculation showed that one-half the line frequency or 7875

cyeles x 455 gave a color subcarrier frequency of 3,583125 mes,
The beat frequency between the color subcarrier and the sound
carrier at 4,5 mcs, shows that this frequency would fall at
approximately .92 mcs, This beat frequency was to be positioned
to fall between the burst of the monochrome information in order
that the cancellation effect of the interference beat could be
achieved., The closest odd multiple of one-half the line frequency
showed that this separation should be ,921375 mes, This separa-
tion added to the color subcarrier frequency meant that the sound
frequency would be L,5045 mes, This meant that the sound fre-
quency would have to be moved 4500 cycles from the present standard,
Examination of a number of receivers which had been built showed
that this much deviation would result in unsatisfactory performance
of receivers now in the field, It was therefore necessary to re-
duce all the frequencies by the percentage necessary to restore
the sound frequency to L.5 mes, This percentage is ,1%. This
resulted in a burst frequency of 3,579545 mes., 1In order to retain
the harmonic relationship between all the frequencies involved,

it meant that the line frequency would now have to be changed and
be set at 15,734+ and the vertical scanning frequency at 55z x the
horizontal scanning frequency. This means that the field
frequency had to be set at 59,94 CPS., This deviation is less

than the per cent deviation now encountered in power company
regulation, The deviation could then be tolerated, as it would
not require modification of any of the vertical or horiz ntal
circuits within present black and white receivers,

The color control signals are used to modulate the color subcarrier,
The two color subcarriers are added vectorially, and the resultant
signal will vary in amplitude in direct proportion to the satura-
tion of the colors, The phase of the side bands of the color
subcarrier will determine the hue, If this information is to be
used to reproduce the correct colors in the receiver, then the
signals must be demodulated with & signal which is synchronized
with one on the transmitter, A portion of the color subcarrier

1s transmitted during the blanking time, This signal appears

on the back porch of the blanking pulse, The signal consists

of 8 to 11 cycles of the subcarrier and its use 1s to synchro-
nize the decoding circuits in the receiver with the modulator

In the transmitter, The reference point throughout the system

is the 0° point of the color subcarrier, The phase relationship
oi Ehg I and Q signals to this point is shown in the following
sketch,
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The signals shown in this vector diagram indicate only phase

displacements,

They are not displaced in time,

The signals developed at the transmitter and their relationship
to one another can be shown graphically,
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A study of the signals developed shows the manner in which the
proportionate outputs of each camera tube 1s used to develop

the Y, I and Q signals, and the manner in which these signals

are combined to produce the color carrier, The chroma subcarrier
will vary in amplitude dependent upon the saturation of the colors,
This charg shows only the amplitude variation, The hue is con-
trolled by the phase of the subcarrier and is dependent upon

the relationship of I and Q, In reference to the color bursts,

red will always bear the relationship of 76°, Blue will occur

at 193° and green will occur at 300°,
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CHAPTER 6

"RECEIVER"

Inside the back cover of this book is a circult diagram of the
prototype Hoffmen color recegiver, This receiver represents the
circuitry in use at the present time, The schematic in the back
of the book can be used to follow the action of the signals
during the discussion of the receiver,

The tuner used in the color receiver is a Standard Coll Tuner of
conventional design, The only requirement of the tuner that is
different than that for a black and white set is that the align-
ment of the tuner must be held within close tolerance to minimize
any possibility of phase shift in the pass band, The IF amplifier
consists of five stages and has a bandpass of lj,3 mcs, The align-
ment of the IF amplifier must be done very carefully in order

that phase shift does not occur, If any phase shift occurs in

the IF stages, this can cause lack of color balance of the picture
tube and incorrect color reproduction, Five stages are necessary
in the IF strip in order to insure adequate gain at a wide band-
pass, The final stage of the IF amplifier feeds into the video
second detector and to the input of the sound amplifiers, The
sound is taken off in the final IF stage ahead of the second de-
tector in order to minimize interference between the sound carrier
and the color subcarrier and to prevent this interference pattern
from appearing in the picture, The interference that exists at
this point is that caused by the beat between the color subcarrier
and the sound side bands., Any interference that remains is can-
celled out at the picture tube by having this interference pattern
appear on odd multiples of line frequency and cancelling itself

in each successive field, The signal at the output of the second
detector 1s positive in polarity, The video signal is fed through
the first video stage, The signal at the plate of the first video
stage is coupled into a delay line and from the delay line to the
grid of the second video stage, The delay line is in the circult
to slow down the luminance of Y information so that it will arrive
at the adder amplifiers in phase with the signals from the I and

Q circuits, The signal at the plate of the second video stage
contains all the information which was transmitted; however, the
output of this amplifier 1s attenuated rapidly after 3 megacycles
in order to reduce any interfering signals due to beats between
the side bands of the color subcarrier and the picture carrier,
This signal will represent the brightness level of the picture
transmitted and will contain the white adder which would determine
saturation of the color as transmitted, When this signal albne
appears on the picture tube, the picture will be a black and white
reproduction of the color signal transmitted,

The horizontal and vertical sync pulses are taken from the plate

of the first video stage, These are fed into the sync separator
stages In order that the horizontal and vertical sweep circuits
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can be controlled, The amplitude of the sync pulses are also
used to control the gated AGC circult,

Color control information is taken from the first video stage,
The color burst which is located immediately behind horizontal
sync pulse is taken from a winding on T1ll; and supplied to the
grid of the burst amplifier, This signal is used to establish
the phase relationship between the color subcarrier from the
transmitter and a similar oscillator in the receiver, In order
to demodulate the color signals, we must have an oscillator in
the receiver running at exactly the same frequency as the oscil-
lator at the transmitter, For this we use a crystal control
oscillator shown in V131B, It is also necessary that this
oscillator be exactly in phase with the transmitter oscillator,

A signal is taken from the 3,58 megacycle oscillator and this

is fed into the color phasing amplifier, The output of this
oscillator is fed to the two halves of the phase detector, The
control color burst signal which appears at the grid of the
burst amplifier is amplified and coupled to the phase detector
through T122, Phase relationship between the color burst signal
which appears on the phase detector and the portion of the signal
from the receiver oscillator is 90°, When this condition exists,
there is no de¢ difference at the center tap of the secondary
T122, However, if the two voltages are at a different phase,

a difference in voltage will exist at this point and will change
the control grid voltage on V131A, the reactance tube, The re-
actance tube acts as a variable capacitor and will change the
frequency of the receiver oscillator and cause it to speed up or
slow down a sufficient amount to be in proper phase with the
color burst signal, The color burst amplifier operates only
during the time of horizontal blanking, A pulse is taken from
the horizontal output transformer T11l7 and applied to the
cathode of this tube, The stage is made inoperative during

the rest of the time, to prevent. any other signals from affecting
the 3,58 megacycle oscillator, The killer tube is used to make
the chroma circuits inoperative when no chroma signal is being
transmitted, When a black and white signal is being transmitted
there will be no color burst signal fed into the burst amplifier,
Under this condition, the killer tube would conduct and develop
a bias on the grid of the bandpass amplifier sufficient to keep
this amplifier at cut-off, When the color burst is present, the
killer tube is cut off and the bandpass amplifier can operate,

The chroma signal is taken from the cathode of the first video
stage, From there it goes to ghe grid of the bandpass ampli-
fier, This bandpass amplifier is designed to pass only the
chroma information and will pass the frequencies between 2,1
megacycles and l,2 megacycles, This amplifier is cut off during
the retrace time, A negative pulse is applied to the screen
grid from the horizontal output transformer, If this amplifier
were not cut off, the color burst signal would pass through the
circuit and might result in yellow retrace lines appearing in
the picture tube,
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The chroma signal from the output of the bandpass amplifier is
fed into the control ids of the Q and I demodulators, From:
the cathode of the 3,58 megacycle oscillator a signal is taken
and supplied to the suppressor grid of the I demodulator, Another
signal is taken from the cathode and fed through the quadrature
amplifier, This signal 1s displaced 90° from the oscillator
frequency and is supplied to the suppressor grid of the Q de-
modulator, The demodulators are balanced demodulators and in
the output of the Q demodulator will appear the Q information
which was inserted at the transmitter plus the I information
above ,5 megacycles, A bandpass filter is used to cut off all
information above ,5 of a megacycle and only the Q signal will
remain, At the output of the I demodulator only the I informa-
tion will appear, This is fed through a bandpass amplifier with
a range of 0 - 1,5 megacycles, The signal amplitude at this
point will only be half the amplitude of the Q signal, This
difference is caused by the fact that only one side band of the
I information was transmitted, The signal is then amplified

and fed to the phase inverter circult,

The three signals which were generated in the transmitter can
now be reproduced and applied to the picture tube adder circults,
The luminance signal is fed in equal amounts to each of the three
amplifiers, The I and Q signals are fed in the proper polarity
and amplitudes to equal that of the proportions present in the
transmitted signal, This is done through the matrixing circuit,
The resistors in this circuit are proportioned to give the right
amount of each signal,

The adder amplifiers are used to assure that the right amount
of signal will appear at the picture tube to compensate for
differences in phosphor efficiency, The red phosphor normally
requires slightly more drive, Therefore, the green and blue
amplifiers are equipped with gain controls so that the outputs
of these circuits can be reduced the required amount,

The high voltage circuit of the receliver is designed to main-
tain a closely regulated second anode voltage, Once the receiver
has been set up, a varietion in second anode voltage can result in
incorrect color reproduction, It is possible for the picture
tube to require as much as 800 miero-amps, and the regulation

of the supply must be such that the high voltage will remain
steady over a rangé of 0 to 800 micro-amps, High voltage regu-
lator tubes have been developed which will handle the voltages
rgqg%ied. The second ancde voltage 1s normally in the vicinity

o Ve

A voltage is taken from the cathode of the horizontal output
tube and this 1s fed through the transformers T1l5 and T116.
Another voltage is taken from the cathode of the vertical out-
put transformer, This signal is amplified and fed into the pri-
maries of the same two transformers, From the secondaries of
these transformers a composite voltage 1s fed to the picture

Hoffman Radlo Corp, - Serv, Div,



6-L

tube focus elements and to the picture tube convergence elements,
These wave forms are shaped and the amplitude adjusted to that
necessary to compensate for any convergence errors due to the
use of a flat picture surface,

The setup of the picture tube will differ with various receivers,
The general order in which the adjustments are made after the
tube has been physically mounted in the receiver is first, the
linearity and size adgustments are made, This is done with the
chroma control in an "off" position, Next, the high voltage is
ad justed, This 1s done to maintain a constant voltage with both
minimm and maximum settings of the brightness control, The
purity adjustments are made followed by ad justments of the red,
blue and green screen voltages, The convergence adjustment 1is
the next in order and it is necessary to use a dot generator

for this adjustment, The dot generator allows you to reproduce
white dots on the face of the tube and these can be separated

to show the three primary colors, The static dec and vertical
and horizontal dynamic convergences are adjusted using the dot
generator, The next adjustment is that of adjusting the screen
to a white surface, The adder amplifiers are then adjusted to
give the correct highlights, The background control is adjusted
to gilve the correct reproduction of low light levels,
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GLOSSARY Of Color Television Terms

APERTURE PLATE — Refer to Shadow Mask.

BricHTNESS — The attribute of visual perception
in accordance with which an area appears to
emit more or less light, ranging from black to
maximum white.

BricHTNESS SIGNAL — That part of the compo-
site color signal wave which has the major con-
trol of the luminance of the color picture, and
which controls the luminance of the picture
produced by a conventional black and white
receiver.

BugrsT — A synchronizing signal composed of eight
(8) cycles of color subcarrier frequency (added
to the horizontal blanking pedestal) for synchro-
nizing the color carrier oscillator in the color
receiver with the color carrier oscillator at the
transmitter.

CuromA — The characterization of a color quality
without reference to its brilliance or hue (satura-
tion only)

CHROMINANCE — Reference to color quality with-
out reference to its brilliance (hue and satura-
tion)

CHROMINANCE SIGNAL — The sidebands of the mod-
ulated color subcarrier which are added to the
black and white signal to convey color informa-
tion.

CIE — Committee Internationale d’Eclairage
(French: International Commission of Illumina-
tion)

CoLor EpcING — Spurious color at the boundaries
of differently colored areas in the picture.

CoLor GAMUT — A restricted range of hues and sat-
urations in the color spectrum.

CoLOoRIMETRY — The study of color.

CoLor SUBCARRIER — The carrier whose modulation
sidebands are added to the black and white sig-
nal to convey color information.

CoLor SyYNC SieNAL — See Burst.

CoLor TrANsmiIssiON — In television the transmis-
sion of a signal wave for controlling both the
luminance and chrominance values in a picture.

CoMPATIBILITY — The nature of a color television
system which permits normal black and white
reception of the color transmission by typical
unaltered black and white receivers designed for
standard black and white reception.

ComposiTE CoLor SiGNAL — The color signal, in-
cluding blanking, luminance and chrominance
intelligence, and all synchronizing signals.

ConsTANT LUMINANCE TRANSMISSION — A method
of color transmission in which the chrominance
signal controls the chromaticity of the produced
image without affecting the luminance, the lum-
inance being controlled by the brightness signal.

CONVERGENCE — The meeting and crossover of the
three electron beams of the tri-color kinescope at
a common point on the shadow mask.

CrossTALK — Distortion of a desired signal caused
by the presence of an undesired signal. In color
television this might be caused by reaction be-
tween the chrominance signal and the high fre-
quency brightness signal.

D.C. ConvVERGENCE — The correction necessary to
adjust the paths of the three electron beams in a
tri-color kinescope so that they meet at a com-
mon point at the center of the shadow mask.

DemopuLaTION — The process by which the orig-
inal intelligence is obtained from a modulated
radio wave.

Dy~namic CoNVERGENCE — The correction necessary
to adjust the paths of the three electron beams
in a tri-color kinescope so that they meet at a
common point as they are deflected over the en-
tire area of the shadow mask.

Huk — May be defined as Dominant Wavelength.
The attribute of colors that permits them to be
separated into groups designated by such terms
as red, green, blue, yellow, purple, and etc. The
word color is often considered synonymous with
hue.

ICI — International Commission of Illumination.

I PHASE — A carrier phase separated by 57° from
the color subcarrier (sometimes referred to as
the in-phase carrier).



ICW — A 3.58 MC continuous wave signal having I
phase. Generally restricted to reference to the re-
ceiver local oscillator (3.58 MC) and associated
circuits.

I SieNAL — The sidebands produced by modulating
the I phase carrier. The modulating signal is de-
fined by NTSC standards as: I = 0.60R — 0.28G
— 0.32B.

LuMINANCE — Standardized brightness.
LuminNANCE SieNAL — Refer to Brightness Signal.

MaTriX — A device consisting of an array of com-
ponents whose values are so chosen that selected
percentages of input signals are combined to
form the desired output signal.

Mu - METAL SHIELD — A high permeability metal
shield placed around the bell of the tri-color
kinescope to prevent stray magnetic fields from
disrupting the paths of the electrons beams.

NTSC — National Television System Committee.

PHosPHOR SCREEN — An integral part of the tri-
color kinescope: a glass plate having deposited
upon one surface an orderly array of small phos-
phor dots which, upon electron bombardment
in correct sequence and intensity, will produce
the visible effects of television.

ProspHOR TRio — Closely spaced phosphor dots,
arranged in triangular groups accurately deposit-
ed in interlaced positions on the phosphor
screen of the tri-color kinescope. Each trio con-
sists of a green-emitting dot, a red-emitting dot
and a blue-emitting dot.

PuriTY — Complete saturation, freedom from
white.

Q PHASE — A color television signal carrier phase
separated by 147° from the color subcarrier

(sometimes referred to as the quadrature car-
rier).

Q SieNAL — The sidebands produced by modu-
lating the Q phase carrier. The modulating
signal is defined by NTSC standards as: Q —=
0.21R — 0.52G + 0.31 B.

QCW — A 3.58 MC continuous wave signal having
Q phase. Generally restricted to reference to the
receiver local oscillator (3.58 MC) and associated
circuits.

REACTANCE TUBE — Generally a pentode type — in
principle, a variable reactance may be produced
at the plate of the tube by varying DC bias on
the grid. The type of reactance (inductive or
capacitive) produced at the plate is dependent
upon the signal bias applied from grid to cathode
(capacitive voltage at the cathode produces in-
ductive reactance at the plate).

SATURATION — The “vividness” of a color described
by such terms as pale, deep, pastel, vivid and
etc. May be defined as chromatic purity.

SHADOW MAsSK — A metal mask directly behind the
phosphor screen in a tri-color kinescope having
openings through which the phosphor trios of
the screen are bombarded by electron beams.

SynNcHRONOUS DETECTION — A phase sensitive proc-
ess of detecting amplitude variations of a single
phase from a multi-phase modulated carrier.

V.S.W.R. — Voltage Standing Wave Ratio.

Y SienNAL — Refer to Brightness Signal.
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