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The two previous issues contained a
general discussion of the additive process
of color reproduction. A “Color Box”
which could be built to reproduce a range
or gamut of colors similar to those re-
producible on a color television recciver
was also described. A typical color re-
ceiver is the General Electric Model 15C1L.-
100 shown in Fig. 1. The color TV re-
ceiver shown in I'ig. 1 uses the hfteen-
inch tri-color picture tube which pro-
duces a twelve and one-half inch picture
in either black and white or full color
depending upon the type of program
transmitted.

In this issue various aspects of color
properties and color specifications will
be discussed together with the actual
vperation of the color box.

THE VISIBLE SPECTRUM

The visible light spectrum shown in
Fig. 2 is composed of frequencies between
380 and 700 millimicrons and represents
the full range of frequencies visible to
the human eye. If a quantity of violet
light (380 my) is combined with a similar
quantity of green light (520 mp) the
resultant color will be in the indigo or
blue region which appears about midpoint
between these two frequencies in Fig. 2.
If the proportions of these two colors
(violet and green) are varied, the result-
ant color will become more green or
more violet depending on which color
has the largest proportion. The same is
true if green (520 mp) is mixed with red
(620 mp) in different proportions. The
resultant colors will have light frequen-
cies which fall in either the green, yellow,
orange or red range depending again on
the proportion of the two colors.

If a mixture of violet and green light
frequencies produces colors which [fall
between violet and green on the spec-
trum, and a mixture of green and red
light {requencies produces colors which
fall between green and red on the spec-
truin, it would be expected that a mixture
of violet and red would produce some
color between violet and red on the
spectrum. It is found, however, that
different proportions of these two colors
(violet and red) will produce colors which
do not appear at all in the visible spectrum
and range from purplish red to reddish
purple depending on the proportions,
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THE CHROMATICITY DIAGRAM

Because of this phenomenon it is
necessary to plot colors not on a straight
line but on a horseshoe curve or locus
called a chromaticity diagram. This tvpe
of diagram, which shows color variations
as well as the spectral color frequencies,
is shown in Iig. 3. Unfortunately this is
not shown in full color. It should be
visnalized however that the colors in-
dicated are more saturated or vivid at
the outer edge and become lighter as they
approach the center. It should also be
visualized that the colors shown do not
change abruptly, but gradually blend
from one into the other.

The Generol Electric color television receiver Model 1SCL100.

The egg-shaped area in the center
would be various shades of white depend-
ing upon the color of the adjacent area.
The area indicated by dotted lines which
surrounds the aforementioned white area
represents the various pastel shades of
the outside colors. It should be kept in
mind that colors on the curved portion
or locus of Fig. 3 represent the spectral
colors. and those on the straight line at
the bottom are nonspectral colors.

THE ICI COLOR PRIMARIES
In order to identify specific colors,
certain color standamls were established
by the TC1 (International Commission on
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Visible light spectrum.
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Illumination). These are known as the
IC1 color primaries and are defined as
monochromatic lights of the wavelengths
of 700 mu for red, 546.1 mu for green
and 435.8 myu for blue.

These three wavelengths of colored
light are used in a colorimeter which is
a device used to match an unknown color
with a combination of three primary
colors. The basic principle of the colorim-
eter is illustrated in Fig. 4. It was found
that most of the spectral colors could be
matched with ¢ombinations of the three
IC1 color primaries. There were some
colors in the range of wavelengths be-
tween approximately 450 and 550 mp
which could not be matched unless the
red primary was subtructed from the other
primaries. In other words, il was neces-
sary to add some of the red primary to
the spectral hue. This color could then
be matched with a combination of the
blue and green primaries. The color
mixture curves shown in Fig. 5 have been
plotted in terms of power (walls) re-
quired to mateh one watt of any spectral
hue.

tt should be noted that Fig. 5 covers
the range of wavelengths shown 1 hoth
Figs. 2 and 3. If we would like to obtain
vellow which has a wavelength of ap-
proximately 580 my, Ilig. 5 shows that
the amounts of the green and red prima-
ries are just about equal at this wave-
length.

I a spectral blue-green color in the
490 m u region in Fig. 3 is to be matched.
Fig. 5 shows that a negative amount of
red is required. As previously explained
this means that the amount of negative
power shown must be added to the spec-
tral color. This combination can then
be matched with approximately equal
amounts of blue and green as shown. It
will be also noted that in the 425 myu
region green must be subtracted from a
combination of blue and red.

THE X, Y, Z COLOR PRIMARIES

The specification and caleulation of
colors has been simplified by creating a
sel of imaginary primary colors X, Y, and
Z. These three colors do not exist but if
they could be produced and used in a
colorimeter any spectral (or nonspectral)
color could be produced without the
negative values shown in Fig. 5.

The drawing shown in Fig. 6 is a right
triangle based on the three imaginary
primaries X, Y and Z. The chromaticity
diagram which contains all of the spectral
and nonspectral colors has been plotted
within the X, Y, Z triangle. The colors

which are reproducible by positive com-
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binations of the three C1 primaries are
represented by the triangle within the chro-
maticity diagram. The area between the
1CI triangle and the chromaticity diagram
represents the colors which canmot be
reproduced by the 1CI primary colors.
Since the chromaticity diagram indicates
the full range of visible colors, both
spectral and nonspectral, the arca be-
tween the chromaticity diagram and the
X. Y, Z triangle represents imaginary and
therefore nonreproducible colors.

The X, Y, Z diagram is the interna-
tionally accepted representation of chro-
maticity values. Therefore, colors may
be specified by stating values of the X
and Y co-ordinates. Since X+Y+47=1
the total of X and Y can never exceed 1.
Z is not specified since its value is in-
ferred if X and Y are known. Therefore,
the value of X and Y completely deseribe
anv color. As an example the primaries
uscd in color television have heen speci-
ficd as follows:

X Y
Red 0.67 0.33
Green 0.21 0.71
Blue 0.14 0.08

Dotted lines have been drawn from these
points on the X and Y axis as shown in
Fig. 7. The points where these lines inter-
sect represent the triangle of colors re-
producible by color television. This tri-
angle is slightly smaller than the 1Cl
triangle shown in Fig. 0.

UNKNOWN
COLOR

VARIABLE
SOURCE OF
3 PRIMARY

COLORS

Fig. 4. Basic principle used in a colorimeter to
match an unknown color with a combination of
the three ICl primary colors.
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Chromaticity diagram showing the various spectral and nonspectral colors,

This illustration may give the impres-
sion that a considerable range of colors
are not reproducible by color television.
1t should, however, be pointed out that the
colors which cannot be reproduced by
color television are saturated colors which
seldom occur in nature. Since the colors
reproducible by color-printing and color
photography are well knowi, a comparison
of the gamut of colors reproducible by
each of these systems as well as the color
television system is shown in Fig. 8. This
illustration will give the reader an idea
of the range of colors which can be ex-
pected in color television.

The units used in the X, Y, Z, chro-
maticity diagram were chosen arbitrarily
so that negative values could be elimi-
nated. Since these X, Y, 7, units represent
imaginary colors, the question may arise
as to how these colors may be used to
specify actual visible colors. 1t is possi-
ble. whenever desired, to convert these
units mathematically to the 1CI primary
colors.

COLOR PRIMARIES OTHER THAN R, G AND B

It was previously stated that a com-
bination of all colors in the spectrum
produced white. If this is true, how can
white be produced from only red, green
and blue. The answer is that most of the
other colors are a combination of either
two or three of the primary colors. This
was discussed on page one of this 1ssue
unider the heading “the visible spectrum.”

[f certain proportions of red and green
were mixed, an orange color would be
produced with a wavelength in the 590-
600 my range as indicated in Iig. 3. If
certain proportions of blue and green
were mixed, a blue-green color would be
produced with a wavelength in the 180-
490 mp range. If these two resultant
colors were considered as primary colors,
a mixture of these primaries would pro-
duce colors which would range along a
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Fig. 5. Color mixture curves which indicate the number of watts of each 0.1
ICI primary required to match one watt of any spectral hue,

line connecting these two colors in Fig. 3.

The color produced would depend of

course on the proportion of the two pri-
mary colors used. Tt can be scen that
these colors would become while near
the center. In view of this it is entirely
possible that color television receivers
may be produced which use only two
primary colors. If the two primary colors
mentioned above were used, a consider-
able range of colors including orange,
blue-grecn and the pastel shades of these
colors as well as black and white would
be produced. Obviously the colors would
not cover the same range as those pro-
duced with three primary colors but
would be similar to some color pictures
which use only two primary colors.

In order to understand how the three
primary colors can be mixed to produce
a number of other colors it would be
helpful il a color television receiver were
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Fig. 6.

(700 MILLIMICRONS)

0.

X
2 03 04 05 06 07 08 09 10

X—->

The chromaticity diagram and the ICl color triangle are shown in their

relative positions.

available for experimentation. Since only
a few readers will have access to color
receivers. the color-box described in the
previous issue will materially help in the
understanding  of color properties and
color mixtures. Tt will be assumed for the
sake of simplicity that some means such
as a color receiver or a color-box is
available to reproduce various color mix-
tures from the three primary colors. The
color demonstrations which will be de-
scribed in the sections on hue, saturation
and brightness are based on the assump-
tion that a color-box is available.

The tri-color tube will be discussed in
detail later in this series of articles. At
this time it can be visualized as a picture
tube with three electron guns, each gun

capablz of controlling one of the primary
colors: red, green and blue. The color-
hox described in the last issue will also
reproduce the three primary colors each
of which is individually controlled as it is
in a color television receiver. It should
be pointed out that the colors used in a
color oicture tube are carefully chosen
to reproduce a particular wave length of
color. The colors in the ordinary Christ-
mas tree bulbs used in the color-box do
not represent exactly the same colors as
these used in color picture tubes, but
they are representative of the three
primarv colors.

The use of the color-box to produce
the various colors shown in Fig. 3 will
be described in the next issue.
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Contributions to this column are solicited. For
each question, short-cut or chronic-trouble note
selected for publication, you wiil receive $10.00
worth of electronic tubes. In the event of dupli-
cate or similar items, selection will be made by
the editor and his decision will be final. The
Company shall have the right without obligation
beyond the above to publish and use any sug-
gestion submitted to this column, Send contribu-
tions to The Editor, Techni-Talk, Tube Depart-
ment, General Electric Company, Schenectady
S, New York.

PICTURE TUBE DUST SEAL

There are many TV receivers on the market.
and in use todav which do not have a removahle
mazh for picture tube cleaning pnrposes, Cus-
tomers sometimes complain of the frequency
with which the tube requires cleaning.

Make o gashet of slightly less circumierenee
than that of the pictnre tube involved by fies
pnr('llu\in‘_ a strip of 112" sponge rubber trom
a local rubber products johber, Cut 1o the afore-
mentioned tength and cement the ends together
with rubber cement. After dry, slip this gasket
over the tube before placing in the cabinet,
W hen  the has been <ecured in the
cabinet. push this gasker forward so thar it
wedges hetween the cabinet and the tube iteelf,
thus forming a good seal to resist the dirt-carry-
ing air currents,

chassis

Frank W oltemar
166 Richmond Cirele
Pittshurgh 9. Pa.

WEAK ION TRAP

When attempting 1o get as much brighiness
as possibie from a pieture cuve and after trving
evervthing leaves much to he desired: try re-
placing the ion trap. A\ magnet that is too weak
or one that is too strong may not be hending all
ol the eathode-ray eleetrons the proper amonnt
to send them to the screen.

Henry A, Setzle. Iustructor
Del ry Technieal Institnte
2533 N. Ashlund Ave.
Chicago 14, Hlinois

SIMPLE SERVICE AIDS

v\ manicure kit will produce o number ol
simple radio service aids. Here are a few uses
for the atorementioned.

Nail Polish: Dope or cement for damaged

spraker  cones. coding  re-
placed  components,  wiring

and polarity.

Solvent for some plastics.
(Filed 1o chizel point) To he
used as nonconductive screw
driver for trimmers or align
ment tool.

Polish Remover:
Orange Stiek:

Fmery Boards: To  elean  connections  {or
and Nail Files: soldering contacts and  con

denser plates
To cut and strip wires,
For packing np snall objeets
dropping o chassis and for
holding <mall objects in place
in eramped quarters.
With a lictle investigation vou will find other
uses for the implements U have mentioned.
Lo A Frankel
30075 35 Street
Istorie. L N},

Nail Clippers:
Tweezers:

TUNABLE HUM
I was working on an REA 030TS chassis that
had o bad sivtv-evele hume but onlyv when the
sienal wus tuned in sharply. When the set was
slightly detuned the hum would disappear. |
finally found a 0AL6 sonnd 11 tube that. upon
replacement, eliminated the trouble. \pparently
the  trouble  was  cathodedo-flament  leakase
shicl was ot appareni i ine speaker until a
signal was tuned inoand the hum rode on top
of it Upon checking the tnbe in a tube tester
for filament-to-cathode Teakage. however. none
showed up and the tube checked perfectly
although when replaced in the sonnd 1F eireuil
the <ame (rouble was apparent.
Bernard Sincer
016 Adee Avenu
Brony. 67 N}

SHEET-BEAM TUBE

The 6AR8 is a miniatnre double-plate sheet-
heam tiube which incorporates a pair of balanced
deflectors to direet the electron heam (o either
of the two plates and a control arid 1o vary the
intensity of the beam. The resulting unique
haraeteristies of this tube make it especially
~ttited for serviee as a svnehronous detector in
color television receivers. In this application.
refatively large. balanced output signals of both
positive and negative polarities are developed
which eliminate the need Tor phase-inversion
functions in the matrix eireutts. Other features
o the 6AR8 svnchronous detector cireuit in-
clude low oscillator injection power require-
ments. freedom rom the space-charge coupling
elfects which are present in dual-control pentodes
md heptodes, linear antput voltages. insensitive-
ness to variations i oseitlator amplitnde over a
wide range. and a high ratio of piate-to-aceelera-
tor current, The 6 ARS8 is also suitable for service
in the burst gate circuit of coler TV receivers

mda variety of other switehing and  gating
applications.
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