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Dot Arrsngement - Viewed Cutside Tube

, Fit |
Note in Fig 1 the relationship of the three colors of phosphor dots.
This triangle arrangment of the red, blue, and green dots holds true all
over the screen of the color tube. The M.T.S.C. system of color requires

some £00,000 totgl dots with 200 ad, zm.mxz?wm_gg%g. and
200,000 being rad. Tt should be pointed out t none of these dots have

any color until they ars struck with an electron beam. In ‘other wordas,
each 18 black until 1liznted with a beam. This fact 18 instrumental in the
reproduction of a black and white picture on the color screen. RBach phos-
phor dot produces it's respective color when struck with an electron
beam.

Three beams of elsctrons rather than one scan the phosphor dots of
the RCA tube. A considerable amount of work is being done on single gun
tubes but at the present time, the three beam RCA tube is the most
succesaful. The thres beams scan ths phosphor dots in the same way and
at the same rate as the single heam of the black and white tube. The vert-
ical scan frequency remains at €0 opa and the horizontal frequency at
15,750 cps. The arrangment of the three beams in the RCA tube is such as
to allow only one beam to strike the red dots; one bsam to strike the
green dots; and the third beam strike the blue dots. An off-color picture
iz reoroduced if one or more of thu beams strike the wrong dots.
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" Wifn' thrie beams scanning the ohosphor dots, 1t would be impossible
to ésuss any one of the three beams to striks only one color of phosphor
dots without some sort of mask to block the other two beams. Note in Fig 2
that a shadow magi is arranged bshind the phosphor dots: This mask 4s
sometimes celled an apsrture mask since it consists of nothing more or
less than a metal plate with & pattern of holes in 4t. The metal plats 1s
very effective in blocking electron beams. The mask contains
and esach hole is positioned such as to allow the thres bsams to pass
throush and strike the three dots. Thers is

anglas : ' . It 13 apparent in Pig 2 that the shadow mask
insures that the boams strike only their respective phosphor dots. It is
also avparent that sach of the three buams is assigned ons golar of phos-

phor dots.
ote In Fig 2 that the thres beams converza at the mask such as to
cause the total diemeter of the three beams to be equal to ths diameter
of any of the three. An improper adjustment of any of the thres beams
might causs only vart of one of the beams to pass throuzh the mask hols.
Lat's assume that the red beam is slightly high with respsct to the hole.
This being true, only part of the red beam will pass through and 1light
the red phosphor dot. The light intensity from the red dot will be some-
thing less than what it should be. Also, with the red beam 8lightly high,
the red beam will strike a portion of the blue phosphor dot generating
some blu+ light. The net resulft of this condition would be an off-color
dstall and thersefore an off-color picture.
One of the most imoportant jobs of the technician is the job of gd-
A centering ping or magnet is usad on prssent black
end white tubes to position the single beam on the screen. It %s not at
all Important that the black and white beam be exactly vositioned on the
screen since all the adjustment dows 1s move the vlcture either horizon-
tally or vertically or both. %ggoe centering MoRkS. ars used on the RCA
color tube. Each mag. serves Lo adjust 1t's bwam indepondent of the other
two. Convergence 1s enjoyed when the three beams gre in the proper re-
lationship to each other and psss through the holes in the shadow mask
without striking the mask. It is most important thet the technicilan have
Flg 2 imorinted 4n his mind. It is important in many ways other than the
understanding and adjustment of convergence.

Some Fundamentals of %alor
-has bsen polnted out that in black and white racelvers, we are

cencernsd only with the brightness of a white source of light, In con-
sidering colors other than white, we grs concerned with factors other than
the brightness of ths colors. For exampls, the light from a red phosohor

dot has hus, g%gggggign, and brich Tn evaryday lanzuage, hue means
red and ES;EEQ-aEﬂ-ﬁgﬁna—hﬂlﬁfiﬁ:-%ggigﬁering two sources of red TIzht,
one might ba & doep,.red and the other a light rsd. The priEhtnegg o% the

two 1lizht sources may be egual or different. The term brightness rofsrs
;g_;hg_ingggg%ﬁx.of the red light source just as it does to the white
1ight scures from a black and white resceiver. Do not confuse ths bright-
ness of the red light with sither the term hue or the term saturation., A

light red source might have efthsr mors or less brightnoss than a dsep
red source. -
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Consider in Fig 3a that the eye is receiving red ligzht at an instant
from & sinzle red phosphor dot of the tube. Obviously the brightness of -
the light is dependent uoon the picture tubo red beam intensity. If the
rod beam intensity was more or less, the brightness of ths red light

apures would be more or less. Under this condition, hue and saturation are
not variable but brightness 1s.

Reproducing & Black and White Picture on Color Tubs 2
= =—eonsider In Fig 30 that the oye 1s receivinz light at en instant from
a rad, green, and blue dot. Slince these different co ored light sources
ara so close tozether, the eye sees only thae mixture of the three light
sources. The brightness of the three 11§:t sources may all be egual or all
differsnt devendinz upon the throe beamintensitics of the tube. : -
nry colors mixed to 8 n the : a.a white
n e above case, 1T the reca fi of the
total light; e red source 30 6s:g’g-%%%2h?agaﬁﬁﬁiigggﬁgéiigggfllﬁ of
the total, the eye will raboEﬁ?ze the mixture as white. This is very
significant since it exolains how the color tubs is able to reproducs a
black and white picture. Remember, the phosphor dots are black to the eye
until struck with a beam of the picture tube, ) :

The question arises now as to the ability of the color tube to re-
produce shades of gray (between white and black). Recalling from black and
white television that a gray light source is simply & white light source
of low intensity, it is avparent that the color tube will rceoroduce shades
of gray. A white lizht is recognized by the eye anytime that the three -
primary light sources are mixed together in proportions of 5a£_g:ggnl_%%;’
red, end 11% blue. If the intensity of the total beam is very bright, the
aye recognizes a white. If the intensity of the total beam 1s varied be-
twaen bright and off, the eys recoznizeés the shades of grays between white
and black. One mizht c¢onsider that when the color tube 1s pbroducing a
black and white ptcture, eash detsll of the black and white plecture ex-
cent black (no light) 1s composed of 59% green, 30% red, and 11% blue
light., One might further conclude that the lizht from the entire bleck end
white victure is composed of these same proportions of green, red, and
blue light.
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INDIVIDUAL PIASING ARRANGEMENT FOR EAcH GUN

Fig 4 1llustrates the necessary circ:its to enable a color tube +o
reoroduce & black and white picture with a black and white siwnal. Note
that the cathodes of the thres color guns are connected together allowing
the same video signal to be supplied to each iun. The grids of the three
guns return to  separate brightness controls allowing individual adjust-
ment of cach beam. When the brightness control for the green gun is ad-
justed to give 59% of the total brightness; the red control to give 20%;
end the blue control to give 11% , the reoroduced pvicture will be a black
and vhite picture. The adjustments of these three controls are aqually
imoortant to the reproduction of a color picture and in either case are
the resvonsibility of the technician,

It is interesting to note that if these controls are misadjusted to
allow one color of light to contribute more than it's normal percentage of
1fght, the reoroduced picture will indicate this malfunction. If the ab-
normal light 1s green, the picture will look sli:ntly green to the eye.

At this point 1t !s apparent that the enlor tube if properly connect-
6d Into a black and white receiver could roproduce a black and white pict-
ure. This doesn't mean thet the same receiver could reproduce a color
pleture. It does mean however, that a compatible color receiver must have
the same tyve of circuits as a present black and white receiver. The extra
circults Involved in a compatible color receiver ares only those circuits
needed to cause the color tube to revroduce a color pilcture from a color
signal. Henceforth, we will substitute the word ponochrome for "black and
white" when we sre talking about the black and white receiver, signal,
picturs, or picturs tube. For exampnls, the present receiver is a mono-
chrome reciver, opsrating on a monochrome signal, producing a monochrome
picture on a monochrome picture tube.

Reproducing the Color Picture :
& mos mportan unction of the color tube is to reproduce a color

pleture rather than a monochrome picture even though it has to do both.
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It 1= interesting to note that brizhtness is & varisbls in both the
monochrome and compatible color receivers., The monochrome signal of pre-
sent monochrome recelvers wvaries only the brightness of details of the
scene. The color involved is the sinzle color white (white to black).

One might consider that saturation 1s invoplved because saturation 1in this
case might mean how-white. One must remember, however, that only bright-
ness is variable in the monochrome racoiver and if saturation is consider-
ed to vary, it is only because the brightness does. Neither the monochrome
tubs or color tubs requires more then a brightness or monochrome_signal
to reproducce a monochrome picture.

By contrast, the color tube in ordsr tn reproduce a color picture ra-

guires a video s 2 ~ . One of these varlables
Is the brizhinaess or monochrome s as mentioned above. The other
variable reg ol the signal is saturation. The saturation signal ob-

viously serves the Tunction of cauSing 6 tube to reproduce the proper
dstails of color at the proper times, 2tmlifying the discussion, it might
be sald that the saturatlion video signal determines the celer of

& detall of the scene and the brightness or monochrome signal detsermines
how brizht the detail 1s. The industry has chosen to use the word_g¥§%gg_
ra n (they mean the same thing). Henceforth, we will.
rafer to « The saturation video signal path through
the roceiver will be known as the chrominance path.
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Pig 6 above illustrates how both the monochrome signal and chrn=-"
minance =ignal might be aonllied to the color tubs., The monochrome 8iznal
is simply applied to the three cathodes whereby the cathodes are connected
in varallel., The chrominance signal is applied to the three grids whereby
the grids return individually through pgrid resistora and brightness con- .
. trols to ground. A most interssting item reflects 1tsélf here for we
. notlce that S hrominange siz a2l s .10 a_8in 2 g 3 - ¢
0813, ™1s should have been suspected since the
: : ree guns nnd beams and individual control over each
heaam or gun must be enjoyed In order to reproduce the colopr standards
that wae've been talking sbout. Since each of the thres chrominance signals
controls a separate gun, the signals are known es the red chromlnance,
greenBc%;ominance, and ¢ _chrominance signals, i
‘Bo 8 corominance signal and monochrome signal produce vo
changes between cathode and grid of the three gunssgnd ghereror: g::ggce
chongos in intensities of the ‘threoe beoms. Let's consider thot only the
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schrome signal is present. Under this conditlion, vyoltage variations
3?"t§2 m:nochggme gignal will cause the beam intensities of ell thres
beams to vary in exactly the sams way. This is exactly what hapoena when
the color receiver 1s receiving a regular monochrome signal. If the tech-
nician has adjusted the brishtness controls of the three guns properly, a
monochrome picturs will be reproduced. Otherwise, the ranroduced picture
will contain color other than white. :

Whon a etation is telecastinz a color siznal, the picture tube re-
ceives both a chrominance and.gg%gg§§gggig%gg§l; Let's assume that the
color tube cuts ol with & 30 volt signa grid fs -30 with respect to
cathode). Let's further assume that the station camera at an instant is
taking a picture of 2 pure red detall of the scene and the detall is very
bright. Since the monochrome signal is no éifferent in color work then in
monochrome work, 1t will contain a voltage such as to causé high beam
currents from the thres guns. Since the monochrome signal is beinsg applied
to the cathodes, the voltage would be positive. It would be of low amoli-
tude (reduced grid bias csuses high beam current). We might give this pos-
{tive voltage a size of say 5 volts nositive. This would mean that each of
the =uns would have -5 volts on their grids with resvect to their cath-
odes if we don't consider the bias offered by the three separate bright-
ness controls. We won't consider the brightness controls in explaining
this point. Under the condition of just the monochrome signal, the tubs
would oroduce a bright white detail. Now let's consider the chrominance
siznel and what voltagss must be involved for the tube to renroduce a
bright dotril of red. If the red detall i1s to be pure, neither the green
gun or blue sun can work. Let'a consider then thsat both the blue and green
siznals are -25volts and the red sitnal fs 0 wvolts. Analyzing the three
?una at this instant, we ffnd that both the 3reen and blue grids are -30

cut off) with resmect to cathode and the red grid is -5 (almost maximum
beam current). This condition would result in no_beam current for the
blue and green dots but almost meximum beam current for the red phosphor
dot;ba bright (high intensity) detall of pure red would be reproduced

on the scrsen. :

Fidellity of the Color Plcture

Monochrome television as we know it has an effective video bandwidth
of & ¢. This bandwidth of signel ean produce somelg,Qg%‘g%Q,mgng-
chrome picture deteils per s& Since a complete plecture of 525 linea
Is Bdmp%e%ea'QVe ¥ 1730  sec:

Ty ~second, a maximum of some_ 267,000 detaila could
ggmnnag_jhg_g;g&gggg This 1s approximatley 500 detsils per line. Most
presqnt receivers have a bandwidth less than 4 Mc and therefore réproduce
2 pleture of lesa than 500 detalls per line. Some broadecast stations re-
colve network.shows off the coax ceble rather than the micro wave system
and thersfore cannot transmit a 4 Mc nicturs. The coax system limits the
video to some 3.5 Mc. Most of us therefore are more familiar with a
victure containing some 400 detalls ner line than we are with 500 per lina
The N.T.S.C. systom of color calls for some 400 detalls per line.
Since each color deta‘l mizht Involved sll throe phosphor dots of red,

2rgen, and blue, the tube must be paintsd with some 1200 detalls for sach
of the 525 lines of picture. Dus to the trlanglé arrangment of thess dots

on the screen._gome BOO dots exist in es phygics orizontal line nerns:
the tube. The proaent RCA color tube has a horlzontal viewlns dlstancé of

anproximately 10 inches, Dtviding 10 by 800, we zet the diameter of each
.0

color dot equal to ‘of an inch or s This seme diesmeter
is use or aperture hples in e shadow mask. Prom this discussion,
8 APDAYe : color pleture is excellent in detall as

well as in color content. As a matter of fact with all thinzs taken into
consideration, the color plctureo is a higher fidelity plcture than today's
monochyrome. This will bs pointed out in a later dlacuasion.
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