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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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Three=-0un Tube Assembly
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Focus and Comnvergence Action
Wote in Fig L the arrangement of the three electron guns in the

neck of the tube., Since each of the guns is as large as the monochrome
type, the neck of the tube must be considerably larger to accommodate
the thres-gun arrangement, Fig 2 shows an end view of the guns with the
g;ce;sary glass supports, Note the 120 degree spacing of the guns in
B 2
The exploded view of one of the guns in Pig 3 illustrates the
necessary grids along with the filament and cathode. il grid is the con-

trol grid while the j2 grid is the screen or accelerating grid. The

: w2 grids of each gun are independent o e same grids in the
other two guns. The il and /2 grids serve the sxact same purposes as in
the single gun type. That is, the 1 grid serves to control the intensity
of the beem while the #2 grid supplies accelerating energy.

The #3 prid in each gun is a focus slectroda. These electrodes are
independent of each other but are electrically connectec together inside
the tube. The i} grid is a single electrode snd is common to all- three
guns, It serves as the convergence electrode for the three guns and their
beans,

Approximately 3000 volts is applied to the focus electrodes and
some 10,000 volts is spplied %o the convernence olectrode, The potential
difference between the focus electrodes and the convergence elesctrode
esteblishes an electrostatic field which serves to focus the three beams.
Focus, you recall, is the action taken to reduce the beam diameter of
a pun to & manimum at the point of contact with the phosphor, In this
case, focus means to reduce the beam dlameter to a minimum at the shadow
mask to allow it to pass through an aperture hole and not strike the
mask, Striling the mask would result in a loss of electrons for the phos-
phor resulting in loss of brightness.

\

S
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Note in Fig U that the convergence electrode (i grid) has a rather
peculiar shape. The left end (nearest the focus electrodes) has three
individual openings while the right end is completely open and is common
to all three beams. Consider the left end first. Each of the focus
eloctrodes is positioned in-line with one of the convergence openings.
Individual electrostatic fields are thus established between cach focus
electrode and corresponding openings in the convergence electrode. All
threc boams are focuseéd simultancously by varying tho focus electrode
voltage with respect to the convergence electrode voltage. This arrange-
ment is practically indentical with a sinpglo gun tube oxcopt in this
case, we arc focusing throc beams at the same time and with a single
control,

This brings us up to convergence. Convergence, you recall, is tho
action takcn to position the throc beams with respect to ecach othor
such gs to cause all threec beams to pass through the same aperture hole
gt the same time. This action takes place as the beams leave the conver-
gonce oloctrode on. their way to the mask. Note in Fig 5§ that the in-
side coating of tho tube extonds back into thc ncck of the tubo just
opposite the convergerice clectrode. This coating along with the shadow
mask serves as the platc or high voltage anodo for the three guns, Tho
voltage supplicd to this mnodc is approximately 20,000 volts. Tho poton-
tial diffcronce betwoen the platc anode and the convergonce electrode
catablishes an olectrostatic ficld which scrves to converge the boams
at thc shadow mask., Tho throo bcams travel cxactly parallel to sach
other until they aro acted upon by the convergonco ficld, Tho oxact
action of the convorgonce ficld is to bond cach buam toward cach othor,
This action is somotimos roforrcd to as an cléstron lonsc action.

er.'- : $ (av 6om) 3000
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The high voltage anodc rcccives a constant 20,000 volts. In order
to have control over convergencd, the convergonce cloctrodo voltago is
madc variablc. On tho prosont RCA tubc this voltage nocds to bo variable
from 8,000 to 10,000 volts. Obviously, edjusting the convergonce volt-
agse will effcct tho focus sincc the focus field will be voricd. To
off-sct this situation, thc focus cleetrodes arc eonnccted to a variable
sourco of voltagc. This allows tho potential difforcnce between tho focus
clectrodos and tho convergenecc cloctredc to bo variable to achieve focus.




am

EASY-VISION
fFelEVIS0 L

Lesson 2 Page 11

The technician has the job of adjustigg focus and cgnvergeegg. It
is Important Tor the téchnician to realize CEG) usoments are
not coripletely independent of each other, Adjuetlng focus will affect
‘convergence slishtly and adjusting convergence will affect focus slight-
1y, The tecinician, therefore; must adjust first ons contrcl and then

the other until the best condition of both convergence enc focus is
achieved.

A previous discussion pointed out that the technician lag some con-
‘trol over convergence with three separate marnets :laced near the neck
‘of the tube. These mapnsts would not be needed if all tubss were per-
fect fron the stendpoint of the three gun structures since the above
electrical adjustment of convergence would be sufficisnt. The mawnets
only serve to correct malfunctions that ars built intc a partzcnlar
tube or that develop in use, Bear in mind too, that these magnets are
to adjust each beam with respvect to the other two for the purpose of
convergence and are not for the purpose of cénterinz the picture, The
bean positioning magnets have a very limited control over the individual
beams which is sll that is needed for correcting convergence. -
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Color Purit bun -

So far in our discussion, we haven't considered any control over
the total of the three beoms, l'sither focus or convergence affects the
positxon of 5he three beams with respect to the shado'r mask,

llote in FigT7a that the total besam i1s not properly positioned with
with respect to the mask. This condltzon, as in monpchrome, would re-
ault in ‘a non-centered picture., To allow adjustment for thia condation,

cil =3 arranged arcund the neck of the tube just behlnd
tne deflection yolte, This coil 1s very similiar to the focus coil of
moncchrome receivers as far as construction and position are concerned.
Adjusting the current and pesition of the coil results in shaffting or
moving the combined system of beams to achieve a ¢centered picture such
&8 shown in Fz§ 7o, The lccation of the purluy coil 1s shown in ¥Fig 8.

The term "color purity' rather than “centering’ is used because of
the affect the circuit has over the raster., One msthod of adjusting this
cirenit is to turn off the blue and green guns and'ajust the coil current
an¢ physical position of the coil until a pure red raster is achieved at
the genter of the tube. Various colora other than red will aphear on the
‘seresn bocause thée color purity acjustment is nede by the tochnician
prior to the adjustments of foous and convergince. If perfect focus and
convergence werc being enjoyed at the time the color purity circult was
sciustec, the entire raster would become pure red rather than just the
center, . —
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Deflection of the Threg Beems and amic Convergence and Focus

~The yoke of the threec-gun tube 1s very siﬁI%Tar to the yoke of a
single gun tube and has the same purpose. The scanning rste of the system
of beams is the same as in monochrome, A pair of coils is used for vert-
ical deflection and a2 pair is used for horizontal deflection just as in
the monochrome rescsiver, The three beams require a largsr areaof uniform
field within the nock of the tube. Thersfore, the structure of the color
yoke differs slightly from the monochrome. The present 15" RCA tube has
& deflection angle of L5 degrees. The deflection angle will increase with
larger size tubes,
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Pig8a illustrates one o1 the oasic provlems of the color tube.
Let's assume that we've adjusted convergence at the -center of ths
tube as shown. Note that as the system of beams 1s deflected, the con-
vergence point does not follow the flat mask. AU distances slightly away
from (a), the bcams are converging at points prior to the mask. This
condition beecomes more drastic towsrd the edres of the mask. Fig 8b
{1lustrates the curved mask and scroen type tube, In this casc, conver-
gence is enjoyed regardlcss of the position of the beams on tho screen.
The flat screen, however, seems to be the most accepted type at pre-
sent. Most people prefer to wateh a picture on a flat screen. Also,
the construction of the flat screen and mask is much easier than the
rounded or curved type. We will, therefore, concern ourselves with the
flat screen and it's operation. _

Fig 8a further illustrates that the focus of the beams will change
as the beams move from (a) towerd cither (b) or (c¢). The focus points
of tho three beams follow the curved line (x) just as tho convergonce
points of the beams do., Until now, woe considered convergoncce and focus
st the centor of tho tubc only. Woe might torm our adjustments of focus
and convergence at tho center of thg tube as static ¢
adjustments. As the yoke deflecets the beams, we become involved with
a situation of dynamic focus and convergénce 88 illustratod.

. Dynamic convorgence and focus is achicved by supplying ccrtain AC
voltages.to tho focus electrodes and to the convorgenco electrode. These
correction voltages must bo timed with the horlzontal and vertical de=-
floction of the beams to achiove proper corroction at thc proper time.
The result of the proper correc.ion voltazc for both the focus electrodes
and convorgence clectrode i3 propeor convorgonco and focus of tho beooms re
rardless  of their position with rospoct to the apurturc mask.

.
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Tho corroction voltagcs for achicving dynamic convorgence and focus
are taoken from the horizontal and vertical sweep circuits. Note above
that the vertical correction voltage is taken from the cathode of the
vertical output stage and the horizontal correction voltage is taken
from the cathode of the horizontal output stage. Until now, we've only
considered correcting convergence and focus in a horizontal direction,
The problem exists for the vertical direction as well.

The horizonterl and vertical correction signzls when properly shaped
and amplified, provide true focus and convergence over the entire area
of the aperture mask. BEach amplifier in the above circuit is equipped
with sn w1l The horizontal amplifier 23 eguipped with
a_phas, and the vertical amplifier is eculpped with a yaye
ahag;;g_ggggzglg Theses four controls are the responsibility of the
technician and when properly adjusted cause perfect focus and conver-
gence for the entire picture.

The vest method for adjusting dynamic convergence and. focus 1s one
utilizing a dot-pattern generator. A detailed procedure will be given
later for these adjustments.

Adjusting a Tilted Fricture
ovating thie yoke of a monochrome receiver rotdates the victure

and thus provides the necessary control over any tilt. If the monochrome
fudbe is not mounted perfectly horizontal, rotation of the yoke allows
the necessary correction without physically rotating the tube,

€< PROSPROR
POt PLATE

' SHADOW
F6.9 MASK

Note in Fag 9 that the horizontal deflection of the beams isn't
parallel with the rows of horizontal heoles in the aperture mask., This
condition would result in color dilution. This indicates that the yoke
cannot be, used to correct for any tilt in the pilecture. Rathsr, the tube

must Le mounted perfectly horizontal and the yoke adjusted only to achieve

8 normal picture without consideration of tilt, ‘The technician must,
therefors, exercise more care in adjusting the positior of the tube and
yolte than what has previoualy been necessary.
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Bxternal Comparison of Color and Monochrome Tube
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Fig 10 above compares the external components of the monochrome
and color tube., Note the external shields about the color tube, These
serve tc prevent stray fields including the earth's magnetic field
fronm bending the beams out of position. One method of shielding from
stray fields is %o provide a coil around the tube in the same plane as
the picture screen, The field fromn such a coil cancels the effects of
stray fields. The field neutralizing coil arrangement was used on
earlier RCA tubes which were part mefal. The lateat nll-glass type
does not meccssarily roquire such & coil. :

Froblons Involving Tingawdtr _ _

The vortical and horizontal deflection circuits of ilie color
receiver differ very little from a monochrome receiver, he vertical
deflection or sweep circuit is provided with a height control and a
vertical linearaty control., The horizontal sweep circuit is provided
with a widéh control and linearity control. These controls are the
responsibility of the technicien and the same procedure is used in
adjuatin- thenm as is usged in adjusting the nonochrome controls.

The technician must use considerably more care in adjustanz vert-
ical lineerity and heisht of the color tube than what has been necess-
ary with the monochrome receiver. Recall from the monochrome receiver
that the vertical sweep ¢ircuit positions the horizontal scan lines
with respect to the phosphor. In the case of the color tube, the
vertical sweep circuit positions the horizontal scan of the besms with
respect to the aperture mask.

Fig 11 on opposite page illustrates a problei of vertical linear=-
ity. Iote that the vertical downward sweep of the system of beaws 1is
slow from the top of the screen to the center and 1s fast from the center
to the bottom. Considering a test pattern signal, the pattern would
assume the shape shown and this condition would be true whether the tube
be & monochrome or a color type. The vertical heipht of the picture 1is
normal since it just fills out the screen.

In addition to the problem of vertical linearity as showh, the.
color tube would be in trouble to the exteént of being out of both
dynamic focus and dynamic convergence. Recall that correction voltages
are anplied to the focus electrodes and the convergence clectrode to
cause proper focus and convergence over the entire screen. In the case
‘of poor vertical linearity, these voltages are mis-timed and, therefore,
cannotlcorrect dynamic focus and convergence in the vertical direction
properly.
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aqhit pasaes through

“the I demodulgtor.

Fig 1 serves to show the effective cancellation of the Q signal
As explained previously, the

in-phase I Ci signal connects to the suppressor and the luminance
detector output of I and Q connects to the grids of both the I and Q

demodulstors.
Fis i
by pulses,

‘since there is significance associated with the waveforn.
The same shape of Q signal previously discussed is being considered.

-

; For simplicity, the I signmal isn't being considered in
Agein, the wavéform of the § signal at the grid is reprecsented
However, in this case, the actual waveform of Q is shown

~ Because of the .90 degreée laf of the™Q waveform with respect to the I CW

. L18ignal, the I CW waveform passes through zerc voltage at the times the

4.+ ‘R waveform peaks,

a negative 'y :
. to a maximum positive,

*{"plate axis.
because the G

llote fvom times a to b thet the Q sipnal completes
eycle while the I CW signel goes from a naximum negative

As shown, the plate voltags ‘swings ‘from a pos-

both the positgve swing and the negative swing.
From times b to ¢, the Q sipgnal completes a positive
the I CW sipgnal goes from & maximum positive to a maximum negative.

This results in the plate swing from a negative to a positive.

itive condition to a mefative condition with respect to the zero.signal
The amplitude of the positive and negative swing is equal
rid voltage results in- tube gains which are equal for

% cyele while
Again,

the positive and negative swing of the plate voltage 1is equal because
the Q grid voltage produces tube gains which are equal for both swings.

The ‘plate swing from time b to time ¢ is of less amplitude. than-from

time a to time b because the Q waveform is of less asmplitude,
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Note the plate waveform for the time a to f!, Note that a line
connecting the plate positive peaks remains equel and opnrosite to a
line connecting the negative peaks, As a matter of fact, the plate
waveform ia essentially the same as the Q grid signal which indicates
that 'the I demodulator acts as an amplifier rather than a demodulator
for the Q signal, Because the Q signal remains in a modulated state in
the I demodulator plate circuit, no significance can be attached to it
since there is no further detector action between the plate and the
picture tube, Recall, a modulated waveform can do no useful work since
the average of it is zero.

The explanation of the cancellation of the I signel in the Q de-
modulator is identical with the foregoing discussion. In either case,
no real cancellation takes place. Rather, the unwanted signal passes
through the demodulator involved without any demodulation action taken
place, For all practical purposes, this is the same as cancellation.
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In previous considerations of the transmitter, no specific band-
widths were established for the ¥, I, and Q signals. Fig 2 shows the
three color cameras generating the R, B, and G signals, Hatrix ;/1 adds
these signals properly to produce the luminance signal Y. Matrix 2 adds '
the R, B, and Y signals to produce the chrominance signals I and Q. At
. this point, the ¥, I, and Q signals feed individual bandpass filter cir-
cuits, The Y bandpass is established et l.2 lc; the I bandpass at 1.5 Me;
and the Q bandpass at .5 Me as shown in Fig 3. e
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lote in Fig 3 how the I bandpess appears with respect to the Q
bendpass prior %o modulating the 3,58lic' subcarriers, Low video fre-
quencies from 0 to .5 lic apreeras Y, I, and Q signale, < This range of
frequencies represents the large color are-s of the scene, Thus, any
large area of the scene will be reproduced on the picture tube in true
color. - Recall that the picture tube requires both I and 4 signals to
reproduce & given color of the color spectrun, L

Medium video frequencies from ,5 ik to 1.5iic appear as I and ¥
signals only,.  Obviously, tha revroduced picture details representing
these frequencies will not be in true color, This limitetion of the
color signal is permissible because the human eye cannot nerceive true

* color for the range of picture details represented by the .5 lic to 1.5

lic range of frequencies, , ; .
Video frequencies’ from 1.5 lic to h.2 iie sprear £s'Y or luminance

signals orly, the reproduced picture detsils representing these fre-

quencies have no color excepi the ponge from black to white. This limite

‘ation of the color signal is permissible  because the human eye cammot
- perceive color except blacl: and wvhite for the rornge of picture details
RFTR

represented by the 1.5 li¢ to' .2 lic range of frequencies.
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The I and Q color range is illustrated in Fig 5. The color spectrum

i1s shown as a color wheel to better illustrate the ranges of the signals, .

The color wheel indicates that a blue-red color or hue is called magenta.
Thus, the range of the @ sipgnal is from magenta to green and the I range
is from orenge (green-red) to blue.

Specifically, the I bandpass was selected because the human eye can
perceive details of color or hue from orange to blue of a size deter-
mined by video frequencies from .5 lic to 1.5 lic. lote in Fig 5 how the
I and Q ranges overlap each other tc reproduce the entire coldr
spectrum. Itdis obvious that I and Q signals below .5 lic mix together
In the receiver!s matrix to produce any color in the spectrum.
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. Upon modulationofthe two 350 lic subcarriers, the modulated I and Q
signals appear as shown above. An upper and loyver sideband of frequen-
cies is generated for both the I and Q signals as a result of the mod-
ulation process. Since the modulated freguency (subcarrier) is 3.58 IlMc
in either case, the upper and lower sidebands of I and Q appear on

. either side of 3.58 Mec.

The range of I and Q intelligence is shown above the modulated wave=
forms. Theé frequencies representing the I and Q intelligence are shown
below the modulated waveforms. L5 fo "5- 0 ( /o 15
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i Fig.7 shows the addition of the I and Q modulated signals to the
luminance signal Y in a matrix section, The output of the matrix
serves as the modulating signal for the luminance carrier frequency. The
Quminance bandwidth filter serves to establish the required limits

. .of the transmitted color signal. .
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The transmitted color signal appears as illustrated in Fig 8.
Note the positions of the I and Q bandwidths with respect to the
luminance bandwidth., Recall that the I and Q modulators convevrt the
I and Q signals to frequencies above and below 3.58 Mc which explains
the I and Q positions. _ ,

The range of luminance intelligence -is shown above the modulated.
waveform while the range of I and Q intelligence 1s shown below the.
waveform. Note that the upper sideband of I is limited to approximate-
"1y <5 Mo bg the luminance upper sideband filter. Thus, 1.5 Mc of the

lower sideband of I is transmitted along with .5 Mc of the lower side=
band. Both sidebands of the Q signal ere transmitted since each side~
band is .5 Me wide and 1s not influenced by the luminance sideband fil-
ter, The lower luminance sideband filter serves in its usual way to
remove all but approximately .75 lMc of the lower sideband, It is sig-
nificant to note the need for the luminance upper sideband width to ge
4.2 Mc. Any less bandwidth would result in suppressing the upper side=-
bands of both the I andQ signasls. Obviously, the receiver's band-
w%dgh agudsg also be .2 wide in order to pass the required sidebands
o . . :

Consider a video frequency at an instant of 2 Me. The luminance
component of this frequency appears at position L in Fig 8. The I
and Q bandpass filters prevent this frequency from modulating the I
and Q modulators resulting in zero output from both modulators. Recall
that without & modulating sisnel, the 3,58 Mec subcarriers are complete-
ly suppressed, Thus, the color signal at this instant would be entire-
ly luminance information and cause luminance operation, As a matter of
fact, the color signal contains only luminance components resulting in
luminance operation for all video frequencies above 1,5 Mc.
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‘ Consider a video frequency at an instant of .5 lic. The luminance
o components of this frequency appear ot positions B and'F. The I and
components of this frequency appear at positions P and T, Due to the
wide separation of these positions in the bandwidth, no possible beat
interference cin occur. A
Upon further inspection of Fip 8, it can be seen than an I or Q
signal cannot eppear in the total bandwidth at a position where a lumin-
ance signal does, thus minimizing possibilitiss of beats,
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The block diapram of Fig 9 serves to illustrate that video frequencie:
from 0 to ,5 le can produce the complete color spectrum; frequencies from
«5 Me to 1,5 He can produce the color spectrum from orange to blue; and
frequencies from 1.5 He to L.2 Mic produce only black and white., This is
not to say that all video frequencies in the O to 1.5 Mc range produce
details of color on the picture tube. Remember, only I and Q signals can
produce color details, and they don't exist if the cameras are focused on \

bleck and white areas of the scene. ' ‘
: .  Gueomipances '*'5”*32225” |
LUMIWANCE BAND PASS AMPLIFIER FESPopI SE
Lomwance  AMF CoRVE |
DET . '
< |
- 3"' » | Ln | o |
: _ , AN 7T S

Me. Me HC ML Mc

-
DEMODVIATOR
P
@

ummuw»nw

Fi¢ 10 | Ly

Fig 10 shows the putput of the luminance detsctor feeding the lum-
inance video amplifier. and the chrominance bandpass amplifier. The pur=-
pose of the chrominance bandpess smplifier is to allow only I and Q sig-
nals to pass through ‘the stage while blocking all low frequencies of the
Y signal, Ll and L2 are adjustable to achieve the response curve shown.
it The output signels are applied across a chroma contrel. This control
supplies the I and Q signels to the I and Q demodulaters. The chroms
control is a front control and provides control over the depgree of color |
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 matrix requires both polarities of the tiro zignals.
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in the picture. A Tull off position of the control kills dolor eperation
but does not arrect blaclk end wvhite oparation. As the control is ad~
vonced from an off position tovard maximm, the colors in the picture.
-increnses from light colors to deep colors, . 1A

‘As steted, the pramary purpose of the chrominance bandpass ampli-

_fier is to blocl the low frequency compononts of the 'Y signal.  Such'’

frequencies yould pass through the I and § demodulztors and serve as’
undesired luminance information for the picture tube. The high fre-
‘quency components of the Y sicnel do poss throw i the cefsodulators but

are £ iltered out &t thot voznt. A later discussion will cover thia point
in more detail,’ IO
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' As shoym in P 11, the I'and 3 outputs ér' the two derodulators are
connected to phase splliter starea V1l .ane V2., a{?ase splittera de-
velop both volarities of the I ‘and Q signals,. Rec the picture’ tube

In the above exainle, the Y s15nal is fed to each section. of the
matrix to add with the I and @ 8ignels, This addition of the Y signal
produces outputs of the metrix sections of G, I, and R. Reecall that
vithout the addition of Y, the outputs are G=¥, B-Y, and RaY. This type
of circuilt sllows the csthodes of the three guns to be connected fo in-
dividual background controls. These controls (Rl, R2, and R3) allow proper
biss adjustments for the three puns,






