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TRODUCTION

The sntes which Zellow have beea propared 1o @uppltmena the lectures oo
ca Color Televieion Theory given by SPARTON in s seyvicemens'
! Color Teievizitn Schools. 1
‘ Wz believe thst a good understanding of theory is very belpful to the
pervicemen’'s work Howsaver, explanation of many of the finer points
of Color Television can be guite time-consuming. We have, therefore,

attempted to clarily these poimts In the notes and will akim over tham

o/

|
lightly In tho lectures. The resulting suving of time will be utilized i
to give you more aarﬁce-&ypo information ¢ our current color tele- ' ;:
vislon recelvers. ' )
The first major seciion of the notes covers the developement of the
NTSC coloz signal The second section. on decoders; 1s applicable
caly %o color receivers uvsing a three gua kinescope, in ihe bollef thal |

-

the three gun fube gives the most satisfactory plctures currentlyatiain-

- able. We have stiempted to make this decoder section general encugh
to include the various atyles of decoders used today.
Your eriticisms and comments will help us o revise these lectures and

: e .','414

~ notes to do th”e best posaible job in the avallable time; therefore, your ,

'cuuutm are most welcome, ) ._ﬁg‘;

E. O. Frye ¥ g
'.':.;)a_s_s- June 7, 1054
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LECTURE NOTES
I REQUIREMENTS FOR TRANSMITTING A SCENE IN COLOR:

Any color ¢an b desrribad in ferma of three parameters, i.e., luminance.
hue, avd ssturation. The luminarez cr brighiness Is self-explanatory, Hue
Is the actual shade, or wolor, of thz color, while saturation refers to the

deazity " of the hue, or ho@ much the puce color has been diluted with white
light, Thus, U a deep green for fnctance. were diluted with white light or
"de-saturated”’; it would beconw 2 pusiel greea.

It is poseible to duplicate practicaliy any color by adding suifable amounts
(berightnesses) of three fixad hus "primary” eolors. It has been found that
primazry hues of red, greea and blue will enable ome, by adding suitable
amounts of thess hues, to duplicate the widest range of given colors, Red,
groen znd blue are, then the so called "‘edditive’ primaries. Bear in mind
that those peimaries ars diffesrept tham the ‘‘subtractive’” primaries of red,
yellow and blue used in the sublractive color duplicating processea such as
Kodachrome photograghic {ilm aud color priating,

Therelors, we have fwo major methods of specifyisg a color; we can give
the brighiness, hue and safuration, or we cam specify the amouats of red
green and blua.

For a compatible color television systam, it is most convenient to describe
2 color by its brighinoas, hue and saturation; for the brightaess companant
i nocensary to describe the scens in Plack and white terms for the benefit
of menothrome (black-and-white) recelvers.

Rosearch into the characteriztics of the human eye has shown that the sye
i» nct capable of detacting as fiae color detsil as it can luminance or bright-
neas detail, Also, the ability of the eye to resolve fine detall in the orangs
{0 cyan coloys iz betier than ita ability to resolve greea to purple detall.
There i3, of couran, no polnt ia transmitling more color defall than the sye
TAn appiecsiste,

The amouat of detail a telsvision veceiver is capable of resolving 1s direcily
proporiional to the overall bandwidth of the telovision ayatem, Therciore, it
is unnecassary 0 use p2 much bandwidth {0 transmit and receive color detail
as to handle luminance information.

I THE SIGNAL INTERLEAVING PRINCIPLE: /

In order to have a compatible color television system, we must be able to
fit the eatire color signal info the bandwidth used by the black-and-white
signal, How can wo do this?

-



I It bas been found that anly about 50% or less of the nomina! video bandwidth
: used in momochyoma televialon s astually occupied by monochrome inform-
ation, To explain this statemaent, lot us suppeose that we had a television pat-
iorn consieting of two vertical bers, The video waveform would be similar
o that ghown Lelow,
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Figure 1,

Notice that the video waveform i3 periodic, that is, it repeats itseli indefinitly,

we will ignore the wvertical blanking period for the moment. The frequency at

which the waveform repeats in the line frequency, or 15,750 cps. Because

the wavaform is periodic, a Fourier analysis of it may be made. The Fourier
) analysis shows that the waveform is made up of a DC voltage representing the

average level of the waveform, plus a 15,750 ¢ps (fundamental) sine wave of

a ceriain amplitude, plus ceriain amplitudes of 2 number of harmonics of

15.750 cps. There are no {requency components other than those of the funda-

mental and its harmonics, Therefore, a graph of the frequency spectrum used

in making up the waveform would lock like the figure below.
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In this Iastance, only a very low proportion of the available video bandwidth
is actually occupied with the video Information representing our two verti-
cal bars,

) It certainly is true that the normal televizion scene consists of more complex
material than just vertical bars. Howewer, in general the video waveform of
each scanning line is very nearly the same as the lioes on either side, There-
fore we may say that the video composing a scene is approximately periodic,
and the spectrum will be approximately that of Figure 2. Figere 3 shows a
spectrum typical of a TV scene, Nofice that all frequency components are

| P eclustaved shont the fimmdamantal and harmonie freauencien
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Notice that the luminance laformation cccupplss about one-half or less of tae
available spectrim space; therefore, there is spectrum space avaiisble which
we may use for color information. Suppose we did insert color information
into the gaps in the moncchrome spectrum; let us examina the effect on a
monochrome receives,

Menochrom e Hagmoanes REFERREYD
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The harmanit orders shown in Figure 4. have been referred to hall lina fre-
qusncy, simply for coavenience in expressing the fraquencies of the color
components, Thus, the second harmonie of half line rate is the first harm-
onie (fundamental) of the line rate; ete, The even harmonics of half linz rate
are monochrome componants, while the odd harmonics are color components,

H the signal of Figure 4, was Impressed on a monochrome recelver, the color
compcnenta would canesl out in succesaive {rames, Let us conaider what
happsns on successive {rames for the second harmonic of half line rate, rep-
resenting luminance, and the third harmonic, representing color. These two
harmoaics will be in the form of sine waves impressed on the kinescope grid,

See Figure 5
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Thesefore, we see that for a menochrome receiver the luminsace informatioa
adds on succensive frames while the color Information cancels out. In pract-
ice, this color Information canseliation is nol perfect, malznly duo to non-
lizzaritiss in the picture tube. bt is good emough to rendar the color fnform-
ation of very low visibility. This canceliztion process appliss equally well to
the luminancs channel of 2 color receiver,

I ACTUAL MAKEUP OF THE NTSC COMPOSITE COLOR SIGNAL:
Wa have 20 far esiablizhed that we can get a color signal into the television

video spoctrum and that that sigeal will be iavisible on mopochrome recaivers,

Now, how 30 we get it in?

Referviag to Figure 4, we can see that i we modulate 2 color sub-careier -
which i3 nn o4d harmonie of half line frequency - with color informaticn, the
sidebards, or color componants, will fall in the gaps In the momochrome video
gpectrum, From various techaics] considerations, It has been decided thal the
433th harmaonis of half line frequency would be the best choice for our new
eolor carrier, or color subcarrior, frequency. The subcarrier {requency haa
been choses: as 3570545 cps. The horizontal and vertical scan frequencies

are derived from thiz and turn out io be 15,754,264 opa Jor horizontal and
59,94 for vertical,

Note that these scan rates ars slightly different than the nominal monochroms
rates of 13,750 cpa and 60 eps, However, the differsance i3 80 slight that the
television receiver will not notice it

As was previously stated, the actual color information to be transmitted is
the hus and saturation of the colora. The problem is now to modulate these

two sets of information upon the single color subcarrier. This is done by -

amplitede modulating the subcarrier with the saturation information and phase
modulating the same subcarrier with the hue information. These modulaticn

- — - A X - |
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components are hen detecied saparately bn the recelver, It can be shown that
maoulating o cariier by both amplituds and phase 1s wmactly equivalent to the
amplituds modulsticn quly of two separate subcarriers of the same {requency
and in quadrsture (00 degrees apart in time).

Bacause of certain technieal cceniderations, the color leformation is moduiatad
upon the subcarzier in supproceed cazrler fashion; thus, the subcazrier doos
not exist 23 such in the compoaite color video as the earrler. However, thete
are video components at subcarrior frequency presant The ampiitude of the
subcarrier {requency preaent represents the average s2turation of the tranas-
mitted color scene, while the phass represcats the gverage hue of the scene,

supply this carrier pigeal. This subcarrier supplied by the receiver must match
gome reference signal in froquency snd phase. In color television, this sub-
carrier reference signal conaists of about 8 cycles of the true subcarrier {re-
qmyouperlmposedonthomkpmhdthehormnsm. pulse. This iz
kmown 2@ the “‘burst”’, The burst specifications are shown below in Figure 6.
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Figure 6.

In practice, a local subcarrier oscillator in the color receiver is synchronized
wita the burst frequency to provide the local carrier signa! necessary l[or de-
modulation (detection) of the color components.

The camera equipment used for televising a scene separates out tha amousty
of red, pmandblueprlmnuspreunthuchpkm element of the scene.
The resulting red, green and blue video signals are then matrixed or added
{after gamma correction) to produce the ¥, or brightness, signal and the [ and

Q, chroma signals,
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The ¥ and pricazy sigrals dre furthes matzixed to form the “eolor
difterencs” sigals, R-V and B-¥  Those signals are the result of
subiracting the ¥ aignsls from the appesprizte peimary video.

Although the R-Y and B-Y could by used to modulate the color subcarrier,
these signals ars further matrited (for reasons stated below) to produce .
the 1 znd Q sigrals. ‘The Iand Q siguals are made uwp ad foklows:

Kg» 0-AVES B ) » 0.48(B-E
B0 £T(8g-K ~ 0.7T4(Eg-Ey)

The I and Q signalis are then modulaied i suppressed carscier fashion wpon
two 35719545 cpa subcarriers spaced 90 dagrees apart s phass, Thus, the I

signal s modalated on the particular suhearrier Which ia 90 degreco ahead
of tha O eubeorrtar. Spe Figure 7 for e waricus phase relationships. Not.
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Figure 7.

The I and Q can b2 copsidered as artificial signals designed to take advant-
age of the differest resolution posess ¢f the human gya tor didforent colory,

The colors repreventad by the I signal rangs {rom oreage 10 Cyan and age
those which the eye can deteet in iba greaszst detall The Q siguel ranges
from green to pwrple und i in deteciad in minipaum detai) by the eye, Thers.
Iwc,melunmmMVmeevmeohmmmmq. The effect-
ive Mandwidh of the I sigmal &% 1.5 Ms and the Q signal ia 500 Ke,

ia
Figure 8 shows the otcupsncy of the video spectrum by the assorted signals
making up the composite color video sigaal Notice that the Q is modulated
muaw,wnnean,mmmsooxcamwmhammtno
remaining megaeycle being single sidebard.



IV A BLOCK DIAGRAM OF A TYPICAL COLOR RECEIVER
Figure
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V TEE BLOUX DIAGRAM

Fiu.e § shows the simplified bieck dingram of the RF, IF and decodes
ssctions of 2 typieal color television recefver designed to operate on
ke NTSC color sigeal, using a three gun kineszope. The deficction por-
tica has been onuitted in the intereats of zlavity

This blogk dingram has tovn made su genesal 24 poasibie, consimtent it
showing all the major wrtions of 2 peratras foe thres gun tebws, Taus,

this dlzgeam le equally applicsbis Yo 1-Q or "'mquitand’” decoders to ~ RGB”
or ' color diffsrancy’’ kinescope drives, and 1o 2rvatal controlled or scli-
exci'ed subcarrinr oneillators,

It ia suggestad tunt s diagram de (irmly fixed in mind belors procecding i
the following secitona.

VI THE TUNER AND IF SYSTEM

The tumer and IF system ior a coloy resedver Jiffers from that of A mosochyeass
recelver in the foilowing mafor respacts

1. More attention i3 peid to latmesz of tuner ¥esponas theoughoul the wideo
passband {or a colow recaiver.

2, The flafloppad particn of (2 IF pasabaze &5 iy peneral wider than 2hs?
of 2 monothrome eot.

3. Avoidsnce of IF and tuner overicadiag t» of ¥ moot impoedanse

4. Considerably more sound trapping 1o pocassary in o color peceiver

5. The oecessary deepir sound trepping requiren a different typs of scund
take-off than on monochrome roceivers.

6. The video delacior must b cperated without overload nr compression

As far 23 IF bandwidth iy concerned, there nze af predent. dwe wehaooks of
thought. The {irs? 1o W hawve a very widsband IF smpiifier which paasgess il
cheominance comparanis equally well, This type IF requires 20 praking ia
the subsequent ehsowinancd bacdpass ampitiicrs, Becguse {f i more Qi
cult and cootly to bulid 4 wikehand IF amplifioy than & narrow one, masy
celor peceivers use 2 eomewhal sarvrowor bandwideh. followed up br some
video peaking at the high end of (he chrominancs Dandpess amplifive  How -
evar, this method hzs she dizadvantzge of raquiring closer toleraocs on the
IF aad chrominante Fouponse shapes,

Most of the didferentes between color and mevochrome tunes, 1P sysisms
are due to the necessily, in a color set, of elirainating or mintmizing she
920 Ko beat between the scund carrier and chrominance subearrfes, Lat
us fizst consider the origin of this beat. :
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Tor frequeney 9oparation wivesn e sound cazrter and cirominance sub-
Carriar 15 4.0 Mo mious 3.38 Me, or abowy d20 Ke  Now, f these two
carries feggueneles aue put tirough 2 Mrk (1y near (oatpub directly pro-
portional to Wopul) amplifier, the cely fraquone os prescst ta the output

age ihove praseat i the mput Howewer, i the 2mplificr (« non-linear per-
haps bersuas of cvedlonding e get out aot oely \he frequ A'cies we put i
Lt 250 frequencins corvespanday 1o the suy as’, diffsyen \ of the Iwo in-
ot froquearieg. Wa have v sifect 2 mixer odiec.,

Suppose. now, thal we exambng @ seme defall wha! A\opeas lo L overiaadud

IF stage. Assvming a 48 o IF amplifissr, the phctued eascier -\ fbe 22 2370
Me, the saund corvier i 43,23 Mo ant the cheominam © subears. b at 42 35 M2
Th piciure end sowsd Sk b £y will heat o produre 1% Me as v v migh' ea-
péct Howevep, thia beat 1o harmiess Alno, he gound cat *ier any  Wommipandcd
nubcayeier will beati to prociace 920 Ko, This 820 Ko wild, | tuem, Y 3f wilh ‘B«
piriure carrier to produce €€ 13 Mz, which wibl be pasaed 1)\ sough N\ ¥ aop
Iy, Thin pew 446.85 Me miguid will be detectad at the wide doetmet, Y W 320 W
which w2l appesr om the Kinesdpa an objer Uionnble courge 4 gonel W N Dt
ice that, once thin 44 83 Mr is \zoerated mothing cun be done o get e3c % 1L
therelore, everyidiog must be & 0@ to preven’ ts geverakion. hin best ) Y
2350 be genavated in the luneyr by e 3amae pros 168,

The §20 Ko Leat may also Do ger v rated s the vikeo detatior, I\ & mese
2 doudls sideband method of trachuniiting telvigi \ TiGan and i 2N+ s'des
datacior ware a2 atrletly lincar & \M2nr, theso Dea \ wottdd nod be g wesiss
Howaver, with a vestigial sideban\ {yutom as vaed L preseat doy 7 preciics,
the sound careler and color suboas iy ey will beat o 3 roduce the 020 Ky, The
remedy 19 Ty incorporate sufclem O mbined sound ¥ SURAreier iy wution
ahowd of the video detsclor to render he geaevated (\ ot Lawisible, The » oguitiad
vorabinod atfanuztion has been expert ) eofzily delerryaed 10 e a2 least 40 b
ciz 3 vollage ratie of about 20001,

\

For r2opcar giated Defore, it 4s geaera|'7 aod wise 10 A\ ¢ muwch attencalon
al g nolor tubcarsier fraguency W i IF spsfom, The * fore. mosi of the
tearping must De dose on the sound caretor  Cuyrzent mo \ ‘hroae televinioo
recolimes et ghaut 20 db - voltage ratic 10 | - of sound ¢ * 2ping as the best
compromise betwaes miatmum Sdercary | o dugx moad mes: | W sound geasl -
tivity, ¥ a conventional sound takecH! we' - unsd with the ac | ‘tlonal soan
\rapping necegsary for coloy. poor sound | ensitiviny and sig  L-A0-nolne
ratio would result, Thersioze we use ¥ myxdified form of et trcarsicr sound
pystem for o lor ftelevision. One forre of sound takeofl is llusteated in Fig.
10. '

\
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Figure 10

Here the flest spund trap sets the desirad picture carrier %0 sound cargier
ratic. The xound detector, usually & cryztal, picks off the intercarrier 4 5
Me baat {som the plate of the laet IF amplifier, before the socond sound
trap. Ancther form of sound takzoff is shown ka Figure 11

| . (15T | th| |Vdeo
'vwr ‘L  F i\F m‘?FH Wt‘}‘_—r ‘Juleo

= e I pet \F_|
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trap ;—r

5"‘) Seand tm?

Figure 11.

As {ar ag video at the second detector is concerned, the first and second
sound traps are set for about 48 db or more sound astenuation. The three
sound traps and picture carrier amplifiers are adjusted so the sound is 20
db down from the picturs carrier at the sound detector, f

The video deteciors usad in color television service are similar to those
of monochrome with the exception that color detectors usually operate at
a somewhat higher level in the interests of Unearily
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Conventiona! totuctive o SRpreliiee e oupled abnorption trps are often used
for color Lalevinica, especially W the vaceisors with Mwrrowar IF passbemis.
Theas shinple wwaps ave ROt uitabie jor wide paasband (P ampliliers for sev-

leral reasoms. It is extremaly difficult to build a really wideband IF ampl: -

fiar ustog abaorntion traps bessuos the ‘rape take a relatively wide noten
ot of the sansband  Also, eves i by uze of sxfremely high Q teaps the amp-
TESLONEY @ mede very wids the rosultent phaae distortion iz intoles -
sdble, Tioralors, widebond IF ampiilers uevally use "bridged T typa of
sourd f¥3pe  Tlose lraps ase pot andy very sharp omd glve excellant teip
sejeclion, dal 2250 do mot puwn the fhaze response of the amplifier, A typical
bridged T soumd trap 48 shawn Figure ﬁz
i

Figuze 12

I the bridged T irap above. L, i3 veed to 8ot the wrap femuency, while R
adjusty the dapth of the trap. adjunts She shape of the paughand
The amplitude response for x tyrleal widedand I¥ amplifier i shown bolow

Thiz rmpltliey vs23 beidged T sonns traps ead requives no vides pesking i
taz chuominance chacasel
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SYIGIre 36 8uGh L e Stugpuide A & tT0eE Boteemer band stior IF anplifiesr
This ampillier woud aloGrglion trign nd does Tequive video peaking Lo the
chrominemes ot zival for 2 flat benor-ta.cnlar damodeiatae responae oy
chrembyanss sigmala.
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Figure 14
R iz of constderable hsporlanes t0 adfus Gie AGC Bias on the tuner IF por-

‘tion of the color receiver go that overlosd doca ot cocur. Alo. the tuner

lozed epmillator mut Le ateble snaigh to koop the sound carrir tuned in
the scund trap & order o avold she 920 Ko besta

Ueiike wmomoelronae television, where e suser iocal cssilistay metiing i
10t pariiculacty chistonl, the loond oneiliator mnust be e22 praperiy i rocalve
a wolor picture. Fortunately, the 520 Xe best wmpkos good tuning (ndizator
Slruply 2et Gre locnt spciiletor oo Uizt the 020 Ke heat auddenly disappenes,
this ia the sorTec? focal oaellisior addustrzeat,

VIl THE VIDRO'8{SVEMS

Ths luwilaomcF o Lnrel 78620 orstem of 2 volor recelves iF semcessan simi-
ar 1o thal of 3 mocuchromae vavelser, ot das the uddiionad festures of 2
3.58 My drap and o aalay Yue

The purpene of e §.55 Mo tron f3 0 reduce e arooust of eolvarrier and
Nz low friquecey sifebands guisg Ywoogh e lomisuire =aznasl  Thiy so-
moves Kie 8,58 ile lmat which would alierwioe nopear on the kicescope an
2 five eronstntcd Yy The amonat of tropping used In mot grest yod g
vatally of the oxdor of shiowt 15 o 80 L. Tue fzap ia l2s somewhat brord.
starting 2o tais o ' ite’" oul of Wi kumliance respoise sl 2bout 31){.3‘}__ 4
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With moat filter cirvuits, $he amount of dalay a aignal gulfers i3 inversely
proporéional to the bandwidh of he filier. Thechroma signalspass through
circuits having lsss Bandwidth and, hence, more time delay than the lunki-
ance signals  Thevelors, 2 delay line of sbout one microsacond delay must
be Inzerted in he lumivance channel ip ordar i 18t the chrominance “eateh
op’’ with the luminznes, 71 this B 2ol done, the colored edge of an cbjest
will not show up o2 the sawmeplace 35 tha luminance odge of the same objert?,
thus giving 2 putture that appeass mia-regisiered

The delay Mo ueed range from coils wound on long phezolic or paper tub-
uinr forms to specizi flexible delay cablas.

The most lmpordant thiag to watch in using delay lines iz to ses that they
are terminated in elr characteristic impedance, This tsrmination propo-
sition is very similar in principle to meithing of antenna {eed lines tothe

 talevizion tumer. K the delay lne is improperly terminatsd, reflsctions swiil

exint on the line, causing ghosta on the kinsacope, In praciice, tha dalay line
terminetions may be adjusted by minbniziag or ellminating ghosts on the
kinezcope. Normally, both sanding omd raceiving ends of the delay line are
terminated.

A typical luminaves channel video responas is shown delow in Figure 18.
Sk,

. ) R
— Sy, S

The chrominance bandpass video respoase i3 considerably difierent than
thet of the luminance. A typlezl chrominance response is shown in Flg, 16.

2%, , AW
42
I 56Me = _."
e
4.5 pe

——3= Freauncy
Fizure 16.
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The 2ove dandpasy o auwitable {or the widsband type of IF amplifier shown in |
Figure 12. A 4,53 gound irap s used to both help shape the response and to

remore any incidental 4.5 Me that might beat with the color subcarrier to pro-
duce 820 K.

A chrominance baulpass anmpitfior suttable for 2 nuerowar band IF ampliifss
i3 zhown below in Figure 1T, A0 e

_ 4.2 NG,
%‘1”{,
T B58me
| .
% FRIEGAENLY 4.5 MG
Figuare 17,

) At some point in the chromisance bandpasa amplifier 3. 58 Mc raust bw takes
i of! for the burst amplifisr. This point may be 2iher chead o pass the color
gain conirol, depending on the design.

Vil THE COLOR SYNCHRONIZING SYSTEM

Refarence fo the block dlagram of a color receiver shown tn Plgure 8 wili
2id in undersianding the distussion to follow,

Asn was previouzly stated 2 lees! subwezeior osnliiator must by ooked in
Iroquency and phase wek the burst trarenited on the back proch of the hori-
zontal pyme pulse In exsence. the burid io separsied from the rest of the
chremimance video and compered i phase detector with a sampie of the sub-
cavrier onviilator cuipul. The phase Cacetor develops a correction voltsge
propostional to the dilierence in phase of the iwo signnls spplied to the phase
detector, The covreciion voltage developrd b3 applied o a reactance tube,
which reflects capicilanea to the ou-ilialor turmed circuits In such 2 mannor
as o pull the gubcarrisr cerlllaicr towerd the correel phase,
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The burst amplifler io keyed on only durisg the horizental sync period by
a pulse delivered by the figback transformer. Since the burst amplifior

only amplilies during approximsately the time when the burst is present,
no carcminance video other than the burst is applied to the phase detector,

- Components cf the horizontal ayne pulze are grestly reduced by the lack
of low {requency respoase of the shrominsnee vidso chasnel, I the burst
amplifier iz not keyed on during the burst interval, other frequency com-
poneats reach the phase datestor. Therefore, aay DC voliage output {rom
the phaze detzctor is meaningless and color sync cannot be achieved. Thus,
the recsiver must be in hozizoztal syue before color syne may be attained
The horizcntel hold cortrel must be adjusted correctly, for, cvea if the
horizonizl is aynchronized, the hold control may be zet so that the burst
amplifier gating pulse is timed incorrsctly, mizsing =!l or part of the burst.
This alzo means that the horizontal syne system must be quite stadbls, Fig

18 shows a typical ¢ from the burst amplifier.
/ LINE 3

Pigure 18,

The phase detector is the error datector for the color synchroniaing system.
It compares the phase of the burst to the phase of the subearrier casciliatoy
and develops 2 DC voliage which is used o correct the phase of the subearrier,

Tha clreuit diagram of a typlcal phase defsctor is shown below in Figure 18,

[RoM BURST 50 2.2 1 Y SROM SuseHRRIER
Amep. ‘—7""—‘”',0 i @_ Jl——"ﬁ' Osc.

Figure 19,
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The burat and scbearsier bputs and the DO output 2re a8 shuwn an Figure 18.
Notice that the DC ocutput iz well filtered and changes oaly slawly, With respect
to AC, the 80 mirohenry ccll (s Slaceddﬁmﬂybctvmpol&slmdz, Nots
that the burst spplied 1o V,, 18 18U degrvas @ut. of phase with that applied to Vy,
The ocacillator phase conirsl adjusis the phavs of the burst applied to points 1
and 3 s0 that the phase of the subcaryier oscillator may be varied to adjust the
color phase as seen on the ploture fule, It s important that the caly DC path
from the DC output £o ground is through the two diodes, Also, the 560K resis
tors and 2.2K eapacitors tied to points 1 acd 3 must ho ratched to within 3%
value,

Ia operating, if the input from the subearrier oscillator is exactly 90 dogrees
out of phase with the burst signal at poinis 1 asd 8, diodes V and Vg will con-
duct equally, and the phasa detsetor DC output will be zera, ever; \ the
subearrier should pot be in quadreture with the burst at points 1 and 3. one diode
will conduct more than the other, Simee the caly path from point 2 to ground is
thronghdwdlodes,a&mhgevmmumwnwm&mmmom-
put will change to some value cthar than zero.

K either no burst or no subrarrier is appliad fo the phase detector, both diodes
will conduct equally, and the DC cutput of the phase detector i zero,

To explain just hew the diodss conduct egually with the signals at points 2 aad
1-3 in quadrafure, suppose that these two signals ave exactly 90 degrees apart.
After a line interval or two, the 2,2K capazilor and the 560K resistar combin-
ations will be changed up to the peak valus of the applied sine waves, Let us
call tho peak-to-peak volioge of the applied bural EB and that of the applisd
subcarrier ES, Points 1, 2 and 3 are Ixdelad for easy reference. Figure 10
showa the AC and DC voltages at the thres points,

POINT AC Vector DC Volizge Conduction Angle of V&V,

z f % + B

3 Ve -

}Z 2 ~£3,. [, _
i B ._,5 8

g ¥y s

23-4 !5 - E'B
Deep bebwesn odlode) ; ;, - =z
(N' plate Vo t) s ,“z Z W

L I ——
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Now, whenever 21,2 18 more negative than tha DC bias an that point (the
length of tha projeciion of £1.2 on the verticsl line I8 more negative than
Ep /2 is ponlitwz), the tube Vi will conduct. Also, when E 3.2 i5 more posi-
tive than -E5/2 is negative, tubs V] will conduct. Notice that, although Vi
and V3 conduct 22 different times a8 vectors Ej.2 and E 3.2 rotate, thay con-
duct by the same amoust, henze, tha average DC walue at 2 s xevo, and the
DC output of the phase detactor i3 zar0,

Now, let the subearrier suddenly become 45 degroes cut of phase with the
burst phage. Figacs 31 shows the voitage reintionships for this condition

POINT AC YECTOR DC YOLTAGE CONDUCTION ANGLE
B ES '
Z T%‘ * 2
%) y B2 - EB
Z (543 2
Z ,/{Z’°
4 ©
Era EBue—r ° 8.
; 2
g3
]
E3'Z. . Es. = gé \
P =2 \\C/
E3-2. Figure 31, >

Notice that now V 2conducts loager and, since E 3.2 13 2 longer veclor than
BEj.2. at a higher rate. Thus, positive voltage is applied fo poist 2 more
rapidly than it is removed; therelfors, the phase detector DC output goes
positive, Nots that, if the Eg vector were sioplog dowmwvard at 45 degrees,
the voltage at point 2 wauld go negative instoad of poaitive.

Thus, we can see that the phase detector will produce a DC voliage whose
18 a function of how murch the two input signals are out of quad-

rature, and whose polarity depesds upon which directiion the inputs are out

of phase from quadrature, :

L4
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Figore 23,

In e abowe oia ilt Oy réprosents dhe capaaity raflseiad by e ssasiance
fube, Stroe Cp Lo oosh lavger im Cp , 2oy clange fa Cp do radlautad Suck
zevoss O ta s wohearrier cootiistay woasd elregis ww:.ﬂm e ol
eRysier ?vz'a;‘. e lag sk o peate ol the Rricds I8 vaupisd iotaaly fa the
grid ihpoegh . AN walthge leidar: wu?ﬁtm of 3 2Ly und Oy ahifte
tae phase of A2 adesreter voltage aopiied fo e gedd o3 13t e yald volie
2g¢ Feada the ol e aa,tx-.-e by phyet 90 degrean  Taw AC piats carronl wild
be {a phaws &2 (o gr i yolispy. Whersfors e AC plate curewnt will iand
s plate voltzer phgut 60 ch-ames Siree e Caxres hadugh o duvasiior
d5odn O yokta e 4»"e<1 0 ehe eupasitor by 80 degresy, tha yeiizace futve
tocks s 2 o 'r'w za far pa C ot L 206 concorned. Noties Pzt 2 O
D(:gﬂddume e posiiive, mnmmlahcmm'd arvi maore AC 3
plale current Juwg wmsa&nhmnom&bz Bargwr, s kveckag
the frequency of e subsarsior ozellialor. The eﬂalmk vesintar, B,

28 & color hoid confeol, Binte it will ned the DC Has oo the resctanos b
and, hence. will conteGl the saboarriat raquenty 1o a lwitad degree.
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The sebeorrier opsiliiatlors used in present day color recolser practice are
of two mada forms, erystal controlisd and sali-excited. The self-excited
oaeiliator i3 simpie and requires no special components; howevar, it is
diffieult to economically build an cseillator of this sort which {9 stable

- apcugh for really satisdsclory pesiornence. Tha erystal oscillator Is simple
and, with modesn Inexpensive epyatels, 18 22cnomical to bulld. However, the
eryatals must be accurately ground; U, for some reason or other, they should
dirift off fraquency by aa Uitle as oue kilocyele, they must be replaced.

The pousibility of “sidelock’” raust always be cossidered with subcarrier
cacillators that may deift or be adjusied 15 X¢ of more from the nominal
burst frequency, Although the nominal burst froquency is 3.579545 Me,

the burst is modulated a2 line rale, since It is keyed. This means that the
burst containa frequency componsnts corresponding to line frequency and
its harmonies, both above and below the aominal burst frequency. Therefore,
the Bubcarrier oaciliator may lock in on one of these components, On the
kinescope tube this i3 manifestad by an arex which is known to be of one hue,
appearing as having seversl widsly different colors. The color boundarios
will be vertical,

X THE COLOR DEMODULATORS AND QUADRATURE TRANSFORMER

The type of color dsmodulzfors used in recaivers utilizing three gun picture
tubsa are synchronous’’, or “product’” demodulators. They provide sa
output which is proportional to the product of the instautanecus values of
the applied subcarrier and the chrominance video, From a wector stand-
point, the output 15 proportional to the component of the chrominance ¥ideo
in phase with the applisd sulearrier,

The schematic diagram of a typical eolor demodulator is shown in Figure 23,

Ly
C'I WL'?‘ Ouv st 75
) 3 04mm /‘;'”’).!‘.1
From - “pplred
Che S¢becarri€-
Ot B‘\\A pass J j-
Rm p I
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The product demodalation process uees the suppreasor grid-to-plate gain
of the damodulator tube, 22 well 23 the usue! exatrol grid-to-plate gain
The cutput at any lhataat of Ueae Ln, theoprelopa, progortional to the produst
&l Ui acatiot asd Mg peersor erhd daputs 2% hat tnetant.

Ton tnductazees L] and L2 S the dymodulator plate cireult act to baip shape
the pezedand of the fodioving chrans smplifises. Also, thoy form a simpié
low pass 1%y to aRanuats sesiale spurious frequencies graerated ia the de-
wodulsises,

How, i e Ko taputs to the demodulator ward mastly 90 dogrees out of
phase, tha oulput of the demodulator would be zero, plos the above mevtioned
Spurizua feaqeancics lak are filerad out. Stose the I wd Q color dcyma-
tion is transmaitted in guadraturs, 2 cexacdulator may be sek up to rerogpise
efther  or Q 2md fguore the other. Tharelors, § two demodulatoss are verd
Witk their respestise subvarvier apute 90 dozress apart, the 1 and Q inform-
&tiom con e detectad swparately exd withoul crogstall,

The quadrature trazeiovreer ehifiu the subezrrier By 00 degrevs for appli-
cation to one demoduletor, Figure 24 ahows 2 typleal quadeatuss tranaformer.

o
. [ dfrm\“ PR —
'h?m"" it G = S EXITF ;. g 2 °
Subtaywaly é C;J_ L%’ ba }ﬂ Ry & Démns B
R, 2 T 3‘3’ i
_TI_- >

Pieve 24

Ligond Lpars mobuiliy cosplad eolln. L0y 2ad LpC gare tumed 3o & ool
&k the aubcarrier (riquency, Rissd Rgeve chosen fo give equal MMS prim-
ary and sreondary waltagey, The owlpnl plicse will (hes lag the wape ty 80
dngirees,

The pubearvier leve! supplied o O domodulztors muet be about 50 volts
peak-to-peak for currenily available demaodalzior tubag, /
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Referring back to Figuees ¥, we se2 thatl thare ave two ways we might adjust the
the phaas of ‘he subcarrier cacillator for color delection. We might aet the
subcagtier phase o Demodulator  A' in phrag with the I signal. Thea the
quadzature tranaformer cutpwt sgplisd to Demodulziny 8" will be ia phase
with the Q signal Thus, We would detect the I and Q xigaals, which could
then be matrixed to provida the rad. gr and blue signals for the kines-

cope  Thiv ta =alied an "i.Q" nipie of decvder.

Aiternaisly, wo might adjust fhe subtarsier phase o Domodulalor A" w0

be in phasy with the R-¥ signel  Then the Demcduluior "8 7 subrarelse

would be tn phase with the B- ¥ niguel, Thos R-Y and B-¥ composeats sl

bo recorered A simple wmalriting operatioes wiil give the G-¥ shgaal

These nloe differansce aig~uls wou'd be sppliad i3 e Linsacope girics and

:'e Y sigmal to tha eadhodne  Thia i an “aqual tandwidth” o equibasd
oder.

The 3~ decater taken full advastzgs cf the NTSC color television aignal
Howswar, % sequirea ralatively compler matriving o ohiain the yed grean
snd Blus stenals, Bocavse of ol srosatalk prodioms, Mhe equiband da-
coder must be lmsed o sbut 700 Xr, fa effo.fivy barduwidth. Therefore,

8 goes o glwe quite x5 ravch culor daftall s the 1.9 dosoder. However,
the matrizing cperation is aimpie; hence, thin mekes an econombical decodar

% THE CHROMA ANO MATRIX AMPLIFIERS

The desims of the wmalyic 2upiiiiers dapends wpon the style of the decoder
uasd. For equiband opersiion, ihe chirom: amplitiers icliowing the decoder
beth have bandwidihe of siout 700 Ko, The C-¥ aignal is derlived by follow-
ing vk aperation

%-ET-Q 333.‘;1!-59-0 IMEE-E’-?

Bacauzs the G- Y sigazl raquiven segsilve values of R-Y and B-¥, ose phase
fnwertsy Ls neaded o get the sorgect polasity of G- 7.

For 1-Q cperaiion. the freguansy Fespeasad of th2 § and Q chroma 2roplifiers
i dfferant. Tepical 1 2a2d Q chasnel regponses srs ShoWn o Pigure 25

Redatwz,
Razponse
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Stiave the 1 and Q bandwidthe are dilferent, some form of time delay must be
provided to dolay the 1 so0 the 1 and Q signzals colncide in time. This may be
dome eliler by providing » separate I channel delay of about 0.5 micro-
seconds, oy by wsiag apecial non-miinum phase networks which will pro-
wide the corrset delay within the networlk,

The malrixisg opssations necozsary (o provide red, green 2nd blue outpuls
from 2a 1-Q decoder are as follews:

BB y+/(0.52Eq 0. 588 )
Eqy=Ey+(-0,8550-0.205)

T can be zeen {rom the polarities involved in the above equations that both
gositive and negative 1 and Q signals are peeded. Therefore, the Iand Q
shromsa swmelidiars mest have phass splitters for both 1 and Q.

The mutrixing is uanally cone by rosistive sdders, 28 shown in Figure 26.

R) =Ey N3 LE RS
A Rﬁ. 8 Ele+R3+ R2+R3
(Provided R4 is small com-
3 [ T o pukipemsi
g,
Esz
@ Figure 26,
= ~ >

Ag con be seon from the above equation, these adders are quite lossy.
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Figure 28.

M syac megative 21430 14 applird *o the DO entoears (he outpul Ccaamol go
aogative becavus of the stoelilylng scticn of the diode  As Whe diods com.
dusts, capaciioy C charges up i such 2 masnneyr that. afier several cyies
the diode comdizis only enough during syne tips 2C supply the Charge fe-
moved by reslstor R Therefors, the culput is DC relerenced i Reound

In a dovoder that supplien red, grosn asd blus £ignals to the kinescops grion
(Useally an [-Q decodar) the DC rectorars act betwesn kinsarons grids and
gound There 45 one DC resiorer for each grid Becauss the ¥ signa’

hich coataing oyne pulgas) has been matrixed with the cheombnancs G-
nais to produse the red green and hiue video , these these eomponents so
ton’ain 8yne pulzes to cperats the DC restorers The kincscope beighnvens
i3 then comtrolled by varying the kinesccpe cathode DC voilage

In the Color diifsrence dacoder fusually an aquiband decodsr) the DO re-
sloration is appliad in a slightly different manner The rolor ditierence
dignals are applicd 'o kincscope geids and the Y signal *o the thewee cath-
cdes tied together, Then the R-Y, B-Y and G- Y siguals are added to the ¥
signal wilhin the Rinescope itaelf o provide the actual ved, green and biye
kinsazope bean currents. 1o this case, the DC reslorers 20f between a0
color diffsrenca a'gnels and the luminanses signal to provida the proger
eolor balances Figure 20 shows a DC resforer eircuit suitable for 2
colos differance devoder.
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In the above Livsizretion, the color difisrence video is DC reatored with
rézpect to the syme tip belght of the ¥ sigral applisd through Cp. Thus.
the color difference algnals are referancxi o the Y signal Noiice that
sincs the Y algnal ia appiied (o the kinescope cathode and the color dif-
fercnce sigrais fc the iasecope grids this DC restoration gives the etlect
of direct coupling from 2 video detecior to the kinsseope for the lumin-

avce glgnal

The potentiometsr, Ry, s2%a the DC laval 2t the kinescope grid and, heonce,
acte 2 a brighincsa control for that particular kirescope gun, Of course,
a DC roatorer (5 required for each kivosccpe grid,

XX THE DEFLECTION AND EIGH VOLTAGE:

The followiag remarks wov e only deflsction systems for 2 threa-gun,
shadow mank type of Binszcupe.

The high voltage regulremends of a color faisvision receiver using a three-
gun tube ars much mors severa tian those of 2 monothrome recebrax, A
typinal color zet will require about 800 microamperes of current al 20 Ky,
and, £lgn, raiker lurge amounts of forus elecirode cusrent, In addiilon, the
high voltage aupply must be elecircnically regulated because of voaves gence
consicderations,

The high voltrge rectifier is usually of the voltage doubler style, The reg-
ulstor g often a high voltage triods in shunt with the kinescope high volt-
age electyode. The regulzior tube grid is referenced to the high voliage
potential by a veltage divider acrous the high voitages output. Thus, the
regulstor tube acts a3 an auwtomatically adjustable load on the HV supply,
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azauming lozd ae the insuroge icad drops. thus tending W make the °
BY o@astial comutant. Arcther form of Y srgulator sometimes used (s
2 £ovons distharge tube, wileh acts in much the same manner “s an urd-
imary gas eegulator tube (VR tubs).

Cavewse copaidarndls o supeeat 15 vred ot 2hout 2 v & aeparae focus
pectiliar, coeraling feows Y3 own liyback transinemer fap, i3 used

The horizonial 27 coroelis musk havs gt 2abiiAty M the wolor syax
spatnrgy 18 to work pecperls

The daflection chassks Ior 3 color pee<iver must supply two AC “'sonver-
genee’ voltages in addition to the DC convergencs voliege of about 10 Ky
Tha thres glectron beams in he Zinestope are made to CONVergY, ar coma
togethar, at 2 point a cerixin dlsteuces from the guns by vze of a potantial
spplied w the convezgence electrods of the tube, Berauge the dlstance
from the guna 2o the phoaphors changen as the electron beam is scannsd
acrosy the kinescope foce, the dizlance of convargence must also change M
good ragistry ia to be achieved. This effect is most pronounced in the
planar (lat) shadow mask tubes, In ordsr to correct for this convesgence
error, perabolic wavelorme at both Mas and fisld rate must be added to the
DC coavergenca voitags. These parabolic wavaiorms are generated by
2ppiying sawtooth wavelorms from the ecans o an Integrating (bass Boost)
fype of netwerk, The ouiput is then parabolis in form A gingle triode
with suitzhle plate ioads is vead 0 ampiify both 60 and 15, 750¢ps parabolas

The deflection chassis usually supplies a small DC voltage at about 19 ma.

for pse of purity and fleld neutralizing coils of the kinescope. The purpose
oﬂhmcoﬁhtsmmnunmnam:lnc&mm;mauommhmemarma

shadow maak at the correct anglas to hit oaly ibe phosphors assosiated with
that gun.

Xl TRACKING

The three gun shadow mask kinescopes usaed ftoday present the provlem of
tracking” of the Leam currents to provide good gray scale venditton The
provlem fs derlved from the fact that the red phozphors available walay hava
ioes than half the sificlency of the green and blue phosphors. Theretore, the
sod Deam currant muest be at jeast twite the beam currents of each of the
other guna, This makes it dif{lcult to maiatain the same beam current pro-
portions {or widely varying beightnass levels, I these proporiicns are not

maintalesd the hus of the picture will change as the brightness changes.
Tals, of course, 1s very undesirable, The usual attack to the problem is Lo

drive the red gun about 20% harder than the green or blue guns and to in-
creaze the rad screen voltage somewhat, thus increasing the gain of the
red gun, The kinescope Is made to track by adjusting the kinescope drives,
the DC levels of the control grids {background controls) and the screen
grids - DC levels (balance controls) for 2 good grey on a monochyome ple -
fure, which dues no! change hue as the brightness ie varied
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"he set uses the RCA type, shadow mask 15 ach, round glass envelope,
3 gun fei-golor pieinre fube and the Standard Coil TV2200 seriea VHF
funer. The color system s of the “equal bandwidth’’ type, decoding on
the R-Y and B-Y azes,

Two chazsis are usaed, one containing the RF, IF and color elrcuits, and
the other housing power supply and deflection systems, The picture Lube
15 mounted {a the cobinet separately,

POWER REQUIREMENTS

The CI'V-2 set is rated for 117v AC, 60 cycle operation. It consumes
450 watts at this input.

WEIGHT {with tubes)

Decoder chessis 18#
Deflection chiagsis 53¢
Picture tube ang mount S4u
Total withou! cabinet 125¢
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Tuby Lweup

Drecoder chassis:
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Munction Tube or Xl Type
RF Amplities 6BRT

Oss. and mixer €18

ist video JF ampiilior fCES
2on video ¥ spailit e eAY

3rvd video IF ampddi=n €240
Ay vioeo B umplios {opalll
Video Dotectyr TALD
Vides IF Sound Awmpiilis] eAUS
Sound Detsgtor INGU

Ist Sound IF GAlR

2od Sound 1 GAUS
Ratio Datecisr GALS
Auvdia Amplitiey CATE
Audiy Output Amplitier BAGH
Video Cathode Follower 1/2-12507%
Lumirance Video Ampliiinr 8CL3
Chreminanie Bandpass Amplit er 5CEE
Gai=d Burst Amplfier EAHS
Phase Detector BALS
Keactance Tube 1/2<1ZAT7

3 56 MC Oscillaror

jsolation Amplificr

Chvominance Chanroi Buffcy
Amp.

B-Y Demodulator

B-Y Matrix Amplificy

G-Y Matrix Amglificr

B.Y DC Restarsr

G-y DC Resworer

R Y Demedulator

RY Matrix Amp

G-Y Matrix Amp.

R Y DC Restornr

Burst Amp Gavw

AGC Rextifler

is Syay separator

Syne Amplificr

Sype Catliode followey

Svie Phase lnvertv)

AGC Amplifier

1/2-Y2ATY
5CEE

1/2-1280%
6ASSH
1720207
1/2-12A07
1/2'66.’75
1/2-BALS
BASSH
312 2385
1/2-12A0%
1'2.6A15
e-BETA
AUATIY
1, 2- 12407
2 J3-12A07
3/2- LZANZ
172 A2ATT

Y2-12AU1

1
1/

LSRN -
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V.18
V1T
v-18
V-1%:
v-12b
V=20

V.21E
o V.22
V-23a
V-23n
V-26%
O
V25
Yy 262
v-23b
v 278
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20
V-290
A
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Tube Lincup
Deflection chagsis:

Function

Medium Voltage Rectifier
Medium Voltage Rectifier
Low Voltage Rectifier

Protection Relay Amplifier

Convergence Amplifier
Vertical Scan Rectifier
Vertical Osciliator
Vertical Output
Synehroguide
Horlzontal Cutput
Horizontal Outpul

High Voltage Rectifier
High Voltage Rectifier
High Voltage Rectifier
Damper Diode

Focus Rectifier

High Voltage Regulator

CONTROLS
Decoder Chassis:

Fromt Panel:

Channel Selector

Fine Tuning

Volume (inner)

Tone {outer)
AC-ON-Off (inner)
Contrast

Vertical Hoid {inner)
Horizontal Hold (outer)
Celor Saturation (inner)
Master Brightneas (inner)
Color On~Off

Color Phase

Color Bold

Peay Chassis:

Top

AGC Threshold
Red Background
Green Background
Bluz Background

B-Y Demodulator Gain

3 58 MC Oscillator freguency

Schematic Symbol

Tube or Xt2l Type

S5U4AG v-31
5U4G V32
5Y3GT v-33
1/2-6BL7 V-34a
1/2-8BL7 V-34b
1N60 X-2
1/2-6BLT V-35a
1/2-6BLT V-35%
6SNT V.-26a & V-36b
€BG&-G v-37
6BGS-G V-38
3A2 V-39
343 V-40
SAS V-41
GAUAGT V-42
343 V-43
8BD4 V-44
Schematic Symbol

R-58A

R-H8B

R-58A

R-71

R-103B

R-133A

R-93A

R-93B

R-03A

C-117 .

R-112

7 5
g
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Contrgls

Deflection chassis:
Rear:
Tap row
Blueg Balunce
Red Balance
Greety Baldngs
Ventwar Convengetio
Vertical Shap
Hegn
High Voltage Adjust
Top
Buttom Row

Color Purity
Figld Neuwt
Vertical Lineariy
Horvizontal convergance
Vertical cenfering
Horizontal ventering
Horizontal drive
Herizowtal lincarity
Rear of Hv Case

Top Row
DC Convergence
Convergnnoe Plare Coll
Width
Focus

Top Chassis:

Harizontal frequency
Horizooal phasi

Qebpres) ic Sombal

R 207
R-208
R 208
i -2490
]R283
1K-227
R-2434

R-204
En-' 205
R-252
R-271
R-Z3%
R-253
=261
L-17

e

R-282
L.20
L-78
279

3
L
—o



General Circuil Desevistion {deeoder Chaosiz)

R. F. Tuner

The Standard Coil TV2200 series cascods VHF tuner is used UHF periormande
can be oblained eithel: by the use of strips or an externa! converter Thig iz the funer
used on our 27D213 type chassis The furer is of the turret typs oi\ilizing a 6BQ7
cascody RF stape feading a 876 vsetlicier mdnsy I7F eninut {reaueney (o in the 2I1MC
region
Video I F

The picture IF consists of 4 staggered sieges very Similar to that used on the
27D218 chassis. The first three siages, V &, V-4 and V-5 are AGC controlled, The
first stage has co-sound {27.75 MC) traps in the grid and plate circuits réspectively
of V-3

The major difference between thie iF and that of the 27D213 chasais is the addi«
tion of a co-sound trap {(L=27) In the cathode of V -6, the 44h [F  This trap I8 necess.
ary because of the more stringent sound trapping reguirements for a color sysrem
than a black and white. Al leasf 40db i scund trapping is nevessary for a color sgt
as contrasted to about 26db for a B and W system  The trap also serves oe a take-
off point for sound information as will be discussud in the Sould IF syetem  The (Op
position on L-27 kas been optimaized fo provide about 2004 of trapping. and to looate
the trap oversliool ufl the aizh Ireydeney Sidc (0 S0oh 2 MARLET 46 L brosden vt tie

IF passband slightly at frequencics ust ahe e tha sound SFAp

m

The IF passband of 4.0 MC between 6db points 18 siightly wider than that used in
the 27D212 chassis This widsr passosnd Je necesgery 1w p2se color aformation v
ending 1o about 4 2 MC away from 1w puoe trearyiey . Cueve #1 ghows the overail ¥

vassband obrained




Video Detector and Luminance Video Amplifiers:

The video dstector (V-7) is a conventional thermisnic diods detector circuit
utilizing video peaking in order to help shape the ov;rau video response for opti-
mum pictures. The detector is returned to -135v in order to provide the proper
DC level to the grid of V-14a, the video catiode follower, The dio’e detects synd
negatives,

The Video Cathode Follower is used fo drive the lurcinance chaanel delay
lint (L-37) and to provide a low impedance output to the chrominance channe! and
sync circuits, This tube operates betwsen +240v and -135v ia order to be able
to provide the peak-to-~peak video output necessary to drive the subgequent cir-
cuits. The contrast control, R-71 in the cathode of the cathede fellower, varies
the amplitude of both luminance and chrominance information.

Because the color fafcrmation passes through narrowsr bandwidth circuits
than does the luminzance signal, the ciircina suffers a greater time delay than the
luminance, Therefore,a delay line, L-37, is inserted {n the luminance channel to
insure coincidence of arrival at the picture tube of both lu_mtaance and chroma
information. L-37 hag a deley of about 0.8 mtcroéecond, and a nominal imped-
ance of 3000 ohms. Is characteristizs are shown on Chart #20. The delay line
.18 terminated at both ends to minimize reflections, and, Lerge, ghosts on the
picture. |

The luminance video amplifier, V-15 feeds the cxthodes of the kinescope. This
tube operates between +240v and -135v in o=dar to provide adzguste vidzo swing
to the kinescope. The 3.58 MC trap (L.-39) in the plate of V-15 serves to trap out
the 3.58 MC componeant of the color clgnal inorder to aveld the fine crosshatching
on the picture that would otherwiee result.

The overall luminance video amplifier re"cponse le showaon Chart#11, while

the overall set luminance responge for chamel § {5 ¢ sws on Chort $12.




Sound I, F, System :

Because of the deep sound trapping necessary ona color set, the use of a con-
ventional intercarrier sound system would result in poor sgound sensitivity and
signal-to-noise ratio. Therefore, the CTV-2 chassis uses a modified intercarrier
system which permits reasonably good sound performance,

Soundand picture informaticn from thatop of L-27, the cathiode sound trap, are
fed to the grid of V-8, the IF sound IF amplifier. The plate cf this amplifier is
peaked at the picture carrier frequency, while the cound zarrier iz trzoped down
somewhatby L-32. Paremeters are adjusted so that the converter grid-to-plate of
V-8, response has the sound carrier down about 20db from the picture carrisr.
These are the conditions ideal for generating the 4.5 MC intercarrier beat at the
sound detector crystal, X-1. The output of the sound detector is fed to cound IF
system identical to that of the 27D213 chzssis. Two SAUS stages (v-9 and V-10)
amplify the 4.5 MC sound signzl and fesd it to the ratic detector stage, V-11. The
R/D output goes through the volume control where it is amplified in V-12, and is
sent to the audio power amplifier, V-i3, 2 6AQ5. V-18 operates between +115y da-
coupled from the +240v line and the -135y line. The audio output drives a 10 in.
speaker in the cabinet.

Sync Separates and AGC System’

The composite vides informztion irom cathode of V-14a gues through a phase
inverter, V-14b. which supplies video of the proper phase (sync tips positive) to
operate V-29, the AGC recrifier and sync separator. A DC voltage corresponding
to the sync tip height iscbtained al the cathods of V-221. This voltage is applied to
the gridofthe V-21a, the ACC amplifisr. V-21a is a DC amplifier operating between
ground and -60v, with the plate load composed of the IF strip AGC parameters,
R-176 the AGC threshold contruls, sets the DC level at the grid of V-21a in such a
manner as to cause the AGT line voliage Lo maintzin the peak-to-peak yideo output
of V-14a at the proper operating level AGC to the tuner is delayed in order to pro-
vide optimum overall signal -to-noise ratic. f




- .
. —— - — - - - -

The sl

The separaied composite syne signal pasees from V~29 w0 V 500 through an
amplifier, V.30a. The grid of V-305 is never permitted Lo swing moure pesilive
than -60v, because of the DC regtoring action of the diods of V.70 This improws
the appearance of the sync tipe as phserved at the cathods of VoI tir composite
sync cutput tube  Becausy V-30b is & ca\lode [ollower, tae Compy s &ons ow
put appears acress a low impsdance, whech Js vory degirables o view of the fagt
that the cemposite sync then goes through 2 cable (¢ the defiesiion chussts

Color Synchronizing System:

The color synchronizing signal consists of 8 cycies of a 3. 578545 MC sig al
superimposed upon the back porch of the horizontal sync pulse. This "ours. *
must be separated out irom the composits video and caused to contro! the {reg-
uency and phase cf a local subcayrisr cecillatoy. The local oscillator must be
exacilyonths buret ireguency, and must matehit to withinabout 5 degress in phase

Compaeite video from the contrast control pagses through the chrominance
bandnass amplifier (V-16 fo the grid of the gated burst amplifier, V<17 The
pulse derived from the flyback tranzformer in the deflection unit, V- 27b keeps
the grid of V-17 cut off except during tas keying pulse, which cccurs during the
horizonial sync pulse. At this {ime, the giid of V-17 is psrmitted fo go positive
enough tolet theivbe actas an amplifizr, thoe amplifying snvihing gecuring during
the horizontal syne, pulsz which containg the burst. A filtar in the plate of V-17
discriminates zgainst [requency curmponciis of the syne pulse notar the bHurst
irequency, The cufput of this amplificr then congists of burats of 2 58 MC =ine
waves recurring every line ioferval (15, 5750}, ¢

The amplified burst is Misn J=d to the plate OF Gue scolitn and (b cathade of
Lthe other secion of the phage detector, V18, Notice fhat 1he veltges on thsse
tube elements are 180 degrees vut of phase with euch other Tha 1L, 2] subearrier
o8cillator signal is then applisd fo the rernaining piate and cathule o (5% phase
detector tied rogether U the locel ostlilaor sigual at thy plasy defeclor




is exactly 60 degrees (in quadrature) out of phase with the incoming amplified
burst, both halves of V.-18 will condurt equally. and the DC voltage at ping 5
and 7 of V-18 will be at ground potential

However, if the lotal signal should not be in quadrature (90 degrees) with
the incoming burst, one-half of V-18 will conduct and the other will be cut off,
thus changing the DC potential at the junction of pins 5 and 7. The polarity of
the potential at this point depends upon which side of 90 degrees the local sig-
pal is on and the magnitude upon how far # is from quadrature,

This developed DC voltage is filtered and applied to the grid of the react-
ance tube, V-19a2, The reactance tube output appears as a capacity whose
magnitude is a junction of the grid-cathode voltage on the tube,

The local burst ozeillator, V-19b, is a simple Colpitts type osciliator da-
signead to freerun at 3,579545 MC. The capacity varies, reflected by the re-
actance tube to the oscillator cathode to very the oscillator fregquency (or phase)
to keep the oscillator on the correct frequency and phase as seen at the phase
detector.

Note that the colo» phase coatrol, C-117, varies the phase of the incoming
burst applied fo the reactance tube, thus varying the subcarrier oscillator phase,
and, hence, the color phase.

The subcarrier oscillator and control eircuits listed above are called "‘auto-
matic phase control’” or APC circuits and are similar in many respects to cir-
cuitry used to control the horizontal oscillator circuits in blatk and white tele-
vision.

Circuit parameters for the CTV-2 APO system have been optimized to pro-
vide the best possible noise immunity and phase accuracy consistant with a
reasonable pull in time.

The isolation amplifier, V-20, simply isolates the burst oscillator from the
effects of succeeding stages and provides 2 fairly low output impegance to the
color demodulators.




Chrominance Bandpass Amplificrs

Composite video from the contrast control is fed to the chrominance bandpass
amplificr, V-16. Tuned circuits on both grid and plate of this tube gerye {¢ shape
the bandpass of this stage 1o be approximately lat from 2.8 to 3 8 MC, and 1o drop
off sharply on either side. The 4.5 MC trap {L-45) in the grid of V-18 serves to
trap out any fine crossharching on the picture due o the presence of 4.5 MC sound
information. In addition 1o acting as pari of the passband shaping circuitry, L-47
also surves as the burst takeoff point for the burst amplifier. The color saturation
contrel, R-93A, comrols the gain of the bandpass stage.

Tbre bandpass amplificr is peaked several db at about 4 MC t0 compensate for
the IF amplifier characteristic, thus Fesulting in a wider and flatter overall chrom-
inance passband. See Charts #13 and #14 for the chrominance channel responses.

The chrominance bufier amplifier (V-21b) effectively isolates the bandpass
siage from the effects of the demodulators. !t is €imply a triode with a low imped-
ance plate load.

Chrominance Demodulators and Quadrature Transformer

Because the color information components are grouped about the color sub-
carrier frequency in the video passband, special means must be used tc detect or
demodulate them. Synchronous detectors {V-22 and V-25) are used for this. The
chro