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A N I E N N A S

pr€setrce ol a single lorward lobe is us.
ually a very desinble feature, especially
when il is wide enough lo provide ade-
quate iDterceplion area foi some dil{er,
enc€s i.a kansmitter location. changes in
the wave lront's &rection of tlavel, o!
physical movemenl oI the antenna in
high wiads. Fu hermore, it is oot too
cdtical of orienlation. It is necesEary
only to aim it and lorget it.

f t 0 H E n  E A  l
Thess gain curves of the AMPHENOL

Inlin€ anteDna represent the iDtercepted
voltage ol the AMPHENOL llline An-
tenna as plotted against the intercepted
voltage of a reference folded dipole cut
to the frequency being compared. There
is no channel in eilher lhe low band or
high b6nd where thele is moie than a
thlee decible change within the channel
that c6n cause picture Eodulation or" luzziness."  Tbe gain o l  the AM-
PHENOL Inline antenna b quite llat over
all chaidels.

You will lind mors gain designed into
lhe high bald because of grealer need
lor il, due to higher losses at these lre
quencies. Also, notice the dlop.oll on
channel six. This i3 at the edge ot the
FM band and is Eubject to FM iater-
Ieredce, so the Inli!€'s gain is purpGely
held dolt/D at that lrequency,

Tlle excellent broadband characteF
istics, impedance match, single torv,raid
Iobe radiation patterns on all drannels,
maximum gain, lighkliug protection, and
superior mechaDical leatures oI lhe AM-
PHENOL Inline Antenna make it the aD-
tenna lor the greatest TV pictute quality!

S.Dd tor "The Art.nnc Srory" - o ri'.ere o,s-
cussion ol TV dnr.nros bcted on d.ruot [i.td

EXCELLEI IT  RAOIATIO I I  PATTENi lS
These are the radiation patterns of the

AMPHENOL Inline antenna at 58 mc., 66
mc., and 88 mc., ir the low band, and
174 mc,. 194 mc., and 215 Inc. in the higL
band. Not ice the uni lo lmi ty of  these
lobes at aII lr€queucies. The lack oI
lobes olf the sides and tregligibl€ oaes
olI lbe bacL maiatains high lront'to,bask
and lronl-to-side latios necessary for the
rei€clio! ol vadous intetlereflceE. TlIe

AMERICAN PHENOTIC  CORPORAI ION

Y O I J R S  F O R  I I I I  I S | ( I } I  O

1830 souTH 54rh AVENUE . CHTCAGO 50, tU.tNOlS
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HERE'S THE BEST F(lR EI|ERY TEST
Sylvonio Rodio ond TV Tesling Equipmen]

Television Osci l loscope
An exceptionally High-Gain, lcide-
Band Oscilloscope Designed for Tele-
vision. Accurately displays any TV
pulse or wave-shape oo a large, eye-
saving 7" screen. Sedsitivity: 0.01 v./in.
Vert. response useful to 4.O mc. Hard-
tube sweeps to 50 kc; phasing control;
pos. or neg. sync. control; rnany other
outstanding features. Recommended
for servicemeni labotatodes: advanced
schools and industty. Price $249.50.

lv Sweep Signql Generqlor
An ALL ILECTRONIC Sweep Gener-
ator for TV atld FM. Fundamental cen-
ter frequencies: 2-25, 2U64, 60'120,
and 140-230 mc. Two adjustable sweep
widths: G600 kc./15 mc.r excellent
sweep linearity; output 0.1 v. !dge-
lighted dial; simplified con ols; small
size: 11t/2,, x 8y2,' x 7,', May be used
with any 'scope and marker, including
those shown above and below. Ptice:
$r39.50.

lube Teslet Type 22O Made
by a Tube Manufacturet for
Tube Users. these instruments
test for ALL usual faults-not
just one particular characteris-
tic. New and exclusive ohm-

FM-AM Signal Generotor Useful as a TV
Marker. A versatile AM-FM generator,
doubly useful fot peaking alignment
of TV and as a TV marker. Calibrated
to 0.057". Fundamentals 80 kc to 120
rnc; harmonics to 240 mc. Modulation:
O-rOU/o AM; A-3O/r50l700 kc FM. 1.0
volt max. output. Low leakage. Built-
in cilcuit for €xternal ctystal. Price:
$139.50.

chart; convenient switchesi provisions for futute tubes.
Portable Type 220 has durable metal case and handle;
removable cover. Size: 6" x l1/<" x 17". Price: $114.50.

lube lesler lype 219 The coun-
@t rype 219 is electrically equiYa-
lent to the portable type. Attrac-
tively housed in a streamlined wood
and metal cabinet, Adaptable to any
surroundings. Occupies small coun-
rer space. Size: 53/a" x lt" x 18./a",
Price: $114.50.

P o l y m e l e r - l v  V q G u u m - l u b e
Voltrneler A Sensitive DC, AC and
RF Vacuum-Tirbe Voltmeter, Ohm-
meter and DC Current Meter. The
basic instrument for everv TV. FM
and AM shop. Ranges: ;f to-300
volrc (only J pgf shunt capaciry); ac
and dc to l00O vol$ ( 10 or l0 kv dc
using h.v. probes); dc current from
50 dicro-amperes to
and tesistance ftom
0 .5  ohms  to  1000
megohms. Frequen-
cy tange to 300 meg-
acycles. High input
imPedance on al l  

- \ : : " -_

voltage ranges. Size idedtical to TV
lype 221 Zgenerator at left. Price: $99.50.

Type 228

Co thode  Roy  Tube  l es t i ng
Adqptor. Use q.ith zr2y Sylvania
Tirbe Tester to cheek 857o ol
your picture tub€ troubles, v.ith-
out femoYtdg tuDe tfom fecelver.
Checks elecuo- magnetic types
for emission, shorts, leakage, and
open f i laments. Price: $9.50.
Type 228.

* * * *

For full informqtion obout 9ylvonio's complete l ine
o f  quq l i t y  fes f ing  equ ipmenf ,  wr i te  lodqy  lo :
Sy lvon io  E lec l r i c  Produc ls  Inc . ,  Dept .  R-2807,
Emporium, Pennq.

Generol Putpose Osci l loscope
A V€rsatile 7" 'Scope with Many Features
Foudd in Type 400 above, priced as low as
oscilloscopes witb smaller screens. Sensitiv-
ityr 0.1 v,/in.; freq, response: exceeds 7
cps. to 70 kc. $Tidely used by servicemen,
schools and industry for AM-FM'TV test-
ing. Price: $149.50.

Type 400

Type 500

10 amperes;

SYTVAITIAvETDCTRIO
M0l0 TllEtS; ItLEYlSl0tl

lype 132 Z



SOME FUNDAMENTATS OF COTOR TETEVISION SYSTEMS

BY

W.B. whauey
A d i , r n . f  P r ^ f a < < ^ r

Polytechnic Institute of Brooklyn

I. FUNDAMENTAL PHYSICS

'What 
must be added to a standard type of mono-

c h r o m e  t e l e v i s i o n  s  i  g n a  1  t o  p r o v i d e  c o -
ior reproduction?

1. Hue only, slnce (a) resolution, (b) bright-
ness, and (c) synchronizing information
a r e  a l r e a d y  p r e s e n t  i n  t h e  m o n o -
chrome signal. *(See editor's note)

II. BASIC METHODS

What are the basic methods of accomplishing I?

1 ,  Co lor  in fo rmat ion  assoc la ted  w i th  the

3. "Sub-carrier" Systems which include:

a. Syntheticaily - the dot color system
( R C A  o f  1 9 4 9 - 5 0 )  P u l s e  A m p l i t u d e
Modulation (P.;\.M.) - must be "elec-

tronic" only.
b .  B a n d - s h a r i n g  m e t h o d s ,  e g .  G . E .  -

Must be "Electronic" on1y.

BRIEF DESCRIPTIONS OF 1, 2, and 3.

1a. - The frame sequential system was first de-
monst ra ted  in  approx imate ly  1934 by  Ba i rd ,
and makes use of the very simple and practical
technique of viewing the scene through color
fi l ters wtlich are placed in time sequence be-
tween the camera and the scene so that the tele-
vision camera first looks at the scene through
one optical l ight f i l ter (say green) such as one
of the Wratten gelatin transparancies, then at
a later t ime corresponding to one vertical scan
period, views the scene through, say, a red fi l-
ter, finall.y a blue filter.

Each of these transparency fl l ters behaves with
light frequencies as though itwere a bandpass
fi lter in the terminology of radio. It is inter-

a, Frame Sequential (e><ample; Baird -
C B-SlTe ch-anfcai or "a11 electronlc"

b .  L i n e  S e q u e n t i a i  ( e x a r n p l e ;  C . T , I . )  -

@usT6e-6'i?iir oni c " onIy),

2. Multiple Complete Systems; - A televl-
aion s y stem.f,orraaFTrimary color.
E)€mple; RCA "Sim-ultaneous-A 1l Elec-
tronic" of 1946-48.

EDITOR'S NOTE

One o f  the  grea tes t  d i f f i cu l t ies  w i th  the  do t
sequential system is the synchronization of the
receiver color switching function.

In order to retaln compatabil ity, R.C.A' and
others ,  no tab ly  the  new NTSC o f  the  RTMA,
employs a sineusoidal burst at the beginning of
each l ine .  Th is  one burs t  i s  then expec ted  to
synchronize the receiver's sub-carrler oscil la-
tor accurately e nou gh s o that nearly 400 free
running switching operations occur across the
1 ine .  f f  the  f ree  runn ing  co lo r  sw i tch  t im ing
varies by just a smal1 amount, color contamina-
tion becomes severe,

The synchronizingburst is intentionally made
sma1l in ampl.itude, about 107o, in order to re-
tain compatability. Any C!f interference within
the  channe l  tha t  se ts  up  a  beat  a t  o r  near  the
sub-carrier frequency has a very detrimental
effect on an already touchy synchronlzation pro-
b1em. The CW interlerence mentioned is usual-
l y  1 o c a l  o s c i l l a t o r  r a d i a t i o n ,  a  v e r y  c o m -
mon condition.

From the above, one can assume that t}le
synchronization problem of the dot-sequential
system ls an extremely diff icult one.

Page 5
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esting to note, by the way, that e a c h of th e s e
bandpass filters is a remarkably stable and low
cost device as compared with typical el.ectronic
circuit bandpass filters.

At the receiver, the observer views the normal
type of picture tube through similar color f i l-
ters which come into position, infront of the
picture tube, in synchronism with t h o s e at the
transmitting end.

It musl be emphasized that with suitable (yet to
be designed!) cameras, and suitable simple tri-
color picture tubes*, this system-f rame sequen-
tial-lends itself better to "all electronic" oper-
ation than any of the other systems to which re-
Ierence wil l be made. Hence, the frame sequen-
t i a l  s y s t e m  c a n  b e  b o t h  m e c h a n i c a l  a n d  " a l l

electronic" and can, therefore, provide a ver-
sati l i ty which other higher speed or shared col-
or switching systems do not,

*Some tri-color reproducing tubes can be sim-
pler and lower in cost for the Frame Sequential
S y s t e m  t h a n  a n y  o t h e r  s y s t e m  d u e  t o  l o w
switching rate,

1b. - Line Sequential - If we consider l ine se-
quential systems,-where the color is changed
with each line of the scanning,-we reach switch-
i n g  s p e e d s  w h e r e  m e c h a n i c a l  m e t h o d s  b e -
come inadvisable,

Hence, the n e e d for performing this (if i t is a
desirable system? ) by electronic methods,

In  i t s  bas ic  fo rm,  th is  invo lves  v iewing  the
scene through separate sectional color f i l ters,
or with camera tubes which are separately col-
or sensitive by suitable means, and then at the
recei]/er, viewing the incoming signals on either
a  s ing le  " t r i -co lo r "  tube or  a  bu lky  th ree-
picture tubeassembly unit; since it is not prac-
ticable to switch color f i l ters at a rate of 15.
?50 per second (fH monochrome) by mechani-
cal means.

The first attempts to "sell" the line sequential
system (C,T.I.) were arranged in, possibly, tt le
mostdiff icult way, Three lens were placed side
by side horizontally, in front of the mosaic of a
standard television camera tube and attempts
were made to place the scene on the mosaic as
tfiree small s ce ne s which had as precisely as
possible the same rvidth, same height, same op-
tical lineariw in both the horizontal and verti-
cal directions; also,-spaced apart physicaliy on
the mosaic such as to mesh in with the blanking
period of a standard 15,?50 monochrome sync-
hronizing signal.

Page 6

To be  success fu l ,  the  op t ica l  and mechan ica l
registration of each of these three images on the
mosaic, would have to correspond in width to an
accuracy of better th a n 1/9 ol Lflo and. in height
to  be t te r  than 1 /15  o f  17o in  o rder  to  ma in ta in
reasonable resolution of the pictures. Further-
more, th e l inearity of each of the images would
have to have a corresponding accuracy.

Between each lens and the m o s a ic there was a
sec t ion  o f  co lo r  f i l te r  t ransparency ,  Then a
s i n g l e  s c a n n i n g  t r e a m ,  a s  i s  p r e s e n t  i n t h e
s t a n d a r d  p i c k - u p  t u b e ,  s c a n n e d  a c r o s s  t h e
mosa ic  a t  1 /3  o f  the  normal  hor izon ta l  mono-
chrome s canning speed so that three of these
horizontal line picture sections would be trans-
mitted in the time of one scan.

Another larger problem occurred imrnediately
(and should have been tlought of before), Since
three pictures of standard shape had to be placed
side by side with spacings between them corres-
pond ing  to  the  los t  b lank ing  t imes,  less  than
1/10 of the useful area of the mosaic was used
for each image. As is well known, pick-up tubes
are  aheady l im i ted  in  the i r  ava i lab le  reso lu -
tion; - cutting down the area per image to approx-
imately 1/10 of normal, means that the detail
reso lved by  the  scann ing  beam vou ld  be  much
in fe r io r  to  tha t  o f  a  s tandard  monochrome or
frame sequential color full-area image.

In addition to tie enormous problem of the opti-
cal and mechanical registration plus size sim-
ilarity of the three images, th e r e was also the
fantastic problem of attempting to maintain a
precisely l inear horizontal scanning during the
whole time of sweeping across the three images,
since a deviation in electrical scanning l inearity
of. 1/27 of 17o would comespond to a deviation in
p lacement  o f  the  e lement  in fo rmat ion  in  one
image with respect to another of the images of
the order of L /9 of l/p (as mentioned a b o v e as
being a reasonable maximum limit for the opti-
cal accuracy).

Another most serious fundamental problem of" I ine  sequent ia l "  ( fo rge t t ing  about  the  repro-
ducing device) is that of "line 

crawl" and "1ine
j i t t e r " ,  W h a t e v e r  s e q u e n c e  o f  c o l o r  l i n e
switching is taken, whether itbe 1-2-3. 1-3-2,
3-2-1, the eye sees a very definite crawling ef-
fect going either up or down, This efiect is so
ser ious . t la tanobserver  wou ld  have to  v iew
the p ic tu re  f rom a  much grea ter  d is tance
than wou ldbe comlor tab le  fo r  monochrome
viewingwith the same number of scanning liles;
therefore, effectively making the available hypo-
thetical irformation of no consequence, for he is
automatically cutting down the amount oI useful
informationby viewing it at a distance where the
eye can no longer resolve the element detail
in the picture.



1 r . 2 . (one fo r  each co lo r ) ;

"S imu l taneous a l l  e le  c t ron ic "  sys tem.
Here ,  there  tvas  tobe a  comple te  cameta ,
p r e-amplif ier 1i n e-amplif ier, transmitte-r
with receiver tuner, i,f., video, and repro-
ducing device for each primary co1or, with
the  hope someday o f  hav ing ,  (a )  a  s ing le
camera to supply correctly-registered and
signal-amplitude controlled three color vid-
eo signals a nd (b) a single reproducing de-
vice to give one color picture f r. o m th r e e
video signals.

This proposed system had all the registra-
tion and other problems of those which fol-
1ow (except for the eff_ect of /6 modulation in
the  Dot  Co lor  Sequent ia l .  Sys tem)  to  say
nothing of the complexity of apparatus and
the major problem th at propagation condi-
tions could, due to there be ing a s€parate
carrier frequency for each primary color,
cause errors in hue and also "ghost" 

in se-
parate discrete primary colors.

3. The Dot Color System P.A,M. (RCA)

During 1949, RCA engineers endeavored, by
what  i s  undoubted ly  a  c lever  scheme,  to
take the signals from three complete cam-
eras  assembled  in  a  un i t .  (car r ied  over
from the early "simuJ.taneous 

system" of
RCA) and, in time sequence, place the sig-
nals through a single transmitting system.

T h i s  a p p r o a c h  w a s  b y  e l e  c t r o n i c a l l y
sampling th e output signals from the three
c a m e r a  t u b e  p r e - a m p l i f i e r s  a t  a  r a t e  o f
3.58 Mc/sec and an approximate duty cycle
ol 6/s; that is, one pick-up tube amptil ier
would be connected to the main svstem for
a  per iod  o f  approx imate ly  I /15  o f  |  -

3 . 5 8  x  1 0 o
seconds: disconnected for 4 of 1

Tt  3 .58  *  1oG
seconds, then the next pick-up would be con-
nected similarly, and followed by the third
p ick -up  tube,  The sequence wou ld  be  re -
peated every 1 seconds.

3 . 5 8  *  1 0 6

The output pulse signals from this electronic
s a m p l i n g  d e v i c e  w e r e ,  t h e r e f o r e ,  i n  t h e
f o r m  o f  P , A . M .  m o d u l a t i o n ,  t h e n  p a s s e d
througb the standard studio l ine amplif iers
to  the  4  Mc w ide  te lev is ion  t ransmi t te r
nodulator. Due to the p,A.M. signals, t lere
w a s  p r o d u c e d  a  s u b - c a r r i e r  a t  3 . 5 8  M c
which  appeared on  bo th  monochrome and
experimental color (never conectly regis-
tered) receivers as a dot pattern which dot

pattern had an equivalent resolution almost
exactly twice as coarse as the l ine structure
o f  the  p ic tu re  (ca lcu la t ion  w i l l  show tha t
3 .58  Mc.  in  a  525 L ine  sys tem cor responds
to 285 line resolution; to compare witi the
490 v is ib le  wr i t ing  l ines  o f  the  p ic tu re) .
As ide  f rom th  e  complex i ty  o I  synchron iza-
t ion  o f  the  e lec t ron ic  sw i tch ing  a t  the  re -
ceiver to keep precisely in step with that at
the studio, there is the major fundamental
p rob lem on ly  rea l i zed  la te r :  -  -

Another Fundamental Phvsical problem in
@

m.

There is an additional major physical pro-
bl.em above those of all the otfrer systems,
tha t  i s ,  tha t  w i th  our  s ta  nda rd  ves t is ia l
side-band system, the hue of the TTEEIiEI
s ignal  changes wi th the br ightness,  i r re-
spective of the pick-up orTE!-i6di-cing de-
vices, One of the reasons is that the sloDe
of the loading and fa I I i  n g edges of a pulie
change with the percentage of modulation;
as the brightness decreases and corresDond-
ing ly  the  percentage modu la t ion  inc re ises .
the  s lope becomes more  gradua l  (cor res-
pond ing  to  an  e f fe  c  t  i ve  nar rower  ba  nd-
widttr), therelore, changing the percentages
of the pulses lor the relative color comDon-
ents and thereby changing the hue. (Reier-
enc€: RCA Review, Aprit 1940, page 482,
by R.D, KeU and G. L. Fredendall.)

3b. The band-sharing sub-carrier methods,
G.E. and others, could avoid th e dot and Vi
modu la t ion  hue prob lems o f  the  prev ious
II-3-a system but have all of the other Dick-
up  dev ice  and reproduc ing  dev ice  prob lems-
which brings us to:

PHYSICAL PROBLEMS OF NON-FRAME-
ffi

What do II-1, -2, and 3 involve in fundamentat
pnyslcar proD.lems?

, tit*t**t,ton of II, 1a (frame sequen-
tial) aU of these methods involve multiDle
area pick-up information and multipte area
reproduction together with separate systems
or sections of systems and associated com-
ponents at bot}l transmitters and receivers
f o r  e a c h  p r i m a r y  c o l o r  s i g n a l ,  T h e s e
involve 4 major physieal problems: --

1 . Registration, opti ca I andilor e 1e c -
tronic, at both pick-up and reprodueing.
Level Control, variations in gain of
o n e  c o l o r  c h a n n e l  w i t h  r e s p e c t  t o
another color,
Area Sensitivity Variations, such as

Page ?
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the differences between one pick-up
tube mosaic and another.

4. Grain Size, reproducing devices having
insulficient number of elements (ex-
ample, RCA 200,000 hole "trl-color"

tube) giving "Moire" eIlect.

NOTE:

There is a special boundary case with these
sys tems -  a  un ique case -  tha t  o f  a  f l y ing
spot  scanner  us ing  co lo r  t ransparenc ies
where problems 1, and 3 are eliminated, (as
i n  t h e  e x p e r i m e n t s  a t  H a z e l t i n e ) a t  t h e
transmitting end. But, for "l ive pick-upt,
phys ica l  and e lec t r i ca l  reg is t ra t ion  and
variations in area sensitivity of the mosaics
o f  t h e  p i c k - u p  c a m e r a s  a r e  a  v e r y  r e a l
problem,

IV, FUNDAMENTAL PHYSICAL SIMPLICITY
OF_FRI{ME_SEAffiNTM'SYSTETT. 

-

The lrame sequential system whether it is
operated by "all electronic" or mechanical
fi l ter switching, ls the only one with all of
its components present for each color at all
t imes, Hence, all color signals are handled
in  the  same way,  hav ing  the  same sys tem
gain and malntaining the same gain for each
color component. Also, there is noinherent
registration p r o b 1e m at either end ofthe
system, Th e r e is no problem of varlation
in  a rea  sens i t i v i t y  o f  one mosa ic  w i th  re -
spect to another because there need only be
one mosaic which, therefore, has the same
area variation for each one of the color com-
ponents introduced. (No two image orthicon
tubes are alike !)

V. COMPATIBILITY

Since the CBS System does not have the same
fH or vertical as in 525 line monochr"ome
t ransmiss ion ,  "Compat ib i l i t y "  has  been
a complaint,

1 ,  For  th is  to  be  o f  ma jor  impor tance,  i t
m u s t  b e  a s s u m e d ,  f r o m  a  b a s i c  p h y s i c s

'  s tandpo in t ,  tha t  the  present  monochrome
signal has the ideal number of writ ing l ines.
Since it was contended by the eminent tele-
vision engineers and scientists in the period
1 9 3 8  t o  1 9 4 1  t h a t  f r  o m  4 1 0  t o  4 3 0  w r i t i n g
Iines would be the ideal choice (Zworykin,
Kell, etc,), it is not reasonable from a fun-
damental physics standpoint, to make a ma-
jo r  i ssue o f  keep ing  525 wr i t ing  l ines  in
a raster,

2 ,  Ins tead,  emphas is  shou l .d  be  p laced on
having a color televlsion system for practi-
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cal realization of optimum within bandwidth
color at the receiver a nd not that the color
scene may be received in "monochtome",

VI. VERSATILITY:

Both  mechan ica l  a r rd  e lec t ron ic  versusr -

Electronic on1y.

There are so many continuing problems in
connection with the variations in l ight out-
put with beam c ur r e nt for various single
color phosphors eg. a phosphor giving effi-
clent red l ight output h a s a different curve
of l lght output vs. beam current than, say, a
green phosphor, that a system which cannot
be  o ther  than "a l1  e lec t ron ic "  has  fa i r l y
rigid restrictions (entirely aside from those
of complexity and III above. )

VII. SOME PRACTICAL CONSIDERATIONS:

A color television system, to be satisfactory
for use ln the home, must be as simple and
r , , o o a . l  . e  n ^ c  c i h l  o

A large enough percentage of users of mono-
c h r o m e  t e l e v i s i o n  r e c e i v e r s  h a v e  h a d
trouble due to p o o r initial and service ad-
j u s t m e n t s  o f  t h e  . r e c e i v e r ,  e g , ,  I o c u s ,
brightness, l inearity, centering.

Let us consider s om e of the operating and
adjustment problems of oneof the "a11 elec-
tronic subcarrier and line sequential" sys-
tens .  F i rs t  o f  a l l ,  a t  th  e  rece iver  le tus
imagine a reasonably satisfactory trl-color
picture tube has reached the stage of mass
produc t ion  ( th is  s t i l l  appears  to  be  some
t i m a  i n  t h a  f , r t r r r a  )

The fo l low ing  are  some o f  the  prob lems
which wiU continue from day to day;--

1, The maintenance of correct phosphor
timing, from one plimary color to an-
other or t. l le maintenance of constant
g a  i n  i n  e a c h  o f  t h e  t h r e e  v i d e o
amplif iers,

2 .  The bas ic  p rob lem o f  ma in tenance o f
correct phase response inthe receiver,
(eg ,  the  i - f  ampl i f le r )  over  a  la rge
range of slgnal amplitudes,

Wi th  a  th ree-gun reproduc ing  tube,  there
are further problems:--

3 ,  T h e  " a l m o s t  i m p o s s i b l e "  p r o b l e m ,
even on a laboratory basis, of maintain-
ing allthree electron beams inaccurate
registration over tie whole face of the



picture tube, Such effects as changes
in the earth's magnetic field or move-
ment of the receiver with reference to
the ear t l 's  magnet ic  f ie ld  can cause
s e r i o u s  l o s s  o f  r e g i s t r a t i o n  u n l e s s
adequately shielded,

4. With the type of tube proposed by RCA
at the latter part of 1949, we have the
grave problem, in  addi t ion,  of  "gra in

size". ("Moire" effect)
As is known in photographic work, there
should be at least two or t h r e e grains for
each small item of inJormation in t}le oic-
turei--what, therefore, can be the quality of
a picture when the number of grains equals
200,000and the number of  e lements per

. frame in a f ull 4 Mc bandwidtl is aDDroxi-
mately 2 50,000?

There will automatically be a response to
this statement - "that the number of holes
can be in  creas ed" .  Unfor tunate ly ,  as ide
from the increasing difficulty (and it is al-
ready extremely difficult to maintain alig-
ment between the holes and the phosphor
dots) there is the problem of mechanical and
electrical strength of the aperture plate as
the number of holes is increased.

The aper ture p late wi th only  the 200,000
holes can be seriously warped as th e mag-
n i tu d e of the electron beam current of t}Ie
gun or guns passes a value which would have
no deleterious effect upon normal mono-
chrome picture tube,

I f ,  therefore,  we had a p ic ture tub e wi th
600,000 holes and a corresponding number
of clusters of color dots, then the metal in
the plate would of necessity be so thin that
there would be a severe restriction on:

( a )  M a x i m u m  b e a m  c u r r e n t w i t h  f u 1 1
rastel.

(b)  Maximum beam current  wi th  smal l
raster area (as can so easily occur if
horizontal or vertical deflection should
momentarily faii).

VUI. ECONOMICS

It must be emphasized th a t in order to get
color at the receiver, all systems involve
new equipment in the home. (There seems
no sense in  put t ing color  on the a i r  to  be
received only in monochrome).

Hence, we come to the relative costs:

A, FIRST COST: SUBCARRIER
METHODS:

Even with intensive effort over a long per-
iod ,  a l l  o f  the  sub-camier  methods  w i l l
give a much more expensive receiver than
the frame sequential system,

( 1 )  T h e  d o t  c o l o r  s y s t e m  i n v o l v e s  a
reproducing d e v i c e which can switch
at  a  h igh  r  a te  o f  speed-3 .58  Mc per
second-involving electronic c i r c u its
o f  a  h igh  degree o f  complex i ty  and
t im ing  accuracy ,  The band shar ing
methods  invo lve  accura te  bandpass
and 1ow pass  f i l te rs  w i th  add i t iona l
cont ro l  c i rcu i ts  Io r  e i ther  the  th ree
gun tube or the triple control of the
targe t  sc reentube (depend ing  upon
which basic type of picture tube might
be attempted. )

( 2 )  T h e  p r o b l e m  o f  m a i n t a i n g  t h e
same ga in for each of t}le colors is
quite serious.

(3) The setting up for attempted registra-
tion of the three electron beams over
the face of the picture tube - for a type
of tube using 3 guns, - is a gtave one.

The Frame Sequential System

As mentioned b€iore, this provides a choice
of simpl.e mechanical reproduction added to
an otherwise standard receiver design or -
electronic control of color with a rrritable
tri-color tube wh i c h can be a verv simDle
tube since the "switching" speeds ire very
low, Such switching circuits need negtigible
tube dissipation and "B" supply power (1 of
6SN? would probably be adequate for switch-
ing the colors in the type of picture tube in
which color control occurs at the screen).
For a mechanical reproducing receiver, and
there should be no basic objection to using
mechanical engineering when it can provide
an excellent solution more efficiently and at
lower cost than electronic solutions (do not
le t  us  fo r  ge t  the  fundamenta l  need o f  me-
chanical devices in al1 sound recording, eg,
phonograph records) then f or synchroniza-
tion of th e color disc ol drum, it is neces-
sary  to  have on ly  a  two tube un i t  tak ing
negligible B supply power. Hence. the ad-
d i t iona l  cos t  to  tha t  o f  t  h  e  norma I  mono-
chrome receiver is very small.

B. INSTALLATION COST

Installation of receivers of the sub-carrier
type would be an inv olve d and expensive
procedure,
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One e)ample, t}Ie need of keeping t}le re-
ceiver in a permanent position so that the
vector of the eartl 's lield would arrive at
the same angle continuously with respect to
the field in the focussing and deflecting sys-
tems unless adequately shielded, (This re-
fers particularly to a three gun type of tri-
coior tube).

It is hardly necessary to point out how dif-
licult it would be to estimate the expense of
setting up such a receiver.

Frame sequential color receivers, however,
@nochrome
receiver; in fact, there is no difference, in
the work of setting up. Also, the user need
only push a button to change from mono-
chrome to color.

C. MAINTENANCE COST

A ga i n , with reference to the broad goup
of sub-carrier Wpe of systems it is easy to
s e e t}te difficulties of maintaining the d e -
flection amplitudes, linearites, registration
of electron beams, the relative voltage Ie-
vels  for  the d i f ferent  co lors.  the correct
frequency and phase response of tlle cir-
cuits (particularly the bandpass and low
pass electrical filters when an amplifier
tube has to be changed) to realize tne high
cost of such maintenance.

However. maintenance of the frame sequen-
tiai system equipment with mechaniial or
"aI1 electronic" is very simple; with the
mechanical ty p e of reproducing unit main-
tenance cost would be almost precisely t h e
same as for standard monochrome receivers.
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RECEIVER CIRCUITRY FOR CBs COLOR TV SYSTEM
Bv

A. A. coldberg

INTRODUCTION

Despite the fact that CBS has publicty demon-
strated all-electronic receivers, at the present
state of the art, the disk type color receiver is
the simplest and proyides the highest order of
co lo r  f ide l i t y .  (See page 8 ,  Co lor  Te lev is ion
Notebook, Volume One.)

From he r  e  on ,  the  te rm , ,co lo r  rece iver , ,
shall imply a field sequential receiver usinq
rotating color filters.

A color receiver is basically a monochrome
rece iver  w i th  a  more  e labora te  fo t l J ; ,  o f  t t z "
axis modulation. Insteadof the modulation beins
restricted to a two point system of biack and
white and the intermediate greys, it now has the
{reedom of a three point triangular system and

all the colors and shades bounded by the points.
Like monochrome television, it employs a se-
quential system for conveying information, the
moving spot of l ight not only sketches out the
geomet r ic  de ta i l ,  bu t  a lso  is  made to  change
color at a fieLd rate, This color -monochrome
comparison is mentioned to indicate that a sood
co lor  rece iyer  i s  theore t ica l l y  no th ing  more
than a good monochrome receiver with a few
adde d functions. It is for the purpose of dis-
cussing these added functions that this article
is presented,

STANDARDS

We are aII acquainted with the monochrome
standards, Percentage wise, color standards
are similar, except for the addi.tion of the color
pulse and the change inthe vertical bJ.anking time.

FIELD
RATE

LINE
RATE

VERT.
BLANK

TIME
VERT.

us.

TIME
V. RETRACE

u s ,

TIME
HOR.
us.

TIME
H. RETRACE

us,

MONO 6 0 1 5 ? 5 0 5% 16?00 454 o J . c 8 . 8 9

COLOR 144 29160 7% 69 b0 1 4 1  . 1 34.4 4 . 8 3

Figure 1. Comparison - Monochrome and Color TV Standards

Figure l  shows the per t inent  d i f ferences
between the two standards.  As we shal l  see
later, the only figure oI primary signiJicance is
the horizontal retrace time.

Color television brings with it a new termin-
ology. A "color field" is half the scan lines
(odd or even) reproduced il one colori the color
f i e I d rate lor CBS color television is 144 oer

second. A "color frame; is made up of three
f i e L d s reproducing the three colors and is ac-
complished in 1/48 second. A ,,col.or picture,,
is completed when all lines have been scu.nned
in al.I colors and incl.udes six fields in the time
of 1/24 second. The ,,color sequence,, is red,
blue and green, and the ,,color pulse,, always
precedes the red field.

1/24 SEC COLOR PICTURE
$Kl) r/144snc coI,oR FrELD
ODD

o

E ' V ' E N ) )
oDD LI 

l/48 SEC COLOR FRAME
EVEN ) _,/

RED
BLITE
GREEN
RED
BLT'E
GREEN

figure 2. Sequence of Color Scan - CBS Field Sequential System
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SIGNAL CONSIDERATIONS

The increased l ine rate and the increased
field rate compared with standard monochrome
television results in a corresponding loss of
geometric definition. It is j.mperative, there-
Iore, to design the receiver for the maximum
band width acceptance to avoid fidelity loss.
C o nv e nt io n a I tuners and I.F. amplifiers are
successfully employed, if they are adjusted to
provide smooth response.

o  M c  4 . 5
OVERALL FREQUENCY
C H A R A C T E R I S T I C  O F
COLOR RECEIVER

Figure 3. Overall Frequency Characteristic
of Color Receiver

The response shown in figure 3 is recom-
mended for good results. As in monochrome,
ringing in t color picture is objectionable. It is
vorthwhile remembering that in color, ringlng
at  a g iven f requency shows up as t ransients
spaced nearly twice as far apart as in standard
rronochrome television.

To a considerable extent ,  the qual i ty  of  a
color picture depends upon the characteristics
of the video ampldier,

Video compression in monochrome television,
while objectionable, is not of prime importance.
A normaL viewer is more tolerant of grey scale
compression than of color distortion. One theory
for this is that the eye perceives a much smaller
color irre gularity.than a brightness irre$rlarity.

When a picture of the correct gamma is being
transmitted, a receiver video amplilier with a
l inear  dynamic  range prov ides  the  h ighes t
order of color fidelity. When a kinescope with'
a di-fferent grid drive, bri.ghtness characteristic
t h a n  i s  f o u n d  i n  a  1 0 F P 4  i s  e m p l o y e d ,  t h e
video amplif ier should be changed to correct
the dilference.
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The usual video amplifier is Iinear up to a
certain point. If only the high amplitude field
tips enter this curved region, the result is a
delinite white compression because the ampli-
tude differencebetweenfields disappears. CoIor,
however, remains faitfiful on all but the picture
highlights. Most oI this compression is local-
ized in the Yideo output stage,

At this point, an examination of the kinescope
drive requirements is in order. If a filter disc
with a light transmission of 10% is employed,
a kinescope brightness ot 150 toot lamberts is
required for a final color picture brightness of
15 foot lamberts. A 10FP4 kinescope operating
at 13 KV, requires a grid drive of approximately
50 vol ts .  Assuming a ?5-25 v ideo-sync rat io
with no sync compression, a total of 67 volts
must be handled. Allowing a suitable safety
factor raises the value to 75 volts.

The Eg bias point determines the position of
the average axis of the signal on the character -
istic curve. If a one-stage video amplifier is
directly coupled to the second detector, the Eg
varies with the signal strength. This results in
a wider video swing requirement. Although a
triode can handle the peak current of 25 milli-
amperes, high current pentodes, such as the
6BF5 or 6Y6G, are preferable.

One method of reducing white compresslon
with small video output tubes is to use cathode
drive on the kinescope. Here, the sync instead
oI the peak whites are placed in the non-linear
por t ions of  the character is t ic  curve.  Black
compression, however, also produces objection-
able distortion and should also be avoided.

trust some words of caution when using cathode
drive on the kinescope; Iess kinescope gain is
real ized and dc restorat ion becomes more
complicated. To amplify this last point, con-
sider figure 4.

Here it is clear thatboth the restorer current
and the kinescope beam currentflow through the
same resistor but in opposite directions. D,C.
r e s t o r a t i o n  i s  t h e r e b y  i m p a i r e d  w h e n e v e r
picture brightness is turned up. One practical
method lor accomplishing cathode drive is to
direct couple to the kinescope cathode and re-
store the dc j.n the video ampluier grid circuit.

The response -Irequency characteristic of the
video portion of the receiver should be as flat
as practical, with a smooth roll-off at the high
frequency. When one or more of the fields is of
different amplitude from the rest, the video
signal contains a 48 cycle component. Excessive
48 cycle tilt may cause uneyen field amplui-
cation with resulting color distortion. It is good

3 . 3  M C
I

3 , 9

\ l



KINESCOPE

l K -  K I N E S C O P E  B E A M  C U R R E N T
In  =  RESTOREn CURReNT

Figure 4. Cathode Drive on Kineseope

practice, therefore, to compensate the low fre-
quency response down to 30 cycles with a maxi-
mum of  15% t i l t  up to the gr id  of  the v ideo
output stage.

HORIZONTAL SCANNING

Present-day horizontal oscillator c i r c u it s
that are used for monochrome television are

E +  +

.oo2  MF

easily modiJied for color. AII that need be done
is to change the frequency of oscillation from
15?50 cycles to 29160 cycles per second. A few
examples of dual frequency horizontal oscil-
Iators are shown here.

A conventional lour pole, two position wafer
switch is util ized for dual frequency circuits.
A tota l  o f  four  poles are used to swi tch the

6 6  K

DUAt FREQUENCY
S Y N C H R O C U I D E

O S C I L  L A T O R
M  =  M O N O C H  R o M E
C :  C O L O R

Figure 5. DuaI Frequency Synchroguide Oscillator

5 O K  t ? o K

2 , 7  M
t 2 0 K

t 5 0  K

o . 2 2

4 , 2  K
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Figure 6. Dual Frequency Synchrolock

Horizontal Lock Frequency charging capacitor
and to tune or short out the LC stabilizing circuit.
The iron slug of the oscillator coil is adjusted
for  most  s table operat ion on both co lor  and
monochrome. A f ront  panel  hor izonta l  ho ld
control common to both color and-monochrome
is employed, If the frequency - adj usting capaci-
tors are set correctly, the HoId control setting

need not be altered when switchins between the
two frequencies.

The Synchrolock circuit requires the retuning
of both the oscillator and the phase windings.
This is accomplished by switchingthe capacitors
across the windings. Except for the change in

'i? r-t
-.'|---

F R O M
PHASE

DET.

O . I M F

MONO.
FREQ.
SET

' B +

r roT f  eoo

\

AFC

M =  M O N O C H  R O M E
c=  coLoR

D U A L  F R E Q U E N C Y
MULTIVIBRATOR
OSCI  LLATO R

6 5 0  -  r o 5 0
COLOR FREQ
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Figure ?. iDual Frequency Muitivibrator Oscillator



SIGNAL  AFTER T ILT

NORMAL SYNC.  S IGNAL

Figure 74. DeIect in Sync Separators

the charging capacitor, the remainder of the cir-
cuit is identical to its monochrome counterpart.

The multivibrator oscillator requires a change
in the frequency controlling resistor, the re-
sonat ing of  the LC stabi l iz ing c i rcu i t  and a
change in the charging capacitor.

Some possible sources of instability are:

1. Defective sync signals

2 .  E r r o r  i n  t h e  t i m e  c o n s t a n t s  o f  t h e
A-F-C circuits

3, Undesirable coupling between the oscil-
lator and the output circuit

Many commercial sync separator circuj.ts
produce defective sync because of poor response
to low frequencies. As shown in Fig. 7A, when
the 1ow frequency response is inadequate, the
horizontal pulses are degraded during the verti-
ca l  pu lse and d i rect ly  af terward.  AI ter  the
t i I t e d signal is clipped, the horizontal pulses
are r e du c e d in amplitude or el.iminated alto-
gether at the top of the picture. If the horizontal
AFC is efficient, horizontal hold may recover
fulLy before vertical unblanking, The instability
or steady side shift sometimes seen in the top
of the raster is almost invariably due to per-
formance inadequacies in the sync amplifiers
and clippers.

When triode tubes are employed for sync
clipping, video high frequencies have a tendency
to leak through the gr id-p late capaci ty  and
impair synchronization. A small shunt capaci-
tor is occasionally used to bypass this unwanted
video component ;  the value chosen should be
small enough to prevent integration of the color
sync pulses.  I l  in tegrat ion does occur ,  the

same undesirable signal distortion occurs as
for di{ferentiation,

The numerical value of the horizontal AFC
time constants can be one half of that for mono-
c h r o m e  b e c a u s e  t h e  h o r i z o n t a l  s y n c  r a t e
is doubled.

When the receiver is a dual frequency type,
the changeover switch introduces undesirable
coupling between the oscillator and output circuit,
The remedy is switch shielding and/or careful
dresshg of leads and components.

o n e  o f  t h e  d e s i g n  p r o b l e m s  i 6  t h e  t w o -
frequency horizontal output circuit. The output
transformer is called upon to operate satisfac-
torily at both 15?50 and 29160 cy c le s ; the re-
quirements to be met are:

1. Sufficient scan amplitude

2. Scan linearity

3. Flyback su.fficiently rapid to be completed
during horizontal blanking,

4 .  H i g h  v o l t a g e  f o r  c o n v e r s i o n  t o  D C b y
a rectifier

5, Filament power for high voltage rectifier

A comparison of the duferent s c a n times,
retrace times, etc. establishes the relationship
between the two modes of operation.

FH TH

I575O 63.5 US a,9 {J5
29160 34 .5  US 4 .A US

rs Fo (M rN)
54.6 US 59 XC
2 9 . 7  U S  t 0 9  x c

WHERE Fo:  RESoNANI  FREoUENcY
OF TRANSFORMER AND YOKE

Figure 8. Color -Monochrome Comparison
oI Ilorizontal Times

The design of horizontal output circuits at
15750 cycles is well covered in the present day
literature and only the special problems intro-
duced by color need be mentioned,

The horizontal cycle consists of three parts:
(a) the driver tube conducts and supplies power
to the output c i r c u it lor more than 50% of the

T I L T E D  S  I G  N A L  A F T E R  C L I P P I N G

-  t r
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I
I
I
I

-r-

I
I-r- I

I
I

-r-- T " t

C1 - DRIyER OTJTPUT CAPACITY
C2 . HV WINDING DISTRIBUTED CAPACITY
C3 - PLATE $JINDING DISTRIBUTED CAPACITY
C4 -  HIGH VOLTAGE RECTIFIER CAPACITY
C5 .  DISTRIBUTED CAPACITY BETWEEN 450

AND 550 TURNS OF SECONDARY

10 MMF
48 MMF
30 MMF

4 MMF

5 MMF

30 MMF
15 MMF
66 MMF

C6 - DAMPER WINDING CAPACITY
C7 .  DAMPER TUBE CAPACITY
cg - YoKE cal'ecrrv

h o r i z o n t a l  p e r i o d ,  ( b )  a  h a U  c y c l e  o f f r e e
oscillation during the tlyback time and (c) the
decaying magnetic lield supplies energy to the
output circuit.

The percentage of  t ime dur ing which the
driyer conducts is atways greater than 50% and
depends upon the circuit Iosses, j..e., the greater
the losses, the longer the conduction time. The
total amplitude is a function of the circuit losses
which includes the driver tube losses, damper
tube losses, th€ output transformer losses, the
yoke losses,  the h igh vol tage losses and the
energy required to heat the filaments of the high
voltage recti-f ier.

During the flyback cycle, the output network
acts as an open-c i rcu i t  resonant  LC c i rcu i t .
Retrace time (tr) depends upon the resonance
frequency of  th€!  t ransformer yoke system.
Excessive retrace time creates the condition of
foldover at the left hand side of the picture.
Converselyr insufficient retrace time is unde-
sirable because high voltage regulation suffers
and surge voltages increase. Shilting from the
monochrome resonance frequency of 70 kc. to
the color resonance frequency of 120 kc. is not
diflicult, but capacity reduction methods must
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All capacitance value in micromicro farads

be effectively employed. Capacity loading is the
m o s t serious limiting factor in accomplishing
operation at the higher frequency.

These capacities are transferred to the yoke
in the customary reciprocal relation based on
the square of the turns ratio:

Nc2 = cy-Fl- 
c

In the example given, the transfened capaci-
tance is 312 uu{. The 8 millihenry yoke and the
84 millihenry secondary in parallel are the cir-
cuit equivalent of an indrctance of 7.2 millihenry.
The calculated resonance frequency of the system
is, therefore, 106.b kc. The measured system
resonance using a signal generator and volt-
meter is 110.4 kc. When measuring transformer
character is t ics,  i t  is  necessary to  apply  an
"artificial" core flux by the insertion of a d-c
current through the windings. A few trial d-c
currents, judiciously chosen, wiII irdicate when
the core flux density is sufficient to stabilize the
femite core in both the transformer and the voke.

The measured resonance value of110.4 kc. is
Iess than the theoret ica l  va lue of  120 kc. :  i t

Figure 9, Capacity Loading oi Horizontal Output Transformer



represents a good desigt compromise that does
not penalize color performance.

An analysis of the system capacities indicates
that the capacities across the greatest number
of turns affects the resonance frequency to the
largest degree. Keeping the turns ratio of the
transformer at the smallest p o s s ib 1e v a lu e
min imizes  the  capac i ty  e f fec ts .  A  vo l tage
doub ler  inc reases  the  h igh  vo l tage rec t i f ie r
capacity, but decreases the distributed capacity
of the high voltage winding by a greater amount
for a given high voltage. IJ the voltage required
exceeds 9 kv., a voltage doubler usually proves
desirable.

Undue crowdingof the highvoltage and trans-
f o r m e r  c o m p a r t m e n t  i n c r e a s e s  t h e  s t r a y
capac i t ies .  Yoke des ign  a . f fec ts  the  c i rcu i t
appreciably. Some of the newer anti-astigmatic
yokes with overlapping horizontal and vertical
v i n d i n g s ,  f o r  e x a m p l e ,  a r e  p o o r  f r o m  t h e
capaciW -reduction standpoint

Power requirements for 29160 cycle opera-
tion are grdater than for 15750 cycle operation.
Since P = W fh whereW = reactive energy stored
in magnetic field and is almost constant with the
scan frequency fh, the reactive power required
of  the  yoke is  a lmost  an  approx imate  I inear
func t ion  o l  the  scan f requency .  Eddy  cur ren t
and hysteresis losses normally increase with
frequency. Transformer and yoke core losses
are dependent upon the core materlal; a core
made of the proper material in the proper manner
can show greater efficiency on the higher color
f requenc ies  than on  the  lower  monochrome
frequencies. High efficiency, high permeabil ity
ceramic ferrite cores effect a substantial re-
duction in core losses at the higher frequencies.
Ferrites are more easily saturated magnetically
than powdered iron cores. Air gaps are usually
u s e d  i n  t h e  m a g n e t i c  c i r c u i t  t o  l i m i t  c o r e
satura t ion ,  Satura t ion  is  a lso  a  func t ion  o f
temperature; core temperatures should be held
to the lowest practicable value by mourting the
transformer remote from heat producing com-
ponents such as tubes.

Copper losses of the transformer are deter-
miaed by the d-c resistance of the wire and by
i t s  s k i n  e f f  e  c t .  T h e  f  o r m e r  v a r i e s  w i t h
temperature; the Iatter is a function of frequency.
Skin effect may become large at the higher har -
m o n i c s  o f  t h e  w a v e - f o r m  a n d  t h e  r e t r a c e
frequency. Litz wire instead of solid wire may
s h o w  a n  i m p r o v e m e n t  o f  c i r c u l t  Q ,  b u t  i s
ordinarily not worth the extra expense. Larger
solid wire reduces copper losses, but simulta-
neous ly  inc reases  d is t r ibu ted  capac i ty  and
leakage inductance. Although a 6BQ6GT tube
de l ivers  su f f i c ien t  energy  fo r  monochrome
circuits, a 6BGOG is necessary toa color.

The transformer windings must be coupled
as tightly as possible. Currents resul.tlng from
the resonance of the Ieakage inducta-nce with the
ci rcu i t  capaci tance feed in to the del lect ion
system and cause ripples at the beginnlng of the
scan. These ripples are not to be confused with
flyback dieout effects that are due to insuflicient
damping. Loose coupling between windings also
decreases the power trans{er capabilities of the
transformer. Excessively tight winding con-
f igurat ions,  howeve r ,  in  c  r  e  as e d is t r ibuted
c a p a c i t i e s ,  a n d  u s u a l l y  r e d u c e  b r e a k d o w n
voltages. Air gaps used with lerrite cores to
decrease saturat ion ef fects  a lso decreased
coil coupling.

A good solution for the coil coupl.ing problem
is the auto-transformer, Auto -transformers
provide improyed efficiency and fly-back time
over the isolated type winding. Less copper is
erhployed;  th is  resul ts  in  lower copper  1oss,
s m a l l e r  d i s t r i b u t e d  c a p a c i t y  a n d  g r e a t e r
coiL coupl ing.  The auto- t ransformer is  not
without its deficiencies. however.

An advantage of  the i .so-winding is  that  i t
provides the phase reversal necessary to operate
the damper cathode at  AC ground potent ia l ;
whereas, the auto -translormer circuil requires
o p e r a t i n g  t h e  d a m p e r  c a t h o d e  a t  h i g h  A C
potential. T h i s results in two circuit impair-
m e n t s ;  ( a )  t h e  d a m p e r  h e a t e r  s u p p l y  m u s t
withstand a pulse potential oI 1 500 volts or more,
and (b) since the damper cathode has a greater
capacity to ground than the plate, fly-back time
increases. With separate heater -cathode diodes,
care mustbe taken to avoid exceeding the heater-
c a t h o d e  b r e a k d o r T n  v o l t a g e ,  T h e h e a t e r  i s
usually returned to an intermediate tap on the
output transformer to limit the voltase to a
reasonable value.

Until recently, another disadvantage of the
auto -transformer was the difficulty of providing
electrical centering. Figure 10 shows a circuit
modiJication that accomplishes this.

F igure 10 a lso shows a pract ica l  dual  I re-
quency transformer design. It employs avoltage
doubler ,  a  6BG6G dr iver  and a 6BY?c damper
tube. The total input is 34 watts, and it effectively
scans a ?0 degree tube with an acceterating po-
t e n t i a l  o f  1 5  K V .  T h e  c o r e  i s  f e r r i t e  w i t h
1 5  m i 1  a i r  - g a p s  i n b o t h  l e g s .  T h e  y o k e  i s  a
standard RCA type design with ferrite core and
8.3 Mh wlnding.

A fixed turns ratio transformer cannot be
expected to operate efficiently on two frequencies
so far apart. Turns switching is accompLished
in the secondary slde of the transformer; the
presence of  a 3KV potent ia l  on the p late s ide
precludes switching in the primary circuit. With
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Figure 10. Dual Frequency llorizontaL Circuit

a standard 8,3 Mh. deflection yoke coil, peak
poten t ia ls  o f  1500 V.  ex is t  in  the  secondary
circuit. At this potential, it is practicable to
u s e  c o n v e n t i o n a l  c e r a m i c  w a f  e r  s w l t c h e s .
Make -before -break contacts are used to prevent
a  momentary  open secondary ,  w i th  i t s  h igh
voltage transient surges during the switchthrow.
As an  add i t iona l  sa fe ty  fac to r ,  two se ts  o f
contaets can be connected in series to increase
the breakdown -voltage ratings.

The parall.eI inductance, capacity, resistance
network in the 500 turn tap acts as a tuned trap
to el. iminate a monochrome deflection ripple.
These ripples create the effect of white vertical
bars at the left side of the raster.

Much work is yet to be done with the direct
coupled yoke. The same sortofdesign problems
found in monochrome operation are present j.n

Pase 18

color. An additional problem is that it is diffi-
cult to design an elficient high impedance yoke,
with the desired low value of distributed capacity.

VERTICAL SCANNING

T h e  d u a l  f r e q u e n c y  v e r t i c a l  s y s t e m  i s
switchable between 60 cycles and 144 cycles for
color. Figure 11 shows a practical circuit that
furctions with a minimum of parts.

The vertical pulse integration network per-
forms the function of vertical separation on both
color and monochrome, For optimum results,
the network time constant should be small.er for
color than for monochrome, The addedswitching
complication, however, is ordinarily not worth
the slight increase of circuit efficiency; the
feature i.s omitted in the interest ol simplicltv.

. o 3 u F  |  |  0 .  r u  F

8 . 3  M H
Y O K E

.oo l



A common front panel hold control is used in
conjunction with switched fixed resistors to set
the approximate frequency. A separate vertical.
height control is necessary to compensate for
the difference in generated sawtooth amplitude.
Separate charging capacitors and peaking resis-
to rs  a re  swi tched in  fo r  co1or .  A l though no t
completely necessary, separate l inearity controls
make for a more flexible adjustment.

Some vertical oscil lation transformers have
too low a free running frequency; oscil latory
d ie -ou t  may s t i l l  be  present  a t  the  ver t i ca l
unblanking time. When the vertical oscillator is
isolated from the horizontal sync takeoff point
by only the vertical separator integration net-

work,  the excessive ver t ica l  pu lse may feed
through and cross-modulate the horizontal sync
timing. This results in a stationary dlstortion
at the top of the raster, regardless of how the
pic ture is  ro l led ver t ica l ly .  To correct  th is
condition requires a transformer with a suf-
ficiently high selJ-resonant frequency such that
during color operation, the transformer will
re turn to  a passive state wi th in the ver t ica l
bl.anking period. A good vertical output trans-
former designed for a 60 cycle circuit is usually
satisfactory for 144 cycle operation.

A standard color  p ic ture has 405 l ines as
compared with the monochrome standard pj.cture
of 5251ines. Any line pairing due to faulty inter-
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lace reduces the vertical resolution by a factor
of up to two, The same methods used for ob-
taj.ning g o o d interlace in monochrome can be
used for color. When a single-gang switch is
employed.for frequency changeover on both the
vertical and the horizontal scans, care must be
taken to shieldthe twofrom each other. Contrary
to recent commercial practice, it is stiu highly
d e s i r a b l e  b o t h  f o r  c o l o r  a n d  m o n o c h r o m e  t o
shield the horizontal output circuit completely.

HUM

Six ty  cyc le  hum vo l tages  can c reep in to  a
television signal both at the transmitter, and at
the  rece iver .  Hum desrades  the  teLev is ion

2 0 U F

s i gn a i b o th in monochrome and color but in
slightly di-ff erent ways.

Sixty cj cle hum in the Z axis of a monochrome
signal introduces a wide horizontal hum bar into
the picture, If the hum and signal are exactly
l o c k e d  i n  f r e q u e n c y ,  t h e  h u m  b a r  r e m a i n s
staticnary and attracts but little attention unless
it is ol high ampl.i.tude. In the case of non-Iocked
hum and signal, the hum bars move slowly up or
down with the beat note and are more objection-
a b l e  f o r  a  g i v e n  h u m  a m p l i t u d e  t h a n  a r e
stationary bars.

Another degrading phenomenon due to hum is
the tendency for the horizoltal dbflection to be

Figure 11. Dual Frequency Vertical Oscillator and Output
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Figure 13. 60-Cycle Hum in Vertical Resulting in Mistiming

shiJted sidewise. Hum due toa non-synchronous
mains supply causes the vertical axis of the
picture to weave back and forth at a beat n ot e
rate. When such phenomena are observed, the
receiver  may not  be at  fau l t  because these
el fects  can or ig inate at  the te lev is ion t rans-
mission terminal If the hum originates in the
receiver ,  i t  usual ly  ar ises f rom inadequate
power supply filtering, strong transformer AC
f i e l d s  o r  o t h e r  l i k e  s o u r c e .  T h e s e  w i l l  b e
discussed later.

Pase 20

One advantage of  a 60- f ie ld  monochrome
signal  is  that  hum does not  impair  scanning
interlace. Strong hum fields wiII cause la r g e
values of distortion of picture geometry before
interlace becomes noticeably impaired.

Sixty cycle hum on the Z axis of a 144 field
p i c tu r e shows up as visual flutter. The term
flutter is used to diJferentiate the phenomenon
{rom system flicker which is a primafy system
restriction determined by the number of color

ODD LINES
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frames per second. When only one or two colors
are being reproduced, the 48 cycle color fre-
quency beats against the 60 cycle hurn and causes
a flutter rate of 12 cycles, A picture of three
equal color component amplitudes is fairly
resistant to 60 cycle humbecause the fundamental
beat between 60 and 144 cycles is 84 cycles, a
val.ue too high to be observed at normal picture
brightness, A beat between the power supply
120 cycle ripple and the 144 cycle field rate,
however, gives rise to a noticeable form of
24 cycle flutter.

Hum that causes a sidewise weave of a 60
f ie ld  p ic ture wi l l  cause a fast  j i t ter  o f  a  144
f ie ld p ic ture.  The j i t ter  may or  may not  be
more objectionable than the veave; this depends
upon the prelerence of the observer.

Interlace in the 144 field picture can su.ffer
degradation from Large 60 cycle hum voltages.

Figure 12 i l lust rates a ser ies in jected 60
cycle hum. An integrating vertical pulse separa-
tor  synchronizes ablock ingosci l la tor  in  the
usual fashion, Figure 13 shows the constantly
c ha n g ing ver t ica l  t imi tg that  resul ts  f rom
this condition.

Upon further analysis it can be seen that the
I i n e s will alternately interlace and pair, pro-
ducing an interl.ine jitter. ff the eyes of the
observer are focused on the line structure. a
slow upward or downvard crawl is observed. In
one respectthis jittering interlace is preferable
to complete stationary line-pairing because t}le
l ine s t ructure is  less v is ib le,  The in ter l ine
jitter we have just discussed is purely a geo-
metric configuration, and is not to be confused
with an interline color crawl.

The same type of  in ter lace def ic iency can
resul t  f r  om the hum being inser ted in to the
vertical oscillator, resulting ih a periodic shift-
ing of the ftuing point. Figut'e 13 can be modi-
fied to show tlis phenomenon when the vertical
sync input is constant, but the oscillator firing
point is made to vary at the 60 cycle rate,

The previous examples have considered only
series hum. In the case of amplitude modulated
hum, a different set of conditions arise, When
the entire composite video-sync signal is cross
modulated by 60 cycle hum, the composite signal
may be considered as the carrier and t}le hum
as the modulation frequency. The carrier is
exceedingly complex because its frequency con-
tent nries between 48 cycles and tlle h i g h e s t
video frequency, usually four megacycles.

The usual clamper or D.C, restorer can re-
move the series hum but cannot remove the
amplitude modulated type.

For small percentages of modulatlon, the
average axis is not appreciably affected while
t h e  s i g n a l  t i p s  r e c e i v e  t h e  f u l l  a m p l i t u d e
variation, The average axls varies with picture
content, and is usually slightly above the black
level. Ilum in this case affects the sync tips
and video nrhite region while having negligible
effect in t}le black region.

Di f ferent  types of  sync st r ippers remove
varying amounts of hum depending on the clamp-
ing action and whether both ends of t}le sync are
ciipped. Any hum modulation of the sync after
stripping causes the sync to vary at 60 cycle rate
once again. It is safe to assume that regardless
of whather the hum modulates the sync tips,
b l a c k  l e v e l  o r  b  o t h ,  t h e  r e s u l t  i s  v e  r t i -
caI mis-timing,

Because of the trapezoidal nature of the hor-
izontal sync pulse, severe hum modulation may
also af f ect horizontal timing \rith a resultant
side jitter, Vertical interlace, however, will be
impaired long before degradation shows up in t}le
horizontal sync,

External60 cycle fields actingdirectly on the
kinescope and its deflection coils impair inter-
Iace,  and to a much shal ler  degree,  produce
flutter and side jitter. In a 60 field monochrome
receiver, such external fields (if synchronized
with the signal) act in the same direction for
each vertical Therefore, at worst, the result
is a slight decentering of th e entire raster. In
the 144 field receiver, the hum flux de-centers
the vertical fields with an ever changing polar-
ity and magnitude.

Designing a color television r e c e i v e r wlth
good interlace and 1ow visual. flutter quaiities is
not  d i f f icu l t  i f  cer ta in pr inc ip les are kept  in
mind, Sources of disturbances are either elec-
trical, magnetic or both. When watching a pic-
ture tllat has poor interlace, determine whether
the l ines are s teadly  pai red or  j i t ter ing.  I f
steadly paired, use conventional techniques for
obtaining good interlace, If the lines jitter and
a slow upward or downward crawl is visible. the
cause is 60 cycle interference. Stop the motor
and see if the trouble clears up, if not, test ttre
receiver on a 144 cycle mains supply, this should
eliminate ali 60 cycle components, A 144 cycle
mains supply can be made by multiplying the 60
cycles to ?20, dividing to 144 cycles and driv-
ing a tuned, high powered, Class "C" amplifier.

When t}re trouble has been proved definitely
to be caused by 60 cycles, try operating the tube
heaters on a storage battery, Balanced heaters
with grounded center tap eliminates any 60 cycle
chassis currentsi this comective measure is
usuallv effectiye.

I

I

I
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Inadequate power supply filtering or unbal-
anced rectification can cause sufficient hum to
affect sensitive circuits, The power supply fil-
ter  normal ly  need notbe any larger  than that
found in most good monochrome designs, Heat-
ter-cathode leakage in tubes used with their
cathodes above ground with respect to the sig-
nal is another source of trouble.

The most prevalent trouble) however, is the
stray magnetic flux from the power transformer
acting upon the kirescope proper. Physieally
separating the transformer from the tube will
prove i-t this i.s the case. The larger floor model
receiver allows for greater separation between

. these components than the table model receiver.
With a well shielded motor it is possible to dis-
pense wi th ext ra sh ie ld ing.  A heat- t reated
Mu-metal ki.nescope shield is a certain cure-all
but is costly. Partial shielding in the form of
flat plates of less expensive shielding material
placed in stragetic positions may prove to be an
ellective solution at low cost.

Power transformer design has a marked ef-
fect  on the magni tude of  f lux leakage,  Over-
loaded or skimpy transformers with their large
core flux densities s'h o u I d be avoided. If pos-
sible, the transformer should be designed with-
out  any external  gaps;  one successfu l  des ign
employs the outer side of the lamination punched
as one piece. The customary copper strap is
also advantageous.

Hum bucking experimentshave been tried but
their eflectiveness is doubtful because of the
difficulty of maintaining proper bucking ampli-
tude and phase relationships, Rotating the power
transformer, d i s k synchronizing saturable re-
actor, and motor for a magnetic null, howeyer,
i f  e f f e c t i v e  a n d  c a n  b e  r e c o m m e n d e d  a s
worth while.

A SUMMARY OF POSSIBLE PICTI'RE
DEFECTS AND TIIEIR CAUSES

Horizontal J.itter

1, Sixty cycle hum voltage in sync causes
the horizontal pulses to be modulated at
the sixty cycle rate. This beats against
the 144 cycle Iield rate and gives rise to
an eighty-four cycle side jittea, ff only
one color is being transmitted, tlle sixty
cy c le hum beats wi th the for ty-e ight
cycle color field rate which results in a
twelve cycle side jitter.

2 ,  Power supply  120 cyc le r ipp le in  the
sync creates the same condition as in 1,
except that no\tr the beat with 144 cycle
field rate causes a twentv-four cvcle side
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jitter. The forty-eight cycle color field
rate beats against the 120 cycle r ipp I e
and g ives r ise to  a seventy- two cyc le
side jitter.

3. Sixty cycle magneticfields acting direct-
ly on t}Ie k i n e s c o p e causes an eighty-
four cycle side jitter by beating with the
144 cycle field rate. If only one color is
being t ransmit ted,  the resul tant  is  a
twelve cycle jitter.

4. Incorrect horizontal A.F.C, time con-
stants cause unstable horizontal locking.
The near ly  doubl .e L ine rate of  29160
cycles allows this time c o n s ta nt to be
one-half thatnecessary for monochrome.
Too long a t ime constant  prevents the
receiver from following normal varia-
tions in transmitter sync timing.

Vertical Jitter and Poor Interlace

1,  Six ty  cyc le hum in sync or  in  ver t ica l
oscillator beats with the 144 cycle ver-
ticalrate to produce aneighty-four cycle
vertical interline jitter,

2. Sixty cycle magnetic fiel.ds from the mo-
tor and, or, the power transformer act-
ing directly upon the kinescope produces
an eighty-four cycle interline jitter,

3. Poor interlace is characterized by ei-
ther  s teady pai r ing or  in ter l ine j i t ter ,
The steady pairing is usually caused by
the same deficiencies that are found in
monochrome television such as horizon-
tal pulses in the vertical circuits, poor
sync separation, etc. Interline jitter is
caused by the factors mentioned i n o n e
and two,

Flicker and Flutter

1 Flicker is defined as the visible 48 cycle
flicker apparent when a single color field
is above a certain highlight brightness.
Flicker is, therefore, a system limita-
t ion beyond the contro l  o f  the receiver
designer except as he may employ spe-
c ia l  techniques such as long pers is-
tance phosphors,

Flutter is a flicker caused by extraneous
condi t ions external  to  the basic  co-
1or system.

I



2, Sixty cycle hum in the video introduces a
variety of flutter frequencies, the m o s t
visible of which is twelye cycles. This
is the b eat between the sixty cycle hum
and tlle forty-eight cycle color field rate.

3.  Power supply  120 cyc le r ipp le beats
against the 144 cycle field rate and pro-
duces a twenty-four cycle flutter. The
eye is less sensitive to twenty-Iour cycle
flutter tlan to twelve cycle flutter.

4. A twenty-four cycle flutter is created
w h e n a six segment disk employs color
f ilters wit}l u n e v e n light transmission,
The two opposite green filters should be
matched in light transmission within one
or two percent

5, Unevendirt distribution onthe disk gives
rise to Ilut te r by urbalancing the light
tra nsm ission qualities-

6. Mechanical disk vibration transmitted to
a  s e n s i t i v e  v i d e  o ,  I F  o r  R F  s t a g e
causes flutter.

7, Erratic color flashes are caused by high
voltage iorona discharges.

B. Erratic color flashes are also caused by
static discharges from an unbonded mech-
anica l  d isk uni t .

Mis registration and Color Fringing

1.  One or  more color  images d isp laced
horizontally, The usual cause is a de-
Iect ive sync separat ion c i rcu i t  that  is
video level sensitive, The varying field
amplitudes results in a clipping differ-
ential that causes the horizontal svnc
pulses to be displaced.

2. Kinescope magnetic deflection sensitivity
varies inversely as the square root of the
high voltage applied to the second anode,
ff t}Ie high voltage supply has poor regu-
lation, the picture size varies with kine-
scope beam current, Adjacent fields of
different Levels aflects the high volt2.ge
with the resultant raster size change and
produces color misregistration,

3, Static el.ectrical charges are built up be-
tween the revolving plastic disk and the

kine s cope tube Iace, Non-aluminized
kinescope cannotdissipate these charges
which cause picture decentering. If the
revolv ing d isk is  s l ight ly  warped,  the
spacingbetween the d isk and the tube
face is constantly changing. The result-
ing oscillating electrical charge causes
the raster positioning to oscillate like-
'wise. This condition is avoided by em-
ploying aluminized tubes or coating the
d i s k  a n d  t u b  e  f  a c e  w i t h  a n  a n t i -
static solution.

4. IJ mechanical vibrations from the re-
volvingdisk is transmitted to a sensi-
t ive c i rcu i t ,  co lor  misregis t rat ion can
be produced, These vibrations emanat-
ing from a synchronized disk are in syn-
chronism with the picture field rate. It
is this that causes a color misregistra-
tion rather than just a jitter.

Color Shading

1.  The p ic fure may conta in a ver t ica l  or
hoaizontal brightness shading. If shading
is discernable, check the dc restoration
at the kinescope. Horizontal shading is
also caused by an insulficient coupling
time constant to the kinescope which re-
sults in a horizontal tilt,

2. The plcture may contain a vertical color
dif{erential, Here the cause may be poor
video amplifier low frequency response.
It is important to remember that when
the adjacent fields are of different amp-
litudes a forty-eight cycle component is
present. If the video amplifier causes a
low frequency waveform tilt, unevenamp-
I i f i c a t i o n  r e s u l t s  i n  a  v e r t i c a l  c o -
lor shading,

3,  Incorrect  posi t ion ing of  the k inescope
behind the revolving disk causes uneven
color distribution. Since the phosphor
d e c a y is finite, it is important that the
lingering phosphorescence be covered by
the given color filter for a predetermin-
ed per iod.  Locat ing the raster  at  the
corrent position, as per the disk manu-
facturer's i n s tr u c ti on s. should avoid
this condition,
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THE CBS-COLUMBIA COTOR COMPANION RECEIVER
bv

Edrmrd M. NoII

The compaJrion color receiver presents arr
easy method of adding color to a present re-
ceiver, Such a unit although driven from t}Ie
standard monochrome receiver ca-n be posi-
tioned on top of, beneath or to the side of pre-
sent receiver. With proper length of cable it
ca-n be located some distance away in another
section of the room. It has its own picture tube
and color scanning assembly that operates sep-
arately from picture tube of receiver to vr'hich
it is attached. Standard r e c e i v e r is used for
monochrome reception; companion unit, for
color viewing.

Such al arrangement meals extensive work
must not be performed on receiver---no ren'ir-
ing, parts re-arrangement, or change of cabinet
design, It should be possible to attach a com-
panion unit and have it in operation less than a
half-hour alter delivery.

The color companion unit consists oI video
amplilier and picture tube, sync separator and
arnplifiers, v e r t i c aI and horizontal deflection
systems, motor control circuits, motor and
color wheel, (or possible a drum) and self-con-
tained power supply. Companion unit attaches
into video amplilier system of monochrome re-
ceiver. Generally input video amplifier tube is
removed and an adapter plug is inserted into its
socket. Tube is then plugged into adapter.
Leads from the adapter are connected to com-
panion color receiver and serve as a means of
supplying a composite video signal to compar-
ion circuits. Pla-n is ideal because color addi-
tion can be made v'/ithout depriving customer of
television ard witiout altering tieir present re-
ceiver. Color companion can be positioned near
monochrome receiver or, for a more balanced
appearance, at some other position in the living
room or den. It is quite feasible to locate eolor
companion in an adjacent room when a rnultiple
speaker arrangement is used for the sorurd por-
tion of the telecast.

Preferably steps s h o u ld be taken to darken
picture tube of monochrome receiver when col-
or viewing is desired. This can be accomplish-
ed with phono switch on ma.ny receivers or,
simply instruct customer to turn down receiver
brightness rphen color observation is desired,

A number of advantages of the companion are
apparent---ease of installation, neatness, well-
planned cabinet design, an d non-interruption of
regular television service.

The CBS-CoIumbia companion color receiver
is shown schematically, It contains 18 tubes
plus picture tube---3 tube video amplifier, 2
tube sync separator and amplifier, 8 tube deflec-
tion system, and 5 tube motor control and power
supply, A composite video signal is taken from
input video amplilier of receiver ard applied to
video input of companion color receiver. Input
video amplifier Vl is used or is not used de-
pending on polarity of composite video signal at
point it is removed from monochrome receiver.
A sync negative composite signal is needed at
grid of second section to obtain proper polarity
at grid of picture tube ard at sync separator, I{
sync is positive at point of removal it is first
pa s s e d through first s€ction of video tube V1
(gain is approximately unity) to reverse its po-
Iarity, ar r iving at grid of second section with
sync negative.

Signal is increased in level by a two stage
video amplifier, tubes V1 and Y2, and is applied
to grid of picture tube. Brightness restoration
is established by V3. Series-shunt peaking is
used wit}l first video amplifier stage giving
good high frequency emphasis, Low frequency
response is retained by long time constant grid
coupling circuits and large value cathode ca-
pacitors. Contrast (peak-to-peal< signal ampli-
tude) is set by bias potentiometer in cathode
circuit of first yideo stage,

Composite television signal with slmc nega-
tive is also applied to three stage sync ampli-
fier and separator (tubes V? and V8) from input
switch, Sync separator tube V8 has a long grid
time constart and low screen voltage. It drives
portions of composite television s i gn al lower
ttran blanking level beyond cut-off. Thus nega-
tive composite sync develops at its plate circuit.
A strong sync si gnal is delivered to follov/ing
integrator circuit. Horizontal and vertical
sync components separate at output of sync
amplifier - - -vertical component is removed by
integrator  and used to synchronize ver t ica l
blocking oscillator Vg; horizontals are applied
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Figure 148, CBS -Columbia Color
Companion ReceiYer, Front

Figure 14C. CBS-CoIumbia

Color Companion Receiver, Rear

Figlre 14D. CBS -Columbia Combination
Monochrome and Color Receiver
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to phase detector type of horizontal sync control
V12. To obtain proper pulses to drive horizon-
tal circuit both plate and cathode outputs are
employed from final slmc amplifier, Conse-
quently, equal-amplitude but opposite-polarity
pulses are obtained across the like value 2.7K
resistors inplate and cathode" Vertical integ'
rator time constant is of suitable value to in-
tegrate effectively the shorter vertical sync in-
terval used at color field rates.

Blocking oscillator circuit is conventional,
developing correctly modified sawtooth across
0.02 mfd.-22K combinat ion in  p late c i rcu i t ,
Veriical output circuit is straight-forward with
an additional signal being taken off its plate
through a 0.001 mfd. capacitor for application
to motor control circuit"

Horizontal phase detector circuit compares
relative phase of arriving horizontal sync pul-
ses with a sav'tooth fed back lrom secondary of
horizontal output transformer, A pulse wave-
form is  real ly  present  across secondary of
horizontal output transformer but is integrated
into a salr'tooth by the two series 100K resis-
tors and .002 capacitor at low side of phase de-
tector circuit. Any unbalance in the diode cur-
rents as caused by a phase shift between sync
and fed-back voltage, changes d,c. charge on
0.001 mfd.  capaci tor  on gr id  2 of  hor izonta l
oscillator V13.

Oscillator is a stabilized and cathode-coupled
multivibrator (29,160 tuned circuit in plate of
f i rs t  sect ion) ,  Frequency is  determined by
gl id  t ime constants and d.c .  b ias on gr id  of
first section, A compehsating shift in bias and
frequency is  made whenever  phase d isp lace-
ment occurs.

Horizontal output tube V14 supplies deflec-
t ion energy to hor izonta l  co i ls  and damping
(tube V18) system. Retrace transient pulse is
appl ied to rect i f iers  (Vl5-16-17)  of  vo l tage
tripler circuit, A 15,000 volt anode potential is
developed for picture tube. Deflection output
circuit and reasonant frequency has been pro-
perty designed (output transformer and loading)
to obtain the necessary faster trace and retrace
t lmes needed at  co lor  l ine rates of  29,160,
Voltage boostvoltage is applied to plate of hori-
z o n t a l  o u t p u t  t u b  e  a n d  v e r t i c a l  s a w t o o t h
forming circuit,

A three circuit motor control system is used.
It receiyes its synchronizing signal in form of a

positive pulse from plate of vertical output tube
V9, At plate of vertical output a negative saw-
tooth is present but the retrace includes a sharp
posi t ive pulse t ransient ,  I t  is  th is  posi t ive
pulse that is used to operate the motor control
system in synchronism with received vertical
timing (received vertical sync pulses determine
frequency and phase of vertical output signal.)
The phase detector V5 compares phase of verti-
cal output pulse (frequency and phase follows
that of vertical sync transmitted from station)
with that of a sinewave formed by a sma1l 6 pole
generator attached to motor shaft, Motor rota-
tion has proper speed (when synchronized) to
drive alternator and generate a 144 cycle sine-
wave. This can be compared with the 144 cycle
pulse from the vertical output tube.

Any differential caused by an attempted shift
in phase of motor or arriving signal relative to
each other causes a momentary unbalance in the
phase detector  c i rcu i t .  There is  a resul tant
shi f t  in  the re lat ive t r iode currents and d,c ,
c h a r g e  o n  0 . 0 1  o u t p u t  c a p a c i t o r  c h a n g e s .
Charge on this capacitor acts as bias for the
motor control tube V6, When bias is shifted
the d.c. plate current of motor control does
Iikewise. Such a shi{t in current in the primary
winding of the saturabl.e reactor alters t}le
amount of core saturation and, therefore, the
secondary inductance,  This  inductance is  in
series with motor windings and a.c, line and
any change wi l l  cause motor  to  speed up or
slow down. This in turn changes irequency of
s ignal  generated by a l ternator ,  which s ig la l
f e e d s back to phase detector. Thus in a short
interval, two signals (one f r o m alternator and
o n e  I  r o m  v e r t i c a l  o u t p u t  t u b e )  w i l l  z e r o  i n
phase detector and motor will sync-in with ver-
tical timing. This arrangement keeps camera
a n d  r e c e i v e r  m o t o r s  l o c k e d  i n  f r e q u e n c v
and phase,

A push-but ton swi tch permi ts  temporary
shor t ing of  the secondary of  the saturable
reactor to permit momentary speed-up of mo-
tor  when phasing f i l ter  co lors.  This  is  done
when station is first tuned in---red filter must
be in position at receiver at s a m e instant red
signal arrives so colors \ri1l be viewed in same
order they were scanned at transmitter,

A well-designed and well-filtered power sup-
ply is incorporated in companion unit to supply
necessary anode and bias voltages for opera-
t ion of  c i rcu i ts  rv i th  a min imum amount  of
ripple and feed back.
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THE TELE-TONE COTOR COMPANION RECEIVER

bv

Elias Cohen

Te le-Tone Rad io  Corp .
New York City

and

Allan Easton

Manager
Communications Engineering Division

Radio Receptor Company, Inc.

Courtesy Electronics Magazine

T h e  F . C . C .  d e c i s i o n  w h i c h  a p p r o v e d  t h e
C.B,S, f ield-sequential system of color televi-
s ion  presented  to  the  au thors  the  prob le rn  o f
howbest to  meet  the  inev l tab le  demand f  o r  a
commercial device which, operatlng in coniunc-
t i o n  w i t h  a h e a d y  e x i s t i n g  b l a c k - a n d - w h i t e
recelvers, would produce good color reception
from stations transmitting programs in color.
The companion color unit was to bridge the gap
b e t w e e n  s t a n d a r d  m o n o c h r o m e  a n d  t h e  n e w
field-sequential color televisibn unti l there de-
ve loped su f f  l c ien t  economic  ius t i f i ca t ion  fo r
complete color or color and black-and-white re-
ceivers. In this manner the consumer was pro-
tected agalnst complete obsolescence of his mon-
ochrome equipment and at t h e same time could
purchase the means of securing color television'

General Requirements

Several requirments suggest themselves for
a  sys tem u t i l i z ing  ex is t ing  monoch lome re-
ceivers for production of color pictures.

1) Ease of installation ls of great importance,
Any complex reworking or rewiring necessaty
in the monochrome s e t as handled by a service
group would result in non-uniformlty of perfor-
mance be tween rece iverg  on  bo th  monochrome
and color operation,

2)  When the  co lo r  ad junc ts  a re  connected
no appreciable deterioration of performance in
s tandard  b ta  ck-and-wh i te  r  e  ce  p t i  on  shou ld
be discernible.

3) The device should operate well and inter-
connect  eas i l y  w i th  most  types  and makes o f
commercial televlsion receivers.

4) There should be no detraction in physical
appearance of the t e I e v i s i o n set, The device
ltself should m e e t the usual appearance stand-
ards set up for TV receivers,

Types of Systems

The f i rs t  sys tem cons idered,  the  adaptor -
converter combination, did not meet these self-
imposed requ i rements ,  The adaptor  i s  a  un i t
which when used in conjunction with the mono-
chrome rece iver ,  permi ts  recept ion  o f  co lo r
programs in black-and-white only. The conver-
ter is second unit consisting of motor, lens, and
color disc which transposes the monochrome,
field-sequential. display into a fu11 color picture.

The main advantages of this system are:

1) Economy - A minimum of additionalparts
is used. The monochrome circuitry performs
double duty wherever possible and color opera-
tion is obtained by means of switching,

2) The same kinescope is uti l ized for botl
monochrome and color operation,

The disadvantages of tf i is system are:

1) Installation may be a complex servicing
job varying considerably from one type receiver
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to another. Approximately one dozen circuits
or circuit elements are involved in the swltching.

2) At present lt is e xt r e m e Iy difficult to
handle k inescopes larger  than 12 1/2 in ,  by
this system.

3) The appearance of the receiver is definite-
ly affected by the conversion.

Description of Companion Unit

The standards set by management and engi-
neering pointed out tlle necessity for a universal
package converter of the slave type, This would
be a self-contained cabinet enclosed unit which
would plug into one of the tube sockets in the
existing receiver by m e a n s of an adaptor plug
without any chassis reworklng. This could be a
customer rather than a serviceman operation.

The characteristics of this svstem are:

1) Ease of installation,

2) The appearance of the cabinet is unaf-
fected by the conversion,

3) The size of the kinescope for color is in-
dependent of the size and type of kinescope used
in black-and-white operation,

4) The slave converter will work in conjunc-
tion with practically every television set on the
market today.

Refer  to  F igure 15.  The s lave conver ter
receiyes a source of composite video signal from
the black-and-white receiver through the inter-
connecting cable and by means of the necessary
circuitry including power supply.

The signal is ampllfied in a two stage vldeo
amplifier system (C) and is applied to the kine-
scope grid (D), A polarity switch (B) in.ttle in-
put circuit accounts for the difference in signal
polarity that exists in.some monochrome re-
ceivers. Part of the output of the video ampli-
fier is fed in a conventional manner tr the sync
separator circuitry (E) whieh in turn feeds a
syncroguide type horizontal oscillator (F) at
29,160 cyc les/sec.  and an impulse t r iggered
vertical oscillator () at 144 cycles/sec,, whieh
in turn drives the output circuitry (I and L), A
flyback high voltage system (E) is used with a
voltage doubler to supply the high voltage. The
color discs are turned by a speed controlled,
induction motor (P). The speedcontrol circuitry
consists of a balanced phase and frequency com-
parator (M) which compares the sine wave out-
putofa s ix- pole alternator (Q) mechanically
coupled to the m otor witll pulses derived from

the vertical output circuitxy (K). The control
voltage ls amplified in a D.C. amplifier (N) which
varies the inductance of a saturable reactor (O)
and which inturn varies the A,C. voltage applied
to the lnduction motor for speed control,

Description of System and Connection to
Black-and-White Receiver

The only interconnection to the monochrome
receiver is a probe which fits lnto the video
tube socket of the black-and-white receiver and
into which ttle video tube itself is plugged. The
probe contains a cathode loaded stage which
picks off composite video signal to drive ttle
slave converter video amplifier with negligible
loading effect to the moiochrome receiver. The
color receiver has neither tuner nor I.F. stages.
It is called a slave type because it depends for
its source of composite video signal on the mono-
chrome receiver, Thus, v,rhen the monochrome
set is tuned to normal monochrome transmissions
they will appear as always on the black-and- \phite
receiver ,  whereas when the tuner  is tet for  a
color transmission it will be viewed on the slave
converter. The soundof course always eminates
from the black-and-white receiver,

Breakdown of Circuitry

A. - The Video Amplifier System Fig. 16.

The vldeo requirements while similar to
that of a monochrome design are definitely more
exacting. Since the composite signal derived
from ttle black-and-white receiver could be either
positive or negative depending on t}le type of re-
ceiver, provisions had to be made for switching.
circuitry so that the polarity of the signal at tlle
color converter kinescope grid v'ras always sync
negative. The gain andfrequency responses were
to be independent of s wit c h setting. The high
frequency response was to be 4 Mc wlde so that
the geometric resolution would be as good as the
I.F. response of the black-and-v,rhite receiver
lvould allortr. A rising characteristic is also de-
sirable to obtain some video overshoot to add
crispness to the picture and to compensate for
the slight smear present in the transient re-
sponse of many LF. systems, The low lrequency
respons.e has tobe approx imate ly  3 db at  48
cycles/sec. n'hich is the primary color rate,
Poor low frequency response \r'ill result in mis-
representation of the bapkground color tones in
the different ftames. whereas in monochrome
reception it would only result in a sllght shading
from top to bottom of tlle picture,

It was considered that a gain of approximate-
Iy ?0 with a drive ofapproximately l00volts peak
to peak was necessary to have sufficient reserve
drive for the 10FP4 kinescope under all condi-
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t ions of operation. Another aspect to be closely
watched ln the video system was amplitude dis-
tortion which would give rise to color distortlon,
s ince  d i f f  e ren t  co lo rsare  t ransmi t ted  dur ing
different frames and any compression of leve1s
would affect one color more than the others.

Thus, the amplif ier has to be substantially
linear over its entire range of operation, unlike
monochrome reception where non-linearity is
often introduced in order to obtain a more pleasing
ra t io  be tween average and peak  br igh tness  a t
high contrast settings, Since the m aj o r ity of
present black-and-white receivers have inter-
car r ie r  sound,  p rov is ions  have to  be  made to
have good 4 .5  Mc.  re jec t ion  be lo re  the  ca thode
ray grid so as to avoid the fine beat a^ffect which
wouldbe caused by excessive 4.5 Mc. signal on
t h a  f . i h a c . ^ n a  o  r i . l

Figure 16 indicates a s i m p 1e way in whlch
po lar i t y  s lv i t ch ing  is  accompl ished,  The f i rs t
video amplif ier is either cathode or grid coupled
depending on the input polarity, For most instal-
lations the tube wil l be grid coupled because a
majority of the black-and-',vhite television sets
inuse and be ing  bu i l t  today  have the i r  v ideo
detec tor  so  ar ranged as  to  y ie lda  compos i te
video signal with sync tips negative. Contrast
variation is accomplished by means of a degen-
erative control in the cathode of the ffust video
amplif ier. The first video is half of a high gain
t r iode 12AT7 tube,  and the  second v ideo is  a
beam power output 6AQ5 tube to provide su{ficient
d r i v e  a n d  l i n e a r  o p e r a t i o n .  G o o d  f r e q u e n c y
response is providedforby the 2 section constant
K fi l ter in the flrst video stage and a combination
of serles and shunt peaking in the second video
s tage.  Cood low f requency  Iesponse is  accom-
plished by means of the low lrequency RC boost
network in the ffust video, and the use of 0,1 uf
coup l ing  condensers  as  we l l  as  the  max imum
possible grid leak resistors v/herever possible.

The background control varies the negative
D,C.  vo l tage to  wh ich  the  D,C.  res to rer  d iode
plate is returned.

The 2 stage system is l inear, has a gain of
approx imate ly  ?0 ,  p rov ides  100 vo l ts  peak  to
peak  dr ive  a t  a  bandwid th  o f  48  cyc les  -  4  Mc
and has provisions to supply D,C. restored sig-
nal of negative polarity to the kinescope grid for
either polarity input to the system.

B. - Sync Separator

The sync  separa tor  . requ i rements  a re
similar to those in monochrome reception, and
the type of separator u s e d (refer to Fig, 1?) is

a  fasJ- t ime cons tan t  ca thode fo l lower  type ,
where a separate diode is uti l ized to keep sync
tips at ground level, This is a standard type and
need not be discussed further, There is a defi-
nite need for better noise immunity in the color
sy ste m than in black-and-white transmission,
Loss  o f  hor izon ta l  synchron iza t ion  fo r  a  few
lines is more noticeable than in monochrome
transmission because the tearout wil l appear in
the  co lo r  o f  the  f rame dur ing  wh ich  i t  occurs .
Loss of vertical synchronization is extremely
bad, because unless the recovery time is faster
than the inertia of the speed control circuit, the
color disc will also go out of synchronization,

C. - Vertical Deflection

The frame rate which is the frequency
at which the kinescopefaceis scanned vertically,
l s  144 cyc les /sec .  Ver t i ca l  re t raee must  be
accomplished in 0,05 of a field which is approxi-
mately 3b0 usec. This is approximately 40le of
the time allotted in monochrome transmission.
The self-resonant frequency of vertical output
transformers and yoke circuitry now used for
monochrome receivers is good enough to permit
d i r e c t  c o n v e r s i o n  t o  t h e  n e w  f r e q u e n c i e s ,
(F is .  17)

A  5 3 u  -  b U  m h  v e r t i c a l  y o k e  i s  u s e d .
The yoke impedance being mainly resistive, the
same output transformer can be u s e d to match
the yoke to the double-triode 6SN? vertical out-
put tube with very l itt ie loss in efficiency, Refer
to Fig, 33. A single triode blocking oscil lator
is used in the usual manner to act as a combined
ver t i ca l  osc i l la to r  and d ischarge tube.  The
t rans i t ion  to  144 cyc les  permi ts  a  decrease
i n  p l a t e - 1 i m e  c o n s t a n t  t o  g i v e  t h e  n e c e s s a r y
drive for the output tube without any loss in 1in-
earity. The percentage of step to sawtooth is
Iarger in color operation necessitating a larger
step resisto-r in series with the discharge con-
denser ,  The reason fo r  th is  i s  apparent  when
one realizes that the purpose of the additional
step to the sa$tooth grid drive is to compensate
for the voltage drop across the inductive portion
of the yoke. The retrace time being much fas-
1 e , 1 .  t h a n  b e f o r e  w i l l  c a u s e  t h e  v o l t a g e  d r o p
L"'/dt to be larser.

The problem of interlace is basically a
30 cycle phenomina in monochrome transmission
and is therefore relatively unaffected by 60 or
120 cycles powe r supply and line hum because
of its harmonlc nature.

In color transmission interlace is basic-
aUy a ?2 cycle phenomina and is easily deterio-
rated by 60 and 120 cycle hum. Sixty cycle hum
for example wil l cause the pattern to go in and
out of interlace at a 12 cycle rate. It is extremely
important that the integrated vertical sync pulse
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be free of all hum voltages. As wil l be noted in
Fig. 16, the output of the sync separator is trans-
former coupl.edto the integratingpads to remove
the hum voltages from the negative supply. Care
must be taken so that the power Iine leads or
fi lament leads do not come too close to the ver-
tical oscil lator circuitry.

The usual care must be taken to remove
all horizontal pickupfrom the vertical oscil lator
c i rcu i t ry .  Th is  can be  he lped cons iderab ly  in
tie chassis layout by putting the vertical oscil-
lator as far as possible f r o m horizontal oscil-
lator and output circuitry.

The major problem in the vertical cir-
c u i t r y  s e e m s  t o  b e  t o  o b t a i n  g o o d  i n t e r l a c e
rather than that of height and linearity.

D. - Horizontal Deflectlon & High Voltages

The horizontal scanning rate is 29.160
cyc les /sec ,  (405 hor izon ta l  l ines  in te r laced
every  two f rames) .  Th is  i s  a lmost  tw ice  the
ra te  used in  monochrome t ransmiss ion ,  The
maximum retrace time allowable is 0,14 H where
H is the period of the horizontat scan, This fig-
ure is the minimum value that the width of hori-
zontal s y n c pulse plus back porch may fall to.
This calls for a maximum retrace time of 5 u
sec. as against almost 10 u sec. in monochrome
transmission, The losses in the yoke and trans-
former wh i c h are a function of frequency such
as hysteresis and eddy-currents tend to cut down
the e f f i c iency  a t  th is  new f requency .  Ah igh
voltage of 13KV is desirable which in conjunc-
tion with a 10FP4 - 53o aluminum backed tube
produces suJficient l ight output in spite of the
light losses in tie color disc and lens,

The horizontal synchroguide has to be
readjustedto operate at the new frequencies and
the capacitor across the stabil izing coil is set
so it too can operate at the neiv fiequencies,

To lmprove the retrace time, th e hori-
zontal output transformer has much less than
the customary number of turns on the high volt-
age winding. To make up for t}Ie loss in high
vo l tage a  vo l tage doub ler  us ing  two 1B3 's ,  i s
used.  (Refer  to  F ig .  18)  The use o f  an  au to-
transformer permits more high voltage and sub-
sequent ly  less  re t race  t ime as  the  secondary
winding is now in series with the primary, and
H.V.  w ind ing  to  d r ive  the  H,V.  re  c t i f  ie rs .  A
device borrowed from the CBS engineering de-
partment was to A,C. couple the secondary wind-
ing to the primary with the yoke being returned
to the low side and the damper tube b e i n g re-
turned to the high side, This is in order that we
may have electrical centering which normally is
no t  feas ib le  in  an  au to- t rans former  tvne  o f

system, The filament of the 6 W4 i s connected
through a res is tor  to  the boost  vo l tage.  The
cathode-to-heater rating of this tube lor pulses
as well as for inverse peak plate to cathode volt-
ages allows safe operation of the circuit.

Horizontal centering is accompJ.ished by
a 50 ohm control which varies the amount of B
plus current which goes through the yoke. A
tapped potentiometer is used so that this control
is bidirectional, The potentiometer is bypassed
so as not to change the Q of th e yoke or to feed
horizontal lock into the B plus circuit,

The power input to the horizontal output
6BG6 tube (3?0 volts at 70 mils) is 33 watts and
is not proposed as the most efficient method of
scanning a 53o degree tube operating at 13KV.
It does, however, give good J.inearity, good re-
trace time, plenty of width and a high voltage of
13KV with'a regulation of 500 volts/100 u amps,

The yoke used is  a 53o -  8 .3 mh type
with a powdered iron core.

D, - Power Supplies

The power supply (Fig. 18) design pro-
blem is no different generally from that existing
in normal monochrome receivers except for the
fact that the maximum allowable ripple voltage
on the B plus supply must be severely restrlcted.
The hum voltages whether 60 or 120 cycles are,
o f  c o u r s e ,  e x t r e m e l y  h a r m f u l  b e c a u s e  o f  t h e
non-synchronous relationship between the 60
cycle po\rer line and the 144 cvcle field rate of
the color transmission.

A full waye rectifler 5V4 in conjunction
with a condenser input filter yields a positive
B p lus vo l tage of  280 vol ts  at  1?5 mi ls  and a
ne gative supply voltage of approximately 120
volts is. obtained acxoss a bleeder resistor be.
tween secondary center-tap and ground,

Care mustbe taken in the physical place-
ment of the power transformer and other iron-
core components so as to minimize the effect of
a n y stray magnetic fields on video and vertical
chcuitry andthe kinescope tube itself, Although
the rectifier input condenser input circuit is no
more elaborate from a filtering standpoint. hum
reduct ion is  fur t ier  accompl ished by the ut i l i -
zation of decoupling networks between the power
supply and the appropriate circuitry.

F. - Motor Speed Control Circuits

An entirely new problem presented by
the color television unit is that of m oto r speed
control circuitry.
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Color presentation is accomplished by
means of  a rotat ing f i l ter  d isc (See Fig.  15) ,
similar to t h a t used in the camera, which is
positioned before the face of the picture tube.
This disc carries six filter segments (See Fig. 8),
two in each of the three primary colors, red,
blue and green,. The disc rotates at 1440 r,p,m,
ard is synchronized with the 144 cycle/sec, field
scanningrate of the receiver, The image formed
on the screen of the picture tube is in white light
and th is  l ight  in  passing through the colored
filters, takes on successively the three primary
colors. The system thus comprises two filter
discs rotating in rigid synchronism, sopositioned
that the filters before the camera and the picture
tube always have the same color at any instant.
I n  o r d e r  t o  s y n c h r o n i z e  t h e  p o s i t i o n  o f  t h e
receiver filter disc, the speed must be kept at
1440 r,p.m. and the phase must be automatically
adjusted by means of synchronizing impulses so
that the red Iight is produced by the receiver
only when the red filter is positioned before the
camera tube at the transmitter and similarlv for
the other two colors.

Refer to Fig, 15-BlockDiagram of Motor
Speed Controls

Ref  er  to  F ig.  19-Wir  in  g Diagram of
Speed Control Circuits

Speed control is accomplished by means
of an automatic phase and frequency control cir-
cuit. The driving motor is a 1120 h.p. split phase
induction motor, belt coupled to the color wheel
and direct coupled to a six pole alternator which
when running at 1440 r.p.m. will deliver a sine-
wave voltage output at a lrequency oL l44 cycl.e /
sec. The frequency will of course be directly
proportional to t}Ie motor speed, A balanced
phase and frequency comparator consisting of a
12AU? compares the sine-wave output from the
alternator to vertical pulses at 144 cycles/sec,
field rate, The control voltage generated is ap-
piied to the grid of a high gm D,C. coupled cur-
rent amplifier which utilizes a 6AH6 tube. The
plate current of t}lis amplifier flows through the
primary of the saturable reactor which saturates
the iron core and so varies the inductance of the
secondary winding in  a manner which is  to  a
first approximation inversely proportional to the
n r i h o t r ?  ^ ' . r r 6 n +

As can be noted in Fig, 19, the secondary
inductance of the reactor is in s e r i e s with the
induction motor across the line voltage, A r,ari-
ation of secondary inductance will. vary the 60
cycle voltage fed to the motor and tlus control
its speed. A color phasing potentiometer con-
trols the D.C. bias and thus controls its speed.
An anti-hunt potentiometer controls the amount
of feedback from the screen o{ the control tube
back to the input circuit.

The gain and accuracy of the control sys-
tem must be high enough so that the amount of
phase deviation or instability caused by normal
Iine voltage variation or heating effects will not
be large enough to permit any trace of the pre-
ceeding or following color field to be visible.

As mentionedlefore proper color phas-
ing is obtainedonly when the color of the filtei at
the receiver is identical to the one at the cam-
era at any moment. The s p e e d circuitry does
not util ize any information wh i ch permits it to
recognize the various color fields, It is. there-
fore, possible to be initially synchronized on any
one of the 3 color fields when the set is turned
on. The ambiguity is coruected by m e a n s of a
front-control push button which momentarily
shorts out the secondary of the saturable reactor
thus permitting the color disc to slip free lor a
shor t  per iod and lock i tse l f  toa new f rame.

Interconnection with Black & White Receiver

The slave color converter derives composite
video signal from the black-and-white receiver,
The basic requirements for the interconnecting
device were that it be universal in its applica-
tion so that it operated with all types and makes
of black-and-white receivers and that its effect
on b lack-and-whi te operat ion due to loading
be negligible,

A  p r o b e ,  F i g . 2 0 ,  i s  i n s e r t e d  i n  t h e  i n p u t
video amplifiersocket of the black-and-white
receiver ,  The p in connect ions are connected
to another tube socket at the top of the probe in
rrhich the video arnplifier tube fits. A 6J6 cath-
ode loaded stage is inside the probe and couples
composi te v ideo s ignal  f rom the g l id  of  the
video amplifier through 70 ohm cable to the col-
or converter, The input loading of this cathode
fo l lower is  ext reme ly  sma11.  The polar i ty
switch in the video amplifier circuit rvillaccom-
modate either negative or positive polarity sig-
nal, Plate and filamentpower is fed to the cath-
ode follower from the color converter. The Drobe
is built in four different lorms to accommodate
either a 7 pin miniature, noval miniature, octal
or loctal video amplifier tube in the black-and-
white receiver.

The color  conver ter  chassis ,  cabinet .  and
shafts are insulated so as to avoid shock hazard
when used with a black-and-white receiver of
the hot-chassis type, that is, in which one side
of tlle power line is conrected to the chassis,

Overall Performance

The slave color converter unit developed by
Tele-Tone provides good color picture on trans-
missions using the CBS lield-sequential system.
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7  P I N  ( O R  9  P I N ) S O C K E T

6/32  FLATHEAD
M A C H .  S C R E W S

R I N G  O F  I / 4  D I A .  H O L E S
F O R  V E N T I L A T I O N

7  P I N  S O C K E  T

7  P I N  ( O R  9  P I N )  B A S E

Fi.gure 20. Probe to Connect to Black-and-White TV Receiver

Wtite todaf  lot  .onplete doto

c0r0n sArEs
995 \(/ert Shorc Dr.

G0.
Marapequa,L. l .

NEW YORK
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Unit switch construc-
tion houses precision
resistors in insulqted
recesses.

Molded selector switch
Iu i l y  enc losed.  Sp i rc l
spring index control-over
150,000 cyc les  w i thout
breok ing .Direct connections-no hor-

ness cablino-no shorts.

technicians use Model 630
Feqtures like those shown qbove qre whqt mqke this populor V.O,M. so outstondingly

dependoble in the lield. The enclosed switch, Ior instqnce. keeps the silvered contccts
petrndnently cleon. Thdt's rugged constluction thdt meqns stlouge! performcnce,

longer life. And tests show thqt the spilol spdrrg index control, olter more thdn
150,000 cycles oI switch rotqtion, hds no disruption or opprecicble weqr! Investigqie

this history-mcking Volt-Ohm-Mil-Ammeter todcry: 33 ronges, lorge 5/2" meler.
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