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Introducing RTTA'S 

Color TV Technician Course 
(For men with previous radio 8 TV training) 

COMPLETE! DEPENDABLE! 
RTTA offers you the most complete and practical Color Tele- 
vision Technician Correspondence Course. It includes the latest, 
up-to-the-minute data and procedures for the servicing and 
maintenance of all Color TV receivers and equipment. Be pre- 
pared - gain your share of those profits ahead! This course 
uses the same step-by-step approach found so successful in the 
teaching our other famous courses to thousands of men. Starting 
at the transmitter the lessons guide you through the develop- 
ment and transmission of the composite Color TV signal. With 
an overall view of how the receiver function each circuit is then 
analyzed in a simple, easy -to -follow manner that make learning 
fast and accurate. 

Sylvania Now Sponsoring 
RTTA's Color TV Technician Course 

One of the nation's largest electronics manufacturers 
and marketers Sylvania Electric Products Inc. in its 
continuing effort to cooperate with independent service 
dealers is now sponsoring the RITA Color Television 

Technician Course. 
The Color Television Technician Course is being made available to 

authorized Sylvania Dealers throughout the 48 states who are inter- 
ested in expanding their knowledge and experience in Color TV 
servicing. 

14 THOROUGH LESSONS! 

Color Television Technician Course 
1 AN INTRODUCTION TO COLOR 
2 FORMATION OF THE COLOR SIGNALS 
3 THE CHROMA SIGNALS 
4 GENERAL OPERATION OF THE COLOR 

TELEVISION RECEIVER 
5 PICTURE TUBES FOR COLOR TELEVISION 

RECEIVERS - PART I 

6 PICTURE TUBES FOR COLOR TELEVISION 
RECEIVERS - PART II 

7 DETAILED OPERATION OF THE COLOR 
TELEVISION RECEIVER 

8 THE CHROMINANCE CHANNEL 
9 COLOR TELEVISION CIRCUITS - PART I 

10 COLOR TELEVISION CIRCUITS - PART II 
11 ADJUSTING THE COLOR TV RECEIVER - 
12 COLOR TV TEST EQUIPMENT 
13 TROUBLESHOOTING THE COLOR TV RECEIVER 
14 SERVICING PROCEDURE 
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L. C. Lane. B.S., M.A. 
President, Radio.Television 
Training Association. 
E eecuti ve Director, Pierce 
School of Rodio & Television. 

Other RITA Courses 
covering oll phases of Rodio, FM and TV 

Radio -FM -Television Technician Training 
My Radio -FM -Television Technician Course is especially 
prepared for men with no previous experience or train- 
ing. I have trained hundreds of men for successful 

careers in radio -television -electronics. Many of them 
had only a grammar school education and no previous 
experience whatsoever in the field. 

Expert FM -TV Technician Training 
My FM -TV Technician Course lets you take full advantage 
of your previous experience - either civilian or Armed 

Forces. YOU CAN SAVE MONTHS OF TIME. Train at 
home with kit, of ports, plus equipment to build TV 

RECEIVER. ALL FURNISHED AT NO EXTRA COST! 

Practical TV Studio Technician Course 
(For men with previous radio d TV training. 

I train you at home for an exciting to pay job as the 

man behind the TV camera. Work "on location" of re 

mote pick-ups! Available if you want it . . . one -week 
course of practical work on TV studio equipment at Pierce 
School of Radio 8 TV, our associate resident school in 

New York City. 

Radio -Television Training Association 
52 EAST 19th STREET NEW YORK 3, N. Y. 

Licensed by the State of New York Approved for Veteran Training 
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INTRODUCTION 

Years ago it was common to hear that color television was "just around the cor- 
ner." Many people believe that when it came we would be presented with a full- 
grown, matured accomplishment-a color television receiver with a large screen 
displaying resplendent natural -color programs. If this has been the goal then color 
television has arrived. 

Color television receivers are available at a price that middle -income families 
can afford. From here on, steady development will improve the quality of the color 
display and serviceability of the receivers much the same way as this was accom- 
plished for black -and -white sets over a period of ten years. There may he some 
major changes such as the use of a single -gun picture tube instead of the three -gun 
type now in common use. But, today's receivers are in every way worth their price. 
Ordinary black -and -white programs are very often transformed by breathtaking 
and exciting displays of lively color. 

Now that color television is definitely here, the editors feel that this book is 
needed. It is a guide to the layman who wants to know more about color television 
and who wants to know whether to buy a set now. It is also a handbook for service 
technicians; analyzing the receivers and presenting the best known methods for 
installation *and service. Included is a complete course in the fundamentals of color 
television. Also, experimenters are shown how to build a color converter for black - 
and -white sets. 

The subject matter is divided into six chapters. The first describes the new sets 
now on the market and gives information about the service and installation policies 
of the manufacturers. It also includes a Buyers' Guide. The second chapter offers a 
complete course in the fundamentals of color television. Chapter 3 describes the 
picture tubes now in use and those that nay possibly be used in the near future, 
as well as other specialized components that are used for color TV. IIow to install 
and service color TV receivers are covered in Chapter 4 at the television service 
technicians' level. Test instruments specifically designed for color television are 
described in Chapter 5. Chapter 6 includes material for experimenters interested in 
building their own color TV converters and information on studio techniques. 

The articles contained herein are the best of those published on the subject in 
RADIO & TELEVISION NEWS. The editors have compiled this material in an 
easy -to -read format, based on their long experience in publishing RADIO & TELE- 
VISION NEWS each month. 

The Editors 
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Buyer's 
Guide 

These are the color TV sets 

now available. They can be 

seen at the larger retail 

stores and at distributors' 

showrooms. Use this guide 

to check prices and styles. 

Company 
Color TV Models 

(Name & Number) Style, Period, Finish 
Suggested 

List Price 

ADMIRAL 
Corporation 

Regent - C322C2 
Regent - C322C3 
Barcelona - C322C6/C222C6 
Barcelona - C322C7/C222C7 
Ambassador - C322C16 
Ambassador - C322C17 
President - C322C26 
President - C322C27 
Patrician - LC322C36 
Patrician - LC322C37 
Patrician - LC322C39 

Consolette - Grained Mahogany 
Consolette - Grained Blonde 

Console - Grained Mahogany 
Console - Grained Blonde 

Console - Mahogany 
Console - Blonde 
Console - Grained Mahogany 
Console - Grained Blonde 

Console - Lo -Boy - Wood Mahogany 
Console - Lo -Boy - Wood Blonde Oak 
Console - Lo -Boy - Sierra 

$499.95 
519.95 
699.95 
719.95 
595.00 
615.00 
699.95 
719.95 
799.95 
819.95 
829.95 

EMERSON 
Radio & 
Phonograph 
Corporation 

Model C-506 

Model C-507 (u.h.f.-v.h.f.) 

Consolette - Wood Cabinet, 
Mahogany, Walnut and Blonde 

Consolette - Wood Cabinet, 
Mahogany, Walnut and Blonde 

$678.00 

698.00 

GENERAL ELECTRIC 

Company 
21 T 500 

21 C 700 

21 C 701 

Consolette-(Detachable Legs) 

Mahogany Veneer - Contemporary 
Open Face Console - Traditional 
Mahogany Veneer 

Open Face Console - Contemporary 
Walnut Veneer 

$499.95 

No List Price 
(To be determined 
by Retailer and 
Distributor) 
No List Price 
(To be determined 
by Retailer and 
Distributor) 

HOFFMAN 
Electronics 
Corporation 

The Commodore - M2021 
The Commodore - B2021 

The Commodore - P2021 

The General - M4041 
The General - B4041 

The General - P4041 

The Ambassador - M4061 
The Ambassador - B4061 

The Ambassador - P4061 

The President - M4021 
The President - B4021 

The President - P4021 

21 -inch Table Model - Mahogany 
21 -inch Table Model - Limed Oak 
21 -inch Table Model - Salem Maple 
21 -inch Console - Mahogany 
21 -inch Console - Limed Oak 
21 -inch Console - Salem Maple 
21 -inch Lowboy - Mahogany 
21 -inch Lowboy - Limed Oak 
21 -inch Lowboy - Salem Maple 
21 -inch Console - Mahogany 
21 -inch Console - Limed Oak 
21 -inch Console - Salem Maple 

$595.00 
615.00 
615.00 
695.00 
715.00 
715.00 
775.00 
795.00 
795.00 
795.00 
815.00 
815.00 
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Company 
Color TV Models 

(Name & Number) Style, Period, Finish 

Suggested 
List Price 

MAGNAVOX 
Company 

Cmud - 477 Console - Mahogany or Blonde Oak $695.00 

MOTOROLA Inc. 21 CT2M 

21 CT2B 

Console - Contemporary Design, 

Dawn Mahogany 

Console - Contemporary Design, 

Swedish Oak 

No List Price 

(Price determined 
by Retailer and 
Distributor) 

PHILCO 

Corporation 
Model 5100 

Model 5102 

Model 5102-L 

Consolette - Modern - African Mahogany 

Veneer, Panels of Printed "Charcoal Tweed" 

Above And Below The Picture Area. 

Console - Modern - Genuine Stripe 

African Mahogany Veneers Fronted With 

Luxurious Picture Frame Moulding of 

Solid Mahogany. 

Console - Modern - Blonde Oak Veneers 

And Oak Solids. 

$795.00 

(Including Tax) 

$895.00 

(Including Tax) 

$895.00 

(Including Tax) 

RCA VICTOR Aldrich - 21CS781 

Stanwyck - 21CT783 

Westcott - 21CT785 

Dartmouth - 21CT786 

Chandler - 21CD793 

Strathmore - 21CD795 

Whitby - 21 CD789 

Asbury - 21CD791 

Arliss - 21CD797 

Wingate - 21CD799 

Mahogany and Grained Limed Oak 

Table Model 

Mahogany and Grained Limed Oak 

Consolette 

Mahogany and Grained Limed Oak 

Console 

Mahogany, Walnut and Grained Limed Oak 

Consolette 

Mahogany and Natural Walnut Veneers 

and Solids, Door Console 

French Walnut and Bleached Birch Veneers 

and Solids, Door Console 

Mahogany and Blonde Tropical Veneers 

and Solids, Console 

Mahogany, Natural Walnut and Blonde 

Tropical Hardwood, Console 

Mahogany Veneers and Solids, 

Door Console 

Mcple and French Walnut Veneers and 

Solids, Door Console 

$495.00 

550.00 

595.00 

650.00 

795.00 

795.00 

695.00 

750.00 

850.00 

850.00 

SYLVANIA 

Electric 
Products Inc. 

The Granada - 31T304 

The Saratoga - 31C 606 

Table Model - Contemporary, Complete 

Hardwood, Mahogany or Blonde Korina 

Console - Contemporary, Complete 

Hardwood, Mahogany or Blonde Korina 

$595.00 

($605.00 for Blonde) 

695.00 

($715.00 for Blonde) 

The suggested list price includes the manufacturer's federal excise tax in many 

cases. Also included is a one year warranty on the color picture tube and a 90 

day warranty on parts. The prices are subject to change without notice 
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Hoffman 

"Colorcasters" 

for 1951 

By 
WALTER H. BUCHSBAUM 

Television Consultant 
RADIO & TELEVISI, , 

Owner appeal, convenient operation, and quality 
performance are the goals of this manufacturer. 

ONE enthusiastic manufacturer of 
color TV receivers, Hoffman Elec- 
tronics Corp., is now featuring its 

third series of color models. The first 
two were the 15- and 19 -inch shadow - 
mask tube versions of several years 
ago; the latest series of receivers uses 
the 21AXP22 exclusively. This tube is 
the round metal envelope improved 
shadow -mask version used in RCA, 
Emerson, and many other late -model 
color sets. In all Hoffman "Colorcast- 
ers" the picture tube is mounted in 
the cabinet and shipped in place. 

Four basic receiver models comprise 
the new "Colorcaster" line, each avail- 
able in mahogany, limed oak, and Sa- 
lem maple veneers with prices varying 
according to the type of finish. Basical- 
ly equipped with a v.h.f. tuner, each 
receiver is also furnished for full 82 - 
channel reception at a slight increase 
in price. When a u.h.f. tuner is in- 
cluded, the model number remains the 
same but with the letter "U" added. 

The lowest priced model is the 
"Commodore," a table model costing 
from $595 to $645, depending on the 
finish and whether or not it includes 
a u.h.f. tuner. The "General" is an 
open-faced console with the speaker 
panel below the screen; while the "Am- 
bassador" is a lowboy style cabinet 
with the speaker mounted alongside 
the picture tube. An elaborate three - 
speaker sound system is used in the 
most expensive model, the "President." 

Table 1 lists the recommended retail 
prices on the Hoffman color line. 

Operating Controls 
Like some of the new RCA color re- 

ceivers, the Hoffman "Colorcasters," 
with the exception of the "President" 
model, have the station selector and 
"on -off" -volume control at the upper 
side panel. The "President" has all 
controls on a vertical front panel 
alongside the screen. An unusual and 
novel feature is the addition of color 
dials to the hue and chroma -gain con- 
trols. As indicated in Fig. 1, the hue 
control background dial has a red and 
green section at the sides with a flesh 
color setting in the center. This helps 
the customer to ,remember that, by 
turning the knob to the right, green- 
ish hues will predominate, while turn- 
ing it to the left will increase the em- 
phasis on the reds. The correct posi- 
tion of the hue control is indicated in 
the viewed picture by the naturalness 
of the flesh colors. When the flesh tones 
in the picture appear too reddish, the 
customer will have no difficulty in de- 
ciding in which direction the hue con- 
trol should be turned. 

The action of the chroma gain or 
"color brilliance" control is made 
graphic as well. Three color stripes, 
which taper from the weakest chroma 
gain to the saturation point where the 
stripes are thickest, are shown in Fig. 
1. This clever use of human engineer - 

The "Commodore." a table model, is the 
lowest priced set in the Hoffman line. 

ing in illustrating the purpose and ac- 
tion of the hue and chroma controls 
should avoid many of those service 
calls which are due to customer mis- 
understanding. 

Another control that is not found in 
many other color receivers is the 
"Town and Country" switch included 
in every model. The action .of this 
switch is basically the same as the 
"local -distance" switch used in many 
familiar monochrome TV receivers. Its 
presence in a color set, however, is 
new and will be a considerable help 
in locations of either excessive signal 
strength or in fringe areas. 

In the "President" model, the chas- 
sis is mounted on its side, with the 
tubes pointing toward the picture tube 
and the bottom of the chassis acces- 
sible when the side panel of the cab- 
inet is removed. The other three 
models have the chassis mounted un- 
derneath the picture tube, but with 
the feature that the entire chassis 
slides out at the rear for easy servic- 
ing. In addition to the customer -oper- 
ated controls, almost all of the other 
adjustments are located under the re- 
movable small subpanel below the 
screen. These controls, together with 
some adjustments accessible from the 
rear of the receiver, permit the service 
technician to adjust for optimum 
monochrome and color performance. 

Service and Installation 
Hoffman's policy is that TV receiver 

installation and all service is the func- 
tion of its distributors and dealers. De- 
tailed service bulletins, as well as con - 
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siderable basic instruction in color TV, 
have been furnished by the factory 
and, in addition, each receiver is sup- 
plied with a diagram (complete with 
frequencies, voltages, and waveforms) 
fastened on the inside of the cabinet. 

The standard warranty for one full 
year on the picture tube and 90 days 
on all parts is provided by the manu- 
facturer. Regular installation and 
service contracts are available from 
local dealers. Prices of these service 
contracts depend on the individual 
store and local labor charges. 

Each "Colorcaster" is shipped com- 
plete and ready to operate but the av- 
erage purchaser will still require an 
expert to install the set. Aside from 
the availability of a usable antenna, 
the color purity, convergence, and syn- 
chronizing controls almost invariably 
require adjustment. 

Circuit Features 

All of the Hoffman color receivers 
use basically the same receiver chassis 
with only minor modifications, usually 
involving the number of speakers, 
u.h.f. tuner, etc. This chassis employs 
circuitry described in detail in the 
article on pages 108 and 109 in this 
collection and is quite similar to the 
RCA Victor receiver described on page 
52. One of the outstanding differ- 
ences is in the action of the contrast 
and chroma -gain controls. By coupling 
these two controls together and by 
some modifications in the video cir- 
cuitry, the usual problem of balancing 
out contrast with chroma gain is elim- 
inated. Whenever the contrast control 
setting is changed, a corresponding 
change takes place in the chroma sec- 
tion with the result that color and 
Y -signal gain track closely. 

Other features include the use of a 
synchroguide horizontal oscillator and 
a.f.c. stage, instead of the familiar 
multivibrator circuit. Also, in the in- 
terests of producing a quality image, 
there have been alterations in the 
color producing portions of the re- 
ceiver circuit. 

Revisions in the latter direction are 
concerned mainly with providing wider 
bandpass in the color -signal circuits. 
As an example, two stages of band- 
pass amplification now precede the 
color demodulator circuits, where one 
was used before. 

Also, the widely adopted high-level 
narrow -band triode demodulators have 
been abandoned in favor of low-level 
wide -band stages. The receivers use a 
pair of color detector stages identified 
as the X demodulator and the Z de- 
modulator. The X demodulator feeds 
to the grid of the R -Y amplifier, while 
output from the Z demodulator is ap- 
plied to the B -Y amplifier. The G -Y 
signal is produced from the mixed R -Y 
and B -Y signals. 

Another alteration is intended to fa- 
cilitate balancing out the outputs of 
the three guns in the picture tube. In 
earlier receivers, separate controls 
were provided for the blue and green 
guns, but none for the red gun. Bal- 
ance was achieved by manipulating 

SCREEN 
NAME MODEL NO. TYPE SIZE FINISH PRICE" 
Commodore M2021 Table 21" Mahogany $595.00 

B2021 Table 21" Limed Oak 615.00 
P2021 Table 21" Salem Maple 615.00 

General M4041 Console 21" Mahogany 695.00 
B4041 Console 21" Limed Oak 715.00 
P4041 Console 21" Salem Maple 715.00 

Ambassador M4061 Lowboy 21" Mahogany 775.00 
B4061 Lowboy 21" Limed Oak 795.00 
P4061 Lowboy 21" Salem Maple 795.00 

President M4021 "Soundorama" Console 21" Mahogany 795.00 
B4021 "Soundorama" Console 21" Limed Oak 815.00 
P4021 "Soundorama" Console 21" Salem Maple 815.00 

'Diagonal measurement. 
"Price is suggested retail for manufacturer's local zone (with tax) on v.h.f. models. 

The u.h.f. models are from $20 to $30 higher. 

Table 1. The current line of Hoffman "Colorcasters" includes four basic models, 
available in a choice of three different wood finishes, from $595 to over $800. 

the blue and green controls along with 
the master brilliance control, which 
affected output of all three guns simul- 
taneously. The present arrangement 
is easier to adjust: there are separate 
controls for the red, green, and blue 
guns on the latest "Colorcasters." 

For the rest, circuit design and lay- 
out do not present any radical depar- 
tures from the color sets of other 
manufacturers. 

Since installation and service are 
not under direct control of the manu- 
facturer, with policy being determined 
locally by distributors, there is no set 
pattern as to whether the distribu- 
tor's service personnel or that of the 
dealer will be responsible for the re- 
ceivers after they are in the hands 
of their owners. Nor is there any 
pattern evident as to whether the re- 
ceivers will be serviced on an indi- 
vidual -call or contract basis and, if the 
latter policy is to prevail, what the 
cost of the contracts will be. With 
this uncertainly, the set maker has ap- 
parently felt obligated to make avail- 
able the best possible data for use by 
whomever will be called on to work 
on the sets. The well -illustrated service 

The "Ambassador," 
lowboy model avail- 
able in choice of 
three finishes, is 
made to sell for 
under $800. Note sta- 
tion selector and on - 
off -volume control on 
upper side panel. 
while other controls 
are under the picture 
tube, located on the 
horizontal chassis. 

Fig. 1. Use of actual colors on the col- 
or hue and color brilliance controls is 
to make their functions graphic to the 
technically uninitiated. Note taper of 
the three color stripes around the col- 
or brilliance knob, to indicate range 
from pastel shades to saturated shades. 

booklets on the "Colorcaster" chassis 
give complete and detailed instruc- 
tions on procedure and adjustment. 

At the time this article was pre- 
pared, Hoffman had scheduled full pro- 
duction of all the models discussed 
here. Plans call for the marketing of 
this color line throughout the 1956-57 
business year. Additional models may 
be released as required but the main 
line has been planned for current 
availability. -- 
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ADMIRAL 

WITH the introduction of color re- 
ceivers priced at less than $500, 
color is here for many; not just a 

select few. All signs point to an ever- 
growing production of color receivers 
and increased color programming. 
Thus, now is the time to consider the 
practical aspect of buying, selling, in- 
stalling, and servicing color receivers 
if this has not already been done. 

As with any new product, color tele- 
vision demands specialized knowledge 
at all levels of the industry-from 
manufacturer to consumer. Before and 
since the adoption of the present 
NTSC color standards on December 
17, 1953, manufacturers have gained 
their knowledge by producing compar- 
atively small quantities of receivers 
and watching the results very closely. 
Field experience gained with these 
first receivers, combined with exten- 
sive research and development pro- 
grams, has now made it possible to 
mass-produce practical color receivers 
with realistic prices. 

Admiral's 1956-1957 line of color re- 
ceivers presently includes Models 
C322C2, C322C3, C322C16 (Fig. 2), 
C322C17, C322C26, C322C27 (shown in 
Fig. 1) , LC322C36, LC322C37, and 
LC322C39. This is in addition to Mod - 

Fig. 1. The Model C322C27 retails in the 
East for about $719.95. The Model C322C26 
is similar in appearance but in mahogany. 

Color TV has broken through the $500 barrier with sets 

from many makers. Here are Admiral's sets and policies. 

els C222C6 and C222C7 introduced at 
the beginning of the year. Models 
C322C2, C322C3, C322C16 and C322C17 
are consolettes with prices starting at 
$499.95. Equivalent models with built- 
in all -channel u.h.f. tuners are also 
available. There are actually four basic 
models, the other numbers represent 
cabinet finishes. 

The prototype 28Y1 chassis was first 
produced at the beginning of the year, 
while the 27Z1 and 29Z1 chassis have 
only recently been introduced. All 
three of these chassis are similar, 
using the three -gun magnetically con- 
verged 21AXP22A color picture tube, 
and triode high-level demodulators. 

The use of high-level demodulators 
allows the color signal to be coupled 
directly to the picture tube and elim- 
inates the complex and costly circuits 
(matrix circuits) needed to add the 
color to the black -and -white signal, 
the multiple video output amplifiers, 
and the d.c. restorer circuits required 
by most low-level color demodulator 
circuits. Not only is circuitry simpli- 
fied, but the stability of color balance 
is improved, for the output of the high 
level demodulator is practically inde- 
pendent of tube characteristic varia- 
tions over a wide range and is not af- 

fected by changes in color signal 
strength or power line voltages as 
much as most low-level demodulator 
circuits. 

The use of high-level demodulators 
and more dual -function tubes, and in- 
tensive development work based on 
field experience have resulted in receiv- 
ers that are more efficient, reliable, 
easier to sell, install, and operate. 

There are only six tubes in Admiral's 
new color receiver in addition to those 
normally used in an equivalent black - 
and -white receiver. By simply observ- 
ing the visual symptoms, a trained 
color service technician can most often 
eliminate all but one or two of these 
tubes and their associated circuits as 
a possible cause of color trouble. Trou- 
bles in the balance of the receiver gen- 
erally produce the same familiar visual 
symptoms presented by black -and - 
white receivers. 

As many of the installation and 
service adjustments as possible are 
mounted on the front of the chassis 
behind a readily removable cabinet 
panel beneath the picture tube. This 
feature allows making convergence 
adjustments while directly viewing the 
screen. In the 29Z1 chassis, all con- 
vergence controls, including those for 
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By 

FRANK HADRICK* 
and 

HUGH S. WYETH* 
'Service Division, Admiral Corporation 

static convergence, are located on the 
front of the chassis. 

Since some stations transmit a color 
stripe signal during black -and -white 
programs, a color stripe test point is 
provided on the rear apron of the 
chassis. Merely shorting this test point 
to chassis ground permits the service 
technician to correctly tune in the 
color stripe signal and determine if 
the receiver will pick up a color pro- 
gram, reproduce the picture in correct 
colors with adequate range of color in- 
tensity and hue, and have stable color 
sync. 

All Admiral color receivers feature 
only two additional operating controls 
for ease of operation. These are the 
"Color Fidelity" and "Color Intensity" 
controls. The fidelity control varies 
the phase of the 3.58 mc. oscillator 
within the receiver so the desired color 
hues will be reproduced. The intensity 
control varies the chroma amplifier 
gain and thus, as its name implies, the 
intensity or saturation of the colors. 

Additional safety features have been 
incorporated in models using the 
later color chassis. Besides the usual 
a.c. power interlock which disconnects 
the receiver power supply when the 
cabinet back is removed, there are 
two other safety interlocks. One im- 
mediately shorts the high voltage sup- 
ply if the cabinet back is removed. 
and thus eliminates the shock hazard 
presented by residual charges in the 
25,000 -volt supply. 

The picture window safety glass is 
removable from the front for cleaning 
the glass and the face of the picture 
tube. Many customers perform this 
service, so to provide an additional 
safety factor, an interlock has been 
added which will disable the hori- 
zontal output amplifier, and thus the 
high voltage, should the picture win- 
dow be removed with the receiver 
turned on. 

Circuitwise, there are similarities 
between many of the large -screen 
color receivers introduced within the 
past months. These similarities neces- 
sarily follow from the widespread com- 
mon use of a 21 -inch, three -gun mag- 
netically converged picture tube and 
a common trend towards high-level 
color demodulation of one sort or an- 
other. 

In black -and -white receivers, the 
use of aluminized picture tubes, tinted 
picture tubes and picture windows. 
and higher video drive, makes it pos- 
sible to view the black -and -white pic- 
ture in a very well lighted room. This 
is not true of color receivers which 
should always be viewed in a room 
with a low light level to prevent color 
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wash -out. For this reason, greater 
care must be taken in choosing the in- 
stallation location for the color re- 
ceiver. 

Moving the receiver will affect color 
purity and convergence to some extent 
although not as much as it did pre- 
vious color receivers. The customer 
must be made to understand this. 
Some technicians even go to the ex- 
tent of marking the floor with strips 
of masking tape so that the receiver 
can' be returned to its exact position 
after it has been moved for cleaning 
purposes. 

Don't count on the existing antenna 
installation being satisfactory for color 
reception. Chances are that it will be, 
but even though the customer was sat- 
isfied with the black -and -white pic- 
ture, the antenna may require re -ori- 
enting, repair, or replacement, to pro- 
duce good color pictures. 

Admiral's warranty on color receiv- 
ers to the consumer is the same as for 
black -and -white receivers; 90 days on 
parts and one year on the color pic- 
ture tube. Because of the higher costs 
of color picture tubes and other color 
receiver components, this warranty 
has a considerable monetary value. 
Thus, the customer should be urged to 
promptly register his or her receiver 
with the factory by mailing the post- 
card packed with each set. 

Initially, service costs will be some- 
what higher for color receivers. That 
color receiver service costs are higher 
follows from the more extensive and 
complex circuitry, higher costs of pic- 
ture tubes and other color compo- 

nents, and the additional test equip- 
ment investment required of service 
dealers. Then, too, the very qualities 
that enhance the value of a color pic- 
ture also mean that poor operation 
will be more apparent. For instance, 
many customers have learned to tol- 
erate minor black -and -white ghosts. 
Will the same customer be as tolerant 
of multi -hued ghosts? 

To illustrate the color service costs 
anticipated by at least one large serv- 
ice organization, consider their service 
contract prices. The cost of a one-year 
contract providing unlimited service, 
one-year warranty on all parts includ- 
ing the picture tube, and installation 
to an existing antenna is $99.50. The 
same service organization offers a 
service contract providing 90 days of 
unlimited service and flat -rate service 
calls at $7.50 each for the next nine 
months. The cost of this contract, 
which also provides a one year war- 
ranty on all parts including the pic- 
ture tube, and installation to an exist- 
ing antenna, is $69.50. 

The differences between color and 
black -and -white offer a challenge not 
only to the service technician, but to 
the dealer, dealer salesman, and in- 
stallation man. The seller must know 
the aspects of color that affect the 
customer, for consumer education will 
minimize potential service problems 
and increase customer satisfaction. 
Success in color hinges on the sale 
being backed with a source of good 
service by qualified technicians, just 
as is the case in the automobile in- 
dustry. -1330 - 

Fig. 2. This mahog- 
any consolette is the 
Model C322C16. The 
Model C322C2, which 
retails for about $499, 
is quite similar in ap- 
pearance to the re- 
ceiver shown here. 
however, it has one 
speaker; the model 
shown here has two. 
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A $500 color TV set and 9 

other models plus complete 

service contracts may make 

this the first big color year 

AN INDICATION that 1957 may be 
a big year for color TV can be 
seen in the fact that the new line 

of RCA color sets includes a total of 
ten different models, grouped into 
three basic series, "Special," "Super," 
and "Deluxe." 

All RCA color receivers use the 21 - 
inch round, three -gun, shadow -mask 
type color picture tube with a viewing 
area of 254 square inches. They are 
all automatically usable for either 
color or monochrome broadcasts and 
while the basic models feature a v.h.f. 
tuner, a u.h.f. tuner is optional in 
areas where both types of reception 
are available. The inclusion Of the 
u.h.f. tuner is indicated if the receiver 
model number is followed by the letter 
"U" 

Lowest priced of the RCA sets is the 
"Special" series which actually con- 
tains only the "Aldrich," Model 21CS- 
781, with a nationally advertised list 
price of $495. This is a table model 
available in mahogany or limed oak 
with a matching stand provided at 
extra cost. The "Super" series is the 
medium-priced line with three sets 
from $550 for the "Stanwyck" consol - 
ette to the "Dartmouth" consolette at 
$650. For the higher -priced market, a 
total of six models are offered rang- 
ing from the "Whitby" open console 
priced at $695 to the "Wingate" at 
$850. The latter is a colonial style 
full -door console and is made of maple 
and French walnut veneers and solids. 

All RCA color receivers are now be- 
ing shipped with the picture tube in 
place and should, in theory, be very 
simple to install. In practice there are 
several problems which are likely to 
crop up and RCA discourages the av- 
erage customer from installing the re- 
ceiver himself. One of the problems is 
the misadjustment of various color 
controls which may occur in transit. 
Another is the frequent limitation 
which an apparently good antenna 
shows when a color receiver is con- 
nected to it. Ghosts, smearing, and 
limited bandwidth or detuning are 
sometimes tolerable in black -and - 
white sets but are quite objectionable 
when color transmissions are received. 

Still another problem is the occa- 

Mr. David Sarnoff, 
Chairman of the 
Board, RCA, shown 
here presenting a 
$500 "Aldrich" color 
TV with 21" tube. 

sional magnetization of certain com- 
ponents of the receiver due to trans- 
portation. This occurs when any ferric 
metal is moved across the magnetic 
lines of the earth, and may result in 
color impurities and/or poor converg- 
ence. A special demagnetizing coil is 
used to remove this defect. 

Service 

The RCA Service Company offers 
several plans for the installation and 
service of color sets. For installation 
alone their regular charge is $25. This 
applies in cases where a usable antenna 
already exists and where no special 
couplers or divider networks are re- 
quired. Installation of the receiver and 
final adjustments on both color and 
monochrome transmission only are in- 
cluded in this price. 

All components in the color set are 
guaranteed for 90 days. The color pic- 
ture tube is guaranteed for a full year 
like new black- and - white picture 
tubes. In addition, most dealers rec- 
ommend that one of three RCA Serv- 
ice Co. service contract plans be taken 
at the time a color set is purchased. 
One plan provides installation to an 
existing antenna and a full year of un- 
limited service at a cost of $99.50. 
This contract includes both labor and 
materials for any defect or trouble 

By 

WALTER H. BUCHSBAUM 

Television Consultant 

RADIO & TELEVISION NEWS 

that might occur within the first year. 
The black -and -white set 1 -year service 
contract with this company costs $59. 

Optimistic customers may feel that 
the first three months are the most 
critical and for them, RCA offers a 
90 -day service policy which also in- 
cludes installation to an existing an- 
tenna and unlimited service for the 
period stated. This 90 -day policy costs 
$39.95. 

Still another plan provides installa- 
tion, 90 -day service, and one year 
parts guarantee. The price of this con- 
tract is $69.50 with a flat charge of 
$7.50 for each service call after the 
90 -day period. 

All of the preceding service and in- 
stallation charges are based on the 
presence of a usable antenna. Install- 
ing a roof or window antenna in the 
New York metropolitan area, for ex- 
ample, costs a flat $35. Special instal- 
lations requiring more elaborate equip- 
ment naturally run higher. 

Recent experiences of many TV 
service technicians seem to indicate 
that antennas which have been up for 
five years or more should be replaced 
when a color TV set is installed. The 
mechanical mounting as well as elec- 
trical connections are often so badly 
corroded that the replacement might 
as well be made. -53}- 

12 1957 EDITION 



Learn Radio -Television 
Servicing or Communications 
by Practic ing at Homme 

in Spare Time 
N. R. I. SENDS kits with which you prac- 
tice building circuits common to Radio 
and TV sets. You LEARN -BY -DOING 
to locate Radio-TV troubles. As part of 
N.R.I. Servicing Course, you build Vacuum 
Tube Voltmeter and AC -DC receiver. Use 
VTVM to conduct experiments, 
earn extra money fixing 
sets in spare time. 

RADIO-TV BROADCASTING (see above) offers 
important positions as Operators and Technicians. 
RADIO-TV SERVICING Technicians (see below) 
needed in every community. Their services are 
respected, their skill appreciated. 

Fast Growing Field Offers You 
Good Pay, Success, Bright Future 

Bigger than ever and still grow- 
ing fast. That's why Radio-TV 
has special appeal to ambitious 
men not satisfied with their 
job and earnings. More than 
4,000 Radio and TV stations. 
More than 150 million home 
and auto Radios, 40 million 
TV sets. Color TV promises 
added opportunities. For the 

trained man, there are good jobs, bright fu- 
tures in Radio-TV Servicing or Broadcasting. 

Training PLUS opportunity is the ideal 
combination for success. So plan now to get 
into Radio-TV. The technical man is looked 
up to. He does important work, gets good 
pay for it. Radio -Television offers that kind 
of work. NRI can supply training quickly, 
without expense of going away tó school. 
Keep your job while training. You learn 
at home in your spare time. NRI is the 
OLDEST and LARGEST home study Radio- 
TV school. Its methods have proved success- 
ful for more than 40 years. 

/ Ak 
J. E. SMITH 

Founder 

N.R.I. TRAINED THESE MEN FOR SUCCESS 
"I was repairing Radios 
by 10th lesson. Now 
have good TV job." 
M. R. LINDEMUTH, 
Fort Wayne, Ind. 

"I had a successful 
Radio repair shop. Now 
I'm Engineer for 
WHPE." V.W.WORK- 
MAN, High Point, N.C. . 

"Doing spare time re- 
pairs on Radio and TV. 
Soon servicing full 
time." CLYDE HIG- 
GINS, Waltham, Mass. 

"There are a number of 
NRI graduates here. I 
can thank NRI for this 
job." JACK WAG- 
NER, Lexington, N. C. 

VETERANS Approved Under G.I. Bills 
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Added Income Soon - $10, $15 
a Week in Spare Time 

Soon after enrolling, many NRI students 
start to earn $10, $15 a week in spare time 
fixing sets. Some pay for their training and 
enjoy extra luxuries this way. Some make 
enough to start their own Radio-TV shops. 
NRI training is practical-gets quick results. 
Easy to understand, well illustrated lessons 
teach you basic principles. And you LEARN - 
BY -DOING by practicing with kits of equip- 
ment which "bring to life" things you study. 

Find Out What NRI Offers 
NRI has trained thousands for successful 
careers in Radio-TV. Study fast or slow-as 
you like. Diploma when you graduate. Mail 
coupon now. Paste it on a. postcard or mail in 
envelope. ACTUAL LESSON FREE. Also 64 
page catalog that shows opportunities, shows 
equipment you get. Cost of NRI courses low. 
Easy terms. NATIONAL RADIO INSTITUTE, 
Dept. P 7, Washington 9, D. C. 

National Radio Institute 
Dept. P 7, Washington 9, D.C. 
Mail me Sample Jason and 64 -Page Catalog 
FREE. (No salesman will call. Please write plainly.) 

Name_ _Age_ _ _ 

Address_ 

City Zone_ _ _State_ 
Approved Member National Home Study Council J 
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íIOEISet Roundup 
Survey of the color TV receiver market-who is 

selling sets and what the servicing policies are. 

ALMosz all television receiver manufac- 
turers now have color TV sets on the 
market. Previous pages described those 

of Hoffman, Admiral, and RCA. The 
other major manufacturers with sets 
available are Emerson, Motorola, Sylvania, 
General -Electric, Philco, and Magnavox. 
All sets are listed in the Buyers' Guide 
on pages 6 and 7. 

The Emerson Radio and Phonograph 
Corp. has two models available at $678 
and $698. Emerson has experimented in- 
dependently in color television for many 
years and while their receivers are in 
many ways similar to those of RCA, many 
of the circuit modifications have been 
developed in their own laboratories. 
Emerson offers a factory service policy 
for those who buy color television receiv- 
ers in the Metropolitan New York area. 
In other areas, its distributors or inde- 
pendent service dealers will handle the 
servicing. 

General -Electric has three models 
available. One carries an advertised list 
price of $499.95. The list price for each of 
the other two models is determined by in- 
dividual G -E distributors and retailers. 
Service policies for the General -Electric 
color sets are available from the retailer 
or distributor. 

Until this year the Philco Corp. did 
not have available a color TV receiver for 
the market. Philco was developing, under 
great secrecy in its laboratories, a new 
color television system which uses a 
single -gun tube (see page 65). Philco is 
still doing intensive development work on 
this system, however, it is also marketing 
three color television receiver models 
using the RCA type three -gun picture 
tube. 

All Philco distributors have service de- 
partments with service contracts avail- 

Philco Model 5102L 
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able. In addition, Philco has an extensive 
network of factory -authorized service 
depots capable of servicing its receivers. 

The Motorola Corp. was an early starter 
in commercial color television. It mar- 
keted the first large -screen color tele- 
vision receiver using the 19 -inch CBS Col- 
ortron tube. This set was the first selling 
for under $1000. In 1956 Motorola intro- 
duced the model 19CT1 at $695. A new 
receiver with a 21 -inch screen, the model 
21CT2, is being sold at a price determined 
by the individual retailer. 

The Magnavox Co. is retailing one color 
TV set available either in mahogany or 
blonde at $695. The basic color chassis for 
this receiver is supplied by the RCA Vic- 
tor Company-the cabinet is by Magna- 
vox. Service for these sets is available 
from the RCA Service Company. 

Sylvania Electric Products, Inc. is now 
selling two color TV receivers. Both are 
available in mahogany or blonde. Service 
is available from authorized factory - 
trained distributor and independent serv- 
ice personnel. 

The Westinghouse Corp. is presently 
preparing for the market a color tele- 
vision receiver with a 22 -inch rectangular 
picture tube. The Westinghouse set prom- 
ises to be competitive in price with those 
by the other manufacturers. Although 
the Allen B. DuMont Laboratories, Inc. 
does not have any commercial color tele- 
vision sets available for sale, it is inten- 
sively developing a set using the Law- 
rence -type single -gun Chromatic picture 
tube. This tube is described on page 68. 

Other television manufacturers will, of 
course, market color television sets as 
soon as they are able to produce them 
at a fair profit to themselves and when 
they are certain that there is a great de- 
mand for such receivers. 30 

Admiral 
Model C322C2 

RCA Model 21CS781 

Sylvania color 
Model 31T304 

Hoffman color 
Model M2021 

Westinghouse 
22' color set 

`$' Emerson 
Model C506 

4 G -E Model 21C701 

+f 
Motorola Model 2ICT2M 
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FUNDAMENTALS OF 

By 

MILTON S. KIVER 

COLOR forms one of the most inti- 
mate contacts in our everyday life 

-we wear colored clothes, we use 
colored objects, we live in colored 
houses, and we eat colored food. Yet, 
in spite of this close contact with color, >t people have only a casual knowl- 
edge of the nature of color or of color 
mixing. To the television technician, 
color possesses added significance be- 
cause of its application in color tele- 
vision. Such terms as color primaries, 
hue, saturation, chromaticity, and 
luminance will be commonly used in 
any description of a color television 
receiver, both from the standpoint of 
operation and of service. What do 
these words mean? How do they tie in 
with color television ? These are some 
of the questions the service technician 
will be confronted with and now, while 
the art is still young, is as good a time 
as any to learn about them. 

Let us start off with color primaries. 
Anyone who has ever experimented 
with projector lamps has discovered 
that when different colored lights from 
several projectors are combined, the 
resultant color seen by an observer 
will differ from the color of any of the 
projected beams. Thus, for example, 
yellow can be formed by combining red 
and green light; white light can be 
produced by combining red, green, and 
blue. The color of the light formed 
will appear to the eye as a complete 
color and the eye will be unable to dis- 
tinguish the various components of the 
mixture that united to form the new 
color. 

This method of color formation is 
illustrated in Fig. I.A. Two circles of 
colored light are projected onto a 
screen and positioned so that they 
overlap to some extent. Within the 
overlapping region, a new color will be 
produced by the addition of color "A" 
and color "B." Where the circles of 
light do not overlap, each light will're- 
tain its original color. If a third circle 
of light is added, as shown in Fig. 1B, 
then a maximum of seven colors can 
be obtained. These would be: color 
"A," color "B," color "C," color "D" 
(formed from "A" and "B"), color "E" 
(formed from "A" and "C,"), color "F" 
(formed from "B" and "C"), and color 
"G" (formed from "A," "B," and "C") 

Part 1. Color fundamentals and their application in 
color television for radio and TV service technicians. 

- and each would differ from the 
other. In the areas where the circles 
of light overlapped, the eye would not 
be able to distinguish each of the col- 
ors forming the mixture, but instead 
would see the final color produced. 
Thus, color "A" and "B" would not ap- 
pear to the eye as color "A" and color 
"B," but as some new color which we 
can call color "D." The same would be 
true of each of the other combinations. 

The number of different colors that 
can be formed by the use of three col- 
ored lights, as shown in Fig. 1B, will 
depend upon the colors chosen. Experi- 
ence has indicated that the colors red, 
blue, and green, when combined with 
each other in various proportions, will 
produce a wider range (or gamut) of 
colors than any other combination of 
three colors. Note, however, that if we 
used four different colors in our mix- 
ing process, we could produce an even 
greater number of different colors. 
With the addition of more and more 
colors to our mixing scheme, the repro- 
ducible range would widen somewhat. 
Obviously, however, a line must be 
drawn and the use of three colors has 
been standardized. The three colors 
chosen, red, green, and blue, are thus 
referred to as the "primary" colors al- 
though, as we shall see, the use of the 
word primary has been widely misin- 
terpreted to mean that red, green, and 
blue will, in various combinations, re- 
produce all colors. This is only in a 
special instance. 

It may be confusing to learn that 
the primary colors used in color light 

Fig. 1. (A) A new color is formed be- 
tween color "A" and color "B" as a re- 
sult of mixing color "A" and color "B". 
(B) Adding three original colors, "A", 
"B", and "C", results in four new ones. 

projection are red, green, and blue, 
when it is known that the primary col- 
ors used in painting and printing are 
red, yellow and blue. Why the differ- 
ence? Printing uses a subtractive 
color system, i.e., as the colors are 
laid down on a sheet, each succeeding 
color filters the light from the color 
below it and subtracts something from 
it. Projected light, however, is an ad- 
ditive system whereby all the colors 
projected add together to form the 
final result. This difference requires 
different primary colors. 

The reason why three primaries were 
chosen, in preference to say four, prob- 
ably stems from the belief that the 
eye behaves as though it contains three 
sets of nerves, with each set of nerves 
responsive to a different portion of the 
visible spectrum. Thus, one set of 
nerves has its greatest sensitivity in 
the blue region; another set is most 
sensitive in the green region; and the 
third set is most sensitive to red. 
Whether or not three sets of nerves 
actually exist has never been absolute- 
ly established. However, since the eye 
reacts as though such a condition does 
exist, it is reasonable to work on the 
assumption that it does. 

The theory which serves to explain 
the ability of the human eye to dis- 
tinguish various colors can also be em- 
ployed to explain color blindness. In 
the eyes of a color-blind person, all of 
the color sensitive nerves or retinal 
cones react in the same way to all 
colors. Hence, when colored light is 
viewed by these people, all three sets 
of nerves are similarly stimulated and 
the same result is obtained as though 
equal amounts of red, green, and blue 
light were intermixed. The color seen 
would be white, or some intermediate 
shade of grey. These people can dis- 
tinguish between dark and light, but 
no more. 

There are also people whose retinal 
cones differ sufficiently to see some of 
the colors, but not all. These people 
are known as partially color blind. 
Perhaps the best known instance of 
this is green and red color blindness. 
In the eyes of these people green or 
red appears grey. Fortunately, how- 
ever, over 90 per -cent of the popula- 
tion have normal vision, which means 
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COLOR ANALYSIS 

that they are able to distinguish between all of the spec- 
trum colors. 

A diagram which is very convenient to use for color mix- 
ing is the tongue -shaped (or horseshoe -shaped) curve 
shown in Fig. 2. (Another name for this curve is 
chromaticity diagram.) 

Around the perimeter of this curve are listed numbers 
that range from 400 at the lower left-hand corner to 740 
at the farthest point to the right. These figures represent 
the wavelength of various spectrum colors in millimicrons. 
Thus, purple (violet) extends from approximately 400 to 
450, blue extends from 450 to 500 millimicrons, green ex- 
tends from 500 to 570 millimicrons, yellow extends from 
570 to 590 millimicrons, orange extends from 590 to 610 
millimicrons, and red extends from 610 to 740 millimicrons. 

Any point not actually on the solid -line curve but within 
the diagram represents not a pure spectrum color but 
some mixture of spectrum colors. Since white is such a 
mixture, it, too, lies within this diagram; specifically, at 
point"C." This particular point was chosen at an inter- 
national convention in England and is generally referred to 
as "illuminant C." Actually, of course, there is no specific 
white light, since sunlight, skylight, and daylight are all 
forms of white light and yet the components of each differ 
considerably. The color quality of a conventional black - 
and -white television receiver tube is represented by some 
point in the central region of the diagram about point "C." 

The chromaticity chart lends itself readily to color mix- 
ing because a straight line joining any two points on the 
curve will indicate all the different color variations that 
can be obtained by combining these two colors additively. 
Thus, consider a line drawn connecting points "R" and "G" 
representing certain shades of red and green respectively. 
See Fig. 3. If there is more red light than green light, the 
exact point representing the new color will lie on the line, 
but be closer to "R" than "G." Point "RI" might be such 
a color. On the other hand, if a greater percentage of 
green light is employed, the color will still lie on the line 
connecting "R" and "G," but now, it will be closer to "G" 
than "R." Point "GI" might be such a color. This same 
line of reasoning can be carried out for any two colors on 
the chart. 

(On the screen of a three -gun tri -color picture tube we 
can carry out the same experiment by turning off the blue 
gun and permitting only the electron beams from the green 
and red guns to reach the phosphor -dot screen. As one 
beam, say that from the red gun, is made more intense, 
the resultant color on the screen shifts closer to red. On 
the other hand, if the red gun is turned down and the 
green gun beam is turned up, the resultant color takes on 
more and more of a greenish cast. When both guns are 
producing beams of equal intensity, yellow will be seen.) 

Point "C," in the central region of this diagram, is taken 
to represent white or daylight. If we draw a line between 
point "C" and any point around the curve, we have a mix- 
ture of white light and a particular spectrum color. Thus, 
in Fig. 4, a line connects point "C" and green at 545 mil- 
limicrons (point "A"), indicating a mixture of white light 
and spectrum green. If the amount of white light is zero, 
then the pure spectrum green will be produced. As white 
light is added, the hue of the green changes and the point 
representing this mixture moves along the line toward 
point "C." We might consider this as diluting the green, 
causing it to become lighter and lighter. 
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Fig. 2. A chromaticity dia - 
40 gram. See text for details. 
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Fig. 4. When moving from 
"A" to "C", the green be- 
comes less and less satu- 
rated, or lighter in intensity. 
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(In a color tube, we dilute a solid 
color, say green, by adding more red 
and blue. The red and blue combines 
with some of the green to form white, 
thereby reducing the intensity or depth 
of the green.) 

It is possible to specify the satura- 
tion of a color by its distance from 
point "C." Thus, consider point "B" in 
Fig. 4. This is half way between point 
"C" and point "A" and represents a 
mixture of green diluted 50 per -cent 
with white light. The saturation of the 
green at point "B" is 50 per -cent. Had 
the distance between point "C" and 
point "B" been 75 per -cent of the total 
distance between point "C" and point 
"A," we would have stated that the 
saturation of the color at point "B" 
was 75 per -cent. By moving point "B" 
closer and closer to the spectrum 
curve, its purity increases until it be- 
comes 100 per -cent at the curve-point 
"A." By moving point "B" closer to 
point "C," its saturation decreases. At 
point "C," the saturation is said to 
be zero. 

In connection with saturation, the 
word hue is frequently heard. Hue 
represents colors such as red, green, 
orange, etc. It is associated with color 
wavelength and when we label a cer- 
tain color as green, or orange, or red, 
we are specifying its hue. Thus, hue 
refers to the basic color as it appears 
to us, while saturation tells us how 
deep the color is. If the color is highly 
saturated we say that it is a deep 
color, such as deep red, or deep green. 
If it contains a considerable amount of 
white light, we say it appears faded or 
pale, as a faded red or a pale green. 
Hue and saturation are psychological 
terms representing the observer's im- 
pression of a color and hence they can- 
not be defined as precisely as wave- 
length. 

At the bottom end of the chromatic- 
ity curve, on the line drawn from 
deep blue to red, there is a series of 
colors which are combinations of red 
and blue in various proportions. These 
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500 

40 

GREEN 

50 

range from bluish purple to purplish 
red. It can be seen that this line com- 
pletes the curve of Fig. 2. However, 
this line should not be considered in 
the same sense as the rest of the 
curve. It does not contain any spec- 
trum colors but only combinations ob- 
tained from mixing spectrum colors. 
Because of this, the region at the back 
end of this tongue -shaped curve is 
known as the region of non -spectral 
colors. The boundaries of this region 
are obtained by drawing dotted lines 
from point "C" to red at 700 millimi- 
crons and from point "C" to blue at 
450 millimicrons. The remainder of the 
diagram above these dotted lines is 
known as the region of spectral colors. 
The entire diagram is known as the 
domain of real colors. 

One further term used in connection 
with this diagram is complementary 
color. Any two colors which can by 
themselves form white are known as 
complementary colors. Thus, in Fig. 
5, the line connecting point "F" with 
point "G" passes through point "C" 
and hence, the colors at "F" and "G" 
are said to be complementary to each 
other. 

We have previously seen that a line 
drawn between two points represent- 
ing two different colors contains all of 
the combinations that can be derived 
using those two colors. If, now, we 
wish to determine what range or gam- 
ut of colors can be obtained from any 
three given colors (say "R,," "G,," and 
"B,"), we would draw connecting lines 
to each of the colors. See Fig. 6. The 
result is a triangle. We can produce 
any color within this triangle by vari- 
ous combinations of the three colors, 

"G,," and "B,." 
The wavelengths of "R,," "G.," and 

"B," chosen for television fall near 610 
millimicrons for the red, near 540 mil- 
limicrons for the green, and near 470 
millimicrons for the blue. These are 
actually the values used for the tri- 
angle drawn in Fig. 6 and by studying 
this diagram you can see the extent of 

Fig. 5. Colors "F" and "G" 
will produce white when 
mixed in proper proportions: 
they are complementary. 
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the color range obtainable on a color 
television receiver. Note that colors 
not included within the triangle will 
not be reproduced by any combination 
of the three primary colors chosen. 

This, of course, brings us back again 
to the statement made previously, that 
three primary colors cannot reproduce 
all colors simply by adding the three 
primary colors together. In color tele- 
vision, of course, only those colors 
which can be produced by adding the 
primaries together can be considered, 
this being the only practical approach 
possible. 

The choice of suitable primary colors 
for television depends principally upon 
what type of color phosphors can be 
obtained for the receiver picture tube. 
Originally it was felt that the color pic- 
ture would be traced out on a black - 
and -white screen and then the light 
passed through a color filter to present 
the observer with the "color" image. 
This was the method employed in the 
CBS system and in the early forms of 
the RCA system. However, with the de- 
velopment of a color tube, phosphors 
are employed which emit colored light 
directly, leading to a less cumbersome 
system physically and a more efficient 
system optically. 

A considerable amount of research 
work is being done on evolving phos- 
phors which will provide as wide a 
gamut of colors as possible. In recent 
tubes, a willemite phosphor (Zn, SiG,: 
Mn) was used for the green, a sulphide 
phosphor (ZnS:Ag:MgO) for the blue, 
and a third phosphor, Zn, (PO,),: Mn 
for the red. These primaries provide a 
fairly wide range of colors, as seen in 
Fig. 6. By comparison, the area cov- 
ered by printing inks is much smaller. 
It may be that as the art advances, the 
color range of the phosphors will be 
extended, although the colors now ob- 
tainable are wholly satisfactory. 

When the NTSC system of color 
television was under development, a 
considerable amount of research was 
done on how much color the average 
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Fig. 6. Within the triangle 
are the colors that can be 
seen on a color TV screen. 
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human eye really sees. This work, in 
conjunction with other data which has 
appeared from time to time, brought 
forth several very interesting facts. 

1. The theory that vision is a three - 
color process is true only when the ob- 
ject viewed is relatively large. On a 
television screen, this refers to objects 
which are produced by video frequen- 
cies from 0 to .5 mc. 

2 For medium-sized objects, say 
those produced by .5 mc. to 1.5 mc. 
video frequencies on a television 
screen, only two primary colors are 
needed. Blues and yellows are among 
the first colors to lose their color and 
become indistinguishable from gray 
within this range. 

3. For very fine detail, say those 
reproduced by video frequencies from 

1.5 to 4.0 mc., all people with normal 
vision are color blind. In other words, 
all that is seen are shades of bright- 
ness. 

The conclusion to be drawn from the 
foregoing is that 4 mc. color is not nec- 
essary. All we require is color up to 
1.5 mc. And even within this range, 
we need all three colors only to .5 mc. 
and only two .primaries for the color 
signal extending from .5 mc. to 1.5 mc. 
In the formation of the NTSC signal, 
these facts were put to use by employ- 
ing one color signal, called the "Q" 
signal, with a range from 0 to .5 mc. 
and a second color signal, called the 
"I" signal, with a bandpass from 0 to 
1.5 mc. The rest of the video picture, 
containing all of the fine detail, is re- 

produced in black -and -white by a mon- 
ochrome signal and the eye is none the 
wiser. As a matter of fact, a full color 
television signal consists of a 0 to 4 
mc. monochrome video signal (just as 
we have in black -and -white broadcast- 
ing) plus a color subcarrier containing 
the "I" and "Q" color signals men- 
tioned previously. It has been truly 
said that the NTSC system is a "col- 
ored" television system. 

The monochrome signal possesses 
such alternate names as brightness 
signal and luminance signal. The color 
portion is frequently referred to as the 
chrominance signal. 

In the next article of this series we 
will see how the NTSC color signal is 
formed and of what it consists. 

Part 2. Explanation of the NTSC color TV signal, how it was 

developed, and why it is compatible with black -and -white. 

PERHAPS the most striking feature 
of the compatible color television 
system to the service technician is 

the fact that a high quality color tele- 
vision signal can be fitted into the same 
spectrum space now occupied by a 
black -and -white (or monochrome) sig- 
nal. To make this feat even more as- 
tounding, we not only have the color 
signal, but we have in no way disturbed 
the existing monochrome signal. 

How is all this possible? It is all pos- 
sible because of the nature of a televi- 
sion signal. When we say that a tele- 
vision signal extends from 0 up to 4 mc., 
we do not mean that it occupies every 
cycle of that 4 mc. In other words, the 
energy is not spread continuously from 
one end of the band to the other; 
rather, it exists in the form of bundles 
of energy each separated from the 
group above and below it by a fre- 
quency of 15,750 cycles. This is illus- 
trated in Fig. 1, where a section of the 
spectrum of a video signal is shown. 
Note that each bundle or cluster of 
energy is distinct from its neighbors, 
with relatively wide, empty spaces in 
between. It is into these empty spaces 
that the color signal is fitted. This 
process of fitting one video signal in 
among the empty spaces of another 
video signal is known as interleaving. 
The two signals thus can be said to 
occupy the same general band, al- 
though they never come in contact 
with each other and hence do not, 
within limits, interfere with each 
other. 

The Monochrome Signal 

The black -and -white or monochrome 
portion of the total color signal is 
equivalent in all respects to present 
black -and -white signals. It is formed 
by combining the red, green, and blue 
signals from their respective color 
cameras in the proportions of : 

Y = .59G + .30R + .11B 
where Y is a mathematical symbol rep- 

resenting the monochrome signal, G 
is the green signal, R is the red signal, 
and B is the blue signal. 

This particular combination was 
chosen because it closely follows the 
color sensitivity of the human eye. 
That is, if you take an equal amount 
of green light, and an equal amount 
of red light, and an equal amount of 
blue light and superimpose the rays 
from these lights on a screen, you will 
see white. However, if you then look at 
each light separately, the green. would 
appear to be twice as bright as the 
red, and six to ten times as bright as 
the blue. This is because the eye is 
more sensitive to green than to red, 
and more sensitive to red than to blue. 
It is in recognition of this fact that the 
proportions given in the formula were 
chosen. 

Thus, the monochrome signal is com- 
posed of 59 per -cent green, 30 per -cent 
red, and 11 per -cent blue, and con- 
tains frequencies from 0 to 4 mc. (The 
use of the letter Y to denote the mono- 
chrome portion of the color signal is a 
common practice and should become 
familiar to the reader.) 

Other names for this monochrome 
signal are luminance and brightness 
signal. The function of this signal is 
to reproduce, at the picture tube, the 
changes in brightness of the picture. 

The Color Signal 

The second component of the tele- 
vision signal is the color signal itself. 
This, we have just seen, is interleaved 
with the black -and -white signal. To 
determine what information this por- 
tion of the total signal must carry, let 
us first see how the eye reacts to color, 
since it is the eye, after all, for which 
the color image is formed. 

A number of men have investigated 
the color characteristics of the human 
eye, and they found that to reproduce 
essentially all of the colors which the 
eye normally sees, we require only 
three so-called primary colors of light. 
These are red, blue, and green. The pro- 
portion in which these colors are mixed 
will determine the color produced; 
when all three are used, white will be 
produced. 

The average human eye requires 
these three primaries only for rela- 
tively large colored areas or objects. 
When the size of the area or object 
decreases, several things happen. Prob- 
ably the most important change that 
takes place is that it becomes more 
difficult for the eye to distinguish be- 
tween various colors. For example, 
blue and green are often confused with 
each other, as are brown and crimson. 
Also, blue tends to look like grey and 

Fig. 1. Representation of the signal energy distribution of a 4 mc. video signal 
showing how the color information is inserted in the gaps between the monochrome. 
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Fig. 2. The angular position and ampli- 
tude of the resultant carrier for various 
amplitudes of B -Y and R -Y. (A) The B -Y 
and R -Y vectors. (B) The resultant when 
B -Y and R -Y are equal. (C) when B -Y Is 
stronger than R -Y, and (D) when the 
R -Y signal is stronger than B -Y signal. 

8-Y 

OR .898 -.59G -.30R 
(A) 

-(e-Yt 

- (R -Y) 
tP /OR 

\POSITION OF 
(RESULTANT 
FOR RED 

30R 

(8) 

Fig. 3. How color determines the position 
of a resultant vector. (A) Equations show 
ing compositions of B -Y and R -Y. (B) Po- 
sition of resultant vector when red field 
only is being scanned. See text for details. 

yellow likewise becomes indistinguish- 
able from grey. Reds remain fairly 
distinct, but all colors tend to lose some 
of their vividness. Thus, where the 
eye formerly required three primary 
colors, now it finds that it can get by 
very well with only two. That is, these 
two will, in different combinations with 
each other, provide the range of col- 
ors that the eye needs or can see. 

Finally, when the detail becomes 
very small, all that the eye can dis- 
cern are changes in brightness; colors 
cannot be distinguished from grey and 
to all intents and purposes, the eye is 
color blind. 

These properties of the eye are uti- 
lized in the NTSC color system. For 
example, only the larger detail is col- 
ored; the fine detail is rendered in 
black -and -white. Secondly, as we shall 
see later, even the color information 
sent is regulated according to band- 
width. That is, the larger objects re- 
ceive more of the green, red, and blue 
than the medium sized objects. 

The color signal takes the form of a 
subcarrier and an associated set of 
sidebands. The subcarrier frequency 
is approximately 3.58 mc. This repre- 
sents a figure which is the product 
(approximately) of 7875 cycles multi- 
plied by 455. 7875 is one half of 15,750, 
and if we use an odd multiple (i.e., 1, 
3, 5, etc.) of 7875 as a carrier, then it 
will fall midway between the harmon- 
ics of 15,750 cycles. If we used even 
multiples of 7875, we would end up 
with 15,750 or one of its harmonics and 
this would place the color signal at 

the same points (throughout the band) 
as those occupied by the black -and - 
white signal. Refer back to Fig. 1. By 
taking an odd multiple of 7875, we 
cause the second signal to fall in be- 
tween the bundles of energy produced 
by the first signal, and the two do not 
interfere. 

Now that we have a color carrier 
(or subcarrier, as it is known), the next 
step is to provide it with enough mod- 
ulation to enable the receiver to 
develop a color picture. Ordinarily, 
the information required would con- 
sist of R, G, and B since these are the 
three primary colors of light from 
which all of the other colors are de- 
rived. This means modulating the 
color subcarrier with three different 
quantities. Actually, however, we can 
do exactly the same job using only two 
quantities if we resort to the follow- 
ing modification. Take the R, G, and 
B voltages and combine them with a 
portion of the monochrome signal 
after the latter has been inverted 180°. 
This produces R-Y, G-Y, and B-Y 
signals. We can do this by taking a 
portion of the brightness signal ( Y 
signal) and passing it first through a 
low-pass filter. This permits only the 
low -frequency components to get 
through which is satisfactory since the 
color signals are also concerned only 
with the low frequencies. Then the 
brightness signal is passed through an 
amplifier and inverted. If we call the 
brightness signal Y, then after the in- 
version it becomes - Y. This is then 
added to each of the three color sig- 
nals or voltages to produce a G-Y, a 
R-Y, and a B-Y signal. 

At the receiver, the original R, G, 
and B can be re -obtained by adding Y 
to G-Y to obtain G, by adding Y to 
R-Y to get R, and by combining Y 
with B-Y to get B. 

Thus far, it would seem that we have 
only exchanged R, G, and B for R-Y, 
G-Y, and B-Y. However, once this is 
done, it turns out that instead of re- 
quiring all three color -difference sig- 
nals, all we really need are two, say 
R-Y and B-Y. This is so because G 
information is already present in the Y 
or brightness signal since the latter 
contains voltages from all three colors 
(i.e., Y = .59G -f- .30R -F .11B). Hence, 
if we send along only R -Y and B -Y 
in the color signal to the receiver, we 
can use these to obtain the G-Y in- 
formation we need. For those who 
would like to see proof of this, a sim- 
ple analysis is given at the end of the 
article. 

Thus, we now have only two pieces 
of color information to send and some- 
how the 3.58 mc. color subcarrier must 
be modulated by R -Y and B -Y volt- 
ages without conflict to each other. 

The best solution to this problem, 
designers found, was to take the B-Y 
and R-Y signals and apply each to a 
separate modulator. At the same time, 
3.58 mc. carriers were also applied to 
each modulator, but with this differ- 
ence. Their frequencies were the same, 
but one carrier was 90° out -of -phase 

with the other. After the carriers were 
amplitude modulated, they were then 
combined to form a resultant carrier. 
This is best illustrated by means of 
vectors. In Fig. 2A, the B -Y vector 
represents the B-Y modulated carrier; 
the R-Y vector represents the carrier 
modulated by the R --Y voltage. When 
these voltages or signals are combined, 
a resultant is formed. If the R-Y and 
B-Y signals are equally strong, the 
resultant will occupy the position 
shown in Fig. 2B. If the B-Y signal 
is predominant, the resultant will be 
drawn closer to it. See Fig. 2C. On the 
other hand, if the R-Y signal is the 
stronger, the position of the resultant 
vector will shift toward it. See Fig. 2D. 
Thus, we can see that the phase angle 
of the resultant will be governed by 
the coloring of the picture while the 
amplitude (or length) of the vector 
will determine how saturated the col- 
ors are. 

This particular fact is of great im- 
portance in the receiver because if we 
somehow change the phase of the re- 
sultant with respect to B-Y or R-Y, 
then the colors reproduced on the 
screen will be incorrect. Hence, pres- 
ent circuit designs incorporate a spe- 
cial phasing control which enables us 
to compensate for any phase shift that 
may occur. The position of this control 
in the circuit will be covered in a later 
article. 

Note that the B-Y and R-Y sig- 
nals amplitude modulate their separate 
carriers prior to the addition and so 
each modulated signal possesses a 3.58 
mc. carrier and a series of sidebands 
(like every AM signal). When the re- 
sultant is formed, the sidebands are 
brought along with it. 

If we were to pause now and recon- 
struct our total color signal, here is 
what we would find. First, there would 
be the Y or monochrome signal and it 
would extend over the entire video fre- 
quency range from 0 to 4 mc. Second, 
there would be a color subcarrier, with 
a frequency of 3.58 mc. This carrier is 
modulated by the R-Y and B-Y sig- 
nals and the modulation intelligence is 
contained in a series of sidebands that 
stretch above and below 3.58 mc. Just 
how far above and below is dependent 
on the band of frequencies contained 
in the R-Y and B-Y modulating volt- 
ages. It was discovered that the eye is 
perfectly satisfied with the color image 
that is produced if we include color in- 
formation only up to 1.5 mc., while the 
portion of the image from 1.5 mc. to 
4 mc. is rendered in black -and -white. 
Hence, the sideband frequencies of the 
color modulating voltages (so far 
called R-Y and B-Y) need extend 
only from 0 to 1.5 mc. Furthermore, 
we can even modify this set of condi- 
tions somewhat because the three pri- 
mary colors are required only for large 
objects or areas, say those produced by 
video frequencies up to .5 mc. For me- 
dium sized objects, say those produced 
by video frequencies from .5 to 1.5 mc., 
only two primary colors need be em- 
ployed. 
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In other words, to take advantage 
of this situation, we need two color sig- 
nals, one of which has a bandpass only 
up to .5 mc., while the other has a 
bandpass from 0 to 1.5 mc. The next 
problem, then, is to determine what 
the composition of these two color sig- 
nals is. 

To appreciate the answer to this, let 
us return to the vector diagram show- 
ing the R -Y and B -Y signals. This is 
redrawn in Fig. 3A and to this diagram 
we have added the equivalent equation 
for Y, namely, .59G-1-.30R+.11B. For 
R -Y, then, we have R -.59G -.30R 
-.11B or .70R -.59G -.11B and, for 
B -Y we obtain B -.59G -.30R -.11B 
or .89B -.59G -.30R. This means that 
the 2-Y and B -Y vectors contain R, 
G, and B voltages in the proportions 
shown. 

Now, let us suppose that the color 
camera is scanning a scene containing 
only red. Then, no green or blue volt- 
ages would be present and the R -Y 
signal becomes simply .70R, while the 
B --Y signal is reduced to -.30R. This 
set of conditions is shown in Fig. 3B, 
with the position, too, of the resultant 
vector. In other words, this is the po- 
sition the vector would occupy when 
red only was being sent. 

By following the same process, we 
can obtain the position that the result- 
ant vector occupies when only green is 
being sent, or blue, or any other color 
formed by uniting these three colors 
in any combination. A number of col- 
ors are shown in Fig. 4 and we see, 
perhaps more clearly than before, how 
the phase of the color subcarrier 
changes as the color to be transmitted 
varies. This, of course, brings us back 
to a statement previously made, name- 
ly : the phase angle of the resultant 
will be governed by the coloring of the 
picture while the amplitude (or length) 
of the vector will determine how in- 
tense (i.e., saturated) the colors are. 

The designers of the NTSC system 
found that while they could use R -Y 
and B -Y for the color signals, better 
system operation would result if they 
chose two other signals situated not 
far from the R -Y and B -Y signals. 
These two other signals were labeled 
I and Q signals and their position with 
respect to R -Y and B -Y is shown in 
Fig. 7. 

Thus, where before we had R -Y and 
B -Y voltages modulating the 3.58 mc. 
color subcarrier, we now substitute I 
and Q signals. Furthermore, the Q sig- 
nal possesses frequencies up to .5 mc. 
while the I signal is permitted to have 
signals up to 1.5 mc. 

Now, what do we gain from this? For 
all color signal frequencies up to .5 
mc., both I and Q are active and since 
they are 90° apart as were R -Y and 
B -Y, they will act just the way R -Y 
and B -Y acted. That is, they will, in 
combination with each other, produce 
all of the colors shown in Fig. 4. Hence, 
whether we use I and Q or R -Y and 
B -Y as our modulating voltages for 
color frequencies up to .5 mc., we get 
precisely the same results. 
1957 EDITION 

Now consider the situation for color 
frequencies from .5 mc. to 1.5 mc. The 
Q signal drops out and only the I sig- 
nal remains to produce color on the 
picture tube screen. From Fig. 7 we 
see that positive values of the I signal 
will produce colors between yellow 
and red or actually a reddish orange. 
On the other hand, negative values of 
I will produce colors between blue and 
cyan or, in general, in the bluish -green 
range. Hence, when only the I signal 
is active, the colors produced on the 
screen will run the gamut from red- 
dish -orange to bluish -green. 

But why do we want this? If you go 
back to an earlier section of this arti- 
cle you will see that for medium-sized 
objects (say those produced by video 
signals from .5 mc. to 1.5 mc.) the eye 
is sensitive only to bluish -green or 
reddish -orange. Since this is so, the 
NTSC signal (via its I component) is 
fashioned to take advantage of this 
fact. 

We are now in a position to consider 
the color signal in all its aspects. 

1. There is a monochrome signal 
with components that extend from 0 
to 4 mc. This is the Y signal. 

2. The color subcarrier frequency is 
set at 3.58 mc. (actually it is 3.579545 
mc.). 

3. This color subcarrier is modulat- 
ed by two color signals called the I 
and Q signals. 

4. The Q signal has color frequencies 
that extend from 0 to 500 kc. or .5 mc. 
This means that the upper Q sideband 
extends from 3.58 mc. up to 3.58 + .5 
or 4.08 mc. The lower Q sideband goes 
from 3.58 mc. down to 3.58 - .5 or 3.08 
mc. 

5. The I signal has color frequencies 
that extend from 0 to 1.5 mc. When 
this modulates the color subcarrier, 
upper and lower sidebands are formed. 
The lower sideband extends from 3.58 
mc. down to 3.58 - 1.5 or 2.08 mc. If 
the full upper sideband were permitted 
to exist, it would extend all the way up 
to 3.58 + 1.5 or 5.08 mc. Obviously this 
would prevent the use of a 6 mc. over- 
all band for the television signal (video 
and sound). To avoid this spilling over 
beyond the limits of the already estab- 
lished channels, the upper sideband of 

Fig. 4. The phase of the color subcar- 
rier depends upon the color to be sent. 
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the I signal is limited to about .6 of a 
megacycle. This brings the upper side - 
band of the I signal to 4.2 mc. The 
video passband then ends rather sharp- 
ly at 4.5 mc. See Fig. 5. 

There is one further fact that is of 
importance in the make-up of a color 
television signal and this concerns the 
color subcarrier. We know that the 
3.58 mc. carrier is modulated by the 
two I and Q color signals. Now, in con- 
ventional modulation methods, both 
the carrier and the sidebands are pres- 
ent when the signal is finally sent out 
over the air. The intelligence (or mod- 
ulation) is contained in the sidebands 
and that is actually all that we are in- 
terested in. However, the carrier is 

!1SNAOED AREA CONTAINS 
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color signal within Its allotted band. 
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sent along because it is required in the 
receiver to reverse the modulation 
process and recreate the original mod- 
ulating voltages. 

In the NTSC color system, the color 
subcarrier is not sent along with its 
sidebands (after the latter have been 
formed). Instead, it is suppressed by 
using a balanced modulator. This par- 
ticular practice is followed for two 
reasons. First, by suppressing the color 
subcarrier, we reduce the formation of 
a 920 kc. beat note between it and the 
4.5 mc. sound carrier which is also part 
of every television broadcast. This 920 
kc. note would appear as a series of in- 
terference lines on the face of the pic- 
ture tube. Now, it is true that the 
color sidebands are present and that 
they can (and do) beat with the 4.5 
mc. sound carrier to produce similar 
low frequency beat notes. However, in 
any signal, the carrier usually contains 
far more energy than any of its side - 
bands and so, when we suppress the 
carrier, we are, in effect, suppressing 
the chief source of this interference. 
Whatever other interference may be 
produced by some of the stronger side - 
bands near 3.58 mc. can be more easily 
dealt with using traps in the i.f. sys- 
tem. This will be seen when we exam- 
ine the circuitry of a receiver. 

The second reason for using this sup- 
pressed carrier method is that it leads 
to an automatic removal of the entire 
color signal when the scene that is 
televised is to be sent wholly as a 
black -and -white signal. For when this 
occurs, I and Q drop down to zero and 
since the balanced modulators sup- 
press the carrier, no color signal at all 
is developed. After all, why have a use- 
less color carrier when no color in- 
formation is to be sent? 

With these advantages of carrier 
suppression comes one disadvantage. 
When the color sidebands reach the 
color section of the receiver, a carrier 

must be reinserted in order to permit 
detection to take place. Off hand, one 
might suppose that all we needed to 
do this is to employ an oscillator oper- 
ating at 3.58 mc. This is one require- 
ment. A second and vitally important 
consideration is the phase of this rein- 
serted carrier. Remember that back at 
the transmitter, attention was given 
to the phase of I and Q as they were 
introduced into the modulator. If the 
same relative phase were not main- 
tained in the reinserted carrier, the 
colors obtained at the output of the 
color circuits would not possess the 
proper hue. 

To provide information concerning 
the frequency and phase of the missing 
color subcarrier, a color burst is sent 
along with the signal. This burst fol- 
lows each horizontal pulse and is lo- 
cated on the back porch of each blank- 
ing pedestal. See Fig. 6. It contains a 
minimum of 8 cycles of the subcarrier 
and it is phased in step with the color 
subcarrier used at the station. In the 
receiver, this burst is used to lock in 
the frequency and phase of a 3.58 mc. 
oscillator, and thus, we are assured at 
all times that the reinserted carrier 
will correctly do its job when it recom- 
bines with the color sidebands. 

The position of the color burst on the 
back porch of each horizontal sync 
pulse insures that it will not be seen 
on the screen of either color or mono- 
chrome television receivers since the 
screen is ordinarily blacked out during 
this retrace interval. If the burst were 
to be placed at a lower level, it would 
produce undesirable spurious picture 
tube light, especially on those sets 
which did not contain special hori- 
zontal blanking signals. 

The burst does not appear during the 
vertical serrated pulses or after the 
equalizing pulses. It was found that 
the 3.58 inc. oscillator in the receiver 
remains in synchronism during this 

brief interval when no burst signal is 
being received. Upon the reappearance 
of the horizontal sync pulses and the 
accompanying color burst at the end of 
the vertical pulse interval, control of 
the 3.58 mc. receiver oscillator is 
smoothly resumed. 

Following is the proof, mentioned 
earlier in the article, that we need 
only R -Y and B -Y to give us R -Y, 
B -Y, and G -Y. 

Y, the monochrome signal, consists 
of 59 per -cent green, 30 per -cent red, 
and 11 per -cent blue. Or, mathemati- 
cally: 

Y=.59G +.30R +.11B 
With this in mind, an R -Y signal is: 

R-Y=R- (.59G+.30R+.11B ) 

or: 
R-Y=.70R-.59G-.11B 

By the same method, a B -Y signal is: 
B -Y=B- (.59G+.30R+.11B ) 

or: 
B-Y=.89B-.59G-.30R 

Also, a G -Y signal is: 
G-Y=G- (.59G+.30R+.11B) 

or: 
G-Y=.41G-.30R-.11 B 
Now, if we take .51 (R -Y), add it 

to .19 (B -Y), and then invert the re- 
sultant signal, we will obtain G -Y. 
This will prove that with R -Y and 
B -Y we can get G -Y. 

Thus, 
.51 (R -Y)=.51 (.70R-.59G-.11B) 

=.36R-.30G-.056B 
And, 

.19 (B -Y)=.19 (.89B-.30R-.59G) 
=.17B-.057R-.11G 

Adding the two equations together 
gives us: 
.36R -.30G -.056B +.17B -.057R-.11 G 

or, combining like terms: 
.30R-.41G+.11B. 

This is equal to -(G-Y) as shown 
above. Hence if we invert the equa- 
tion, we obtain: 

.41G -.30R -.11B 
which is G -Y. 

Part 3. A general analysis of a color receiver based on 

the NTSC system. Specific circuitry will be covered later. 

IN the previous article we developed 
the principles of the NTSC color tele- 
vision system. In this and succeeding 

articles we will examine first the gen- 
eral form of ü suitable receiver and 
then delve more deeply into it, replac- 
ing each of the block sections by spe- 
cific circuits. 

Much of the internal circuitry of 
color television receivers depends upon 
the type of picture tube used. Thus, 
you would find circuits in sets using the 
tri -gun picture tube that would not be 
found in receivers utilizing a single - 
gun tube. Of course, the reverse situ- 
ation would also be true, i.e., there 
would be stages in a single -gun receiver 
that have no actual counterpart in the 
tri -gun set. Since the tri -gun tube is 
the one that set manufacturers are 

turning to first, let us start our receiver 
analysis with it. 

An over-all block diagram of an 
NTSC color television receiver using a 
tri -gun display device is shown in Fig. 
1. The signals captured by the an- 
tenna are received by an r.f. tuner 
which is similar in all respects to the 
tuners employed in black -and -white re- 
ceivers. That is, it is capable of re- 
ceiving v.h.f. signals on channels 2 to 
13 and perhaps u.h.f. signals from 
channels 14 to 82. In the v.h.f. band, 
an r.f. amplifier is present, together 
with an oscillator and mixer. For 
u.h.f. reception, the signal is either con- 
verted down to v.h.f. (and then treated 
as any other v.h.f. signal), or the video 
i.f. signal is produced directly. 

The tuner is followed by a video i.f. 

system which is somewhat more exten- 
sive than the video i.f. systems of mono- 
chrome sets in that it usually contains 
more stages and its bandpass is some- 
what wider. Also, more care must be 
taken in alignment to see that the re- 
sponse curve possesses the proper 
shape. However, the layout of the 
stages, their circuitry, and the use of 
traps follow the practice established in 
monochrome receivers. 

An a.g.c. voltage is applied to the 
first few video i.f. amplifiers, as well as 
to the r.f. amplifier. 

The sound take-off point in Fig. 1 is 
shown as coming from the end of the 
video i.f. system rather than from the 
second detector or beyond. This might 
lead you to believe that a split -sound 
system is employed rather than an in - 
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tercarrier system. Such is not the case. 
An intercarrier system is employed and 
the reason for positioning the sound 
take-off in the video i.f. system stems 
from a desire to prevent undesirable in- 
teraction between the sound carrier 
and the color subcarrier. The two are 
separated by 920 kc. and unless the 
sound carrier is kept properly attenu- 
ated, a 920 kC. beat will appear on the 
picture tube screen. To minimize such 
interaction, the sound carrier is re- 
moved at the plate of the last video 
i.f. stage. This permits the set designer 
to adjust all of the following circuits so 
that the response to the sound carrier 
or to any 4.5 mc. beat which it may pro- 
duce (after detection) is as low as pos- 
sible. 

In the sound system, the sound and 
monochrome video carriers are mixed 
in a germanium crystal diode, produc- 
ing a 4.5 -mc. beat note that contains 
the sound intelligence of the broadcast. 
This is followed by several sound i.f. 
amplifiers, an FM detector, and then 
the usual audio amplifiers. See Fig. 2. 
Again, this follows the practice estab- 
lished in monochrome receivers. 

Returning to the video channel, both 
the black -and -white and the color sig- 
nals are extracted from the picture car- 
rier at the video detector. (Remember 
that while the color sidebands have 
their own subcarrier, they still form 
part of the over-all video signal. As 
far as the picture carrier is concerned, 
color signals occupy the same relative 
position as any monochrome fre- 
quency.) The combined signals, after 
the detector, are applied to a video am- 
plifier. At the plate of this stage, por- 
tions of the signal are shunted to the 
sync and a.g.c. stages and to a color 
sync section. See Fig. 3. At the same 
time, another portion of the signal iS 

taken from the cathode circuit of this 
tube and applied to the chrominance or 
color section of the receiver. Still re- 
maining is the luminance or black -and - 
white signal and this is taken from the 
plate of the 1st video amplifier and ap- 
plied to the grid of the 2nd video am- 
plifier through a 1.0 microsecond time - 
delay network. This is done so that 
when the luminance and color signals 
meet again later in the adder or matrix 
section, they will be in time step with 
each other. The color signals pass 
through narrow bandpass filters in the 
chrominance system and this serves to 

Fig. 4. The chrominance 

delay them. By inserting an equivalent 
delay line in the path of the luminance 
signal, we keep all segments of the 
video signal in step with each other. 

Two contrast controls are shown in 
Fig. 3, one in the cathode leg of the 1st 
video amplifier, the other at the input 
to the 2nd video amplifier. The units 
are mechanically ganged together so 
that the proper relationship is main- 
tained between the monochrome and 
color signals fbr all settings of the con- 
trast controls. 

The video signal is amplified by the 
2nd video amplifier and then fed to the 
adder (or matrix) section. Here it 
combines with the various I and Q (or 
color -minus -brightness) signals to pro- 
duce the proper amounts of red, green, 
and blue voltages. 

Chrominance Section 
The function of the color or chromi- 

nance section is, first, to extract the 
color sidebands, second, to attenuate 
all the remaining sections of the signal 
and third, to demodulate the color sig- 
nals so that the original color "intelli- 
gence" or voltages are obtained. Here 
is how this is accomplished. Refer to 
Fig. 4. 

A portion of the total video signal 
is obtained from the cathode of the 1st 
video amplifier and fed to a bandpass 
amplifier. Beyond this stage is a band- 
pass filter which permits signals from 
approximately 2.1 to 5.0 mc. to pass, 
while other frequencies are attenuated. 
This tends to eliminate all monochrome 
signals below 2.1 mc. The color in- 
formation, of course, lies between 2.1 
mc. and 4.2 mc. of the video signal. 

The bandpass amplifier receives 
other voltages in addition to the video 
signal. The screen grid of the tube, 
for example, receives a negative pulse 
from the horizontal deflection trans- 
former. This is designed to key the 
tube off while the color burst signal 
(on the back porch of each horizontal 
sync pulse) is passing through the cir- 
cuit. This prevents the color burst 
voltage from reaching the d.c. restorers 
at the output of the chrominance chan- 
nel and incorrectly shading the back- 
ground of the color picture. The color 
burst signal is designed principally for 
the color synchronization section of 
the receiver, as will be pointed out 
presently. 

The control grid circuit of the band - 

section of a color television receiver. See text for 
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pass amplifier also operates in con- 
junction with a color killer tube. This 
killer tube biases the bandpass ampli- 
fier to cut-off when a black -and -white 
signal alone is being received. How- 
ever, when a color signal is present, 
the color burst just mentioned keeps 
the color killer tube cut off and this, 
in turn, releases the bandpass ampli- 
fier so that it will pass color signals 
to the following color demodulators. 

The end of the bandpass filter is 
terminated in a chroma control poten- 
tiometer. This control regulates the 
amount of color signal reaching the 
picture tube and, hence, determines the 
saturation with which the colors will 
appear. In action it may be com- 
pared to the contrast control although 
there is a master contrast control that 

an analysis of block functions. 
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Fig. 6. The color burst on the back porch of 
each horizontal sync pulse. Refer to text. 
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regulates the intensity of both the 
monochrome and color portions of the 
image simultaneously. The chroma 
control might be considered as an ad- 
junct to the master contrast control, 
concerned only with the color portion 
of the picture. 

Beyond the bandpass filter and 
chroma control, the color signal is fed 
in equal measure to two demodulators 
(i.e., detectors). One is called the Q 
demodulator, the other the I demodu- 
lator. The incoming signal goes to 
the No. 1 grids of these tubes. At the 
same time, color subcarrier voltages of 
about 30 volts peak -to -peak are ap- 
plied to the No. 3 grids (the suppres- 
sor grids). The color subcarrier volt- 
ages both possess the same frequency, 
but one is 90° out -of -phase with the 
other. This is in accordance with the 
formation of the I and Q signals at the 
transmitter. The beating of this in- 
serted carrier with the I and Q side - 
bands recreates the original signals at 
the demodulator outputs. 

The signals from the demodulators 
now pass through low-pass filters de- 
signed, first, to remove the color sub - 
carrier frequency (3.579545 mc.) and 
the sideband frequencies and, second, 
to limit the I and Q signal bandwidths 
to the values assigned to them at the 
transmitter. Thus, the output of the 

Q demodulator goes through a 0-.5 
mc. low-pass filter while the output of 
the I demodulator passes through a 
0-1.5 mc. low-pass filter. The Q signal 
is applied to an amplifier from which 
positive and negative output voltages 
are available. The I signal goes first to 
one amplifier which provides one polar- 
ity output and then to a second ampli- 
fier from which the opposite polarity 
output voltage is obtained. (The reader 
will recognize that one tube could pro- 
vide both positive and negative 1 volt- 
ages, if desired.) 

All the I and Q voltages, in proper 
amplitude and polarity, together with 
the luminance signal, combine in a 
series of fixed resistive networks to 
produce the desired red, green, and 
blue color signals. After this, each sig- 
nal is passed through one more ampli- 
fier and then each is applied to a 
separate control grid of a tri -gun color 
tube. Included, too, in this final ar- 
rangement, are three d.c. restorers, one 
each for the red, green, and blue sig- 
nals. 

At the end of this article is a mathe- 
matical proof showing how the red, 
green, and blue signals are obtained 
by combining the I, Q, and Y (lumi- 
nance) signals. We suggest at this 
point, that the reader simply accept 
the statements previously given. 

Color Sync Section 
A portion of the signal at the plate 

of the 1st video amplifier goes to a 
stage known as a burst amplifier. This 
stage is the input amplifier for a spe- 
cial section of the receiver known as 
the color synchronization section. See 
Fig. 5. The purpose of this section is 
to utilize the color burst, which is sent 
along with the horizontal sync pulses, 
to develop in the receiver a local sub - 
carrier possessing the proper frequen- 
cy and phase. This is necessary be- 
cause the color signal, when broadcast 
from the transmitter, does not possess 
a color subcarrier. All it possesses are 
the color sidebands. To properly de- 
modulate the color signal, the carrier 
must be reinserted and this is one of 
the principal functions of the color 
synchronization section. 
Fig. 8. Arrangement of the vertical and hor- 
izontal stages and the high -voltage system. 
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In order to reinsert the missing 
carrier properly, the receiver must be 
given some information concerning the 
frequency and phase of the missing 
carrier. This information is provided 
in the form of a burst of approxi- 
mately 8 cycles of the color subcar- 
rier which appears on the back porch 
of each horizontal synchronizing pulse 
in the composite signal. See Fig. 6. 

The burst amplifier is normally 
kept cut off except during horizontal 
retrace when it is keyed or triggered 
into conduction. In this way, all but the 
desired burst are prevented from 
passing through this tube. The signal 
at the output of the burst amplifier is 
fed to a phase detector. The phase 
detector also receives a sample of 
the signal generated by a 3.58 mc. 
crystal oscillator. The two signals are 
compared with each other and any 
difference in frequency and phase leads 
to the development of a correction 
voltage which is applied to a reactance 
tube. The latter stage, being connected 
across the oscillator tuning circuit, 
causes its frequency and phase to 
change enough to bring the oscillator 
in line with the received burst. 

Output for the 1 demodulator is ob- 
tained directly from the oscillator 
while a succeeding quadrature ampli- 
fier supplies a signal 90° out -of -phase 
with the I signal. This is fed to the 
Q demodulator. This quadrature re- 
lationship is required because the I and 
Q signals were originally 90° out -of - 
phase with each other when the color 
subcarrier was modulated at the trans- 
mitter. 

An alternate approach to the de- 
velopment of a suitable 3.58 mc. sub - 
carrier can be achieved by means of 
a crystal ringing circuit. This system 
uses a quartz crystal which, when ex- 
cited by the color burst at the start 
of each horizontal line, will continue 
to "ring" or oscillate at its natural 
frequency (here 3.58 mc.) for the 
duration of one horizontal line, at 
least. The burst from the burst am- 
plifier activates the quartz crystal 
which, because of its extremely high 
"Q," continues to oscillate with very 
little decrease in amplitude until the 
next burst arrives. A trimmer con- 
denser in series with the crystal can 
change its resonant frequency by sev- 
eral hundred cycles and thus compen- 
sate for normal crystal tolerances. 

The stage following the crystal is 
an amplifier stage and the stage be- 
yond that is generally a limiter to 
smooth out variations in output of the 
ringing circuit. See Fig. 7. Output 
from the limiter may be used as one 
of the 3.58 mc. driving voltages for 
the I or Q demodulators, while the 
same output passed through a 90° 
phase -shift network will provide the 
reference voltage for the other de- 
modulator. 

Note this distinction between these 
two circuits: In the crystal ringing 
circuit, no oscillations are generated 
when no color bursts are being re- 
ceived (i.e., when a black -and -white 
signal is reaching the receiver). On 
the other hand, in the automatic 
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phase detector system, a 3.58 mc. volt- 
age is always being developed, even 
when the color burst is not present. 

A color killer tube is included in 
both types of color sync systems. Its 
purpose is to prevent signals from 
passing through the chrominance sec- 
tion when no color signal is being re- 
ceived. This is done to prevent the 
appearance of spurious color specks 
on a black -and -white picture. 

Much of the remaining section of 
the color television receiver is similar 
to the circuits in black -and -white tele- 
vision receivers. The a.g.c. stage, for 
example, is generally of the keyed 
variety, receiving a suitable video 
signal at its control grid and a posi- 
tive triggering pulse from the horizon- 
tal output transformer. The a.g.c. 
voltage that develops, then, is gov- 
erned by the amplitude of the sync 
pulses in the incoming signal. 

The sync separator system receives 
a portion of the composite video signal 
and then acts to divorce the sync 
pulses from the rest of the signal. At 
the output of the sync separator sec- 
tion, the sync pulses are fed to the ver- 
tical and horizontal deflection systems 
through appropriate integrating and 
differentiating networks. 

A block diagram of the two deflec- 
tion systems and the high voltage sec- 
tion is shown in Fig. 8. For the most 
part the vertical and horizontal os- 
cillators and output amplifiers follow 
established practice. Thus, the vertical 
system uses a blocking oscillator and 
an output amplifier. The horizontal 
system possesses an a.f.c. network, a 
controlled horizontal oscillator, an out- 
put amplifier, and a damper tube. A 
special focus rectifier operates off the 
horizontal output transformer to de- 
velop 4000 volts which are required by 
the focus electrode on the tri -gun color 
picture tube. 

The accelerating voltage for the pic- 
ture tube is 20,000 volts and this is 
obtained by employing one or more' 
high -voltage rectifiers. In addition, 
regulation of this voltage is desirable 

to prevent variations in scanning line- 
arity, brightness, and most important 
of all, picture color. A gaseous shunt 
regulator tube is one common meth- 
od employed to stabilize the high volt- 
age. During an all -black picture the 
regulator absorbs the entire load; dur- 
ing an all -white picture the picture 
tube takes the load and the regulator 
does very little. 

There is one additional feature of 
this receiver that requires some ex- 
planation and that concerns the hori- 
zontal and vertical parabolic wave- 
forms that are sent to a convergence 
amplifier. These voltages are com- 
bined and then placed in series with 
the d.c. focus and convergence volt- 
ages which are required by the tri - 
gun picture tube. The need for these 
additional voltages stems from the fact 
that the phosphor plate and the 
shadow mask of the picture tube are 
flat surfaces. Hence, if the three elec- 
tron scanning beams are made to con- 
verge at the center of the screen, they 
will not converge at the screen at 
other points away from the center. 
The result would be a misregistered 
picture. To keep this from occurring, 
special parabolic waves are combined 
with the d.c. voltage on the conver- 
gence electrode of the color picture 
tube as the beams swing across the 
screen. 

To maintain good focus over the 
entire screen, a similar parabolic volt- 
age is inserted in series with the fixed 
d.c. focus voltage. 

Following is the proof, mentioned 
earlier, showing how the red, green, 
and blue signals are obtained by com- 
bining I, Q, and Y signals. 

The I signal, from NTSC specifica- 
tions, is defined as: 

I -.27(B -Y) -F .74(R -Y) where 
B stands for blue, R stands for red, 
and Y stands for the monochrome 
signal. 

The Q signal is similarly defined as 
consisting of : 

Q = .41(B -Y) .48(R -Y) 

Part 4. Tuner, video i.f., video amplifier, 

These may be looked upon as two 
simultaneous equations that we wish 
to solve for (B -Y) and (R -Y). To solve 
for (R -Y), simply multiply the entire 
Q equation by .27 and multiply the 
entire I equation by .41, then add them 
together. Doing this gives us: 

.27Q = (.27) (.41) (B -Y) -{- 
(.27) (.48) (R -Y) 

plus 
.41/ = -(.27) (.41) (B -Y) -}- 

(.41) (.74) (R -Y) 
or 
.27Q + .41I = (.27) (.48) (R -Y) + 

(.41) (.74) (R -Y) 

simplifying : 

.27Q + .41/ = (.13) (R -Y) + (.30) (R -Y) 
= .43(R -Y) 

.41 
Hence (R -Y) _43 Q + ,437 

or R -Y = .62Q + .967 

Thus, if we take .62 of the Q signal 
(with positive polarity) and .96 of the 
I signal (with positive polarity) and 
mix them together, we obtain a red - 
minus -brightness signal, (R -Y). 

By taking the same I and Q equa- 
tions, and solving for B -Y instead of 
R -Y, we obtain the following result: 

B -Y = -1.1/ + 1.7Q 

Still to be obtained is a G -Y signal 
and this was shown in the previous 
article to equal: 

G -Y = - .51 (R -Y) -.19(B -Y) 
or, substituting the equivalent I and 
Q expressions just given, 

G -Y = - .51(.62 Q + .96/) - 
.19(-1.1/ + 1.7Q) 

or 
G -Y = - .64Q - .28/ 

To each of these color -minus -bright- 
ness quantities (R-Y, B-Y, and 
G-Y) we add Y from the luminance 
channel (i.e., the second video ampli- 
fier) to obtain R, B, and G. These are 
the three color signals we seek. These 
are then amplified and fed to their 
respective grids of the tri -gun picture 
tube. 

and sound 

circuits of typical color TV sets described in detail. 

IN the previous article we examined 
in some detail the block diagram of 
a color television receiver designed 

to operate with a tri -gun color picture 
tube. Now we are ready to consider 
the actual circuits which each of the 
blocks represented. 

R.F. Tuner. The introduction of 
color in no way alters or modifies the 
r.f. section of the television receiver. 
Thus, the r.f. amplifier should still 
possess high gain and low noise; the 
oscillator still provides a signal which, 
when mixed with the incoming signal, 
will produce the desired difference or 
video i.f. frequencies. For the recep- 
tion of v.h.f. signals, either a turret 

tuner or a continuous arrangement is 
employed. For u.h.f. reception, con- 
tinuous tuning is the most common 
method although there is also avail- 
able an 82 -channel turret tuner. 

A typical v.h.f. turret tuner circuit 
is shown in Fig. 1. Cascode amplifiers 
are common in the r.f. stage, although 
some manufacturers favor, single high - 
frequency miniature pentodes. The os- 
cillator tube is invariably a triode, usu- 
ally half of the mixer tube. The lat- 
ter may be another triode (i.e., '/2 of 
a 6J6) or pentode ('/2 of a 6U8). This 
arrangement requires only two tubes 
for the entire tuner section. 

In the tuner shown in Fig. 1, the 
cascode r.f. amplifier uses a 6BZ7 duo - 

triode. One section of a 6J6 serves as 
the mixer while the other section func- 
tions as the oscillator. Balanced 300 - 
ohm and unbalanced 75 -ohm (coaxial 
line) input impedances are provided 
by a center -tapped primary winding, 
L1014. All signals must pass through a 
high-pass filter designed to attenuate 
all signals below channel 2. 

The secondary winding, L1018, is tuned 
by the input capacity (of the first 
triode unit) in series with alignment. 
trimmer C. Loading of L1018 by R,DI 

provides the required bandpass, par- 
ticularly on the lower v.h.f. channels. 
The a.g.c. bias is applied to the first 
triode of V. through decoupling resis- 
tor R102. 
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Fig. 2. The video i.f. circuits of one color TV receiver. Four stages are used here to assure a wider and more uniform bandpass than for black -and -white sets. 
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Fig. 3. Video U. response curve of a 
color TV receiver. Note the steep slope 
of the curve between 41.25 and 41.65 mc. 

Direct coupling is used between the 
first triode plate and the second triode 
cathode. This is normal in cascode cir- 
cuits. With cathode feed to the second 
triode, C,03 is used to place the grid at 
r.f. ground potential. Since the two 
triode sections of V,O, are in series 
across a common plate supply, the 
cathode of the second triode is positive 

with respect to chassis ground. A di- 
vider across the 'B -I-," consisting of 
R. and R,n, places the grid of the sec- 
ond triode at a sufficiently positive 
potential (with respect to its cathode) 
for proper operating bias. 

The signal at the plate of the sec- 
ond triode of V,., is inductively coupled 
into the grid circuit of the mixer. At 
the same time, a voltage from the os- 
cillator is similarly brought into the 
mixer circuit. The mixer combines 
both signals to produce the desired i.f. 
and then transfers this signal to the 
following i.f. stages. 

The oscillator is of the ultraudion 
variety with a front panel fine-tuning 
control. 

Video I.F. Section. The video i.f. sys- 
tem follows the r.f. tuner. This will 
consist, usually, of four and sometimes 

Fig. 4. Five stage video i.f. system employed by RCA in its color TV sets. 

Fig. 5. Sound i.í4 and audio circuits of a typical color television receiver. 

five separate stages. See Fig. 2. In the 
conventional black -and -white television 
receiyer, three i.f. stages was the num- 
ber most frequently used, although 
four stages were found in some sets. 
The increased number of i.f. stages in 
a color receiver stems, in part, from 
the wider bandpass required (4.2 mc.) 
and from the greater precautions that 
must be taken to insure that the re- 
sponse curve will possess the right 
form. 

The desired response curve for the 
video i.f. section is shown in Fig. 3. Of 
particular interest is the care with 
which the low frequency end of the 
curve must be shaped so that it pro- 
vides the proper amplification for the 
color subcarrier and its sidebands. 
Note that the curve is fiat down to ap- 
proximately 41.65 mc. and then the "roll - 
off" is quite steep. The steep decline is 
needed to prevent the sound carrier 
from receiving too much amplification, 
producing a 920-kc. beat note at the 
video second detector which would ap- 
pear on the screen as an interference 
pattern. Furthermore, too much sound 
voltage at the detector will produce 
a fine-grained 4.5 -mc. pattern on the 
screen and/or sound bars. The latter 
effect, of course, can occur in all tele- 
vision receivers, whether they be of the 
black -and -white or color variety. The 
920-kc. interference, however, arises 
only when a color signal is being re- 
ceived. 

Video i.f. systems in color receivers 
follow the same practice as for black - 
and -white receivers in so far as inter - 
stage coupling is concerned. Most com- 
mon types of coupling are bifilar coils 
and/or single wound coils. For exam- 
ple, the circuit of Fig. 2 uses bifilar 
coils predominantly (T20,, Tr:, T203, and 
T20R), but two of the tuned circuits 
have single -wound coils (L100 and L2.). 
The interstage coils are stagger -tuned, 
ranging from a low frequency of 41.4 
mc. to a high frequency of 45.5 mc. 
Also present are five shunt traps, three 
tuned to the sound i.f. signal of 41.25 
mc., one to the video carrier frequency 
(39.75 mc.) of the adjacent higher 
channel, and one to the sound carrier 
frequency (47.25 mc.) of the adjacent 
lower channel. 

A number of sets resort to complex 
coupling circuits in one or more i.f. 
stages in order to obtain the desired 
attenuation at certain trap frequencies, 
such as the adjacent -channel video 
carrier, adjacent -channel sound car- 
rier, and the sound carrier of the 
channel being received. 

In one RCA color receiver, a bridged - 
T circuit is inserted between the tuner 
and the first video i.f. amplifier. See 
Fig. 4. The network contains a trap 
tuned to the accompanying sound car- 
rier, 41.25 mc. In order to reduce inter- 
ference from this source (i.e., cross 
modulation), the sound carrier is at- 
tenuated as soon as possible in the i.f. 
amplifier. (The signal is not removed 
completely, however, since enough 
must be available for the sound sys- 
tem. The latter ties into the video sys- 
tem at a subsequent point.) 
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A more elaborate bridged -T network, 
combined with an m -derived bandpass 
circuit, is employed between the first 
and second i.f. stages. This contains 
two rejection traps, one tuned to 39.75 
mc. (video carrier of adjacent higher 
channel), the other tuned to 47.25 mc. 
(sound carrier of adjacent lower chan- 
nel). A second such complex coupling 
network is found between the final i.f. 
stage and the video second detector. 
This, too, contains two traps, one for 
the accompanying sound carrier at 
41.25 mc. and one for 47.25 mc. 

It will be noted from Fig. 4 that 
the sound take-off occurs in the plate 
circuit of the final video i.f. amplifier. 
This does not necessarily denote a 
split -sound type of receiver, as men- 
tioned earlier, but stems from a desire 
on the part of the set designer to avoid 
any interaction between the color sub - 
carrier and the sound carrier that 
could produce (by mixing) a 920 kc. 
beat note. The sound carrier is per- 
mitted to travel with the video signal 
up to the plate of the final video i.f. 
amplifier and then it is diverted to a 
germanium crystal where it mixes with 
the video carrier to produce a 4.5 mc. 
signal. In the meantime, the mono- 
chrome and color subcarrier signals 
proceed to the video second detector 
for their demodulation. By this ar- 
rangement, the sound signal can be 
strongly attenuated in the video de- 
tector thereby minimizing the develop- 
ment of a 920 kc. beat signal. 

Automatic gain control is applied to 
the first two or three video i.f. stages 
in the same manner, and for the same 
reason, that it is applied in mono- 
chrome receivers. The r.f. amplifier 
also receives all or a portion of the 
same a.g.c. voltage. 

Sound Channel. As indicated pre- 
viously, the sound signal is diverted 
from the video path in the plate cir- 
cuit of the final video i.f. amplifier. 
This signal and a portion of the video 
carrier are then mixed in a germanium 
diode to produce the desired 4.5 mc. 
intercarrier sound signal. See Fig. 5. 

This is followed by several 4.5 -mc. i.f. 
amplifiers and then the signal is ap- 
plied to a ratio detector. Here the 
audio intelligence is recovered from the 
FM signal. Further amplification by 
audio voltage and power amplifiers 
raise the signal to the proper level for 
operating a loudspeaker. Just how 
extensive this portion of the audio sys- 
tem is will be governed by the price 
range of the receiver. If a high- 
fidelity system is desired, then the 
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video plate circuit for recovering the 3.58 mc. burst signal for color synchronizing. 

audio stages can be elaborated, per- 
haps by the addition of push-pull out- 
put, phase inversion, feedback net- 
works, etc. The system shown in Fig. 
5 is commonly found in most TV re- 
ceivers where economy and good sound 
is desired. 

Luminance Channel. The video sig- 
nal is demodulated in the video detec- 
tor (Fig. 7), providing an output 0 to 
4 mc. monochrome signal plus the I and 
Q color sidebands. (The color subcar- 
rier, it will be remembered, was de- 
leted at the transmitter.) The detector 
itself may be either a germanium diode 
(1N60 or its equivalent) or one sec- 
tion of a vacuum tube. There appears 
to be a definite swing toward the ger- 
manium crystal but vacuum tubes are 
still widely used. 

Beyond the detector, both the mono- 
chrome and color sideband signals are 
applied to at least one stage of am- 
plification before they are separated 
In the circuit of Fig. 8, the output 
from the video second detector is ap- 
plied first to the triode section of a 
6U8, then to the pentode section. Both 
signals remain together only in the 
triode because at the grid of the pen- 
tode, a portion of the signal is fed to 
the bandpass amplifier, which is the 
input stage to the chrominance sec- 
tion of the receiver. Hence, separation 
of the monochrome and color signals 
might be said to occur at the output 
of the triode video amplifier. 

The second video amplifier in Fig. 8 

deals solely with the monochrome por- 
tion of the total color signal. This fact 
is further accentuated by the 3.58 mc. 
series trap which is present in the plate 
circuit of this stage. The trap attenu- 
ates any 3.58 mc. color subcarrier volt- 
age which may be present here in order 
to prevent it from reaching the pic- 
ture -tube screen and producing a visi - 

Fig. 8. Video amplifier circuit using a triode -pentode tube. 
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ble interference pattern. The presence 
of the 3.58 mc. trap limits the response 
of the luminance or monochrome chan- 
nel to a somewhat lower value, usually 
3.0 or 3.2 mc. Since most present mono- 
chrome receivers operate within this 
bandwidth, both in their i.f. and video 
amplifier systems, any loss of detail 
will be no more apparent on color sets 
than on black -and -white sets. 

At this point the reader may wonder 
why a special 3.58 mc. trap is required 
when, in fact, no 3.58 mc. color sub - 
carrier is being sent with the signal. 
The answer rests in the fact that while 
it is true that at no time is there any 
voltage at precisely the 3.58 mc. fre- 
quency, the phase excursions of the 
color signal cause the carrier to move 
back and forth from frequencies above 
3.58 mc. to frequencies below 3.58 mc 
Furthermore, most of the color energy 
is concentrated in the sidebands around 
the 3.58 mc. frequency and if we re - 

Fig. 9. Cathode follower video amplifier circuit for color TV. 
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move the bulk of this energy with a 
trap, we minimize any tendency of the 
color signal to produce interference 
patterns on the screen. 

Another fact to note is this: The 
frequency of the color subcarrier (and 
hence, the frequency of its sidebands 
as well) was purposely chosen so that 
all this energy would fall midway be- 
tween the clusters of energy of the 
monochrome signal. Any color signal 
reaching the screen of a monochrome 
receiver will tend to at least partially 
cancel itself out on successive frames 
so that its visibility is reduced. The 
same action occurs in a color set when 
the color signal reaches the screen via 
the luminance channel. Hence, the 
combination of the 3.58 mc. trap with 
the frequency interlace principle act 
to reduce the visibility of any inter- 
ference pattern from this source to a 
considerable degree. 

Returning to the circuit of Fig. 8, 
the luminance signal is finally applied 
to the matrix section where it com- 
bines with suitable I and Q signals to 
provide the original red, green, and 
blue voltages. 

Two additional representative video 
amplifier systems are shown in Figs. 
6 and 9. The circuit in Fig. 6 is taken 
from an RCA schematic and employs a 
1N60 crystal diode as the video sec- 
ond detector. The output of this stage 
is fed to a 6CL6 video amplifier. Here 
both chroma and monochrome signals 

are amplified. The monochrome signal 
is then transferred to a second video 
amplifier and from this stage to the matrix network. The chroma signal is taken from the cathode circuit of the 
1st video amplifier and transferred to the bandpass amplifier which stands at 
the head of the chrominance section. 

There are a number of things to note 
about Fig. 6. A 3.58 mc. resonant cir- 
cuit in the plate circuit of the 1st 
video amplifier transfers the 3.58 mc. 
signal to a burst amplifier for use in 
the color sync section of the receiver. 
The same arrangement also attenuates 
the amount of 3.58 mc. voltage reach- 
ing the second video amplifier. The re- 
sponse of this latter amplifier extends 
to approximately 3.2 mc., enabling it 
to impose additional attenuation on 
the color subcarrier. 

Connection to the sync and a.g.c. cir- 
cuits is made at the plate of the ist 
video amplifier. Also, a 1.0 microsec- 
ond delay line is inserted in the path of 
the luminance signal between the 1st 
and 2nd video amplifiers. The delay 
line is terminated in a 1500 -ohm poten- 
tiometer which serves as a contrast 
control for the luminance signal. A 
contrast control for the chrominance 
portion of the signal is mechanically 
ganged to the luminance contrast con- 
trol, thereby insuring that both signals 
will be varied in equal amounts. This 
is required to maintain the proper volt- 

age relationship between the two sig- 
nals. 

A 4.5 mc. trap in the cathode leg 
of the 1st video amplifier attenuates 
any 4.5 mc. voltage that may develop 
in the video detector through the beat- 
ing of the video and sound carriers. 

For the color TV video amplifier 
circuit shown in Fig. 9, the detector 
stage is formed by using one-half of a 
6BK7 duo -triode. The grid and plate 
are tied together so the triode func- 
tion as a diode. The second triode sec- 
tion of the 6BK7 is operated as a cath- 
ode follower, thereby permitting a 
number of circuits to obtain their sig- 
nals from the detector without impos- 
ing any capacitive loading on this 
stage. 

The plate circuit of the cathode fol- 
lower provides signal voltages for the 
sync separator, a.g.c., and burst am- 
plifiers. The cathode of the same tube 
contains a 500 -ohm potentiometer 
which provides the signal for both a 
luminance amplifier and a bandpass 
amplifier and controls the contrast for 
both channels simultaneously. 

The brightness or luminance signal 
is amplified by a single triode stage 
and then passed through a 1.0 micro- 
second delay line that is terminated in 
the matrix network. There are no spe- 
cial traps in this circuit, but response 
falls off rapidly beyond 3.2 mc., at- 
tenuating any color subcarrier and 4.5 - 
mc. voltages that might be present. 

Part 5. Analysis of the chrominance circuits of three 
typical color T V receivers using the 3 -gun color tube. 

N the previous article we followed 
the full video signal (containing 
both black-ard-white and color com- 

ponents) from the antenna to the video 
second detector. After detection, we 
had the 0 to 4 mc. black -and -white sig- 
nal plus the color information. The 
latter was present as sidebands of the 
3.58 -mc. color subcarrier which meant 
that the color signal would require ad- 
ditional detection (or demodulation) 
before we could use it for application 
to the color picture tube. Thus, detec- 
tion in a color receiver is a two-step 
process. First we remove the carrier 

which brought the full signal to the re- 
ceiver. Then we must remove the color 
subcarrier so that the color video fre- 
quencies which it possesses may be- 
come available. It is important to 
keep this distinction in mind. 

The black -and -white portion of the 
full signal is amplified by one or two 
video stages and then transferred to the matrix. While this is happening, 
the color subcarrier and its sidebands 
are diverted to the chrominance sec- 
tion of the receiver. See Fig. i. This 
section is concerned only with the color portion of the signal and it con- 

sists basically of a bandpass amplifier, 
the I and Q demodulators, and I and Q 
amplifiers and phase splitters. The out- 
put of the system is fed to the matrix 
network where, in combination with 
the monochrome or Y signal, we re - obtain red, green, and blue voltages 
which are then applied to the proper 
control grids of the tri -gun color tube. 

The complete circuit of the chromi- 
nance section of a television receiver 
is shown in Fig. 2. The incoming sig- 
nal, which contains both chrominance 
and luminance components, is applied 
to the grid of the bandpass amplifier. 

Fig. 1. Block diagram of the chrominance section of a color television receiver. The exact circuitry varies from set to set. 
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This tube will permit the signals to 
pass at all times except during the 
horizontal retrace period (including 
the color burst) when the tube is keyed 
to cut-off by a negative voltage pulse 
obtained from a winding on the hori- 
zontal output transformer. The pulse 
is applied to the screen grid of the 
bandpass amplifier through a .01 µfd. 
condenser. The tube is keyed out dur- 
ing the color burst interval in order to 
avoid unbalance In the color back- 
ground due to the d.c. restorers clamp- 
ing on the color burst rather than on 

the tips of the sync pulses. 
The control grid of the bandpass am- 

plifier also operates in conjunction 
with a color killer stage. This latter 
stage (not shown in the diagram) 
biases the bandpass amplifier to cut-off 
when no color signal is being received. 
However, when a color signal is active, 
the color killer stage removes its bias 
and the bandpass amplifier is able to 
function normally. In this way we avoid 
having spurious signals pass through 
the color system when it is inactive 
and produce random colors on the 
screen. 

A filter in the plate circuit of the 
bandpass amplifier has a bandwidth of 

approximately 2.4 to 5.0 mc. See Fig. 3. 

This enables the circuit to pass only 
that portion of the total signal contain- 
ing the color information. The rest of 

the signal, containing only mono- 
chrome or luminance voltage, is sharply 
attenuated. 

A chroma control terminates the 
filter and with it the set viewer can 
adjust the depth of saturation of the 
colors in the picture. The need for such 
adjustment may arise because of the 
level of the surrounding light in the 
room, because of the personal prefer- 
ence of the viewer, or because of va- 
riations in the color circuits of the 
receiver. Whatever the reason, the con- 

trol is not a particularly critical one 
and it may be varied over a considera- 
ble range without overly distorting the 
picture as far as its tonal values are 
concerned. 

From the chroma control, the signal 
is fed in equal measure to the control 
grids of the I and Q demodulators. At 
the same time both tubes receive, at 
their suppressor grids, a 3.58 -mc. sig- 
nal. The latter represents the missing 
color subcarrier and is needed in the 
demodulator to properly reproduce the 
original I and Q color video signals. 
The 3.58 -mc. signal which the I demod- 
ulator tube receives is 90° out -of -phase 
with the 3.58 -mc. voltage applied to the 
Q demodulator. This is required since 
the I and Q sidebands themselves are 
90° out -of -phase with each other. 

The detected Q signal appears at the 
plate of V,93 and is passed through a 
0 to .5 -mc. filter before being applied to 
a Q phase splitter. The latter stage 
then supplies negative (at its cathode) 
and positive (at its plate) Q signals 
necessary for the matrixing network 
into which the signals are fed. 

The 3.58 -mc. color subcarrier signal 
is not required beyond the demodulator 
and it is shunted away from the grid 
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Fig. 2. Schematic diagram of the chrominance circuits of an RCA color TV receiver. 

of the phase splitter by the series -reso- 
nant trap L301, C27o. 

In the I channel, the detected I sig- 
nal is passed through a 0 to 1.5 -mc. 
filter and then through an I amplifier 
and an 1 phase inverter before being 
applied to the same matrixing network. 
Positive I signals for the network are 
obtained at the plate of the I amplifier; 
negative I signals appear at the plate 
of the following phase inverter. 

A .5 microsecond delay is designed 
into the I system and its purpose is to 
slow down all I signals so that they 
keep in step with the corresponding Q 

signals. The time it takes a signal to 
pass through a system is found to be 
inversely proportional to the bandpass 
of that system. That is, the narrower 
the bandpass, the longer it takes for 
signal passage. In a color receiver, the 
Q channel has the narrowest bandpass 
(0-.5 mc.) and its signals suffer the 
greatest amount of delay. The band- 
pass of the I channel extends from 
0-1.5 mc. and so its signals are not 
slowed down as much as the Q signal. 
Finally, the Y or monochrome channel 
has the widest bandpass (0-3.2 mc.) 
and its signals are delayed the least in 
passage. 

To insure that the I, Q, and Y sig- 
nals arrive at the matrix at the same 
instant, it is necessary to artificially 
increase the delay time of the Y and I 
signals to that of the Q signal. In the 
Y channel, this is done by inserting a 
1.0 microsecond delay line. In the I 
channel, the additional delay required 
is on the order of .5 microsecond. While 

no special delay line is employed in the 
1 circuit of Fig. 2, the over-all charac- 
teristics of the system shown have 
been so fashioned that this added de- 
lay is actually present in distributed 
form. That is, each section of the cir- 
cuitry contributes some share toward 
the delay and by the time the signal 
has arrived at the matrixing network, 
it has been moved back in step with 
the Q signal. 

Note that the 1 channel has one am- 
plifier stage more than the Q channel. 
This is due to the narrower bandpass 
of the Q channel. A narrower bandpass 
permits us to use higher load resist- 
ances, with a corresponding increase in 
gain. The difference in gain of the two 
demodulators is on the order of almost 
7 to 1. For a 2 -volt peak -to -peak sig- 
nal input, the peak -to -peak value of 
the signal at the plate of the Q de- 
modulator is 20 volts, while at the 
plate of the I demodulator it is only 
3 volts. 

The Matrix Section 

The matrix or mixing section is the 
place where the I, Q, and Y signals 
combine to reproduce the original red, 
green, and blue signal voltages. There 
are a variety of mixing networks pos- 
sible, but the most economical and 
straightforward is the resistive net- 
work. See Figs. 2 and 4. From the 
NTSC specifications, the I and Q sig- 
nals have the following composition: 

I = - .27 (B -Y) + .74 (R -Y) 
Q = .41 (B -Y) -- .48 (R -Y) 
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Fig. 3. Response of the bandpass fil- 
ter in the plate circuit of the band- 
pass amplifier of the circuit in Fig. 2. 

Fig. 4. The matrix network for com- 
bining the Y, I, and Q signals in the 
proper proportions to give red, green. 
and blue signals in circuit of Fig. 2. 

These represent two equations and 
if we solve them simultaneously for 
B -Y and R -Y we obtain: 

B -Y = 1.72Q - 1.111 
or B = Y + 1.72Q - 1.111 
and R -Y = .62Q + .961 
or R = Y + .62Q + .96/ 

Now, what do these equations tell 
us? They reveal that if we take 1 volt 
of signal from the Y channel, and 1.72 
volts of positive Q voltage from the Q 
channel, and 1.11 volts of negative I 
voltage from the I channel, we obtain 
1 volt of blue signal. Of course, we are 
not restricted to voltages this small; 

Fig. 5. Schematic 

we may use much larger voltages, a long as we maintain the same relativ relationship between the I, Q, and Y voltages taken from these three chan nels feeding into the matrix network 
The red signal is obtained by using different proportions (and polarities) 

of the Y, I, and Q voltages than were 
used for blue. This is indicated by the last equation and the red signal is then dealt with separately. 

Still missing is a green voltage and this can -be obtained from still another equation which is also derivable from the NTSC snecifications. That is: 
(G -Y) = - .51 (R -Y) - .19 (B -Y) 

and from this, by a little mathematical 
manipulation, 

G -Y = - .64Q - .281 
or 

G = Y - .64Q - .281 
Hence, within the same matrix, we can 
obtain the desired green signal by com- 
bining 1 volt of Y signal with .64 volt 
of negative Q signal and .28 volt of 
negative I signal. 

The foregoing equations make it evi- 
dent why a resistive matrix network 
can work and also why positive and 
negative 1 and Q voltages are required, 
whereas from the Y channel only a sin- 
gle positive signal is needed. 

Let us return now to Fig. 2 and 
briefly check the red, green, and blue 
amplifiers to make certain that the 
voltages they receive at least conform 
in polarity to the voltages indicated in 
these equations. 

The green amplifier (or "adder' as 
it is labeled on the diagram) receives 
a Y voltage, a negative 1 voltage, and 
a negative Q voltage. The circuit, of 
course, is so designed that these signals 
are present in the ratio of 1 to 28 to 
.64. 

The blue amplifier receives a Y volt- 
age, a negative I voltage, and a posi- 
tive Q voltage. Finally, the red ampli- 
fier receives a Y voltage, a positive 1 voltage, and a positive Q voltage. 

Each of these voltages is passed 
through two video voltage amplifiers 
and then applied to its respective con - 

diagram of a chrominance section with a chrom 

s trol grid in the tri -gun picture tube. 
e Bandpass of each system is on the or- 

der of 3.2 mc. Over-all gain controls for 
the green and blue channels are pro- 

. vided to permit the gains of these sec- 
tions to be adjusted relative to the red 
channel. In the initial tri -gun picture 
tubes that were made, the efficiency of the red phosphor was lower than the 
efficiencies of the green and blue phos- 
phors. To compensate for this, more 
drive was required at the red control 
grid, or what is the same thing, less 
drive for the green and blue grids. Ad- justment of the two gain controls 
served to satisfy this condition. A d.c. restorer is included in each path to bring each color signal to the proper 
level before it is applied to the picture 
tube. 

The chrominance channel of another 
color television receiver is shown in 
Fig. 5. The complete signal is brought 
to the grid of the bandpass amplifier 
from the master contrast control. The 
tube admits all of the signal except the 
color burst because during this interval 
it is keyed off by a negative pulse ap- 
plied to the screen grid. 

In the output circuit of the bandpass 
amplifier there is a 2.1 to 4.2 mc. band- pass filter terminating in a 500 -ohm 
chroma control ("color intensity con- trol"). As before, the chroma control 
governs the amount of color signal reaching the rest of the chrominance 
section and hence it regulates the in- tensity or saturation of the colors viewed on the picture tube screen. The 
color signal receives an additional stage of amplification beyond the chroma control and then it is fed in equal measure to both the I and Q de- modulators. 

The demodulators in this system are also the recipients of two additional voltages. One voltage, in the form of a negative biasing voltage, is obtained from a color killer tube. When a color signal is being received, this bias volt- age drops to zero and both demodulat- 
ors conduct. On the other hand, when 
no color signal (and hence, no color burst) is present, the negative voltage 
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from the color killer tube is high 
enough to cut both demodulators off. 
The over-all effect, then, is the same 
in this system as in the previous one,. 

although the approach is slightly dif- 
ferent. 

The second voltage applied to the 1 

and Q demodulators is provided by a 
3.58 -mc. generating section. This is the 
missing color subcarrier and is applied 
in equal measure but with a 90° phase 
difference to each demodulator. The 
tubes then mix this signal with the in- 
coming color sidebands to provide the 
detected I and Q color signals at the 
output. 

In the I channel, there is a 0-1.5 mc. 
low-pass filter, an amplifier and a 
phase splitter. Also, sufficient delay is 

incorporated in this circuit to force the 
I signal components to keep in step 
with the Q signal components. Positive 
and negative I signal voltages are 
available at the plate and cathode ter- 
minals, respectively, of the phase split - 
ter for use in the matrix network. 

The Q channel is somewhat less ex- 

tensive, containing only a phase split - 
ter and a 0-.5 mc. low-pass filter. The 
output from this section, too, is fed to 
appropriate points in the matrix net- 
work. 

The remainder of the chrominance 
channel consists of three individual 
6CL6 amplifiers, one for each of the 
three color signals, and three d.c. re- 
storers. Action here is similar to that 
existing at the same point in the pre- 
vious system and additional explana- 
tion is not required. 

There are many ways of handling 
the color signals and the chrominance 
circuits of one manufacturer would 
differ in some respect from those of his 
competitors. Figs. 2 and 5 illustrate 
two possible approaches. Still another 
is shown in Fig. 6 and it contains sev- 
eral interesting features. The color sig- 
nal is received from the first video am- 
plifier by a bandpass amplifier. The 
chroma control is contained in the 
cathode of this stage and as much sig- 
nal as desired is tapped off here and 
transferred to a second bandpass am- 
plifier via a 1N34 crystal. The purpose 
of the germanium crystal is closely 
linked to the negative triggering pulses 
which are fed into the circuit via R. 
and L1. The negative pulses appear dur- 
ing the horizontal retrace interval 
when the color burst is passing through 
the circuit. The arrival of the pulse 
prevents the 1N34 from conducting 
since the pulse amplitude is greater 
than that of the color burst coming 
from V. and, consequently, the color 
burst is effectively prevented from 
continuing farther into the chromi- 
nance section. At all other times, the 
signal polarity is such that the 1N34 
conducts and so whatever voltage is 
present across the chroma control 
reaches the grid of V2. This, then, is 
the way this circuit removes the color 
burst from the chrominance channel. 

The bandpass of V, and V. extends 
from 2.1 mc. to 4.8 mc. and the signals 
within this range are amplified and 
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then transferred to a 6J6 cathode fol- 
lower (V,). 

The next recipients of the color sig- 
nal are the I and Q demodulators. The 
signal is fed in equal measure to grid 
No. 1 of both 6AS6's. At the same time, 
grid No. 3 of each tube receives a 3.58 - 
mc. subcarrier voltage. The peak -to - 
peak value of this signal is on the or- 
der of 18 volts and the only difference 
between the 3.58 -mc. voltages is a 90° 
phase difference. 

In the I section, the demodulator is 
followed by an amplifier and then a 
phase splitter. The latter tube makes 
positive and negative I voltages avail- 
able to the matrix. Bandpass of the I 
section is 1.3 mc. 

In the companion Q section, the de- 

modulator is followed by a single phase 
splitter which provides positive and 
negative Q signal voltages for the mat- 
rix. The bandpass of this section ex- 
tends to .5 mc. in accordance with the 
nature of the received signal. It is in- 
teresting to note that should the band- 
pass of this channel be broadened 
above .5 mc., color infidelity would oc- 
cur because of the presence of some 
higher frequency I signals in the Q 

channel. When the bandpass is limited 
to .5 mc., these "spurious" I signals 
are attenuated below the point of visi- 
bility and do no damage. But if the 
cut-off were extended, they would 

reach the picture tube and cause color 
"distortion." 

There are several features worthy of 
special mention in the I and Q stages 
of Fig. 6. The "B+" voltage for the 
screen grids of V, and V. may be cut 
off by a manual switch called the 
"color killer" switch. When a black - 
and -white broadcast is being received, 
this switch is turned to the off posi- 
tion, disabling both demodulators and 
preventing any spurious signals from 
passing through the color section. For 
a color broadcast, the switch is turned 
back on again. This is a simple (and 
economical) form of color killer cir- 
cuit. However, it does possess the dis- 
advantage of requiring the set user to 
know when a color transmission is be- 
ing received, otherwise all he will get 
will be black -and -white pictures. In 
the two previous systems, the color 
killer network functioned automati- 
cally; when a color signal was received, 
the killer voltage was automatically 
removed and a color picture appeared 
on the screen. 

Another feature of Fig. 6 worth not- 
ing is the use of an actual delay line in 
the I section. In the other systems, the 
delay was distributed throughout the 
I system. 

The voltages which the I and Q 

phase splitters apply to the matrix are 
nearly all individually adjustable. In 
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this respect it is of interest to note the 
names applied to these controls. In the 
I phase splitter, there is a "Green I" 
and a "Blue I" adjustment. The "Green 
I" control is so named because the volt- 
age from this point goes to the green 
amplifier stage and variation of this 
voltage would affect the hue of the 
green seen on the screen. The same 
type of reasoning applies to the "Blue 
I" adjustment since the voltage from 

this control goes to the blue amplifier 
stage. Three similar controls are em- 
ployed in the Q phase splitter. 

Finally, there are two adjustments 
near the point where the brightness 
signal enters the matrix. These are la- 
beled as Y,, and Y,; adjustments and 
they control the amount of Y signal fed 
into the blue and green amplifier 
stages via the matrix. Definite rela- 

tionships exist among the I, Q, and Y 
voltages and these relationships must 
he carefully observed if the proper hue, brightness, and saturation are to be 
obtained on the screen. By making a number of controls available, the serv- 
ice technician can make whatever com- 
pensating adjustments may be re- 
quired to achieve the proper color 
rendition. 

Part 6. How a color television scene is transformed into 

signal voltages; analysis of the detected video signal. 

THUS FAR we have discussed at 
length the general formation of a 
color signal and what happens to 

this signal at various stages in the 
receiver. We have not, however, gone 
into any examination of what the 
color video signal looks like when it 
is viewed at the video second detec- 
tor. Since this is something with 
which the service technician should be 
familiar, discussion of the remaining 
sections of a color receiver will be 
held in abeyance while we analyze 
color video signals. 

Perhaps the best place to start is at the transmitter where a color -bar 
test pattern is being picked up by a 
color camera. The test pattern chosen, 
Fig. 1, consists of four vertical bars 
in the order of blue, red, green, and 
white. These represent the three color 
primaries and white. The light from 
this color pattern is received by the 
color camera and the rays from each 
different primary color are directed to 
a specific camera tube. That is, the 
red rays of light go to the red camera 
tube, the blue light goes to the blue 
tube, and the green light is sent to the 
green camera tube. Within each tube, 
the photosensitive mosaic is activated 
only by the light received. Thus, on 
the mosaic of the blue camera tube, 
for example, the incoming light is 
focused on the left edge in the same 
position as the blue bar on the test 
pattern. Also, a bar appears at the 
right edge of the mosaic because 
white contains blue and this blue com- 
ponent affects the blue camera tube. 
In between these two bars the mosaic 
surface would be unaffected because 
there is no blue in the two center bars 
of the pattern. 

By a similar type of analysis we can 
see that each camera tube would have 
parts of its mosaic activated and other 
mosaic parts quiescent or unaffected. 

Now, as the scanning beams (in the 
camera tubes) scan across one hori- 
zontal line of this color pattern, here 
is what we obtain. At the start, each 
beam is passing over the portion of 
the pattern occupied by the blue bar. 
During this time, an output voltage 
will be obtained from the blue camera 
tube only. See Fig. 1A. The red and 
green tubes are developing zero out - 
32 

put because none of this blue light is 
reaching them. 

The next bar to be scanned is the 
red bar and now the red camera tube 
becomes active, producing an output 
voltage while the blue and green tubes 
render zero output voltage. The third 
bar is green and the output voltage is 
now derived from it. The final bar is 
white and when this is being scanned, 
the same voltage output is obtained 
from the blue, red, and green camera 
tubes. This is because white contains 
all three primary colors in more or 
less equal amounts and all three color 
tubes are similarly affected. 

Figs. 1B, 1C, and 1D show graphic- 
ally the manner in which the voltage 
output from each color camera tube 
varies as the beam moves across the 
screen from left to right. This, then, 
is the color voltage information ob- 
tained from the scene to be trans- 
mitted. The next step is to convert 
this information into appropriate I, Q, 
and Y signals which will then be 
transmitted to the receiver. To achieve 
this transformation, the three voltages 
are fed into a matrix network. (This 
is similar to the matrix network in 
the receiver where the reverse action 
occurs, i.e., I, Q, and Y are recon- 
verted to equivalent red, blue, and 
green voltages.) 

Within the matrix at the transmit- 
ter, the I, Q, and Y voltages are 
formed according to the following de- 
fining equations: 

Y= .59G + .30R +.11B . . . (1) 
I = -.28G + .60R -.32B . . . (2) 
Q=-.52G+.21R+.31B . . . (3) 
(The reader undoubtedly appreciates 

by now the fact that both I and Q 
signals can be expressed in terms of 
color -minus -difference voltages or di- 
rectly in terms of R, B, and G. All 
are equivalent.) 

Thus, coming out of the matrix at 
the Y terminal would be the wave- 
form shown in Fig. 1E. The blue volt- 
age is only 11 per -cent of what it was 
when it entered the matrix, the red is 
only 30 per -cent, and the green is only 
59 per -cent. For the I signal, we take 
28 per -cent of the voltage produced 
by the green tube, 60 per -cent of the 
voltage from the red tube, and 32 per- 
cent of the blue tube output. Negative 

values, required for the green and 
blue components of the I signal, are 
achieved by passing these components 
through phase inverters. The Q signal 
formation follows in similar order. 

Note that the white bar produces a 
full output in the Y channel, but zero 
output in the I and Q channels. In 
the Y channel, the white amplitude is 
made up of 59 per -cent green, 30 per- 
cent red, and 11 per -cent blue. When 
you add .59 plus .30 plus .11, you ob- 
tain 1. On the other hand, consider 
what happens to this white voltage 
in the I and Q channels. The scanning 
of the white bar produces equal volt- 
age output from the red, green, and 
blue camera tubes with the result 
that the matrix receives voltages from 
each of these tubes at the same time. 
If we assume that each camera tube 
is providing 1 volt of signal, and this 
is what the matrix receives, then 
equation (2) tells us that what finally 
appears at the I terminal at the out- 
put of the matrix when the white bar 
is being scanned is -.28 volt from 
the green channel, -.32 volt from 
the blue channel, and + .60 volt from 
the red channel. The combination of -.28 and -.32 with +.60 produces a 
net result of zero, which means that 
all three voltages cancel each other 
out completely. 

This particular situation was pur- 
posely selected in order to reduce all 
color signal output to zero when 
black, white, or grey are being 
scanned. 

In the Q channel we have a similar 
situation for its voltages, too, cancel 
out when white is being scanned. 

Once the I, Q, and Y signals have 
been formed, they are sent through 
appropriate amplifiers until they have 
been strengthened sufficiently to per- 
form the next step in the formation 
of a total color video signal. Let us 
concentrate first on the I and Q color 
signals. These are employed to ampli- 
tude modulate separate 3.58 mc. color 
subcarriers, their only difference be- 
ing a 90° phase difference between 
them. After this operation has been 
performed, the modulated I and Q sig- 
nals appear as shown in Figs. 1H and 
1K. (Negative modulating voltages, 
such as the -.32 for I blue, appear 
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only as a reversal of subcarrier phase. 
That is, a positive modulating voltage 
will cause the resulting modulated 
signal to have one phase, a negative 
modulating voltage will cause it to 

have the opposite phase. In outward 
appearance, however, both modulated 
waves will possess the same shape or 
envelope.) These are actually the color 
sidebands produced by the modulation, 
the 3.58 -mc. carrier having been sup- 
pressed in the balanced modulators. 
The various colors (red, green, and 
blue) produce different amplitudes on 

the modulated waves in accordance 
with their amplitudes in the I and Q 

signals. 
The next step is to combine these 

signals into one. Since the 3.58 -mc. 
color subcarriers that were employed 
in the modulators differed in phase 
by 90°, their sidebands differ in the 
same way. Hence, their resultant is 

not obtained by adding their ampli- 
tude arithmetically (as 3+4=7) but 
rather by taking the square root of 

the sum of their squares (as V 32 + 42 = 
V9+16= V25 or 5). If we follow this 
procedure for the I and Q modulated 
signals of Figs. 1H and 1K, we obtain 
the result shown in Fig. 1M. 

As a sample calculation, consider 
the blue voltage portion of the 1 and 
Q voltages of Figs. 1H and 1K. The 
peak amplitude of the I blue is -.32 
and this figure squared is equal to 
.1024. By the same token, the Q blue 
is .31 and this squared is equal to 
.0961. The addition of .0961 and .1024 

gives us .1985 and the square root of 

this number is .44. The remaining 
calculations are worked in a similar 
manner, with the results indicated. 

The color signals have now been 

combined and the next step is to add 
this resultant to the monochrome or 
brightness signal. Here the addition 
is straightforward, with the color side - 

bands extending for equal distance 
above and below the brightness level. 
The Y component represents the 
brightness of that color and bright- 
ness in a video signal is determined by 

how far the average level of a video 

signal is from the black level. (The 
black level is the reference against 
which brightness is measured.) 

The blue portion of the signal (rep- 
resenting the blue bar on the scan- 
ning pattern) has a brightness level 
of .11. Therefore, the average level 
of the blue I and Q (i.e., color) signal 
is placed 11 per -cent of the distance 
between the black level and the maxi- 
mum brightness level. Red has a 

brightness value of .30 and so it is 

moved farther away from the black 
level. Finally, the brightness level of 

green is .59 and it is positioned 59 

per -cent of the distance away from 
the black level. White has a bright- 
ness value of 1 and it is positioned at 
the farthest point from the black level 
of the video signal. 

The total signal, with I, Q, and Y 

combined and with sync pulses and 
a color burst appears as shown in Fig. 
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1N. In this illustration, several items 
are of interest. First is the color burst 
and in the examination of any color 
video signal this burst must be present 
in order to insure the proper repro- 
duction of colors in the picture. It is 

this burst which establishes the fre- 
quency of the color subcarrier genera- 
tor in the receiver and any deviation 
from its correct phase will result in 

color distortion (i.e., a shift in color 
away from its original hue). 

Second, the negative tips of the 
3.58 -mc. modulated blue signal and of 
the red signal extend beyond the black 
level well into the blacker -than -black 
or sync -pulse region. At the other 
end, the positive tips of the 3.58 -mc. 
modulated green signal extend beyond 
the point where the brightest level is 
indicated. These extensions beyond 
the normal excursions of the video 
signal are permitted by the FCC 
standards, but in practice they seldom 
occur. Actually, they appear only for 
highly saturated colors and such sa - 

Fig. 1. The various stages in the for- 

malion of a color TV video signal us- 

ing a color -bar pattern as a subject. 

turations are almost never encoun- 
tered. Theoretically, though, they 
are permissible. 

At the video second detector, a good 
oscilloscope would produce the signal 
pattern shown in Fig. 1N. Beyond the 
detector, the color components of the 
total video signal are shunted off to 
the chrominance section of the re- 
ceiver while the monochrome portion 
is passed through a separate ampli- 
fier stage or two. The demodulated 
I and Q signals then meet the Y signal 
again in the receiver matrix network 
and through the interaction of these 
three signals, the original blue, red, 
green, and white bar pattern is re- 
created on the picture tube screen. 

It might be instructive to follow 
this reconstruction in detail to see how 
the original colors are re -obtained. It 
was shown in the discussions of the 
receiver matrix in Part 5 that: 

R = Y + .62Q + .961 
B=Y -I - 1.7Q - 1.11 
G=Y-.64Q-.28I 

Let us consider the blue color first 
since it appears first on the bar test 
pattern. From the Y signal we obtain 
a voltage of .11 volt since this is the 
average brightness level of the blue 
bar. From the Q channel we get 1.7Q 

volts or 1.7 times whatever blue volt- 
age the Q channel possesses. If we 
refer back to Fig. 1G, we see that the 
Q voltage when blue was being 
scanned was .31. (This means 31% 
of whatever voltage was being de- 
livered by the blue camera tube to the 
transmitter matrix. If we assume 1 

volt of signal was being provided by 
this tube, then .31 volt of blue volt- 
age was obtained at the Q terminal of 
the matrix.) Thus, this .31 is now 
multiplied 1.7 times to provide .527 

volt from the Q channel toward the 
formation of the final blue bar to 
be presented on the screen. Thus far, 
then, we have .11 volt of blue volt- 
age from the Y channel and .527 volt 
from the Q channel. Still to come is 
the voltage from the I channel. This 
is -1.1 times whatever blue voltage 
the I channel possesses. Again, if we 
refer back to Fig. 1F, we see that the 
I voltage when blue was being scanned 
was -.32. This value, multiplied by 
-1.1 gives us a total of .352 positive, 
since the multiplication of two nega- 
tives yields a positive. Electronically 
the multiplication of two negative 
numbers means that the reversal in 
polarity that occurred in the trans- 
mitter matrix is now being counter- 
acted. Adding all three contributions 
from the I, Q, and Y channels, we 
obtain: .11 + .527 + .352 which equals 
.989 or essentially 1 volt of blue signal. 
Is this the same as the Original volt- 
age obtained from the blue camera 
tube? The answer, of course, is Yes! 

The red and green signal values 
can be obtained in the same manner 
and the computations and solutions 
are shown in Fig. 2. For white there 
would be no contributions from the I 

and Q channels since it was demon- 
strated previously that the scanning of 

white produced no I or Q voltage. 
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Fig. 2. Matrix circuit for adding I. Q. and Y signals in a color TV receiver 
to recreate red, green, and blue sig- nal voltages for the picture tube. 

White, then, would be obtained sole- 
ly from the Y signal, which is as it 
should be. 

In the foregoing discussion, a rela- 
tively simple color bar pattern was 
employed. With that knowledge be- 
hind us, we are now in a position to 
examine the video signal produced 
when the color -bar test pattern of 
Fig. 3A is scanned. Here we not only 
have the three primary colors, but 
mixtures of these colors such as yel- 
low, cyan, and magenta. 

The waveforms shown in Figs. 3B, 
3C, and 3D indicate how the output 
voltage from each color camera tube 
varies as the scanning beam travels 
across the pattern from left to right. 
Consider the output from the blue 
camera tube first. When red, yellow, 
or green is scanned, the voltage de- 
veloped by the blue tube is zero be- 
cause these colors possess no blue. 
When cyan is reached, the voltage 
output of the blue tube jumps up to 
our assumed value of one. Cyan is 
formed by combining green and blue 
and it is the blue component which 
activates the blue camera tube. The 

output of the blue tube remains steady 
at 1 volt as the beam moves over the 
blue bar and the succeeding magenta. 
The latter color represents a com- 
bination of blue and red. When the 
scanning beam passes over the red 
bar, the output of the blue camera 
tube drops back to zero. It shoots 
back up again to 1.0 volt when white 
is reached. 

For the red camera tube, an output 
signal is obtained for red, yellow, 
magenta, and white. And finally, for 
the green camera tube, output is 
present as the beam moves over yel- 
low, green, cyan, and white. 

Explanation of the waveform that 
appears in the Y channel rests, as it 
did before, on the equation: 

Y = .59G +.30R + .11B 
Where a single color appears by it- 

self, the value employed is that which 
is placed in front of that color in the 
foregoing equation. The figure of .89 
which is indicated for the yellow is 
derived from the addition of .59 for 
the green component of the yellow 
plus .30 for the red component. Cyan, 
a mixture of green and blue, has a 
brightness value of .59 plus .11. The 
brightness value for magenta is simi- 
larly formed by addition of .30 from 
the red and .11 from the blue. 

A similar procedure is followed in 
the formation of the I and Q wave- 
forms. In the I signal, for example, 
red is .6 as indicated by equation (2). 
Yellow is a combination color and it 
is formed by adding .6 for its red com- 
ponent with -.28 for its green com- 
ponent. The result of this addition 
(.6-.28) is .32. Similarly, for the Q. 
signal, the value for yellow is obtained 
by adding .21 for its red component 
and -.52 for its green component as 
indicated by equation (3). The result 
of this addition (.21-.52) is -.31. The 
remaining color values for both I and 
Q signals are obtained in the same 
manner. 

The final video signal, formed by 
the combination of Y, I, and Q is 
shown in Fig. 3H. Again, the modula- 
tion envelope is formed by adding the 
square root of the sum of the squares 
of the I and Q values of each color to 

Fig. 3. Formation of a color video sig 
nal from a more complicated color -bar 
test pattern than was used in Fig. 1. 

its Y value. For red, for example, we 
would add V.36+.044 or .63 to .3 to 
obtain a positive excursion of .93. For 
the negative excursion, subtract .63 
from .3. Similarly for the other colors. 
It is this signal which would be seen 
at the output of the video second de- 
tector in the television receiver. 

The presence of combination colors 
means that when these colors are be- 
ing presented on the receiver picture 
tube screen, more than one electron 
gun is in operation. For example, to 
present a yellow bar, both the green 
and red must be activated by the sig- 
nal. For cyan, the green and blue 
guns are required and for magenta, 
red and blue dots must be struck. 
There are, of course, many, many oth- 
er combinations of colors and for a 
large number all three electron guns 
are operating to some extent. Ap- 
preciation of these facts concerning 
video signals and how they are formed 
will materially aid the technician in his 
work on color television receivers. 

Part 7. The color sync section-its job is to make 
certain that the correct colors are reproduced. 

THE SERVICE technician is by now 
fully acquainted with the function of 
the sync circuits in a black -and - 

white receiver. Briefly stated, they 
serve to maintain the picture in syn- 
chronism with the scene being trans- 
mitted by the station. In a color re- 
ceiver similar circuits are employed 
for the same purpose. In addition, 
color receivers must be told what col- 
ors to produce at each point in the pic- 
ture and for this purpose a special 
color sync signal is sent. This sync 
signal takes the form of a burst which 

is placed on the back porch of each 
horizontal sync pulse and consists of 
at least 8 cycles of the missing 3.58 
mc. color subcarrier. 

In the receiver this special color 
sync burst is separated from the rest 
of the signal and routed to a color sync 
section. (Here, again, the similarity 
to the sync pulses is apparent.) The 
purpose of the color sync section in a 
color television receiver is to insure 
that the color subcarrier which is re- 
combined with the received color sig- 
nal possesses the correct frequency and 

the proper phase. Both are important 
if we are to re -obtain the desired color voltages at the output of the I and Q demodulators. 

It may be well to recall at this point that each color is represented by a different angular position of the re- sultant 1 and Q vectors. See Fig. 1. For example, green is 61° behind the reference burst (in a counterclockwise 
direction); red is 77° ahead of the burst, etc. To produce a given color requires that the I and Q vectors com- 
bine with each other to produce a re - 
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sultant whose position occupies the 
angular position of that color. There 
is nothing fundamentally rigid about 
these different color positions. Actu- 
ally, all they represent is a system in 
which various colors are represented 
by certain angular positions with re- 
spect to a given reference. In the 
present instance, the phase of the color 
burst is the reference and the correct 
reproduction of the color scene at the 
receiver hinges on the fact that the 
phase of the color burst is fixed by the 
FCC and that the color subcarrier 
which is re-inserted in the color sig- 
nal has its phase established by the 
color burst. 

Should something occur at the trans- 
mitter which causes the color burst 
phase to vary, without a correspond- 
irg change in the angular positions of 
the various colors, then the set viewer 
will be treated to the spectacle of see- 
ing the various colors in the picture 
change. By the same token, any in- 
stability in the color sync circuits of a 
receiver will also lead to the develop- 
ment of the wrong colors. In fact, it 
has been found that a change of only 
± 5 degrees in the phase of the color 
subcarrier will produce a noticeable 
change in the color picture. From this 
it is evident that the tolerances in the 
color sync section are among the most 
stringent in the entire color receiver. 
It is safe to predict that many of the 
service technician's headaches will 
originate right here. 

There are several approaches to the 
development of 3.58 -mc. signals pos- 
sessing the proper phase and frequen- 
cy. One method, illustrated in Figs. 
2 and 4, employs an automatic phase 
control (a.p.c.) system in conjunction 
with a crystal oscillator. The input to 
the color sync section is at the burst 
amplifier. This stage is normally cut 
off (by a high positive voltage on the 
cathode) except when the color burst 
is passing through the receiver. At 
these instants, a negative pulse of 
about 37 volts is obtained from a wind- 
ing on the horizontal output trans- 
former and applied to the cathode of 
the color burst amplifier. The pulse 
counteracts the positive cathode volt- 
age and permits the tube to conduct, 
amplifying and then transferring the 
color burst to the following phase de- 
tector. 

The transformer in the plate cir- 
cuit of the burst amplifier has a high - 
impedance primary and a bifilar sec- 
ondary tightly coupled to the primary. 
The burst signal voltage is on the or- 
der of 60 volts peak -to -peak on either 
side of the secondary center tap. 

In the phase detector, two triodes 
are employed to compare the frequen- 
cy and phase of the received color 
burst with the frequency and phase of 
a locally -generated c.w. signal. The 
latter voltage is brought into the phase 
circuit via a color phasing amplifier 
and possesses an amplitude of 25 to 35 
volts peak -to -peak. If any phase dif- 
ference exists between the two signals, 
a correction voltage is developed at 
point "A" and fed to the grid of a re - 

Fig. I. Color phase diagram show- 
ing the positions of the various key 
colors and the I and Q vectors. The 
position of the color burst is shown. 

actance tube. Here it alters the effect 
of the reactance circuit on the 3.58 -mc. 
crystal oscillator and thereby causes 
the frequency of the oscillator to 
change. 

For a clearer analysis, the phase 
detector circuit is shown by itself in 
Fig. 3. The incoming burst appears 
across the full secondary of the phase 
discriminator transformer and since 
the center -tap of this winding is ef- 
fectively at ground potential (via C, 
which has negligible impedance at 
3.58 -mc.), the signal polarity at one 
end is 180° out -of -phase with the 
signal polarity at the other end. We 
can represent this relationship as 
shown in Fig. 5A. EN,, the burst volt- 
age applied to the cathode of one 
phase detector section is 180° out -of - 
phase with EG,, the voltage which the 
grid of the other phase detector sec- 
tion receives. 

At the same time, the cathode of V, 
and the grid of V, receive a portion 
of the generated 3.58 -mc. voltage from 
the color phasing amplifier. This volt- 
age, labeled EH, can be represented as 
shown in Fig. 5B. The resultants of ED 
and EA, and E. with E0, are also indi- 
cated in Fig. 5B and it can be seen that 
they are equal. That is, EA is equal to 
EB. This represents the condition when 
the generated 3.58 -mc. oscillations 
possess the proper frequency and 
phase with respect to the incoming 
color burst. There is no output voltage 
across C, and none to the reactance 
tube. 

Fig. 3. Phase detector circuit of the 
color sync section of the set of Fig. 4. 
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Fig. 2. Block diagram of a color 
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Fig. 5. Various voltage vector rela- 
tionships in the phase detector cir- 
cuit. (A) The incoming burst voltage 
applied to V, and V,. (B) The combi- 
nation of the burst voltage and color 
phasing voltage. (C) When the phas- 
ing voltage, E.,, lags (left) its normal 
phase, or when it leads it (right), 
the voltages across the phase de- 
tector tubes in Fig. 3 are unequal. 
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Fig. 6. Block diagram of a color sync 
section using a crystal ringing circuit. 

On the other hand, when the fre- 
quency of the generated 3.58 -mc. volt- 
age speeds up or slows down, one sec- 
tion of the phase detector conducts 
more heavily than the other and the 
reactance tube receives a correcting 
negative or positive voltage from the 
phase detector. Fig. 5C shows the po- 
sitions of E. for these two latter con- 
ditions. Notice in each instance that 

EA and E8 are no longer equal in 
length; in one case EA is greater than 
E8 and in the other case it is shorter 
than E8. 

The correcting voltage for the re- 
actance tube appears across condenser 
C, and is applied to grid 1 of the re- 
actance tube (point "A")., as explained 
previously. 

The plates of V, and V, do not enter 
into the operation of the phase detec- 
tor circuit. They merely serve as tube 
shields. In some later phase detector 
circuits 6AL5 double diodes are used, 
the plates of the diodes functioning as 
the grids do in the circuit of Fig. 4. 
Another possibility is to use triode 
tubes connected as diodes, with the 
plate tied directly to the grid. 

A color phase control in the output 
circuit of the color phasing amplifier 
permits manual adjustment of the 
phase of the local oscillator voltage 
applied to the phase detector. The 
range here is 150 degrees. This control 
is generally made available at the 
front panel (exposed or hidden behind 
a plate) to enable the set viewer to 
compensate for any color changes (i.e., 
shifts) in the color sync circuits. It is 
also possible for the phase of the color 
burst signal to be altered by passage 
through the receiver and manual ad- 
justment is necessary for proper color 
rendition. In viewing a picture, the 
color phase control is adjusted to 
achieve the most pleasing flesh tones 
or color of some familiar object. 

One other control in the phase de- 
tector circuit is the a.f.c. balance po- 
tentiometer. This enables the techni- 
cian to bring both sections oì the phase 
detector into balance should this ad- 
justment be required. 

The crystal oscillator also produces 
the 3.58 -mc. color subcarrier signal 
voltage needed by the I and Q demodu- 
lators. The I demodulator receives its 
voltage directly from the cathode of 
the oscillator tube. The 3.58 -mc. sig- 
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nal for the Q demodulator is fed first 
to a quadrature amplifier where the 
90° phase shift is introduced. Then 
it is transferred to grid No. 3 of the Q 
demodulator. Both 3.58 -mc. signals 
are on the order of 25 to 30 volts 
peak -to -peak amplitude at the demod- 
ulators. 

The final item in the color sync sec- 
tion is the color killer -stage. The grid 
of this tube ties into the phase de- 
tector at a point ("B" in Fig. 4) where 
a negative voltage is developed when 
a color burst (and, hence, a color sig- 
nal) is being received. The negative 
voltage is strong enough to bias the 
color killer tube to cut-off, even when 
its plate receives a positive pulse from 
the horizontal output transformer. 
With no current through the tube, no 
voltage is developed across the plate 
load resistor of this tube and no bias 
voltage is produced for the grid of the 
bandpass amplifier. This enables the 
bandpass amplifier to conduct. which 
is the desired condition when color sig- 
nals are being received. 

Consider, now, what happens when 
no color signal and hence no color 
burst is present. The voltage at point 
"B" becomes slightly positive and the 
killer tube conducts each time its plate 
is pulsed positively. The flow of cur- 
rent through the killer tube estab- 
lishes enough negative voltage across 
its plate load resistor to bias the band- 
pass amplifier to cut-off. This prevents 
extraneous information from reaching 
the color circuits and producing a ran- 
dom colored background. 

A second type of color sync section 
is shown in Figs. 6 and 7. This is seen, 
both from its block diagram and ac- 
tual circuitry, to differ in several im- 
portant respects from the a.p.c. sys- 
tem. The most important difference 
lies in the use of a crystal ringing cir- 
cuit as the generator of the 3.58 -mc. 
color subcarrier signal. This circuit 
takes the place of the previous crystal 
oscillator and the phase detector net- 
work and is seen to represent a saving 
in parts and tubes. Its method of op- 
eration is as follows. 

A quartz crystal is used which, 
when excited by the color burst at the 
start of each horizontal line, will con- 
tinue to "ring" or oscillate at its natu- 
ral frequency (here 3.58 mc.) for the 
duration of the line. A color burst 
from the burst amplifier activates the 
quartz crystal and because of its ex- 
tremely high "Q" (hence, low loss) it 
continues to oscillate with very little 
decrease in amplitude until the next 
burst arrives. The trimmer condenser 
in series with the crystal can change 
its resonant frequency by several hun- 
dred cycles and thus take care of nor- 
mal crystal tolerances. 

The stage following the crystal is an 
amplifier and the stage beyond that 
is generally a limiter to smooth out 
variations in the output of the ringing 
circuit. Output from the limiter may 
be used as one of the 3.58 -mc. driving 
voltages for the I or Q demodulators 
while the same output, passed through 
a 90° phase shifting network will pro - 
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vide the driving voltage for the other 
demodulator. 

The crystal ringing method is fairly 
simple and when properly designed 
will operate satisfactorily. It does not 
contain any particularly critical com- 
ponents and so will remain stable once 
it has been adjusted. 

A color killer network may be read- 
ily tied in with the ringing system. One 
approach to this is shown in Fig. 7. A 
portion of the oscillations developed by 
the crystal ringing circuit is fed to a 
double -diode rectifier. The circuit is a 
voltage -doubler and operates as fol- 
lows. During the positive half of the 
applied wave, tube V, conducts and ef- 
fectively charges condenser Ci to the 
peak value of the wave with a polarity 
as indicated in Fig. 7. On the negative 
half cycle, the applied voltage com- 
bines with the voltage present across 
C, to yield approximately twice the 
peak value of the 3.58 -mc. wave itself. 
Since the voltage is now negative, V2 
conducts and charges C, to approxi- 
mately the same value. The voltage 
across C: is negative with respect to 
ground and is high enough to bias the 
color killer tube to cut-off. This pre- 
vents the flow of current through this 
tube when the plate is triggered by 
positive pulses obtained from the hori- 
zontal output transformer. As a re- 
sult, no voltage is developed in the 
output circuit of the killer tube and 
so none can be forwarded to the grids 
of the I and Q demodulators. This per- 
mits the demodulators to accept color 
signals which is the desired action un- 
der these conditions. 

Consider now what happens when 
no color signal is present. At these 
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Fia. 8. Sync separator section of a color 
TV set. Note similarity to the circuits 
used for this function in monochrome sets. 

times there are no color bursts to ex- 
cite the ringing crystal and so no 3.58 - 
mc. oscillations are generated. That 
means that the color killer tube re- 
ceives no negative voltage from the 
preceding bias rectifier and therefore 
the killer tube is able to conduct freely 
whenever its plate is triggered posi- 
tively. This conduction leads to the 
development of a fairly large negative 
voltage in the plate circuit of the killer 
tube and this voltage is forwarded to 
the grids of the I and Q demodulators, 
keeping these latter stages in a cut-off 
condition. 

Sync Separators and A.G.C. 
The sync separator and a.g.c. sec- 

tions of a color television receiver do 
not differ either in form or purpose 
from the same stages of a black -and - 
white receiver. As proof of this, the 
sync separator stages of a color tele- 
vision receiver are shown in Fig. 8. 

The input signal is obtained from the 
video detector or some point immedi- 
ately thereafter and fed to the sync 
separator stages where as much of the 
video signal as possible is removed. In 
Fig. 8, the separated pulses then go to 
a phase splitter or inverter where pos- 
itive pulses are made available to a 
vertical blocking oscillator. At the 
same time, both positive and negative 
pulses are made available to the phase 
detector in the horizontal sweep sys- 
tem. Appropriate filters are inserted 
between the pulse take-off points and 
their respective sweep systems to re- 
move the undesired pulses and permit 
only the desired pulses to get through. 

The a.g.c. stage used in nearly all 
color television receivers is of the 
keyed or triggered variety, that is, 
positive pulses reach the plate of the 
tube at the same instant that positive 
horizontal sync pulses in the video sig- 
nal arrive at the control grid of the 
a.g.c. tube. The tube current that flows 
when these two pulses are active es- 
tablishes the negative bias voltage 
that is fed back to the control grids 
of several video i.f. stages and the grid 
of the r.f. amplifier. 

Many of the a.g.c. systems now em- 
ployed in monochrome sets may be 
used in color sets with similar results.. 
The introduction of the color signal 
has not basically altered the need for 
or purpose of automatic gain control. 

The deflection systems of most pres- 
ent-day color TV receivers, like the 
a.g.c. systems, strongly resemble their 
monochrome counterparts. These, to- 
gether with the high -voltage and con- 
vergence circuits, will be discussed 
next month. 

Part 8. The deflection and high -voltage systems 
of typical color TV sets using the tri -gun tube. 

THE deflection system of a tri -gun 
color television receiver possesses a 
marked similarity to the deflection 

system of a monochrome receiver. This 
is best illustrated by an examination 
of the deflection system of a color 
television receiver. 

In the vertical section, Fig. 1, there 
is an integrating network, a blocking 
oscillator, and an output amplifier. Ap- 
plication of the deflection voltage is 
made in the normal manner (i.e., via 
transformer) to the two windings of 
the deflection yoke. The only signifi- 
cant change from monochrome practice 
is the addition of a vertical convergence 
amplifier control which evidently sup- 
plies some voltage to a special ampli- 
fier. More on this presently. 

In the horizontal system, Fig. 2, 
there is a 6SN7 synchroguide horizon- 
tal oscillator and control tube, fol- 
lowed by a 6CD6 power output ampli- 
fier. The power requirements of the 
horizontal output stage in a color re- 
ceiver are greater than for a compar- 
able monochrome receiver because, 
first, three beams must be deflected 
instead of one. and second, a 20.000 
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volt accelerating voltage is required 
by the tri -gun color picture tube. In 
addition, there is also a special focus 
rectifier in the high -voltage system 

and it, too, must be supplied with 
power. 

The horizontal output transformer 
contains one main winding and several 

Fig. 1. The vertical sweep system of an RCA color set for a 15 -inch tube. Aside from 
the voltage made available for a vertical convergence amplifier, the circuit is identical to the vertical stages found in many black -and -white television receivers. 
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Fig. 2. Schematic diagram of the complete horizontal deflection system of an RCA 15 -inch. color television receiver. 

Fig. 3. A voltage -doubler circuit of 

the type used In monochrome sets for 
high voltage. The bottom of the pri- 
mary of T. appears grounded to the 
15.750 -cycle horizontal retrace pulses. 

auxiliary windings. The principal wind- 
ing provides connections for the plate 
of the 6CD6, the high -voltage recti- 
fiers, the deflection yoke, and the 6AU4 
damper tube. The auxiliary windings 
provide positive and negative trigger- 

ing pulses for the various a.g.c. and 
chrominance circuits, and heater pow- 
er for the high -voltage rectifiers. 

In the circuit of Fig. 2, three high - 
voltage rectifiers are employed to 
develop the 20,000 volt accelerating po- 
tential required by the tri -gun pic- 
ture tube. The circuit is apparently 
unlike any we have ever seen in mono- 
chrome receivers although the labeling 
on each tube does provide some clue 
as to its function. The first tube is 
labeled as the high -voltage rectifier, 
the second tube is called a diode cou- 
pler, and the final tube is the high - 
voltage doubler. 

To understand how this section op- 
erates, let us examine a high -voltage 
doubler that was used for a time in 
monochrome sets. The circuit is shown 
in Fig. 3. In brief, it operates as fol- 
lows: During the retrace interval, the 
voltage developed across the full pri- 
mary -secondary winding of the output 
transformer rises sharply to, say 11,000 
volts. This causes V. to conduct, and 

Fig. 4. Color TV high -voltage supply using a type 3A3 rectifier, especially 
developed for the high -voltage circuits of color receivers. Contrast this RCA 

circuit with the more complex arrangement shown in the circuit of Fig. 2. 
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C. charges to 11,000 volts (after the 
first few cycles) with the polarity as 
indicated. In the longer interval be- 
tween retraces, C. and C2 are seen to 
be essentially in parallel with each 
other through the primary -secondary 
winding of T. and RJ, R,, and R5. Hence, 
C2 also charges up to the full. 11,000 
volts. 

At the next retrace interval, 11,000 
volts once again appears across the 
transformer. If we pause at this mo- 
ment and add up the voltages existing 
between point "A" and ground, we see 
that the transformer voltage and the 
voltage across C2 are equal to 22,000 
volts. This potential is applied to V2, 

causing this tube to conduct, and C, 
charges to 22,000 volts with the polari- 
ty indicated. Losses in the circuit plus 
the current drain on the power supply 
by the picture tube usually reduce the 
output voltage to some value less than 
twice the peak applied pulse, say 
20,000 volts. 

It can be seen from the preceding 
discussion that the purpose of the re- 
sistive network of R.I, R,, and R5 is to 
help transfer the charge from C, to C2 

and thereby assist in the voltage dou- 
bling action. The same job can be ac- 
complished more efficiently (i.e., with 
less high -voltage power loss) by sub- 
stituting a diode for the resistive net- 
work. When this is done, the circuit 
of Fig. 3 becomes equivalent to that of 
Fig. 2. 

Within the same high -voltage supply 
of Fig. 2 is a special triode (6BD4) 
labeled a shunt regulator. The purpose 
of this tube is to maintain a constant 
load on the high voltage power supply 
so that changes in picture contrast will 
not cause the high voltage to change. 

} 
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with corresponding variations in bright- 
ness, focus, and deflection (i.e., picture 
size). What the regulator tube does, 
in essence, is vary its internal resist- 
ance in a manner opposite to the cur- 
rent drawn by the picture tube. For 
example, when a bright element is be- 
ing traced out on the screen, picture - 
tube current is high and the drain on 
the high -voltage power supply is in- 
creased. During this interval the drain 
of the regulator tube is reduced by a 
proportionate amount. 

Conversely, when a darker portion of 
the picture is being traced out, the 
current requirements of the picture 
tube are reduced. This reduction would 
tend to cause the high voltage to rise 
were it not for the fact that now the 
regulator tube increases its current 
drain, thereby maintaining a constant 
over-all load on the power supply. And 
this, in turn, keeps the high voltage 
constant. 

The shunt regulator accomplishes its 
purpose in a relatively simple manner. 
The tube is shunted across practically 
all of the high voltage bleeder. The 
plate of the tube goes to the top of the 
bleeder network while the cathode is 
returned to a positive potential point, 
in this instance about 400 volts. The 
grid is then tapped into the bleeder 
network at a point which will provide 
it with the necessary bias voltage with 
respect to the cathode. 

The circuit is now ready to function. 
If the high voltage rises, due perhaps 
to less current drain by the picture 
tube, then this increase, in part, will 
be transmitted to the grid of the regu- 
lator triode because of the grid tap 
on the high -voltage bleeder string. A 
more positive grid means increased 
tube current flow and if the circuit has 
been properly designed, this increased 
current will just take up the slack 
shed by the picture tube and bring the 
high voltage down to its correct level. 
On the other hand, when the picture 
tube draws more current, the high 
voltage has a tendency to drop. This 
lowers the voltage across the bleeder, 
providing less positive voltage for the 
shunt regulator and thereby driving its 
grid more negative. This reduces the 
current drawn by the regulator and 
tends to counteract the increased pic- 
ture tube current. Again, the high - 
voltage system sees a fairly constant 
load and its voltage value remains 
stable. 

The focus rectifier, a 1X2A, is con- 
nected to a lower point on the output 
transformer 

. winding than the high - 
voltage rectifier and, in consequence, 
develops a lower output voltage. The 
voltage ordinarily required by the 
focus electrode in the tri -gun picture 
tube is in the neighborhood of 2500 to 
5000 volts. The need for a separate 
rectifier stems from the appreciable 
amount of current, that the focus elec- 
trode draws. 

The convergence electrode of the 
picture tube must also have a high 
voltage, between 8500 and 10,500 volts, 
but since the current drawn by this 
element is practically nil, the voltage 
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BEAM TO REMAIN CONVERGED 
AT ALL POINTS 

Fig. S. Electron beams are not converged 
at edges of flat screen because it does 
not conform to the arc of focus points. 

can be obtained directly from the 20,- 
000 volt line by simply inserting a re- 
sistive divider network between the 
20,000 volt line and chassis ground. 
This is the procedure followed in the 
circuit of Fig. 2. 

The damper tube in the output cir- 
cuit absorbs whatever excess energy 
is developed during the horizontal re- 
trace interval and converts this into 
an equivalent amount of voltage which 
is then combined with the receiver 
"B+" to provide a boosted "B+" volt- 
age. In the circuit of Fig. 2, this 
boosted "B+" is employed only by the 
plate of the 6CD6 horizontal output 
amplifier. 

Electrical centering is usually em- 
ployed with the tri -gun color picture 
tube. For this purpose there are ver- 
tical and horizontal centering potenti- 
ometers, each with enough d.c. poten- 
tial difference across it to achieve the 
picture centering variation. 

While many of the initial receivers 
employed three high -voltage rectifiers, 
subsequent models functioned satisfac- 
torily with a single high -voltage tube. 
The circuit shown in Fig. 4 uses a new- 
ly -designed 3A3 high -voltage rectifier. 
19,500 volts are developed directly and 
this value is maintained by a 6BD4 

shunt regulator. Aside from this 
change, the rest of the circuit is simi- 
lar to that of Fig. 2. 

Also used to some extent instead of 
the 6BD4 is a 6353 gaseous regulator. 
The unit is shaped in the form of a long, 
narrow cylinder which is filled with 
hydrogen gas. Operation of this recti- 
fier is similar to VR tubes where the 
current drain is dependent on the ap- 
plied voltage. As the voltage attempts 
to rise, the current drain increases and 
this keeps the voltage from rising. The 
6353 may be considered as a passive 
regulator in that the applied voltage 
must exceed a certain level before the 
unit will begin to function. Electronic 
regulators, such as the 6BD4, are capa- 
ble of providing more effective control. 
Their cost, however, is higher now. 

Convergence Amplifiers 

The one remaining section of a color 
television receiver still to be examined 
is the convergence amplifiers. It was 
probably noted in some of the previous 
diagrams that there were voltage take- 
off points in the output stages with 
the notation, "to convergence ampli- 
fier." A typical circuit to which these 
voltages are fed is shown in Fig. 6, 
but before we undertake an examina- 
tion of how these stages operate, it 
may not be amiss to review briefly 
what they do and why they are needed. 

The scanning surface of the fluores- 
cent screen in the picture tube is either 
flat or slightly curved. The same is 
true of the shadow mask which is po- 
sitioned slightly in front of the phos- 
phor dot screen. Now, in order to ob- 
tain an image which possesses the cor- 
rect colors and is properly focused, two 
independent actions must occur. First, 
to have each of the three electron 
beams strike only one color, it is nec- 
essary that the beams pass through 
the same hole on the shadow mask at 
the same time and strike individual 
phosphor dots. 

When the beams are in the center 
of the screen, we can cause them to 
converge properly by adjustment of 
the d.c. voltage which is applied to 
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Fig. 6. Schematic diagram of a 
convergence circuit employed in 
a typical color television set. 
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VEPi1CAL PARABOLA AND - ,AWTOOTM 

(A) 

VERTICAL DYNAMIC CONVERGENCE PARABOLA 

(B) 

VERTICAL PARABOLA AND + SAWTOOTM 

VERTICAL 
COMPONENT 

(E) 

(C) 

HORIZONTAL 
COMPONENT 

Fig. 7. (A), (B), and (C) show the ver- 
tical dynamic convergence waveforms em- 
ployed in the circuit of Fig. 6. (D) is 
the convergence waveform in the horizon- 
tal circuit, and (E), the resultant para- 
bolic waveform which is combined with 
the d.c. focus and convergence voltages. 

the convergence electrode in the pic- 
ture tube. This adjustment, however, 
is effective only in the center of the 
screen. As the beams move away from 
the center, they tend to converge at 
points in front of the mask because the 
distance from the flare of the tube to 
the center of the screen (or mask) is 
less than the distance from the flare 
to the ends of the screen or mask sur- 
faces. See Fig. 5. 

A similar situation exists for beam 
focus (at the phosphor dot screen). 
That is, a beam properly focused at the 
center of the screen will move pro- 
gressively out of focus the farther it 
swings from the center. 

To correct both of the foregoing con- 
ditions, we need a special parabolic 
voltage (shown in Fig. 7B) which, 
when added in series with the d.c. focus 
and convergence voltages, causes them 
to change (i.e., increase) as the beam 
moves away from the center of the 
tube. It is the purpose of the con- 
vergence amplifiers to provide such a 
correcting voltage. 

A 12AU7 dual -triode amplifier in 
Fig. 6 functions as the vertical con- 
vergence amplifier. The input to the 
first triode, V,, is obtained from the 
vertical output amplifier. One line, 
from the vertical amplifier V, plate, 
develops a parabolic wave across R,. 
This is the "Vertical Convergence Am- 
plitude Control" and it controls the 
amplitude of the parabolic wave reach- 
ing V,. The variation extends from 0 
to 200 volts peak -to -peak. 

A second control in the input circuit 
of V, is the shape control, R2. This 
varies the tilt of the parabolic wave 
by introducing either a positive or a 
negative saw -tooth voltage. The lat- 
ter is obtained from either the plate 
or cathode of the vertical output am- 
plifier, depending upon the position of 
the center arm of the shaping control. 
(R, has one end connected to the plate 
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Fig. 8. Picture tube brightness 
controls of the three -gun color 
TV tube. (A) shows the ac- 
tual control circuits. (B) is 
a simplified version of them. 

of V, and the other end to the grid. The 
signal shift between these two circuits 
is 180° and by altering the position of 
the movable arm of R2, we can add 
positive or negative saw -tooth voltage 
to the parabola appearing across R1. 

At some intermediate point on R2, zero 
saw -tooth voltage is applied to Vi.) 

The voltage reaching the grid of V, 
is amplified, first by V, and then by V2. 

After that it is transferred to T, where 
it combines with the horizontal con- 
vergence voltage. The latter signal is 
developed by tapping off a negative 
pulse from a winding on the horizontal 
output transformer and feeding this 
pulse to two series -tuned resonant cir- 
cuits, Li and L2. The waveform present 
across L, is shown in Fig. 7D. It is 
essentially a sine wave but with enough 
parabolic curvature to adequately per- 
form its function. R2 controls the am- 
plitude of the horizontal convergence 
waveform. The movable slug in L, con- 
trols the phase of the waveform at 
minimum setting of R, while the slug 
in L2 controls the waveform phase at 
maximum setting of R,. 

The horizontal and vertical conver- 
gence circuits combine their output 
voltages via C2, C,, and RI, producing 
the resultant waveform shown in Fig. 
7E. This voltage is then appropriately 
combined with the d.c. focus and con- 
vergence voltages and applied to the 
corresponding electrodes in the tri -gun 
picture tube. 

In monochrome receivers, the pic- 
ture tube has a single brightness con- 
trol which is used to vary the back- 
ground or over-all screen illumination. 
All other d.c. potentials on the tube are 
fixed at certain specified values. In 
the tri -gun color picture tube, we are 
dealing with three separate electron 
guns and three separate phosphors. 
Not all the phosphors possess the same 
efficiency; red, for example, has the 
lowest efficiency and hence requires the 
highest beam current. Failure to pro- 
vide for this will give the screen a 
bluish -green tinge. In consequence, 
the screen and control grid voltages for 
each of the three electron guns are in- 
dividually adjustable. See Fig. 8. 

The controls in the cathode leg of 
the picture tube determine control - 
grid bias. The higher the arms move 
up on the controls, the more negative 
the control grids become. The green 
and blue guns possess the same bias 
as the red gun only when their poten- 
tiometer arms are at the bottom of the 
controls (maximum counterclockwise 
position). For all other settings of 
these two controls, the blue and green 
guns have a more negative grid, hence 
less gun current. 

A sample procedure indicating how 
these six controls are adjusted is as 
follows. (The control -grid potentiome- 
ters are frequently called the back- 
ground controls.) 

1. Set the three screen -grid controls 
to maximum. 

2. Set the background controls to 
produce a grey picture at low bright- 
ness. 
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3. Turn up the brightness control. 
(Note that this is the red background 
control. It is the only one of the group 
that extends to the front panel.) 

4. As the brightness is increased, 
note which color becomes dominant 

and the screen -grid voltage on the gun 
associated with this color. 

5. Reduce the brightness and reset 
the background controls. 

6. Repeat steps 3, 4, and 5 until no 

color tinting can be observed over the 
normal range of brightness levels. 

The proper setting of the back- 
ground and screen -grid controls to pro- 
duce a black -and -white picture is also 
the proper setting for color reception. 

Part 9. Concluding article analyzes a color TV receiver 

which uses R -Y, 8-Y demodulation rather than l and Q. 

THE color television receivers which 
have been produced to date can be 
divided into two categories: those 

which utilize the full color signal to 
develop a picture on the screen and 
those which use only part of the color 
information. We have, in previous 
articles, discussed receivers in the first 
category. In the present article we 
will turn our attention to receivers in 
the second category. 

By way of review, we have seen that 
a complete color signal consists of 
the following: 

1. A monochrome signal with com- 
ponents that extend from 0 to 4 mc. 
This is the Y signal. 

2. A color subcarrier whose fre- 
quency is set at 3.58 mc. (actually it is 
3.579545 mc.) . 

3. This color subcarrier is modulated 
.by two color signals called the I and 
Q signals. 

4. The Q signal has color frequen- 
cies that extend from 0 to 500 kc. or 
.5 mc. This means that the upper Q 
sideband extends from 3.58 mc. up to 
3.58 + .5 or 4.08 mc. The lower Q 
sideband goes from 3.58 mc. down to 
3.58 -0.5 or 3.08 mc. 

5. The 1 signal has color frequen- 
cies that extend from 0 to 1.5 mc. 
When this modulates the color sub - 
carrier, upper and lower sidebands are 
formed. The lower sideband extends 
from 3.58 mc. down to 3.58 -1.5 or 
2.08 mc. If the full upper sideband 
were permitted to exist, it would ex- 
tend all the way up to 3.58 + 1.5 or 
5.08 mc. Obviously this would prevent 
the use of a 6 mc. over-all band for 
the television signal (video and 
sound). To avoid this spilling over 
beyond the limits of the already estab- 
lished channels, the upper sideband of 
the I signal is limited to about .6 of a 
megacycle. This brings the upper side - 
band of the I signal to 4.2 mc. 

The need for two color signals of 
unequal bandwidth stems from the 
color characteristics of the human eye. 
Three primaries are required only for 
relatively large colored areas or ob- 
jects. On a television screen, these are 
the objects produced by video fre- 
quencies from 0 to .5 mc. For medium- 
sized objects (those produced by video 
signals from .5 to 1.5 mc.), the eye is 
sensitive only to bluish -green or red- 
dish -orange. The NTSC signal, via its 
I component, is fashioned to take ad- 
vantage of this characteristic, 

We know that when we present all 
the color of which the NTSC signal 
is capable, a very pleasing picture is 
obtained. Just how much less color 
the eye can take in a picture and still 
be satisfied is as yet unknown. How- 
ever, some color receiver manufac- 
turers have designed (and produced) 
color sets in which the bandpass of 
the color signal is limited to about 
.5 or .6 mc. 

Here is the basis for this action. A 
color picture signal can be represented 
by the following equation: 
Er = Er + EQsin (wt + 33°) + E,cos 

(wt + 33°) (1) 
The Er term, of course, represents 

the monochrome portion of the signal. 
The EQ and E, represent the color volt- 
ages. Since EQ is multiplied by sin 
(wt -I- 33°) and E, is multiplied by cos 
(wt + 330), the EQ and E, signals are 
90° out -of -phase with each other. (Sine 
and cosine functions are 90° out -of - 
phase with each other.) This, of 
course, is well-known by now. 

If we now limit the color video 
frequencies to a maximum of .5 mc., 
it can be shown that equation (1) 
becomes: 
Er = Er + .492 (ER -Er) sin .,t + .877 

(ER -Er) cos wt (2) 
Er remains unaltered since nothing 

has been done to affect it. However, 
in place of EQ we now have ER -Er and 
in place of E, we have ER -Er. Also, 
we note that ER -Er is multiplied by sin 
wt instead of sin (wt 33°). Therefore, 
ER -Er is shifted 33° from the EQ posi- 
tion on the color phase chart. See 
Fig. 2. The same situation is true 
of E, and its replacement ER -Er. Thus, 
if you take an incoming color signal 
containing E, and EQ voltages and 
shift the phase of the re-inserted car- 
rier by 33°, you obtain (at the output 
of the demodulators) ER-Ey and ER - 
Er signals. 

This, then, is the basis of color re- 
ceivers which have their color band- 
pass restricted to .5 mc. All large de- 
tail in a picture produced by such a 
receiver would be colored in the same 
way and to the same extent as in an 
I and Q demodulator system. How- 
ever, above .5 mc., all detail in the 
picture is in black and white (or 
monochrome) and so we can say that 
the over-all picture is less colored in 
an ER E , ER -Er system than it is in 
an I and Q set. 

At this point, the reader might very 
well ask, "Why use the modified sys- 
tem if it provides less color in the 
picture?" The answer, supposedly, 
lies in certain economies which can be 
effected in the ER -Er, ER -Er method. 
Whether or not this is so -and there 
is considerable difference of opinion 
on this point -our primary interest is 
circuit design and this will now be 
examined. 

The block diagram of an R -Y, B -Y 
color receiver is shown in Fig. 1. The 
r.f. and video i.f. sections are similar 
to those of other color receivers dis- 
cussed in previous articles. The gain 
of the r.f. tuner and the i.f. stages is 
controlled by an a.g.c. voltage derived 
from a conventional a.g.c. keyer tube. 

The video i.f. system feeds its sig- 
nals to two separate detector circuits. 
One detector is designated as the Y 
detector and its output consists of the 
usual monochrome video and sync in- 
formation. The Y detector output is 
applied to a cathode follower, which 
transfers the video signal to two Y 
amplifiers and beyond this to the color 
circuits for combination with the R -Y 
and B -Y voltages. A 1 microsecond 
time delay network between the first 
and second Y amplifiers slows down 
the monochrome signal so that it is 
in step when it recombines with the 
color components in the matrix. (The 
latter, as we shall see, is considerably 
less complex in these receivers than 
in I and Q sets.) 

The Y detector also provides the sig- 
nal for the receiver's sync system. 
The second of the two detectors 
is the chrominance (chroma) detec- 
tor and it delivers two output signals. 
One signal is the conventional 4.5 mc. 
intercarrier sound i.f. signal which is 
then passed, in turn, to a 4.5 mc. am- 
plifier, a limiter, a ratio detector, and 
two audio amplifiers in the usual man- 
ner. The other signal is the color sig- 
nal and it is applied to a chroma am- 
plifier. See Fig. 3. At the output of 
this amplifier, the signal is applied to 
two separate sections of the color sys- 
tem. Part of the signal goes to a 
burst gate amplifier. The other por- 
tion is transferred to a chroma cath- 
ode follower and from here to grid 3 
of the 6BE6 R -Y and B -Y detectors. 
A chroma control in the cathode leg 
of the cathode follower stage is me- 
chanically ganged to the contrast po - 
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color TV receiver using the B -Y, R -Y 

system of color signal demodulation. 
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Fig. 2. Color phase diagram showing 
the position of the B -Y and A -Y vec- 
tors relative to the I and Q vectors. 

tentiometer in the Y cathode follower 
circuit so that both the Y and color 
signals will be similarly affected when 
the controls are rotated. 

The burst gate tube is normally 
biased to cut-off. However, during the 
horizontal retrace interval, it is driven 
into conduction by a pulse obtained 
from a winding on the horizontal out- 
put transformer. The tube conduction 
period lasts just long enough to pass 
the color burst. After this, the pulse 
disappears and the burst gate ampli- 
fier lapses back into cut-off. 

The color burst which the burst 
gate amplifier passes is used to shock - 
excite a crystal ringing circuit. The 
oscillations are amplified, then limited, 
and finally transferred to the R -Y, B -Y 

detectors. A 90° phase -shifting net- 
work in the plate circuit of the limiter 
provides the two demodulators with 
3.58 -mc. signals that are 90° apart. A 

prior hue control, in the output cir- 
cuit of the amplifier, permits the set 
owner to make a limited correcting 
adjustment in the phase of the gen- 
erated 3.58 -mc. oscillations. The con- 
trol is set to natural flesh tones. 
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r2 

Fig. 3. Partial sche- 
matic diagram of the 
G -E color receiver 
showing the two 
video detector circuits. 
the chroma amplifier. 
and the sound takeoff. 
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The two color detectors, Fig. 5, now 
have all of the ingredients needed to 
recreate the demodulated color video 
signals. The output circuits of both 
6BE6's are almost identical because 
both color systems now have the same 
bandpass, 0 to .5 mc. (In practice, the 
bandpass frequently extends a little 
more than this, perhaps to .6 or .7 
mc.) This arrangement obviates the 
need for any special delay lines in 
the color circuits; the only delay line 
in the receiver is that found in the Y 

section. 
The R -Y and B -Y detectors are each 

followed, in turn, by an amplifier and 
then the signals are divided between 
two separate signal paths. First, por- 
tions of the output voltages from both 
amplifiers are fed to a simple resistive 
adder (R1, Rî, and R3) to form a nega- 
tive G -Y signal. This is possible be- 
cause, as shown in Part 2 of this 
series, - (G -Y) = .51 (R -Y) + .19 (B -Y) 
The specific proportions are developed 
by the adder network and fed to a 
G -Y amplifier. Here the signal is in- 
verted, giving us the needed G -Y. Now 
we have all three color -minus -bright- 
ness signals (R -Y, B -Y, and G -Y) and 
by simply adding +Y to each, we 
obtain the original red, blue, and 
green video signals. The addition of 

Fig. 4. Color killer circuit of the G -E set. 
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Fig. 5. Circuitry of the R -Y and B -Y demodula- 
tors of the G -E set. Note the resistor network 
for combining R -Y and B -Y signals to form G -Y. 

+Y takes place via R,, R.;, and R. 
(Fig. 5). 

The output section of the chro- 
minance portion of the receiver con- 
sists of separate channels for the red, 
green, and blue color signals. Each 
branch has two amplifiers and a d.c. 
restorer. The amplifiers use degenera- 
tive feedback to reduce their input 
impedance and to enable the proper 
mixing action to occur between the 
color -minus -brightness signals and the 
Y signal. 

A color killer circuit is also em- 
ployed in this system to prevent the 
appearance of any spurious color sig- 

nais when a black -and -white program 
is being viewed. The grid of the killer 
triode, Fig. 4, is connected to the grid 
of the 3.58 -mc. limiter tube. When no 
color signal is being received, the 3.58 - 
mc. crystal is quiescent and the grid - 
leak bias on the limiter tube is zero 
Under these conditions the color 
killer tube conducts whenever its 
plate receives a positive pulse from 
the horizontal output transformer. 
The resulting current flow develops a 
negative charge across C3 and this, 
added to the -2.5 volts normally 
present across the condenser, is suf- 
ficient to bias all R -Y, B -Y, and G -Y 

amplifiers to cut-off. 
When a color signal is received, the 

3.58 -mc. generated oscillations devel- 
op enough negative grid -leak bias on 
the limiter grid to cut off the color 
killer tube. This prevents the tube 
from conducting, even when pulsed, 
and the only negative voltage appear- 
ing across C1 is the -2.5 volts from 
the receiver power supply. This volt- 
age is not sufficient to prevent the col- 
or -minus -brightness amplifiers from 
operating. 

The remaining circuits of an R -Y, 
B -Y receiver are similar to those in 
I, Q receivers. - 
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THE MOTOROLA 

19" COLOR TV RECEIVER 

By M. S. KAY 

Part 1. First complete analysis for service technicians 

of the first 19 -inch color TV receiver widely available. 

ONE of the first color television re- 
ceivers to appear on the market 
using the 19" CBS color tube was 

the Motorola TS902A-03. This chassis 
used 29 circuit tubes, a 19VP22 19 - 
inch tricolor picture tube, three ger- 
manium diodes, and three' selenium 
rectifiers. Power consumption of the 
total receiver was a very moderate 375 
watts. 

The tremendous progress which com- 
mercial color television had made in 
less than one year after its official 
adoption is best revealed by the fact 
that relatively so few tubes are re- 
quired to present a full color picture. 
When it is recalled that the first color 
receiver, the RCA CT -100, had 36 tubes, 
3 germanium diodes, and 2 selenium 
rectifiers (plus a 15GP22 color tube) 
only 9 months before, we realize that 
a 20 per -cent reduction in so short a 
time is a remarkable feat. 

A block diagram of the Motorola re- 
ceiver is shown in Fig. 1. Of the r.f. 
and video i.f. stages, little need be 
added to what has already been said 
in prior articles appearing in this book. 
Actually, this Motorola set uses the 
same circuits here that they ordinarily 
use in their black -and -white receivers 
with some minor modifications to en- 
compass the wider composite color sig- 
nal. Also, sound take-off is accom- 
plished at the plate of the 3rd video 
i.f. rather than beyond the second de- 
tector. This enables the circuit design- 

ers to impose additional attenuation 
on the sound carrier prior to the video 
detector in order to minimize the ap- 
pearance of the 920 kc. signal obtained 
when the sound and color subcarrier 
signals beat with each other. 

Of particular interest here are the 
circuits which are found beyond the 
video detector. The schematic diagram 
of Fig. 2 reveals two video amplifiers 
which resemble monochrome video am- 
plifiers except for the lack of special 
peaking coils in the output of the first 
video stage. However, it will be noted 
that the principal load resistor for Va. 
is only 820 ohms (R92), a value low 
enough to maintain the amplifier re- 
sponse up to 4 mc. In the output of 
the 2nd video amplifier there is com- 
pensation and hence higher value load 
resistors are permissible. 

Both the color and monochrome 
components of the composite signal 
remain together through both video 
amplifiers. Separation then takes place 
at the plate of the 2nd video amplifier. 
The brightness component is led off to 
a separate brightness output amplifier 
(V., a 12BY7) via R. and L40, a .6 - 
microsecond delay line. (The reduction 
in delay time from the usual 1 micro- 
second to .6 microsecond will be dis- 
cussed presently). At the same time, 
the chrominance portion of the signal 
appears across ROTA and R., and is ap- 
plied to a 12BY7 bandpass amplifier, 
V8. Just how much chrominance signal 

Side and rear views of the Motorola 
color TV set showing the double chas. 
sis setup. The vertical chassis con- 
tains most of the chrominance circuits. 

reaches V. is governed by the setting 
of ROTA. This potentiometer, the con- 
trast control, acts in conjunction with 
R.5 in the cathode leg of the bright- 
nes output amplifier. Both are me- 
chanically ganged, permitting the 
simultaneous adjustment of the chrom- 
inance and monochrome signal levels. 
A separate control is available at a 
subsequent point in the color system 
to permit independent adjustment of 
the color intensity of the picture. 

Brightness Signal. The brightness or 
monochrome signal is amplified by V. 
and then passed through a 3.58 -mc. 
filter before being applied to all three 
cathodes of the picture tube. The 3.58 - 
mc. trap serves to attenuate any color 
sidebands that may be present at this 
point. The trap also tends to limit the 
bandpass of this circuit to a value 
somewhere between 3 and 3.2 mc. 
Hence, in spite of the fact that mono- 
chrome signals up to 4.2 mc. are in- 
itially sent from the station, only those 
frequencies up to 3.2 mc. are actually 
effective in developing the picture. 

The monochrome signal at the pic- 
ture tube cathode has negative polar- 
ity, a condition that is required for the 
proper combination of the brightness 
and chrominance components of the 
color signal. Actually, the matrixing 
of the two portions of the color signal 
occurs within the picture tube itself 
rather than in a separate resistive 
network. 

Bandpass Amplifier. The color sig- 
nal, once it leaves the 2nd video ampli- 
fier, travels to V8. A potentiometer in 
the cathode leg of this tube varies the 
gain of this stage and since only the 
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color portion of the signal is thus af- 
fected, the control is labeled on the 
diagram as the chroma control. For 
the consumer, this knob is labeled "col- 
or intensity," this being considered 
more descriptive of its action. Maxi- 
mum gain occurs when the knob is 
fully clockwise so that the 10,000 -ohm 
resistor is completely out of the circuit. 

'The color burst signal also passes 
through the bandpass amplifier. To in- 
sure that sufficient burst voltage is 
available at all settings of the chroma 
control, a special positive pulse is fed 
into the grid circuit of V3, the bandpass 
amplifier. This pulse is obtained from 
the horizontal output transformer and 
is so timed that it arrives at the same 
instant as the color burst. The pulse 
decreases the bias on the tube, causing 
it to furnish more plate current during 
this interval. In this way, a color burst 
signal is obtained which, at every set- 
ting of the chroma control, is strong 
enough to adequately drive the color 
a.f.c. network. 

A 1N60 germanium diode is con- 
nected between the chroma control 
and the grid circuit to maintain the 
amplitude of the burst signal at its 
most efficient level. Here is how it 
does this. The cathode end of the 1N60 
is connected to the top end of the 
chroma control and hence is subject to 
whatever positive potential exists at 
this point. Let us say this is + 5 
volts. The other end of the 1N60 con- 
nects to R,, a 10,000 -ohm resistor in 
the grid circuit of V,. This same re- 
sistor develops the positive boosting 
pulse. If the pulse raises the voltage 
across R2 above + 5 volts, the 1N60 
conducts and serves to maintain the 
voltage across R102 at the same level as 
the voltage across the chroma control. 
When the chroma control is completely 
in the circuit, V. grid bias is greater 
and more positive boost voltage is re- 
ceived for the arriving color burst. On 
the other hand, when the chroma con- 
trol is completely out of the circuit, V. 
is operating at full gain. At this point 
no intensifying pulse is needed and 
none actually reaches it because the 
1N60 tends to maintain the voltage 
across R,,., at zero volts. 

Burst Amplifier. The output of the 
bandpass amplifier is applied to two 
points: a bandpass cathode follower 
and a burst amplifier. Considering the 
latter first, the signal is brought to the 
amplifier by way of L2,,. L. and 
form a 3.58 -me. tuned step-up network 
in which the applied burst voltage is 
actually fed to the grid of V.6.4 in 
greater amplitude than it is applied. 
Adjustment of C. will vary the phase 
of the burst which the burst amplifier 
receives. When the circuit is precisely 
tuned to 3.58 mc., the signal developed 
by the circuit will have the same phase 
as that of the incoming burst signal. 
If C_.,,, is detuned, the signal developed 
by the resonant circuit will either lag 
or lead the incoming burst signal. 
Since the color a.f.c. stage receives 
the burst from this amplifier, it will 
shift the phase of the generated 3.58 - 
mc. subcarrier to follow suit. This, in 

turn, will alter the colors produced on 
the screen. Because of this action, the 
shaft of C. is extended to the front 
panel and labeled "color shading con- 
trol. Its proper setting is determined 
by the set user according to the color 
of some familiar object. 

The burst amplifier stage shown in 
Fig. 2 appears to have no "B+ screen 
voltage. Instead, the grid is connected 
to a special winding on the horizontal 
output transformer and from this 
point it receives periodic positive 
pulses. These pulses are timed to ar- 
rive with the color bursts and possess 
sufficient amplitude to drive the tube 
into conduction. R2,,, R2,2, and Cm, serve 
as a phase shifting and shaping net- 
work to insure that only the color 
burst passes through the stage. The 
action of the network is illustrated in 
Fig. 3. 

Color Sync Section 
The entire color sync section, con- 

sisting of V2,A, V2e11, V2SA, V269 and 
V2:2 is sufficiently similar to the color 
sync sections discussed in previous ar- 
ticles reproduced in this book not 
to warrant any additional explanation 
here. Of interest, however, is the phase 
shifting network, T2,,, which provides 
two 3.58 -mc. signals to the color de- 
modulators which are 90° out -of -phase 
with each other. 

The network is shown by itself in 
Fig. 4A. The plate of the buffer con- 
nects to the top of Lt and it is from 
this point that the R -Y demodulator. 
obtains its 3.58 -mc. signal. On a vector 

diagram of this network, then, we can 
use the R -Y vector as our starting 
point. See Fig. 4B. Let us call the 
voltage across L2,,, E,. This same volt- 
age also appears across the series com- 
bination of Cn, and C2 and divides 
across them in inverse ratio to their 
capacitance. Of interest is the voltage 
across C., and this is shown as E. in 
Fig. 4B. E. is also the voltage which is 
applied across the series combination 
of C211 and L2ß,. Since this combination 
is resonant to 3.58 -mc., whatever cur- 
rent flows through C.2 and L. will be 
in phase with E2. This current is 
labeled I2 in Fig. 4B. The voltage drop 
produced across L. by I2 leads the 
current by 90°. This is E. and is the 
3.58 -mc. voltage which the B -Y de- 
modulator receives. 

Of interest to the service technician 
is the manner in which this circuit 
would be adjusted. A v.t.v.m. is con- 
nected to the cathode of VA, the R -Y 
demodulator by means of a chassis test 
point through a 100,000 -ohm isolating 
resistor. The ground terminal of the, 
meter goes to the receiver chassis. 
With the receiver in operation, a d.c. 
voltage will appear at the cathode of 
V264 because the diode is detecting the 
applied 3.58 -mc. oscillations. This volt- 
age will be somewhere in the neighbor- 
hood of 25 volts. The slug in L2 is 
now adjusted until the v.t.v.m. reading 
is maximum. 

The next step is to adjust L. and a 
moment's reflection will reveal that. 
since C.,, and L. form a series reso- 
nant circuit, they will impose maxi - 

Fig. 1. Block diagram of the Motorola 19 -inch color TV receiver. The pulse fed 
to the bandpass and burst amplifiers is obtained from the flyback transformer. 
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mum load across the rest of the 
quadrature network when they are 
tuned to 3.58 -mc. Hence, the slug in 
Lam is rotated until the meter at the 
cathode of V. dips. To insure that 
the alignment is precise, the over-all 
procedure is repeated several times 
until no further adjustments are 
required. 

Important, also, to the service tech- 
nician is the manner in which the en- 
tire color oscillator a.f.c. system would 
be aligned. In black -and -white re- 
ceivers the only a.f.c. system used is 
that found in the horizontal deflection 
section; in color sets we not only have 
the latter, but the a.f.c. network in the 
color sync section as well. 

First, connect a v.t.v.m. to the cath- 
ode of V204 (Fig. 2) using a 100,000 -ohm 
isolation resistor. The meter should 
read approximately 12 volts of 3.58 mc. 
oscillator injection. (Short the control 
grid of VGA to ground to eliminate 
spurious incoming signals.) 

Next, remove the short circuit from 
the VWA grid and tune in a color sig- 
nal. Set the color shading control to 
midrange. Fully retract the slugs of 
the burst amplifier grid coil, Lra, and 
T., the coupling transformer to the 
a.f.c. circuit. Adjust both slugs for 
maximum v.t.v.m. readings. This in- 
sures that both diodes of the a.f.c. net- 
work are obtaining the maximum color 
burst amplitude. 

Now, remove the burst signal by 
grounding L. Move the v.t.v.m. to the 
center arm of R. and adjust this po- 
tentiometer to give a zero reading on 
the v.t.v.m. 

Remove the short from L. and ad- 
just L. in the plate circuit of the re- 
actance tube to bring the 3.58 me. os- 
cillator in phase with the incoming 
burst. This condition is reached when 
the v.t.v.m. reads 0 volts, indicating 
that no cori ection voltage is being de- 
veloped by the a.f.c. circuit. 

Note how the diodes are used to de- 
modulate the 3.58 mc. signal for the 
meter. 

Color Demodulators 

This receiver uses balanced diode 
demodulators which respond to phase 
differences in the incoming color sig- 
nal in much the same manner as the 
diodes in the color sync section. As a 
matter of fact, both circuits are simi- 
lar, as the following analysis will 
reveal. (The discussion will cover only 
the R -Y demodulator, since the B -Y 
demodulator is exactly similar to it). 

The incoming color sidebands appear 
across transformer T. and both R -Y 
diodes receive equal and oppositely - 
phased portions of this voltage. See 
Fig. 2. The connection of the two 
transformer windings is placed at a.c. 
ground potential by the presence of a 
.01 -pfd. capacitor (Cm). 

At the other end of this circuit, a 
3.58 -mc. subcarrier voltage is applied 
from the buffer stage, linked to the 
3.58 -mc. crystal oscillator. If we were 
to draw a vector diagram depicting the 
phase relationship in this circuit, it 
would appear as shown in Fig. 5A. BC. 

the voltage across the first winding of 
Ten, represents the color signal applied 
to V2.4, and BD, the voltage across the 
second winding of Tm, is the color sig- 
nal for V.B. At the same time, the 
3.58 -mc. subcarrier is present across 
Lº 0 and it assumes the vector position 
BA. 

Tube V.4, then, is subjected to volt- 
ages BC and BA, producing a combined 
voltage which, in Fig. 5A, is labeled 
"Resultant No. 1." V. and its circuit 
produces "Resultant No. 2." In the 
case shown in Fig. 5A, both resultant 
voltages are equal and since they de- 
velop equal and opposite voltages 
across their respective load resistors, 
R. and R., the net output voltage 
from the circuit will be zero. 

(If the current path through R. and R. appears somewhat obscure, re- 
member that each 33 -µµtd. capacitor 
(C>,o, and Cm) charges up whenever V2, 
and V208 conduct and then the capaci- 
tors discharge through the load re- 
sistors during each half cycle when 
the diodes do not conduct.) 

Zero output is obtained when the 
incoming color sideband voltages are 
90° out -of -phase (i.e., in quadrature) 
with the injected 3.58 -me. subcarrier 
voltage. In the R -Y demodulator this, 
of course, will happen when the B -Y 
color sidebands are applied to it. How- 
ever, for R -Y signals, the phase rela- 
tionship is other than 90° (or 270° ) 
and output voltages are obtained. See 
the resultants in Figs. 5B and 5C. 
These represent the demodulated R -Y 
color voltages and their sum is trans- 
ferred to the following R -Y amplifier 
through a 3.58 -mc. trap. 

The polarity of the signal voltages 
which are obtained from these de- 
modulators depends upon two things: 
the phase of the applied subcarrier 
signal and the manner in which the 
incoming signal voltage is fed to the 
demodulator diodes. Concerning the 
subcarrier signal, this can be applied 
to its respective demodulator either 

Fig. 3. In order to key the burst gate 
amplifier on correctly to coincide with 
the arrival of the color burst, the keying 
pulse from the flyback transformer must 
be delayed. Shown below is the phase 
shift network used and how it performs. 
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Fig. 4. (A) Simplified version of the 
quadrature network (T,,,, in Fig. 2) and 
(B), the phase relationships of the volt- 
ages in this network for demodulators. 

Fig. 5. Vector diagrams illustrating the 
operation of the diode color demodulators. 

possessing the proper phase or 180° 
from this position. When the latter 
condition holds, we obtain -(R -Y) 
from the demodulator instead of R -Y. 
The same action is true of the B -Y 
demodulator. 

A reversal in signal output polarity 
will also be obtained if the connections 
to the diodes are reversed. Thus, if 
you examine the two demodulators in 
Fig. 2 you will note that the incoming 
signal connections to the B -Y demodu- 
lator are the reverse of the connections 
to the R -Y diodes. 

In the present receiver, both sets of 
detectors produce negative output 
voltages, that is, -(R -Y) and -(B-Y). 
Reversal to the positive phase is 
achieved by separate R -Y and B -Y am- 
plifiers after which these two signals 
are transferred to the control grids of 
the color picture tube. 

For the proper rendition of colors 
on the screen, it is important that the 
two diodes comprising each demodu- 
lator be balanced as closely as possible. 
While the circuit is not critical and 
small circuit unbalances due to parts 
tolerances will not noticeably affect 
the color reproduction, still any ap- 
preciable unbalance will have a very 
marked effect. 
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Part 2, Sweep and convergence circuits of this first 

commercial large screen color TV set: also CRT circuits. 

IN THE PREVIOUS article we cov- 
ered the signal circuits of the Mo- 
torola color television receiver, from 

the antenna to the cathode and three 
control grids of the picture tube. In 
this article we will concentrate prin- 
cipally on the deflection and conver- 
gence circuits and on the color picture 
tube itself. 

Deflection Systems 

The deflection systems of a tri -gun 
color television receiver possess a 
marked similarity to the deflection 
systems of monochrome receivers. The 
same type of deflection waveforms are 
required at the deflection yoke and 
these are produced in more or less the 
same manner. Circuit variations that 
do exist stem primarily from the al- 
tered requirements of the high -voltage 
supply or because of the added precau- 
tions needed to maintain the three 
beams in close convergence over the 
entire area of the screen. Just what 
these differences are will become evi- 
dent as we analyze, step-by-step, the 
deflection system of the Motorola color 
television receiver. 

In the vertical section there is an 
integrating network, a blocking oscil- 
lator, and an output amplifier. The 
incoming sync pulses, both horizontal 
and vertical, are applied to the inte- 
grator network but, because of the 
time constant involved, only the verti- 
cal sync pulses develop a sizable volt- 
age at the grid of the blocking oscil- 
lator. The latter, in turn, uses these 
periodic pulses to synchronize its fre- 
quency to that of the received broad- 
cast. A vertical hold control helps 
bring the oscillator frequency to a 
point where effective lock -in can be 
achieved. 

The amplitude of the deflection wave 
developed by the oscillator is governed 
by the vertical size (i.e., height) con- 
trol. The saw -tooth shape of this wave 
is established by a time -constant net- 
work in the output circuit of the ver- 
tical oscillator. This signal is then ap- 

plied to the grid of the vertical output. 
amplifier and, beyond this, to the verti- 
cal deflection coils of the yoke. 

The only significant departure from 
monochrome practice is the fact that 
the bottom end of the vertical output 
transformer connects to a vertical con- 
vergence circuit. More on this pres- 
ently. 

In the horizontal sweep system there 
is an a.f.c. network, a stabilized hori- 
zontal multivibrator, and a power out- 
put amplifier. These are then followed 
by the horizontal output transformer, 
the high -voltage system, and the boost 
"B+" circuit, wherein additional "B+" 
voltage is developed by utilizing the 
excess deflection energy. (The latter 
portion of the circuit is shown in 
Fig. 1.) 

The final stage in the horizontal de- 
flection system is a 6CD6 power output 
amplifier. The power requirements of 
the final stage in a color receiver are 
greater than for a comparable mono- 
chrome receiver because, first, three 
beams must be deflected instead of one 
and, second, a 25 kv. accelerating volt - 
tage is required by the tri -gun picture 
tube. 

The horizontal output transformer 
contains two principal windings and a 
number of auxiliary windings. The 
two principal windings provide connec- 
tions for the plate of the 6CD6, the 
high -voltage rectifiers, the deflection 
yoke, and the 6AU4 damper tube. The 
auxiliary windings provide positive and 
negative triggering pulses for the vari- 
ous a.g.c. and chrominance circuits, and 
filament power for the high -voltage 
rectifiers. In the circuit of Fig. 1, three 
high -voltage rectifiers are employed to 
develop the 25 kv. accelerating poten- 
tial required by the tri -gun picture 
tube. 

The accelerating potential required 
by the focus electrode is much less than 
the 25,000 volts of the Aquadag coat- 
ing. Hence, it is possible to obtain the 
focus voltage from a prior point in the 
high -voltage rectifier system. A vari - 
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Fig. 1. Schematic of the 
output section of the hori. 
zontal deflection system. 

able resistor is inserted between the 
first 3A2 and the diode coupler that 
follows it, and from this resistor the 
needed focus voltage is obtained. 

Within the same high -voltage sup- 
ply is a special gaseous regulator. The 
unit, labeled CR6, is a long, narrow 
cylinder which is filled with hydrogen 
gas. The purpose of this device is to 
maintain a constant load on the high 
voltage power supply so that changes 
in picture contrast will not cause the 
high voltage to change, with cor- 
responding variations in brightness, 
focus, and deflection (i.e., picture size). 
What the regulator tube does, in es- 
sence, is vary its internal resistance in 
a manner opposite to the current 
drawn by the picture tube. For exam- 
ple, when a bright element is being 
traced out on the screen, picture tube 
current is high and the drain on the 
high -voltage power supply is increased. 
During this interval the drain of the 
regulator tube is reduced by a propor- 
tionate amount. 

Conversely, when a darker portion of 
the picture is being traced out, the cur- 
rent requirements of the picture tube 
are reduced. This reduction would tend 
to cause the high voltage to rise were 
it not for the fact that now the regula- 
tor tube increases its current drain, 
thereby maintaining a constant over- 
all load on the power supply. 

The damper tube in the output cir- 
cuit absorbs whatever excess energy 
is developed during the horizontal re- 
trace interval and converts this into 
an equivalent amount of voltage which 
is then combined with the receiver 
"B-+" to provide a boosted "B+" volt- 
age. In the circuit of Fig. 1 this 
boosted "B+" is employed only by the 
plate of the 6CD6 horizontal output 
amplifier and by the screen grids of the 
picture tube. 

Electrical centering is usually em- 
ployed with the tri -gun color picture 
tube. For this purpose there are ver- 
tical and horizontal centering poten- 
tiometers, each with enough d.c. poten- 
tial difference across it to achieve the 
picture centering variation. 

Convergence Circuits 

The one remaining section of a color 
television receiver still to be examined 
is the convergence circuit. Conver- 
gence, it will be recalled, is the action 
which causes the three electron beams 
to pass through the same hole in the 
aperture or shadow mask at the same 
time. When the beams do this, they 
emerge from the mask at the correct 
angle to strike the dots of the proper 
color. 

At the center of the screen, beam 
convergence is accomplished by phys- 
ically tilting the electron guns inward 
as well as by external, individually ad- 
justable, beam -bending magnets. The 
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adjustment of beam convergence at the 
center of the screen is known as static 
convergence. 

There is, in addition, dynamic con- 
vergence and this is concerned with 
maintaining the beams in proper con- 
vergence at points away from the cen- 
ter. The need for this arises from the 
fact that the shadow -mask surface is 
not completely spherical and therefore 
does not follow the curve necessary to 
keep the beams converged at all points. 
To correct this condition, we must in- 
troduce an additional voltage which 
will change the convergence point of 
the beams as they sweep over the face 
of the screen, both from side to side 
and up and down. At the center of the 
screen no additional convergence volt- 
age is needed. The shape or form of 
the voltage best suited to achieve this 
variation is a parabolic wave. 

The dynamic convergence system 
consists of three separate coils 
mounted on the neck of the picture 
tube. Each coil is positioned over a pair 
of pole pieces which is part of the 
structure of each electron gun. The in- 
ternal pole pieces shape and confine the 
fields so as to affect only the par- 
ticular electron beam to which the 
individual pole pieces correspond. Each 
beam will be moved at right angles 
to the magnetic field produced by the 
coils. Furthermore, since the guns 
are spaced at intervals of 120 degrees 
from each other, the red and green 
beams will be shifted at an angle while 
the blue beam will move straight up 
and down. 

Each of the foregoing coils is sup- 
plied with vertical and horizontal para- 
bolic currents and it is the amplitude 
and phase of these currents which gov- 
ern the convergence of the three beams 
at every point on the screen. In the 
paragraphs to follow the dynamic con- 
vergence circuit of the Motorola will 
be examined. See Fig. 2. 

Driving voltages for this circuit are 
obtained from two points-the plate 
circuit of the vertical output amplifier 
and from a separate winding on the 
horizontal output transformer. Let us 
start with the horizontal section of this 
circuit first. 

A simplified diagram of the conver- 
gence network is shown in Fig. 3A and 
if we consider the operation solely in 
terms of the horizontal line frequency, 
then the diagram can be further sim- 
plified to the form shown in Fig. 3B. A 
pulse having an over-all amplitude of 
65 volts is made available at the hori- 
zontal output transformer winding. 
The portion of the pulse which the rest 
of the network receives is governed by 
the arm setting of the horizontal dy- 
namic amplitude control. Whatever 
value of pulse the control picks off is 
then used to shock -excite a series res- 
onant circuit formed by the .01 µfd. 
capacitor and the horizontal dynamic 
phase coil. The circuit is tuned to 
15,750 cycles per second and the strong 
circulating currents develop fairly 
large sine -wave voltages across each of 
the resonant components. See Fig 3D. 
This voltage, in turn, is forwarded to 
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Fig. 2. Schematic diagram of the dynamic convergence circuit used by Motorola. 

the dynamic convergence coils on the 
picture tube neck and through the re- 
sulting magnetic field, influences the 
electron beams which the guns develop. 
So far as the 15,750 cps voltages are 
concerned, the .05 µfd. capacitor, the 
70 µfd. capacitor, and the 100 µfd. ca- 
pacitor all present low impedances be- 
tween the horizontal phase coil and the 
convergence coil. 

The horizontal dynamic amplitude 
control determines how much voltage 
reaches the convergence coil and, in 
consequence, how powerful a magnetic 
field is developed. The phase of the 
15,750 cps sine wave depends upon the 
adjustment of the phase coil. Chang- 
ing the frequency of the circuit by ad- 
justing the phase coil slug will vary the 
phase of the voltage applied to the con- 
vergence coil. This, in turn, will change 
the deflection angle of the electron 
beam and thereby alter its point of 

convergence with the other two beams 
as they move from left to right across 
the screen. Thus, it is possible to 
change the beam convergence at the 
sides of the screen permitting us to 
counteract the normal misconvergence 
of the beams. Each beam has a similar 
convergence circuit and responds in a 
similar way. 

One further point concerning this cir- 
cuit. The series resonant network de- 
velops a sine wave instead of a para- 
bolic wave. However, only the bottom 
portion of the wave is used in the con- 
verging action and this is close enough 
to a parabola in shape to do an effec- 
tive job. 

Let us consider now the vertical por- 
tion of the dynamic convergence net- 
work. Referring back to Fig. 3A, we 
note that the bottom end of the vertical 
output transformer reaches "B+" 
through the vertical tilt potentiometer 

Fig. 3. (A). The horizontal and vertical dynamic convergence circuit for a single 
convergence magnet. There are three of these mounted on the neck of the three - 
gun picture tube. (B) Simplification of the circuit. (C). (D) are circuit waveforms. 
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Fig. 4. Three -gun color TV picture tube 
with the various external components. 

(100 ohms), a 2 henry choke (with a 
parallel 70 pfd. capacitor), and finally 
a 1500 ohm resistor. The flow of plate 
current (from the vertical amplifier) 
develops a voltage across the 2 henry 
choke and the subsequent flow of cur- 
rent between the choke and its paral- 
lel capacitor produces a parabolic volt- 
age across the combination. What hap- 
pens here is that the saw -tooth plate 
current is converted via the capacitor 
(principally) into a parabolic wave and 
this voltage is applied across the con- 
vergence coil. The path from the choke 
and the 70 µfd. capacitor to the con- 
vergence coil consists of a 100 µfd. ca- 
pacitor, the horizontal dynamic phase 
coil, and the parallel combination of a 
.05 µfd. capacitor and a 2500 -ohm po- 
tentiometer. At the vertical sweep fre- 
quency of 60 cycles, the horizontal dy- 
namic phase coil and the 100 µfd. ca- 
pacitor offer negligible opposition. The 
vertical current, however, finds that 
the opposition of the .05 µfd. capacitor 
is high and, so, the current is driven 
through the 2500 -ohm potentiometer. 
The latter, then, rightfully becomes 
the vertical dynamic amplitude con- 
trol. 

Still required is some method of 
varying the phase of the vertical dy- 
namic convergence voltage and this is 
achieved through the presence of an- 
other winding on each convergence coil. 

Fig. 5. (A) External and internal con- 
vergence components of the CRT. (B) De- 
tailed drawing of the convergence coil 
and magnet assembly. (C) Effect of the 
three fixed magnets and the blue posi- 
tioning magnet on the three CRT beams. 

This is the so-called tilt coil, the word 
tilt referring to the effect which its 
voltage has on the vertical parabolic 
wave. 

The method of developing the re- 
quired tilt (or phase) voltage is quite 
simple. The saw -tooth plate current 
of the vertical output amplifier flows 
through a 100 -ohm potentiometer. The 
control contains a center tap and the 
movable arm may be moved above or 
below this tap. When the arm position 
is above the tap, the saw -tooth voltage 
fed to the tilt coil possesses one polar- 
ity; when the arm is below the tap, the 
polarity is reversed. Finally, no saw - 
tooth voltage is fed to the tilt coil when 
the arm and center tap coincide. In 
other words, a saw -tooth of variable 
amplitude and with positive or nega- 
tive polarity may be added to the elec- 
tron beam. The net effect of this is to 
add the saw -tooth to the vertical dy- 
namic parabola voltages to shape them 
as required for best convergence in 
the vertical plane. 

External Picture Tube Components 

We come now to the components 
which are mounted on the neck of the 
19 -inch tri -color picture tube. See 
Fig. 4. The first item that we recognize 
is the deflection yoke. This is, to a 
considerable extent, similar to the de- 
flection yokes used with black -and - 
white tubes. However, its design is 
more complex because three beams 
must be deflected instead of one and 
it is of the utmost importance that a 
symmetrical and uniform magnetic 
field be maintained throughout the de- 
flection area. Also, the deflection power 
required is about twice that of present 
black -and -white TV sets (for the same 
size screen) and special insulation must 
be employed in the yoke structure to 
prevent arcing. 

A second component found on the 
neck of the color picture tube is the 
purity coil or magnet. This device ad- 
justs the axis of each electron beam so 
that it approaches each hole in the 
shadow mask at the right angle to 
strike the appropriate color phosphor 
dot. In other words, the purity magnet 
provides for the proper alignment of 
the three beams with respect to the 
phosphor -dot plate and the shadow 
mask. When this component is prop- 
erly set, a uniform color field will be 
obtained for each gun. For example, 
with only the red gun in operation a 
uniform red raster should be observed. 
Any departure from pure red at any 
point on the screen indicates that the 
beam is striking phosphor dots other 
than red. Similarly, when only the 
green gun is in operation, a uniform 
green raster should be obtained, and 
when only the blue gun is active, a blue 
field should be visible. 

The color tubes with which we are 
most concerned utilize magnetic con- 
vergence and toward that end employ 
three sets of convergence coils, each 
positioned directly over the pole pieces 
which are internally associated with 
each grid No. 4. The magnetic fields 
set up by the coils are coupled through 
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the glass neck of the tube to the inter- 
nal pole pieces which serve to shape 
and confine the fields so as to affect 
only the particular electron beams to 
which the individual pole pieces cor- 
respond. For example, the change in 
convergence angle of the red beam is 
a function only of the current through 
the external coil which couples to the 
internal set of pole pieces adjacent to 
the red beams. Likewise, the currents 
through the green and blue external 
magnets affect respectively only the 
green and blue beams. 

Each external coil possesses two sep- 
arate windings to provide for horizontal 
and vertical dynamic convergence cor- 
rection. For the static convergence ad- 
justment, each coil has associated with 
it a small permanent magnet whose 
position can be varied. 

A diagram of the individual static 
convergence magnets is shown in Fig. 

5A. The heavy dots represent the in- 
dividual electron beams as they past 
through the gun on their way .to the 
screen. The arrows at these beams in- 
dicate their direction of movement. 
Note that the red and green beams are 
confined to paths which make an angle 
of 60 degrees on either side of a ver- 
tical axis. The blue beam, on the 
other hand, can only move vertically, 
up or down. 

Now it could readily happen that 
while the color dots of the green and 
red beams fall within the same trio. 
that of the blue beam does not. This 
means that while we can always cause 
the red and green beams (or color dots) 
to converge, it may not be possible to 
have the blue beam meet the .other 
two. Still required is another adjust- 
ment, that of being able to move the 

blue beam from side to side (or later- 
ally). To effect this, a special blue 
beam positioning magnet is also found 
on the neck of the tube. See Fig. 4. 
Now perfect convergence of the three 
beams at the center of the screen is 
always possible. 

Note that no ion traps are used in 
this tube, principally because the color 
screen is aluminized. The layer of alu- 
minum presents a barrier to any on- 
coming ions and prevents them from 
reaching and damaging the screen. 
Electrons, having only 1/1800th of the 
mass of an ion, encounter little diffi- 
culty in passing through this alumi- 
num layer. 

We would like to thank the Motorola 
Service Department for its cooperation 
in the preparation of this series. Par- 
ticular thanks are due Mr. T. M. Alex- 
ander and Mr. Frank Uhrus. 

- - 
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SIMPLIFIED 

RCA COLOR 

RECEIVER 

By 
WALTER H. BUCHSBAUM 

Television Consultant 
RADIO & TELEVISION NEWS 

Shown here are the RCA 21" round, metal 3 - 
gun color picture tube and other special compo- 
nents used in the 28 -tube color TV receiver. 

WHEN the first RCA 630 receivers 
were shown, back in 1947, few peo- 
ple realized that this represented 

the cornerstone of a fast-growing 
pyramid of better, cheaper, and more 
plentiful TV receivers. Remembering 
those early days of television and 
studying the new RCA simplified color 
receiver, we are inclined to name it 
the color 630. Using only 28 tubes, two 
less than the original 630, this set in- 
corporates a 21 -inch round color pic- 
ture tube, a far cry from the 10BP4 
used in the first 630 sets. The per- 
formance of this color set is as good 
as any seen earlier, and it certainly 
presents a very acceptable picture. 

When RCA unveiled this new color 
receiver, other large TV manufactur- 
ers were handed all the necessary data 
as part of their licensing arrangement. 
This allows them to produce color TV 
sets based on the same or similar cir- 
cuits and offers their engineers a 
chance to further improve the RCA 
designs. 

For the service technicians this 
means that the majority of the new 
color receivers due to come out now 
will use all or some of the novel fea- 
tures of the RCA 28 -tube set. It is 
with this in mind that we describe the 
new and outstanding features of the 
simplified color receiver, leaving the 
circuits which have been explained in 
previous articles in this chapter as 
parts of the block diagram only. Em- 
phasis will be placed on explaining 
those features which are completely 
new and are bound to find wide appli- 
cation in the new color receivers. 

Over-all Design Features 

Fig. 5 shows the entire RCA 28 -tube 

Here is a complete analysis of the new circuits in the 

RCA 28 -tube color set, hailed by many as the "color 630." 
color receiver with the rear, top, and 
side panels removed for easy access. 
The entire receiver chassis is a single 
piece, mounted upright alongside the 
picture tube. The 21 -inch round color 
picture tube uses a metal envelope 
which is covered by a plastic insulating 
sleeve. Support for the tube is pro- 
vided by a ring near the junction of 
the neck and funnel, which forces the 
entire tube against the plastic front 
panel and mask assembly. Shielding is 
provided for the deflection yoke. Just 
behind the deflection yoke is the con- 
vergence coil assembly, purity magnet, 
and blue beam positioning magnet, all 
of which are used with other large 
3 -gun color picture tubes. 

As shown in Fig. 5, the receiver 
chassis itself is not much larger than 
many of the earlier monochrome sets, 
although the high voltage section needs 
more space and better insulation. The 
high voltage cable going to the picture 
tube socket provides the focusing po- 
tential for all three electron guns. 
Since the metal envelope serves as 
second anode, there is also a high volt- 
age lead going in that direction. One 
of the new features of the 21 -inch 
round tube used in this receiver is the 
permanent magnet ring assembly near 
the screen of the picture tube in place 
of the old field neutralizing coil. 

Even more interesting than the phy- 
sical appearance of this receiver is its 
electrical arrangement as shown in the 
block diagram of Fig. 1. The v.h.f.- 
u.h.f. tuner is special only in its closer 

tolerances on bandpass and oscillator 
drift characteristics, otherwise its op- 
eration is the same as for black -and - 
white. 

The i.f. section employs a total of 4 
stages. A special bifilar "T" trap is 
used to provide the necessary attenua- 
tion for the sound i.f. and by using 
separate detectors for the sound and 
video signal, further separation of the 
two signals is obtained. Actually, the 
detector used for the sound is peaked 
towards the i.f. range of the color sub - 
carrier, which is only about 900 kc. 
from the sound i.f. At the chroma - 
sound detector output a sharply tuned 
4.5 mc. trap doubles as sound rejection 
for the chroma channel and as sound 
take-off coil for the sound channel. 
This latter section is essentially the 
same as most black -and -white inter - 
carrier sound sections. A ratio detector 
at 4.5 mc. is used, followed by a stand- 
ard audio amplifier. 

The brightness -signal detector sec- 
tion feeds a delay line and then the 
signal is amplified and passed on to all 
three cathodes in the color picture 
tube. The sync separator utilizes the 
high level brightness signal and, in con- 
junction with other sync circuits, pro- 
vides horizontal and vertical synchro- 
nizing pulses. 

Sync and sweep circuits are very 
much like those used in monochrome 
receivers with a blocking oscillator cir- 
cuit used in the vertical, and a phase 
detector type a.f.c. in the horizontal 
section. More saw -tooth power is 
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needed in both sections since the dy- 
namic convergence circuits obtain their 
power directly from the two sweep 
sections. In addition, the flyback sec- 
tion must provide 27,000 volts at al- 
most 1 milliampere, plus the focusing 
voltage, and sufficient sweep to deflect 
all three electron beams linearly. Ex- 
cept for the convergence section, other 
color TV sets use the same type of ver- 
tical and horizontal circuits. 

The convergence section itself uses 
no tubes-the d.c. convergence is ac- 
complished by special permanent mag- 
nets located in the convergence coil as- 
sembly. A detailed discussion of this 
section appears in a later paragraph. 

Color synchronization is accom- 
plished through a phase detector, re- 
actance tube, and crystal -controlled os- 
cillator. To separate the color refer- 
ence burst from the composite signal, 
a simplified diode burst gate is used. 
One side of the phase detector circuit 
also supplies a signal which controls 
the color killer stage. This latter cir- 
cuit shuts off the entire chroma chan- 
nel when a black -and -white picture is 
received. 

A new feature is the introduction of 
a sort of automatic gain control sys- 
tem to keep the level of the chroma 
signal constant. By detecting the amp- 
litude of the reference burst as well 
as its phase, the phase detector pro- 
vides a bias voltage which controls the 
gain of the first chroma amplifier and 
thereby keeps the level at the output 
of the second chroma stage constant. 

The radically new and greatly sim- 
plified high level demodulator section 
used in this receiver deserves consid- 
erable scrutiny and explanation. Using 
some really novel techniques, RCA en- 
gineers have been able to utilize one 
double triode to perform all the de- 
modulating and matrixing functions in 
a single stage. The input to this sec- 
tion includes the color subcarrier and 
its sidebands, and two 3.579 mc. refer- 
ence signals, properly phased; the out- 
put of this stage directly drives the 
three control grids of the tricolor pic- 
ture tube. The three grids receive the 
red, green, and blue color difference 
signals, while the three cathodes are 
driven by the brightness signal. Thus, 
the addition of the Y signal to each of 
the three colors is accomplished di- 
rectly inside the color picture tube. 

While the double -triode demodulator 
circuit is far more economical than 
any of its predecessors, its operation 
also requires less adjustment and elim- 
inates many of the variables found in 
earlier systems. The result is a sur- 
prisingly stable demodulator, simple to 
produce, still easier to adjust, and cer- 
tainly a great step towards faster color 
TV servicing. 

The block diagram is completed by 
the power supply which uses a power 
transformer and selenium rectifiers, 
and provides 200 and 400 volts "B+" 
as well as a small negative potential. 
This latter is obtained by returning 
the secondary to ground through the 
vertical and horizontal centering con- 
trols. 
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Fig. 1. Block diagram of the RCA set. Comparing this with the 
receivers using the 15" tube discloses the simplification and 

There are various minor innova- 
tions in practically every section of 
this receiver, but in this article empha- 
sis will be placed only on the converg- 
ence section, the demodulator and 
chroma channel, and the operation of 
the bifilar "T" trap in the i.f. 

The need for at least 60 db of at- 
tenuation of the sound i.f. carrier and 
the specification that this must be done 
in a very narrow frequency band led to 
the use of a bifilar "T" trap. This 
trap provides considerable attenuation 
without overshoot or ringing. 

Fig. 2 shows the double -tuned bifilar 
trap used in the new RCA .28 -tube re- 
ceiver. Two separate traps are em- 
ployed, one tuned to the sound i.f. and 
the other to the adjacent channel 
sound carrier, both connected in series. 
All three coils are slug tuned and their 
alignment presents no particular prob- 
lem. The tapped tuning coil, Li, is set 
in accordance with the i.f. bandpass 
specifications and each of the traps is 
aligned individually for maximum re- 
jection at its respective frequency. An- 
other sound i.f. trap is used in the 
brightness detector stage. 

Triode Demodulator 

Perhaps the most significant inno- 
vation presented in the new RCA 28 - 
tube color receiver is the demodu- 
lator and matrix network. In this re- 
ceiver a single 12BH7 provides the 
complete decoding action with suffici- 
ent signal output to drive the three 
kinescope grids directly. Before dis- 
cussing the actual circuit, it is impor- 
tant to understand how a triode de- 
modulator works. Consider the circuit 
of Fig. 3 which shows a triode used to 
detect the chroma signal. Theoretically 
either the I, Q or R -Y, B -Y signals could 
be detected here, depending on the 
phase relationship of the reference sig- 
nal and the bandwidth of the output 
filter. Since the color difference sys- 
tem is used in the practical circuit, as- 
sume that the triode in Fig. 3 pro- 
duces R -Y. 

previous RCA color 
economies effected. 

Fig. 2. Schematic diagram of the bifilar 
"T" trap which reduces very sharply 
the amplitude of the sound i.f. carrier. 

CHROMA SIGNAL 

3.579 
MC. 

REF. 

3 579 MC 

FILTER 

COLOR 
RIDE() R -T 

Fig. 3. Simplified diagram of the triode 
color demodulator circuit used by RCA. 

Fig. 4. Convergence, d.c. and dynamic, 
elements used with the new large -screen 
three -gun color picture tubes used by 
RCA and others in their color TV sets. 

1957 EDITION 53 



i .1 

Fig. 6. Block diagram of the chrominance 
circuits. Note the chroma a.g.c. feedback. 

If no signal appears at the grid, the 
plate current of the triode will depend 
on the plate voltage. In other words, 

Fig. 7. Complete schematic diagram of 
the double -triode color demodulator fur- 
nishing color difference voltages to CAT. 

Fig. 5. View of an 
RCA color TV receiver 
of the type described 
in this article. Note 
the lack of a field 
neutralizing coil and 
CRT tube shielding. 

the triode acts like a diode detector, 
for amplitude modulation. When a sig- 
nal is applied at the grid, the plate cur- 
rent is dependent both on the instan- 
taneous grid voltage and the plate 
voltage. This is the same action as 
obtained in a conventional demodulator 
such as the 6AS6, where the plate cur- 
rent is a function of the control and 
suppressor grid signals. In the triode 
it is necessary to choose operating 
points for plate and grid signal ampli- 
tudes so that the linear portion of the 
tube characteristic is used. Note that 
there is a special trap in the plate cir- 
cuit which removes the 3.579 mc. ref- 
erence signal and the color subcarrier. 

When using two triode demodula- 
tors, the chroma signal applied to each 
tube and the load resistors would have 
to be adjusted in relation to the respec- 
tive color signals to obtain the proper 
amplitudes. Also necessary for such a 
demodulator are relatively large 
chroma signal and reference signal 
voltages. 

Now consider the block diagram of 
Fig. 6 showing the entire chromaticity 
section of the new RCA set. Two 
stages of amplification are used with 
a bandpass of about 1 mc. centered at 
3.579 mc. This provides sufficient driv- 
ing power for the 12BH7 demodulator. 
Note that the color reference burst is 
obtained from the second chroma stage 
and that the color phase detector is 
utilized to provide an a.g.c. bias which 
controls the gain of the first chroma 
amplifier. This circuit helps maintain 
constant chroma signal for the demod- 
ulator and generally adds to the sta- 
bility of the receiver. 

The complete demodulator circuit is 
shown in Fig. 7. A single transformer 
drives the plates of both triodes, but in 
order to obtain the difference in ampli- 
tudes required, the ratio of the two 
secondaries is 1 to 1.41. The two plate 
load resistors are in the ratio of 2 to 

5. When the correct phase and ampli- 
tude of reference signals are applied 
at the two grids, the red and blue color 
difference signals are demodulated. It 
is possible, by using these two signals 
in proper phase and amplitude, to ob- 
tain the green color difference signal. 
In the double -triode circuit of Fig. 7 
the green matrixing action is per- 
formed directly in the cathode of the 
12BH7. By joining the cathodes of the 
two triodes, the total cathode current 
is a function of the R -Y and B -Y sig- 
nals. The plate load and cathode re- 
sistors are so chosen that the green 
color -difference signal appears directly, 
at the common cathode. Thus, the 
double triode circuit of Fig. 7 per- 
forms not only the demodulating, but 
also the matrixing functions. 

The coils and series resistors in each 
kinescope grid lead help in suppressing 
harmonic radiation of the 3.579 mc. 
reference signal. 

One of the features of this circuit is 
the d.c. coupling to the picture tube. 
The three color difference signals are 
applied directly to the three grids 
while the brightness signal is d.c.- 
coupled to the three cathodes. Thus, 
the Y signal is added inside the color 
picture tube to the three difference 
signals and the full three -color presen- 
tation appears on the screen. Since 
d.c. coupling is used throughout, no d.c. 
restorer circuits are needed. 

Magnetic Convergence 
Many of our readers know of the 

convergence problems in the earlier 
shadow -mask color picture tubes. In 
those tubes, a special element, the con- 
vergence grid, carried a d.c. potential 
as well as a vertical and horizontal 
parabolic voltage, which helped the 
three electron beams to converge at 
the shadow mask. In addition, a set of 
small magnets was located around the 
neck of the tube to bring these three 
colors into registry. 

In the large -screen color tubes avail- 
able now, convergence is accomplished 
by three magnetic fields, each acting 
only on its respective electron beam. 
As shown in Fig. 4, small steel strips 
inside the neck of the tube form two 
magnetic poles when an external horse- 
shoe magnet is placed over them. Each 
set of two poles has an electron beam 
in its field and since the field is con- 
fined between these poles, the action 
of one set of poles has little effect on 
any of the others. Each horseshoe 
magnet actually consists of two ferrite 
pieces with a small permanent magnet 
cylinder as shown in Fig. 4. This per- 
manent magnet can be rotated, and 
thereby adjusts the d.c. convergence of 
its electron beam. In addition, a coil 
is wound over each ferrite leg and 
through this coil goes the vertical and 
horizontal convergence current. In ad- 
dition to the convergence magnets and 
coil assembly there is also a blue posi- 
tioning magnet, similar in appearance 
to an ion trap magnet, which will 
allow lateral motion of the blue beam. 

We know from the earlier electro- 
static systems that for the dynamic or 
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a.c. convergence action a parabolic 
waveshape is necessary to compensate 
for the sweep of the electron beam 
over a surface which is not a perfect 
arc. Consequently, the magnetic a.c. 
field must be parabolic and therefore, 
the current through each coil must be 
parabolic. 

The dynamic convergence circuit in 
the new RCA color set uses no tubes 
and is adaptable to other magnetically - 
converged color picture tubes. Fig. 8 
shows the entire convergence circuit 
and it will be apparent that there are 
actually three separate, individually - 
adjustable networks. At the left is the 
cathode of the vertical output ampli- 
fier. By means of the capacitive net- 
work, Cr, CE, and C8, a parabolic cur- 
rent is obtained. This current is applied 
through three potentiometers, the ver- 
tical tilt controls, to each of the con- 
vergence coils. The series potentiome- 
ters determine the amplitude of this 
current. In order to keep the horizontal 
signal out of the vertical section a 400 
millihenry choke is inserted in each 
lead. Since the convergence coils are 
relatively low in inductance for the 60 
cycle vertical signal, they represent 
mostly a resistance and the parabolic 
voltage applied will produce a para- 
bolic current and magnetic field. 

The horizontal signal is obtained 
from a special winding on the flyback 
transformer and is originally a pulse 
voltage. This voltage results in a saw - 

VERT. 

OUTPUT 

251.0 

CI 
4 Pta. 

VERT TILT 
VERT 400Mhy. 

AMP 

2K 
R7 

C7 
250 

Fig. 8. Dynamic convergence circuitry 
used by RCA in its new 28 -tube color set. RIO 
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tooth current through coil L4 and a 
parabolic voltage is developed across 
Cio. The amplitude of this voltage is 
determined by the potentiometer in 
each convergence coil assembly. By 
autotransformer action, the signal ap- 
plied to the centertap is induced into 
the entire coil assembly which, to- 
gether with the 400 millihenry choke, 
forms a series resonant circuit at the 
horizontal frequency. The result is a 
parabolic current at 15 kc. flowing 
through the convergence coils. The 
trimmer capacitor across each coil 
varies the resonant frequency slightly 

and thereby changes the phase of the 
parabola in each coil. 

Although further modifications in the 
convergence system will undoubtedly 
be introduced in the future, the circuit 
shown in Fig. 8 is already a great im- 
provement over previous RCA circuits 
in that it requires no tubes and per- 
mits adjustment of each individual 
electron beam as to d.c., vertical, and 
horizontal convergence. By making 
these adjustments independent of each 
other, the over-all set-up, installation, 
and alignment of color TV receivers 
has been greatly simplified. - -- 
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The new RCA 21 -inch round color TV picture 
tube is shown here in comparison with the 
old 15 -inch tube. The receiver with the 
larger tube actually uses fewer receiving 
tubes than the set with the 15 -inch tube. 

By HARRY E. THOMAS 

The cost of color sets is coming down, due in part 
to the great strides in tube reduction described here. 

THE rapid progress in color TV re- 
ceiver circuitry within the last year 
is particularly evident in the tube 

economies seen in the latest models. 
For example, the reduction in tube 
count in RCA's latest receiver, de- 
scribed in the preceding article in 
this collection, is accompanied by 
improved performance, although this 
set uses only 28 tube envelopes instead 
of the 39 tubes used in their original 
15 -inch set. Other manufacturers have 
likewise reduced their over-all tube 
count. Also, in attaining general im- 
provement in color reproduction, all 
models now use stabilized color phase 
circuits and employ improved picture - 
tube circuits. Tuning and color con- 

trols have also reached high degrees of 
flexibility equalling the convenience 
standards existing in present mono- 
chrome receivers. 

Color picture tubes themselves have 
likewise shown remarkable improve- 
ments, among which are large size 
color screens of up to 250 square 
inches using a light, round, metal tube 
blank; an adjustable magnetic field 
equalizer affecting the whole picture - 
tube screen irrespective of extraneous 
magnetic fields; a shorter, more effi- 
cient electron gun; and temperature - 
compensated components within the 
picture tube itself. 

In summarizing, the most important 
contribution to receiver circuitry is the 

Fig. 1. A pentode low level demodulator circuit of the type used in early color 
receivers. Note the matrix section and the adder tubes, not used in later sets. 
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development of high level demodula- 
tion. Two triode demodulators (in one 
envelope) plus a suitable transformer 
and coupling networks handle large 
enough signals to directly drive the 
grids of the picture tube. This results 
in savings over old-style circuitry of 
one demodulator tube, three adder 
tubes, three amplifiers, three restorer 
diodes, a phase splitter, and a phase 
inverter. Even when using double sec- 
tion tubes in old circuits, this results 
in a saving of six tube envelopes. This 
type of demodulation provides im- 
proved linearity, better maintenance of 
stability, and assures color processing 
which is independent of tube charac- 
teristics. 

Further comparison of low level and 
high level demodulation systems is par- 
ticularly interesting in that two types 
of low level systems have been used- 
one involving pentodes and one using 
double diodes. Figs. 1 and 2 show two 
early pentode circuits where the chro- 
minance signal in both cases is applied 
to the demodulator control grid while 
the in -phase and quadrature c.w. gat- 
ing signals are applied to the respec- 
tive suppressors. Note in Fig. 2 that 
the demodulator is a 6AS6 tube whose 
suppressor characteristic is specifically 
tailored for gating applications. 

Fig. 3 shows double diodes employed 
as gating tubes in the demodulator cir- 
cuits of a difference color TV receiver. 
These circuits also require additional 
amplification between the demodula- 
tors and the picture -tube grids. The 
circuits of Figs. 2 and 3 combine mat- 
rixing steps within the demodulator 
and amplifier circuits, thus eliminating 
adder, phase splitting, and inverter 
tubes which are necessary in the I and 
Q signal system of Fig. 1. Fig. 4 is a 
schematic of the high level triode de- 
modulators used in more recent RCA 
receivers. 

Another improvement and saving in- 
volves the convergence system. With 
suitable magnetic coupling directly 
from the horizontal and vertical output 
amplifier circuits, it is possible to elim- 
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inate one amplifier tube. This system 
is a low level one, quite different from 
the original circuitry used with the 
15 -inch color tube in the "CT100" re- 
ceiver, where convergence voltages 
were applied to focus electrodes at the 
picture tube. 

By using selenium rectifiers, as is 
becoming common practice in heavy 
duty power supplies, a net reduction of 
four tubes is attained over the total re- 
ceiver tube count of the older models. 

Other circuit improvements result- 
ing in tube savings are: (1) the elim- 
ination of a quadrature amplifier by 
suitable phasing obtained in the cou- 
pling networks linking the subcarrier 
oscillator and the demodulator (see 
Fig. 4); (2) the inclusion of the chro- 
ma bandpass filter as an amplifier 
coupling network leading to the de- 
modulator circuits; (3) the elimination 
of a focus rectifier tube and associated 
components due to improvements in 
the electron gun of the picture tube; 
(4) the reduction of two tubes in the 
sound amplifier system by economies 
in multiple section tube envelopes; (5) 
the use of a simple diode as a burst 
gate instead of employing a burst 
amplifier stage; and (6) the reduction 
of tubes in miscellaneous circuits 
throughout the receiver such as verti- 
cal deflection (1/2 tube), color sync and 
a.f.c. (1/2 tube), picture i.f. (1 tube), 
and luminance channel (1 tube). 

Picture Tube Developments 
It is interesting to note that the pic- 

ture tube developments paralleling the 
circuit advances were covered in two 
steps-the first embodied in the devel- 
opment of 19 -inch picture tubes, and 
the second in the additional advances 
incorporated in the 21 -inch model. 

Following the first 15 -inch picture 
tube which had obvious drawbacks, 
both RCA and CBS started on a devel- 
opment program for a 19 -inch tube. 
Three advances that resulted from this 
work were the process of photograph- 
ically depositing color phosphors di- 
rectly on the picture -tube face plates, 
the use of a curved shadow mask 
which serves also as a template in the 
photographic process, and the inclusion 
of internal pole pieces for exact con- 
vergence of the individual beams plus 
auxiliary pole pieces for additional 
correction of the position of the blue 
beam. Also, the 19 -inch tube uses low 
level dynamic convergence with elec- 
tromagnetic correction coils placed di- 
rectly above the color guns and on the 
neck of the tube. 

The 21 -inch tube is the latest one 
developed by RCA, which has discon- 
tinued production of the 19 -inch model. 
This tube uses a color equalizer con- 
sisting of a sectionalized magnetic 
field produced by adjustable perma- 
nent magnets positioned around the 
front rim of the tube. The individual 
magnet adjustments give selective con- 
trol of fields over the face of the tube 
and compensate for unwanted fields 
when setting up for color purity. 

An improved shorter electron gun is 
used in the 21 -inch tube, requiring 
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Fig. 2. The circuit shown here is a pen- 
tode low level demodulator whose output 
is a set of B -Y and R -Y difference signals. 

two-thirds the focussing voltage used 
in the longer 19 -inch tube. The mask 
has an indexing system affording self - 
alignment and exactly correct mask - 
to -phosphor screen spacing. This re- 
finement in design does not require 
undue precision in manufacture. The 
mask itself is thermally self -compen- 
sated and maintains indexing at all 
operating temperatures Loss of regis- 
ter between apertures and phosphor 
dots is thus eliminated. 

The relatively high voltage and pow- 
er requirements of color picture tubes 
led to the development of several spe- 
cial tubes which appear in the output 
systems of current color TV receivers 
Among these is the 6CB5 horizontal 
sweep output tube which delivers near- 
ly 1 milliampere at 27,000 volts as re- 
quired for the three color tube elec- 
tron guns. This tube is in effect a 
heavy duty 6CD6G. 

Increased picture -tube voltages and 
beam currents led to the development 
of two high -voltage rectifiers : the 3A3 

Fig. 4. High level triode demodulators 
used in recent RCA 21 -inch tube sets. 

in an octal base, and the 3A2 in a min- 
iature base. Precise regulation of the 
picture tube's ultor (highest electrode) 
potential is obtained by the use of sev- 
eral new tube types : the 6BD4, 6BK4, 
and 6BU5 are grid -controlled, shunt - 
regulator tubes whose cap connection 
is capable of withstanding the full de- 
veloped high voltage. 

Since heavier damping currents are 
naturally entailed with the increased 
power of color deflection systems, a 
new heavy duty damping diode, the 
6LB4, was developed to supersede the 
heavy duty 6AU4. 

All -in -all, color receiver circuitry 
has probably made proportionately 
more progress in its early development 
stages than was made on monochrome 
receivers. - 
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Fig. 3. Schematic of the Motorola low 
level demodulator using double diodes. 

1957 EDITION 57 



BOOK REVI EWS 

All of these books were written for service technicians 
and others interested in installing and servicing color TV. 

"COLOR TV SERVICING" by Walter 
H. Buchsbaum. Published by Prentice - 
Hall, Inc., New York. 252 pages. Price 
$6.35. 

This volume, written by RADIO & 
TELEVISION NEWS' Television Consult- 
ant, is for the practicing and experi- 
enced TV technician. Those without a 
thorough understanding of monochrome 
television principles will find this text 
rough sledding since the author has 
assumed that only those who really 
know their radio and black -and -white 
television circuitry will be able to 
"graduate" to servicing color receivers. 

Because of this limitation in the 
scope of the volume, the reader is di- 
rected to the similarities and differ- 
ences between monochrome and color 
receivers which precludes all discus- 
sion of basic television theory. This is a 
valid position inasmuch as the complex 
and relatively expensive color receivers 
will not be entrusted to the offices of 
the novice technician or apprentice. 

Those whose background qualifies 
them for color service work will find 
this volume extremely helpful in pre- 
paring for the deluge that is sure to 
come or in the actual day-to-day serv- 
icing of existing receivers if the tech- 
nician is operating in an active color 
market. The author covers the princi- 
ples of colorimetry; color TV signals; 
the color TV system; picture tubes and 
their circuits; typical color receivers; 
antennas, tuners, and i.f. sections; the 
special circuitry unique to color; in- 
stallation and troubleshooting proce- 
dures involving the actual receiver; 
and, finally, miscellaneous trouble- 
shooting techniques. 

The technician seeking an advantage 
over his less alert competitors will find 
this volume a real help in putting him 
ahead of the game for the new boom in 
color TV. 

"INTRODUCTION TO COLOR TV" 
by M. Kaufman and H. Thomas. Pub- 
lished by John F. Rider Publisher, Inc., 
New York. 154 pages. Price $2.70. Pa- 
per bound. Second edition. 

So rapidly has the art of color TV 
progressed since the first edition of this 
book was published early in 1954 that 
it was deemed necessary to present a 
second, up-to-date volume on the sub- 
ject. 

Although much of the current color 

receiver service work is still being han- 
dled by factory organizations' ( for engi- 
neering and control purposes) the day 
is not far off when the job will have to 
be tackled by the independent service 
technician. 

Rather than trying to jump into the 
middle of the color picture the tech- 
nician should begin now to prepare 
himself for the job he may soon face. 
This book is one way for him to get a 
head start over his competition. 

The new and simplified circuitry that 
characterizes present-day color receiv- 
ers is covered in detail along with a 
complete schematic of the new RCA 
Model CTC4 color set. 

The text is lavishly illustrated which 
helps to clarify still further the already 
lucid presentation by the authors. 

* * * 

"COLOR TELEVISION FOR THE 
SERVICE TECHNICIAN" by Albert 
C. W. Saunders. Published by Howard 
W. Sams & Co., Inc., Indianapolis, 108 
pages. Price $2.50. Paper bound. 

Public acceptance of color television 
is inevitable and its march is inexora- 
ble so the on -the -ball service techni- 
cian will prepare for its advent before 
he is handed his first color installation 
job. 

A good start toward getting a prac- 
tical working knowledge of color cir- 
cuitry would be this new book by Mr. 
Saunders. The material is presented 
in a straightforward, clear, and easy - 
to -understand manner. The text pro- 
gresses in an orderly fashion from a 
discussion of colorimetry, through the 
color signal, color carrier, and signal 
analysis. The tri -color picture tube 
receives thorough treatment along 
with the all-important details on how 
such tubes should be handled and in- 
stalled for maximum safety. 

The balance of the book is devoted 
to a discussion of the color receiver 
itself, how it should be installed, how 
it operates, and troubleshooting proce- 
dures for this circuitry. The various 
commercially -available color sets are 
discussed in some detail both as to 
their similarities and their differences. 

The appendix contains a wealth of 
hard -to -locate information which will 
be of help to the color technician. 
Lavish use of diagrams, color charts, 
and other illustrative material adds 
immeasurably to the value of this book 

* * * 

"COLOR TELEVISION FUNDAMEN- 
TALS" by Milton S. Kiver. Published 
by McGraw-Hill Book Company, Inc., 
New York. 309 pages. Price $6.00. 

Now that color is becoming an ac- 
cepted part of network programming 
schedules more and more color re- 
ceivers are going to make their ap- 
pearance. This slowly growing accept- 
ance of colorcasting is of vital interest 
to technicians since they will be en- 
trusted, for the most part, with the 
task of insuring good reception. Color 
sets will require more servicing, more 
troubleshooting, and more careful con- 
sumer instructions than black -and - 
white receivers of the same tube size. 
Technicians familiar with color cir- 
cuitry and the fundamentals of color 
will be in an enviable position profes- 
sionally-since they will be "special- 
ists." 

One excellent source for such "pro- 
fessional training" would be this work 
by Mr. Kiver. He has covered his sub- 
ject matter progressively so that the 
student can tackle the more advanced 
concepts after acquiring the proper 
"background" for the circuitry under 
discussion. 

The text material is lavishly illus- 
trated with schematics, charts, graphs, 
and color plates. Two appendices cover- 
ing additional facts on color TV and 
technical specifications of the NTSC 
color signal are supplemented by a 
glossary of color television terms. All - 
in -all this is a practical, complete, and 
worthwhile handbook for the practic- 
ing technician and the student. 

* * * 

"COLOR TELEVISION RECEIVER 
PRACTICES" by Hazeltine Corp. Labo - 
oratories Staff. Published by John F. 
Rider Publisher, Inc., New York. 194 
pages. Price $4.50 (paper) and $6.00 
(cloth) . 

This text has been derived from a 
series of intensive lectures on color 
television principles given by Hazeltine 
for the benefit of visiting engineers. It 
covers the fundamentals of a color TV 
system, details on the standard trans- 
mitted signal, and a complete discus- 
sion of the various receiver circuits. A 
good working knowledge of mono- 
chrome receiver circuitry is prerequi- 
site to an understanding of this text 
which is designed for technicians and 
engineers. 
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By 

ROBERT B. TOMER and WILLIAM R. SULLIVAN 
CBS-Hytron 

A new color tube-although its operation is basically 
identical to the RCA tube, its mechanical construction 
is so different that production problems are eliminated 
and restrictions on potential tube sizes are removed. 

IT has long been recognized that one 
of the principal obstacles to low- 
cost, mass-produced color television 

has been the means by which the col- 
ored picture was reproduced. In recent 
years, most of the effort in this field 
has been directed toward perfecting a 
cathode-ray tube, capable of creating 
colored pictures in much the same 
manner as those used in black and 
white television. The problems in- 
volved in the successful accomplish- 
ment of this objective are prodigious. 
However, there has been tremendous 
progress in the direction of solving 
many of them. 

Until recently, the only successful 
color tubes which had been demon- 
strated were exceedingly difficult to 
manufacture and almost as difficult to 
adjust and maintain in operation. With 
the announcement by CBS-Hytron of 
its new CBS-Colortron, the last bar- 
rier to mass production color tele- 
vision appears to have been removed. 
This new tube makes use of principles 
already demonstrated as being sound 
in earlier color tube designs and goes 
beyond that point to achieve a sim- 
plicity of design closely approaching 
that of black and white tubes. 

Before discussing the improved fea- 
tures of the CBS-Colortron, a re- 
view of the earlier type of color tube 
may be helpful. One of the most suc- 
cessful of these earlier color tubes 
makes use of the principle of parallax 
to achieve the necessary separation of 
the three primary colors within the 
same tube structure. Three electron 
guns, located in the neck of the tube, 
are modulated by three individual sig- 
nals. The beams from these three guns 
are aimed so as to come together, or 
converge, upon a mask containing a 

multiplicity of small holes. As the 
three beams pass through the holes in 
the mask, they become divergent again 
and arrive at the screen as three indi- 
vidual beams. The screen is printed 
with three types of phosphor, capable 
of producing the three primary colors 
-red, green, and blue. The individual 
phosphors are printed as very small 
dots on the screen and are arranged in 
groups of three so as to form little tri- 
angles, or triads, each containing a 
red, a green, and a blue dot. As the 
three individual beams strike the 
screen, they are caused to fall exactly 
over the center of one of the three 
color dots. Thus, the beam from the 
red signal gun passes through the 
mask and travels on to strike the red 
dot on the screen. The beam from the 
green signal gun passes through the 
same hole to continue on and strike 
the green dot. The blue dot is excited in 
like manner. This principle of separa- 
tion by parallax is shown in Fig. 3A. 

As stated earlier, tubes utilizing this 
principle have been demonstrated .be- 
fore. Their chief drawback ha's been 
their inherent complexity of construc- 
tion and their dependence upon highly 
skilled artisans during their assembly. 
It has been because of these factors 
that the first estimates of color tele- 
vision set costs have been so high. It 
was inevitable that lower cost and 
more reliable designs would be sought. 
The CBS-Colortron is the result of 
such an effort. 

The color television picture tube dif- 
fers from its counterpart in black and 
white in three essential respects. It is 
these basic differences which will ulti- 
mately determine the cost differential 
between a color television picture tube 
and a black and white tube. The first 

Fig. 1 Overall view of 
CBS-Hytron's picture tube for 

color television. It is engineered 
so that it may be produced in quantity. 

of these differences is in the gun struc- 
ture. The color picture tube in its 
present practical form requires three 
electron guns as compared to only one 
in the black and white tube. While it 
may conceivably become possible to 
design color tubes in the future, hav- 
ing only one gun, at present the three 
gun design seems to be the only prac- 
tical design for a compatible color 
system. 

The second essential difference con- 
sists of the mask which permits the 
three beams to be separated at the 
screen for proper color registration. 
There is no way of eliminating this 
added element in the parallax type of 
color tube. However, its method of 
fabrication and assembly leaves much 
latitude for improvement and conse- 
quent cost reduction. 

The last essential difference consists 
of the special tri -phosphor screen, used 
in color television tubes, as compared 
with the simple screen used in black 
and white television. There appears to 
be no possibility of eliminating this es- 
sentially complex part of the color 
tube. However, once again the method 
of producing the screen leaves consid- 
erable area for improvement. 

It has been in the latter two areas 
that the greatest significant advances 
have been made in the CBS-Colortron. 
Earlier designs made use of a flat, 
prestretched mask, firmly bolted to a 
heavy spacer frame, which was in 
turn clamped to the glass plate con- 
taining the phosphor dots. This assem- 
bly was not only difficult to maintain 
in proper registration during its as- 
sembly, but created equally difficult 
problems in evacuating and outgassing 
the completed tube. Because of the 
large mass contained in this structure, 
the time required to raise and lower 
the temperature of the entire tube 
during the evacuation process was 
considerably longer than for black and 
white tubes. This, of course, added to 
the ultimate cost of such a tube. In 
addition, the losses due to non-linear 
expansion and contraction in this sub- 
assembly ran very high, adding even 
further to the cost. 

Other factors contributing to the 
high cost in the earlier flat mask type 
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of color tube were such items as an 
internal decorative mask and the use 
of an additional glass panel used to 
seal the open end of the tube and serv- 
ing as a window through which to 
view the phosphor screen mounted in- 
side the tube. Both of these items are 
eliminated in the CBS-Colortron. 

In order to achieve a significant re- 
duction in the cost of preparing the 
phosphor screen, a new method of 
printing the dots had to be developed. 
The method used in the earlier color 
tubes was a silk screen process. This is 
a sort of stenciling operation where a 
silk screen, containing a pattern of 
holes, is laid over a flat glass plate 
and the phosphors are forced through 
it onto the glass by a wiping or squee- 
geeing motion. The process is essen- 
tially a hand operation, requiring a 
high degree of skill and experience. 
Since it must be repeated three times 
on each screen, the possibility of error 
multiplies rapidly. 

A method of depositing the phos- 
phor dots through the use of photo- 
graphic techniques has been perfected 
which results in a great improvement 
in accuracy and which is capable of 
being performed by automatic equip- 
ment, thus effecting a substantial re- 
duction in cost. This photographic 
technique has certain other advan- 
tages that may exceed those of direct 
cost. Through the use of this tech- 
nique, it has been possible to eliminate 
the use of a separate piece of flat 
glass for supporting the phosphors. 
They can now be deposited directly 
onto the faceplate as in the black and 
white tube. By eliminating the extra 
glass surfaces of the older flatplate 
color tube, contrast is improved in the 
picture because there is less light dis- 
persion and fewer halations caused by 
room lights, windows, etc. Still an- 
other advantage accrues from the 
placing of the phosphors on the inside 
of the faceplate. This inside surface is, 
of necessity, a curved surface so as to 
be able to serve as an arch and sup- 
port the weight of the atmosphere 
pressing in upon the faceplate which 
would otherwise cause it to collapse. 

Fig. 2. The CBS-Colortron (top) in "exploded" form to show component parts as 
compared to the separate components which go to make up another type color tube. 

The use of a curved phosphor screen 
permits the use of a matching, curved 
mask. This combination of a curved 
mask and a curved faceplate distin- 
guishes this type of tube from the 
earlier flat mask and flat phosphor 
plate tube. 

One of the most difficult problems 
for the circuit designer using the flat 
mask type of color tube is that of ob- 
taining proper convergence over the 
entire screen area. Fig. 3B shows dia- 
grammatically why this problem ex- 
ists. 

It can be seen that jn the case of a 
flat mask tube, if the beams are 
brought to convergence at the center 
of the screen, they will not be prop- 
erly converged out near the edges of 
the picture. This is because the beams 
describe an arc as they swing back 
and forth across the mask, and the 
mask, being flat, fails to coincide with 
the plane of their point of converg- 
ence except at one point. Dynamic 

means of correcting this condition are 
required within the color receiver. A 

parabolic voltage waveform is re- 
quired to modulate the convergence 
lens in order to shift the plane of the 
convergence point back onto the mask 
near its edges. 

It is apparent from Fig. 3B that if 
the mask were a section of a sphere, the 
need for this dynamic convergence 
would be virtually eliminated. Actu- 
ally, in a practical tube design, the 
mask and faceplate curvatures do not 
coincide exactly with the plane of the 
convergence point of the three beams. 
However, the correction obtained with 
even a moderate amount of curvature 
is considerable, and in the case of the 
CBS-Colortron, it is on the order of six 
to one over the flat mask type of tube. 
This means that the requirements 
placed upon the circuit designer are 
greatly lessened and the problems of 
the service technician in maintaining 
sets in proper working order, once 

Fig. 3. (A) Convergence of the three beams at the mask. Note that each beam passes through the hole in the 
mask at the correct angle to strike its corresponding phosphor dot. (B) Illustrating the need for dynamic converg- 
ence to correct for the variation in length from deflection point to the aperture mask as the beams travel from 
the center to the edge of the mask. Note that the use of a spherical mask reduces the amount of correction required. 
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they have been in the field, are like- 
wise reduced. 

The aperture mask is stamped into 
an arched -shape and six spring clips are 
welded around the edges. The studs 
holding three of the spring clips have 
small v -shaped surfaces on their heads 
which are designed to fit over three 
mating domes, or hemispheres, on the 
inside of the faceplate beyond the pic- 
ture area. These hemispheres, which 
are molded into the glass, precisely 
locate the mask in relation to the 

screen. The six springs are clipped 
over the inside lip of the metal flange 
which is used to attach the faceplate 
panel to the funnel. These clips pro- 
vide a small amount of forward thrust 
to keep the mask pressing down on 
the mounting hemispheres. There is no 
other assembly operation to be per- 
formed except to bring the faceplate 
panel and the funnel together and 
weld their flanges around the edges. 
The simplicity of this method of as- 
sembly is apparent. 

In summary, the CBS-Colortron ap- 
pears to be the first such color tube 
ideally designed for mass production 
on largely existing manufacturing f a- 
cilities. It eliminates several compo- 
nents found in earlier models and 
achieves an improvement in contrast, 
as well as a simplification of circuit 
requirements, adjustment time, and a 
reduction in the amount of really 
serious field service problems that 
would be the result of drifting of 
convergence circuits. 

New GE 

Color 

Picture 

Tube Fig. 1. Shown here is a drawing of the G -E post accelera- 
tion P.O.F. color TV tube, still in the development stage. 

Using a grille instead of a shadow mask, and vertical 
phosphor stripes instead of dots, yields high brightness. 

A COLOR TV picture tube that gives 
many times more brightness than 

the tubes in color sets now on the mar- 
ket was recently demonstrated by the 
General Electric Tube Department. De- 
velopmental models of this tube were 
demonstrated in various degrees of 
room lighting and produced a bright 
picture in light comparable to a bright- 
ly lighted store. 

The new tube, which may not be 
ready for the production lines until 

Fig. 2. Detail drawing showing how the 
electron beams enter the grille of the 
G -E tube and are deflected to the screen. 
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1957, has a 22 -inch rectangular face 
and uses three guns. However, it is of 
the post acceleration type, meaning 
that the electron beams directed at the 
phosphor screen inside the face of the 
tube are accelerated after passing 
through a grille located in close prox- 
imity to the phosphor screen. The 
screen itself consists of vertical color 
phosphor stripes rather than color 
phosphor dots. 

Fig. 1 is a drawing of the G -E tube, 
which is known as the P.O.F. tube 
(phosphor on the envelope face). Con- 
sidering first the neck end, three elec- 
trostatic guns are shown lying in a 
plane instead of in a triangular array 
as in the shadow -mask tube. This type 
of gun structure allows each gun to be 
more or less independent of the other 
two insofar as convergence adjust- 
ments are concerned. 

On the other end of the tube is the 
grille (or color selective electrode), 
which consists of a parallel array of 
wires fastened to the envelope itself. 
In front of this is the tube envelope 
surface on which the red, green, and 
blue vertical phosphor stripes are print- 
ed. In normal operation, the final gun 
electrode and cone potential are held 
at about 6%/a kilovolts, and the grille is 
held at a potential of about 200 volts 
less. The phosphor screen is run at ap- 
proximately 25 kilovolts. 

Fig. 2 shows in simplified terms the 
operation of the front end of the tube. 

The electron beams are shown enter- 
ing the grille with a relatively large 
angular separation. Actually the an- 
gular separation is less than 1 degree. 
As the electron beam from one of the 
guns enters the grille region two ef- 
fects occur; first, the central ray of. 
this beam no longer travels in a 
straight line, but instead assumes a 
parabolic path exactly as occurs when 
one throws a ball which is then acted 
upon by the earth's gravitational field. 
In this case the strong electrostatic 
field between the screen and the grille 
accelerates the electrons to the high 
screen potential. 

A second action which occurs as the 
beam enters the grille region is focus- 
ing. With properly applied potentials, 
each pair of grille wires forms an elec- 
tron optical cylindrical lens which re- 
duces the size of the beam in the hori- 
zontal dimension from its initial diame- 
ter of about 35 mils to only 5 mils. 
This makes the beam width small in 
comparison with the phosphor stripe 
width, and allows a guard band to 
form on either side of the beam land- 
ing area. Thus, the beam can move 
about on a particular stripe without 
striking an adjacent stripe allowing 
for good color purity. 

One strict requirement of this tube 
is that the ratio of screen -to -grille 
voltage must be regulated since the 
electron trajectories between grille and 
screen and also the properties of the 
cylindrical lenses are dependent on this 
ratio. 

As claimed by engineers at G -E, the 
advantages of this tube over the 
shadow -mask type are that the P.O.F. 
tube yields higher brightness and uses 
less deflection power, simplified con- 
vergence circuitry, and simplified com- 
ponents on the neck of the tube. The 
higher brightness results from the fact 
that, because of the grille -type struc- 
ture of the color selective electrode, 90 
per -cent or more of the electrons eject- 
ed from the guns strike the phosphor 
screen in contrast to about 14 per -cent 
for the shadow -mask type tube. Less 
power is used because the beam is op- 
erated at a voltage of 61 kilovolts 
versus the 27 kilovolts used in the 
shadow -mask type tube. 

Because of the increased brightness 
of the P.O.F. tube, color selective safe- 
ty glass can be used resulting in more 
saturated colors and better contrast in 
an illuminated room. -{ 
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A New Single -Gun Color Tube 

J*4 

This is the tube that Philco has kept 

under wraps for over two years. It 

produces excellent color pictures, but 

receiver circuitry is not yet final. 

FINALLY, after more than two years of secret develop - 
ment, the Philco Corporation has divulged the prin- 
ciples of operation and the extent of development al- 

ready accomplished on its "Apple" color TV system. At 
the same time, the company released information on the 
single -gun color tube it developed to go with this color TV 
system. The word "Apple" has been used by Philco as a 
code name for this system, which has been one of the best 
kept secrets in the electronics industry. 

Basically, the tube uses a single electron gun to excite 
the vertical color phosphor stripes on the face plate. In- 
stead of directing the beam to a particular color stripe in 
a regular switching and deflecting sequence, as the Law- 
rence single -gun tube does, the "Apple" tube allows the 
beam to sweep across the face of the tube as in mono- 
chrome practice but the modulating information to the 
beam is switched according to the position of the beam. 
In other words, as the beam passes over a red stripe the 
red signal is passed to the gun. The same holds true for 
blue and green. Such a principle requires an indexing sys- 
tem to provide information concerning the whereabouts 
of the writing beam and a modulating system to provide 
the required beam modulation. 

The "Apple" color picture tube, shown in Fig. 1, may be 
generally described as an all -glass 21" rectangular picture 
tube providing 260 square inches of useful screen area, hav- 
ing a diagonal deflection angle of 74°, and using magnetic 
focusing and deflection. The color television display system 
described here requires a picture tube that must satisfy 
certain specific and unusual requirements. These are: 

Fig. 1. The Philco col- 

or TV picture tube is 

shown here. The bulb 
used is conventional. 

1. Small spot size 
2. Two electron beams that "track" each other and have 

a minimum of "crosstalk" 
3. A screen consisting of a repeating pattern of vertical 

red, blue, and green luminescing phosphors arranged in 
lines in a precisely described fashion on the face of the 
tube 

4. A secondary emission index -producing structure as an 
integral part of the screen 

The two fundamental parts of the "Apple" system are 
"sequential writing" and "electrical index." The expres- 
sion "sequential writing" means that the beam passes suc- 
cessively over triplets of fine vertical red, green, and blue 
stripes, as shown in Fig. 2. A particular color is produced 
by modulating the beam during the time it is passing over 
each triplet according to the proportions of primaries in 
the desired color. 

The expression "electrical index" refers to a signal de- 
rived from the anode of the "Apple" tube itself that con- 
tinuously gives information on the location of the beam. 
The beam current responds to two types of instructions: 
the color video signal from the transmitter and the index 
signal. 

The index signal is obtained from the tube by means of 
the structure shown in the insert in Fig. 2. A line, called 
the index stripe, of a material having high secondary 
emission compared to the aluminized background of the 
tube face, is placed behind every red line. A second beam, 
the "pilot" beam, parallel to the writing beam, is produced 

INDEX 

ALUMINUM 

INDEX 

ENLARGED CROSS-SECTION 
OF SCREEN 

SECONDARY 
ELECTRONS 

-PRIMARY PRIMARY BEAMS 

ANODE BUTTON 
30 KV 

SCREEN BUTTON 
27 KV 

GUN 

Fig. 2. Top cross-sectional view of the 
"Apple" color TV tube showing the path 
of the electron beam from the gun, and 
the path of the secondary electrons which 
are knocked oft the screen and collected. 

Fig. 3. Method of producing two electron 
beams in a single electron gun. Note the 
co -planar grids, one for each beam. Both 
beams, one for writing the picture on the 
screen and the other for indexing, must 
track perfectly if the system is to work. 
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Fig. 4. Block diagram of developmental color TV set using 
single -gun color tube described In this article. The circuits 
enclosed in the solid boxes are peculiar to the "Apple" system. 

at the gun and sweeps the index stripes in company with 
the writing beam. The secondary emission current pro- 
duced as the "pilot" beam crosses these index stripes is 
collected and amplified, resulting finally in a signal at the 
same frequency as that at which the writing beam must 
be varied to produce colors. 

The "pilot" beam is so aligned that it always strikes the 
same color line as the picture writing beam. However, 
the beams must be kept separate to avoid intermodulation 
between the "pilot" carrier and writing frequency signal. 

The luminescent screen or anode of the "Apple" tube 
consists of a repeating array of red, blue, and green ver- 
tical stripes as mentioned previously. The stripes are not 
contiguous but have a 50% duty cycle; that is, the spaces 
between the lines are as wide as the phosphor lines them- 
selves. The spaces between the lines are filled in with 
guard bands made of a dark -colored, non -luminescent ma- 
terial which improves color saturation and enhances con- 
trast under normal ambient light by reducing the reflec- 
tivity of the screen. Correct white balance is built into 
the screen of the "Apple" tube by adjusting the relative 
efficiencies of the blue and green phosphors through the 
addition of varying amounts of non -activated material so 
that scanning of the screen with a constant, unmodulated 
beam produces white. 

Fig. 5. Inside view of Philco developmental color TV receiver 
based upon beam -indexing principle and using "Apple" tube. 

TUNING ASSEMBLY FOR 
CRT GRID SIGNALS 

Among the important advantages of the "Apple" tube 
is its similarity to a black -and -white tube. In fact, in the 
absence of a chrominance signal, it cannot help making a 
good black -and -white picture. None of the writing beam 
in the "Apple" tube is intercepted nor deflected in such a 
way as to waste any high voltage power, and there is no 
problem of matching the characteristics of three guns to 
obtain good colorimetry. 

The color saturation obtainable at any particular bright- 
ness level is obviously limited by the spot size at the beam 
current associated with that brightness. If the spot is too 
large to land on one primary color stripe at a time, then 
de -saturation of primary colors occurs. This considera- 
tion, plus that of reasonable structural resolution, made 
the development of an electron gun producing a spot sub- 
stantially smaller than usual in a monochrome tube, a 
prime necessity for this beam -indexing tube. 

A combination of a small, countersunk aperture and 
close cathode -to -grid spacing is primarily responsible for 
obtaining a greatly reduced spot size. 

A second requirement is that the two beams "track" 
each other. Since one beam is used to tell where the other 
beam is, the relative position of the beams must be known 
at all times. The two beams are formed close together by 
using a single cathode, and two separate, co -planer, con- 
trol grids, each with its aperture close to the end of the 
grid, these ends being separated by .002 inch. The cen- 
ter -to -center separation of the two beams at the grid 
plane is only .029 inch. See Fig. 3. This setup assures 
good "tracking," since both beams are so close together 
that they will be acted upon in exactly the same amount 
by deflecting fields, etc. 

The third special requirement of this beam -indexing 
tube arises from the need for preventing the control volt- 
age of one beam from affecting the intensity or position 
of the other beam. This is satisfied by using a simple 
shield between the two beams in the region just above the 
grid apertures. This shield, shown in Fig. 3, effectively 
eliminates beam "crosstalk" as a limitation on the func- 
tioning of the system. 

The final unique feature of the Philco beam -indexing 
color tube is the index structure which provides the re- 
quired continuous monitoring signal. This signal is gen- 
erated by the difference in secondary emission between an 
array of magnesium oxide stripes applied to the gun side 
of the aluminized screen and the bare aluminum between 
these stripes. There are two contact buttons on one side 
of the tube envelope (see Fig. 5), and one of these is con- 
nected to the screen aluminum coating, making it possible 
to maintain the screen potential at approximately 27 kilo- 
volts. The second contact button connects to the bulb 
coating which is maintained at 30 kilovolts. The three 
kilovolt differential between screen and bulb coating re- 
sults in the collection of the secondary electrons from the 
screen by the bulb coating. 

To obtain the indexing signal, an external band of a 
conductive coating encircles the screen viewing area to 
form a coupling to the screen aluminum film. A metal 
mounting band is strapped over this coating and is used 
to support the tube and yoke -focuser cup in a manner 
similar to monochrome receiver practice. The mounting 
feet, which support the assembly in the cabinet, are in- 
sulated from the metal mounting band but are grounded 
to the foil shield. The circuit elements formed by the 
band, the aluminized screen to which it is coupled, and 
ground, are tuned to resonance at the index sideband fre- 
quency. Index signal take-off is accomplished by a coaxial 
lead connected to the mounting band. To shield the index 
circuit from external interference, an aluminum foil shield 
is folded to cover the rim of the CRT. The tube and cir- 
cuitry do not appear sufficiently sensitive to magnetic 
fields to require any magnetic shielding or compensation 
for earth field effects. 

Fig. 4 is a block diagram of the circuitry of the receiver 
shown in Fig. 5. This is one version of a complete "Apple" 
receiver. The circuits shown in the light dashed lines fol- 
low conventional color receiver practice and the "Apple" 
receiver imposes no special requirements here. The re - 
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mainder of the receiver outlined in 
heavy solid lines is shown in four sep- 
arate sections: the index amplifier, 
the "pilot" carrier oscillator and color 
mixers, the writing frequency ampli- 
fier, and the horizontal sweep and 
high voltage. 

The horizontal sweep -high -voltage 
section is similar to monochrome prac- 
tice. Some details include the use of 
a pair of 6CD6 tubes for horizontal 
drive, and a special high-perveance 
diode, the L-1379, as the damper. The 
30 kilovolt supply is obtained by a 
voltage doubler using 1B3's. 

To aid in maintaining horizontal 
sweep linearity with changes in line 
voltage, and to maintain a nearly con- 
stant picture height, it appears advan- 
tageous to derive the plate supply 
voltage for the horizontal and vertical 

oscillators from the regulated energy 
in the horizontal system. 

Vertical dynamic focus only is used 
in this receiver; for this, a vertical fre- 
quency parabola is applied to a focus 
control tube. The high -voltage supply 
musi have two regulated outputs in 
order to maintain optimum focus, hori- 
zontal sweep operation, and index. 
This has been accomplished by use of 
two all -glass gas regulators. 

The mixer unit consists of two tubes 
whose triode sections accomplish near- 
ly all the color signal processing re- 
quired by the receiver. The functions 
of this section are to generate an un - 
modulated "pilot" frequency carrier, 
and to transfer the chrominance mod- 
ulation to a second "pilot" frequency 
carrier. The latter signal is mixed 
with the amplified index information 

derived from the CRT to form a chro- 
minance -modulated writing signal 
which includes the positional informa- 
tion of the index signal. 

The chassis shown in Fig. 5 contains 
the complete receiver including the 
power supply. This receiver, as a de- 
velopmental type, does not use an ex- 
cess of dual -section tubes, yet its com- 
plement is only eight tubes more than 
a shadow -mask receiver containing 
the same non -display circuitry. In the 
foreseeable future this differential 
may be not more than five tubes. 
Against this disadvantage are the po- 
tential advantages of an electron op- 
tical system requiring only two align- 
ment adjustments and a cathode-ray 
tube completely free from static and 
dynamic white balance, and magnetic 
field problems. -0 - 
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Fig. 1. Lineup of Muntz color TV sets 
using the Chromatic color picture tube, 
which may be seen in the background. 

WITH the inauguration of color TV 
receiver manufacturing, the prob- 
lem of color picture tubes is again 

receiving much attention. Other arti- 
cles in this collection describe in detail 
the tri -color tube both as developed 
by RCA and as simplified by CBS- 
Hytron. Now it is possible to give some 
of the details concerning another type 
of color picture tube. This latter type, 
based on the ideas of Dr. E. O. Law- 
rence of the University of California, 
was publicized as being a "simple" 
and inexpensive rival of the RCA tri- 
color tube. The actual development 
work on the tube and associated cir- 
cuits was taken over by Chromatic 
Television Laboratories, Inc., a sub- 
sidiary of Paramount Inc. The tube 
described here is not necessarily the 
final design. Further improvements 
and changes are currently under de- 
velopment. 

The current model of this color pic- 
ture tube has been named the "Chro- 
matron" and a complete 22 -inch unit 
is shown in Fig. 1. The neck and 
flared portion of the tube are essential- 
ly the same as for other metal envelope 
picture tubes, but the cone is made in 
two parts to permit separate assembly 
of the color screen. Although the 
"Chromatron" is a round picture tube, 
the color structure is rectangular and 
occupies less than the full screen 
space. Picture width of the tube shown 
is 16 inches; the remaining screen 
space is taken up by the frame and 
mounting flanges required for the col- 
or structure. Fig. 2 shows the color 
structure in its frame before being as- 
sembled into the complete "Chroma- 
tron." In the manner of assembly this 
is very similar to the RCA tri -color 

CHROMATIC 
By WALTER H. BUCHSBAUM 

Television Consultant 

RADIO & TELEVISION NEWS 

Report on the construction, operation, 

and progress of the "Chromatron," a 

single -gun picture tube for color TV 

tube which also contains a separate 
color structure, frame, and flanges. 
While the RCA system employs three 
electron guns, the "Chromatron" uses 
only a single gun, but it would be 
possible to use three guns. 

The deflection components used for 
the "Chromatron" are essentially the 
same as used for black -and -white pic- 
ture tubes. This is a considerable ad - 

EDITOR'S NOTE: Although, to date, moat manufacturers of color TV receivers have designed their color TV sets for use with the 3 -gun color tube, as produced by 
RCA, CBS-Hytron, and others, a large segment of the industry is investigating 
the possibility of using a single -gun tube 
such as described in this article. This 
tube is based upon the invention of Dr. 
E. O. Lawrence, and the development 
work of the Chromatic Television Labo- ratories. Engineers, manufacturers, and 
all others concerned in the color televi- 
sion industry are divided on which type of 
tube will predominate in the future. Each 
has its advantages and disadvantages. 

Which tube will be more popular? This 
depends upon which tube will result in a 
more simplified circuit, lower over-all set 
production cost, lower picture tube cost, 
and which tube will give the better pic- 
ture. Although there is no reason why 
both the 3 -gun tube and the single -gun 
tube cannot live side -by -side, in the final 
analysis, the public will decide as to 
which will be more popular. 

vantage over the RCA design which 
requires complex deflection yokes, a 
purity coil, and convergence and cen- 
tering adjustments. The simplification 
at the neck of the tube is possible in 
the "Chromatron" because the com- 
plete color switching section is part of 
the color screen structure. 

The RCA tri -color tube has a screen 
consisting of small dots of colored 
phosphors each of which lights up 
either in red, green, or blue. These 

color dots are arranged in the correct 
sequence and the colored picture is the 
composite of the amount of light com- 
ing from a large number of dots. 

The "Chromatron" uses lines of col- 
ored phosphor instead of dots and a 
special wire screen behind the phos- 
phor strips makes the electron beam 
dance back and forth between the 
color strips to produce, effectively, a 
series of color dots. Fig. 4 shows the 
principle of the "Chromatron" color 
structure. A number of vertical strips 
are laid out, each containing a colored 
phosphor. The color sequence is ar- 
ranged so that a green strip falls be- 
tween each red and blue one. Behind 
the phosphor is a fine wire grid, so 
spaced that an electron beam passing 
between two wires will hit the green 
phosphor if there is no voltage be- 
tween the wires. 

The phosphor screen is aluminum 
backed, just as in some types of black - 
and -white picture tubes, and the alu- 
minum backing is connected to a ter- 
minal outside the tube. If a voltage 
is applied between the two wire grids 
and the aluminum backing, a series of 
electron lenses will be set up between 
the wires and the screen. These lenses 
help to focus the electron beam so that 
a sharp spot is obtained on the screen. 
Although the focusing produced by 
these lenses is not as effective as the 
focusing coil or electrostatic focus ele- 
ment back in the electron gun, this 
"post deflection focus" (PDF) system 
has a considerable effect on the size 
of the spot. Because the acceleration 
of the electrons in the beam is so high 
near the screen, the focusing potential 
required is much greater than at the 
electron gun. 
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In addition to the focusing potential, 
another voltage can be applied be- 
tween the set of wires located behind 
the red and the blue phosphor strips. 
Depending on the polarity and magni- 
tude of this voltage, the electron beam 
will be deflected from striking the 
green strips and hit the red or blue 
strips. 

The color of the spot is therefore 
determined by the instantaneous volt- 
age between the two sets of wire grids, 
while the size of the spot is determined 
by the d.c. voltage between the alumi- 
num backing and the electrical center 
of the two wire grids. This is similar 
to the application of centering voltage 
in an electrostatic deflection cathode- 
ray tube. In the simplified sketch of 
Fig. 5, the condition is illustrated 
where the electron beam hits a green 
strip because no potential exists be- 
tween the red and blue wire grids. If 
a positive voltage is applied to the red 
wire grid, for example, the electron 
beam would be deflected slightly more 
to the left and hit a red phosphor 
strip. 

In addition to the deflecting action 
of the two wire grids, the electron 
beam is also moved by the vertical and 
horizontal deflection coils located 
around the neck of the tube. It should 
be understood that the action of the 
two wire grids is on the order of a 
minute jiggling motion, superimposed 
on the horizontal and vertical sweep 
movement of the electron beam. The 
colored phosphor strips, the wires, and 
the spacing between the wires are all 
so small that from the standard view- 
ing distance individual colors are not 
discernible. 

For operation under the NTSC 
standards for all electronic color TV, 
the color switching rate for the wire 
grids is 3.58 mc., the frequency of the 
color subcarrier. Rigid standards are 
needed to maintain the phase rela- 
tionship between the three color com- 
ponents since it is this relationship 
which delivers the color or chroma- 
ticity information. 

To switch at this rate raises some 
problems when we consider that the 
wire grids contain considerable ca- 
pacity and require quite some power 
to move the electron beam sufficiently. 
The d.c. voltage on the wires for focus- 
ing is on the order of 5000 volts and 

Fig. 2. Rectangular screen of the 
"Chromatron" showing the frame which 
holds the color grid wires in place. 

the a.c. switching signal must, accord- 
ingly, be strong, usually about 500 
volts. In one practical demonstration 
the driving power was about 25 watts. 
To increase the efficiency of the system 
somewhat an external inductance was 
used to resonate the approximately 
1200 µµfd. capacity due to the wire 
grids. 

The problem of driving the wire 
grids, however, is being solved by new 
driving methods and a modification in 
the design of the "Chromatron." One 
approach is to move the grid wires 
further away from the screen and, 
thus, reduce the capacity. This would 
help to reduce the required driving 
power considerably. In addition to the 
switching circuits it is also necessary 
to key the cathode or control grid of 
the electron gun so that only the red 
picture information or brightness level 
exists during the instant that the elec- 
tron beam hits the red phosphor, and 
so on for the other colors. To accom- 
plish this, the output of the three video 

Fig. 4. Representation of the "Chroma- 
tron" phosphor screen showing the grid 
arrangement behind the color strips. 

amplifiers are switched, each deliver- 
ing its signal, in turn, to the picture 
tube. 

A block diagram of the circuitry 
needed to utilize the "Chromatron" 
with the NTSC color TV system is 

Fig. 3. Simplified block diagram of the 
circuits required with the "Chromatron." 

Fig. 5. Electron beam excites green phos- 
phor strip when no deflecting voltage 
is fed to the blue and red grid wires. 
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shown in Fig. 3. The four video sec- 
tions, containing the brightness and 
the three color signals, are required 
for the NTSC color system since the 
fine picture detail is transmitted on 
the brightness signal, and for color in- 
formation each requires a separate 
amplifier. For the color signals, the 
amplifiers are relatively narrow -band 
stages, but for the brightness signal a 
3.5 to 4 mc. bandwidth is desirable. Not 
shown in Fig. 3 is the synchronous de- 
tector which supplies the brightness 
and color signals. Also omitted are the 
vertical and horizontal deflection cir- 
cuits. 

The keying section is required to 
switch the output of each of the three 
color stages onto the single electron 
gun. In the RCA tri -color picture tube 
this is not necessary since each color 
channel is connected to one of the three 
electron guns. The tri -color tube is es- 
sentially a simultaneous device, while 
the "Chromatron" breaks the simul- 
taneous NTSC system into a dot -se- 
quential picture. 

The operation of the color grids and 
their associated circuits is shown in 
some detail in Fig. 3. In order to main- 
tain the d.c. focus potential between 
the two color grids and the aluminized 
phosphor backing, a center -tapped coil 
is required to make this potential equal 
at both grids. In Fig. 3, it is assumed 
that the secondary of the output trans- 
former is resonated with the color grid 
capacity and 'properly matched to the 

primary for maximum transfer. 
The driver stage can be a power am- 

plifier driven by a voltage amplifier 
which, in turn, is driven by the color 
synchronizing oscillator. This 3.58 mc. 
oscillator is controlled by means of a 
keyed a.f.c. system from the color syn- 
chronizing burst transmitted after each 
horizontal synchronizing pulse in the 
composite color signal. In order to ob- 
tain true color rendition it is absolutely 
essential that the frequency remain 
constant and no phase shift or distor- 
tion be introduced. 

The high voltage section of the 
"Chromatron" is somewhat different 
than for the RCA tri -color picture 
tube. Good regulation of the anode 
voltage is not required for the "Chro- 
matron" whereas it is for the tri -color 
tube. 

At the time of writing, several dem- 
onstrations of the "Chromatron" have 
been given. When demonstrated with 
the NTSC color TV system the "Chro- 
matron" itself appears fairly good. The 
pictures on one of the tubes appeared 
to have considerable red streaking 
which apparently was due to the 'red 
phosphor's long persistence. This fea- 
ture can be remedied by using a differ- 
ent red phosphor. At a viewing distance 
of about 10 feet, the individual lines are 
not visible and the viewer sees only 
the complete color picture. 

One interesting aspect of the line 
structure is the fact that the lines and 
the grid wires behind them can be ori- 

ented either vertically or horizontally 
and both types of tubes have been test- 
ed. It was found that when the colored 
phosphor lines are in the same direc- 
tion as the horizontal scanning lines 
the color moire pattern is much less 
visible at closer viewing distances. The 
actual width of the color phosphor lines 
has not been definitely set, but tubes 
with strips as narrow as 0.010 inch (10 
mils) have been built. When these 
strips are applied horizontally, the re- 
sulting line structure is fine enough to 
enable the viewer at ordinary distances 
to see the complete color picture ex- 
clusively. 

Chromatic Television Laboratories 
and some other tube manufacturers 
are developing improved tubes. Some 
of the planned improvements include 
much narrower phosphor strips, per- 
mitting a greater number of strips and 
therefore better resolution. Color grids 
will be made of finer wire and a better 
set of colored phosphors is under con- 
sideration. The problem of the persist- 
ence of the phosphors can be solved 
when a color combination is found 
which produces the correct primary 
colors and has equal brightness and 
persistence under the same accelerat- 
ing potential. In the sample tubes dem- 
onstrated so far, the correct phosphor 
combination was lacking, but some 
fairly good pictures were observed with 
a compromise arrangement of phos- 
phors. 
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RECEIVING TUBES 
FOR 

COLOR TV 

uw 

By 

WALTER H. BUCHSBAUM 
Television Consultant 

RADIO & TELEVISION NEWS 

JUST as the advent of monochrome 
TV brought a host of new, special 
TV receiving tubes, the approach- 

ing production of color TV receivers is 
heralded by a rash of new and special- 
ized receiving -type tubes. As might 
be expected, these new tubes either 
perform functions not previously 
found in television receivers, or else 
they are designed to provide simpli- 
fied and more economical circuitry. 

Before describing each of the new 
tubes, a short discussion on their var- 
ious functions is in order. The color 
TV receiver differs from its mono- 
chrome counterpart mainly in the 
video, synchronizing, and sweep sec- 
tions. Higher voltages and greater 
power are also needed. Fig. 2 shows in 
block diagram form the various sec- 
tions peculiar to a color receiver. 
Functionally, the color demodulator, 
matrix, color sync, and dynamic con- 
vergence sections are completely dif- 
ferent from monochrome circuitry. 
The demodulator section removes the 
color information from the color sub - 
carrier and usually employs synchro- 
nous detectors or some other phase - 
sensitive circuit. In the color sync 
section, the 3.58 -mc. color subcarrier 
burst is converted into a continuous 
sine wave of the same frequency. This 
calls for gating, a.f.c., and phase de- 
tector circuitry. Dynamic convergence 
presents less of a problem since this 
section merely shapes and amplifies 
portions of the horizontal and vertical 
sweep. While the matrix circuits are 
not found in monochrome receivers, 
their function is simply to add the lu- 
minance and color information signals 
so as to obtain the blue, green, and red 
signals for the CRT. Included in the 
matrix section are the three color video 
amplifiers which are of standard design 
but, generally, use multiple -element 
tubes such as pentode -triode combina- 
tions or triple diodes (for d.c. re- 
storers). 

The horizontal sweep section is in- 
cluded here mostly for its relation to 
other sections, but basically the same 
type of circuitry is found here as in 
monochrome receivers. Improved line - 

Fig. 1. Some of the new tubes used In color TV sets. These tubes 
either perform new jobs or handle greater voltages and currents than 
heretofore found in TV sets. The unlabeled tube on the left is a 6BJ7. 

Color TV circuits require new types of receiving tubes; 

the ones described here will be found in many color sets. 

arity and greater high voltage require 
new tubes and components in the 
flyback and high -voltage section. As 
we shall see, a number of new tubes 
were developed for this last section. 
Some tubes used in monochrome re- 
ceivers have been improved for greater 
power capacity or simpler construc- 
tion and have received new numbers. 

Starting with the power supply, 
G -E has announced the 5AU4 which 
is a çonsiderably fortified cousin of 
the old familiar 5U4 rectifier. The 
new tube is also an octal type, and its 
major feature is greatly improved 
current carrying capacity, resulting in 
fewer paralleled "B+" rectifier tubes. 

For the demodulator section, the 
first color TV receivers used a 6AS6, 
which is a pentode in which the sup- 
pressor grid has almost as much con- 
trol as the control grid. Since this is 
a somewhat special and expensive 
tube, several new and different gating 
tubes have been announced. G -E is 
promoting the 6AR8, a sheet -beam 

Fig. 2. Partial block diagram of a 
color TV receiver showing the sections 
that require new receiving tube types. 

type tube which is used as a synchro- 
nous detector to remove the I and Q 
signals from the 3.58 -mc. color sub - 
carrier. The 6AR8 functions on the 
same principle as the 6BN6, used as 
an FM detector in some black -and - 
white TV receivers. RCA has come 
out with a pentagrid amplifier which 
can be used as a synchronous detec- 
tor, the 6BY6. A less expensive ver- 
sion of the older 6AS6 is the newly 
announced 6DB6 which CBS-Hytron 
expects to put on the market. All 
three tubes are of the miniature 7 -pin 
type. The color sync section of some 
late model receivers may be using one 
or the other of these three new tubes 
but, in general, the tubes found in 
this section will be double diodes and 
double triodes. Some recent new TV 
tubes like the 6X8 and the earlier 
6U8, both containing a triode and a 
pentode in a single envelope, will ap- 
pear frequently in the color sync sec- 
tion. 

A real innovation resulted from the 
need for three identical d.c. restorers 
in the color set. The tube required is 
a 9 -pin miniature containing three 
separate diodes. G -E and CBS-Hytron 
are both, promoting their type 6BJ7 
triple diode (see Fig. 1) which con- 
sists of three identical balanced diodes, 
each with the same characteristics as 
a single 6AL5 section. RCA is featur- 
ing another tube, the 6BC7, which is 
quite similar except that the degree 
of balance between diode sections is 
less stringent. In actual receivers 
both tubes will be found in essentially 
the same circuits and are practically 
interchangeable. 

Another tube that will find consid- 
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erable application in the color video 
section is the RCA type 6AN8 which 
is a 9 -pin miniature containing a me- 
dium -'mu triode and sharp cut-off pen- 
tode in a single envelope. This tube is 
similar to the previously mentioned 
6X8 and may also be found in other 
receiver sections. 

The most radical tube innovations 
are to be found in the high -voltage 
section. Since all shadow -mask tubes 
require at least 20 kv., regulated and 
with considerable current, new tubes 
were needed for rectification, regula- 
tion, and damping. The new 19 -inch 
color picture tubes use 27 kv. and re- 
quire at least 1 ma. of current from 
the high -voltage section. There are 
presently three new high -voltage rec- 
tifiers, all of which will be used in 
the latest color TV sets. RCA has an- 
nounced that it will make the 3A2 
and the 3A3, both similar electrically. 
The 3A2 is a miniature, 9 -pin type 
with a top cap for the anode, while 
the 3A3 is an octal type with top cap. 
Both are shown in Fig. 1. CBS-Hytron 
also will produce the 3A3, while G -E 
has announced the type 2V2 which is 
similar in appearance to the 3A3 but 
uses only 2 volts instead of 3 volts for 
the heater. It might be mentioned 
here that in the most frequently used 
high -voltage doubler circuits for color 
TV receivers a third high -voltage di- 
ode is used in lieu of a resistance 
bleeder. This greatly improves regu- 
lation and increases over-all efficiency. 
The tube used for this purpose is usu- 
ally the same type as the two doubler 
rectifiers. 

Since the 20 or 27 kv. supply must 
have excellent regulation, a special 

3A3 3A3 3A3 

FLY- 
BACK 

Z 
66D4 

REGULATOR 

8+ 

50 MEG. 

20 KV. ULTOR 

9KV. 
CONVERGENCE 

55 MEG. 

I MEG. NV. CONTROL 

2MEG. 

Fig. 3. Partial circuit diagram of a 
typical regulated high voltage supply 
for color TV sets. Note the use of a 
triode (in some cases a pentode) for 
picture -tube high voltage regulation. 

tube was designed which performs 
essentially the same function in the 
high -voltage section as the shunt volt- 
age -regulator tubes used in electron- 
ically regulated d.c. power supplies. 
Fig. 1 shows the new 6BD4, a special 
sharp cut-off beam triode which is be- 
ing offered by RCA and CBS-Hytron. 
G -E is currently introducing a special 
pentode, the 6BU5 which is designed 
for the same application, but uses a 
pentode circuit for sharp cut-off char- 
acteristic. 

To provide some idea of the operation 
of the new high -voltage regulator tube 
refer to the simplified diagram of Fig. 
3, showing a portion of the high -volt- 
age section of a typical color TV re- 
ceiver. It is interesting to note that 
the plate of the regulator tube is con- 
nected directly to the 20 kv. source 
while the cathode goes to the "B+" 
voltage. The regulating action is pro- 
vided by the change in grid bias due 
to voltage changes across the bleeder 
to which the grid is connected. In a 
typical circuit the plate current will 
vary from 1 to 0.1 milliampere as the 
grid voltage varies over about 8 volts. 
This will change the high voltage by 
only 300 volts while the load current 
varies from 0.1 to 1 milliampere. In 
other words, the regulator tube ab- 
sorbs the difference to keep the high - 
voltage supply steady. Ordinarily 
such a large change in load current 
would occur when a bright white area 
on the screen, which requires all three 
color electron beams, suddenly changes 
to a completely black area. 

By adjusting the setting of the grid 
voltage on the regulator tube, the 
tube's operating point, and therefore 
the actual high voltage at the plate of 
the regulator, is determined. This ad- 
justment is important in setting up 
the color picture tube for correct 
operation. The circuit for the 6BU5 
pentode regulator is essentially the 
same as in Fig. 3, except that the 
screen grid connection is added. 

Since this is still the infancy of color 
TV we can expect many more new 
receiving -type tubes to be announced 
in the near future. 
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Magnetic 

onvergence 

in large -Screen 

Color TV 
By J. JOSEPH HILL 
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Fig. 1. One of the three convergence coil assemblies used 
with the large screen, 3 -gun color picture tubes. This 
diagram shows the relation of the external assembly to 
the magnetic pole pieces in the interior of the tube neck, 
and its effect on the deflection of the electron beam. 

Convergence circuits in large -screen color TV sets are 

becoming simpler; here is an analysis of three types. 

THE basic principles of magnetic 
convergence have already been ade- 
quately covered in previous articles 

in this color TV collection, this ar- 
ticle will be devoted to an analysis 
and comparison of the leading conver- 
gence circuits in use today. 

Fig. 1 shows a typical convergence 
coil assembly such as is used with 
each gun of a three -gun color TV pic- 
ture tube. Each assembly consists of 
small coils wound on a horseshoe 
shaped core, with a small permanent 
magnet mounted in "V" cuts on both 
core halves. Rotating this small mag- 
net varies the polarity and strength of 
the flux flowing through the core and 
thereby accomplishes d.c. convergence. 
This flux passes through the glass neck 
to the pole pieces within the color 
kinescope. These pole pieces are posi- 
tioned at each electron gun so that 
each beam passes between a pair of 
poles and is deflected by the magnetic 
flux of the poles. 

In addition to the flux introduced 
by the permanent magnet, horizontal 
and vertical signals are introduced 
into the coils wound on the core and 
result in a varying flux which deflects 
the beam in synchronism with the 
scanning of the raster. 

The convergence yoke, shown in Fig. 
5, consists of three coil assemblies, 
spaced to coincide with the pole pieces, 
and held tightly against the neck of the 

kinescope by means of coil springs. 
In the "CBS -205" color TV receiver 

circuit, shown in Fig. 2, is found a di- 
rect approach to convergence. For best 
dynamic convergence a parabolic wave- 
form is required, as illustrated in Fig. 
6. In addition a tilt function is added, 
which shifts the peak of the parabola 
for further correction as shown in 
Fig. 3. 

Horizontal pulses from a winding 
on the flyback transformer, see Fig. 
2, are fed to the convergence circuits. 
A positive pulse is fed to a two -stage 
saw -tooth generator, which makes 
available a saw -tooth voltage. This 
saw -tooth voltage is amplified in the 
convergence amplifiers causing a para- 
bolic current flow through the induct- 
ance of the convergence coil L,, as 
shown in Fig. 4. In addition, a horizon- 
tal tilt pulse is applied to the grid of 
each convergence amplifier, which 
causes a saw -tooth of current through 
Li. 47,000 -ohm resistors are used to 
isolate these various waveforms from 
each other. By varying the parabola 
and tilt currents for each gun, horizon- 
tal dynamic convergence can be ef- 
fected over the entire face of the pic- 
ture tube. 

The vertical convergence network of 
the "CBS -205" circuit consists of three 
separate 100 -ohm center -tapped con- 
trols connected to the vertical output 
transformer, and a 560 -ohm -25 -pfd. 

network. Because the current through 
the vertical output transformer flows 
through the 100 -ohm controls, a saw - 
tooth voltage at the vertical rate ap- 
pears across them, and is applied to 
the L9 coil of each convergence assem- 
bly through a 100-µfd. d.c. blocking ca- 
pacitor and a horizontal frequency 
choke. Adjustment of the center - 
tapped controls varies the amplitude 
and polarity of the vertical saw -tooth 
current. Because L2 is designed to be 
resistive at the vertical frequency, the 
saw -tooth voltage causes a saw -tooth 
current through L2. 

The 560-ohm-25-µfd. network gen- 
erates a parabolic waveform because 
of the vertical signals passing through 
it. This waveform passes through a 
150 -pfd. d.c. blocking capacitor, and 
then a 2500 -ohm potentiometer and 
horizontal frequency choke for each 
color channel, and is applied to coils 
Li. The vertical parabola and tilt con- 
trols are adjusted for uniform conver- 
gence of the three electron beams 
throughout the vertical sweep. 

Fig. 7 shows the Motorola conver- 
gence circuit, which is designed to 
eliminate the need for vacuum tubes 
and utilizes ringing coils as waveform 
generators. In the ringing coil conver- 
gence circuits, sine -wave voltages are 
substituted for the parabolic waveforms 
with little sacrifice of convergence, 
since the maximum error involved oc- 
curs during retrace blanking time, as 
shown in Fig. 9A, and therefore is not 
seen in the picture. 

The vertical waveforms are derived 
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Fig. 2. Dynamic convergence circuits of 
the CBS -205 19 -inch color TV receiver. 
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Fig. 3. Adjustment of dynamic converg- 
ence is effected by varying the "tilt" 
of the convergence parabolic waveform 
by adding or subtracting a sawtooth. 

Fig. 4. Current waveforms through an 
ideal inductance corresponding to two 
voltage waveforms across it. The cur- 
rent waveform resulting from a saw - 
tooth of voltage is a parabolic type. 
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Fig. 5. Typical convergence yoke as- 
sembly. The convergence magnets are 
spaced 120 degrees around the neck 
of the tube to coincide with internal 
pole pieces in the neck of the tube. 
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Fig. 7. Dynamic convergence circuits for the Motorola 19 -inch color TV receiver. 
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Fig. 8. The new RCA 21 -inch color TV set uses the simplified dynamic convergence 
circuits shown here. Note the saving in vacuum tubes over the circuit of Fig. 2. 

much as they were in the "CBS -205," 
except for the vertical parabola gener- 
ator, which consists of a 2 -henry coil 
and 70 -pfd. capacitor. 

The vertical parabola is applied to 
L, (see Fig. 7) through a 100 -pfd. ca- 
pacitor, a 2500 -ohm control, and the 
coil LA. The vertical parabola ampli- 
tude is varied by the 2500 -ohm control. 
The .05 -pfd. capacitor bypasses the 
2500 -ohm control for horizontal wave- 
forms, but is not large enough to by- 
pass vertical signals. 

The horizontal section utilizes ring- 
ing coils. For each gun, a horizontal 
pulse from the flyback transformer is 
applied through a pot to the coil LR 
and the corresponding .01-µfd. capaci- 
tor. When the pulses strike this cir- 
cuit a sine -wave oscillation occurs at 
the resonant frequency of the coil and 
capacitor, which is close to the hori- 
zontal rate. This waveform is shown 
in Fig. 9A. The amplitude of this sine 
wave can be varied by changing the 
amplitude of the pulse striking the 
coil. This is effected by adjustment 
of the 500 -ohm control. 

The horizontal tilt function is ac- 
complished by adjusting the resonant 
frequency of the coil -capacitor com- 
bination. This is done by adjusting the 
coil LR and results in the phase shift 
illustrated in Fig. 9B. By lowering the 
resonant frequency the lower crest of 
the sine wave is caused to occur to the 
right of center, whereas raising the 
frequency above the horizontal rate 
causes the crest to occur to the left 
of center. 

The horizontal convergence sine 
wave is applied to L, through the .05- 
µfd. capacitor bypassing the 2500 -ohm 
potentiometer. Proper horizontal con- 
vergence is accomplished through ad- 
justment of the horizontal amplitude 
control (the 500 -ohm potentiometer) 

and the horizontal phase coil (LR) for 
each gun. 

The latest refinement in tubeless 
convergence is illustrated in the RCA 
21 -inch circuitry shown in Fig. 8. 
Starting with the vertical convergence 
section, it is seen that the signal is 
derived at the cathode of the vertical 
output stage. The parabolic waveform 
here is coupled by the 25 -pfd. capacitor 
to a phase shift network consisting 
of a 10-µfd. capacitor and a 390 -ohm 
resistor paralleled by three 1000 -ohm 
controls. By varying the 1000 -ohm con- 
trols the tilt of the vertical parabola 
is shifted between the limits shown in 
Fig. 10. The waveform picked off each 
1000 -ohm control is applied through a 
2000 -ohm potentiometer and 400 -milli- 
henry horizontal frequency choke 
to the convergence yoke coils which 
are connected in series, and then to 
ground. Varying the 2000 -ohm poten- 
tiometer controls the amplitude of the 
vertical waveform current. 

From a winding on the flyback trans- 
former, horizontal pulses are applied 
to the coil L, three amplitude controls, 
and a .22-µfd. capacitor. The voltage 
pulse causes a saw -tooth current 
through the coil, as in Fig. 4, which 
is modified by the .22 -pfd. capacitor 
into a parabolic waveform across the 
controls. This is accomplished by the 
choice of coil and capacitor used. This 
parabolic waveform is applied to Li 
through the .0025 -pfd. capacitors and 
1000 -ohm resistors. By autotrans- 
former action between Li and L2, this 
voltage is stepped up, resulting in a 
greater convergence range. 

The convergence coils L, and L2 are 
tuned by a variable capacitor C, at the 
horizontal frequency. At resonance, 
the coils are predominantly resistive, 
so that a parabolic current results in 
the coil. By tuning the coils above 
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Fig. 9. (A) Comparison of sine wave 
and parabolic wave as applied to dy- 
namic convergence. Note the similarity 
in their waveshapes during the trace 
period. (B) The effect of varying the 
phase of a convergence sine wave is to 
displace the point at which minima occur. 

or below resonance, the parabola is 
altered, resulting in a tilt similar to 
Fig. 3. By adjustment of the horizon- 
tal amplitude controls and the tilt ca- 
pacitors, uniform convergence of hori- 
zontal lines can be achieved. 

From this analysis it can be seen 
that convergence circuits are tending 
to be simplified, but the number of 
controls remains essentially the 
same. 

Fig. 10. The range of the vertical tilt 
adjustment possible for the parabolic dy 
namic convergence waveform produced 
by the circuit of Fig. 8 is shown here. 
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View of the new RCA 28 -tube. 21 -inch 
color TV receiver. Note the absence 
of a field neutralizing coil around 
the outer edge of the color tube. 

IN A PREVIOUS series of articles, 
we investigated the basic operating 
principles of color television receiv- 

ers, using typical circuits taken from 
receivers which have been exhibited to 
the public. All this has been, in a sense, 
a forerunner for the job that the serv- 
ice technician will have when color sets 
are placed in the hands of the public in 
quantity-the job of servicing these re- 
ceivers and of nursing them back to 
good operating condition. 

The color television receiver, we have 
seen, contains many more circuits than 
a black -and -white receiver. This does 
not necessarily infer that color sets will 
be proportionately more difficult to 
service. Undoubtedly they will present 
more problems, but experience has 
shown that much of this difficulty can 
be reduced if the technician appreciates 
the differences between monochrome 
and color sets and develops a logical 
approach based on these differences. 

Block diagrams of color television 
and monochrome receivers are shown 
in Fig. 1. To emphasize the differences 
between the two systems, every box in 
the color television diagram which has 
no counterpart in the black -and -white 
receiver has been shaded. This imme- 
diately reveals that the color sync sec- 
tion, the chrominance circuits, and the 
convergence amplifier (s) are non- 
existent in a monochrome receiver. The 
picture tube has been shown as par- 
tially shaded to draw attention to the 
fact that while it differs considerably 
from its black -and -white counterpart, 
still the two have many points in com- 

By 

MILTON S. KIVER* 

Part 1. Large screen color TV is here now! Here are 

servicing techniques based upon experience with the 

commercial color TV receivers on the market today. 

mon. Both use electron guns to develop 
scanning beams, and phosphor screens 
to convert this electrical energy into 
light. On the other hand, the color 
screen must present three colors in 
place of one and its structure was al- 
tered accordingly. 

In the remaining receiver circuits, 
such as the r.f. section, the video i.f. 
amplifiers, the sound system, the sync 
separators, the a.g.c., and the sweep 
sections, both receivers use substan- 
tially the same circuits. Differences 
here are more a matter of degree rather 
than of basic form. In the video i.f. 
system, for example, the response is 
wider, but it still possesses the same 
general shape with the same trap fre- 
quencies. In the deflection system, 
principally the horizontal section, more 
drive is required and more high voltage 
must be developed but, again, anyone 
familiar with these circuits in mono- 
chrome sets would have little trouble 
in analyzing the corresponding circuits 
in color sets. Every bit of knowledgé 
acquired by the technician from his 
work on black -and -white sets will be 
of value in servicing color receivers. 
This is an important fact to remember. 

The First Step 

The initial step in the servicing of a 
color receiver starts with the observa- 
tion of the picture and listening to the 
sound. If one is affected, but not the 
other, then we would confine ourselves 

Author of "Television Simplified." "Television 
and FM Receiver Servicing," and other books. 

to that portion of the receiver which 
dealt with that particular signal alone. 
For example, suppose we found the pic- 
ture normal, but the sound either dis- 
torted or missing. Then we would start 
at the sound -video separation point and 
proceed along the path followed by the 
sound only until it reached the loud- 
speaker. In every color receiver which 
has been shown to date, sound and 
video signal separation occurred either 
in the last video i.f. stage or in the 
video second detector. All sets operate 
on the intercarrier principle and con- 
sequently, the sound i.f. frequency is 
4.5 mc. 

The other alternative is for the sound 
to be normal, but for the picture to be 
affected. Speaking generally, the video 
signal travels by itself through the 
video amplifiers, through portions of 
the chrominance circuits, through sev- 
eral d.c. restorers and finally, to the 
picture tube. 

Another consideration when the pic- 
ture is affected is whether it is the pic- 
ture which is at fault or the raster. If it 
is the raster which is causing the diffi- 
culty, then other circuits would come 
under consideration, for example, the 
vertical sweep system, the horizontal 
sweep system, or the high -voltage sec- 
tion. 

Thus, as the initial step in analyzing 
a defective color television receiver, we 
see that three major items should be 
checked. The sound, the video portion 
of the picture, and the raster. Trouble 
in any one of these, without a corre- 
sponding distortion in either of the two 
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Fig. 1. Comparison of the block diagrams 
of a color and a black -and -white TV set. 
(A) is the monochrome set: (B) is the col- 
or receiver with the shaded boxes repre- 
senting those sections not found in (A). 

others, would more or less indicate that 
the trouble was confined to a specific 
well-defined section of the receiver and 
all subsequent tests should be directed 
toward this section. 

Mention has already been made of 
the procedure to follow if the sound 
only is affected. This is exactly the 
same approach that would be taken in 
a monochrome receiver. Concerning 
trouble in the picture, the first thing to 
do is find out whether it is the raster 
which is at fault or the video signal. 
To perform this test, switch the set to 
a channel which is not being used. With 
the contrast control turned completely 
counterclockwise and the brightness 
control set at mid -position, a raster 
should be obtained which is more or 
less gray in appearance and which com- 
pletely covers the screen. If this con- 
dition is observed, then we know the 
following facts concerning the receiver: 

1. The picture tube has been prop- 
erly adjusted insofar as purity and con- 
vergence are concerned. (We are re- 
ferring here to the tri -gun color tube 
using a shadow mask.) 

2. The deflection systems, vertical 
and horizontal, are functioning normal- 
ly, producing the required beam sweep 
and the correct amount of high voltage. 

3. The convergence circuit, with its 
amplifier and wave shaping networks, 
can also be presumed to be operating 
satisfactorily. 

Now suppose that you have inspected 
the raster and found it to be OK. How- 
ever, when you switch to a channel 
transmitting black -and -white pictures, 
you obtain an image which is color 
tinted, say yellow. Since the signal is 
a monochrome one, you know that the 
color sync section and the chrominance 
circuits are inoperative. Therefore, the 
trouble could not exist in these stages. 

To find the source of the trouble, let 
us examine the video section of a typi- 
cal color receiver. This is shown in 
Fig. 2. The Y or monochrome signal 
travels from its detector through a 
cathode follower and then a video am - 
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Fig. 2. The video section of a 
color TV receiver. Only the path 
of the Y signal is shown here. 
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plifier. Beyond this is the matrix, and 
if we continue to follow the Y signal, 
we see that it enters the matrix and is 
distributed equally to each of the color 
adder stages. This means that the red, 
green, and blue amplifiers will each re- 
ceive equal amounts of the Y signal 
and if nothing happens in any of these 
sections, then each of the grids in the 
color picture tube should receive the 
proper amount of voltage to produce a 
black -and -white picture. (Note that we 
do not say each should receive the same 
amount of Y signal voltage. Actually, 
in most tubes, the red grid will receive 
more voltage because of the lower effi- 
ciency of the red phosphor. Whether 
this condition will always be true de- 
pends upon the progress made in de- 
veloping more efficient phosphors.) 

Up to the matrix or distribution point 
of the Y signal, all segments of the sig- 
nal are kept together. Furthermore, 
nothing in the video detector or Y video 
amplifier can affect one color on the 
screen and not the others. It is only 
after the Y signal is divided among the 
red, green, and blue amplifiers that 
trouble in picture coloring could arise. 
This would occur if something prevent- 
ed one of these sections from function- 
ing normally. In the present instance 
we indicated that the picture had a 
yellowish overcast. The job, now, is to 
determine which section contains the 
defect. 

There are several possible approaches 
to this problem. One would be to remove 
all of the 6CL6 color video amplifiers. 
This would remove the picture com- 
pletely from the screen. Then reinsert 
one of the tubes, say the red video tube. 
The picture on the screen should be 
completely red. If it is, then this tube 
can be removed and the blue video am- 
plifier tube inserted in its socket. The 
same picture should appear on the 
screen, only this time colored com- 
pletely in blue. For the final test, re- 
move the blue amplifier tube and in- 
sert the green video amplifier tube. The 
image now should be green. Failure of 
any one of these colors to appear at all 
or in sufficient strength would indicate 
that the trouble existed in its section. 
In the present instance, it was the blue 
section which was at fault. The green 
and the red voltages, reaching the pic- 
ture tube, combined to produce a yel- 
lowish image. 

The same solution can be achieved 
much more quickly if the service tech- 
nician is familiar with the principles of 
additive color mixing. For example, red 
and green will produce mixtures rang- 
ing from orange to yellow. Green and 
blue will produce cyan; red and blue 
will give us magenta. The same facts 
are indicated on the chromaticity dia- 
gram (Fig. 3) and, to a more limited 
extent, on the color phase diagram 
(Fig. 4) . 

Here is how we would employ the 
chromaticity chart to help us locate 
the defective section in the case history 
just discussed. Since the predominant 
color on the screen was yellow, we 
would locate the general area occupied 
by yellow on the chromaticity diagram. 

See Fig. 3. Now, with your finger at 
this point, trace out a straight line to 
white and beyond this, to blue. Blue is 
the complementary color of yellow 
since blue added to yellow will produce 
white. Thus, blue is obviously missing 
from our picture and investigation of 
the blue channel is indicated. 

The complementary color of cyan or 
bluish -green can be found in a similar 
manner. Place your finger on the area 
marked "bluish -green" and move it on 
a line through white. The color you 
meet on the opposite side of white is 
among the reds, hence red is the com- 
plementary color of cyan. For ma- 
genta, or reddish purple, the comple- 
mentary color is green. 

The same information is contained in 
the color phase diagram of Fig. 4. Yel- 
low is located between red and green. 
Also, blue is at the opposite end of the 
yellow line, this being the position of 
the complementary color. The same 
procedure applies for other colors. 

Thus, being familiar with color mix- 
ing is especially helpful to the color re- 
ceiver technician. In fact, it is a good 
idea to have a chromaticity chart and 
a color phase diagram pinned up over 
your workbench for quick reference. 

The statement was made that the 
receiver should be checked on a black - 
and -white picture before any check is 
made on color. This can be done even 
when receiving a color broadcast by 
disabling the color section of the set 
by removing the bandpass amplifier 
tube. This will prevent the color signal 
or the color burst from reaching the 
color sync or chrominance sections and 
actuating them. The result will be a 
black -and -white picture. 

When a receiver gives normal indi- 
cations on the raster test and with a 
black and white signal, then we know 
that in addition to the sections previ- 
ously listed as being normal, we can 
now add the entire "Y" channel, plus 
the matrix, plus the color video ampli- 
fiers that follow the matrix. As the 
reader can well appreciate, this repre- 
sents a fair-sized section of the set. (It 
is possible for the delay line to be de- 
fective and escape disclosure with the 
tests prescribed. More on this in a suc- 
ceeding article.) 

A precise method of determining 
whether each of the color video ampli- 
fiers is operating as it should is to 
measure the gain of each section. The 
check can be made by using a low -fre- 
quency signal generator and an oscillo- 
scope. A frequency around 50 kc. is 
satisfactory. Connect the generator to 
the control grid of the red video ampli- 
fier (Fig. 2) and connect the vertical 
input terminals of the oscilloscope be- 
tween the red grid of the picture tube 
and ground. Turn all the equipment 
on and adjust the signal generator until 
the 50 kc. sine wave appears on the face 
of the scope screen. Measure the peak - 
to -peak value of this wave after it has 
been adjusted to a suitable height on 
the screen. The measurement may be 
made with the scope only if such a fa- 
cility is available or an external voltage 
calibrator may be employed. 

Fig. 3. Chromaticity chart being used to 
find the complementary color of yellow. 
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Fig. 4. A color phase diagram, such as 
shown here, may be used to find comple- 
mentary colors for servicing applications. 

Now transfer the scope to the control 
grid of the 6CL6 video amplifier and 
measure the peak -to -peak value of the 
applied signal. This figure, divided into 
the previous figure, will give the over- 
all gain of the entire video system. If 
the manufacturer furnishes this in- 
formation then a precise check can be 
made of the operating conditions of 
these amplifiers. 

Raster Colored 

Thus far we have assumed that the 
raster is a normal gray when observed 
by itself, without the presence of a pic- 
ture. It is possible that this will not 
occur and that the raster, when viewed, 
will be colored or tinted. Let us see 
under what conditions this can occur 
and what can be done to correct it. 

The components which affect or gov- 
ern the shading or coloring of a raster 
(and subsequently, the coloring of a 
picture) are the purity coil, the elec- 
tron guns, the voltages on each elec- 
tron gun, and the d.c. and dynamic con- 
vergence controls. Let us consider each, 
in turn. 

The purity coil is mounted near the 
base end of the picture tube and its 
purpose is to guide the electron beam 
from each gun to the correct color dots. 
That is, the green beam (i.e., the beam 
from the green gun) should strike only 
green light -emitting phosphor dots, the 
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red beam should strike only those 
phosphor dots emitting red light, etc. 
Any deviation from this desired action 
will lead to color contamination which 
means the appearance of colors other 
than the desired ones. 

When the color purity coil is not po- 
sitioned properly or the color purity 
control is not correctly set, then it will 
be impossible to obtain a pure white (or 
gray) over the entire screen. If white 
is achieved in one sector, the raster 
will be colored elsewhere. Color changes 
will occur gradually, rather than sharp- 
ly or abruptly. 

To determine whether the color pur- 
ity is acceptable, the following proce- 
dure is recommended. 

1. Turn the contrast control to min- 
imum and the brightness control nearly 
to maximum. 

2. Turn the blue and green screen 
controls completely counterclockwise. 
Turn the red screen control to the ex- 
treme right. This will cut off the cur- 
rents in the blue and green guns and 
operate the red gun at maximum. 

Now examine the screen, which 
should contain a red raster. If the red 
color is uniform over the screen, then 
purity of this color is indicated. It may 
be found that some departure from 
pure red is present near the edges of 
the screen, but if the color variation is 
not too great, the condition may be nor- 
mal for that tube. If in doubt, then it 
might be advisable to go through the 
color purity adjustments as prescribed 
by the manufacturer. 

Once a uniform red field is obtained, 
chances are that uniform green and 
uniform blue fields will also be ob- 
tained. The latter checks are carried 
out by advancing the associated screen 
grid control while the other screen grid 
controls are turned to the left. 

Failure to obtain uniform red, green, 
and blue fields, even after the manu- 
facturer's instructions are carried out, 
usually signifies that the tube or the 
purity coil is defective. Defects in pic- 
ture tubes stem from electron guns 
that are out of alignment or shadow 
masks that are warped. 

The voltages which are applied to the 
various electrodes of an electron gun 
will seldom be the cause of poor color 
purity. However, they can lead to a 
raster (or a picture) which is deficient 
in one of the primary colors. The visual 
result is as though we had placed a 
sheet of transparent filter paper over 
the screen, giving everything appear- 
ing on the screen a tinted appearance. 
The gun responsible for the color de- 
ficiency can be isolated by applying the 
principles of color mixing indicated 
earlier. 

Another reason for a colored raster 
is improper d.c. and/or dynamic con- 
vergence of the electron beams. Color 
purity, which we have just discussed, 
serves to force each beam to strike only 
one type of phosphor dot whenever 

ELECTRON 
BEAMS 

ELECTRON 
GUNS 

ARC THAT MASK SHOULD HAVE FOR 
BEAM TO REMAIN CONVERGED 
AT ALL POINTS 

Fig. 5. The three electron beams from the 
three guns of the color tube do not con- 
verge at the edges of the curved tube 
screen because the latter does not con- 
form to the arc made by the focus points. 

these beams strike the screen. Still re- 
quired, however, is some means of 
bringing together all three beams so 
that each passes through the same hole 
in the shadow mask at the same time 
in order that adjacent dots will be acti- 
vated. This action is needed to insure 
that the observer will see a single, re- 
sultant color from the action of the 
three beams and not two or three sep- 
arate colors. In the absence of this con- 
verging action, it would be possible for 
the beams to strike phosphor dots at 
sufficiently separated points so that an 
observer would see three individual 
points of colored light. Under these 
conditions, mixing the colors would not 
be possible. 

When the d.c. convergence control is 
properly set, the red, green, and blue 
pin points of light in each trio of dots 
will blend together and produce white 
light on a raster. On the other hand, 
when the d.c. convergence control is 
misadjusted, the individual red, green, 
and blue pin points of light will every- 
where be visible. This effect is perhaps 
best observed with a picture on the 
screen. The nonregistration of the col- 
ors leads to a blurred rainbow effect, 
such as we occasionally find in roto- 
gravure pictures when the various col- 
ors are improperly aligned with each 
other. 

Color impurity and improper d.c. 
convergence can thus be distinguished 
as follows : when the color purity is 
poor, it is not possible to develop uni- 
form red, green, or blue fields on the 
screen. On the other hand, with poor 
convergence, individual primary color 
fields which are pure can be developed, 
but combination colors cannot. 

In addition to d.c. convergence, there 
is also dynamic convergence. The need 
for this additional voltage stems from 
the fact that neither the shadow mask 
nor the phosphor dot screen are prop- 
erly curved surfaces. That is, as the 
beam sweeps back and forth across the 

face of the tube, it follows an arc such 
as shown in Fig. 5. The curvature of 
the screen and the shadow mask de- 
viate sufficiently from this arc so that 
a beam which is properly converged 
over the central area of the screen will 
not be correctly converged at the 
edges of the screen. 

To correct this condition, special 
parabolic -shaped voltages are added in 
series with the d.c. convergence voltage 
and when the system is operating prop- 
erly, the raster (or picture) is as cor- 
rectly converged at the edges as it is in 
the center. It may be that with some 
tubes a slight amount of nonconverg- 
ence is normal at the sides of the screen 
and here you will see some of the red, 
green, and blue colors. When the dy- 
namic convergence controls are not 
properly adjusted or the associated cir- 
cuits are not functioning properly, then 
the nonconvergence will be marked. 

The distinguishing characteristic of 
dynamic nonconvergence is the appear- 
ance of colors at the edges of an other- 
wise white (or gray) raster. This effect 
is best seen on a raster although it 
may be detected in a picture. 

There is one further difficulty that 
may lead to the appearance of color in 
what should be a black -and -white pic- 
ture. This time the effect is that of a 
picture having a mottled look. The pic- 
ture contains a background of small 
colored dots such as you might obtain 
with colored snow in a picture in place 
of black -and -white snow in mono- 
chrome receivers. The colored dots 
have no discernible pattern, leading to 
the conclusion that they are random in 
nature. 

The source of this trouble lies in the 
chrominance section of the receiver. 
Ordinarily, with the reception of black - 
and -white signals, one or more chromi- 
nance amplifiers are held beyond cut- 
off by a negative bias generated in a 
color killer stage. However, should 
something prevent this stage from 
functioning properly, and a killer bias 
is not developed, then signals will be 
able to pass through the chrominance 
section and reach the matrix and be- 
yond this, the three color grids of the 
picture tube. The random appearance 
of the color is due to the fact that the 
3.58 -mc. color subcarrier oscillator is 
not being synchronized (since no color 
burst voltages are present in mono- 
chrome signals) and consequently there 
is no definite pattern to the phase of 
the signal it generates. Color is a prod- 
uct of the combined interaction of sig- 
nal voltages reaching the color demod- 
ulators and the phase of the 3.58 -mc. 
subcarrier. 

Colored snow can also be obtained in 
the absence of any received video sig- 
nals by the noise picked up by the an- 
tenna or generated in the receiver. This 
behavior is normal and need cause no 
concern. 
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Removing a Westinghouse color TV receiver chassis from its cabinet. Not 
all color TV sets consist of a single chassis as this one does for easy removal. 

THE previous article considered two 
major aspects of color TV servic- 
ing: checking the raster and view- 

ing the black -and -white picture to see 
whether any extraneous color appears. 
These two checks would always be 
made in the sequence given, in order to 
isolate a disturbance to a specific sec- 
tion of the receiver. We have refer- 
ence here to defects whose origins are 
not immediately recognizable from an 
initial inspection of the screen. How- 
ever, if no picture at all can be ob- 
tained on the screen, then obviously 
raster inspection would hardly be 
necessary. In this instance, the best 
approach would be to trace the signal 
with an oscilloscope, starting perhaps 
at the video second detector. On the 
other hand, if we do obtain a picture 
on the screen and it is distorted, either 
in shape or in color, then the testing 
procedure outlined in Part 1 would 
be entirely in order. 

We come now to those color trou- 
bles which have their origins in the 
color sections of the receiver. Analysis 
reveals that these color defects will 
generally fall into one of three cate- 
gories. 

1. No color at all, when we know 
that there should be color 

2. Incorrect color rendition 
3. Color instability 
Once a specific trouble is catego- 

rized, the technician is then able to 
proceed in a logical manner to narrow 
down further the location of the 
defect. The rewards of a systematic 
procedure include not only shorter 
servicing time and the assurance of 
doing the job correctly the first time, 

Author of "Television Simplified." "Tele- 
vision and FM Receiver Servicing," and other 
books. 
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Part 2. A practical time -saving approach to servicing 

color TV sets which show no color or unstable color. 

but also the self satisfaction and pride 
that every successful technician feels 
from the knowledge of a job well 
done. 

Complete Lack of Color 

There are a number of reasons why 
a color set will not develop a color 
picture when it is definitely known 
that a color signal is being received. 

One possibility which immediately 
suggests itself is misadjustment of the 
fine-tuning control. To appreciate the 
reason for this, let us consider the 
action of this control in its relation 
to the manner in which the set treats 
the signal. 

In the incoming signal the picture 
carrier is always below the sound car- 
rier. On channel 3 (60-66 mc.), for ex- 
ample, the picture r.f. carrier is posi- 
tioned at 61.25 mc. and the sound r.f. 
carrier is at 65.75 mc. These signals 
mix with the output of an r.f. oscil- 
lator to produce the desired i.f. fre- 
quencies. In almost all designs the 
oscillator frequency is above any of 
the frequencies of the incoming sig- 
nal. For the example chosen, channel 

Fig. 1. Over-all U. response curve of a 
color TV receiver indicating the need 
for a really broadband response. 
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3, the r.f. oscillator frequency would 
be 107 mc. 

The result of mixing the oscillator 
and r.f. carriers, is to produce a video 
i.f. carrier signal at 45.75 mc. (107- 
61.25 mc.) and a sound i.f. carrier at 
41.25 mc. (107-65.75 mc.). On the re- 
sponse curve of the video i.f. system, 
these carriers would appear in the 
positions shown in Fig. 1. 

The color subcarrier of the signal is 
positioned 3.58 mc. above the picture 
r.f. frequency. Its i.f., then, would be 
42.17 mc. and it would occupy the 
position shown in Fig. 1. The left-hand 
edge of the response curve should ex- 
tend to at least 41.65 mc., this being 
the end frequency of the video signal 
with its color sideband components. 
(41.65 mc. is 4.1 mc. from the video i.f. 
carrier of 45.75 mc.) 

All of the foregoing signals will fall 
at the points designated in Fig. 1 if 
(and here is the crux of this discus- 
sion) the oscillator frequency is set at 
exactly 107 mc. This, in turn, depends 
upon the setting of the fine-tuning 
control. 

Now let us see what happens if the 
control is rotated too far to one side or 
the other of this correct position. The 
viewer who thinks he is tuning his 
set for best picture by striving for 
high contrast, is in error because he 
will adjust the fine tuning control 
until the video carrier is on the flat 
portion of the response curve and not 
at the 50 per -cent point. With this 
situation, the high end of the signal 
spectrum, where the color information 
exists, will be pushed down the oppo- 
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Fig. 2. Gain curves for a popular TV 
antenna. (A) is the low band; (B) is 
the high band. The flatter these curves 
are the better for color reception. 

site side of the response curve. This 
will usually attenuate the color burst 
to such an extent that not enough will 
get through to activate the various 
color circuits. The result is that there 
is no color on the screen. 

Rotation of the fine-tuning control 
in the opposite direction will lead to 
the loss (or attenuation) of the video 
carrier and its companion low video 
frequencies and will produce either a 
negative picture (as in black -and - 
white sets) or no picture at all. Pres- 
ent, too, will be sound bars because of 
the increased amplification accorded 
the sound signal. 

Thus, adjustment of the fine-tuning 
control in present color television re- 
ceivers is a more critical operation 

210 220 

than in monocnronie receivers and this 
fact must be carefully impressed upon 
the viewer. An excellent adjustment 
sequence for obtaining a good color 
picture is as follows: 

1. Adjust the receiver in the usual 
manner for a black -and -white picture. 

2. Advance the color control ap- 
proximately two-thirds from its maxi- 
mum counterclockwise position. 

3. Carefully advance the fine tuning 
control clockwise until the picture just 
begins to disappear, then turn counter- 
clockwise slowly to the position where 
the sound bars just disappear and 
color is in the picture. 

4. Adjust the color control for the 
desired saturation or strength of color. 

5. Adjust the hue control to achieve 
the most pleasing flesh tones or color 
of some familiar object. 

Another method of adjusting cor- 
rectly the fine-tuning control which 
the service technician can use is to 
rotate this control to the point where 
the visible 920 kc. beat pattern (be- 
tween the 4.5 mc. sound carrier and 
the 3.58 mc. color subcarrier) on the 
CRT screen is minimized. This is a 
more precise method, particularly 
when the low end of the i.f. response 
curve has a steep roll -off. 

The importance of having the color 
end of the video signal receive suffi- 
cient amplification -as indicated by 
the foregoing discussion - will also 
point out to the service technician 
other causes for poor or no color ren- 
dition in the picture. For example, a 
video i.f. response curve which falls off 
too rapidly at its low end, or an r.f. 
bandpass which is too narrow will 
produce the same results as misad- 
justment of the fine-tuning control. 

In black -and -white receivers, the 
extent of the circuit's bandpass, while 

Fig. 3. Schematic diagram of the color sync section of an RCA CT -100 color re- 
ceiver. Here, the 3.58 mc. oscillator is always in operation, even without color. 

TO 11q. VIOLO 
AMP.IfIER 

SC 248 
270 2C260 

OI--/ .047 
.vv 

28297 
2200 nu, 

VMS 
22K 21299 

too K 
PROM 
WINDING 
ON N012128 78302 
OUTPUT 1600 

V 129A 

6AN8 
eMRST 
/WPC. 

4 E 

12 
+ 
2C251 

T2 MF 

2TI22 
BURST AMP 

TRANS 

.285 V 

-10-1 

21100 
20 .8( 

rß341 
1000 

5131* 21124 
6AN8 RG`T RAM6 ;;,. 

REACT - 2060-- 
1u6E r i If IH :esv j 

2C= le Ç xzs, 2ióó2; __'=97V 
L 

5 
D 

- --_, 
.2.9V 

'2R342 M300 45 x283 21,01 
2C277 22 i OI KTAL 2C2B4 

ol ,zK T T 3.se z t 1 Mc 
1 

S 
21344 

27r04: 
r 

2i3ó 3i ö17T 
2711 

5 xzes 
1i 

)60 
z1neL - 

3.56 MC OSC 
OUTPUT TR_ 

2C254Á 
2200 

78304 
(SIC 2 

v .7 9 6 

6AN8 
PMASE 

DET 
.16 5 V 

217305 
I MEG 

28306 
250 K 
Ar.0 
SAL 

2R307 
IMEG 

2C2sT t ' 
o, 2C2S4B 1 2200 

2C 275 
01 

¡1SK2R340 

2C 276 
;0.22 

8285 V 

V 131 B 

6AN8 

.11V. 
2 

3.66 MC 
OSC ,57 

1ISOB 
6AN8 

PMASE 
DE 

2.4 

211346 
s 6MEG 
..A. 

IC256 
.07 

TO BANOPASS AMPLIFIER 
(COLOR KILLER VOLTAGE) 

201.310 
27H 

2( 2S9 T 
C 0.1 

OÑ3T177 
99 ( .V TPANS) 

D 
0w 107 

2º309 
0o MEG 

.285 V 

9v 

6AN8 
,.iER 

TO O 

DEMOS 

V130A 21125 
01/AD. 1º415_ r- - - 

aUADRATuºE 
2C 3.58 Mc AAA, .192 

;V. 

Btr{ 2K5s 2917 

24347 6 211343 293501 ce 6B0 r ,500 

o,* 
R)SIS I 2C 290 
660 

jZ 
1500 

6AN8 

33E 4711 1011 I 

7E789 
IE 

7.45 V 

2C 267 
.01 

265V. tese. 

JI 

TO I 
DEMOS 

important, is nowhere near as critical 
as it is in a color receiver. In a mono- 
chrome set we might possibly lose 
some detail, a fact which very few ob- 
servers could detect. In a color set. 
the picture will still be seen, but all 
semblance of color would be absent. 

The critical dependence of color on 
bandwidth can conceivably force cir- 
cuit realignment of the r.f. and video 
i.f. systems every time a tube is 
changed. Different interelectrode ca- 
pacitances in tubes, even of the same 
type, will have marked effects on the 
bandpass of the fairly high frequency 
circuits now common in r.f. and i.f. 
systems. It may be that methods will 
be found to overcome this very evident 
weak point, but until that happens 
there is likely to be some difficulty 
even if it is encountered only part of 
the time. 

In this same vein, it has been found 
that poor color in a picture or no 
color at all may also stem from in- 
adequate bandwidth of the antenna 
system. This would encompass the an- 
tenna and any r.f. boosters and/or dis- 
tribution amplifiers that may be em- 
ployed. Particularly important is the 
response to those frequencies clustered 
around the color subcarrier. Ideally, 
gain or loss should not vary more than 
1 db from 1.5 mc. below to .6 mc. 
above the color subcarrier. Now let us 
apply these suggested limits to a pop- 
ular antenna operating over the 12 
v.h.f. channels. The gain curves are 
shown in Fig. 2. Over the low band, 
the response falls within the limits 
specified. On channel 2, the gain varia- 
tion from the low to the high end is 
greater than 2 db. However, in its 
favor is the fact that the high end re- 
ceives more gain than the low end, 
thereby tending to accentuate the 
color signals. Furthermore, the gain 
variation around the color subcarrier 
frequency (near the upper end of the 
channel) is less than 1 db. 

On the high band, the response is 
excellent for channels 7, 8, 9, and 10. 
On channel 11, gain variation near the 
upper end is quite marked and could 
lead to trouble. This is particularly 
true since the gain is decreasing here. 
Channels 12 and 13 are subject to an 
even greater drop-off in gain and the 
performance of a color receiver on 
these channels could be expected to 
be poorer. 

High gain, narrow -band antennas 
such as the multi -element yagi may be 
especially troublesome in this respect. 

Another item that is frequently 
found in the antenna system is an r.f. 
booster. If this is of the untuned 
wide -band variety, then it probably 
would not attenuate the color subcar- 
rier any more than it might affect the 
video carrier. However, in an adjust- 
able booster, where each channel is 
tuned in separately, narrow bandwidth 
is a distinct possibility. Also, it is well 
to remember that while one item, by 
itself, may not cause too much dam- 
age, the combined attenuation of sev- 
eral components can prove decisive. 

What ha.0 been said with regard to 
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boosters applies with equal force to 
antenna distribution systems where 
the incoming signal is first amplified 
before it is dispatched to the various 
sets. 

The necessity for knowing whether 
each component of an installation is 
doing its full share will be more press- 
ing than ever and undoubtedly re- 
quire additional testing equipment 
for the service technician. The tech- 
nician will require more comprehen- 
sive methods for checking receivers in 
the home. If a set does not produce 
suitable color pictures, is the receiver 
at fault or does it stem from an in- 
adequately applied signal? Some in- 
strument, such as a color bar genera- 
tor, which will definitely establish the 
condition of the receiver will almost 
be a necessity. The only other alter- 
native would be to take the set back 
to the shop, a time consuming and 
certainly uneconomical procedure. The 
reliance of the service technician on 
accurate and reliable test equipment 
will be greater than ever. 

There are, of course, additional rea- 
sons why a color television receiver is 
unable to produce color pictures. Con- 
sider, for example, the color subcarrier 
oscillator in the color sync section. The 
color signals which the I and Q (or 
R -Y, B -Y) demodulators receive from 
the bandpass amplifier are amplitude 
and phase modulated. To re -obtain the 
original information imparted to this 
signal, we need the presence of the 
missing subcarrier. This is supplied, 
with the proper phase, by the color 
sync section. Now, the heart of this 
section is the 3.58 -mc. subcarrier oscil- 
lator and should something prevent 
this oscillator from generating the 
necessary voltage, no color demodula- 
tion will occur and with this, no color 
signals. 

In the absence of color, then, a good 
place to check is at the 3.58 -mc. oscil- 
lator. The tube might be tested first. 
If this is found to be good, an oscillo- 
scope might be employed to check for 
the presence of a 3.58 -mc. signal in the 
oscillator circuit. Measuring the con- 
trol grid voltage of the oscillator is an- 
other good way to determine whether 
or not this stage is operating. 

There are two methods in use for 
generating 3.58 -mc. oscillations and a 
different service approach is required 
in each instance. For example, in the 
color sync system shown in Fig. 3, the 
3.58 -mc, oscillator is always in opera- 
tion, color signal or no color signal. 
This means that if a color signal is 
reaching the color demodulators, the 
3.58 -mc. oscillator voltage should like- 
wise be present unless the oscillator 
itself is inoperative. It makes little 
difference here whether the color 
burst reaches the color sync section 
or not. The oscillator, whether it is 
on frequency or not, will be developing 
a 3.58 -mc. signal and some color should 
appear on the screen, even if this color 
has the wrong hue or is unstable. 

On the other hand, consider the situ- 
ation in a ringing -type color sync sys- 
tem, Fig. 4. Here, the 3.58 -mc. gen - 
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erator is not in operation unless it is 
being pulsed by the incoming color 
bursts. Failure of the bursts to reach 
the ringing oscillator, perhaps because 
of a defective color burst amplifier, 
would result in a colorless picture. 
Hence, the logical place to check in 
this system is the color burst amplifier 
to see if the tube is good and if so, 
the rest of the color burst stage, in- 
cluding the voltages. 

Note that in the color sync system 
of Fig. 3, trouble in the color burst 
stage, in the reactance tube, or in the 
phase detector would not keep the 
3.58 -mc. oscillator from operating. 
Color would appear on the screen even 
though, in all probability, the shad- 
ing of the various objects would be 
wrong. 

In. the ringing system, for the gen- 
erated 3.58 -mc. voltage to reach the 
color demodulators, it is necessary that 
the stages between the oscillator and 
the demodulator be operating nor- 
mally. This includes an amplifier, a 
limiter, and perhaps a cathode fol- 
lower. See Fig. 4. Tests should be 

made, with an oscilloscope, at each of 
these points. 

Another item which may be respon- 
sible for the absence of color is a de- 
fective bandpass amplifier. This stage 
stands at the head of the entire 
chrominance section of the receiver 
and any break in the signal path here 
would prevent the color sidebands from 
reaching the color demodulators. 

Whether a defective' bandpass ampli- 
fier will Cause the complete absence of 
color on a screen, or simply lead to a 
condition where we have a black -and - 
white picture with a mottled (confetti - 
like) background depends upon the 
particular circuit in question. In the 
partial circuit of Fig. 5, the burst gate 
amplifier receives its pulses from the 
plate circuit of the bandpass (here 
called chroma) amplifier. Failure in 
the bandpass stage will not only pre- 
vent any of the color sidebands from 
reaching the color demodulators, but 
would likewise shut off the flow of 
color burst signals to the burst gate 
stage and the ringing oscillator that 
follows it. Hence, no 3.58 -mc. oscilla - 

Fig. 5. A defect in the chroma amplifier would completely inactivate the entire 
color section of the receiver using the chrominance circuits diagrammed here. 
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tions would be generated, either. The 
complete color section would be totally 
isolated from the incoming signals. 

Consider now the circuit shown in 
Fig. 6. The first chroma amplifier, 
which is the bandpass stage, receives 
its signals from the video cathode fol- 
lower and serves only to forward the 
color sidebands to the 1 and Q demodu- 
lators. The burst amplifier obtains its 
signals separately from the video cath- 
ode follower. Thus, the burst ampli- 
fier would not ordinarily be affected 
by any failure in the bandpass stage. 
This means that the 3.58 -mc. ringing 
circuit would be suitably triggered and 
3.58 -mc. oscillations would be devel- 
oped and forwarded to the I and Q de- 
modulators. Also, since the color killer 
circuit is associated with the 3.58 -mc. 
limiter, it, too, would be activated, 
leading to the removal of its cut-off 
bias from the two color demodulator 
stages. All we need, then, to produce 
colored confetti on the screen are 
noise or other extraneous voltages 
either in the second chroma amplifier 
circuit or in the grid circuit of the 
demodulators. It is quite possible 
that under these conditions this will 
happen. 

Thus, whether a defective bandpass 
amplifier leads to a colorless picture 
or one which has random color, de- 

pends upon the relationship between 
the color sync section and the chromi- 
nance section. 

A defective color killer can also be 
the cause of no color in a picture. If 
the killer cut-off bias is on at all times, 
irrespective of whether or not color 
burst signals are being received, then 
no signals will pass through the 
chrominance section and none will 
reach the picture tube. It is also true 
that if the receiver employs a separate 
detector for the color portion of the 
signal, as the circuit of Fig. 7 does, any 
failure here would likewise result in 
no color. This same set also has a 
germanium detector for the Y signal 
and consequently, this signal would ap- 
pear on the screen. 

Thus far, we have covered the trou- 
bles that may cause a poor black -and - 
white picture to appear on a color TV 
receiver screen and the troubles that 
would cause no picture or an incorrect 
raster. This article covered also, some 
of the causes of an incorrect color 
picture. Despite the trouble, however, 
it is interesting to note that our sery - 
icing procedure is much like what we 
use for monochrome set servicing, i.e., 
we are using the picture tube as our 
primary trouble indicator. 

A 
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SERVICING COLOR TV 
Fig. 1. A color -bar generator is probably 
the handiest color test instrument. A typi- 
cal one is the RCA generator shown here. 

ACOMMON ailment of color televi- 
sion reception is incorrect color 
rendition, i.e., color is present in 

the picture, but the hue is not what 
it should be. 

One of the first things to check 
when the foregoing complaint is heard, 
is the hue control. (Sometimes this is 
called the color fidelity control.) This 
is either mounted on the front panel 
of the set or accessible from the front 
by lifting a small metal plate. Rota- 
tion of this control will have a marked 
effect on the colors observed on the 
screen. Red may change to yellow, green 
to blue, and blue to magenta or red. 
Circuitwise, the control may be located 
directly in the oscillator circuit, where 
it deals with the phase of the oscil- 
lator voltage, or it may affect the 3.58 - 
mc. color burst which is used by the 
phase detector to establish the fre- 
quency and phase of the generated 
3.58 -mc. subcarrier voltage. Both 
methods have been employed to date. 

If the various color circuits in the 
receiver are functioning normally, then 
some point should be found over the 
range of the hue control where the ob- 
served colors possess the proper hue. 
Probably the best reference to use is 
the color of a person's skin. In the ab- 
sence of this reference, any familiar 
object, such as a yellow banana or a red 
apple, etc., may be employed. Of 
course, errors can be made here in as- 
suming the shade of a color which, in 
actuality, may not be true. 

The best solution, and one which 
will undoubtedly be used the most, is 
to substitute the signal from a color - 
bar generator for the transmitter sig- 
nal. The colors then produced on the 
screen will be definitely known and 
any necessary adjustment can be made 
accordingly. 

The color -bar generator is almost a 
necessity for any amount of color serv- 
icing. This is an instrument which de- 
velops a number of bars, each of which 
has a specific color. Some units, such 
as the RCA generator shown in Fig. 1, 
cause all of the different color bars 
to appear on the screen at the same 
time. See Fig. 2. From left to right, 
the bars are as follows : dull yellow 
orange, orange (+I), bright red +(R - 
Y), bluish red, magenta (+Q), blue 
+(B -Y), greenish blue, cyan (-I), 
bright bluish green -(R-Y), and dark 
green. Other color -bar generators 
present only one or two different col- 
ors at a time, additional colors being 
brought onto the screen by rotating 
appropriate instrument controls. Each 
color is identified on the color dial 
so that the technician knows what they 

By MILTON S. KIVER* 

Part 3. Concluding article covers the sources and 
cures for incorrect color rendition and instability. 

should be and hence knows what to 
look for on the screen. 

With a color -bar generator, it takes 
but a minute to determine whether or 
not the set is producing the correct 
colors. The hue control on the re- 
ceiver is rotated until the colors on the 
screen assume their proper hue. If this 
condition is obtainable, then we know 
that the set control was misadjusted. 
However, if no position of the control 
knob will produce the proper colors, 
then further trouble is indicated. Let 
us investigate the most probable 
sources for trouble that would result 
in incorrect color rendition on the 
screen. 

The color in the picture developed 
on the screen of a color television re- 
ceiver is the responsibility of the color 
sync section, the chrominance section, 
and the color burst reference of the 
incoming signal. All the other sec- 
tions beyond the video second detec- 
tor can be checked by observing the 
monochrome portion of the color sig- 
nal on the screen. This was indicated 
in .Parts 1 and 2 of this series and is 
also the reason why the picture is ob- 
served first in black -and -white. With 
this in mind, let us see what the ef- 
fect would be of various difficulties in 
the color sync and chrominance sec- 
tions. 

In the color sync section we have 
the burst amplifier plus whatever 
method is used to generate the 3.58 - 
mc. subcarrier and to synchronize its 
phase with that of the incoming color 
burst. In the system shown in Fig. 4, 
the oscillator is continuously in opera- 
tion and a phase detector and a re - 

Author of "Television Simplified." "Television 
and FM Receiver Servicing." and other books. 

actance tube are employed to keep 
the oscillator frequency in step with 
that of the color burst. A hue or color 
phase control permits variation of the 
oscillator phasing and the check on 
this control has already been men- 
tioned. A defective reactance tube 
would lead to the loss of color syn- 
chronization with the visual result 
that the colors would keep shifting. 
Under these conditions, too, rotating 
the color phase control would have no 
effect on the colors in the picture. 
This is because, in this circuit, any 
change brought on by the control could 
not reach the oscillator because of the 
intervening defective reactance tube 
circuit. 

Another cause for the appearance of 
the wrong colors on the screen could 
be trouble (a defect or misalignment) 
in the quadrature amplifier output 
transformer shown in Fig. 4. This 
transformer is normally set up to pro- 
vide the Q demodulator with 3.58 -mc. 
subcarrier voltage which is 90° out - 
of -phase with the I demodulator. Any 
departure from this 90° (or quadra- 
ture) relationship will lead to incor- 
rect color rendition. 

There is another difficulty that can 
develop in the quadrature transformer, 
but to appreciate its significance we 
require the presence of a color phase 
diagram. See Fig. 3. Here we see the 
phase relationships between the vari- 
ous colors, together with the relative 
positions of the I, Q, R -Y, and B -Y vec- 
tors and the color burst. Now, as we 
examine this diagram, we see that 
there is a positive I and a positive Q as 
well as the negative I and a negative 
Q. The positive I and Q vectors are 
90° out -of -phase with each other; the 
same is true of the negative I and Q 
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Fig. 2. Shown above are the relative 
positions of the various color bars 
developed by the generator in Fig. 1. 

Fig. 3. Color phase diagram showing the 
positions of the I, Q. RY, B -Y vectors. 

vectors. Since there are positive and 
negative values for each of these vec- 
tors, it will be evident that what we 
obtain from the quadrature trans- 
former is not only important as to the 
90° relationship between I and Q but 
also whether the set of signals are 
both positive or both negative. 

As an experiment, an RCA color -bar 
generator was applied to a color tele- 
vision receiver. When the quadrature 
transformer was properly adjusted, the 
color sequence of dull yellow -orange 
on the left to dark green on the ex- 
treme right was obtained. However, it 
was also found that with further rota- 
tion of the slug in the quadrature 
transformer a pattern could be ob- 
tained in which the dark green stripe 
was at the left and the dull yellow - 
orange stripe at the right. In other 
words, the sequence of colors was ex- 
actly reversed indicating that although 
the I and Q subcarrier voltages ob- 
tained from the quadrature transform- 
er were still 90° apart in phase, the I 
and Q voltages themselves had been 
completely reversed. 

Looking at the color phase diagram, 
the normal sequence of color stripes 
would be from yellow -orange clockwise 
around to dark green. With the revers- 
al, we started at dark green and then 
travelled counter -clockwise around the 
diagram to yellow -orange. 

I and Q Stages 
Trouble in the I and Q systems may 

also lead to the appearance of the 
wrong colors in the picture. A typical 
I and Q section of a color receiver is 
shown in Fig. 5. Note that each sec- 
tion, I and Q, provides positive and 
negative voltages to the matrix. This, 
we have seen, is required for the proper 
development of the various color sig- 
nals. The question is, what would be 
the effect cn the picture of a missing 
I or Q voltage or of a missing partial 
component, such as a -I or -Q? 

The answer to these and similar 
questions may be found in the color 
phase diagram, Fig. 3. Positive +1 ex- 
tends into the orange sector of the 
diagram; -I is in the cyan region; 
+Q is near magenta while -Q is in 

Fig. 4. Schematic diagram of the color sync section of an I and Q color TV set. 
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the dark green region. If some defect 
should completely inactivate the en- 
tire Q section, then we would be re- 
moving all of the Q components from 
the picture. These include, from the 
foregoing analysis, magenta (+Q) and 
green (-Q). All that would be left in 
the picture would be the I components, 
which would consist chiefly of orange 
and cyan. 

Many outdoor and indoor tests have 
shown that the removal of the Q com- 
ponents is not readily discernible by 
the viewer (layman or service tech- 
nician) unless he has the original for 
comparison. Thus, it is often difficult 
to look at a color broadcast and de- 
termine from the picture just what 
colors are missing. On the other hand, 
a color -bar generator with its test pat- 
tern would immediately bring this fact 
to light. It is this facility that makes 
the instrument so useful. Passage of 
the color -bar signal through a defec- 
tive Q section would yield black bars 
in place of the correct magenta and 
green. Furthermore, any other bar 
that depended upon +Q or -Q signals 
would likewise have its hue altered. A 
service technician who was familiar 
with the color phase diagram and re- 
ceiver layout would immediately spot 
this deficiency and pin -point the trou- 
ble as existing in the Q channel of the 
receiver. The time saving in defect 
location is indeed remarkable. 

Loss of the I signal components 
would have a more noticeable effect 
on any color picture because of the 
greater use made of the I components. 
Positive identification, however, could 
still be made only with a color -bar 
generator. 

At the output of the 1 and Q sec- 
tions, individual positive and negative 
I and Q voltages are made available 
for the matrix. It is possible that the 
negative I signal may be affected with- 
out disturbing the companion -}-1 sig- 
nal. Or, the same thing may happen 
in the Q section. What effect such in- 
dividual loss will have on a picture 
can again be determined from the 
color phase diagram. Loss of -I would 
remove cyan from the picture; loss 
of +I would delete the oranges, light 
reds, and orange -yellows. Magenta 
would disappear with the loss of -}-Q 
while the elimination of -Q would af- 
fect the green. Again a color -bar gen- 
erator would be a handy instrument 
to have around. 

We have been using an I and Q re- 
ceiver in the foregoing discussion, but 
the same method may be employed 
with an R -Y, B -Y system. The color 
phase diagram in Fig. 3 illustrates the 
relative positions of these two vectors 
and by studying the chart the reader 
can easily figure out for himself what 
the absence of either of these signals 
would mean to the color in the pic- 
ture. (Detail, of course, is not affected 
to any extent since the monochrome 
portion of the signal will adequately 
provide this information). 

In an R -Y, B -Y receiver, loss of one 
of these components would also affect 
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the formation of the green color since 
green is formed by combining R -Y and 
B -Y according to the equation: 

-(G -Y) = .51 (R -Y) + .19 (B -Y). 
A missing R -Y or B -Y component 
would alter the final value of G and 
cause its appearance on the screen to 
be incorrect. 

While the color sync and chromi- 
nance stages are the major sources of 
trouble when the color shading is in- 
correct, still other sections of the re- 
ceiver may also be responsible. In the 
r.f. and i.f. stages, for example, poor 
alignment, particularly in the region 
occupied by the color signal, can lead 
to incorrect color on the screen. Of 
course, if the color burst itself is af- 
fected, then the color may disappear 
completely. This we have already 
noted. 

Probably the best way of isolating 
such trouble is again by use of the 
color -bar generator. Apply the un - 
modulated signal at the video second 
detector, and observe the colors of 
the bars in the resulting pattern. Then 
modulate the signal and inject it at 
the antenna terminals. Again observe 
the pattern produced. If the colors are 
true on the first test, but altered in 
hue on the second test, trouble is in- 
dicated ahead of the detector. The best 
check to make then would be to ob- 
serve the response pattern, both r.f. 
and i. f. Pay particular attention to 
the portion of the response which deals 
with the color signal sidebands. 

The Delay Line 

If the delay line in the Y channel 
does not introduce the proper amount 
of delay in the Y signal, the color rendi- 
tion will be affected. To appreciate 
the visible consequence of this action, 
let us briefly review the part played 
by the Y signal in the over-all forma- 
tion of the color picture. 

The Y signal contains all of the 
video frequencies displayed in the pic- 
ture. In the absence of color, per- 
haps due to a defective color section 
in a receiver or because the program 
is in black -and -white, a full black -and - 
white picture is obtained. 

Now, to obtain a color picture, three 
pieces of information are required. 
First, there is the color or hue itself, 
be it green, blue, red, yellow, etc. Sec- 
ond, there is the saturation or the in- 
tensity of the particular color; and 
third, is its brightness. The first two 
components are carried by the color 
sidebands; the remaining item, bright- 
ness, is the information that the Y sig- 
nal possesses. 

With this in mind, let us examine 
some common colors to see how much 
of their total make-up is formed by 
the brightness component. In Fig. 6 
we have a series of six colors : red, 
yellow, green, cyan, blue, and magenta. 
To ascertain their brightness values, 
we require the formula for the bright- 
ness signal, namely, 

Y = .59G + .30R + .11B. 
From this equation, we see that 

green has a brightness value of 59 per- 
cent, red a value of 30 per -cent and 
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Fig. 5. Schematic diagram of the chrominance circuits of an RCA CT -100 color set. 

blue, 11 per -cent. Yellow and cyan are 
not given directly because they are 
combination colors. To arrive at their 
brightness values, we must add the 
brightness values of their components. 
Since yellow is formed from red and 
green, its brightness value is .59 plus 
.30 or .89. By the same reasoning, 
cyan has a brightness value of .70 and 
magenta a value of .41. 

Of the six colors, yellow has the 
highest brightness value and blue the 
lowest value. On a screen, then, yellow 
will appear brightest and blue will be 
the darkest. However, if something 
should cause the Y component to dis- 
appear, perhaps by a defect in the Y 
channel, then the yellow would be- 
come quite dark. Cyan, which con- 
tained 70 per -cent brightness would be- 
come darker, although not as much as 
yellow. Green would lose even less 
brightness, red still less, and blue 
practically none at all since it pos- 
sessed only 11 per -cent to start with. 
Thus, with the complete loss of bright- 
ness, the apparent intensity of the 
colors appearing on a screen would 
reverse, with the brightest colors 
(ordinarily) appearing darkest and 
the darkest colors appearing bright- 
est. If you come across a situation 
like this, you can check for the 
brightness component by observ- 
ing the picture in black -and -white. 
(This can be accomplished most easily 
by turning the chroma control to its 
extreme counterclockwise position). 
What you see on the screen should 

either be a very dim picture, just 
barely visible, or no picture at all. 

Instead of the complete loss of the 
Y signal, we might encounter a situa- 
tion in which the delay Iine in the Y 
channel did not introduce sufficient de- 
lay. This would occur if part or all 
of the line shorted out. Under these 
conditions, the Y signal would appear 
at the matrix before its corresponding 
color component. As a result, the Y 
component will combine with some 
other, prior color. If we had the color - 
bar pattern of Fig. 6 on the screen, 
part of the red bar would possess its 
proper brightness and part would be 
lighter in appearance because the 
higher brightness component of the 
yellow would now be mixing with the 
red. In the yellow bar, the first part 
would be normal, but the second half 
would be darker (although still yellow, 
of course) because it would be combin- 
ing with the lower brightness com- 
ponent of the green bar. The same 
thing would occur all along the line. 

On a completely black -and -white 
picture, a defect in the delay line 
would not have any noticeable effect 

Fig. 6. Six saturated colors are rep- 
resented here with their brightness 
values obtained from the Y equation. 
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because all components of the Y sig- 
nal would be affected similarly. Hence, 
this trouble could not be detected by 
simply viewing a color picture in 
black -and -white. The best testing de- 
vice would again be a color -bar gen- 
erator. 

It is possible, although not as likely, 
for the delay line to introduce too 
much delay. In that event the bright- 
ness signal would arrive later than 
usual at the matrix. In the color -bar 
pattern, the visual effect would be to 
alter the first part of each bar while 
the second half would possess the 
proper brightness value. 

In receivers of the I and Q variety, 
a delay line is also employed in the I 
channel. Any variation in its charac- 
teristics would not affect the bright- 
ness of color, but rather the color it- 
self. This is because the I signal com- 
bines with the Q signal in the matrix 
to form the color signals which are fed 
to the picture tube. Any variation in 
either I or Q would then directly con- 
cern the amount of signal which the 
red, green, and blue control grids of 
the picture tube received and this, in 
turn, is directly related to the colors 
produced on the screen. 

Color Instability 

The last general category of trou- 
bles that affect the color of a picture 
is the inability of the receiver to main- 
tain the color rendition constant. 
Symptoms of this condition may either 
be an erratic variation in color or the 
appearance of color bands moving 
down across the image. Reasons for 
this behavior usually stem from a de- 
fect in the color sync section of the 
receiver. For example, in the sync 
system shown in Fig. 3, the reactance 
tube may be defective, the phase de- 
tector may not be functioning proper- 
ly, or the oscillator may be off fre- 
quency. Another possibility in this 
particular arrangement is a burst am- 
plifier which is not amplifying or pass- 
ing the color bursts properly. 

In the ringing type of color sync 
system, there is less possibility of loss 
of color lock -in. This is because the 
crystal must be triggered (or shock 
excited) by the incoming bursts and 
this tends to automatically establish 
the phase of the generated 3.58 -mc. 
oscillations. On the other hand, if the 
crystal is not triggered, no 3.58 -mc. 
oscillations appear and, of course, no 
color. Once the 3.58 -mc. signal is de- 
veloped there are actually no com- 
ponents beyond the ringing circuit 
which can cause the color to fluctuate. 
The color, of course, may be shifted 
from its true value, but this shift is 
fixed and rotation of the hue control 
will ordinarily bring it back to normal. 
This is not a defect since the circuits 
are operating within their designed 
limits. 

COLOR PROGRAMS 

Top TV programs and many 

local shows now available 

in color all over country. 

HIS is truly the year for color televi- 
sion. Now for the first time, families 

with color receivers will be able to view 
at least one major color program every 
evening in the week. NBC, which has 
been in the forefront on color, is broad- 
casting weekly a well-balanced lineup 
of programs including its most popular 
shows. CBS is also telecasting about 
51/2 hours of color programs per week. 
Among the NBC shows to be regularly 
colorcast each week are "The Chevy 
Show," "The Goodyear Playhouse," 
"Robert Montgomery Presents," and 
"The Perry Como Show." In addition, 
the "spectaculars" will also be in color. 
Such CBS star programs as "The Arthur 
Godfrey Show" and "The Red Skelton 
Show" will be regularly shown in color. 
Special CBS color shows are "The Ford 
Star Jubilee" and "Shower of Stars." 

This means that all viewers within the 
reception area of any NBC or CBS 
network station which has the facilities 
to telecast network shows in color, can 
receive these programs on a color set, 
such as the RCA "Aldrich" model 
21CS-781 ($495.00) shown in the pic- 
ture above. Over 50 per -cent of the 
200 NBC network stations now broad- 
cast network color. The number of CBS 
color network stations is also high. 

In addition to the network shows, 
many stations are originating local col- 
or shows. WABD, the New York City 
Du Mont station, plans to telecast car- 
toon shows in color during the day and 
evening. All shows originating at 
WNBQ in Chicago are broadcast in 
color. It broadcasts approximately 25 
hours of local color a week. Many other 
stations now have color cameras and/or 
color film equipment and many stations 
are now expanding for color. 

This all means that buyers of color TV 
sets this winter can look forward to 
many pleasant hours of entertainment 
in full -color. 30 
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Keito Color TV Installation 
and Servicing _ 

By W. W. COOK 
Technical Training Section. RCA Service Co., Inc. 

Clear and concise instructions on how to repair the 

most frequent troubles occurring in new color TV sets. 

Also - how to set up a receiver for the installation. 

BASICALLY, the installation proce- 
dure for the latest line of color 
television receivers is much less in- 

volved than for the earlier models. In 
most cases, the only installation re- 
quirement is de -magnetization of the 
picture tube. This should be done irre- 
spective of whether or not it is con- 
sidered necessary. 

To accomplish de -magnetizing, use a 
coil 12 inches in diameter and consist- 
ing of 400 turns of #20 enameled wire. 
To this coil attach an a.c. line cord 10 
feet in length with a switch. Apply 117 
volts a.c. to the coil, holding the coil 
with its plane parallel to the face of 
the picture tube. Move the coil slowly 
about the face of the CRT for a few 
moments, then back away from the 
tube about 6 feet and turn the coil 90° 
so that it is perpendicular to the face 
of the tube. Remove the a.c. from the 
coil and the de -magnetizing job is 
completed. 

Shown in Fig. 2 is a color -contami- 
nated black -and -white picture on a 
color picture tube. This condition may 
be caused by a magnetized picture 
tube and the simple de -magnetizing 
procedure given here could save many 
fruitless hours of attempting to cor- 
rect this situation by other means. 

In some cases the condition shown 
in Fig. 2 could be caused by the yoke 
br purity magnet becoming dislodged 
during receiver shipment. If de -magnet- 
izing does not cure the condition, turn 
the blue and green screen controls 
completely counterclockwise. A red 
picture with color impurity at the 
edges (see Fig. 11) will result. Adjust 
the yoke and or the purity magnet un- 
til a pure red picture is obtained (Fig. 
12). Then readjust the blue and green 
controls to obtain a good black -and - 
white picture. It is very important 
that center convergence be maintained 
during the purity adjustment. Other- 
wise, a good red field may be obtained 

but the blue and green fields may be 
slightly contaminated causing a poor 
black -and -white picture. 

After completing the purity adjust- 
ments the convergence should be 
checked. To do this, a convergence 
generator causing a crosshatch pattern 
(Fig. 1B) or regularly -spaced white 
dots (Fig. 13) to appear on the screen 
of the color tube should be connected 
to the receiver. Many dot generators 
provide both dot and crosshatch pat- 
terns. One method of using these pat- 
terns is to work with the crosshatch 
for dynamic convergence and dots for 
final static adjustments. Generally, dy- 
namic convergence adjustment is not 
required for the initial setup of the 
receiver. Fig. 5 illustrates a condition 
where red and green has shifted. This 
is typical of static convergence com- 
plaints. A slight adjustment of the red 
and green d.c. convergence controls 
will correct this condition. 

Obtaining a good black -and -white 
picture is extremely important if good 
color reception is to be expected. Some 
of the newer black -and -white picture 
tubes tend to give a slightly bluish 
tint to white areas whereas the early 
10 -inch picture tubes were on the 
brownish side. The black -and -white 
picture on a color tube should be ad- 
justed so as to be slightly brownish in 
color. Most technicians lean too heav- 
ily in the blue direction. In many cases 
the picture is much too blue, even 
bluer than the bluest black -and -white 
picture tube. As a guide, check the 
picture against the one on a black - 
and -white receiver if one is available. 
If not, lean slightly toward the brown- 
ish hue. Doing this will actually en- 
hance color reception since, if the tube 
has a bluish background, flesh tones 
will wash out or become very pasty 
looking. 

After checking out the color receiv- 
er for black -and -white reception. check 

it for color. If color program material 
is not available when the receiver is 
installed or being serviced, a color -bar 
or similar color pattern generator 
must be used. A normal bar pattern 
presentation with the receiver correct- 
ly adjusted is shown in Fig. 1C. Note 
that the bars range from red on the 
left through blue to green on the right. 
Each bar has some significance when 
adjusting the color receiver. For ex- 
ample, the third bar from the left is 
vectorially 90° from burst phase and 
represents R -Y. The sixth bar is 180° 
from burst and represents B -Y. 

When the color -bar pattern is ad- 
justed properly, the fourth bar should 
have a magenta color. In Fig. 6 the 
second bar is magenta. This indicates 
that the hue control is adjusted im- 
properly. It should be rotated until 
the fourth bar is magenta as seen in 
Fig. 1C. If the fourth bar can be made 
magenta by rotation of the hue con- 
trol, but if as a result, the colors of 
the other bars are incorrect, a com- 
plete matrix adjustment must be made. 

Basically, there are two methods by 
which this adjustment can be accom- 
plished using the color -bar generator. 
An oscilloscope can be connected to 
the grids of the picture tube and ad- 
justments made to obtain the proper 
waveforms. This method is the most 
accurate; however, it may be incon- 
venient to carry an oscilloscope into 
the customer's home. An alternate 
method of matrix adjustment which is 
simple and accurate will be described 
here. It is necessary in this method to 
make two of the guns in the kinescope 
inoperative while the third is being 
used. To accomplish this conveniently, 
connect a 100,000 -ohm resistor between 
the grid of each gun to be cut off and 
ground. Take two clip leads, cut them 
in half, and insert a 100,000 -ohm re- 
sistor in series with the two parts of 
each lead. Thus, one end of the lead 
can be connected to the grid and the 
other end to ground. 

If the blue and green guns of a color 
tube were cut off by means of these 
clip leads, and if a color -bar generator 
were connected to the receiver, the re- 
sulting pattern (Fig. 7) would be that 
due to the R -Y signal. The sixth bar 
from the left, indicated by the arrow, 
should be the same brightness as the 
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adjacent red background. This bar 
represents B -Y and the fact that its 
brightness is the same as that of the 
background indicates that the magni- 
tude of the B -Y signal on the red grid 
is zero, which is correct.. If the sixth 
bar is not the same brightness as the 
background, then the phase of the R -Y 
3.58 mc. c.w. signal needs to be re- 
adjusted. All recent color receivers 
have a control for this; on the RCA 
color sets using the CTC5 series chas- 
sis, for example, the top slug of trans- 
former T7, is the applicable adjust- 
ment (see Fig. 15). 

After making the necessary adjust- 
ments to obtain the pattern in Fig. 7, 
remove the clip lead from the blue 
grid and attach it to the red grid. Now 
the green and red guns are cut off 
leaving a blue bar pattern (Fig. 8). In 
this pattern, the third bar from the 
left (indicated by the arrow) is of the 
same brightness as the background, 
which is blue. This bar represents R -Y 
(see Fig. 1C) and indicates whether 
there is any R -Y signal on the blue 
grid. If there is some R -Y signal on 
the blue grid, bar three will not show 
up as pure blue and the phase of the 
B -Y signal has to be reset. This is ef- 
fected by varying the B -Y 3.58 mc. c.w. 
phase control. 

Next, remove the clip lead from the 
green grid and connect it to the blue 
grid. A green bar pattern should be 
obtained (Fig. 9). Here the seventh 
bar should be the same brightness as 
the background. If not, adjust the G -Y 
phase control. 

With all of the conditions met as 
shown in Figs. 7, 8, and 9, the bar pat- 
tern shown in Fig. 1C should be ob- 
tained after removing the clip leads. 
Checking the receiver in this manner 
will assure the customer proper color 
operation. 

The antenna system is the only other 
link to be checked out during installa- 
tion. Most TV stations currently trans- 
mitting color provide a color test 
stripe during black -and -white trans- 
missions. This vertical stripe is posi- 
tioned at the right hand side of the 
screen and is normally not visible. 
However, by setting the fine tuning 
control so that sound bars are barely 
visible and adjusting the horizontal 
frequency so that the picture moves 
to the left, the stripe will become 
visible, provided the color control is 
turned maximum clockwise. With the 
hue control set properly, the color of 
the stripe should be a greenish yellow. 

If the stripe cannot be obtained and 
it is known that it is being transmit- 
ted, re -orienting the antenna is usual- 
ly all that is required. In addition to 
this, it is a good idea to check the 
transmission line for opens and poor 
termination. Also check the lightning 
arrester if one is present. 

Customer Instruction 
After completing the color receiver 

installation it is very important that 
the customer be properly instructed on 
the use of the customer controls. Prob- 
ably the best starting point is to ob- 

tain a good 'black -and -white picture, 
First, set the fine tuning control to 
the point where sound bars appear in 
the picture, then turn back the con- 
trol until the bars just disappear. This 
must be done with the color control 
fully counterclockwise or in the off 
position. Adjust the contrast, bright- 
ness, and color controls for prop- 
er color saturation. The hue control 
can then be adjusted for proper flesh 
tones. 

If there is no color transmission at 
the time of customer instruction, make 
sure he or she can demonstrate 
proper black -and -white picture ad- 
justments. However, explain the prop- 
er use of the hue and color controls. 
Service calls can be greatly minimized 
by a good receiver installation and 
proper customer instruction. 

Service calls after initial installation 
include the normal troubles encoun- 
tered in black -and -white sets plus 
additional problems related only to 
color. The troubles dealing with color 
only include : no color, improper color, 
no color synchronization, and low 
color saturation. 

Before attempting to service the 
color circuits, it is important that the 
receiver must be capable of receiving 
a normal black -and -white picture. The 
same techniques apply for servicing 
the black -and -white circuits of color 
receivers as those presently employed 
in the service of standard monochrome 
receivers. The only exception to this 
is the picture tube circuitry. 

It is possible that the customer may 
complain of a completely red screen 

during black -and -white reception, as 
shown in Fig. 12. This would indicate 
that the red gun of the tri -color pic- 
ture tube is shorted. However, the 
bias voltages should be checked before 
replacing the picture tube. Also, the 
customer may complain of color fring- 
ing around objects in an otherwise 
black -and -white picture. This would 
indicate that either convergence is 
misadjusted or that there is trouble in 
the convergence circuits. Another pos- 
sible customer complaint may be that 
there is color contamination in the 
black -and -white picture (Fig. 2). If 
the set was properly installed and ad- 
justed initially, this trouble would in- 
dicate that the receiver has been 
moved. De -magnetizing will probably 
clear up this trouble. All of these mal- 
functions have no direct bearing on 
the color circuits yet show up as col- 
ored defects. 

To service the color circuits, it is 
usually necessary to use à color -bar 
generator or other source of color sig- 
nal for troubleshooting. This is neces- 
sary since there may be no color tele- 
cast at the time of the service call. 
Also, by using such equipment, the 
technician can check the color matrix- 
ing as a final step of the service call. 

Troubles in the color section are 
usually confined to the bandpass am- 
plifiers, color demodulators, and the 
color synchronization circuits. Inop- 
erative bandpass amplifiers can cause 
no or.weak color reception. If the de- 
modulators should fail, one or more 
colors may be missing from the color 
picture. For example, using a color - 

Fig. 15. Schematic diagram of color demodulator circuits of the RCA CTC5 chassis. 
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bar generator, the tube may display a 
normal bar pattern except that all 
blue may be missing (Fig. 10). This 
could be caused by a defective tube or 
component in the B -Y drive to the 
blue gun of the picture tube. 

The color synchronizing circuits can 
cause two types of defects. If the 3.58 
mc. reference oscillator should fail, 
the picture tube will not display color. 
If the transmitted burst pulse is not 
fed to the 3.58 mc. oscillator circuit, 
possibly due to a defective burst am- 
plifier stage, the color picture informa- 
tion will roll. (This is similar to the 
effect produced by the absence of hori- 
zontal sync in a black -and -white pic- 
ture.) This condition is illustrated in 
Fig. 4. It can be seen that red, green, 
and blue color stripes are running 
through the picture. By turning the 
color control off, a normal black -and - 
white picture may be seen. A wide - 

band (0-4.5 mc.) oscilloscope is very 
useful in tracking burst and chromi- 
nance signals through the color cir- 
cuits. 

In addition to troubles found only in 
the color circuits, defects in the i.f. 
and video stages can cause improper 
color rendition. For example, it can be 
seen in Fig. 3 that the edges of the 
bars are incorrect. This would show 
as "ringing" in a black -and -white pic- 
ture. This effect will not vary with 
adjustment of the fine tuning control. 
The cause is an open ground in the 
video delay line which results in im- 
proper termination, thus the "ringing" 
or transient condition. 

Fig. lA is a photograph taken of the 
face of a color picture tube showing 
the peacock used at the end of an 
NBC color telecast. This picture illus- 
trates the color display potential of a 
normal color television receiver. 

As in black -and -white servicing, the 
picture tube presentation can be a 
valuable aid in analyzing circuit de- 
fects. Loss of color sync resulting in 
the picture of Fig. 4 would indicate 
immediately that the trouble was oc- 
curring in the color sync circuits. Once 
the trouble has been mentally analyzed 
the usual service techniques apply. 
First check tubes, then check for com- 
ponent failure by taking voltage and 
resistance readings. 

After the technician becomes familiar 
with color receivers, service becomes 
almost as routine as black -and -white 
servicing. Probably the biggest chal- 
lenge to the technician now entering 
this new field is the initial installation. 
However, after he has gained some ex- 
perience, he will acquire confidence 
and proficiency. 

DON'T GO BROKE WITH COLOR TV 

THERE will be a sizable risk to in- 
dependent service technicians who, 

in future months, establish color TV 
service charges or contract rates that 
are based on previous monochrome re- 
quirements. The very nature of the 
color television receiver and its be- 
havior. is reason enough to anticipate 
an almost continuous demand for 
service on a monthly, if not on a 
weekly, basis for a long period of 
time. 

The widespread public acceptance 
of color TV has recently been stimu- 
lated by a reduction of the list prices 
on such receivers. This price reduction 
has caused the public to visit dealers' 
showrooms in ever increasing num- 
bers. 

This cost reduction, unfortunately, 
is bound to be reflected in the quality 
of many color television sets reaching 
the dealers and customers. Because of 
this inevitable reduction of quality it 
will create a demand for service never 
anticipated by this industry-a de- 
mand that can be met by only a small 
minority of service operators who 
have been specially trained in the 
maintenance of a particular brand of 
color set. The leading set manufac- 
turers have trained a substantial num- 
ber of technicians to maintain the 
color sets sold by their own distribu- 
tors. But many other manufacturers 
have apparently been content to sit 
back and wait. 

Technicians are only kidding them- 
selves if they feel qualified to service 
color sets using techniques which they 
themselves have established for black - 
and -white. New techniques and spe- 

cially designed test equipment for 
color is absolutely essential, but even 
more important is the need for "color 
know-how." 

It is no secret that thousands of 
color sets will be sold that use a mini- 
mum of tubes and circuits. Many will 
use triple- or quadruple -duty tubes in 
overworked circuits. Every known 
shortcut (and a lot of new ones) will 
be taken to produce sets of minimum 
standards in an effort to compete and 
to cut prices. 

When these "competitive" color re- 
ceivers reach the homes of the cus- 
tomers is when the unskilled and un- 
prepared technician will run into real 
trouble. Most demands for mainte- 
nance will simply be "nuisance" calls 
as a result of aging of components, 
overloaded tube failures, and the ef- 
fects of Junior's "skill" with the sec- 
ondary controls. But there will be 
many major breakdowns and no long- 
er will the picture tube serve to indi- 
cate likely trouble spots (compared to 
black -and -white). 

Antenna requirements will be far 
more exacting and the orientation 
more carefully made. New, strange, 
and precise adjustments will be re- 
quired on the receiver and a host of 
new and mysterious circùits will con- 
front the technician. 

Customers will be super -critical of 
their $500 baby and will be quick to 
heckle the dealer every time that red 
goes purple or when "Howdy Doody" 
suddenly turns green. He will soon 
learn from experience that the per- 
formance of the color set can be eas- 
ily disturbed when the customer de- 

cides to play expert. These nuisance 
calls, and there will be lots of them, 
will eat up the technician's and deal- 
er's profits at a rate far in excess of 
those encountered in the maintenance 
of the monochrome receiver. 

Whatever complaints have become 
routine for monochrome will be multi- 
plied many times in the case of the 
color set. It is in the interest of the 
welfare of color technicians of tomor- 
row that we point to the absolute ne- 
cessity of anticipating the propor- 
tional time requirements for color TV 
service and to plan and make substan- 
tial adjustments when estimating con- 
tract requirements and other costs. 

If you do not belong to an aggres- 
sive Service Association, then we'd 
like to suggest that you consider the 
possibility and the advantages of join- 
ing. One of the functions of these 
groups is (or should be) to study and 
recommend color service charges 
based on established requirements and 
the economy of the particular area 
served by the members. All of the 
existing service groups should now be 
giving serious study to the matter of 
establishing service charges for the 
maintenance of color TV. It's later 
than you think! 

The most valuable asset of the TV 
service technician now and in the 
years to come is the ability to hold 
and to continually build a trusting 
clientele. It's taken several years for 
the average technician to establish a 
good fundamental relationship with 
his customers. But when color comes 
and he is not qualified to maintain a 
color TV set, he will quickly lose his 
precious customers to other techni- 
cians possessing the "know-how" of 
color troubleshooting and repair. 

Even if color telecasting is not pres- 
ently available in your area, the tech- 
nician must prepare now for his fu- 
ture problems. Any service technician 
not willing to study and who assumes 
that he can "get by" without knowl- 
edge of color circuits is heading to- 
wards ultimate failure of his service 
business O. R. 
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INSTALLING 

A COLOR PICTURE TUBE 

By 

WALTER H. BUCHSBAUM 
Television Consultant 

RADIO & TELEVISION NEWS 

Fig. 1. Slipping a purity 
coil assembly over the neck 

of a 15 -inch color tube. 
The yoke and Mumetal 

picture tube shield are al- 
ready on the picture tube. 

You may not install a color picture tube tomorrow, 

but you will need to know these facts when you do. 

NOW that some manufacturers have 
started to ship the first color TV 
receivers to their dealers, informa- 

tion on installation problems is becom- 
ing available. The majority of these 
early TV receivers use the shadow - 
mask type color tube and this is usual- 
ly shipped in a separate carton. As- 
suming that all circuits have been 
adjusted properly at the factory, the 
main job is to mount the color picture 
tube and adjust the various compo- 
nents and controls for proper pictures. 

This article presents a detailed set- 
up procedure for both the 15GP22 
(RCA) and the 15HP22 (CBS-Hytron), 
as well as the new 19 -inch tubes, based 
on manufacturers' instructions and the 
personal experience of the author. It 
might be mentioned here that a full day 
was spent for the first setup, but it 
took less than an hour the third time to 
produce acceptable color pictures. In- 
stallation procedures are presented 
here in hopes that they will save serv- 
ice technicians from many errors they 
might commit when they come in con- 
tact with color sets. 

Before unpacking the picture tube, 
the color receiver should be air -tested 
for sound reception. Also check the 
"B -h" and heater voltages. Next, check 
off the following items which go on the 
picture tube : 

1. Mumetal shield. 
2. Deflection yoke. 
3. Purity -coil assembly. 
4. Convergence -coil assembly ,old 

blue magnet for 19 -inch tubes. 
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5. Field -neutralizing coil (omitted in 
some models) . 

The major test equipment required is 
a dot generator or a bar generator. If 
neither is available, a monochrome or 
color station signal can be used. For 
final testing, both monochrome and 
color signals should be used, although 
a lot can be accomplished with mono- 
chrome only. In addition to a conven- 
tional multimeter, a high -voltage probe 
or meter having a range up to 30 kv. 
should be available. A mirror will great- 
ly help in some adjustments. 

Since the high -voltage supply fur- 
nishes up to 27 kv. at 1 ma., the ordi- 
nary safety precautions should be in- 
creased. Wearing rubber soles and 
heels, plenty of space to move in, and 
some privacy, are a great help to 
the technician in his first encounter 
with the new color TV monster. 

Preliminary Adjustment 

Remove the color picture tube from 
the carton and place it face down on a 
padded spot. Figs. 1 and 2 show the 
location of the various items mounted 
on the 15 -inch color picture tube. The 
Mumetal shield does not fit directly 
on the tube envelope, but contains foam 
rubber pads which cushion and center 
it. A plastic insulating ring, similar to 
the ones used on metal -envelope tubes, 
fits over the metal flange which con- 
nects internally to the 2nd anode or 
"ultor." Fig. 3 shows the components 
on the 19 -inch color tube. The major 
differences between it and the 15 -inch 

e i. 
tubes are described in the section on 
convergence. 

After mounting all parts, install the 
entire assembly on the receiver chassis. 
The blue gun should be on top, as 
shown in the socket end view in Fig. 2. 
Line the inner tube mask up with the 
cabinet escutcheon. Before connecting 
power to the receiver, be sure all plugs 
are in their respective sockets. 

Turn the set on, allow for warm-up 
time, and tune in a monochrome or 
color telecast. Check fine tuning, con- 
trast, brightness, and sync for best re- 
ception. In most color TV receivers, 
the high voltage is regulated, and this 
regulation as well as the actual voltage 
should be checked. The voltage at the 
kinescope "ultor" terminal-the metal 
flange near the face of the tube- 
should remain at 20 kv. (27 kv. for the 
19 -inch tube), with either a bright or 
dark raster. Check this by watching 
the meter and varying the master 
brightness control. 

To improve regulation or increase 
the voltage to the correct value, adjust 
the high -voltage regulator control 
shown in the simplified diagram of Fig. 
4. This control is usually located in- 
side the high -voltage compartment. 

Next, turn the color or chromaticity 
control counterclockwise for minimum 
color video and adjust the contrast or 
brightness control for a fairly clear 
picture. At this stage of adjustment, 
the coloring of the screen can be neg- 
lected and adjustments for a.g.c., hori- 
zontal and vertical sync, linearity, size, 
and centering should be made. Do not 
attempt to oversweep the edges of the 
internal screen mask, but rather leave 
the left and the top edge visible. 

For these adjustments, especially for 
linearity checks, a station test pattern 
is very helpful. If none is available, the 
bar generator can be used. In color TV 
it is absolutely essential that both 
vertical and horizontal linearity be near 
perfect. Later adjustments will affect 
such other criteria as focus and 
convergence. Incorrect linearity will 
greatly complicate the dynamic focus 
and convergence adjustments, so be 
sure to get the proper aspect ratio, size, 
centering, and linearity before adjust- 
ing any of the color controls. Good syn- 
chronization, especially in the hori- 
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zontal section, is also essential. Most 
receivers use a modified synchroguide 
circuit, requiring both locking and 
phasing adjustments for which standard 
black -and -white adjustment procedures 
apply. 

The cylinder located near the picture - 
tube socket, as shown in Fig. 2, is the 
purity coil assembly. It consists of the 
purity coil, three small permanent mag- 
net screws, and the magnetic shield 
cover. See Fig. 3 for the position of the 
purity coil on the 19 -inch tube. Adjust- 
ing color purity involves orienting the 
three electron beams with respect to 
the center line of the picture tube. It 
is necessary to vary the location, direc- 
tion, and magnitude of a transverse 
magnetic field for each of the three 
beams and, finally, optimize for best 
combined operation. One satisfactory 
method for doing this is outlined below. 

1. Remove the video signal and turn 
down the green and blue screen con- 
trols. (See Fig. 5.) Adjust the red 
screen control for a screen color of 
almost pure red. 

2. Slide the deflection yoke as close 
to the purity coil as possible, and 
screw the three permanent magnet 
screws out from the center for mini- 
mum effect. For the 19 -inch tube, turn 
the d.c. convergence controls to mini- 
mum. 

3. Rotate the purity coil and adjust 
the current through it until the center 
of the screen is a deep pure red. Con- 
sider only the center and disregard the 
edges. It is possible to obtain good 
purity with several combinations of 
coil current and position; select the one 
using the least purity -coil current. 

4. Slide the deflection yoke forward 
until the entire screen is a uniform red. 
Now the neck shadows and color con- 
tamination along the edges should be 
eliminated by proper yoke placement. 
It may be necessary to touch up the 
purity -coil adjustment if it is not pos- 
sible to get a clean red raster with 
the yoke placement. 

5. Turn the red screen down and the 
blue screen up. If the screen color is 
not a uniform blue touch up the purity - 
coil current and rotation slightly. 

6. Turn the blue screen down and 
the green screen up. It may again be 
necessary to touch up the purity ad- 
justment. 

7. Check purity again on red and 
blue. In some receivers a compromise 
must be made between best purity on 
all three colors. 

8. It may be that all preceding ad- 
justments cannot be made as smoothly 
and simply as described. Occasionally 
some stray magnetic field may inter- 
fere and this would be noticeable by 
sudden rather than gradual variations 
in purity or by stubborn color contami- 
nation at a particular spot on the 
screen. Such external magnetic fields 
may be due to a magnetized screw- 
driver, a permanent magnet speaker, 
or other magnetic device located near 
the receiver. Some color sets use a field 
neutralizing coil located near the screen 
as shown in Fig. 2, and this coil can be 
adjusted to overcome the effect of stray 

fields. In general, the field neutralizing 
coil is rotated and the current through 
it adjusted to aid the purity assembly 
in its operation. The adjustment pro- 
cedure described appears quite complex 
and time consuming, but after some 
practice it is possible to perform the 
purity alignment in five minutes. 

Convergence Adjustment 
In order to get sharp and clear color 

pictures it is necessary for all three 
electron beams to strike the screen si- 
multaneously at adjacent dots. For the 
15 -inch tubes, three separate forces 
make the beams converge and each of 
these must be carefully adjusted. The 
first consists of three small magnets lo- 
cated on the purity coil shield around 
the neck of the picture tube. Each mag- 
net has its major effect on the electron 
gun lying underneath it, but also affects 
the beam from the other two gúns. The 
purpose of the magnets is to position 
the three beams so that the three col- 
ored rasters coincide. 

In addition to the magnets there is 
an internal, electrostatic -lens type ele- 
ment in the 15 -inch tube which controls 
the beam convergence at the screen. It 
receives a high d.c. voltage, adjustment 
of which determines the convergence 
at the center of the screen. The con- 
vergence element also receives a hori- 
zontal and vertical dynamic converg- 
ence voltage which, when superimposed 
on the d.c. potential, determines the 
convergence at the edges of the screen. 
This dynamic convergence signal is re- 
quired to compensate for the variation 
in electron beam path length as the 
beam moves from the center of the 
screen to the edges. Fig. 6 shows the 
wave shape of the dynamic converg- 
ence voltage. 

It should also be pointed out that the 
beam focus must be varied as well. In 

Fig. 2. Shown here are the various 
focusing and deflection components 
that mount onto a 15 -inch color pic- 
ture tube. The field neutralizing coil 
may be omitted in some receivers. 

Fig. 3. A 19 -inch shadow -mask type 
color TV tube shown with the various 
deflection and focus components. Note 
that here electromagnetic converg- 
ence is used rather than electrostatic. 

the 15GP22 and 15HP22 there are three 
electrostatic focus elements connected 
together which receive a d.c. focus volt- 
age, plus a portion of the dynamic hori- 
zontal and vertical convergence signal. 
The schematic presentation for this 
connection is shown in Fig. 4. 

Before adjusting for convergence and 
focus, the screen should be tuned for a 
low -brightness white. This is done by 
turning the chromaticity control down 
and adjusting the red, blue, and green 

Fig. 4. Focus, high voltage, purity, and convergence adlustments for color set. 
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Fig. 6. Waveshape of the horizontal con- 
vergence voltage for a 15 -inch tube. 

Fig. 7. Dot pattern generated by a dot 
generator and observed on the screen 
of a color picture tube when the three 
guns are in good convergence. Each dot 
actually consists of three different col- 
ored ones, so close they look like one. 

screen controls until a neutral white 
'or light gray is obtained. It should be 
pointed out that this will not be 
achieved when all three controls are 
set to exactly the same point. To get 
white some experimentation is required 

Fig. 8. The pattern appearing on the 
face of a color tube when a dot gener- 
ator is used and the d.c. convergence 
voltage is lower than normally required. 
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Fig. 5. Brightness, contrast, and color controls of a color TV receiver. Not all of 
these controls are adjusted by the service technician when he installs the tube. 

which usually provides a demonstration 
of the principles of colorimetry. When 
the blue screen is turned down and the 
red and green turned to about equal 
brightness, yellow will appear. Red and 
blue only will result in shades of purple. 
With some practice it is quite easy to 
get a neutral light gray quickly. 

To set the three positioning magnets 
roughly, adjust the centering controls 
until a corner of the raster appears. 
Usually this corner will show some of 
the colors even when the rest of the 
screen is white. It will appear that the 
three rasters do not overlap completely. 
Where all three overlap, white will ap- 
pear. Where red and green overlap the 
screen will appear yellow. Red and blue 
give magenta, and blue and green pro- 
duce cyan (a greenish blue color). At 
this stage it is best to "make haste 
slowly." 

Turn each of the three permanent 
magnet screws inward one turn at a 
time, and observe the effect of each one 
on all three colors. It will become ap- 
parent that each of the magnets has 
major control over one color but also 
has considerable effect on the other two 
electron beams. In other words, the 
adjustment of each magnet must be 
followed by adjustment of the other two 
magnets until a good compromise set- 
ting is reached. The aim of this com- 
promise is to get all three colors to 
coincide as well as possible. It should 
be pointed out here that perfect corner 
registry is not essential nor easily at- 
tainable. 

Thé convergence adjustments must 
be made with some kind of video signal, 
otherwise lack of convergence is not 
apparent. The best type of signal con- 
sists of a number of very sharp pulses, 
producing a dot pattern on the screen. 
Other usable patterns consist of ver- 
tical and horizontal bars, preferably in 
a grid pattern, or a regular mono- 
chrome video signal. In the last in- 
stance it is preferable to use a station 
test pattern if available. 

Poor convergence will give the ap- 

pearance of three colored pictures out 
of register. When the monochrome 
video signal is used, the edges of objects 
will appear in three colors, rather than 
uniform gray. If the d.c. convergence 
is good, this poor registration effect will 
be most noticeable at the sides. This 
is somewhat tricky to check especially 
on moving scenes. For this reason the 
use of a grid or dot pattern is better. 
Adjusting convergence with a dot gen- 
erator is fairly easy. 

1. Connect the dot generator and ad- 
just the brightness and contrast con- 
trols to avoid blooming and obtain 
sharp dots, locked in with the sweep 
circuits. Fig. 7 shows the screen of a 
color tube with a properly converged 
dot pattern. 

2. Referring to Fig. 4, turn both 
vertical and horizontal dynamic con- 
vergence controls to minimum. 

3. Turn the d.c. convergence voltage 
control to a low value until three sepa- 
rate dots are visible as in Fig. 8. The 
green dot is at the left, the red next to 
it, and the blue below. 

4. Turn the d.c. convergence voltage 
control up until the three colored dots 
merge into a white dot at the center of 
the screen. If the convergence voltage 
is too high the pattern of Fig. 9 will 
appear where the blue dot is on top and 
the entire color sequence reversed from 
Fig 7. 

5. It may not be possible to obtain 
perfect convergence at the center of the 
screen with the d.c. convergence con- 
trol. In this event the positioning mag- 
nets must be reset. Every change in the 
positioning magnets will require some 
further change in the d.c. convergence 
setting. At the same time the focus 
control must be set each time for best 
focus. All these adjustments are. inter- 
dependent to some degree and the best 
approach is to perform each step slowly, 
not advancing any control too far and 
carefully observing the dot pattern on 
the screen. In some picture tubes it 
may appear that the magnets should be 
positioned quite close to the guns, but 
this means that the optimum position 
has already been passed and the mag- 
nets should be withdrawn several turns. 

6. After the center of the screen 
shows clear white dots without color 
fringing, the dynamic convergence con- 
trols are adjusted. The vertical dynamic 
convergence controls, see Fig. 4, are set 
first to make the top and bottom mis - 
registration equal. Observe the dots 
going down the center line and when 
top and bottom dots appear equally 
misregistered, touch up the d.c. con- 
vergence control to converge the entire 
vertical center line of dots. 

7. Now adjust the horizontal dynam- 
ic convergence control for equal mis - 
registration of the left and right dots 
on the horizontal center line. As in step 
6, touch up the d.c. convergence con- 
trol to converge the entire center line. 

8. If it appears impossible to con- 
verge both left and right edges, the 
horizontal dynamic phase control, as 
shown in Fig. 4, should be adjusted. 
Similarly, if vertical convergence can- 
not be achieved properly, the vertical 
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convergence voltage shape control can 
be adjusted. 

9. The vertical dynamic convergence 
adjustments affect the horizontal and 
d.c. convergence settings and vice versa. 
Again it will be necessary to spend 
some time and care in making all ad- 
justments and subsequent touch ups. 
The author had to start all over twice 
during his first convergence adjust- 
ment problem, but after some practice 
the convergence procedure now takes 
only about 10 minutes. 

10. As a final check, vary the d.c. 
convergence control slightly and see if 
it improves convergence at the edges. 
If it does, some improvement in the 
dynamic convergence setting is needed. 
When d.c. adjustments show no such 
improvement, the dynamic converg- 
ence controls are properly set. 

In the large screen, 19 -inch shadow - 
mask picture tubes, the convergence 
adjustment is somewhat different since 
magnetic rather than electrostatic con- 
vergence is used. Between the purity 
coil and deflection yoke a set of three 
electromagnetic assemblies are located 
as shown in Fig. 3. In place of the three 
positioning magnets a single permanent 
magnet assembly is used which has 
major control over the blue electron 
gun. To adjust convergence in this sys- 
tem it is again helpful to use a dot 
pattern. Proceed as in the case of the 
15 -inch tubes up to the d.c. convergence 
adjustment, then follow the steps given 
below. 

1. Set all dynamic convergence con- 
trols to minimum and adjust the red 
and green d.c. convergence potentiom- 
eters to give yellow dots in the center 
of the screen. 

2. Adjust the blue d.c. convergence 
control and positioning magnet to ob- 
tain white dots in the center. 

3. Adjust vertical and horizontal 
dynamic convergence controls for equal 
color triangles along the vertical and 
horizontal axes. 

4. Readjust the three d.c. converg- 
ence controls for uniform white dots. 

Fig. 9. Dot pattern when the d.c. con- 
vergence voltage is too high. Here, the 
blue dot is on top with the red to the 
left and the green to the right below. 

Slight touch ups of the dynamic con- 
vergence controls may be required. Be- 
cause the convergence forces are mag- 
netic, the a.c. through the convergence 
coils will look like the voltage wave- 
form in Fig. 6. The voltage across the 
coils will look somewhat like a saw - 
tooth. Another feature of the 19 -inch 
tube convergence adjustment is the re- 
duced interdependence between the dif- 
ferent controls. This makes for simpler 
and faster convergence adjustment. 

Before looking at color pictures, the 
brightness and screen controls must be 
set properly. First, with no picture on 
the screen, turn the brightness control 
to maximum and adjust the red, green, 
and blue screen controls (see Fig. 5) to 
obtain a medium gray screen appear- 
ance. This should be approximately the 
brightness of an almost dark mono- 
chrome raster such as appears when no 
signal is received on a monochrome 
receiver. Balance out the three colors 
until a neutral gray shade is achieved. 
Now tune in a monochrome picture and 
set the contrast control for good white 
highlights. Adjust the blue and green 
background controls until the white is 
a true white and contains no dominant 
color. Next, turn the brightness control 
down until the white highlight is 
medium gray and touch up the green 

and blue background controls until this 
is again a neutral shade. The correct 
adjustment of these controls is achieved 
when the brightness control variation 
does not produce a change in hue, but 
only in brightness. 

Color Adjustment 
The great moment has arrived and 

we are ready for the first color pictures. 
In Fig. 5, separate red, green, and blue 
gain controls are indicated. Many 
manufacturers do not advise touch ups 
of these controls without special test 
signals or test equipment. Usually these 
controls are set carefully at the factory 
and do not need further adjustment. 

Tune in a color telecast just like any 
other TV signal. Adjust the chroma- 
ticity control slowly until the colors 
appear vivid enough. Too little chro- 
maticity will result in pastel shades or 
pale colors instead of rich saturated 
colors, while too much chromaticity will 
result in dark flesh tones. If it appears 
as if a red, green, and blue rainbow 
moves over the picture, the color sync 
section is out of synchronization. If 
flesh tones appear purple and red ap- 
pears blue, the color sync phase is 
wrong. These adjustments are usually 
on the chassis or under a panel together 
with other secondary controls. 

If it appears that the various colors 
are wrong, that red is too purple, yel- 
low too orange, etc., this should never 
be compensated for with the screen, 
background, or brightness controls. 
Such a defect is best adjusted with a 
color test signal of known colors, such 
as can be obtained from a color bar 
generator or else from a station test 
pattern. Then the red, green, and blue 
gains can be set, the I and Q channels 
adjusted, and the entire matrixing unit 
can be serviced. 

The customer should be carefully in- 
structed in the use of the operating 
controls and warned against adjusting 
the secondary controls under the 
hinged front panel of the set and on 
the side or back of the chassis. --- 

COLOR TV NEEDS MORE EXPOSURE 

IT IS with mixed emotions that I look 
back to the initial excitement of 

having a color television receiver in 
my home. This was just two years 
ago, in March, 1954. My decision to 
install the set was based on a personal 
curiosity to find out just how well (or 
not so well) a commercial television 
receiver would stand up in daily serv- 
ice under typical home conditions. 

Picture quality, during 1954, left 
much to be desired. After living with 
color TV for many months, it became 
obvious that tremendous improve- 
ments were needed at the source, that 
is, in the TV studio itself. Through no 
fault of the receiver, skin tones would 
vary throughout the spectrum from 
red to yellow, and it was necessary to 
continuously compensate at the set. 

During the past year, great im- 
provements were made (especially in 

camera techniques, makeup, and light- 
ing) which have overcome many of the 
faults noted during 1954. The color 
picture during 1955 ranged from good 
to excellent. The cost per hour to the 
color set owner dropped considerably 
as more color programs became avail- 
able. Industry had finally made the 
decision to "put the horse before the 
cart." And we heartily agree with 
Leslie Hoffman, president of the Ra- 
dio -Electronics -Television Manufactur- 
ers Association, who recently said that 
"the breakthrough of color TV, both 
in manufacturing and broadcasting, 
was the most significant merchandis- 
ing development of 1955. Sales of the 
large -screen color sets during the fall 
and early winter indicate that ex- 
posure to color programs and such, 
rather than price, is the determining 
factor in public acceptance of this ex- 
citing new medium." 

We have seen many fine color shows 
on our latest TV sets with its 19 -inch 
screen. Our friends no longer imply 
that we should have our heads exam- 
ined for having a color TV set in the 
house when there was practically no 
color to see. Reactions have now gone 
from the ridiculous to the sublime and, 
almost without exception, our friends 
and neighbors express sheer amaze- 
ment and delight when they see qual- 
ity color television for the first time. 
These reactions are due-first, because 
of tremendous improvements made in 
the transmission of color beginning at 
the camera and ending at the home 
screen-and second, because we now 
are using a set equipped with one of 
the recently -developed color picture 
tubes. The combination of tube, cir- 
cuitry, and studio techniques and con- 
trol all contribute to the upgrading of 
the television picture mar times over. 
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Color TV Servicing 

in the field 
By 

WALTER H. BUCHSBAUM 
Television Consultant 

RADIO & TELEVISION NEWS 

Do you know what the most common color TV troubles 

are? Do you know how to deal with them? Read on. 

THIS article is the result of a survey 
among service technicians and 
dealers who have already begun 

to install and service color TV sets in 
quantity. Only the most recent color 
TV receivers and the most frequently 
encountered difficulties are considered 
here. 

Every service technician is familiar 
with the need for fully instructing the 
customer in the use of the various 
controls of his TV set. This need is 
even greater with color TV sets be- 
cause of the increased complexity of 
the front panel adjustments. The prob- 
lems of antenna selection and location 
are also more acute with color receiv- 
ers because of the increased band- 
width requirements. 

Customer Misadjustments 

Just as in the early days of black - 
and -white TV, the customer's lack of 
understanding is the cause of a large 
number of service calls, especially dur- 
ing the first few weeks after a color 
set has been installed. Shown in Fig. 1 
are the operating controls of the RCA 
21 -CT -660 to 664 series receivers, the 
latest 21 -inch color sets. The station 
selector is not too complex, providing 
only v.h.f. and u.h.f. channel tuning 
with which many monochrome TV set 
owners are reasonably familiar. The 
brightness, "on -off," and volume con- 
trol are likewise familiar and rarely 
prove troublesome. Under a small panel 
is a total of six controls, two of them 
duals, which are all capable of con- 
founding the non -technical operator. 

The color. hue, and contrast controls 

might, in theory, not need adjustment 
by the customer, but the general con- 
sensus among service technicians is 
that thejr temptation seems to be too 
great. All set owners desire to "im- 
prove" any or all of these vital par- 
ameters. After the set owner dis- 
covers that the contrast control 
operates the same for a black -and - 
white picture as it does on a mono- 
chrome set, he feels justified in setting 
this knob for color TV as well. The 
knob marked "Color" affects the 
amount of saturation or the color 
strength and few viewers can resist a 
little touchup. Similarly, the "Hue" 
control provides quite a humorous 
color spectacle if properly misadjust- 
ed. Needless to say, proper balance of 
contrast, brightness, saturation, and 
correct hues are lost until the service 
technician's next appearance. 

The following routine is recom- 
mended for re -adjusting the front con- 
trols when customer misadjustment is 

Fig. 1. Function and position of the vari- 
ous front -panel controls on the RCA 21- 
CT660 series color television receivers. 
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The Hoffman color televi- 
sion receiver. The side panel 

is easily removable, making bottom 
of the chassis available for servicing. 

suspected: First, for black -and -white 
reception, turn the color or chroma 
control fully counterclockwise and 
turn the receiver on. Then, tune in 
the weakest channel and adjust 
brightness and contrast to get a good 
picture. Check the operation of the 
vertical and horizontal hold controls 
by switching channels. The picture 
should lock in without further adjust- 
ments. In addition, check vertical 
linearity. Finally, tune in every avail- 
able station, adjusting the fine tuning 
control for good pictures. 

To set up the receiver for color re- 
ception when no color telecast is avail- 
able, use a color bar generator con- 
nected to the antenna terminals. Tune 
in the correct channel and set the fine 
tuning control to get the greatest 
amount of detail. Be sure that the 
control has sufficient range to pass 
through the maximum detail position. 
Advance the color or chroma gain con- 
trol to about one quarter turn from 
its maximum counterclockwise posi- 
tion. Then advance the fine tuning 
control until the picture just begins to 
disappear; return the control to the 
point where the sound bars just dis- 
appear and color invades the picture. 
Re -adjust the color or chroma control 
for satisfactory saturation; white 
should be white and not some other 
color. Adjust the hue or color phase 
control for the correct setting; with 
the color bar generator this is rather 
simple since each bar is a pure color 
(red, green, or blue) and in a known 
position. When using a color telecast 
for setting up these controls, the flesh 
coloring is usually a good indication 
of correct hue setting. If possible, 
check color reception on all available 
channels. 

If the color set is uncrated and test- 
ed at the shop before it is delivered, 
many troubles can be noticed and cor - 
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rected before the customer starts com- 
plaining. When the set is uncrated in 
the home, some of the adjustments 
will probably require a touchup. 

One manufacturer's service depart- 
ment reports that about 50% of all 
color sets installed require some purity 
adjustment. Others find that d.c. con- 
vergence adjustments are most fre- 
quently required. The purity adjust- 
ments are required for a receiver 
which is shipped with the picture tube 
in place, while the convergence align- 
ment is usually required with a set 
whose picture tube assembly is shipped 
on a special pallet. Actually, both 
these adjustments are often needed 
after delivery of the set. Other ad- 
justments such as color balance, color 
synchronization, decoding, matrixing, 
or i.f. alignment are only rarely need- 
ed, unless some component arrives 
damaged and must be replaced. 

Whether all or only some converg- 
ence controls need readjustment, the 
simplest and most positive means of 
checking is to use the dot generator. 
To make certain that this generator is 
operating at the exact horizontal and 
vertical scanning frequency of the set, 
tune in a monochrome station picture 
and synchronize the dot generator to 
the TV receiver. It is usually sufficient 
to clip a lead from the generator to 
the "hot" side (usually red wire) of 
the horizontal deflection coils. After a 
stable dot pattern is obtained, check 
the dots in the center of the screen. 
Converge them by adjusting the per- 
manent magnet slugs in the converg- 
ence coil assembly, shown in Fig. 2. If 
only the blue beam appears out, ad- 
just the blue beam positioning magnet 
assembly (see Fig. 4). Concentrate 
these adjustments only on the dots at 
the center of the screen. 

Now check the convergence at the 
top and bottom of the center line. If 
this requires touching up, the dynamic 
convergence controls must be adjusted. 
Fig. 3 shows that part of an RCA 

Fig. 2. Convergence 
magnet assembly. The 
knurled nuts are ro- 
t a t e d for adjustment. 

model 21 -CT -662U chassis which pro- 
vides the various dynamic convergence 
signals. If the convergence at the 
sides of the picture tube is unsatisfac- 
tory, adjust the horizontal dynamic 
convergence controls. In most TV re- 
ceivers the convergence controls are 
all located together at a convenient 
point accessible from the rear of the 
chassis.. 

More detailed convergence instruc- 
tions are included in the manufactur- 
er's service notes for the receiver. 
Color purity is best observed without 
a picture of any kind and adjustments 
for purity should be made prior to the 
final convergence set-up, if this step is 
needed.. In many receivers a slight 
color impurity is observed after in- 
stallation although the convergence 
may be pèrfectly adjusted. Only a 
slight adjustment of the field equalizer 
magnets or the purity coil or magnet 
assemblies may be needed. These are 
shown in Fig. 4. Follow the manufac- 
turer's data for purity adjustments. 

Magnetic Effects 

The current color picture tubes are 
furnished with a special magnetic 
shield over the electron beam area. 
Nevertheless, magnetic effects due to 
fields surrounding the tube can cause 

Fig. 4. A standard color picture tube with the various ex- 
ternal deflection and convergence components indicated, 
along with the magnetic field equalizer. See text. E 

Flg. 3. Shown here are the various controls for dynamic 
e convergence adjustments on the RCA Model 21 -CT -632U 
TV chassis. Operation of controls is discussed in the text. 
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considerable color impurity. Such mag- 
netic fields can be due to the chance 
magnetization of some of the iron 
brackets in the cabinet or chassis 
parts. During transportation or stor- 
age, receivers may be located under 
fairly strong a.c. or d.c. fields from 
power equipment, transformers, etc. 

The magnetized parts can be neu- 
tralized by introducing a strong a.c. 
field and then gradually reducing the 
strength of the field. To accomplish 
this without using special magnetizing 
devices, the RCA Service Company 
recommends the construction of a coil 
which can be connected directly to 
the 117 -volt a.c. line. A winding diame- 
ter of about 12 inches is used; an old 
10- or 12 -inch picture tube can be used 
as a mandrel with insulating tape 
serving to hold the wire in place. Ap- 
proximately 425 turns of No. 20 enam- 
elled wire are sufficient. The entire 
loop should be well taped and the two 
ends of the wire connected to a reg- 
ular a.c. line cord. At least 8 feet of 
cord will be needed. 

The actual demagnetizing is per- 
formed with the receiver in the cab- 
inet, but with power off. At the start, 
the demagnetizing coil is kept at least 
6 feet away from the color TV re- 
ceiver and then is slowly moved over 
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Fig. S. The decrease in bandwidth of 
the ri amplifier of a color TV set due 
to high a.g.c. bias, as shown here, results 
in a deterioration of the color picture. 

the sides, front, and rear of the cab- 
inet. With the receiver back cover re- 
moved, place the coil inside the cab- 
inet at the top and sides of the picture 
tube assembly. 

It is important in demagnetizing to 
apply the coil with its magnetic field 
gradually. The demagnetizing should 
last about 2 minutes, then the coil is 
gradually withdrawn to at least 6 feet 
from the color TV set and the a.c. 
line plug disconnected. 

The various convergence magnets 
and field neutralizing magnets should 
be withdrawn from their maximum ef- 
fective position during the demag- 
netizing procedure. After a set has 
been demagnetized the entire purity 
and convergence set-up procedure will 
have to be repeated. 

Local Color Troubles 
As anticipated, local reception con- 

ditions have a very pronounced effect 
on the color picture. Minor reflections 
which could be tolerated on a mono- 
chrome picture cannot in color. One 
of the prime requisites óf a good color 
installation is an antenna system that 
brings in ghost -free signals. 

The strength of the signal is also 
important and installation troubles on 
color TV receivers have been noted 
both on weak and excessively strong 
pictures. 

For black -and -white signal recep- 
tion, adjustment of the contrast, a.g.c., 
and fine-tuning controls usually takes 
care of excessive signal strength. On 
really strong signals, the a.g.c. bias 
increases considerably and this in- 
creases the input impedance of the r.f. 
amplifier. This increased impedance 
has two serious effects : it changes the 
r.f. bandpass and it increases the mis- 
match with the antenna transmission 
line, setting up reflections on the line. 
These reflections appear as ghosts, in- 
significant on monochrome, but dis- 
tracting in a color picture. Further, 
the change in r.f. bandpass reduces 
the gain of the color subcarrier side - 
bands, reducing the color information. 
Fine-tuning control adjustment in this 
instance either moves the video car- 
rier down on the response curve slope 
or else the color components are 
moved towards the sound -trap fre- 
quency and color is completely lost. 
This detuning due to excessive signal 
strength is illustrated in Fig. 5. 

The remedy for excessive signal 
strength is simply to insert a suitable 

attenuator pad between the transmis- 
sion line and the receiver antenna ter- 
minals. Such 300 -ohm attenuators, 
consisting of printed ceramic circuitry, 
are available in 6, 10, and 20 db values. 

Weak or fading signals present a 
much more difficult problem. The ef- 
fects of weak or fading signals on the 
color TV receiver are varied. The color 
content and contrast changes. Al- 
though this may be annoying, the 
viewer used to fringe reception on 
monochrome will understand this fault. 
Far worse is the effect on color -killer 
biasing due to weak or fading color 
bursts. 

A typical color -killer circuit is 
shown in Fig. 6, and illustrates how 
the killer bias depends on the presence 
or absence of color sync bursts. If, 
in a certain location or on some re- 
transmitted programs, the color sync 
burst is attenuated and appears at the 
color -killer circuit too weak to de- 
activate the killer bias, the receiver 
will not pass any color information at 
all. In other words, although color 
signals are received, the picture on the 
screen will be black -and -white be- 
cause the burst is too weak. Defects 
in the color -killer circuit, misadjust- 
ment of the burst amplitude control, 
or misadjustment of the fine-tuning 
control could all cause excessive killer 
bias and loss of color reception. 

Aside from misadjustment of con- 
trols and circuit defects, the problem 
of poor color -killer action has been en- 
countered frequently in weak -signal 
areas. It is particularly troublesome 
if the technician does not realize the 
cause for loss of color. During a par- 
ticular telecast the set owner may 
lose the color picture. When the tech- 
nician arrives, he finds that on instru- 
ments and on fairly strong signals, 
good color reception is obtained. Either 
misadjustment by the customer or 
some intermittent defect might be sus- 
pected unless the action of the color - 
killer circuit is appreciated. 

High -gain antennas are commonly 
used in weak signal areas and many 
of them have a rather narrow band- 
width, especially the earlier types. 
Stacked yagi antennas cut for one 
channel often have less than 5 mc. 
bandwidth and may not be suited for 
color reception. All antenna manu- 
facturers have lately announced fringe 
area models which are better suited 
for color reception because of their 
broadband features. 

Fig. 6. Color -killer circuit of a color 
TV set. Note how the bias from the 
killer tube feeds the control grid of the 
chroma or bandpass amplifier. Excessive 
negative bias will cut off set's color. 
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Service Tips 

When the vertical or horizontal lin- 
earity seems to be off on color re- 
ception, check the centering control 
action before adjusting linearity con 
trols. Unless the picture is centered 
quite accurately, nonlinearity may ap- 
pear. To check vertical linearity 
quickly without a test pattern or dot - 
bar generator, adjust the vertical hold 
control so that the picture rolls slowly 
through the screen. Observe the width 
of the vertical blanking section as it 
moves from bottom to top. The width 
of that bar should be constant as it 
moves over the screen. 

Most color TV receivers have special 
high -voltage plug and connector as- 
semblies. Breaks or inadvertent dis- 
connection of these high -voltage cables 
may cause loss of raster. 

The latest RCA and similar color 
sets have special high -voltage in- 
terlocks which short the high voltage 
to chassis when the back cover is re- 
moved. When the service technician 
removes the back cover and plugs in 
an a.c. cheater cord in the customary 
manner without removing the high - 
voltage short, the high -voltage sup- 
ply can be seriously damaged. The 
high -voltage safety interlock simply 
consists of two spring clips, one con- 
nected to the high voltage and the 
other to ground, held apart by an in- 
sulating rod mounted on the rear 
cover. When this rod is removed, the 
two clips make contact. In order to 
operate the set without the back cover 
it is necessary to separate the inter- 
locking spring clips again by inserting 
a suitable plug. Such a plug can be 
made of lucite or similar tubing cut 
to size. 

Color balance is usually preset at 
the factory and should not need touch- 
ing up in ordinary installation pro- 
cedure. Customer complaints of colors 
being too much of one shade are some- 
times due to room lighting conditions. 
For example, the presence of a lamp 
with a red shade, dominantly green 
curtains, blue fluorescent light, yellow 
insect -repelling lamps, etc., will tend 
to give the impression of improper 
color balance. The service technician 
should point out these circumstances 
to the customer before adjusting color 
matrixing controls. 

Customer misadjustments, purity 
and convergence changes due to ship- 
ping, or local magnetic fields, are the 
principal troubles the service tech- 
nician can expect in installing the new 
color TV receiver models. Demag- 
netizing of the entire set might occa- 
sionally be required to assure good 
color purity and a special demag- 
netizing coil should be constructed for 
this purpose. Extremely strong or 
weak signal conditions are also fre- 
quent causes for service calls. Antenna 
requirements for color TV reception 
prove to be more stringent than for 
black -and -white TV, especially con- 
cerning bandwidth. Many of these 
problems were expected and their 
cures are becoming known with the 
increase in installations. j- 
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BOOK REVI EWS 

These books offer the background and servicing information 

required for color TV service technicians, engineers, etc. 

"COLOR TV TRAINING MANUAL" 
by C. P. Oliphant & Verne M. Ray. 
Published by Howard W. Sams & Co., 
Inc., Indianapolis. 258 pages. Price 
$6.95. Paper bound. 

This volume represents a basic color 
course for the practicing television 
technician. The text material is di- 
vided into three sections covering the 
principles of the color television sys- 
tem, color receiver circuitry, and the 
servicing of the color set. Those with 
training and experience in the serv- 
icing of black -and -white sets should 
have no difficulty in handling the ma- 
terial as presented since the book has 
been designed to be used for home - 
study as well as for the more formal 
training courses offered by schools. 

There are about 500 illustrations in 
this manual, 126 of them in color. An 
appendix carries actual color picture 
tube displays, information on the use 
of several commercial color bar and 
white dot generators, and a glossary 
of color TV terminology. Test ques- 
tions at the end of each chapter permit 
self -checking. The answers have been 
included to make the manual self- 
contained. 

We believe that alert service techni- 
cians will find this a valuable spring- 
board to the new business and in- 
creased profits which are to be made 
in color television work. 

* * * 

"COLOR TELEVISION ENGINEER- 
ING" by John W. Wentworth. Pub- 
lished by McGraw-Hill Book Company, 
Inc., New York. 459 pages. Price $8.00. 

This book is an easily -understood ex- 
planation of color TV for engineers 
and technicians already familiar with 
monochrome TV. It deals with both 
the physical and psychological aspects 
of color, colorimetric techniques used 
in TV, underlying electronic principles, 
and studio equipment, test equipment, 
and other devices used in all phases of 
color telecasting and receiving. 

* * * 

"PRINCIPLES OF COLOR TELEVI- 
SION" by The Hazeltine Laboratories 
Staff. Published by John Wiley & 
Sons, Inc., New York. 562 pages. Price 
$13.00. 

This is an engineering text which 
covers the basic concepts of the pro- 
duction and transmission of the color 
signal. Based on the continuing series 
of technical reports that have ema- 
nated from the Hazeltine Laboratories 
over the past few years, this volume is 
a compilation and up-to-date picture 
of the entire subject. 

The text material covers light and 
photometry, color perception, color 
space and color triangles, colorimetry, 
color in a TV system, required infor- 
mation content, characteristics of the 
eye, choice of color components and 
their interleaving in the composite 
signal, the production of the composite 
color signal, synchronization, nonlinear 
amplitude relations and gamma cor- 
rection, FCC color standards, equip- 
ment for producing the transmitted 
signal, color receivers, decoders for 
three -gun displays, decoders for one - 
gun picture tubes, and test and meas- 
uring methods. 

From the listing of contents, it is 
obvious that this book is directed to- 
ward a readership with advanced tech- 
nical training. Practicing engineers, 
students in the graduate engineering 
faculties, and research engineers will 
derive the greatest benefit from this 
work. A fairly comprehensive mathe- 
matical background and a familiarity 
with engineering theory and the tech- 
niques off monochrome television are 
prerequisite and have been assumed by 
the authors. 

* * * 
"COLOR TELEVISION STANDARDS" 
by Donald G. Fink. Published by 
McGraw-Hill Book Company, Inc., 
New York. 520 pages. Price $8.50. 

An authoritative statement of under- 
lying factors relating to the choice of 
color television standards, and the ef- 
fect of the standards on broadcasting 
and receiving equipment. This mate- 
rial has been compiled from the Pro- 
ceedings of the second National Tele- 
vision Systems Committee. 

* * * 

"HIGHLIGHTS OF COLOR TELE- 
VISION" by John R. Locke, Jr. Pub- 
lished by John F. Rider Publisher, Inc., 
New York. 43 pages. Price 99. cents. 
Paper bound. 

This compact little book, written by 
an engineer from General Electric 
Company's radio and television depart- 
ment, is an introduction to the subject 
of color based on the standards recom- 
mended by the NTSC, and subsequent- 
ly adopted by the FCC. 

The discussion deals with only those 
features or circuits which are unique 
to color receivers. Circuits and tech- 
niques found in standard monochrome 
receivers are not covered. The discus- 
sion covers colorimetry, the NTSC 
color signal, the transmitter, the color 
receiver, the tri -color picture tube, and 
color receiver circuitry. 

Those interested in the new medium 
will find this book enlightening and in- 
structive, providing information that 
applies to all receivers designed to con- 
form to the NTSC standard. 

* * * 

"COLOR TELEVISION" by The Elec- 
tronic Education Unit, Philco Corpora- 
tion, Donald G. Fink, consulting tech- 
nical editor. Published by Philco Cor- 
poration, Philadelphia. 152 pages. Price 
$5.00. Paper bound. 

This book has been prepared espe- 
cially for practicing service technicians 
who are ready to take the plunge into 
color work, and is part of the com- 
pany's "Factory Supervised Service" 
program. 

The text material covers all phases 
of color, including theory, design, 
transmission, reception, installation, 
and servicing. A brief but comprehen- 
sive review of black -and -white theory 
and practice has been included to en- 
able the user to start off on the right 
foot. The balance of the nine chapters 
covers colorimetry, transmission and 
reception, circuit description, color 
tube assembly and associated circuits, 
color tube and receiver adjustments, 
color receiver alignment, servicing pro- 
cedures, and the installation of a color 
TV receiving system. 

The presentation of the material is 
elaborate and colorful. Graphs, circuit 
diagrams, and scope patterns in full 
color contribute a great deal to the 
over-all picture of the subject. --- 
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"Super" and "Special" color receivers. 

By WALTER H. BUCHSBAUM 

Television Consultant 

RADIO & TELEVISION NEWS 

The circuits described here are being 

used for the first time in color TV 

sets. Here, too, are installation hints. 

THE new line of RCA color receivers 
is divided into three series. The 
"Special" and "Super" series use 

practically the same chassis. The "De- 
luxe" sets use a chassis which is con- 
siderably different. A total of 26 tubes 
plus the picture tube, two crystal di- 
odes, and a 3.58 mc. oscillator crystal 
are used in the "Special" chassis, 
CTC5 and CTC5A. The tuner is basi- 
cally a v.h.f. type with u.h.f. attachment 
optional. Both video and interearrier 
sound i.f. sections are conventional 
with one exception : separate second 
detectors are used for the sound and 
picture i.f.'s. This minimizes the pos- 
sibility of 920 kc. interference. A sin- 
gle high -voltage rectifier is used to 
supply the 25 kilovolts for the ultor 
and a separate rectifier provides the 
focusing potential. 

New Circuits 
The color sync section and the 3.58 

mc. oscillator used in all new RCA re- 
ceivers is considerably different from 
previously used circuits. A simplified 
circuit diagram of the 3.58 mc. oscilla- 
tor is shown in Fig. 1. The burst ampli- 
fier provides a strong synchronizing 
burst signal which is applied to the 
3.58 mc. crystal and, through C1, to 
the control grid of the oscillator tube. 
Feedback from the screen grid of that 
tube through the divider network C2 
and C. causes continuous oscillation of 
a 3.58 mc. signal which is then fur- 
nished to the demodulators from the 
driver transformer. This circuit is 
quite a departure from previously 
used crystal oscillators which were 
controlled by a reactance tube and 
phase detector. 

The color demodulator used in the 
"Special" and "Super" series of receiv- 
ers is also new. Here (see Fig. 2) two 
dual triodes are used to provide all 
three color difference signals and di- 
rectly drive the three kinescope grids. 
The color subcarrier and its sidebands 
are applied to all four triode grids 
while the color sync signal is applied 
to each cathode, with proper phase 
correction. One of the plate circuits 
produces the green and one the blue 
color difference signals while the red 
difference signal is the result of mat- 
rixing circuits between the plate volt- 
ages. 

Since the demodulation occurs be- 
tween grid and cathode, the tube also 
acts as an amplifier between grid and 
plate. This amplification of the color 
video signals makes it possible to go 
directly from the low level of the 3.58 
mc. color subcarrier to the higher 
video signals required to drive the 
color picture tube grids. The cathodes 
of the color picture tube are driven by 
three Y signals, properly proportioned 
by means of a voltage divider network 
in the plate circuit of the second video 
amplifier. 

The color demodulator circuit of the 
"Deluxe" line is patterned after the 
older pentagrid converter, synchronous 
detector system, and uses three output 
amplifiers which matrix directly into 
red, green, and blue difference signals. 

The "Deluxe" chassis uses the triode 
section of a 6AW8 tube as a video 
noise inverter. A simplified diagram 
of this circuit is shown in Fig. 3. Video 
signals of the same polarity but at 
different amplitudes are applied to the 
grid and cathode of the first video am- 
plifier and to the cathode of ,the noise 
inverter triode. These noise pulses are 
amplified in the noise inverter so that 
they are equal in amplitude, but op- 
posite in polarity, to the noise pulses 
passing through the first video ampli- 
fier. This results in cancellation of 
noise pulses at the input to the first 
sync amplifier stage and the a.g.c. 
tube. To avoid cancellation of the 
sync pulse, the grid of the noise in- 
verter is connected to a threshold 
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control which varies the bias and, 
therefore, the conductivity of this tube. 
The bias is adjusted so that noise at 
a higher level than the sync tips is 
cancelled. 

The RCA "Special" and "Super" 
models permit the color burst to pass 
the chroma amplifier and demodu- 
lator sections. This would ordinarily 
cause a yellow -orange stripe to appear 
at the left side of the picture and al- 
though, with proper centering and 
width adjustment, this would not be 
visible, its presence could be mistaken 
for parts of the actual picture. For 
this reason the triode section of the 
6AW8 first video amplifier is used as 
a special blanking amplifier. Its pur- 
pose is simply to drive the screen of 
the second video amplifier negative 
and thereby cause the cathodes of the 
kinescope to cut all three electron 
beams off during the horizontal re- 
trace time. The blanking tube is gated 
by a pulse from the horizontal flyback 
section; the blanking amplifier also 
supplies horizontal pulses to the burst 
keyer. 

Installation 
The extent of the installation ad- 

justments required may vary from 
simply unpacking the set and connect- 
ing it to the antenna and power line, 
to a full kinescope set-up procedure. 
Detailed instructions for complete 
color purity, convergence, and color 
background adjustments are included 
in the service manual for the receiver. 
Some useful installation pointers will 
be mentioned here. 

POPULAR "1":" 

ELECTRONICS 

Fl 

Fig. 3. Simplified schematic diagram of 
the video noise inverter circuit of the 
"Deluxe" chassis. Notice how the noise 
pulse from the first video amplifier is 
bucked by an inverted pulse at the in- 
put to the first sync amplifier tube. 

The receivers are shipped with the 
color picture tube fastened to the 
front frame of the set and not to the 
chassis. The safety glass and mask 
can be removed quite easily but re- 
quire that the rear cover of the set 
also be removed. Two spring hooks 
behind the small panel covering the 
controls on the front of the set must 
be pulled forward and down to release 
the facemask. After this frame is 
pulled forward, release, from the rear 
of the set, the four clips holding the 
safety glass. Be sure to prevent the 
glass from falling. 

Most of the adjustments are avail- 
able from the front panel, only the 

vertical and horizontal centering, fo- 
cus, and width controls are located at 
the rear of the chassis. The customer - 
operated controls are under the 
hinged panel, but by removing the 
whole cover, the remaining front con- 
trols become accessible. 

After unpacking the receiver, check 
its appearance for obvious breakage. 
Remove the rear cover and check in- 
ternally for proper tube seating, loose 
components, or any sign of breakage.' 
After replacing the rear cover, con- 
nect the receiver to the antenna and 
the 117 -volt a.c. power line. Turn on 
the set and tune to a color program. 
If it appears impossible to get hori- 
zontal locking and the image appears 
quite dark, adjust the a.g.c. control. 

Next, adjust for a proper black -and - 
white picture by turning the color 
control fully counterclockwise until 
the "on -off" switch clicks. Vary the 
conventional black -and -white controls 
until the picture looks correct, then, 
advance the color control clockwise 
until the desired color intensity is 
achieved. 

The hue control determines the cor- 
rect color phase and its misadjustment- 
will produce weird flesh colors. 

It has been assumed that there was 
no difficulty in obtaining a good black - 
and -white picture without color im- 
purity and without the primary colors 
appearing at the edges of picture ele- 
ments. If either purity or converg- 
ence adjustments are required, the 
full set-up procedure should be fol- 
lowed. --- 

HI-FI ... HAM RADIO ...TV... R/C ... SWL ... 

CONSTRUCTION AND EXPERIMENTATION - 

COVERS THEM ALL! POPULAR 

ELECTRONICS 

If you enjoy electronics ... if it's your hobby ... don't miss a single 
issue of POPULAR ELECTRONICS, the world's leading magazine 
for electronics hobbyists and experimenters. 

Every month, this exciting magazine reports on all that's new in the 
electronics world-shows how it works, why it works, how to do it and 
how to use it through scores of simply -written articles and 
graphic illustrations. 

If you want to know more about the latest in Hi-Fi or short-wave 
equipment-would like to build radio -controlled garage doors, 
house intercoms, or an electronic burglar alarm-want to know the 
truth about radar speed traps or geiger counters, then 
POPULAR ELECTRONICS is your magazine! 

Pick up a copy of the current issue today! On sale at all newsstands -only 35r 

ZIFF-DAVIS PUBLISHING COMPANY, 366 MADISON AVENUE, NEW YORK 17, N.Y. 
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By FRANK HADRICK and HUGH S. WYETH 
Service Division. Admiral Corporation 

Hints for installing the new Admiral low-priced color 

sets-also, unusual color TV circuits are explained. 

Fig. 2. Partial schematic diagram of 
the chroma circuits of the Admiral 27Z1. 
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GOOD service begins with a good in- 
stallation. The basic installation 
and convergence procedures re- 

quired by the Admiral color TV re- 
ceivers using the 21AXP22A three -gun 
color picture tube (see Fig. 1) are de- 
scribed in detail in the service notes 
for these sets. These should be studied 
very carefully before an installation is 
attempted. A few basic installation 
rules which apply to the Admiral sets 
will be reviewed here for emphasis. 

The service technician should be 
equipped to disable the various safety 
interlocks incorporated in these sets. 
A clip lead can be used to bypass the 
interlock switch behind the picture 
window. A common installation and 
service tool will undoubtedly be the 
plastic "plug" required to disable the 
high -voltage shorting interlock when 
the cabinet back is removed. 

Although the metal parts of the pic- 
ture tube are demagnetized by the 
factory before the receiver is shipped, 
they sometimes become remagnetized 
before the receiver is finally installed, 
making it impossible to obtain satis- 
factory purity and convergence. As a 
precautionary measure to avoid lost 
time, many technicians routinely de-. 
magnetize the picture tube with the 
receiver in its final operating position, 
in the customer's home, before making 
any adjustments. This means that an- 
other service tool for color will be a 
suitable degaussing or demagnetizing 
coil. These can be purchased, or the 
technician can wind his own. About 
400 turns of No. 20 magnet wire 
wound on a 12- to 14 -inch diameter 
form and equipped with a long a.c.. 
power cord, works very well. 

The color stripe signal transmitted 
by many TV stations consists of a 
burst of 3.58 mc. appearing just before 
and immediately following the hori- 
zontal blanking pulse in the composite 
black -and -white video signal. Since, 
therefore, the receiver color circuits 
are gated on by this stripe signal only 
during horizontal retrace time, it is 
necessary to shift the phase of the. 
horizontal oscillator so the horizontal 
flyback pulse will coincide with at 
least part of the 3.58 mc. color stripe 
burst immediately following the blank- 
ing pedestal. Shorting the color stripe 
test point on the back apron of the 
Admiral chassis to the chassis pro- 
duces the necessary phase shift of the 
horizontal sync pulses, thus shifting 
the phase of the horizontal oscillator 
and allowing the color stripe to be 
correctly reproduced with the receiver 
otherwise properly tuned and adjusted. 

The last but most important part of 
every color receiver installation should 
be instructing the customer. The oper- 
ating instructions packed with the re- 
ceiver should be reviewed with all 
those who will operate and use the 
color receiver. A few minutes spent 
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here will cut down the number of 
profit -killing "nuisance" calls. 

Circuits 
In the triode high-level demodulator 

circuit used in the Admiral 27Z1 chas- 
sis (Fig. 2), B -Y and R -Y signals are 
demodulated at the plates of the 
12BH7 demodulator tube. R -Y and B -Y 
are added in a common cathode load 
resistor to form G -Y. The output of 
the luminance (Y) amplifier is direct 
coupled to the cathode of the picture 
tube. Use is then made of the picture 
tube to add the chroma information 
received from the demodulator and the 
luminance information to obtain the 
final red, green, and blue signals. 

The actual demodulation or detec- 
tion of the chroma signal is accom- 
plished by applying a 3.58 mc. sine 
wave from the crystal -controlled 6U8 
3.58 mc. oscillator between the grid 
and cathode of each demodulator tri- 
ode. This sine wave is of sufficient 
amplitude to cause the demodulator 
triodes to operate as class C ampli- 
fiers, thus allowing current to flow for 
only a short period of time during the 
positive -going portion of each cycle. 
Each demodulator triode then acts as 
a switch, turning on just once during 
each cycle. A phase -shifting network 
delays the 3.58 mc. sine wave applied 
to the B -Y demodulator to produce 
the correct relationship between the 
R -Y and B -Y outputs. 

One tube, the 1st chroma amplifier, 
amplifies the chroma signal and also 
the color sync burst. It is necessary 
that the gain be kept constant for the 
color sync burst and, at the same time, 
the gain must be allowed to vary dur- 
ing chroma time. Also, for black -and - 
white programs, this tube must be cut 
off during video or picture time, but 
have full gain during horizontal blank- 
ing time. All these requirements are 
met by gating. 

During black -and -white programs, a 
positive pulse of sufficient amplitude 
to cause grid current flow is obtained 
from the color killer tube and applied 
to the control grid of the 1st chroma 
amplifier. This grid current charges 
the grid circuit capacity to a high 
enough voltage to bias the tube to 
cut-off; the RC time constant of the 
grid circuit is long enough to hold the 
tube at cut-off until the next positive 
pulse. Thus, the 1st chroma amplifier 
is cut off except during horizontal 
blanking time on black -and -white pro- 
grams. 

On color programs, the color killer 
tube is cut off by a negative voltage 
applied to its grid and obtained from 
the color phase discriminator. Al- 
though the color killer can no longer 
supply a positive pulse to the 1st 
chroma amplifier, a positive -going 
pulse appearing across the color in- 
tensity control is still applied to the 
chroma amplifier grid. This pulse de- 
velops just enough bias to cause the 
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1st chroma amplifier to cut off when 
the intensity control is fully counter- 
clockwise. At any other setting of the 
intensity control, the pulse supplied to 
the 1st chroma amplifier grid is of 
lower amplitude and the tube will con- 
duct during chroma time. By varying 
the intensity control setting and thus, 
the amplitude of the biasing pulse ap- 
plied to the 1st chroma amplifier grid, 
the gain of the tube is controlled. 

Also during color programs, a nega- 
tive voltage is developed at the color 
phase discriminator which is depend- 
ent on the incoming color sync burst 
amplitude. This voltage is applied to 
the grid of the 1st chroma amplifier 
in the same manner as a.g.c. voltage 
is applied to the i.f. amplifiers. The 
use of this circuit provides automatic 
chroma control, which automatically 
increases the gain of the chroma am- 
plifier should the strength of the color 
signal decrease. 

Essentially, the operation of the 
color circuits in the 28Y1, 27Z1, and 
29Z1 chassis is identical. The more ob- 
vious differences between the three 
chassis affect the power supply and 
the horizontal deflection -high voltage 
circuits. The 28Y1 is similar to the 
27Z1 except that two 3A2 high -volt- 
age rectifier tubes in the former have 
been replaced by one 3B2 in the 27Z1. 
The 29Z1 uses vacuum -tube rectifiers, 
rather than selenium rectifiers and 
electromagnetic static convergence. 

3( - 

CONVERT to COLOR 
COLORDAPTOR converts any TV to Color 

COLORDAPTOR-A simple 10 tube circuit 
and rotating color wheel converts any size 
black and white TV, direct view or projection, 
to receive compatible color TV. COLOR- 
DAPTOR is simply attached to TV set, does 
not affect normal operation, and can be built 
from parts experimenters have on hand. 

Join the thousands who have already converted their black and white 
TV to COLOR and are now enjoying the ever expanding number of 
color programs. The new Model C415A incorporates many new fea- 
tures to give the utmost in color quality, ease of construction, and 
dependability. Send for yours TODAY. 
S-1 COLORDAPTOR booklet contains theory of opera- SPECIAL 

tion, simplified contruction plans, sample color fil- !ONLY 
ters, and service tips. $1 .95 

K-11 Basic Parts Kit-order this and the above instructions and get 
started immediately-contains all coils, color crystal, delay 
line, tricolor filters (specify TV size). 

Up to 16" TV-$19.75 17" to 21" TV-$20.75 
All other COLORDAPTOR parts available in kit and wired form. 

COLORDAPTOR 3471 Ramona Palo Alto, Calif. 

SERVICE COLOR 
COLORLIGN 

COLOR RAINBOW 
GENERATOR 

COLORLIGN is all 
you need add to your 
present equipment to 

service color circuits. Crystal con- 
trolled unit gives a REFERENCE 
test signal and a RAINBOW pat- 
tern. Latest design uses transistor 
& printed circuits. 

Wired $34.95, Kit $29.95 

De Var Electronics 

SIGNAL GENERATOR 
CRYSTALS FOR COLOR TV 

Convert your Signal Gen. to 
service COLOR TV-Just 
plug-in crystal to provide color 
REFERENCE or RAINBOW 
pattern signals. OR build a 
COLOR pattern generator with 
schematic of COLORLIGN 
supplied with each crystal. 
T-3 Color Reference crystal. 

3.579545 MC. Only $3.95 
T-4 Color Rainbow crystal. 

3.563975 MC. Only $3.95 

1798 Santa Cruz Menlo Park, Calif. 
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This set uses two unusual 
circuits which are 
explained here; also some 
installation hints. 
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Fig. 3. Burst gate and phase detector. 

NOFFMAN "Colorcaster" receivers are shipped with the 
picture tube in place. Since the entire side panel of 
the cabinet is removable (Fig. 1), all necessary adjust- 

ments can be reached without having to remove the 
chassis from the cabinet. 

The picture -tube assembly may require some attention 
during installation or picture -tube replacement. Behind the 
deflection yoke is the convergence yoke. Each of the three 
convergence magnet coils contains a small permanent - 
magnet screw, accessible from the back, which is adjusted 
for d.c. convergence for each beam. The purity magnet 
located behind the convergence yoke is adjusted in con- 
junction with the field neutralizing coil to eliminate color 
contamination. If only the red electron beam is on, for 
example, proper purity exists if the entire screen is a uni- 
form red without blotches of yellow or purple. The blue 
beam positioning magnet, which is just in front of the 
tube socket, operates in conjunction with the convergence 
yoke. For detailed adjustment of the purity and con- 
vergence system, the manufacturer's data should be con- 
sulted. 

In many instances when the set performs well on mono- 
chrome broadcasts but not color, this is due to the mis - 
adjustment of the color -killer circuit. The color burst sent 
out with each horizontal synchronizing pulse is often 
slightly attenuated, especially for programs relayed over 
coaxial cable. As a result, the color -killer circuit does not 
operate properly. 

Fig. 2 shows the vital portions of the color -killer circuit 
of the 703 chassis. Effectively, the bias on the grid of the 
first chroma amplifier depends on the amount of flyback 
pulse amplified by the color -killer stage. During a color 
telecast, the grid of the color -killer tube receives from the 
detector the color synchronizing burst which overcomes 
the effects of the negative pulse at the grid and allows 
more current to pass. As a result, the bias on the chroma 
amplifier is such that it conducts. Voltage divider R,, R6, 
and R7 determines the d.c. potential at the grid of the 
chroma amplifier; another divider network determines the 
d.c. voltage on the color -killer tube. Part of the latter is 
the chroma gain potentiometer located on the front panel. 
The other potentiometer is called the chroma threshold 
control because it is adjusted to provide just the right 
bias so that during a color program, enough of the color 
burst can get through to reduce the killer bias. For this 
reason the threshold control should only be adjusted dur- 
ing a color telecast, and care must be taken to see that 
even if the color signal is weak, the color -killer circuit 
will allow it to pass. 

Among the Hoffman color television receiver cir- 
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cuits is one which is quite unfamiliar. 
This is the combination burst gate and 
color phase detector, shown in simpli- 
fied form in Fig. 3. Two diodes of a 
6BJ7 are connected as a phase de- 
tector which compares the local 3.58 
mc. signal to the received color sync 
burst. The phase error voltage, iust 
as in many horizontal sync circuits, is 
derived from the center of the two 
balancing resistors Rz and R3 and ap- 
plied to the grid of the reactance tube 
which controls the local 3.58 mc. os- 
cillator. The color sync burst is taken 
from the output of the second chroma 
amplifier and has considerable ampli- 
tude. 

The burst is only part of the hori- 
zontal blanking pulse so, to make the 
phase detector operate only during the 
period of the color sync burst, it is 
necessary to shut the circuit off and 
turn it on only during the proper 
period. 

The third diode of the 6BJ7 is effec- 
tively shunted across the tapped res- 
onant circuit L, -C1 and will normally 
prevent any signals from affecting the 
phase detector. During the horizontal 
retrace time, a pulse derived from the 
flyback section is applied to the cath- 
ode of the gating diode. This pulse is 
so shaped that its effective peak oc- 
curs exactly during the instant when 
the color sync burst appears. The am- 
plitude of the gating pulse is about 145 

volts, making the cathode more posi- 
tive than the plate of the diode, aiu. 
preventing any current flow. The 
shunting effect of the diode is there- 
fore removed from the circuit during 
the color sync burst and the phase de- 
tector can function. 

Since the error voltage, if any, is 
derived only during a very small por- 
tion of the horizontal scan time, it 
must have a filter with a long time 
constant to properly control the re- 
actance tube. 

Accurate horizontal synchronization 
is required since, if the gating pulse is 
out of step, the phase detector cannot 
function properly. Weak horizontal 
sweep will also result in a weak 
gating signal and color synchroniza- 
tion may therefore be lost entirely. In 
troubleshooting color defects, it is par- 
amount to make sure that horizontal 
sync and flyback sections work per- 
fectly since any defect there will af- 
fect not only the color burst gate, but 
also the color -killer circuit.-Ei- 
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The MODEL "777" V.T.VM.is a completely self-contained, 
ready -to -use test instrument. Its accessories and the HF co -ax 

cable, DC Probe, AC line cord and instruction book all fit in 

the genuine California Saddle Leather carrying case that is 

furnished with the instrument. 

42 Unduplicated Ranges 

Illuminated Dial (5000 hour self-contained lamps) 

Die Cast Chrome Finished Bezel 

Metal Case, unbreakable, ultra compact 

Doubly Shielded, time proven 200 microamp movement 

Permanent Accuracy ... 3% DC, 5% AC 

Large, Easy to Read Scales 47/e" Long 

Color Coded Scales: green-ohms; 
black-AC, DC; Red-P. to P. 

2 Zero Center Scales for FM Discriminator Alignment 
Separate Range and Function Switches 
Only 2 Jacks for All Measurements 
New, High Style, Easy -to -Use Chrome Bar Knobs 

Dual Purpose Handle also serves as AC line cord reel 

"777" VT.VM.complete with $ 
Coaxial Cable, DC Probes and Leather Case 

at your PARTS DISTRIBUTOR 

PHAOSTRON INSTRUMENT AND ELECTRONIC COMPANY 
151 PASADENA AVE., SOUTH PASADENA, CALIF. 
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COLOR TV DEFINITIONS 
Tentative definitions prepared by NTSC Panel 19 under 
the chairmanship of R. M. Bowie and approved by NTSC. 

BLACK -AND -WHITE Deprecated (see Mono- 
chrome). 

BRIGHTNESS The attribute of visual percep- 
tion in accordance with which an area appears 
to emit more or less light. 

Notet Luminance is recommended for the pho- 
tometric quantity which has been called bright- 
ness. Luminance is a purely photometric quan- 
tity. Use of this name permits brightness to be 
used entirely with reference to the sensory re- 
sponse. The photometric quantity has been 
often confused with the sensation merely be- 
cause of the use of one name for two distinct 
ideas. Brightness will continue to be used prop- 
erly in nonquantitative statements, especially 
with reference to sensations and perceptions 
of light Thus, it is correct to refer to a bright- 
ness match, even in the field of a photometer, 
because the sensations are matched, and only 
by inference are the photometric quantities 
(luminances) equaL Likewise, a photometer in 

which such matches are made will still be called 
an "equality -of -brightness" photometer. 

A photoelectric instrument calibrated in 
footlamberts should not be called a brightness 
meter. If correctly calibrated it is a luminance 
meter. A troublesome paradox is eliminated by 
the proposed distinction of nomenclature. The 
luminance of a surface may be doubled, yet it 
will be permissible to say that the brightness 
is not doubled, since the sensation called bright- 
ness is generally judged to be not doubled. 

BRIGHTNESS CHANNEL Deprecated (see 
Monochrome Channel, Luminance Channel). 

BRIGHTNESS SIGNAL See Monochrome Sig- 
nal. 

BURST PEDESTAL (COLOR BURST PEDES- 
TAL) The rectangular pulse -like component 
which may be part of the color buret. The ampli- 
tude of the color burst pedestal is measured from 
the a.c. axis of the sine wave portion to the hori- 
zontal pedestal 

BYPASS MONOCHROME SIGNAL A mono- 
chrome signal that is shunted around the color- 
subcarrier modulator or demodulator. 

CAMERA SPECTRAL CHARACTERISTIC The 
sensitivity of each of the camera color separation 
channels with respect to wavelength. 

Note 1: It is necessary to state the camera 
terminate at which the characteristics apply. 
Note 2: Because of nonlinearity, the spectral 
characteristics of some kinds of cameras de- 
pend upon the magnitude of radiance used in 
their measurement. 
Note 3: Nonlinearizing and matrixing oper- 
ations may be performed within the camera. 

CAMERA TARING CHARACTERISTICS Dep- 
recated (see Camera Spectral Characteristic). 

CARRIER COLOR SIGNAL The sidebands of 
the modulated color subcarrier (plus the color 
subcarrier. if not suppressed) which are added 
to the monochrome signal to convey color infor- 
mation. 

CHROMINANCE The colorimetric difference be- 
tween any color and a reference color of equal 
luminance, the reference color having a specified 
chromaticity. 

Note: In NTSC transmission, the specified 
chromaticity is the zero subcarrier chromaticity. 

CHROMINANCE CHANNEL In a color tele- 
vision system, any path which is intended to 
carry the carrier color signal. 

COLOR BURST That portion of the composite 
color signal comprising the few sine wave cycles 
of color-eubcarrier frequency (and the color burst 
pedestal, if present) which is added to the hori- 
zontal pedestal for synchronizing the color -car- 
rier reference. 

COLOR -CARRIER REFERENCE A continuous 
signal having the same frequency as the color 
subcarrier and having fixed phase with respect 
to the color burst. This signal is used for the 
purposes of modulation at the transmitter and 
demodulation at the receiver. 

COLOR COORDINATE TRANSFORMATION 
Computation of the tristimulus values of colors in 
terms of one set of primaries from the tristim- 
ulus values of the same colors in another set of 
primaries. 

Note: This computation may be performed 
electrically in a color television system. 

COLOR DIFFERENCE SIGNAL An electrical 
signal which, when added to the monochrome 
signal, produces a signal representative of one 
of the tristimulus values (with respect to a 
stated set of primaries) of the transmitted color. 

COLOR EDGING Spurious color at the bound- 
aries of differently colored areas in the picture. 

Notet Color edging includes color fringing. 
misregistnation, etc. 

COLOR PHASE (of a given subcarrier com- 
ponent) The phase, with respect to the color - 
carrier reference, of that component of the car- 
rier color signal which transmits a particular 
color signal. 

COLOR PHASE ALTERNATION (CPA) The 
periodic changing of the color phase of one or 
more components of the color subcarrier between 
two sets of assigned values. 

Note 1: In the NTSC system, the color phase 
is changed after every field. 
Note 2: It is recommended that the term 
color phase alternation be used in place of the 
terma oscillating color sequence and flip-flop, 
which have been used with this same meaning. 

COLOR PICTURE SIGNAL The electrical sig- 
nal which representa color picture information, 
consisting of a monochrome component plus a 
subcarrier modulated with color information, ex- 
cluding synchronizing signals. 

COLOR SUBCARRIER The carrier whose mod- 
ulation sidebands are added to the monochrome 
signal to convey color information. 

COLOR SYNC SIGNAL See Color Burst. 

COLOR TRANSMISSION In television, the 
transmisson of a signal wave for controlling both 
the luminance values and the chromaticity values 
in a picture. 

COMPATIBILITY The nature of a color tele- 
vision system which permits substantially normal 
monochrome reception of the transmission by 
typical unaltered monochrome receivers designed 
for standard monochrome. 

COMPOSITE COLOR SIGNAL The color pic- 
ture, including blanking and all synchronizing 
signals. 

CONSTANT LUMINANCE TRANSMISSION A 
method of color transmission in which the car- 
rier color signal controls the chromaticity of the 
produced image without affecting the luminance, 
the luminance being controlled by the mono- 
chrome signal. 

DELAY DISTORTION That form of distortion 
which occurs when the envelope delay of a cir- 
cuit or system is not constant over the frequency 
range required for transmission. 

ENVELOPE DELAY The first derivative of the 
phase shift with reference to the frequency. 

Note: If the phase is measured in radians 
and the frequency in radians per second, the 
envelope delay will be in seconds. 

FIELD One of the two (or more) equal parts 
into which a frame is divided in interlaced 
scanning. 

FLIP-FLOP Deprecated (see Color Phase Alter- 
nation). 

GAMMA In a color or monochrome channel, or 
part thereof, the coefficient expressing the se- 
lected evaluation of the slope of the used part 
of the log vs. log plot relating input (abscissa) 
and output (ordinate) signal magnitudes as 
measured from the point corresponding to some 
reference black level. 

Note 1: As the log vs. log plot is usually not 
entirely straight in the used region, it is nec- 
essary to formalize that evaluation of the slope, 
for example, by the use of a value at a par- 
ticular point, maximum, mean, or other value. 
The method of evaluation must be stated. 
Note 2: At some points the signal may he in 
terms of light intensity or light transmission. 

GAMMA CORRECTION The modification of a 
transfer characteristic for the purpose of chang- 
ing the value of gamma. 

LUMINANCE Luminous flux emitted, reflected, 
or transmitted per unit solid angle per unit pro- 
jected area of the source. 

Note 1: Usual unite are the lumen per eter- 
adian per square meter, the candle per square 
foot, the lambert, the millilambert and the 
footlambert. 
Note 2: This quantity is also called photo- 
metric brightness. 

LUMINANCE CHANNEL In a color television 
system, any path which is intended to carry the 
luminance signal. 

Note: The luminance channel may also carry 
other signala, for example. the carrier color 
signal, which may or may not be used. 

LUMINANCE SIGNAL A signal wave which ie 
intended to have exclusive control of the lumi- 
nance of the picture. 

LUMINOSITY Ratio of photometric quantity 
to corresponding radiometric quantity in stand- 
ard unite (lumens per watt). 
LUMINOUS FLUX The time rate of flow of 
light. When radiant flux is evaluated with respect 
to its capacity to evoke the brightness attribute 
of visual sensation, it is called luminous flux, 
and this capacity is expressed in lumens. 

MATRIX, noun. In color television, an array 
of coedicients symbolic of an operation to be per- 
formed, which operation results in a color co- 
ordinate transformation. (This definition is con- 
sistent with mathematical usage). 

MATRIX, verb. In color television, to perform 
a color coordinate transformation by computa- 
tion or by electrical, optical, or other means. 

MATRIXER (MATRIX UNIT, MATRIX CIR- 
CUIT, ETC.) A device which performs a color 
coordinate transformation by electrical, optical, 
or other means. 

MODULATED COLOR BUBCARRIER See Car- 
rier Color Signal. 

MOIRE In television, th. spurious pattern in 
tï.e reproduced picture resulting from interfer- 
ence beats between two seta of periodic struc- 
tures in the image. 

Note: Moires may be produced, for example 
by interference between regular patterns in 
the original subject and the target grid in an 
image orthicon, between patterns in the sub- 
ject and the line pattern and the pattern of 
phosphor dots of a three -color kinescope, and 
between any of these patterns and the pattern 
produced by the carrier color signal. 

MONOCHROME BANDWIDTH (of the signal) 
The video bandwidth of the monochrome signal. 

MONOCHROME BANDWIDTH (of the mono- 
chrome channel) The video bandwidth of the 
monochrome channel. 

MONOCHROME CHANNEL In a color tele- 
vision transmission, any path which is intended 
to carry the monochrome signal. 

Note: The monochrome channel may also 
carry other signals, for example, the carrier 
color signal which may or may not be used. 

MONOCHROME SIGNAL 1. In monochrome 
television transmission, a signal wave for con- 
trolling the luminance values in the picture but 
not the chromaticity values. 2. In color tele- 
vision transmission, that part of the signal wave 
which has the major control of the luminance of 
the color picture and which controls the lumi- 
nance of the picture produced by a conventional 
monochrome receiver. 

MONOCHROME TRANSMISSION In television, 
the transmission of a signal wave for controlling 
the luminance values in the picture, but not the 
chromaticity values. 

OSCILLATING COLOR SEQUENCE Depre- 
cated (see Color Phase Alternation). 

PICKUP SPECTRAL CHARACTERISTIC The 
set of spectral responses of the device, including 
the optical parts, which converta radiation to 
electric signals, prior to any nonlinearizing and 
matrixing operations. 

RECEIVER PRIMARIES The colors of constant 
chromaticity and variable luminance produced 
by the receiver, which when mixed in proper 
proportions are used to produce other colors. 

Note: Usually three primaries are used-red, 
green and blue. 

STATIONARY CPA AXIS A fixed reference 
phase with respect to which a carrier color sig- 
nal of constant chrominance makes equal and 
opposite angles for successive fields, this refer- 
ence phase being the same for all chrominances. 

TAKING CHARACTERISTIC See Camera Spec- 
tral Characteristic. 

ZERO SUBCARRIER CHROMATICITY The 
chromaticity which is intended to be displayed 
when the subcarrier amplitude is zero. 
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TRANS -CONDUCTANCE 
TUBE TESTER 

Superior's 
New Model TV -12 

ALSO TESTS TRANSISTORS! 
TESTING TUBES * Employs Improved TRANS -CONDUCTANCE circuit. An 

in -phase signal is impressed on the input section 
of a tube anc tiffe resultant plate current change 
is measured. This provides the most suitable 
method of simulating the manner in which tubes 
actually operate in Radio & TV receivers, ampli- 
fiers and other circuits. Amplification factor, plate 
resistance and cathode emission are all correlated 
in one meter reading. 

* NEW LINE VOLTAGE ADJUSTING SYSTEM. A tapped 
transformer makes it possible to compensate for 
line voltage variations to a tolerance of better than 
2%. 

* SAFETY BUTTON-protects both the tube under test 
and the instrument meter against damage due to 
overload or other form of improper switching. 
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Superior's 20,000 OHMS PER VOLT 

4eNew 
V 

Model ALLMETER 
Includes services never 
before provided by an 

(4t) instrument of this type. 
° Read and compare fea- 

tures and specifications 
below! 

W FEATURES 
Giant recessed 61/2 inch 40 

® r - Microampere meter with 
mirrored scale. 

Built-in Isolation Transformer. 
Use of the latest type printed circuit and 1% multipliers 
assure unchanging accurate readings. 

SPECIFICATIONS 
8 D.C. VOLTAGE RANGES: (At 3 sensitivity of 20,000 Ohms per Volt) 
0 to 15/75/150/300/750/1500/7500/30,000 Volts. 

7 A.C. VOLTAGE RANGES: (At a sensitivity of 5,000 Ohms per Volt) 
0 to 15/75/150/300/750/1500/7500 Volts. 

3 RESISTANCE RANGES: 0 to 2,000/200,000 Ohms, 0-20 Megohms 

2 CAPACITY RANGES: .00025 Mfd. to 30 Mfd. 

5 D.C. CURRENT RANGES. ù-75 M croamperes, 0 to 7.5/75/750 Mil- 
liamperes, 0 to 15 Amperes. 

3 DECIBEL RANGES: -6 db to +58 db 

RF SIGNAL TRACER SERVICE: Enables fol- 
lowing the R.F. signal from the antenna to 
speaker of any radio or TV receiver and 
using that signal as a basis of measure- 
ment to first isolate the faulty stage and 
finally the component or circuit condition 
causing the trouble. 
AUDIO SIGNAL TRACER SERVICE: Functions 
in the same manner as the R.F. Signal 
Tracing service specified above except that 
It is used for the location of cause of 
trouble in all audio and amplifier systems. 

Model TV -60 comes com- 
plete with book of in- 
structions; pair of 
standard test leads; 
high -voltage probe: de- 
tachable line cord; R.F. 
Signal Tracer Probe and 
Audio Signal Tracer 
Probe. Pllofilm bag for 
all above accessories is 
also included. Price com- 
plete. Nothing else to 
buy. ONLY 

5250 

Superior's 
New Model 

11111111101 

* NEWLY DESIGNED FIVE POSITION LEVER 
SWITCH ASSEMBLY. Permits application of 
separate voltages as required for both plate 
and grid of tube under test, resulting in im- 
proved Trans -Conductance circuit. 

TESTING TRANSISTORS 
A transistor can be safely and adequately 
tested only under dynamic conditions. The 
Model TV -12 will test all transistors in that 
approved manner, and quality is read directly 
on a special "transistor only" meter scale. 

Model TV -12 
housed in hand- 
some rugged 
portable cabinet 
sells for only 

(ó 

50 
NET 

TV -50 GENOMETER 
A versatile all-inclusive GENERATOR which provides ALL the outputs for servicing: 

A.M. Radio F.M. Radio Amplifiers Black and White TV Color TV 

R. F. SIGNAL GENERATOR: Provides complete coverage for A.M. and F.M. alignment. 
Generates Radio Frequencies from 100 Kilocycles to 60 Megacycles on funda- 
mentals and from 60 Megacycles to 180 Megacycles on powerful harmonics. 
VARIABLE AUDIO FREQUENCY GENERATQJI: In addition to a fixed 400 cycle sine - 

wave audio, the Genometer provides a variable 300 cycle to 20,000 cycle peaked 

wave audio signal. BAR GENERATOR: Projects an actual Bar Pattern on any 

TV Receiver Screen. Pattern will consist of 4 to 16 horizontal bars or 7 to 20 

vertical bars. CROSS HATCH GENERATOR: Genometer will project a cross- 
hatch pattern on any TV picture tube. The pattern will consist of non -shifting 
horizontal and vertical lines interlaced to provide a stable cross -hatch effect. 

DOT PATTERN GENERATOR (FOR COLOR TV): The Dot Pattern projected on any 

color TV Receiver tube by the Model TV -50 will enable you to adjust for 
proper color convergence. MARKER GENERATOR: The following markers are 
provided: 189 Kc., 262.5 Kc., 456 Kc., 600 Kc., 1000 Kc., 1400 Kc., 1600 Kc., 

2000 Kc., 2500 Kc., 3579 Kc., 4.5 Mc., 5 Mc., 10.7 Mc., (3579 Kc. is the 
color burst frequency.) 

MODEL TV -50 comes abso- 
lutely complete with 

shielded leads and 
operating Instruc- 

tions. 
Only 

s4752 
1. 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER - NO C.O.D. 

TRY ANY of the 

instruments on this page, for 

10 days before you buy. If 

completely satisfied then send 

down payment and pay balance 

as indicated on coupon. No 
Interest or Finance Charges 
added! If not completely satis- 

fied return unit to us, no 

explanation necessary. 

ll 

1 

MOSS ELECTRONIC DISTRIBUTING CO., INC. 

Dept. D -3I3, 3849 Tenth Ave. New York 34, N.Y. 
Please send me the units checked. 1 agree to pay down 
payment within 10 days and to poy the monthly balance 
as shown. It is understood there will be no finance or 
interest charge; added. It is further understood that 
should I fail to make payment when due, the full un- 
paid balance shall become immediately due and pay- 
able. 

Name 

1 Address 

City 

Model TV -12 Total Price $72.50 
$22.50 within 10 days. Balance $10.00 
month for 5 months. 
Model TV -60 Total Price $52.50 
$12.50 within 10 days. Balance $8.00 
monthly for 5 months. 
Model TV -50 Total Price $47.50 
$11.50 within 10 days. Balance $6.00 
monthly for 6 months. 

All Prices net, F.O.B., N.Y.C. 

Zone State 
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Test 
What test equipment do you need to install a color TV 

set? What are the differences among the various types? 

COLOR TV servicing and installation 
requires several new types of test 
equipment and field experience 

shows that the characteristics and 
capabilities of the new instruments 
are not completely understood in all 
cases. It is the purpose of this article 
to indicate what test instruments are 
needed and how they should be used. 

At this time, the service technician 
is more concerned with the installation 
of color TV receivers than with their 
maintenance. Installation men are not 
concerned with repair procedures, and 
assume that the receiver is capable of 
providing proper performance when 
the controls are correctly adjusted, 
otherwise the installation man will re- 
turn the receiver for repair or replace- 
ment. 

The really essential new instrument 
for the color TV installation man is 
the white -dot generator. This instru- 
ment is required to provide the neces- 
sary information regarding miscon- 
vergence of the color picture tube. 
Although other types of pattern gener- 
ators can be used, it is generally rec- 
ognized that the white -dot generator 
gives the most useful data. 

White -dot generators may supply 
either large dots or small dots; they 
may provide numerous dots in the 
pattern, or a small number of dots; 
they may generate their own horizon- 
tal or vertical sync pulses, or it may 
be necessary to "borrow" sync from 
the receiver under test; they may pro- 
vide modulated r.f. output which can 
be applied directly to the antenna in- 
put terminals of the receiver, or they 
may only provide a video -frequency 
output which must be injected into 
the receiver circuits at some point 
after the picture detector. Retrace 
blanking may or may not be provided. 

Fig. 1 shows the difference in ap- 
pearance of the pattern when large 
dots are used and when small dots are 
used. White -dot generators are avail- 
able which provide front -panel control 
of dot size, so that the operator can 
use a dot size of his own choice. Some 
receiver manufacturers recommend 
large dots, while others recommend 

medium or small -sized dots. Individual 
preferences of operators also differ, 
and the same operator may prefer 
large dots when the room lighting is 
bright or when he must utilize a mir- 
ror for viewing the screen, while he 
may prefer small dots when he can 
work directly in front of the picture 
tube, and when the room lighting is 
dim. 

It is a fact that very small dots 
show up small misconvergences to'bet- 
ter advantage than large dots, al- 
though the small dots are dimmer and 
more difficult to observe. Some re- 
ceiver manufacturers discourage the 
use of very small dots on the basis 
that the operator may attempt to ob- 
tain impossibly accurate convergence, 
and thereby waste his time. 

Questions often arise as to whether 

nt 

By 

ROBERT G. MIDDLETON 
Chief Field Engineer 
Simpson Electric Co. 

Fig 1. Various types of dot patterns 
obtainable from white -dot generators 
for color TV convergence adjustments. 

round dots or square dots are better. 
Actually, the dot shape provided by 
service generators is a square or rec- 
tangular dot, which only appears 
round when the picture tube is de - 
focussed by setting the contrast and/or 
brightness control too high. It is hard- 
ly necessary to point out the error of 
such adjustment of these controls. 

The difference in appearance of the 
dot pattern when a small number of 
dots are utilized, as compared with a 
large number of dots, is shown in Fig. 
1. Although it is usually desirable to 
use a large number of dots to check 
convergence at different parts of the 
CRT screen, difficulties may be en- 
countered in the early stages of con- 
vergence when a large number of dots 
are used. The difficulty comes about 
from the fact that some large -screen 
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Fig. 2. Output from a keyed rainbow gen- 
erator as seen on the screen of a wide - 

band scope. Note horizontal sync pulses. 

picture tubes may go far out of con- 
vergence when the convergence con- 
trols are badly misadjusted; in such a 
case, the red -green -blue triads may be 
so widely spaced that adjacent triads 
overlap and cause confusion in a pat- 
tern having a large number of dots. 
Hence, the operator may need to start 
convergence procedures with a rela- 
tively small number of dots, and to 
make the final convergence with a 
larger number of dots. 

It is convenient to have sync pulses 
furnished by the generator, as an addi- 
tional lead does not then need to be 
run from the generator to tap off 
sync from the receiver sweep circuits. 
Unless blanking is provided, horizontal 
smear will appear in the white -dot 
pattern, due to dot pulses being caught 
and stretched on retrace. While back- 
ground smear is not serious from the 
standpoint of convergence procedure, 
the smear is a distraction and annoy- 
ance. 

Remember that convergence of the 
three -gun picture tube is a tedious 
and time-consuming procedure, and 
that the operator needs every bit of 
assistance possible from his generator. 
Experienced installation men do not 
need to be told of the demands placed 
on time and tempers by convergence 
procedures-the newer color TV re- 
ceivers provide as many as 17 con- 
vergence controls, all of which inter- 
act to some extent. 

Color -Bar Generators 
In the event that the technician can- 

not time his installation so that it co- 
incides with a color TV program 
transmission, he must utilize some 
source of color -signal generation, or 
make a "callback" to set up the color 
phase and color intensity controls 
when a color program is available. 
Hence, the color signal generator is 
frequently a "must" for installation 
work. 

The simplest source for obtaining a 
color pattern is to use a modulator 
output cable, such as the "Chromatic 
Probe." This is used in conjunction 
with conventional signal generators 
and will cause a rainbow pattern to 

Fig. 3. Typical rainbow display on a 
color TV tube. The actual display, of 

course, is in color. Absence of a hue 
indicates trouble in the associated 
chrominance channel of the color TV set. 

be displayed on the screen of the color 
picture tube. Although it leaves some- 
thing to be desired in the direction of 
accuracy, saturation, etc., the rainbow 
pattern does give the installation man 
sufficient data that he can "get by." 
To generate a rainbow pattern, the 
FM and AM generators which feed the 
probe (see Fig. 4), are adjusted as fol- 
lows: The AM generator is tuned to 
3.58 mc. (the color subcarrier frequen- 
cy) and the FM generator is tuned to 
the picture carrier frequency of the 
channel to which the receiver is set 
(this should be a vacant channel, to 
avoid beat interference). The FM gen- 
erator is operated as a conventional 
signal generator by reducing the 
sweep -width control to zero and by 
turning off the blanking switch. 

The output of the probe is fed to 
the antenna input terminals of the 
color set. It will be observed that the 
setting of the contrast control has no 
affect on the rainbow pattern, but that 
the pattern becomes bright or dim as 
the color intensity and brightness 
controls are varied in the color TV 
receiver-these latter controls are 
usually operated approximately three - 
fourths of maximum for the rainbow 
display. When the AM generator is 
set exactly to 3.579545 mc., a single 
hue appears on the screen of the color 
picture tube, since the rainbow signal 
is then zero -beating with the color 
subcarrier oscillator in the receiver. 
Next, as the frequency of the AM gen- 
erator is reduced by one horizontal 
scan (15,750 cps), one complete rain- 
bow appears on the picture tube. The 
rainbow pattern is characterized by 

Fig. 4. Circuit diagram of a "Chromatic 
Probe" used with conventional AM and 
FM signal generators to produce a rain- 
bow pattern on the screen of a color tube. 

reds, blues, and greens, but lacks the 
brighter colors, such as yellow; rain- 
bow colors are always dim and bluish, 
as compared with true color displays, 
obtained from specialized generators. 

Proper setting of the color phasing 
control of the TV set is indicated when 
the color sweep is shifted to the stand- 
ard position on the screen of the pic- 
ture tube-as the color phasing control 
is varied, the spectrum moves left or 
right. The standard position is that 
which displays a dim orange at the ex- 
treme left-hand edge of the screen, 
merging rightward into the reds, then 
into the blues to the right of center - 
screen, and finally into greens at the 
extreme right-hand edge of the screen. 

Note that a standard rainbow is ob- 
tained only when the AM generator is 
operated below the color subcarrier 
frequency. A rainbow also appears 
when the AM generator is tuned 15,750 
cps above 3.579545 mc., but this dis- 
play is reversed, i.e., the reds appear 
at the right-hand side of the screen, 
and greens a p p e a r at the left- 
hand side. Any number of rainbows 
up to 30 or 40 can be obtained by 
tuning the AM generator farther away 
from the color subcarrier frequency. 
Standard practice is to utilize a single 
rainbow with the signal set one hori- 
zontal scan below the subcarrier. 

Compact rainbow generators for in- 
stallation work are available, and they 
avoid the bulkiness of conventional 
alignment equipment. These contain 
the necessary signal generators and 
connectors, and operate in much the 
same manner as described for the 
"Chromatic Probe." 

Some more elaborate rainbow gen- 
erators contain sync and burst signals 
in the chrominance output, as illus- 
trated in Fig. 2. In this arrangement, 
the rainbow signal is keyed into 
groups by means of a multivibrator 
contained in the generator. This type 
of signal displays rainbow stripes, in- 
stead of a continuous chrominance 
sweep, and is easier to interpret. The 
first group following the horizontal 
sync pulse is utilized by the color sync 
circuits in the receiver, while subse- 
quent groups appear on the screen of 
the picture tube as rainbow stripes. 
The horizontal sync pulse provided in 
the signal stabilizes the pattern, and 
crystal control of the chrominance sig- 
nal and the picture carrier signal 
greatly increases the accuracy of in- 
dication. 

When a sound carrier is also pro- 
vided in the output signal from the 
generator, additional operating facil- 
ity is obtained, since the operator may 
then adjust the fine-tuning control ac- 
curately to eliminate the 920-kc. beat 
between sound and chroma. Many 
color TV receivers are sensitive to ad- 
justment of the fine-tuning control 
and do not provide true color repro- 
duction unless proper adjustment is 
made. 

Note in Fig. 2 that the simpler types 
of keyed rainbow generators provide 
the chrominance signal at black level; 
for this reason, the hues obtained are 
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not standard. Standard hues are ob- 
tained only when the chrominance sig- 
nal is combined with suitable values 
of Y (black -and -white video) signal. 
More elaborate keyed rainbow gener- 
ators provide a single Y output with 
the chrominance signal, and this Y 
signal can be varied in level by means 
of a front -panel control. In generators 
which have no Y signal available, the 
brightness control of the receiver must 
be advanced to a suitable position to 
provide an artificial equivalent of a Y 
signal. Of course, it is possible to find 
some setting which will provide a 
standard color for one stripe, such as 
blue or red. 

A rainbow generator is useful, not 
only for adjustment of the color phas- 
ing control during installation pro- 
cedures, but also for troubleshooting 
the chrominance circuits. For exam- 
ple, consider the rainbow display illus- 
trated in Fig. 3. The display is char- 
acterized by reds, blues, and greens, 
as indicated. In case the R -Y detector 
channel in the color TV receiver is 
faulty, the reds disappear from the 
pattern, being replaced by blank ras- 
ter. Likewise, if the B -Y detector 
channel is faulty, the blues disappear 
from the pattern, leaving the reds and 
greens. Lack of input signal to the 
G -Y matrix causes the greens to dis- 
appear from the pattern, leaving the 
reds and blues only. Of course, more 
complex indications are obtained from 
other types of chrominance circuit 
faults and familiarity with these 
symptoms is gained by experience in 
service work. 

In summary, a rainbow generator 
will show whether a color TV receiver 
is capable of reproducing a color sig- 
nal (no pattern is obtained if the 
chrominance circuits are "dead"), 
serve as a guide in adjusting the color 
phasing control properly, and indicate 
the nature of major faults in the 
chrominance circuitry. 

The NTSC color -bar generator is 
the most elaborate and expensive form 
of color signal generator and provides 
an output which is essentially the 
same as transmitted by a color TV 
transmitter during test pattern time. 
Varied outputs are generally available 
from the NTSC type of generator to 
facilitate different types of tests. The 
proportions of the signal output from 
an NTSC color -bar generator are illus- 
trated in Fig. 5. Note carefully that 
the chrominance signals are not cen- 
tered on black level, but are super- 
imposed upon definite values of Y 
signal. 

This type of signal provides fully 
saturated and true colors on the screen 
of the picture tube. Yellow and white 
bars are available, for example, and 
the operation of the receiver chromi- 
nance circuits is fully indicated. An 
NTSC color -bar generator may pro- 
vide both modulated r.f. output and 
video -frequency output. 

Fig. 6 illustrates the appearance of 

Fig. 5. Composite video signal output 
of one NTSC color -bar generator. The 
color tube display resulting from this 
signal has distinct vertical color bars. 

trolled chrominance signal properly 
phased for R -Y response. Since most 
present-day color TV receivers incor- 
porate R -Y and B -Y detectors, the ad- 
vantage of having individual R -Y and 
B -Y outputs for bench tests is appar- 
ent. An NTSC generator may also 
provide individual G -Y signals for mat- 
rix tests; they all provide I and Q 
signals. 

An NTSC color -bar generator pro- 
duces standard colors, which appear in 
a regular sequence when the color 
phasing control is properly adjusted, 
as shown in Fig. 7. If the color phas- 
ing control is incorrectly adjusted, the 
entire color spectrum shifts, so that 
the bars do not appear in proper color 
sequence. The NTSC color signal is 
considerably more useful than a rain- 
bow signal for troubleshooting work, 
because it gives more direct informa- 
tion concerning circuit action. 

If the R -Y detector channel is in- 
operative, the red bar appears as a 
gray, the yellow bar appears green, 
the magenta bar appears blue, and 
the white bar appears cyan. Or, if the 
B -Y detector channel is inoperative, 
the blue bar appears gray, the cyan 

I Fig. 6. Appearance of an R -Y signal from 
a color -bar generator, as seen on a scope. 

an R -Y signal from an NTSC color -bar Fig. 7. Typical color sequence pro- ""'"a> 
generator. The output contains hori- vided by one NTSC color -bar generator when 
zontal sync, burst, and a crystal -con- the color phasing control is set correctly. 

bar appears green, the white bar ap- 
pears magenta, and the magenta bar 
appears red. If the G -Y matrix chan- 
nel is inoperative, the green bar ap- 
pears gray, the yellow bar appears 
red, the white bar appears magenta, 
and the cyan bar appears blue. 

The R -Y and B -Y outputs of an 
NTSC color -bar generator tests the col- 
or circuits of a TV set in the following 
manner. When the color detectors are 
operating properly, the R -Y detector 
circuit develops maximum output on 
an R -Y signal from the generator and 
zero output on a B -Y signal; the B -Y 
detector will develop maximum output 
on a B -Y signal and zero output on an 
R -Y signal. The color picture tube 
will display only the R -Y bar for the 
first case and only the B -Y bar for the 
second case. If these conditions are 
not obtained, the trouble is usually 
due to misadjustment of the quadra- 
ture transformer, or to capacitor fail- 
ure in the color subcarrier circuits. 

When the operator views the output 
from an NTSC generator on the screen 
of a wide -band scope, he cannot dis- 
tinguish the difference between an 
R -Y, B -Y, or G -Y signal when saw - 
tooth sweep is used. However, if the 
output from the R -Y detector is ap- 
plied to the vertical channel of the 
scope, and the output from the B -Y 
detector is applied to the horizontal in- 
put of the scope, a chrominance phase 
display is obtained, as shown in Fig. 8. 
The transient distortion in the pattern 
is due to inaccuracies of receiver re- 
sponse' and will differ from one re- 
ceiver to another. Of course, transient 
distortion in the scope amplifiers can 
mislead the operator in this regard. 

tFig. 8. Vector phase display obtained 
on an oscilloscope connected to a col- 

or TV set. A color -bar generator fur- 
nishes the input to the set. See text. 

o i / / 
_ 

ú 
/.4 //* 

/ r 
1957 EDITION 115 



i 1. 

The chrominance phase display cor- 
responding to an NTSC color -bar sig- 
nal for the case of distortionless re- 
ceiver circuits and scope amplifiers is 
diagrammed in Fig. 9. This diagram 
deserves some attention, inasmuch as 
it provides the bench man with a 
wealth of direct data concerning chro- 
minance circuit operation. As the 
color phasing control is turned, the 
vector display rotates on the scope 
screen. As the color intensity control 
is turned, the display expands or con- 
tracts accordingly. The length of each 
vector from the center (black) is pro- 
portional to the chrominance voltage 
for that color. The angle of each vec- 
tor with respect to the horizontal axis 
is equal to the phase of the chromi- 
nance voltage for that particular color. 

If the angles do not appear correctly 
in the vector display, the phase of one 
or both of the color subcarriers is in- 
correct-this latter point is deter- 
mined by observing which color phases 
appear correctly and which do not. If 
the lengths of the vectors do not ap- 
pear in proper ratios, the output volt- 
ages from the color detectors (either 
or both) are incorrect, or the output 
voltage from the G -Y matrix is incor- 
rect. Again, this localization is made 
by observing which vector lengths are 
out of proportion. 

Which color test instruments will be 
required by your shop depends upon 
how much color TV service work you 
are anticipating. While the amount of 
color TV servicing and installation is 
limited at present, those who are pre- 
pared to handle such jobs will get the 
lion's share when the market opens 
up. -[31- 

Fig. 9. The vector display shown here 
corresponds to the bar pattern above 
it. This is a correct display; if the re- 
ceiver circuits were faulty, the dis- 
play would be different. See Fig. 8. 

By RAY R. SIMPSON 

The author, founder of Simpson Electric 
Co., Chicago, is celebrating his 50th year 
in the electronic instruments field. He be- 
gan his career in 1906 when he went to work 
for the old Jewell Electric Co., a firm he 
later headed. In 1934 he organized the firm 
which bears his name. Today, Simpson Elec- 
tric Co., with Ray Simpson as chairman of 
the board, has three plants - in Chicago; 
Aurora, III.; and Lac du Flambeau, Wis. - 
and is one of the largest manufacturers of 
panel meters and radio -TV test equipment. 

Predictions as to the increase in the test equipment 
and servicing industries with the rise of color TV. 

COLOR television will bring new tech- 
niques and the necessity to learn them, 
new testing instruments, and new plant 

investment. 
To get an idea of just how soon a radical 

new development like color television can 
make its way into almost every American 
home we need only take a backward 
glance at the servicing industry. Since 
1920, it has worn seven league boots as 
standard equipment to keep up with the 
entertainment demands of our people. The 
man who serviced dad's two -tube radio set 
in 1920 owned about $25 worth of testing 
equipment. His electronic education, 
picked up in his "ham" days, was good 
enough for the day, but he still spent 
roughly four hours on the average service 
¡ob. Today, the average black -and -white 
TV service job takes only a half hour, but 
the practical engineer who is the modern 
service technician owns or uses at least 
$1500 worth of test equipment. 

Another indication of growth is found 
in my own division of the industry, design- 
ing and manufacturing the test equipment. 
In 1920, our entire industry yearly sales 
amounted only to $50,000, while today, 
five of the largest manufacturers combined 
do a $25,000,000 yearly business. Based 
on growth figures of only the past few 
years, I believe supplying the 100,000 serv- 
ice technicians in the United States with 
specialized testers to meet the challenge 
of color television is going to be a bigger 
than $50,000,000 industry by 1960, a two- 
fold increase in four'years. 

Concretely, the need for new equipment 
to service a new dimension, color, will 
mean the production of 25,000 tube test- 
ers, 50,000 oscilloscopes, and 100,000 spe- 
cialized colorscopes, color -bar generators, 
and variable dot generators-names which 
will become as much a part of servicing 
jargon as tube tester or v.o.m. 

The biggest service tool in the service 

kit of 1920 was a voltmeter used to meas- 
ure the output of the batteries used to 
power the old radio sets. It cost about 
$10. The advent of de Forest's vacuum 
tube added simple tube testers to the kit, 
and by the mid -thirties, the conscientious 
service technician carried a signal gener- 
ator in his field case to make alignment 
tests of the larger console radios of the 
period. 

Radios, of course, became less compli- 
cated, but television introduced video, syn- 
chronizing, and sweep circuits, and prob- 
lems of proper picture adjustment. The 
electronic instrument field met the service 
technician's black -and -white TV needs with 
advanced sweep generators, signal gener- 
ators, marker generators, oscilloscopes, and 
high voltage probes, as well as by refining 
the conventional meters and making them 
more sensitive. With the experience gained 
with these instruments and TV circuitry, 
the service technician should be able to 
keep the color sets operating. But he'll 
need new testers and the ability to use 
them to do it. His own increased plant 
expense will, of course, be reflected in the 
prices he charges for color servicing, but 
I believe the public will accept this just as 
they will accept and are accepting the 
much higher set costs of color television. 

In addition to producing new instru- 
ments, many companies in our field are dis- 
tributing educational literature on color 
servicing and a few are conducting nation- 
wide service technician meetings where 
color servicing with the new instruments 
is explained and demonstrated. 

I've indicated a pretty optimistic growth 
picture for the service technician and my 
own industry, because I can't see how we 
can do anything but grow. Each new elec- 
tronic development will have its counter- 
part in new ways of measuring, controlling, 
and servicing that development. --j -- 
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DOT PATTERN GENERATOR 
Fig. 1. Top view of the pattern generator showing the pans 
layout. Note how the video amplifier-r.f. oscillator tube 
is located on the left side of the chassis, away from 
the vertical and horizontal multivibrator tubes on the right. 
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OF GREAT IMPORTANCE in color 
TV receivers are the d.c. and dy- 
namic convergence adjustments 

which determine correct color registry. 
In addition, the vertical and horizontal 
linearity controls must also be set 
much more accurately than in black 
and white receivers. For this reason 
service technicians will need a pattern 
generator which produces horizontal 
and vertical bars as well as a white 
dot pattern. 

In this article we present a simple 
pattern generator which can be con- 
structed by anyone familiar with radio 
and TV. All parts used are standard 
items and a minimum of alignment is 
required. 

This pattern generator is useful for 
current black -and -white TV service 
work since it furnishes modulated r.f. 
as well as a video signal for four dif- 
ferent patterns. A switch selects either 
the white dot, crosshatch or grid, ver- 
tical bar, or horizontal bar pattern. In- 
ternal or external vertical and hori- 
zontal synchronization is possible. 

Circuit Operation 
As can be seen from the block dia- 

gram in Fig. 2, the unit consists of 
four major sections. The horizontal 
multivibrator, running at a multiple 
of the horizontal scanning frequency, 
generates narrow vertical bars on the 
picture -tube screen. Operating at some 
multiple of the vertical scanning 
frequency, the vertical multivibrator 
produces horizontal bars on the screen. 
By means of a switching network, 
the outputs of these two pulse gen - 
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By 

WALTER H. BUCHSBAUM 
Television Consultant 

RADIO & TELEVISION NEWS 

. Here's an instrument which is invaluable for color 

TV servicing and is easily built from standard parts. 

erators are fed to a gating and video 
amplifier tube. The output of this 
stage modulates the r.f. oscillator 
which covers channels 2 to 6 and 
has a 300 -ohm balanced output. If 
the video signal itself is desired, it 
can be taken, off through a separate 
terminal on the front panel and ap- 
plied directly to the second detector 
or video amplifier in the TV set. For 
r.f. operation, a short length of 300 - 
ohm twin -lead is connected from the 
pattern generator to the antenna ter- 
minals of the TV set. Any of the low 
frequency TV channels can be used. 

The detailed circuit diagram and 
parts list df the pattern generator is 
shown in Fig. 3. V, is a 6J6 used as 
the horizontal multivibrator and oper- 
ates usually at about 157 kc. or some 
other multiple of 15,750 cps. The -ex- 
ternal synchronizing signal is applied 
to the multivibrator through C. and Ri 
which permits adjustment of the sync 
pulse amplitude. Usually it is only 

Fig. 2. Block diagram of the pattern 
generator described in this article. 

necessary that a lead be clipped on to 
the wire going to the horizontal deflec- 
tion yoke coils of the TV set. The fly- 
back pulse picked up is sufficient to 
lock in the multivibrator and produce 
stable vertical bars on the screen. A 
simple plate -coupled multivibrator cir- 
cuit is used which produces rectangu- 
lar waves of unequal widths. R. con- 
trols the frequency of the multivibra- 
tor and allows setting it for any de- 
sired number of vertical bars. 

V. in Fig. 3 is the vertical multivi- 
brator. This stage can be synchron- 
ized by means of the vertical pulse of 
the TV set. Riz allows adjustment of 
the sync pulse amplitude while R 
determines the frequency and, there- 
fore, the number of horizontal bars on 
the screen. Again, a simple plate - 
coupled multivibrator circuit is used, 
producing a rectangular waveform. 
The coupling networks which feed the 
vertical pulse to the switching network 
introduce some differentiation and 
help sharpen the narrow pulse. This 
results in a fairly thin bar on the 
screen. 

The switching network consists of a 
rotary four -pole, five -position switch. 
One pole or section is used as the a.c. 
"off -on" switch and the other three 
sections provide the four different pat- 
terns. Before going into details of the 
switching system, consider the type of 
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6J6 
V3 

clo c12 

VERT 
SYNC 

R12 

RI7 

RIB ~We 3 
R1, R,2-500,000 ohm pot 
R2, Re, Roe -8200 ohm, '/2 w. res. 
Ra, Rs, R10, Ru -22,000 ohm, 1 w. res. 
Rs -100,000 ohm' pot 
R7-47,000 ohm, 1/2 w. res. 
Re -10,000 ohm wirewound pot 
Rs, Rie -15,000 ohm, 1/2 w. res. 
Ros -50,000 ohm pot 
R14-180,000 ohm, 1/2 re. res. 
Rs -270,000 ohm, 1/2 W. res. 
R12-2700 ohm, 1/2 w. res. 
Ris -220 ohm, V/2 w. res. 
Reo -82,000 ohm, 1/2 w. res. 
R2,-2200 ohm, 1/2 w. res. 
R22 -820 ohm, 2 w. res. 
C,-.001 µjd. cond. 
C2, Ce -100 µµjd. cond. 
Ca, Ce-I0 µµjd. cond. 
C4-56 µµjd. cond. 
Cs, Cs -22 µµjd. cond. 
C7-.1 µjd. cond. 

R21 

J 
Re ` C7 JI 

VIDEO 
OUTPUT 

V4 

CIS 

V3 

6X4 
V4 

V V 

30011 
OUTPUT 

Co -5-45 µµtd. var. cond. 
Cio-.01 grid. cond. 
C11-.002 Ad. cond. 
C12-.0015 ad. cond. 
C13-120 µµjd. cond. 
C14-.0056 µfd. cond. 
Cie-.005 ¡rid. cond. 
Cyr -Coe -40/40 Aid., 350 Y. elec. cond. 
L1-71/2 t. #21 en. closewound 1/4" dia., tapped 

at 1'/2 t. 
L2-3 t. #21 hookup wire, closewound around 

L, 
RFC,-R.f. choke, 3.3 ¡thy., 1 w. 
S, -4 -pole, 5 -pos. switch (Centralab e1415 or 

Mallory #1325L) 
T,-Power trans. 230.0-230 @ 50 ma.; 6.3 

v. @ 2.5 amp. (Stancor PC8418 or equiv.) 
Jo-Output jack 

Vs -616 tube 
V2 -1221T7 tube 
V4 -6X4 tube 

Fig. 3. Complete schematic diagram and parts list for the dot and bar pattern 
generator. Easily -obtained, standard parts are used throughout this unit. 

signals required for each position. Tak- 
ing the last position first, horizontal 
bars are generated when only the out- 
put of the vertical multivibrator 
reaches the grid of the video amplifier. 
Therefore, in position 5, S,,, receives 
the differentiated vertical pulse 
through Cu and R,,. The latter resis- 
tor is used to avoid overloading the 
video amplifier grid. In position 5 the 
cathode of V2, the video amplifier, goes 
to ground through R2,. 

When vertical bars are desired we 
switch to position 4 and now only the 
signal from the horizontal multivibra- 
tor, V,, is required. To avoid stray 
pickup from the vertical multivibra- 
tor, V3, this stage is disabled by switch 
section S,5 which eliminates plate volt- 
age from one half of the tube in posi- 
tion 4. Since more video gain is re- 
quired for the weaker horizontal 
pulses, Ris is now connected as cathode 
resistor for V2. 

So far the switching system is quite 
simple, but it becomes slightly more 
complicated when we want to obtain 
a grid pattern. For this type of signal 

the vertical and horizontal signals 
should be amplified equally, without 
interference to each other. In switch 
position 3 the vertical pulse goes to 
the grid of V. through C. and R while 
the horizontal pulse is applied to the 
cathode of V2 through C. and C,,. The 
purpose of this is to further differen- 
tiate the horizontal pulse, and is espe- 
cially effective since it feeds into the 
cathode resistor R which is only 
2700 ohms. As a result, both the ver- 
tical and horizontal bars appear equal- 
ly wide and equally strong, producing 
a good grid pattern. 

The circuit required for the dot pat- 
tern is obtained in switch position 2. 
In order to produce white dots, the 
video signal must contain horizontal 
pulses only during the brief duration 
of the vertical pulse, and the vertical 
pulse should only be amplified during 
the period of the horizontal pulse. In 
other words, only the intersection of 
the horizontal and vertical bars should 
be visible. In conventional dot genera- 
tors this effect is achieved by using a 
6AS6 or similar gating tube and ap- 

plying each signal to one of the active 
grids. Since 6AS6 tubes are fairly ex- 
pensive and low cost as well as sim- 
plicity is desired here, we have ar- 
ranged the video amplifier so that it 
doubles as the gating tube. The hori- 
zontal pulses are applied through C. 
to the grid of V. when the switch is 
in position 2. Vertical pulses are ap- 
plied through C,e and R,8 to the cath- 
ode of V2. Note that here the vertical 
pulses are taken from the opposite 
polarity plate of the multivibrator. The 
reason for this is that a negative -going 
pulse is required to gate the video 
amplifier. 

S,c in position 2 connects the V. cath- 
ode to a voltage divider, R and R20, 
which applies a fixed cathode bias of 
about 12 volts. This cuts off the tube 
and allows no signal to pass. The gat- 
ing action occurs when a negative 
polarity vertical pulse overcomes the 
fixed bias and permits a short burst 
of horizonal pulses to pass. 

The first position of the selector 
switch is used to shut off the a.c. 
power as is evident from the connec- 
tion of S.D. A simple, full -wave power 
supply is used here. It supplies 125 
volts d.c. and has a current drain of 
about 35 ma. 

The second triode section of V. is an 
r.f. oscillator, capacity tuned from 50 
to 90 mc. to cover the low -band TV 
channels. Plate modulation is used 
here which permits a single amplitude 
control, Ra, to vary both the video out- 
put signals and the modulation per- 
centage. The drawback of this ar- 
rangement is that changing the out- 
put control will also vary the oscilla- 
tor frequency slightly. Actual tests 
have shown that this variation is less 
than 1 mc. and the TV receiver band- 
width is usually such that readjust- 
ment of the fine tuning control at the 
TV set compensates sufficiently. The 
r.f. output is obtained by means of a 
three -turn coil wound on the same 
form as the oscillator coil. 

Construction 
The chassis layout in Fig. 1 is sim- 

ple and straightforward. A standard 5" 
x 7" x 2" aluminum chassis was used. 
There does not appear to be any cri- 
tical lead length or location for either 
the vertical or horizontal multivibra- 
tor, but it was found necessary to 
shield the lead from pin 1 of V3 to 
switch section S,a to prevent stray 
pickup in the dot -pattern circuit. It is 
also advisable to locate the 12AT7 
away from the vertical multivibrator 
for the same reason. In addition, the 
r.f. oscillator section should be isolated 
somewhat. In Fig. 1 is shown the r.f. 
output lead which consists of a piece 
of 300 -ohm twin -lead going from L. to 
the 300 -ohm terminals. Some readers 
may prefer to omit the terminal strip 
and bring out a long 300 -ohm lead for 
direct connection to the TV set. 

All resistors used are 10% values; 
paper and tubular or flat ceramic con- 
densers are used throughout. No dif- 
ficulty should be encountered if mica 
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condensers are used, but it is not ad- 
visable to connect condensers having 
a negative temperature coefficient into 
the multivibrator circuits. 

When the generator is first turned 
on, set the two frequency control po- 
tentiometers R, and R. to an approxi- 
mate midpoint position and check the 
output of the video amplifier on an 
oscilloscope. In switch position 2, dot 
pattern, only a faint signal may be 
visible unless a sensitive, wide -band 
scope is used. The grid pattern, switch 
position 3, will appear like the scope 
picture of Fig. 4 when the oscilloscope 
is set for about 600 cps. In this illus- 
tration the large, wide púlse is the 
vertical multivibrator output while the 
smear near the base line actually con- 
sists of the higher frequency horizontal 
pulses. 

Turning the selector switch to posi- 
tion 4, we obtain the horizontal pulses 
only. When the scope frequency is ad- 
justed to about 25 kc., the waveform 
shown in Fig. 5 should be observed. 
Each sharp spike represents one of the 
vertical lines on the screen. In order to 
see the sharp point as clearly as in 
Fig. 5, the oscilloscope should have a 
bandwidth of at least 1 mc., otherwise 
a rounded waveshape similar to a sine 
wave will appear. 

The pattern obtained in switch posi- 
tion 5 is similar to that of position 3, 
except that no horizontal pulses ap- 
pear and the baseline will be free from 
the fuzz shown in Fig. 4. When the 
output amplitude control is set for 
maximum, the peak -to -peak voltage 
at the video terminal will be approxi- 
mately 20 volts on all switch positions 
except position #2. For the dot pat- 
tern the video amplifier operates with 
slightly reduced gain and because of 
the sharp, short burst of horizontal 
pulses the oscilloscope picture shows 
a peak -to -peak voltage of about 15 
volts. 

The final step in adjusting the pat- 
tern generator is to check out the r.f. 
oscillator. To make sure it is oscillat- 
ing, check the grid bias with a de - 
coupled v.t.v.m. probe. While a 5 to 45 
µµfd. air -trimmer type condenser is 
used here, a somewhat larger value 
may be used and plates removed to 
make the range. L,, the oscillator coil, 
can be stretched or squeezed together 
to provide for full coverage from chan- 
nels 2 to 6. L2 can be varied by chang- 
ing its coupling with the tank. circuit. 
The correct coupling is obtained when 
approximately equal output is achieved 
on all channels. One way to check this 
is by means of a 300 -ohm crystal de- 
tector, with its output connected to the 
oscilloscope. About 0.5 volt of signal 
should be obtained on the scope and 
this should remain substantially con- 
stant when the tuning condenser is 
varied over the band. 

Using the Pattern Generator 
Switch position 5 generates horizon- 

tal bars which can be fed directly to 
the video output amplifier in the TV 
set, or the r.f. signal can be introduced 
at the antenna terminals. When the 

horizontal -bar pattern is applied at the 
TV receiver antenna terminals, sim- 
ply tune the set for any channel be- 
tween 2 and 6 and tune the pattern 
generator for a good screen pattern. A 
typical horizontal -bar pattern is shown 
in Fig. 6. 

In some instances it will be found 
that the TV set does not readily lock - 
in with the bar pattern or, when the 
pattern is applied to the picture -tube 
grid, no sync action at all takes place. 
To make the bar stand still, clip a 
lead from the vertical sync terminal 
to either the vertical deflection yoke 
leads, the yoke terminal, or the ter- 
minals of the vertical output trans- 
former. This will lock the multivibra- 
tor in the generator to the receiver 
vertical sweep, assuring absolute syn- 
chronization. The sync amplitude con- 
trol, R. in Fig. 3, helps to adjust the 
sync signal for best lock -in. 

Horizontal bars are usually used to 
check the vertical linearity, and the 
method used is the same for mono- 
chrome and color receivers. Adjust the 
height and vertical linearity controls 
until the picture is slightly smaller 
than the screen. Count the number of 
horizontal bars and expand the sweep 
until the top and bottom bars are just 
within the picture tube mask. Adjust 
linearity and height until the spacing 
between bars is equal and the same 
number of bars is still visible. 

For checking horizontal linearity, 
the vertical bars shown in Fig. 8 are 
obtained in switch position 4. In gen- 
eral, the same connection as for the 
horizontal -bar pattern is used. For 
good synchronization it is helpful to 
clip a lead from the horizontal sync 
terminal to either the high voltage 

Fig. 4. Oscilloscope waveform obtained 
at the video output with the switch in 
position 3 furnishing the grid pattern. 

Fig. 5. With the selector switch in 
position 4 the output waveform shows 
a sharp spike for each vertical bar. 

Fig. 6. Horizontal bar pattern obtain- 
able from the generator in position 5. 

lead or one of the leads going to the 
horizontal yoke coils. Usually the 
capacitive pickup from such an ar- 
rangement is sufficient for stable sync. 

Fig. 7. Bottom chassis view. Ten per -cent tolerance resistors and paper and 
tubular or disc ceramic condensers are used throughout, except for the oscilla- 
tor trimmer and power supply electrolytic filter condensers. See the parts list. Iil 
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Fig. 8. Vertical bar pattern with the 
generator selector switch in position 4. 

The sync control, R, in Fig. 3, regu- 
lates the sync pulse amplitude. It 
is important to set the horizontal fre- 
quency control to get a stable, fixed 
number of vertical bars as shown in 
Fig. 8. The procedure for adjusting 
horizontal linearity is similar to that 
outlined for the vertical sweep section. 
Pincushioning or other yoke distor- 
tion will appear as bent, bulging, or 
wavy vertical bars. 

For a rapid check of both vertical 
and horizontal linearity the grid or 
crosshatch pattern can be used. As 
Fig. 9 shows, this type of pattern tends 
to accentuate any non -linearity and 
therefore allows more accurate ad- 
justment. Just compare the squares 
in the center of the screen with the 
squares at the sides or corners. In 
Fig. 9, it is apparent that the hori- 
zontal sweep is compressed at both 
sides while the vertical sweep is ex- 
panded at the bottom and compressed 
at the top. 

The great utility of the pattern gen- 
erator described here lies in the fact 
that it produces white dots as shown in 

Fig. 9. Grid or crosshatch pattern used 
for linearity adjustments, position 3. 

Fig. 10. This white -dot pattern is of 
great help in adjusting convergence on 
shadow -mask type color picture tubes 
such as the 15GP22 and its larger 
cousins, as described in the article be- 
ginning on page 96 in this book. The 
dot pattern will produce white dots 
only when proper convergence is 
achieved. When convergence is off, two 
or three colored dots will appear. 

The dot signal can be introduced 
either through the antenna or through 
the video stages, as with the other 
patterns. To obtain only the desired 
dots, set the video gain controls for 
maximum and adjust the brightness 
control until the screen is completely 
black, except for the white dots. 

Because it is possible to synchronize 
the pattern generator to the receiver 
sweep circuits, rather than the other 
way around, the video signal can be 
applied anywhere in the video circuit 
without loss of sync. This permits 
signal tracing the video section of re- 
ceivers and also allows using the gen- 
erator instead of a station signal for 
channels 2 through 6. When an inter - 

Fig. 10. White dot pattern for color TV 
convergence adjustments, switch set at 2. 

mittent defect appears and some doubt 
exists as to whether it is in the an- 
tenna or in the receiver, use the r.f. 
signal from the generator to see 
whether the intermittent is really in 
the set or not. 

To use the signal -tracing method of 
troubleshooting in the r.f. or i.f. sec- 
tion, just connect the pattern genera- 
tor, set for horizontal bars, and use a 
crystal detector with earphones to 
trace the loud buzz through the vari- 
ous stages. Since the video signal for 
horizontal bars is about 600 cps, it pro- 
vides a low -frequency buzzing which 
can be easily identified through ear- 
phones or any signal tracing equip- 
ment. The amplitude of the video 
signal can be controlled by the output 
control, R8 in Fig. 3, but the r.f. am- 
plitude has to be adjusted either by 
the receiver gain control or else by the 
amount of detuning or the method of 
coupling. In many instances the au- 
thor found that it is merely sufficient 
to bring a clip lead from the generator 
r.f. terminals near the TV receiver 
to obtain strong, stable patterns. -- 
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Build Your Own 

TV Color 

Converter 

By JAY STANLEY 

WHEN black -and -white TV first be- 
came a reality, the whole thing was 
something of a deep, dark mystery 

to most radio service technicians of the 
era. But a few brave souls took the 
plunge, built their own sets, and had 
the thrill of getting out ahead of most 
of their competitors and in on the 
ground floor of a tremendous industry. 

Color TV is off to a better start. 
Many manufacturers are offering 
courses and a lot of articles have been 
written about the subject so that the 
studious can, in a fairly short time, ac- 
quire some knowledge of color TV. 
But, as in all things, there is no sub- 
stitute for experience with actual 
equipment on which you have no 
qualms about experimenting. The cost 
of present-day color TV sets is high 
enough to discourage a lot of service 
technicians (and most consumers) 
from owning such a receiver. 

This article is a practical answer to 
that problem. Here is step-by-step 
data for building a color television 
system. Actually, the original chassis 
was designed and built by two Denver 
service engineers; Larry Costa and 
Paul Dontje. 

The unit described in this article is 
a color converter which can simply be 
hooked onto a conventional (but care- 
fully selected) black -and -white TV set. 
It can be used to drive a three -unit 
projection system, or with a bit more 
circuitry, a three -gun color picture 
tube. 

A look at the block diagram in Fig. 
2 and the circuit diagram of the color 
converter in Fig. 3 will reveal that it 
is surprisingly simple when compared 
to many color TV sets. The secret 
lies in the fact that the set uses a 
narrow -band system, with .6 mega- 
cycle bandpass limiting. This is possible 
because demodulation is on the R -Y 
and B -Y axes instead of the alterna- 
tive I and Q axes. The I and Q system 
is a wide -band one. 

Thanks to the narrow -band system, 
circuitry is much simpler. Likewise, 

Fig. 1. Receiving a color show on a 
large -size movie screen using the 
color converter described in this 
article with a black -and -white set. 

Part 1: This color TV converter can be used with 

three projection units or a three -color picture 

tube and a second-hand black -and -white chassis. 

setup, adjustment, and servicing are 
also much easier. Don't let the "nar- 
row band" worry you. Color quality 
is impaired so little that it cán only 
be discerned when a narrow -band and 
a wide -band set are operated side-by- 
side-and even then it is difficult to 
see the difference. 

Before covering actual construction 
of the color chassis, let's trace a signal 
through this circuit to get an over- 
all idea of how it works. As a starting 
point, we'll begin with the signal 
which normally drives the grid of the 
picture tube in the TV set-a signal 
which is the composite video output, 
carrying both the black -and -white and 

the color information. This signal 
can be supplied by any really good 
black -and -white set which has an i.f. 
bandpass of 4.1 megacycles or more- 
and maintains this bandpass right 
through the video amplifier stages. 
Many of the older TV chassis, built 
from 1947 to 1949 (split -sound sets), 
were capable of this bandpass when 
carefully aligned. The set used here 
was a Philco 1001 chassis, but an RCA 
630 or an Admiral 30A1 (and some 
others) will work just as well. These 
are obtainable second hand from many 
TV dealers. 

The composite signal goes to the 
grid of V1, the first video amplifier on 
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Fig. 2. Block diagram of the 
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Rea -550 ohm, 25 w. adj. res. (Adjust to give 

250 v. from power supply "Bt" output.) 
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elec. cond. (Sprague TVL 3725) 
Ca -4.7 µµjd. ceramic cond. 
Ce -150 µµjd. ceramic cond. 
Ce -22 µµtd. silver mica cond. 
CT, Cia, Cu, C98. C27, Caa, Cat, Cao. C45. Cul, 
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Ce, C64-47 µµjd. silver mica cond. 
Ca -470 µµjd. mica cond. 
Cio-.001 µtd., 1600 v. paper cond. 
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Ciº -14.7 µµid., made up of two condensers: 

a 10 µµid. and a 4.7 µµtd. ± 5% ceramic 
cond. 

C14-2 µtd., 150 v. elec. cond. 
Cie -3.5 to 20 µµtd. midget -type variable coud 

(Phase control) 
Cia-10 µµfd. silver mica cond. (In trans. can) 

Cºo-.01 µfd., 400 v. cond. 
Cei-10 µµfd. silver mica cond. 
Cu -.02 gad. paper cond. 
Ces -.22 µtd., 400 v. paper cond. 
C24-2.2 µµfd. ceramic NPO cond. +5% 
Cas -5 µµad. NPO cond. ±S% 
Csa, Cao -100 ¡gild. silver mica cond. 
Cal -47 µµid. ceramic NPO cond. ±5% 
Caa-500 µ%ofd. silver mica cond. ±10% 
Ca4-27 Md. silver mica cond. (In trans, can) 
Caa-.002 µf d., 600 v. cond. 
Cae -100 µµjd. silver mica cond. ±10% 
Cas -100 µµfd. silver mica cond. (In trans. can) 
CAo-390 µµfd. silver mica cond. (In trans. can) 
Cis, C47-.1 µId., 400 v. paper cond. 
Coo, Cas, Caa-40/10/80 Ad., 450 v. elec. cond. 

(Sprague TVL 3792) 
Xtal-3S79.5 kc. crystal (Peterson PR Z-2) 
Li -See text 
Le --20 µhy. r.I. choke 
Le -90 t. #36 en. closewound on Miller 1470A 
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form (Cromco L-6) 
La -105 t. #36 en. closewound on Cambridge 

Thermionic t/2 x 2" form (Cromco L-1) 
La -4.5 me. trap, 75 t. #36 en. closewound on 

Miller 14704 form (Cromco L-5) 
Le, Lie -120 µhy. peaking coil 
L7--29 t. #30 en. scramblewound 3/16" on 

1/4" Cambridge Thermionic form (Cromeo 
L-2) 

La, La -78 t. # 36 en. scramblewound 3/16" 
on Cambridge Thermionic 3/e" x 1" form 
(Cromco L-3) 

1.10, Ln, Lia -1000 µhy, peaking coil (Cromco 
P-1000) 

Lii, Lis, Lia -500 'thy. peaking coil (Cromco 
P-500) 

CHi-1 hy., 300 ma. filter choke 
Ti -90 t. #40 d.s.e universal wound, ßái' wide 

(pri.); 60 t., each, universal wound, %a" 
wide (sec.) wound on coil form from Miller 
1466 i.j. trans. (Cromco T-1) 

Te -I8 t. #30 en. closewound (pri.); 90 1. 
#36 en. closewound (sec.) wound on form 
from Miller 1466 i.f. trans. (Cromco T-3) 

Ta -60 .1. #30 en. closewound (pri.); 26 t- #26 d.c.c. and en. closewound (sec.) wound 
on form from Miller 1466 i.f. trans. (Cromco 
T-4) 

T4 -Power trans. 370-0-370 r. @ 275 ma.; 
6.3 v. @ 7 amps.; 5 v. @ 3 amps. (Stancor 
P-6315 or equiv.) 

Delay Line -See text 
Vi, Ve, V10, Vu, Via-6CL6 tube 
Ve, Va-6CB6 tube 
V4 -64L5 tube 
Va, Ve -6U8 tube 
V7, Vs -6456 tube 
Viz-SY3G tube 

Fia. 3. Complete schematic diagram and parts list for the TV color converter designed to be used with a black -and -white set. 

the color chassis. See Fig. 3. The 
luminance or Y signal is picked up at 
the plate of the first video amplifier 
in the color chassis, passes through a 
3.58 megacycle trap (L6-08), and is fed 
to a 1.3 microsecond delay line, which 
insures that the luminance informa- 
tion and the color signals arrive at the 
output at the same time. From the 
delay line, the signal goes to the grid 
of the Y output tube (V8). From the 
plate of this tube, the signal goes 
through the matrix resistors, R.B, Rau, 
and Re4, where the Y signal and the 
color -minus -Y signals are mixed to 
provide green, red, and blue output. 

The color -burst signal is also ob- 
tained from the plate of Vi and is fed 

to the grid of the burst amplifier, Vi. 
This tube is keyed on only during re- 
trace, the keying being accomplished 
by means of a 10 -turn coil wound on 
the flyback transformer in the black - 
and -white TV set chassis. (See Fig. 4.) 
By this means, the color burst, which 
is on the back porch of the horizontal 
sync pulse, is amplified -but no other 
3.58 megacycle signals get through. 

The output of the burst amplifier 
goes to the phase discriminator trans- 
former Ti, the secondary of which is 
also supplied with a comparison signal 
from the plate of the 90 -degree ampli- 
fier, Vey. The output of the phase de- 
tector is a d.c. correction voltage which 
is fed to the reactance tube, V64; this 

tube, in turn, controls the frequency 
and phase of the 3.58 -megacycle oscil- 
lator, Yu. In this way, the local 3.58 
mc. oscillator is locked in exact phase 
and frequency with the transmitted 
color burst to supply the synchronous 
demodulators with the missing color 
subcarrier, the sidebands of which only 
are transmitted -the carrier being 
suppressed at the transmitter. 

From the cathode of the 3.58 mega- 
cycle oscillator, the signal takes two 
paths. A signal directly from the 
cathode goes to the 90 -degree ampli- 
fier which shifts its phase 90 degrees 
for proper demodulation in the R -Y 
demodulator. The secondary winding 
of transformer T2, however, feeds the 
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B -Ye demodulator directly with no 
phase shift. 

The B -Y demodulator and the R -Y 
demodulator receive their color signals 
from the bandpass amplifier (V3) and 
filter, which has a bandpass of 1.2 
megacycles (from 2.9 mc. to 4.1 mc.) 
and passes only the color subcarrier 
sidebands. This automatically drops 
out the low -frequency Y signal. 

In the R -Y and B -Y demodulators, 
the missing carrier is restored and de- 
modulated to produce the R -Y and B -Y 
signals. The B -Y signal, taken directly 
from the plate of VR, goes to the grid 
of the B -Y output tube, V,_. The out- 
put of this tube, in combination with 
some of the Y signal, supplies blue. 

The R -Y signal from the plate of 
the R -Y demodulator goes to the grid 
of V15, which, in similar fashion to that 
of the B -Y output stage, supplies the 
red output signal. 

The output of the R -Y and B -Y de- 
modulators is fed to the grid of the 
green adder, VBs, through a set of re- 
sistors. This tube is simply a phase 
inverter at which the negative signals 
from the demodulators combine in 
proper proportion and invert to form 
the positive green -Y signal. This is 
fed to the G -Y output for addition 
with the luminance signal as described 
previously for the other two colors. 

The outputs terminate in jacks 
along the end of the chassis, making 
the three color signals and the Y sig- 
nal readily available for different ex- 
perimental hookups. Most of the con- 
trols are inserted on the rear of the 
chassis since many of them are setup 
controls which are left alone once ad- 
justed. Two controls, chroma and 
phase, are used for minor adjustment 
during reception, and it is desirable to 
make them readily available. No "col- 
or killer" controls or circuits are 
needed-simply turning down the 
chroma control puts the set in shape 
to receive black -and -white. 

In actual construction of the con- 
verter, the first step is to round up the 
needed parts. The careful builder can, 

by following the data given in the 
parts list, "roll his own" coils. A real 
help in doing this is the setup shown 
in Fig. 5 which provides approximately 
the same loading as the converter cir- 
cuits. This allows the coils to be wound 
with considerable accuracy without 
actually inserting them in the cir- 
cuit. The signal generator should 
preferably be a 3.58 -mc. crystal oscil- 
lator. A standard d.c. voltmeter will 
give a clear-cut indication of reson- 
ance. This circuit, however, will in- 
dicate when the signal generator is 
tuned to one -quarter or one-half of 
the resonant frequency, so if a varia- 
ble frequency oscillator is used, always 
switch to the next higher band to make 
certain that you are actually on the 
fundamental. The physical layout for 
the windings of T, is shown in Fig. 6. 

For those who want to buy coils al- 
ready wound, the designers of the color 
converter, Costa and Dontje, will sup- 
ply coils, and their part numbers are 
given in the parts list under Cromco. 
Write to Cromco, in care of P. Dontje 
at 7020 W. 38th Ave., Wheatridge, Colo. 

The color chassis measures 10 x 14 x 
3 inches. The layout is purposely 
crowded in order to keep leads short 
and point-to-point. No trouble has 
been experienced from stray capacity, 
even though some of the signal carry- 
ing leads are longer than were desired. 

The chassis illustrated in Figs. 7 and 
8 has a cut-out for a Norelco video 
amplifier chassis, to allow use with a 
single -projection unit and a color 
wheel. The chassis will eventually be 
used in this fashion although, at pres- 
ent, three Norelco projection units are 
utilized. There are a couple of other 
extra holes on the chassis for parts 
which circuit development later proved 
unnecessary. 

In building, all transformers and 
tube sockets were mounted first, also 
terminal strips, filter condensers, and 
controls. Fdllowing usual construc- 
tion practice, heaters were wired in, 
and then "B+" voltage leads complet- 
ed. Finally, the r.f. wiring was put in 

Fig. 4. A ten -turn winding on the flyback 
transformer keys the burst amplifier on 
for the proper operation of the 3.58 
megacycle color synchronisation circuits. 
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Fig. 5. A test setup which is useful in 
preparing the coils used in converter. 
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Fig. 6. The physical layout of the phase 
discriminator transformer windings. 

Fig. 7. Top view of the color converter. Note where the crystal Fig. 8. Bottom view of the converter chassis. The black cable 
is mounted so as to minimize temperature variation effects. running around the cutout is the delay line in the Y circuit. 
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Fig. 9. Details on the construction of the 
time delay line used in the Y channel. The 
line is made from a piece of coaxial cable 
from which the center conductor has been 
removed and an external winding added. 
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Fig. 10. Three TV projection units can be 
set up as shown here and used with the 
converter to give colored TV pictures. 

Important: All resistors carrying 
fairly heavy loads were grouped on 
terminal strips below the power sup- 
ply section, as far from tuned circuits 
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as possible, to avoid the possibility 
of héat causing detuning of circuits. 
This is a vital matter in a color set 
because detuning and accompanying 
shift will cause color contamination. 

The crystal is mounted alongside the 
chassis where it is out in the open and 
"runs cool"-again to avoid frequency 
shift. 

The heavy black lead which loops 
around under the chassis is the delay 
line. Fig. 9 shows how this component 
is constructed from a 23 -inch piece of 
RG -59/U coaxial cable. As shown, the 
center wire lead, and its polyethylene 
sheath, is pulled from the cable, leav- 
ing only the metal braid and its plastic 
cover. These two pieces serve as the 
foundation of the delay line. First, 
they are slipped temporarily over a 
metal rod to provide sufficient stiff- 
ness for winding. This winding, which 
should be put on accurately with a 
lathe, is made of No. 36 enameled 
wire. It is wound for a length of 22 
inches, 128 turns -per -inch. As shown 
in the drawing, the leads connect to 
opposite ends of this coil winding. The 
winding itself is covered with a layer 
of very thin dielectric paper (pulled 
from old condensers) and this, in turn, 
is covered with a layer of aluminum 
foil. The latter is grounded to the 
inside braid as shown in the drawing, 
being careful not to short the winding 
to the grounding foil. Tape completely. 

Wiring a set as complicated as this 
is a job in which even an expert can 
go astray. One bit of insurance is to 
tape a piece of vellum (a kind of semi- 
transparent drawing paper available 
at any art store or engineering supply 
house) over the diagram, and then 
draw in each lead with a colored pencil 
as it is done. This process is a little 
tedious-but not as tedious as trouble- 
shooting for built-in errors. Once the 
set is wired, the chassis can be given 
a rough check by comparing pin volt- 
ages with those shown in the diagram 
of Fig. 3. 

When the color chassis is completed, 
the next step is to tie it to the Norelco 
projection units. These are the stand- 
ard type, readily available from elec- 
tronic parts jobbers. The hook-up re- 
quires three. 

As shown in Figs. 10 and 11, the 
units are mounted side by side, as 
close together as possible, with hinges 
between them. Then the chassis are 
spring -loaded, as shown in Fig. 10, and 
adjustment screws provided so that 
the outer two projection units can be 
pointed in slightly-so that the images 
from all three units fall on top of each 
other on the screen. The fact that the 
units are some distance from the 
screen, and that the middle unit 
(green) carries 59% of the illumina- 
tion, makes the very slight "keyston- 
ing" of the two outer units a theore- 
tical rather than a practical worry. 

Each of the units has a colored filter 
in front of it. (Colored Plexiglas was 
found to work the best-even better 
than photo filters.) The vertical and 
horizontal adjustments on the projec- 
tion units, plus the mechanical posi- 
tion of the projection housings them- 
selves, are all utilized to get the best 
possible registration of the projected 
images. 

Both vertical and horizontal sweep 
voltages for the three projection units 
are picked up from the black -and - 
white chassis. The vertical sweep is 
used to drive the vertical yokes on 
the Norelco units-and the yokes are 
connected in series. The horizontal 
yokes are driven in parallel. Doing 
this will probably require substituting 
a different output transformer for 
that originally in the set. In the re- 
ceiver described here, an RCA 231T1 
transformer is used with the proper 
tap to provide the correct impedance 
match. The grids of the Norelco units 
are driven by the color output signals 
from the color converter chassis. 

If everything checks out OK, we're 
ready for the final step-tuning up the 
chassis. 

Fig. 11. Front view of the three projection units set up for use with the color converter described in this article. Color filters made of Plexiglas are mounted directly in front of each projector. Touch-ups are provided for registration. 
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BUILD YOUR OWN 

COLOR TV 

CONVERTER 

By 

JAY STANLEY 

Adjusting the color converter does not 
require any special test equipment 
other than the standard TV test instru- 
ments. including a v.t.v.m. as shown. 

Part 2. Complete step-by-step tune up instructions for 
the TV color converter described last month, including 
hints for using a 3 -gun tube instead of projectors. 

THIS article covers a step-by-step 
procedure which will enable you to 
get the color converter described in 

the preceding article appearing in 
this book going. Essentially, it is a 
procedure which will get adjustments 
so close to the ideal that final, minor 
adjustments can be made with a color 
broadcast tuned in. 

First, equipment. You'll need a good 
signal generator, one capable of tuning 
the 3.58 megacycle range with very 
little drift after the initial warmup. 
Also needed are a v.t.v.m. fitted with 
an r.f. probe, a standard service -type 
scope, and a sweep generator which 
will sweep from 1 megacycle to 5 
megacycles. 

To begin with, align the black -and - 
white TV chassis as close as possible 
to the ideal i.f. curve shown in Fig. 1A. 
Be certain to avoid sharp corners on 
the i.f. response curve (Fig. 1B) which 
can introduce highly undesirable phase 
shift. 

Next, make certain that the set 
receives black - and - white pictures 
through the color tubes. This will en- 
able you to determine that the Y chan- 
nel is working, and will allow you to 
get brightness, focus, and convergence 
of the three projection tubes in proper 
adjustment. Unless the brightness 
controls, for example, are at some- 
thing like the proper level, color align- 
ment is virtually impossible. 

Now, we're ready to start. 
Connect the signal generator (with 

a 10-µµfd capacitor in series with the 

"hot" lead) to the first video ampli- 
fier grid in the black -and -white set. 
Tune in a black -and -white picture, and 
make certain that the picture is in 
proper horizontal sync. Then, pull out 
an i.f. tube to keep any stray signals 
from reaching the video detector. Set 
the signal generator as close to 3.58 
megacycles as possible, preferably with 
crystal calibration. When you get it 
reasonably close to the proper fre- 
quency, you should see some indica- 
tion of color on the raster-in the form 
of random streaks and shapes. 

Now, pull out the 6U8 oscillator and 
reactance tube on the color converter 
chassis, and connect the v.t.v.m. with 
the r.f. probe to pin 5 of the color 
burst amplifier, V2, 6CB6, and tune the 
burst take-off coil, L., for maximum. 
Remove the probe. (Note: All parts 
numbers refer to Fig. 3 in the Decem- 
ber article.) 

Next, ground pins 1 and 2 of the 
6AL5 phase detector, V.. Set the 
v.t.v.m. on the d.c. voltage scale (50 - 
volt scale or higher), connect it to pin 
5 of the 6AL5, and tune Ti, the 
phase discriminator transformer (both 
slugs), for maximum d.c. voltage. 
When this is done, remove the ground 
from the 6AL5 pins 1 and 2. 

Replace the 6U8 reactance tube, pull 
out the burst amplifier, V2, and con- 
nect the voltmeter with probe to pin 7 
of the B -Y demodulator (V., 6AS6). 
Tune both slugs of the crystal output 
transformer, T., for maximum reading. 
You will notice that as you tune the 

primary of this coil (turning the slug 
clockwise) you will start toward a 
maximum reading, and then the oscil- 
lator will overload and stop oscillating. 
Back the slug out a few turns from 
this point, and the oscillator will be 
stable. The secondary of the crystal 
output transformer will tune through 
a normal peak. 

Now, connect the v.t.v.m. with probe 
to pin 7 of the R -Y demodulator (V,, 
6AS6) and tune the output trans- 
former of the 90 -degree amplifier, T., 
for maximum. 

Replace the burst amplifier tube, and 
once again pull the 6U8 oscillator -re- 
actance tube. Connect the sweep gen- 
erator (sweeping from 1 mc. to 5 mc.) 
to the grid of the first video amplifier 
tube in the black -and -white TV chassis. 
Turn the chroma control, R81, to mini- 
mum, and connect the scope through 
a demodulator probe to the "hot" end 
of the chroma control. Tune the band- 
pass amplifier (V.) plate coils for the 
resonance curve shown in Fig. 1C. 
Markers should be provided by the sig- 
nal generator, still connected to the 
grid of the video amplifier in the 
black -and -white set. 

Disconnect the sweep generator, 
leaving the signal generator attached, 
and replace the 6U8 oscillator tube. 
At this point, it is a good idea to re- 
check for horizontal sync by tuning 
the black -and -white chassis to a TV 
broadcast. 

For the next step, turn the chroma 
control full open and the signal gen- 
erator to maximum output (unmodu- 
lated). Carefully tune the signal gen- 
erator beck and forth around 3.5 
megacycles, and you will observe a 
pattern of color bars shifting around 
on the raster. You will notice that as 
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you approach the crystal oscillator fre- 
quency in the converter, this pattern 
will become a definite series of color 
bars, lying horizontally. As you get 
still closer to the exact frequency, you 
will note that the bars will become 
fewer and fewer, and finally disappear. 
The raster will assume an over-all 
tone of one color, which may even be 
simply an off-white. This indicates that 
the signal generator and the crystal 
oscillator in the set are locked to- 
gether. (If you cannot achieve this 
effect, that fact is evidence that the 
color sync section is not working 
properly.) Carefully note the exact 
dial reading on the signal generator 
for future reference. 

Now comes one of the most critical 
of all the tuning adjustments, so be 
very careful to do it exactly as de- 
scribed. Slowly tune the signal genera- 
tor to a lower frequency than that of 
the crystal. "Slowly" cannot be em- 
phasized too much, for there is real 
danger that you will pass right by the 
proper frequency. As you do this tun- 
ing, you will begin to see a series of 
color bars which move diagonally into 
a vertical pattern. If you tune slow- 
ly and carefully about this point, the 
signal generator will lock to the dif- 
ference frequency between the crystal 
and the horizontal sweep frequencies. 

Note carefully that as you tune be- 
low the crystal frequency there are 
quite a number of these "lock -in" 
points. Also, that the lower the fre- 
quency, the greater the number of 
bars. (The signal generator locks in 
at even multiples of the horizontal 
sweep frequency away from the crys- 
tal frequency.) Only the first lock -in 
point below the crystal frequency is 
the proper adjustment, and the only 
one which makes it possible to phase 
and align the color demodulators. 

Keeping the signal generator locked 
to this point (as mentioned previously, 
the generator must be stable) the next 
step is to add the scope. Set the hori- 
zontal sweep in the scope to approxi- 
mately twice horizontal frequency and 
switch it for external sync. The sync 
is obtained by clipping a lead to the 
"hot" deflection yoke wire (over the 
insulation-no direct connection). 

Next, establish horizontal sync 
pulses by holding the lead to the input 
of the scope's vertical amplifier close 
(again, no connection) to the horizon- 
tal output plate lead in the black -and - 
white TV set chassis. Set the horizon- 
tal gain and hcrizontal centering of 
the scope to put these "pips" on two 
of the vertical calibrating marks on 
the scope face. See Fig. 1D. 

Now, clip the input of the scope's 
vertical amplifier to the blue output. 
By carefully tuning the phase control, 
Cie, and the secondary slug of trans- 
former T., you will be able to position 
the sine wave as shown in Fig. 1E. 
Note that the positive peak of the sine 
wave should fall halfway between the 
two previously established horizontal 
sync points (180 degrees) shown in 
Fig. 1D. 

Changing no settings, connect the 

scope to the red output. Now tune the 
output of the 90 -degree amplifier plate 
transformer, T.. Important, the posi- 
tive peak of the red output must fall 
exactly where the blue went through 
the zero axis, as shown in Fig. 1F. 
This establishes the all-important 90 - 
degree phase difference between the 
R -Y and B -Y signals. 

Still changing no scope settings, con- 
nect the scope to the green output. Ad- 
just the red, green, and blue add con- 
trols (R.., R.., and R..) to position the 
sine wave so that its zero axis crosses 
through the point 29 degrees to the 
right of the point where the blue was 
maximum positive. (See Fig. 1G.) 

Disconnect the scope, leaving the 
signal generator attached. On the 
screen you should have bands of color 
running vertically. You should be able 
to adjust the phase control to get a 
pattern which is orange on the far left, 
blending into red, then blue, and final- 
ly green. When you have reached this 
point, you are ready to try a color 
broadcast! 

With the color signal tuned in, ad- 
just the plate coil, L., of the reactance 
tube to lock in the color signal. At 
this point, objects will become colored 
-even though bananas may look blue! 
Then adjust the phase control, and the 
color gain controls, for the most na- 
tural coloring in the picture. Once 
the color gain controls are set proper- 
ly, correct coloring can be obtained 
by using the phase control only. This 
is the external color control available 
in some form on all color TV sets. 

The chroma control affects the sat- 
uration of color, and is set to the 
taste of the individual viewer. One 
caution: if this control is set too high, 
the picture becomes garish and very 
grainy. 

Just one more thing. The delay line 
may need some adjustment. This can 
be done by observing the color picture. 
If the color information seems to fall 
to the right-hand side of the black -and - 
white image, the delay line is too short. 
However, if you have made it 22" long, 

Fig. 2. Addi- 
tional circuitry 
that must be 
included in the 
converter when 
it is used with 
a three -gun 
color TV tube. 
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Fig. 1. Oscilloscope waveforms obtained 
during the various steps of the tune up 
procedure as described in the text. (B) 
is an incorrect waveform to be avoided. 

the color will probably fall very slight- 
ly to the left of the black -and -white 
image. Trim the line a few turns at a 
time until the color picture and the 
black -and -white picture are perfectly 
superimposed. 

3 -Gun Tube 

Either the 3 -unit projection arrange- 
ment or a single projection unit with 
a color wheel provide the simplest 
way to get going with your color con- 
verter. However, if you desire to use 
a 3 -gun tube, the RCA tri -color kine- 
scope is available at some parts dis- 
tributors, and here is the data you'll 
need. 

First of all, because of the unequal 
phosphor sensitivity of the 3 -gun tubes, 
it is necessary to make a slight change 
in the Y signal adding matrix to sup- 
ply the unequal video drive required 
on the three grids. This is shown in 
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Fig. 2. It is also necessary to add in- 
dividual background and master back- 
ground controls, as well as red, blue, 
and green screen controls, which con- 
trol thé transfer characteristics of 
the three guns so that a black -and - 
white picture may be maintained at 
any brightness setting. 

Set-up procedures for the matrixing 
and background adjustments are ade- 
quately described in instruction bul- 
letins available with the 3 -gun tube. 
Caution: before attempting to set up 
the system for a black -and -white pic- 
ture, it is necessary to pull the two 
color demodulators from their sockets 
in order to avoid any confusion until 
experience is gained with the various 
adjustments. 

The complications from using the 3 - 
gun tube arise from the need for reg- 
ulated anode, focus, and dynamic con- 
vergence voltages. A practical way to 
build these stages is to use the stand- 
ard RCA circuitry, specifically that 
given in the service data for the RCA 
Model CT -100 color receiver. The cir- 
cuits used include (refer to CT -100 
diagram) V., the 6SN7GT horizontal 
oscillator, V., the 6CD6 horizontal 
output (with modifications); Vin, the 
3A3 high -voltage rectifier; Vim,, the 
1X2B focus rectifier; V., the 6AU4GT 
damper; V., the 6BD4 shunt regula- 
tor; and V110, the 12AU7 vertical con- 
vergence amplifier. 

Of course, if you utilize RCA cir- 
cuits, you must use the standard RCA 
parts, including a tri -color yoke and 
the matching horizontal flyback trans- 
former. Also needed are a complete 
set of dynamic convergence compo- 
nents, a purity coil, and the shielding 
recommended for the tube. 

If you are building your system 
around the black -and -white Philco 
chassis described in the previous ar- 
ticle, you will find that the horizontal 

oscillator has much too long a flyback 
time to drive the RCA transformer 
properly. It is necessary, then, not 
only to change the horizontal output 
stage circuitry, but also, the horizontal 
oscillator circuit should be modified to 
conform with the RCA circuit. The 
sync to the horizontal oscillator can 
still come from the same point in the 
Philco 1001 chassis, however. 

When using the RCA horizontal out- 
put transformer, the keying pulse for 
the burst amplifier may be taken off 
terminals "C" and "D." Terminal "E" 
supplies the horizontal dynamic con- 
vergence voltage. Terminal "G" is 
grounded, as in the original RCA cir- 
cuit. Terminal "F" is left blank, and 
the rest of the circuitry in the entire 
dynamic convergence and high -voltage 
sections should conform with the RCA 
circuit The 400 volts necessary to 
drive this set-up may be obtained 
quite readily from the black -and -white 
chassis you are using. 

The grid circuit for- the horizontal 
output tube (6CD6) is modified in 
order to eliminate the need for a 
minus 30 volts. (Refer to CT -100 dia- 
gram.) The modification consists of 
simply changing the grid return resis- 
tor, 3R., from 47,000 ohms to 470,000 
ohms, and grounding the cold end. The 
cathode resistor, 3R2e3, should be 
changed from 12 ohms to 100 ohms, 2 
watt, and bypassed with an 8-µfd., 150 - 
volt capacitor. The screen grid can 
be supplied from the 250 -volt "B+" 
supply in the converter chassis. 

The next requirement will be to ob- 
tain the current needed by the purity 
coil. This can be supplied by parallel- 
ing the 20 -ohm purity adjustment po- 
tentiometer, 2R., with the coil, and 
putting it in series between the out- 
put of the choke and the "B+" in the 
converter chassis. 

The vertical convergence voltage can 
be supplied to the input of the vertical 
convergence amplifier, VY, without 
making any changes in the vertical 
output circuit that you already have 
in your black -and -white chassis. Again 
referring to the CT -100 diagram, con- 
nect one end of the .47 -pfd. capacitor, 
1C., to the red wire on the existing 
vertical transformer. The end of the 
.1-µfd. capacitor 1Cn0 (in the vertical 
amplifier shape circuit of the RCA) 
goes to the plate or blue lead of the 
existing vertical output transformer. 
The end of /Cm, .22-µfd. (also in the 
vertical amplifier shape circuit), goes 
to the cathode of the vertical output 
tube. 

The remainder of the connections 
in the vertical convergence circuits 
should be hooked up exactly as shown 
in the RCA schematic. The green -and - 
yellow leads from the existing vertical 
output transformer should be tied 
directly to the vertical deflection wind- 
ings on the deflection yoke. This elimi- 
nates any need for vertical centering 
circuits. 

Note: terminal 5 of the flyback is 
not used. 

The 'B+ 400 volts from the black - 
and -white chassis goes to the fuse, 
3F101, which feeds the cathode of the 
shunt regulator, 6BD4, the plus end of 
3Cm, 20 -pfd. capacitor, and one end 
of the horizontal centering control. 
This gets the "B+" voltage into the 
rather involved circuit. 

Two more things. Once the tube is 
set up for proper black -and -white re- 
ception, the color mixing circuits oper- 
ate exactly the same as for the 3 -unit 
projection system described previously. 
Adjustments needed to converge the 
tube are covered in the technical data 
now widely available. 
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Projection Color TV with a Color Wheel 

Fig. 1. The complete projection color TV receiver showing the color con- 
verter described in the two previous articles in this book. in the up- 
per compartment and the color wheel and switch in the lower. The com- 
plete 6 -tube keyer chassis mounts in the cut-out section of the converter. 

In response to requests from readers - here is how you 

may use a color wheel and one projection unit with the 

color TV converter described in the two previous issues. 

COMMUTATOR 
SHAFT 

KEYER 
SECTIONS 

CATHODE 
OR GRID 
OF CRT 

r 

L_ 
COLOR -Y SIGNAL 

KE YER SECTION 

Ri -100,000 ohm, 1/2 w. res. 
R. Rs -2700 ohm, 1 w. res. 
Ri, L-2.2 megohm, 1/2 w res. 
RU, L-4700 ohm, 1 w. res 
CI, Cs-.25 µtd. capacitor 
Cs-.1 µid. capacitor 
RFC1-1000 ¡shy. r.f. choke 
Vr-'/2 12BH7 tube 
Vs -64R8 tube 

' Fig. 2. Schematic diagram and 
parts list of one of the keyer sections 
used for selecting the right color signal 
to go with the color filter in front of the 
projector. Three keyera are required. 

By JAY STANLEY 

THE original model of the color con- 
verter described in the previous 
articles in this chapter in this 

color televisionbookwas designed for 
use with a 3 -unit projection system. 
This is by far the simplest way to get a 
color set going-but of course it is a 
somewhat cumbersome way to do the 
job. For this reason, many readers 
have asked for data on using one 
projection unit and obtaining the color 
with a color wheel. 

This article outlines such a system, 
as shown in Fig. 1. It is not intended 
as a step-by-step construction article 
but, rather, will present a method that 
has been developed from experimental 
work with a color wheel system so 
that the experienced technician can, in 
working out his own layout, avoid 
many of the pitfalls which may other- 
wise plague him. 

In theory, a color -wheel system is 
quite simple. First, there needs to be 
a switching system between the red, 
green, and blue outputs and the picture 
tube, so that the proper output can be 
switched to the picture tube at the 
proper time. This must coincide with 
the time when that section of the color 
wheel is in front of the tube. For ex- 
ample, when the color converter is de- 
livering a red signal to the projection 
tube the red segment of the color 
wheel should be in front of the tube 
so that a red image is projected. 

Of course, this switching action can 
start with a rotary switching device on 
the shaft of the color wheel, as shown 
in Fig. 3. But the difficult part of the 
job comes from the need to sync the 
color wheel so that it stays exactly in 
step with the vertical sync frequency 
of the set. This is necessary to make 
certain that the "crossover" point 
(when changing from one color to the 
other) occurs during retrace, and not 

Fig. 3. Commutator -type switch on the shaft of the color wheel used for break- 
ing the color signal into a field sequential one to operate properly with the color 
wheel. The switch shown here is an example of what may be used, the con- 
structor should use his ingenuity to devise one that is precise and practicable. 

130 COLOR TELEVISION 



during the regular scanning time. If 
the latter happens, a bar works up and 
down on the screen, much like a ver- 
tical blanking bar. 

In an early model of the color -wheel 
system, it was decided to let the wheel 
run at random speed, switching the 
output with commutator contacts on 
the shaft of the color wheel. But trou- 
ble with "crossover" points and noise 
difficulties led to abandoning the sys- 
tem. However, if the bugs could be 
worked out, the system would be won- 
derfully simple in both circuitry and 
parts. 

Subsequent work has been based on 
the use of a saturable reactor. The 
vertical sync signal is picked up from 
the grid of the vertical output stage 
(or any other convenient point in the 
vertical system) and applied to a phase 
detector, driving a d.c. amplifier 
which, in turn, varies the d.c. potential 
on a saturable reactor. The reactor 
controls the speed of the color -wheel 
motor, with the result that it keeps in 
sync with the vertical sweep of the TV 
set, so that the "crossover" occurs dur- 
ing the retrace when it is not visible on 
the screen. 

As shown in Fig. 2, the switching 
starts with a commutator, the rotary 
shaft of which is grounded. The "rotat- 
ing" ground is applied to the grids of 
three keyer amplifier tubes in turn. 
Each of the keyer amplifiers feeds the 
deflector elements of a 6AR8 tube-a 
wonderful new type developed especial- 
ly for color work. In effect, this tube 
is a voltage -controlled single -pole, 
double -throw switch, and at the same 
time an amplifier. 

Here is how the switching takes 
place. The commutator segment, as it 
grounds the grid of the keyer amplifier, 
removes the bias voltage and allows a 
pulse of plate current to flow. The out- 
put is taken off across R, in the cath- 
ode circuit and is positive with respect 
to ground. This positive voltage is used 
to switch the 6AR8 from one plate, 
which is idling (no output), to the 
plate which is driving the CRT cath- 
ode. 

The color minus Y signal is fed to 
the control grid of each of the three 
6AR8's, one for each color. As the 
commutator rotates, it will switch the 
output to the live plate of each tube in 
turn. The net result is a sequential 
color signal applied to the CRT that 
is in step with the segments of the 
color wheel. The commutator cannot 
be used directly for switching the in- 
puts to the CRT as the noise level 
from the sliding contacts is prohibitive, 
and of course, with a 1 megacycle 
video signal present at this point, it 
cannot be bypassed. However, the in- 
direct switching method outlined, 
makes it possible to bypass the commu- 
tator segments with a small capacitor 
(.001 pfd.) and get rid of the high - 
frequency noise, the only noise present. 
Even this small capacity will round 
the edges of the switching signals 
somewhat, but these are hidden in re- 
trace anyway. 

The symmetrical output from one of 

R7, Rs -100,000 ohm, 1/2 w. 
res. 

Rs, R7-470,000 ohm, 1/2 w. 
res. 

Ry-1 megohm, r/2 w. res. 
Rs -10 megohm, r/i w. re,. 
Rs -68,000 ohm, 1/2 w. res. 
Cr, C,-.01 µfd. capacitor 
C3-.25 µfd. capacitor 
C4-.002 µfd. capacitor 
Cs-.04 Ad. capacitor 
Cs -4 1214., 450 v. elec. ca- 

pacitor 
V, -64L5 tube 
Vs -12ÁU7 tube 
Vs-6CU6 tube 

Fig. 4. Schematic dia- 
gram and parts list for 
the color wheel motor 
speed control circuit. 
The input is derived 
from one of the keyer 
sections, select the one 
that moves the bar be- 
tween color wheel fil- 
ters out of the picture. 

-250V -125V. 
15MA 15MA. 

6ÁL5 
PHASE CET. 

VI 

HTO GRID OF VERTICAL 
OUTPUT TUBE 

"ANTI-HUNT"CIRCUIT 

R3 
SEE TEXT) 

PRI. r--' 
K> :.....5001()C> . 
t`> 

.116 

200-300V 
100 MA. 

<X 
<X 
<X 
<X 

MOTOR 

SATURABLE 
REACTOR 

(SEE TEXT) 

140-160 V.A.0 

Fig. 5. The four vertical output type 
transformers are connected as shown 
here to form a saturable reactor which 
controls the speed of the color wheel 
motor in conformity with the signal from 
the motor control circuit shown in Fig. 4. 

the keyer amplifier tubes (points 1 and 
2 in Fig. 2) is applied to a shaping 
network to form a narrow pulse which 
is fed to the phase detector and com- 
pared with the vertical saw -tooth 
present on the grid of the vertical out- 
put tube (see Fig. 4). The resulting 
correction voltage is then applied to a 

AUTO 
TRANS117 

VAC. 

SLOE 

ato 

MOTOR 

SR 

+250V. 
T4 

RV[ 

BLUR 

Fig. 6. View of the color wheel and associated circuitry. Note the saturable re- 
actor and motor control chassis in the foreground. The regular deflection chassis 
furnäshed in the original Norelco projection television receiver is on the right. 
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d.c. amplifier system that runs nega- 
tive with respect to ground in order 
to have a negative -going bias that will 
vary between zero and minus 25 volts 
on the grid of the 6BQ6 (or 6CU6), a 
husky tube type needed to handle the 
relatively heavy current required for 
control of a saturable reactor. 

A saturable reactor is a device in 
which one winding will control the in- 
ductance of a second winding. The re- 
actor is placed in series with the motor 
which drives the color wheel. If the 
d.c. in the primary increases, the in- 
ductance of the secondary decreases, 
allowing more current to flow, and the 
motor to speed up, and vice versa. The 
motor itself is fed from an autotrans- 
former which steps up the line voltage 
25 volts or so, because even with the 
minimum inductance of the type reac- 
tor to be described in this article, there 
will still be considerable voltage drop. 
The circuit used for this portion of the 
converter is shown in Fig. 5. 

The saturable reactor shown in Figs. 
5 and 6 uses readily -available trans- 
formers. Four TV type (six would be 
even better) vertical output trans- 
formers of the kind which have indi- 
vidual primary and secondary wind- 
ings work very well. The autotrans- 
former types are not satisfactory. It is 
of the utmost importance that the 
transformers used be matched, i.e., of 
the same manufacturer's part number. 
The reason is that the a.c. which will 
be induced in the primary winding (the 
d.c. control winding in this case) in 
each transformer must be canceled out 
by its mate. Connect all of the sec- 
ondaries in parallel and pay close at- 
tention to the winding directions to 
make certain that all are the same. 
(For example, for RETMA coded units, 
connect all green leads to green, and 
yellow to yellow.) The primaries are all 
connected so that the pairs are series - 
opposed to a.c., i.e., connect the red 
lead of transformer T3 to its mate's 
(T3) red lead, and connect the two 

blue leads to the next pair of trans- 
former's blue leads. After the paral- 
leled secondaries are connected in 
series with the motor and a.c. is ap- 
plied, no, or very little a.c. voltage 
should appear between the ends of the 
combined primaries. 

Caution: If an a.c. voltage of any 
magnitude does appear, recheck con- 
nections. The direction of d.c. to the 
primaries makes no difference as they 
are merely connected between "B -F" 
and the plate of the 6CU6 control am- 
plifier. 

Incidentally, when using the 6AR8's 
in the color switching system, it is ad- 
visable to do away with the individual 
color amplifiers in the color chassis 
described in the color converter article 
starting on page 123 and extending to 
page 126 in this book, as the gain of 
the 6AR8's is rather high and makes 
the amplifier unnecessary. Too much 
gain may cause instability. 

The output from the Y amplifier 
should be disconnected from the matrix 
resistors and fed directly to the grid of 
the CRT. The color signals go to the 
cathodes and are matrixed within the 
picture tube. 

The color wheel itself should have 
any multiple of 3 sections (6, 9, etc.) 
However, for projection use in front of 
the corrector lens, a 3 -section wheel 
about 16" in diameter is best. Such a 
wheel gives longer useful projection 
time for each color without overlap 
of individual colors. The speed of the 
wheel is easily determined as a single 
section should cover the lens during 
one vertical field time, i.e., a three - 
section wheel should run 1200 rpm, a 
six -section wheel 600 rpm, etc. These 
speeds are a close approximation to 
those actually required because during 
a color broadcast, the field frequency 
is not quite 60 cycles. It may be de- 
sirable to drive the color wheel by 
means of a small V -belt drive, prefer- 
ably fitted with one variable pitch 
pulley in order to bring the wheel close 

enough to the proper speed so that the 
automatic control system takes over. 

It may be necessary to try different 
keyer amplifier outputs for the phase 
detector so as to get the "crossover" 
point into retrace. Try first one and 
then the other, and settle for the one 
which moves the "crossover" bar out 
of the visible portion of the raster. 

It is strongly urged that fully satu- 
rated color filters not be used on this 
projection system. Doing so may re- 
duce brilliancy. Instead, use ordinary - 
colored red, green, and blue Cellophane. 
Fasten these filters to a disc of clear 
plastic. Also, keep the weight of the 
wheel as low as possible in order to re- 
duce any tendency for the automatic 
control system to "hunt." This is a dif- 
ficult problem to correct and the 
heavier the wheel the more inertia 
there is to overcome, with the result 
that the wheel will overshoot the con- 
trol, then slow down, then undershoot, 
then repeat the cycle. 

Fortunately, there is an electronic 
circuit that may be used to correct for 
this defect. The suggested circuit is 
shown dotted in Fig. 4. The trans- 
former is a vertical output type. It is 
important, of course, that the second- 
ary be connected so as to give nega- 
tive feedback. If it should be hooked 
up incorrectly, the d.c. amplifier will 
probably motorboat at a very slow 
rate that may be varied by turning 
the "anti -hunt" control (500,000 ohm 
pot). This circuit works on the idea 
that the rate of change of the correc- 
tion voltage must agree with all the 
variables in the system, including 
weight of wheel, etc. The transformer 
only has an output when the current to 
the reactor is changing, and this output 
is directly proportional to the rate of 
change. The 500,000 ohm control taps 
off the amount of voltage necessary to 
properly control this change rate. In 
short, "anti -hunt" is time -controlled 
inverse feedback. 

-3-- 
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One of the four RCA color cameras in 
use at NBC's Burbank studio. Each 
of these color camera chains contains 
three RCA image orthicon tubes. Each 
camera bas a lens turret which will 
permit use of four different lenses. 

e 

Over-all view of the NBC co .r studio is Burbank. There are 1260 lighting ortlei& 
located an the lighting pipe battens and in outle- boxes along the walls. Maul 
1000 ligh-ing fixtures, in sises from 500 watts -o 50:0 wa ts, have keen incxp ra ed. 

NBC's New Burbank Color Studio 
THE National Broadcasting Company's $3,716,000 color 

studio in Burbank, California has a number of unique 
features which provide special facilities to meet the de- 

mand of colorcasting and the production of the net- 
work's series of "Color Spectaculars." 

A control building, alongside the color studio proper, 
is a two-story structure containing all of the control 
functions for the existing studio as well as facilities for 
future expansion. The video control room contains a 
video console, black -and -white and color monitors, scopes, 
a special video equipment rack, and auxiliary camera 
equipment. 

Each video engineer can talk via phone to his own cam- 
eraman separately or can hook into a conference circuit. 

Signals for the cameras go into the switching system. 
This newly -designed system permits optimum transmis- 
sion of the color signal and makes possible special video 
effects as well as providing simpler and surer operation 
through the use of a preset system. 

This preset feature permits the technical director to do 
all camera switching with one hand. This includes both 
previewing and program switching. The operation en- 
tails presetting the camera or remote signal by pushing 
the appropriate preset button. This presetting dis- 
plays the picture on a color monitor. When the director 
wishes to put this shot on the air, he either pushes the 
cut bar, which is similar to a typewriter space bar, or he 
pulls either the dissolve handle or the special effects 
handle to transfer to that picture by means of a lap dis- 
solve or by special effect. He is now ready to preset 
another camera and transfer it to an "on -the -air" status 
by one of the three means available to him. 

In the program control room a monitor housing is 
fastened to the wall in front of the director's console. 
This housing contains black -and -white monitors con- 
nected to each camera's output as well as black -and - 
white monitors which are patchable to other signal 
sources within the studio. 

The network emphasizes that the most noteworthy 
features are the provisions for color progress. -I- 

Flexible design, which anticipates future 

developments in colorcasting, makes this 

new facility a "Television Dream City" 

The run-through on a colorcast Includes setting up the cameras 
and presetting the special switching system. Live su:Ejects and 
various color swatches are used for making needed ad'uslments. 

1957 EDITION 1133 



VlTASCANK 

for Color TV 

A flying -spot scanner with 

phototube pickup simplifies 

color TV studio equipment. 

COLOR television was given another 
boost recently with the announce- 

ment of the Du Mont Vitascan Color 
Studio Scanner. The Vitascan utilizes 
a beam of light from a cathode-ray 
tube "flying spot scanner" to scan per- 
sons, objects, or action and then picks 
up the reflected scanned light by 
means of photomultiplier tubes. These 
tubes convert the light into an elec- 
trical signal which may be passed on 
to a regular standard color transmit- 
ter for broadcast. 

Color pictures produced by this 
equipment are electronically identical 
with standard color pictures produced 
by other methods, and result in a 
standard NTSC color signal. There- 
fore, any regular color studio or trans- 
mitter equipment may be used to 
broadcast the signal. 

The Vitascan principle can best be 
described as a conventional television 
pickup system in reverse. Here the 
light source is a flying -spot cathode- 
ray tube which develops an extremely 
bright raster-much brighter than that 
in cathode-ray picture tubes used in 

Trademark registered by Allen B. Du Mont Lab- 
oratories, Inc. 

Fig. 
plier 
Four 

1. One of the clusters of photomulti- 
tubes used in the "Vitascan" system. 
tubes are employed in each cluster. 

television sets. This light source re- 
places the camera in a conventional 
pickup system. 

Light from the flying -spot tube is 
directed by means of a mirror and 
lens system into the studio and onto 
the scene being televised and focusing 
is accomplished in much the same man- 
ner as with a regular camera. As this 
light travels over the scene, point -by - 
point and line -by-line, it is reflected 
at each instant from the point on 
which it is shining. This reflected light 
is picked up by clusters of photomulti- 
plier tubes which are arranged in 
groups of four throughout the studio. 

To separate the light into three pri- 
mary colors, the photomultiplier tubes 
are equipped with selective filters 
which allow only the desired color to 
pass. In each cluster of four tubes, 
one is equipped with a green filter, 
one with a blue filter, and two with 
red filters. Two are used for red be- 
cause the light source is deficient in 
this end of the spectrum and the pho- 
totubes are less sensitive to red than 
to the other colors. The photomulti- 
plier tubes convert the three colors 
into electrical signals, amplify these 

Fig. 2. Proposed studio layout employing the "Vitascan" system. A fixed or portable 
flying -spot scanner may be used, with a number of "scoops" arranged throughout 
the studio. General illumination is provided by synchronized stroboscopic lights. 

I 

signals many thousands of times, and 
pass them on to conventional color 
transmitting equipment. 

Color registration is no problem with 
this system, because the scanning op- 
eration has already taken place be- 
fore the light is split up into its three 
colors. 

Since the Vitascan system operates 
by picking up reflected light from the 
object being scanned, the light source 
must be rigidly controlled and very 
little ambient or stray light can be 
allowed to reach the pickup tubes. 
Such light would cause "noise" in the 
picture. Thus, there is no longer any 
necessity for the heavy lighting load 
now required in color television stu- 
dios. Actors and actresses perform in 
much greater comfort, and the air- 
conditioning load is reduced tremen- 
dously. 

However, some studio lighting is 
necessary, because the light from the 
flying -spot scanner is insufficient for 
normal illumination. To solve this 
lighting problem advantage is taken of 
the vertical retrace blanking period, 
when the flying -spot scanner is blanked 
out. Stroboscopic studio lights are em- 
ployed, and are synchronized with the 
system in such a manner that they 
flash on only during blanking periods 
and are turned off when scanning is 
taking place. In this way, over-all 
studio illumination is achieved with- 
out interfering with the scanning 
process. Intensity of this illumination 
can be adjusted to any value. 

As mentioned before, several groups 
of photomultiplier tubes are employed 
in a studio. Each group of four is 
assembled into a "scoop" or "bucket," 
as shown in Fig. 1. The outputs of 
these scoops are fed to a central con- 
trol panel, where they are mixed in 
the proper proportions to produce the 
desired picture. 

These scoops perform a function 
very similar to that of studio lights 
used with conventional equipment. In 
other words, most of the various light- 
ing effects can be obtained by proper 
scoop location and orientation, and by 
mixing the scoop outputs in the cor- 
rect proportion. 

Vitascan is expected to fulfill the 
urgent need of TV stations throughout 
the country for a dependable means of 
originating their own live color pro- 
grams and commercials at minimum 
expense. In addition, it provides an 
easy, inexpensive method for produc- 
ing live closed-circuit telecasts in color, 
such as televising of sales meetings. 
The equipment may also be used as a 
monochrome pickup for black -and - 
white studio programs, thus providing 
standby facilities for stations having a 
limited number of cameras. 

Du Mont emphasizes that this sys- 
tem is intended to be an invaluable 
supplement to live color pickup equip- 
ment, and should not be compared 
point -by -point with conventional TV. 

-Each has its own advantages. Vitascan 
uses a controlled light source; there- 
fore, in its present form, it is not 
intended for use where light cannot be 
controlled. 
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NATIONAL SCHOOLS 
fr45444 

TELERAINA ALL 8 BRANCHES OF 

TELEVISION. ELECTRONICS RADIO 

IN ONE DYNAMIC, MODERN SHOP METHOD, 

HOME TRAINING COURSE 

Another great advance in HOME STUDY TRAINING. Let National 
Schools, of Los Angeles, a practical Technical Resident Trade School 
for over 50 years, train you at home by Shop -Method, for today's 
unlimited opportunities in ALL 8 BRANCHES of the Television, Elec- 
tronics, Radio Industry. 

Check all you receive in One blaster 
Course at One Low Tuition 
1. Television - Including Color TV 
2. Radio - FM and AM 
3. Industrial Electronics 
4. Sound Recording and Hi -Fidelity 
5. Preparation for FCC License 
6. Automation 
7. Radar and Sonar 
8. Communications 

ALL OF THIS MODERN, NEWEST, 
PRACTICAL EQUIPMENT IS YOURS TO KEEP! 

Parts to Build a modern TV set, including 
large screen Picture Tube. 

Parts to build a powerful Superhet Re- 
ceiver, standard broadcast and short wave. 

Parts to conduct many experiments and 
build Continuity Checker, RF Oscillator, 
TV Circuits, Audio Oscillator, TRF Re- 
ceiver, Signal Generator 

Professional Multitester 
These are a MUST for all technicians. 

FREE! 
Fully illustrated "CAREER" 
BOOK in TV, Radio, Elec- 
tronics. AND actual Sample 
Lesson-yours at no cost, no 
obligation SEND COUPON 
NOW-TODAYI 

YOU DO MANY PRACTICAL JOBS. 
You do servicing, circuit analysis and 
many other down-to-earth experi- 
ments. You build a modern TV set 
from the ground up ... with equipment 
kits we give you, including a new large 
screen picture tube and professional 
Multitexter, at no additional charge. 

EARN AS YOU LEARN! Many of our 
students earn their entire tuition and 
more in Spare Time jobs we show 
them how to do while learning. YOU 
GET GRADUATE ADVISORY SER- 
VICE, TOO. 
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This Master -Shop - 
Method course is com- 
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Here in Los Angeles, 
the TV and Electron- 
ics center of the world, 
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performance matched 
test equipment 

for black and white 

and 0 

basic 

MODEL 631 
VOM-VTVM 
two in one tester for 100` 
service-VOM covers 90% of yo 
usage, battery operated VTVM 
available for the other 10% when 

B,,,.,,, i, 

fundamental 

MODEL 3441-A 
three in one scope-oscillo- 
scope, peak -to -peak meter, 
audio oscillator - essential for 
more than 50% of your Black and 
White Servicing-all Color Servic- 
ing. 10 my sensitivity. 4.5 me band- 
width. S249.50 

essenti al a 

MODEL 3423 
four in one-mutual conductance tube 
tester, transistor tester, germanium 
diode tester, selenium rectifier tester 
-checks for accuracy as circuit demands 
depending on the tolerance of the circuit. 
The patented circuit for the tube testing em- 
ploys actual signal (4KC) for grid and DC 
bias voltage making it independent of line 
voltage hum. It also has a complete coverage 
of all tube types-six plate voltages (includ- 
ing 0-10 variable). Micromhos scales read 
0-1,800, 0-6,000, 0-18,000 and 0-36,000. Leak- 
age measured directly on meter 0-10 meg- 
° 5199.50 

These three units provide the ideal basis 
for the complete servicemen's test setup 
for black and white and color TV. You 
will want to consider also Model 3438 
Dot Generator, Model 3439 Color Bar 
Generator, Model 3434-A Sweep Genera- 
tor and other Triplett units. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY BLUFFTON, OHIO 

630 -NA 
For Best Testing 

Around the Lab, 
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or Bench 

630 
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All- Purpose 

V- 

630 -A 
A Good Lab 
Production Li 

310 
The Smallest 

Complete V -O -M 
with Switch 

666-H 
Medium Siz 

for 

625 -NA 
The First V -O -M 

with 10,000 
Ohms/Volt AC 


