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DB550 
CASCADE TWO -STAGE VHF BOOSTER 
$3750 List 

You cannot miss with Regency DB550! TV picture improvement 

absolutely guaranteed where improvement is needed. 

RC -53 

UHF CONVERTER 
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fully transformer powered. 

AC only. Underwriters 

Approved 
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CHAIRSIDE TV CONTROL 
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Accept no substitutes. 
There is a Sprague 
Distributor in every 
sales area in the 
United States. Write 
for the name of your 
nearest source of sup- 
ply today. 
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Insist on Sprague 
KWIK-TEST 

Save hours of time and trouble 
checking capacitors right in 
the circuit for opens, shorts, 
intermittents, without unsol- 
dering leads. No wonder it 
pays for itself in no time! 
An ideal supplement to the 
Sprague Tel-Ohmike® capaci- 
tor -resistor analyzer, the 
Model KT -1 Kwik-Test is 
priced at only s34.ß 

Insist on Sprague 
BULPLATE" PRINTED 

CIRCUITS 

When you ask for Bulplate 
printed circuits, you know 
you're getting the most com- 
pact units available. These 
ruggedly built, amazingly tiny 
units fit the tightest spaces 
with ease, and save repair 
time to boot. 

SPRAGUE 

Insist on Sprague 
TWIST -LOK* 'LYTICS 

Sprague TVL's fill the top 
performance bill in the tough- 
est TV circuits. High tem- 
peratures, surge voltages, rip- 
ple currents won't faze them. 
Like all Sprague capacitors, 
Twist -Lok 'Lytics are your 
first line of defense against 
expensive call-backs. 

Get your copy of Sprague's latest radio and TV 
service catalog C-610. Write Sprague Products 
Company', 105 Marshall St., North Adams, Mass. 
'Distributors' Division of Sprague Electric Company 
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* TRADE MARK 

In telev sion service as in any profession, whether it be 
barber cr ioctor, the client places great emphasis on the 
way you go about your business. Professional treatment of 
the customer creates confidence in your service and ulti- 
mately resjlts in his satisfaction. 

One way tc insure this customer good will in TV service is 
to comb ne top-quality materials with your skilled, technical, 
workmansl ip. With dependable products, you can eliminate 
costly call-backs and build a reputation for quality service. 

You can depend on Du Mont quality picture tubes to do 
more fo- your service. 

Photo by Joe Clark, H. B. S. S. from Friends Magazine and Photography Magazine. 

Replacement Sales Cathode-ray Tube Division 

ALLEN B. DU MONT LABORATORIES, INC. 
750 Bloomfield Avenue, Clifton, N. J. 

PIONEER IN BIG PICTURE TUBES ORIGINATOR OF THE FAMOUS BENT -GUN AND SELFOCUS 
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The main job with which the 
service technician is concerned is 
that of repairing electronic equip- 
ment. The skill he exhibits is de- 
pendent upon several factors such as 
his training, equipment, and facilities. 

There are several things which 
the technician can do to improve his 
servicing techniques. Of great im- 
portance is the task of keeping abreast 
of current receiver design. Technical 
articles and production -change bul- 
letins can be very instrumental in 
fulfilling this need. The big problem 
arises in finding the time to study 
such material. There are limits to 
the amount of material a service 
technician can retain inhis mind, and 
this indicates that a need exists for 
some means of cataloguing such in- 
formation. It is also quite helpful to 
keep records of servicing experi- 
ences. If this is done, such informa- 
tion can be very useful when receivers 
having certain symptoms are being 
serviced. 

Here is a system for recording 
this information while carrying on 
your regular service work. After a 
set has been fixed, a brief note is 
made in a loose-leaf binder or on a 
large card under an appropriate 
heading. The trouble is indicated in 
the heading, and its causes are listed 
below in a semi -general manner 
rather than on a specific set -by -set 
basis. 

The best way to illustrate the 
system is by way of an example using 
the sound system of a television 
receiver. In intercarrier receivers, 
audible sync buzz in the sound system 
is a common complaint. A service 
technician called upon to repair a 
set exhibiting this symptom first asks 
himself, "What is the most probable 
cause of this trouble?" 

To bring this information to 
our finger tips, we make up a list of 
those defects which we ourselves have 

found to be the cause of audible sync 
buzz. To this we also add possible 
causes as indicated by the experience 
of other service technicians. Much of 
this latter information could come 
from magazines. The list could be 
placed on one page of the loose-leaf 
binder or on the card and be given the 
heading "Sync Buzz." Every time 
we service a set containing sync buzz, 
mention is made of the reason (in a 
general way) on the list. Furthermore, 
every time after the first time that 
we meet the same trouble we place a 
tally mark next to it on the chart. 
This tabulation, over a period of time, 
not only tells us what most of the 
causes of sync buzz are but also - 
and this is most important - which 
of these occur most frequently. 

There is very little work at- 
tached to making andthen maintaining 
the list. For example, most of the 
causes for sync buzz in television 
receivers may be listed as follows: 

1. Misadjustment of the r at i o - 
detector transformer. 

2. Misalignment of the sound IF 
system, including the ratio -detector 
transformer. 

3. Overloading because of exces- 
sive signal strength. 

4. Overloading because of insuffi- 
cient AGC voltage. 

5. Poor lead dress. 

6. Capacitive coupling between 
the sync -separator system and the 
audio system. 

7. Vertical sync pulses reaching 
the AGC line. 

8. Defective B+ filter capacitor 
which allows vertical pulses from the 
vertical system to reach the audio 
system. 

MILTON S. KIVER 
President, Television Communications Institute 

9. Poor design. 

10. Troubles at the transmitting 
station. 

These ten items probably ac- 
count for over 95 per cent of the sync 
buzz heard in television receivers. 
No attempt has been made to list 
these in any order although, as it 
happens, the first one happens to be 
one of the most frequent reasons for 
sync buzz. This fact would become 
increasingly evident to you as time 
went on, because this item would have 
more tally marks next to it than any 
of the other items on this list. 

The method is simple, it re- 
quires very little of your time, and 
it is adaptable to a one-man shop or 
to an entire organization. In large 
firms, each man is usually required 
to fill out a customer -service card; 
and the c a u s e of the trouble will 
appear on it. One man, or even an 
office girl, can then be given a job of 
entering this information on the ap- 
propriate list. 

The completeness with which 
you draw up the list depends upon how 
ambitious you are. For example, if . 

one type of circuit or one manufac- 
turer is particularly prone to one type 
of trouble, by all means make a note 
of it right on the chart. The note need 
not be extensive; simply place the 
name of the circuit or manufacturer' s 
set next to the related item. This 
will keep you on the alert for similar 
trouble in the same circuit and, at 
the same time, place the entire list 
in front of you for quick reference in 
case the cause lies elsewhere in the 
set. 

As long as we are using the 
sound system as our example, we 
can treat other troubles and their 
probable causes in a similar manner. 
Thus, under the heading of "Weak 

* * Please turn to page 59 * * 
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Cover 75% of Your Replacement Needs 
with Just 6 Mallory Vibrators 

You don't need a large inventory 
when you rely on Mallory Vibrators 
for your replacement work. A selec- 
tion of just six Mallory Vibrators 
gives you coverage of 75% of 
your jobs. 

And you can use Mallory Vibrators 
with complete confidence that their 
performance will satisfy you ... and 
your customers. Mallory not only 
made the first commercial vibrator 
but supplies more to set makers than 
all other manufacturers combined. 

You speed selection of the right 
Vibrator for any job when you 
use the current Mallory 
Vibrator Guide. It's your com- 
plete cross-reference and service 
guide. See your Mallory Dis- 
tributor about this handy book 
. .. or write P.O. Box 1558, 
Indianapolis 6, Indiana. 

CAPACITORS CONTROLS VIBRATORS SWITCHES RESISTORS 
RECTIFIERS POWER SUPPLIES FILTERS MERCURY BATTERIES 

APPROVED PRECISION PRODUCTS 
P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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TELEVISION SOUND y 
I 
Part Il 

Several Methods of FM Detection 

Used in Television Receivers 

This is the second part of an 
article which first appeared in the 
May issue of the PF INDEX. Part I 

contained a discussion of the tw o 
basic types of sound IF systems used 
in television receivers, namely inter - 
carrier and nonintercarrier systems. 
The various methods of achieving 
sound take-off were illustrated, and 
the action of limiters was described 
in detail. T h e interstage coupling 
devices employed in sound IF strips 
were pointed out as were other de- 
sign characteristics of the strips. 

Part II begins with a description 
of the principal methods used to 
achieve FM detection in television 
receivers. 

FM Detection 

One of the simplest methods of 
FM detection is commonly called 
" slope detection." Fig. 10-11 shows 
the response curve of a tuned res- 
onant circuit, possibly an IF trans- 
former, with r e l a t i v e amplitude 
plotted against frequency. If the 
FM intermediate -frequency s i g n a l 
is applied and if the circuit is tuned 
to resonance at a frequency slightly 

RESULTANT AMPLITUDE 
___MODULATED ENVELOPE 

FREQUENCY (INCREASING) 

4 -FREQUENCY DEVIATION 
OF FM SIGNAL 

1-4___CEOFNTFM ER 
SIGNALFREQUENCY 

Fig. 10-11. Frequency Demodulation Using 
Slope of IF Response Curve. 

different from the intermediate fre- 
quency, the signal will fall on the 
slope of the response curve. As the 
frequency of the FM signal rises, 
the signal output will increase in 
amplitude; and as the frequency falls, 

Fig. 110-13. Conven- 
tional Foster -Seely 
Discriminator Circuit 
With Vector Dia- 
grams Illustrating 
Principle of Opera- 
tion. 

LIMITER 
STAGE 

Fig. 10-12. Triple -Tuned Discriminator Circuit. 

by PAUL C. SMITH 

the signal output will decrease. Thus, 
we have the output signal varying in 
amplitude in a manner corresponding 
to the frequency variations of the 
input. These amplitude variations 
may then be detected in the usual 
manner by a diode detector. 

Similar results would be ob- 
tained if the other slope of the IF 
response curve were used. Certain 
factors limit the usefulness of this 
method: nonlinearity of the response 
curve introduces distortion, the usa- 
ble portion of the curve is small, and 
the circuit responds to amplitude 
variations in the input. 

* * Please turn to page 33 * 
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CAN YOU HANDLE 

rs &qøRK1'0 
NEXT YEAR . 

G.E. SHOWS YOU HOW-with a field-tested plan 

that has helped hundreds of other TV -radio service 
dealers. Only plan of its kind in the industry ! 

AUTHORITIES 
agree that the normal growth of the 

TV -radio service industry can bring an increase in 
your business next year equal to one extra day's work a 
week. To get your full, profitable share of this new 
business, you need to organize now for top efficiency. 

How to begin, what to do, and how: these questions 
are answered for you in G.E.'s new SUCCESSFUL 
SERVICE MANAGEMENT. It's a complete plan for 
improving and strengthening your methods, with 
accounting, merchandising, and technical helps that 
service dealers from coast to coast have tested and 
found successful. If available commercially, this 
plan would cost you a substantial sum. 

General Electric, however, has made the investment 
in money and research-its purpose, to help you help 
yourself by becoming a better businessman. Know where 
you stand financially! Make every advertising and 
promotion dollar pay ample returns! Stay ahead of 
competition in technical knowledge! You can do these 
things by using SUCCESSFUL SERVICE MANAGEMENT 
to full advantage. See your G -E tube distributor! 
Tube Dept., General Electric Co., Schenectady 5, N. Y. 

GENERAL 

EVERYTHING you need to set up an organ- 
ized and efficient service business is included 
in G.E.'s SUCCESSFUL SERVICE MANAGEMENT. 

You learn step-by-step how to manage your- 

BUSINESS PRACTICES . . Are you sure 
you're making money? ... Accounting 
for the TV -radio service dealer (a com- 
plete course, with all records and how to 
keep them) ... Preparing your income- 
tax return. 

MERCHANDISING ... Why advertise, why 
promote? ... Identification ... Advertis- 
ing ... Direct -mail ... Window and store 
display ... other ways to increase sales. 

TECHNICAL ACTIVITIES . . . TV trouble- 
shooting with an oscilloscope ... Align- 
ment techniques ... U -h -f servicing .. . 

other technical instruction, all detailed in 
its treatment and fully illustrated. 

Plenty of operating examples make it 
easy to understand and apply SUCCESSFUL 

SERVICE MANAGEMENT. Instruction is 
down-to-earth and practical. For the first 
time, you have in compact form both an 
aid to scientific operation of your busi- 
ness, and a guide to healthy future growth. 

. E) 
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COLOR TV 
TRAINING SERIES 

It is advisable for the service technician to have a 
basic knowledge of color principles before studying the 
methods of color reproduction. This is true for the same 
reason that it is desirable to have an understanding of 
the nature of radio waves before considering the methods 
of transmitting and receiving them. For a similar reason, 
a knowledge of the nature of sound waves and the means by 
which they are received by the ear is very helpful in the 
understanding of audio systems. Convinced of the sound- 
ness of this reasoning, we are beginning this training 
series with a discussion of color principles before we 
discuss the technicial aspects of the color television 
system. 

The science and practice of determining and speci- 
fying colors is referred to as colorimetry. The develop- 
ment of the present color television system was greatly 
aided by applying the principles of colorimetry. Since 
the system had tobe designed to reproduce things as they 
are seen in nature, the characteristics of light, vision , 

and color had to be taken into consideration. Therefore, 
the science of colorimetry has been of great importance to 
the color television engineers who contributed to the de- 
sign of the system. 

Colorimetry is a very complex subject. It is not 
necessary to be an expert colorimetrist in order to under - 
stand the make-up of the color picture signal and the way 
in which it is utilized in the color receiver; however, a 
better understanding of the color television system will be 
attained if some of the most important fundamentals of 
colorimetry are known. The principles of color as applied 
to color television are slightly different than those which 
many of us have been taught in connection with other types 
of color reproduction. 

The properties of light and vision should be under- 
stood before studying the principles of color. Light is the 
basis of color, and the eye must be able to convey picture 
sensation to the brain. 

Vision 

The study of light and color embraces the study of 
vision. The way in which the eye sees light and the limits 
of vision should be known before the characteristics of 
light and color are considered. 

Human vision is a dual process occurring partly in 
the eye and partly in the brain. The light output from an 
object stimulates the eye. This stimulation is transferred 
to the brain where it is registered as a conscious 
sensation. 

The structure of the eye is similar in many respects 
to a mechanical instrument. The eye consists essentially 
of a lens system, a variable diaphragm, and a screen. 
The variable diaphragm is the iris of the eye, and the 
screen is the retina. The structure of the eye is shown 
in Fig. 1-1. Light enters the eye through a transparent 
layer called the cornea. The amount of light which is 
allowed to strike the lens is controlled by the contraction 
and expansion of the iris. During a low light level the 
iris expands, and during a high light level it contracts. 

Part I 

COLORIMETRY 
The Science of Determining 

and Specifying Colors 

by C. P. Oliphant 

The light passes through the pupil, which is the aperture 
of the iris, and then through the lens, which is directly 
behind the iris. There the light is broken up and is focused 
to form an image on the back wall or retina of the eye. 
The light on the retina stimulates nerve terminals which 
are called rods and cones. These rods and cones are con- 
nected to the brain by a group of nerve fibers called the 
optic nerve which furnishes the path by which the light 
impulses are transferred from the eye to the brain. 

CORNEA 

IRIS 1 RETINA OPTIC NERVE 

Fig. 1 -1 . Structure of the Human Eye. 

The field of vision covers a wide angle of about 200 
degrees horizontally and 120 degrees vertically. In the 
central region of the field of vision the eye is responsive 
to color and detail, whereas in the outer region it is chiefly 
sensitive to motion. 

The limits of vision are chiefly determined by four 
factors: intensity threshold, contrast, visual angle, and 
time threshold. Intensity threshold is the lowest bright- 
ness level that can stimulate the eye and is very much 
dependent upon the recent exposure of the eye to light. 
When a person enters a darkened room, it takes the eye a 
long time to reach its maximum sensitivity. The required 
time, which is usually about an hour, differs among indi- 
viduals. When a person returns to a lighted area, the time 
it takes for the eye to reach its maximum sensitivity is 
very short, just a matter of minutes. 

Contrast represents a difference in the degree of 
brightness. The limit of vision with respect to contrast 
is the least brightness difference that can be perceived. 
The eye is sensitive to percentage changes rather than to 
absolute changes in intensity. 

As an object is made smaller or is placed at a 
greater distance from the eye, the angle formed by the 
light rays from the extremities of the object to the eye 
becomes smaller. This angle is referred to as the visual 
angle. In order for the eye to respond, the visual angle 
must be such that the image covers a definite area on the 
retina. If this area were decreased in size, a point at 
which the eye could no longer see the object would be 
reached. This principle is used in eye tests in which the 
viewer is asked to read the smallest letters possible. 
Those letters which he cannot read produce on the retina 
an image that is too small to be useful to the eye. The 
minimum visual angld is dependent upon the contrast and 
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5ou cannot pick television 

replacement controls from a tree! 

use... 

It's easy to pick the right television 

replacement control from the Clarostat RTV program. 
Clarostat offers you the most complete line 

of television replacement controls and complete technical data 
to aid you in selecting the right one. 

Get the complete story on the RTV PROGRAM 

from your Clarostat Distributor today! 

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi, Co., Ltd., Toronto 17, Ont. 
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Fig. 1-2. Radiant -Energy Spectrum. 

brightness of the image; for example, an object having 
sharp contrast could be distinguished at a narrow visual 
angle while the same size object having a lower contrast 
might not be visible. The same thing applies to a change 
in brightness in that a very small object can be more 
easily seen at a high brightness level than at a low bright- 
ness level. 

There is a minimum time during which a stimulus 
must act in order to be effective. This is called the time 
threshold. If the exposure interval is too short, the rods 
and cones do not have time to respond to an image on the 
retina. The time threshold is also dependent upon the 
size, brightness, and color of the object. 

Other factors which pertain to the characteristics of 
vision are: 

1. Sensitivity to detail is increased by high contrast, 
sharp edges, and motion. 

2. Straight lines are more readily resolved than curved 
lines. Horizontal or vertical lines are more easily re- 
solved than diagonal lines. 

3. Altering the background of an object changes the 
appearance of the object. A gray object appears lighter 
when it is placed upon a black background. On the other 
hand, it appears darker when placed on a white background. 

Light Sources 

The foregoing has shown how the eye is capable of 
seeing. Let us now discuss the light sources which we 
must have in order that the eye may be able to use its 
seeing facilities. In order to see we must have a source 
of light, just as in the process of hearing, we must have a 
source of sound before we are able to hear. Obviously, if 
sound waves were not present, nothing would be heard. 
So, if a source of light were not present, nothing would be 
seen. 

When we speak of light, we usually think of light 
coming from the sun or the light which is emitted from 
some artificial lighting source such as electrical lighting. 
This type of light is referred to as direct light. Another 
type of light is indirect or reflected light which is given 
off by an object when direct light strikes it. The difference 
between these two types of light is that the indirect light 
is dependent upon the direct light. When light is not shin- 
ing upon an object, light will not be given off unless the 
object contains self -luminating properties. 

Direct light falling upon an object is either absorved 
or reflected. If all of the light is reflected, the object 
appears white. If the direct light is entirely absorbed, 
the object appears black. The larger the amount of light 
that is reflected by an object, the brighter the object will 
appear tothe eye. In addition, the more intense the direct 
light source, the brighter the object will become. This 
can be demonstrated by casting a shadow upon a portion 
of an object and noting the difference in brightness of the 
two areas. The portion without a shadow will, of course, 
appear brighter. 

Light is one of the many forms of radiant energy. 
Any energy that travels by wave motion. is considered 
radiant energy. Classified in this group along with light 
are sound waves, X-rays, and radio waves. 

As shown in Fig. 1-2, light which is useful to the 
eye occupies only a small portion of the radiant -energy 
spectrum. Sound is located at the lower end of the spect- 
rum, whereas cosmic rays are at the upper end. Light 
falls just beyond the middle of4the spectrum. Along the 
top of the spectrum illustrated in Fig. 1-2 is the fre- 
quency scale, and along the bottom is the Angstrom -unit 
scale (10-8 cm). Wavelengths in the region of light may 
be designated in microns (1 micron = 10-4 cm). These 
units are also shown along the bottom of the spectrum in 
the illustration. Light is made up of that portion of the 
spectrum between 400 and 700 millimicrons. 

When all wavelengths of the light spectrum from 
400 to 700 millimicrons are presented to the eye in nearly 
equal proportions, white light is seen. This white light is 
made up of various wavelengths which are representative 
of different colors. This composition can'be shown by 
passing light through a prism, as shown in Fig. 1-3. The 
light spectrum is broken up into its constituent wave- 
lengths, with each representing a different color. The 
ability to disperse the light by a prism stems from the 
fact that light of shorter wavelengths travels slower 

Fig. 1-3. Dispersing Light With a Prism. * * Please turn. to page 39 * * 

June, 1954 - PF INDEX 11 



WILLIAM SCHOOLEY, owner 
SCHOOLEY TELEVISION SALES & SERVICE 

3019 W. 111th Street 
Chicago, Illinois 

"I like my customers to know I'm the dependable 
CQS service -dealer they read about in the big 
magazines like LIFE and the POST. So I make 
sure they do ... by using the CQS Clocks, Signs, 
Decals, etc., available to any service -dealer." 

"Here's proof the 
CQS Plan can really 

help your business" 
"SEE HOW IT WORKS FOR ME ..." 

"CBS-Hytron is running advertisements like these in 
LIFE. Maybe you've seen them and noticed they 
really do a selling job for us service -dealers. Well, I'm 
one service -dealer who is cashing in on a plan that's 
tailor-made for me." 

"Take my word for it. Here's a plan that's 
so simple ... so sound that any service - 
dealer is missing a real bet, if he doesn't tie 
in ... and cash in. The boost that CQS has 
given my business proves it." 

GET YOUR Certified QUALITY SERVICE TAGS...imprinted with your 
name and address. Use them on every job. Get your big, new CQS CBS -Star 
Kit. It contains: 
A. Six smashing, colorful CBS -Star stream- B. New colorful inside/outside CQS decal. 

ers. Each features a different CBS -TV 
star: Benny ... Burns and Allen .. . 

Gleason . Godfrey ... Murrow .. . 

and Marie Wilson. Each streamer is a 

different size and shape. Each one sells CBS -STAR KIT IS FREE with your order 
the Star Performance of your Certified for CQS Tags ... Kit alone, 254. 
Quality Service. 

Manufacturers of 
Receiving Tubes Since 1921 

C. Business Builders Catalog showing the 
many hard-hitting sales aids available 
to you. 

Ask your distributor salesman for 
special offer. 

CBS-HYTRON Main Office: Danvers, Mass. 

A Division of Columbia Broadcasting System, Inc. 

A member of the CBS family: CBS Radio CBS Television 
Columbia Records, Inc. CBS Laboratories CBS -Columbia and CBS-Hytron { 

"So, I'm using the CQS Tags on every job. 
Many of my customers now ask for them. 
They like the Tag's lay -it -on -the -line certi- 
fication. Since December, I've ordered 
three lots of Tags ... 500, 1000 and 2000." 

"Look at the 'sell' of these new CQS Streamers! Get 
aboard this CQS plan. It can do just as fine a job 
for you as it is doing for me. Take a tip. Find out 
today the facts about CQS. Prove to yourself that 
CQS can build up your business, too." 

HOW TO GET: 
... Your CQS Tags 
... Your CBS -STAR Kit 
See your CBS-Hytron distributor today. He 
has a special offer for you. Or order direct 
from CBS-Hytron, Danvers, Mass. 

Either ... CBS -Star Kit free with CQS 
Tags @ $2.25, 250; $3.50, 500; $6.00, 1000 

Or ... CBS -Star Kit only @ 25f, for 
handling and mailing 

Be sure to include your 3 -line imprint (print legibly, 

please) for CQS Tags. Send cash, check, money 

order ... no COD.',. 
J 
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TEST EQUIPMENT 

Presenting Information on Application, 

Maintenance, and Adaptability of 

Service Instruments 

Convergence Adjustments with 
the Hickok 650C Videometer 

Certain adjustments in setting 
up a color TV receiver for proper 
operation are made easier through 
the use of a white -dot signal such as 
that provided by the new Hickok 650C 
videometer. The adjustments we re - 
fer to are the static and dynamic 
convergence adjustments. 

Before making these conver- 
gence adjustments, any preliminary 
adjustments such as high voltage, 
color purity, .and focus should have 
been made. T h e manufacturer' s 
instructions should be followed as 
closely as possible with respect to 
the order and manner of all adjusting. 

The structure of the color tube 
using the three -gun, shadow -mask 
principle (the color tube considered 
in this article) has been the subject 
of recent articles in this and other 
publications, so no detailed explana- 
tion of this structure will be offered 
here. For proper operation of the 
color tube, the three electron beams 
(one for each gun) must be made to 
pass through holes in the shadow 
mask at a precise angle. When con- 
trolled in this manner, the three 

Fig. 1. A 300 -Ohm Terminating Network. 

beams strike three adjacent dots on. 
the tube face - a red, a green, and a 
blue phosphor. If the beam intensities 
of the three guns are of the proper 
proportions, the resultant red, green, 
and blue lights are blended in the eye 
of the observer and a sensation of 
white light is experienced. 

In order to effect this conver- 
gence, several controls or adjust- 
ments are provided. The nomen- 
clature applied to these adjustments 
may vary slightly with different 
manufacturers; but for the receiver 
under consideration, they are as 
follows: 

DC convergence. 

Beam -positioning magnets. 

Vertical -dynamic -convergence 
amplitude. 

Vertical -dynamic -convergence 
phase. 

Horizontal -dynamic -convergence 
amplitude. 

Horizontal -dynamic -convergence 
phase. 

The first requirement for con- 
vergence adjustment is a stead y 
signal source for producing white 
dots. The Hickok 650C videometer 
is such a source. When it is properly 
applied to a normal black -and -white 
TV receiver, a pattern of regularly 
spaced white dots is obtained. The 
same white -dot pattern on a color 
TV receiver indicates proper con- 
vergence adjustment.. 

The 650C videometer should 
be connected to th e antenna input 

by Paul e. S'mith 

terminals of the color receiver, pre - 
ferably through a matching pad such 
as the Hickok Type 75. If the Type 75 
pad is not at hand, the termination 
network diagrammed in Fig. 1 may 
be used. The receiver and video - 
meter should be set to any channel 
not received locally and the receiver 
tuned for best dot definition. 

Adjustment of the DC conver - 
gence control varies the voltage 
applied to the No. 4 or convergence 
grid of the color tube. This affects 
the positioning of the three beams in 
the manner indicated in Fig. 2. In 
this diagram, the dotted arrows in- 
dicate movement obtained through 
adjustment of the DC convergence 
control; the solid lines indicate 
movement obtained through adjust- 

* * Please turn to page 72 * * 

} 

Fig. 2. Movement of Dots During Adjust- 
ment of the Beam -Positioning Magnets and 
the DC Convergence Control. 
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...AND WARD'S PEAK PERFORMANCE 

GIVES YOU THE "LION'S SHARE" OF THE 

REPLACEMENT MARKET! 
The replacement market for TV antennas is BIG ... and for Ward Dealers 
it's EXTRA BIG! Yes, thanks to the smartly styled new Tele -vane TV antennas, 

Ward dealers are replacing, not only worn-out antennas, BUT OLD STYLE, 

CUMBERSOME antennas, even though still serviceable. Ward Tele -vane 
TV antennas SELL ON SIGHT because they ADD BEAUTY to the home! 

And Ward's precision engineering and top-quality construction assure 

complete satisfaction. 

MORE PROFIT -DOLLARS PER SALE! 
Extra profits ... extra DOLLARS in YOUR cash register ... are YOURS 

when you sell Ward Tele -vanes. 

WARD HELPS YOU SELL! 
A power -packed promotion ... ads in national magazines, coupled with 

well planned, effective dealer aids make these beauties the easiest of all 

to sell. Write for complete information. 

WARD 

DUD10f1-IVAIIE 

WORD 

etvneir'tº:eamo. 

YAGI 

Ward Dymon-vone Conical 
is designed for effective recep- 
tion on VHF Channels 2 through 
13 in areas where relatively 
strong signal strength is avail- 
able. Pre -assembled for easy 
installation. 

Ward Circle -vane Yogi is a 

ten element double driven VHF 
antenna designed for use on 
channels 2 through 6 in areas 
where gain and directivity pat- 
tern are important. Ideal for 
difficult fringe area installation. 

WAR 
PRODUCTS CORP_Ï 

DIVISION OF THE GABRIEL COMPANY 

1148 Euclid Ave., Cleveland 15, Ohio 
Canadian Distributor: ATLAS RADIO CO., LTD., TORONTO, CANA' 
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HORIZONTAL 

Part II 

Operation of 
The Pulse -Width 

System 

The previous issue of the PF 
INDEX contained the first in a series 
of articles designed to cover the 
various methods of automatic f r e - 
quency control of the horizontal 
sweep oscillator in television re- 
ceivers. To continue this series, we 
shall now cover the second most 
commonly used system, namely, the 
synchroguide or pulse -width control 
system. A typical circuit is illus- 
trated in the schematic of Fig. 8-8. 
Waveform numbers on the schematic 
identify points at which significant 
waveforms can be observed. T h e 
operation of the system may be 
explained through an analysis of these 
waveforms and the phase relationships 
between them. 

The connection of the equipment 
for this analysis was given in the 
previous installment, but it will be 
repeated here for the convenience of 
the reader. In order to provide a 
suitable means of comparison between 
the various waveforms, the oscil- 
loscope was synchronized externally 
with the saw -tooth voltage which is 

AFC 

ircuits 

present at the grid of the horizontal - 
output tube. A 500,000 -ohm resistor 
was included in series with th is 
external sync connection so that re- 
ceiver operation would not be dis- 
rupted by loading of the circuit. By 
synchronizing the scope in this manner 
and by maintaining the frequency and 
amplitude of the horizontal sweep of 
the scope at constant values, we have 
shown all the waveforms with refer- 
ence to approximately the same time 
base. Then, by placing associated 
waveforms one above the other, any 
change in either the frequency or the 
phase of these waveforms is made 
apparent. In addition, an isolation 
probe was used to prevent the input 
capacitance of the scope from af- 
fecting the receiver performance. 
There is a note of warning for the 
r e ad e r desirous of following the 
analysis by direct observation of the 
waveforms. The waveform W8 'which 
is pictured, originates at the plate of 
the damper tube and may have an 
amplitude of 1,000 volts or more. 
This will damage the oscilloscope 
unless a capacitive type of voltage 
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PLATE 
OF 
DAN/PER 

OUTPUT 
GRID 

by William E. Burke 

divider is used to reduce the voltage 
to a safe value. 

The normal operation of any 
television receiver presupposes that 
the horizontal oscillator is operating 
properly; hence, its operation will 
be considered first. Normal operation 
of the oscillator in turn implies that 
some means of frequency control 
must be in effect; thus, the AFC tube 
is secondary to the oscillator. 
Furthermore, the AFC tube requires 
a directing signal for its action, and 
the sync pulse provides this direction. 
The foregoing provides the basis for 
the order of explanation for the various 
functions. 

Oscillator. 

The horizontal oscillator, rep- 
resented as V2 on the schematic of 
Fig. 8-8, is a modified form of block- 
ing oscillator. It also incorporates 
the discharge function without the use 
of a separatedischarge stage. 

The operation cycle can be 
described by beginning at the instant 
when plate voltage is first applied. 
Since the grid voltage must begin at 
zero, plate current will flow in the 
tube. This current will also f 1 ow 
through Ll; and, by virtue of the 
changing magnetic f i e Id, a voltage 
will be induced into L2. Coil L2 is 
connected so that the induced voltage 
is positive on the grid when the plate 
current is increasing. The positive 
grid voltage will rapidly drive the 
plate current higher which will, in 
turn, drive the grid voltage more 
positive. This action continues until 
a point near saturation is reached, 
at which time the rate of plate -current 
increase is lessened. This in turn 
reduces the induced voltage on the 
grid which further slows the increase 
of plate current. This action is 
cumulative and ends with the plate 

Fig. 8-8. Schematic of Synchroguide AFC System. 
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WHEN THE 

BONDED 
ELECTRONIC TECHNICIA 

e06, fie G di 
Customer confidence in you and your way of doing business 
is the greatest single business asset you can have. The 
RAYTHEON Bonded ELECTRONIC TECHNICIAN pro- 
gram, now in its 10th year, has helped and continues to help many 

. E 'R E e thousands of Radio and Television service dealers break down the bar - 
°c rier of public mistrust. And in so doing increases the volume and profit 

of these Raytheon Bonded Technicians. 

Ask your Raytheon Tube Distributor if you can qualify for this priceless 
sales asset. If you can, the program costs you not one cent, it's 
Raytheon's investment in your future. 

RAYTHEON MA ING COMPANY 
eceivi be Divisio 

ewton, Mass., Chicago, Ill., Atlanta, Ga., Los Angeles, C 
ESE: 

aaYTH Eo 

RECETURE TUBES RELIABLE SUBMINIATURE AND MINIATURE TUBES SEMICONDUC 
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PART II 

Composite Color Signal 
Modulation Levels 

Before continuing with o u r 
discussion of TV Colormath, let us 
review briefly the conventional mono mono- 
chrome hr transmission levels. See 
Fig. 7. 

The video -volts scale on the 
studio monitors is shown at the left 
in Fig. 7A. Note that the one -volt 
video includes the 10 per cent setup 
level between reference black (maxi- 
mum picture black) and the blanking 
level. To the right is shown the cor- 
responding depth of modulation of the 
video carrier. Reference white (max- 
imum picture white) at the studio 
corresponds to 12.5 per cent ±2.5 
per cent of the maximum carrier. 
Thus, a minimum carrier is estab- 
lished so that cutoff of the carrier 
does not occur. Very few trans- 
mitters are linear below the 12.5 per 
cent point, and operation below this 
point would result in brightness dis- 
tortion. Most important, carrier cut- 
off results in severe audio buzz in 
some intercarrier receivers because 
of the momentary loss of the 4.5 -mc 
beat upon which the intercarrier 
action depends. This may be termed 
the "white setup level." When we 
speak of setup level at the trans - 

by HAROLD E. ENNES 

The Mathematical Foundations Upon 

Which the Color TV System Operates 

mitter, we normally refer to t h e 
difference between reference black 
and the blanking level, since this ratio 
is consistent for all scenes whereas 
amplitude of white varies between 
scenes. For good brightness repro- 
duction at the receiver picture tube 
(Fig. 7B), the cutoff bias may be ad- 
justed by means of the brightness 
control to reference -blank level. So 
long as the proper setup is observed 
at the transmitter, background bright - 
ness in the receiver will remain 
consistent with the transmitted scene. 
Constant setup level also minimizes 
brightness variations in receivers 
not using DC restorer circuits. 

Fig. 7C shows the modulation 
levels of the composite color signal. 
Since only modulation levels are being 
considered at this time, no attempt 
has been made to show phase angles 
of the color carrier. The color lumi- 
nance levels for the luminance carrier 
are shown in solid lines at steps cor - 
responding to the individual brightness 
levels of the color bars. The values 
shown are for color bars of maximum 
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REFERENCE 
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I VOLT 
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BLACK - 
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-0 4 
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11111.1111111111111.111.. 
TRANSMITTED BARS 

... imimam 
lain.O MINIMUM ii 125-}CARWÉR 

111111111111.1.1111 LEVEL ) 

azzuagainnum "I "1, 
a 

mommmaSUCK 

.1111MMIll LEVEL BLANKING 
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11111....1111111 11 100 
AI 

MAX BEAM CURRENT 
(WHITE) 

IDEAL CUT OFF 
LEVEL OF 
PICTURE -TUBE 
BEAM CURRENT 

B) 

Fig. 7. Levels of Modulation and Picture -Tube Beam Current for Monochrome Signal. 
(A) Video Volts and Corresponding Depth of Modulation for a Monochrome Signal. 
(B) Corresponding Picture -Tube Beam Current. 

saturation. The dotted arrows show 
the maximum excursion of the color - 
carrier level for each of the colors 
indicated. The amplitude of the car- 
rier would be lower for desaturated 
colors of the same hue. 

Note that at maximum bright- 
ness levels, the carriers representa- 
tive of highly saturated blues and reds 
extend into the sync region and that 
the carrier for highly saturated yel- 
lows extends below carrier cutoff. 
This situation results in a certain 
amount of clipping of signals from 
color bars; however, such high satu- 
ration is seldom met when televising 
actual scenes. 

Note an important difference in 
the video -volts scale from that in 
Fig. 7A. For this example we have 
chosen an operating practice where 
one -volt video or reference white 
results in 15 per cent modulation of 
the carrier. This varies in practice 
from 10 to 15 per cent. The setup 
level shown is 10 per cent and may 
vary in practice from 5 to 10 per cent. 
The resulting luminance levels and 
the amount of clipping for saturated 
blues, reds, and yellows depend upon 
which operating practice is followed. 
A difference in operation may be 
noticed on a receiver when it is being 
switched between two stations which 
follow opposite extremes of the afore - 
mentioned ranges, if the controls are 
left fixed. 

The video -volts scale (Fig. 7C) 
is arranged to start at reference 
black rather than at the blanking level, 
as in Fig. 7A. If this were not so, 
then blue,which contributes only 0.11 
luminance volt, would be swallowed 
up in picture black. As it is, blue 
reproduces on a monochrome receiv- 
er a shade of gray only perceptibly 
lighter than black. Red reproduces 
lighter gray, green still lighter, and 
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AMPHENOL installation -proved VHF and UHF 

television antennas are the first choice of dealers, 

servicemen and distributors because they are 

easy to sell. Viewers choose AMPHENOL antennas 

for the very good reason of better picture quality, their 

assurance of viewing satisfaction. 

411 

Flat Twin -Lead 

AIR -CORE 

Tubular Twin -Lead 
(U.S. Pat. No. 2,543,6961 

New AMPHENOL Trisonet, Isonet and 
Tele -Couplers utilize the same attractive 

case design. 

Lightning Arrestor 

INLINE 

Reissue U.S. 
Pot. No. 23,273 

Conical 

Stacked -V Bo-ty 

Corner Reflector 

Rhombic 

AMPHENOL television accessories are designed by 

skilled engineers with years of experience in electronics. 

Each installation accessory, whether it is the new 

Lightning Arrestor, new Tele -Couplers, or any other 

part, operates at peak efficiency because of 

AMPHENOL quality -designing. 

AMERICAN PHENOLIC CORPORATION 

AM PH E NO' chicago 50, illinois 



Chrominance Modulation 
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Fig. 7C. Composite Color Signal (EM) Levels. 

yellow at maximum brightness re- 
produces almost white in a mono- 
chrome receiver. 

It should be realized that the 
ratio of the color -carrier amplitude 
to luminance amplitude depends upon 
the particular color being transmitted. 
For example, since blue has only 0.11 
in Y and 0.89 in B - Y, it will always 
have a higher ratio of color -carrier 
amplitude to luminance amplitude 
than the other primaries. 

All primary color channels at 
the transmitter and in the receiver 
are DC set. It may be seen that, 

since the luminance carrier supplies 
the respective brightness levels to 
the color channels, the practice of 
establishing a DC setting for the 
luminance level is also highly im- 
portant in order to avoid either dilu- 
tion or oversaturation in c o l or s. 
Therefore, DC restorers are critical 
and a must for good color receivers . 

The R - Y and B - Y signals 
are automatically transformed into 
transmission primaries by placing 
them in quadrature in the I and Q 
modulators. This simply means that 
the R - Y signal leads the B - Y sig- 
nal by 90 electrical degrees. 

TO STATION 
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Sync and blanking pulses are 
generated in the conventional sync 
generator at the studios. The differ- 
ence from conventional monochrome 
transmission lies in the practice of 
driving the sync generator from cir- 
cuits which count down from the 
color-subcarrier generator. This 
locks the chrominance- and lumi- 
nance -control pulses into an integral 
relationship. 

Fig. 8A illustrates this pro- 
cedure in block form. The output of 
the sync generator supplies all term- 
inal driving pulses and composite 
transmitted pulses as in conventional 
practice. In addition, the H and V 
pulses drive a color -sync -burst gate 
which keys the color sync burst ON 
for a short duration during the time 
of the H back porch, and OFF for 9H* 
during the vertical interval. Note 
that the color -sync -burst amplifier 
is fed directly from the subcarrier 
oscillator. The color burst is also 
gated OFF during monochrome 
transmission. 

The subcarrier oscillator also 
feeds the phasing circuits to derive 
the I and Q driving signals. The net 
result is that the color sync burst 
leads the I and Q channels which are 
in quadrature. This allows the syn- 
chronous demodulator in the receiver 
to use the sync burst as a reference 
from which to decode separately the 
information in the I and Q channels. 

We are now in a position to see 
the formation of the actual transmis- 
sion primaries. The B - Y and R - Y 
signals were modified in amplitude 
in the I -Q matrixer as: 

I = -0.27 (B - Y) + 0.74 (R - Y) (6) 

Q = 0.41 (B - Y) + 0.48 (R -Y) (7) 

Each contains both R - Y and B - Y. 

From Fig. 8A, we see that the 
I and Q signals will be 90 degrees 
apart because the drive frequencies 
of the I and Q subcarrier are phased 
in quadrature. The I components lead 
the Q components by 90 degrees. Let 
us see what happens to the color - 
difference signals which form the I 
and Q channels. First, let us consider 
the R - Y component. 

Observe section 1 of Fig. 8B. 
The I channel, which contains 0.74 of 
R - Y, leads the Q channel, which has 
0.48 of R - Y, by 90 degrees. (See 

* * Please turn to page 53 * * 

Fig. 8A. Generation of 1 and CI Drive Signals. 
H is the duration of one line, or 63.5 micro- 

seconds. Therefore, 9H is 9 lines. 
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SUPER - PERFORMANCE 
,,,THAT ffTHATCOSTSMOE NO ...:: 

.. - 
i I 

. 

MAKE THE SCREEN TEST! 

Measure the space between 
reflector elements of any other 
big screen antenna. 

Note that the TRI -KING has 
closer spacing between reflector 
elements for improved per- 
formance. The TRI-KING's 
element spacing is the proven 
maximum for a full 1/10 wave 
length. 

SUPER 
TRI -KING 

Model 
TK1800 

WIND TUNNEL TESTED to exact- 
ing aircraft standards. Test results 
prove that a full size TRI -KING an- 
tenna can withstand 30Ç higher wind 
velocities than any other large screen 
antenna. 

ORDER NOW - IMMEDIATE DELIVERY! 

Model TRI -KING 

TK1500 

Super TK1800 

List Price 

$44.50 
$52.95 

Model TK 1500 
(Also available in single bay) 

CLEAR BEAM'S Ting-Kiivo 
Potent Applied For 

POSITIVE GHOST REJECTION! Clear Beam proudly an- 

nounces the new TRI -KING, combining for the first time 

a Radar -type reflector screen with the improved TRI -KING 

dipole assembly. A real champion with many Clear Beam 

features including rugged, quality construction and Quik- 
Rig assembly that outsells all other big screen antennas. 

Sold on a money back guarantee. 
WRITE FOR COMPLETE INFORMATION TODAY 

Clear Beam Antenna Corp. 

100 PROSPECT AVENUE . BURBANK, CALIFORNIA 
THornwall 2-4886 Victoria 9-2141 

WAREHOUSES IN: San Francisco Portland Seattle Chicago Kansas City Detroit Dallas Baltimore 
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St401.64449 
DESIGN FEATURES 

by DON R. HOWE 

CROSLEY MODEL G-17TOMH 
CHASSIS 426 

The Crosley Model G-17TOMH 
shown in Fig. I incorporates several 
features which depart from the con- 
ventional construction employed in 
most television receivers. The first 
feature that becomes apparent upon 
examination of the receiver is its 
compact size and light weight. It may 
also be seen from the photograph in 
Fig. 1 that there are no operating 
controls present on the front of the 
cabinet. 

If the cabinet is removed from 
the base assembly, it will be noted 
that the chassis is mounted vertically. 
This is readily apparent by referring 
to Fig. 2 which is a photograph of the 
cabinet partially removed from the 
chassis. The normal operating con- 
trols which consist of Vertical Hold, 
Horizontal Hold, Off -On Switch, 
Volume, Contrast, Station Selector, 
and Fine Tuning are available on the 
side of the cabinet. These controls 
are visible in Fig. 1. 

The picture tube is mounted in 
such a manner that the neck of the 
tube projects through the chassis. 
With this arrangement, the deflection 
yoke is mounted directly on the 
chassis. The elimination of the bulky 
brackets which usually support the 
yoke contributes to an over-all re- 
duction in the weight of the receiver. 

Fig. 2. The Crosley Model G-17TOMH With' 
the Cabinet Partially Removed. 

The end effect of the physical 
arrangement used in this receiver is 
to produce a unit of minimum size 
and weight for the picture tube em- 
ployed. Its small size does not con- 
stitute the only advantage of this re- 
ceiver from the standpoint of the 
service technician. A removable rear 
panel provides access to the tubes; 
and because of the vertical placement 
of the chassis, all tubes are within 
easy reach. Replacement of the tubes 
in their respective sockets is facili- 
tated by the fact that the tube sockets 
are within view. The tube complement 

VERTICAL HOLD 

HORIZONTAL HOLD 

OFF -ON VOLUME 

CONTRAST 

FINE TUNING 

CHANNEL SELECTOR 

of the VHF version of this receiver 
consists of 15 tubes, including t h e 
picture tube. 

When it becomes necessary to 
perform additional service on t h e 
receiver, the cabinet may he lifted 
from the base assembly to expose 
the chassis completely. See Fig. 3. 
This system is also convenient when 
it is desirable to clean the face of 
the picture tube. 

A word of caution is in order 
at this point. In this receiver, one 
side of the AC line is connected to 
the chassis. This fact should be kept 
in mind when servicing this set so 
that shock hazards may be avoided, 
preferably by the use of an isolation 
transformer. 

Tuner 

A turret type of tuner is used 
in the Crosley Chassis 426. This 
tuner provides selection of any one 
of the 12 VHF channels. The RF 
amplifier is a 6BC5 pentode providing 
high gain. The bias on this stage is 
controlled by the application of AGC 
voltage to the grid. The output of 
the RF amplifier is coupled to the 
grid of one triode section of a 6J6. 
This section is employed as the mixer; 
the other section of the 6J6 is the 
oscillator. The output of the mixer 
at the IF is coupled to the grid of a 
6CB6 IF amplifier. 

Fig. 1. The Crosley Model G-17TOMH Television Receiver. Fig. 3. The Crosley Chassis 426. 
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BUSS FUSES 
can help you build 

CUSTOMER 
SATISFACTION 

Manufacturers and service organizations know from 
experience that BUSS fuses won't let them down. 
For over 39 years, under all service conditions, BUSS 
fuses' have given dependable electrical protection. 

Rigid quality control is the reason for "trouble -free" 
BUSS fuses. Every BUSS fuse normally used by the 
electronic industries is tested in a sensitive electronic 
device that rejects any fuse not properly constructed, 
correctly calibrated and right in all physical dimen- 
sions. 

So for the finest possible electrical protection, turn 
with confidence to BUSS fuses. The fuse that can be 
relied on to protect when there is trouble in the cir- 
cuit. The fuse that eliminates those needless blows, 
which otherwise could be so annoying to your cus- 
tomer. 

And there is another reason it pays to standardize on 
BUSS fuses. You can simplify your buying, stock han- 
dling and records by using BUSS as the one source 
for fuses. The line is complete: - standard type, dual - 
element (slow blowing), renewable and one-time 
types ... in sizes from 1/500 ampere up. 

Let BUSS fuses help protect your profits. Why take a 
chance on a part so small but so important as a fuse? 
Faulty fuses can cause endless trouble -- if your cus- 
tomer "kicks" there is likely to be a costly, time - 
wasting "call-back" or replacements. So rely on BUSS 
fuses ... that are made to protect - not to blow. 

N E W Complete 

TELEVISION 
FUSE LIST 

Shows proper fuse to use 

How fuse is mounted 

What fuse protects 

SEND TODAY FOR YOUR FREE COPY! 

Makers of a 

complete line 
of fuses for 
home, farm, 
commercial, 
electronic & 

industrial use. 
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UHF is also available in this 
series of Crosley receivers. Three 
additional controls are provided for 
operation of the UHF converter unit. 
These controls are the UHF channel 
selector, the fine tuning, and the VHF - 
UHF function switch. The converter 
portion consists of a 6T4 oscillator 
and a 6BK7A IF amplifier. A 1N82 
crystal diode is used for mixing. 

When the function switch is 
placed in the UHF position, voltage 
is applied to the plates of the tubes 
in the UHF converter. At the same 
time, the output of the converter is 
switched to the input of the VHF tuner. 
The system employs the double - 
conversion method in which the UHF 
signal is reduced to a VHF signal and 
amplified. Then it is reduced to the 
IF by the second conversion process 
in the VHF tuner section. 

A rather unique method is used 
for obtaining filament voltage for the 
tubes in the converter. An auto - 
transformer placed across the AC 
line is provided with a tap for the 
filament line. This circuit is shown 
schematically in Fig. 4. 

Limited coverage of the UHF 
c ha n n e l s is possible by installing 
strips in the VHF tuner rather than 
by using the UHF -tuner subchassis. 

Video IF Stages 

The first two stages of IF am- 
plification utilize 6CB6 pentodes. 
The gain of these two stages is con- 
trolled by the AGC voltage applied to 
their grids. The plate circuit of the 
second IF stage contains an absorption 
trap tuned to the sound carrier of 
21.9 mc. Transformer coupling is 
used throughout the IF strip. The 
pentode section of a 6AM8 serves as 
the third amplifier with its output 
transformer coupled to the vide o 
detector. 

The 6AM8 contains a diode 
section and a pentode section. Sepa- 
rate cathodes are provided for each 
section. Since this tube is relatively 
new , a base diagram is shown in 
Fig. 5A. 

2 

4 

6AM8 
A 

6AN8 

Fig. 5. Base Diagrams of the 6AM8 and the 
6AN8. 

Video Detector and Amplifier 

The video detector is the familiar 
diode type utilizing one section of the 
6AM8. The signal from the IF strip 
is applied to the cathode. The plate 
of this tube is returned to ground 
through a 5.6K -ohm resistor. The 
voltage developed across this resistor 
by the conduction of the detector is 
used as the AGC voltage. The level 
of this voltage will therefore be de- 
pendent upon the strength of the signal 
applied to the detector. 

Video amplification is accom- 
plished by the pentode section of a 
relatively new tube, the 6AN8. The 
6AN8 contains a medium -mu triode 
and a sharp -cutoff pentode. The high 
transconductance of the pentode 
section makes it very suitable for 
application as the video amplifier. 
The triode section of this tube is used 
as the sync clipper in this receiver. 
Each section of the tube has a sepa- 
rate cathode. The base diagram of 
the 6AN8 appears in Fig. 5B. 

The composite video signal in 
the output of the video -amplifier stage 
drives the cathode of the 17HP4 picture 
tube. 

Sound System 

A transformer in the plate of 
the video amplifier couples the 4.5 -me 
sound signal to the sound IF amplifier. 
The signal is then transformer coupled 
to a 6BN6 gated -beam discriminator. 
A buzz control is contained in the 
cathode circuit of the 6BN6. The 
resultant audio signal is fed to the 
output stage which utilizes a 25L6GT. 

Sync System 

A composite video signal from 
the plate circuit of the video amplifier 
is fed to the grid of the sync clipper. 
The clipping action is such that only 
the sync pulses appear in the plate 
circuit of this stage. The sync pulses 
are fed to a sync amplifier by means 
of an RC coupling network. The out- 
put of the amplifier feeds sync pulses 
to the horizontal -sweep section and 
to the vertical -integrator network. 

Vertical -Sweep System 

The pulses from the integrator 
are fed to the grid of the vertical - 
blocking oscillator. The vertical -hold 
control is connected from this grid 
to ground. The pulse from the blocking 
oscillator is directly coupled to the 
grid of the vertical -output tube. This 
stage contains a height control in the 
grid circuit and a linearity control in 
the cathode circuit. The height control 
is a five-megohm potentiometer with 
a one -megohm stop. T h e stop is 
provided in order to prevent reduction 
of the resistance to a value below 
one megohm. The sweep voltage in 
the plate circuit of the vertical -output 
tube is applied to the ver tical - 

* * Please turn to page 69 * * 

SOUND IF 

¡6U8 

AUDIO OUTPUT 

25L6GT 

J 
1150V 

lli1 
17HP4 I 

LOAD 

3RD VIDEO IF 2ND VIDEO IF 

¡6AM8 6CB6 

LOAD }- ---{ LOAD H 

IST VIDEO IF 

6CB6 

LOAD 
SYNC CLIPPER SYNC AMP 

¡6AN8 16U8 

Fig. 4. A Schematic of the Filament String in 
the Crosley UHF -Converter Subchassis. 

Fig. 6. Simplified Schematic of the Voltage -Distribution System Associated With the 
Audio -Output Tube in the Crosley Chassis 426. 
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':..and all I did was install a 

antenna 
p (u 

'S J 

Buyers are getting wiser. The 
quality of their TV reception is 

your responsibility ... and 
they'll hold you to it ! For your 
protection, sell and install 

WALSCO, the finest antennas 
ever built for VHF and UHF. 

` 
WALSCO IMPERIAL CONICAL (all -channel VHF) 

Featuring the new, exclusive 
"Barrier Disc" Insulator to prevent 

shorts and maintain lasting high gain 
performance anywhere. Designed for 

color as well as black and white. 
Not affected by dirt, moisture, salt 

... will not rust. Stainless steel 
hardware prevents corrosion losses 

permanently. Pre -assembled ... 
guaranteed 3 years! 

Single Bay . .. only $9.95 List. Also 
available in Dual and 4 Bay Stacks. 

aQoa QOQPOQpQ00a 

WALSCO CORNER REFLECTOR (UHF) 

No other UHF antenna so effectively 
combines all three ... (1) extra 
high gain; (2) all -channel reception; 
(3) sharp vertical and horizontal 
directivity. Features the hollow, 
unbreakable X-77 Insulator... 
silicone treated to shed dirt and 
moisture ... not affected by extreme 
heat, cold or wind. 
Single Bay ... $10.95 List. Also 
available in 2 and 4 Bay Stacks. 

3602 Crenshaw Boulevard, Los Angeles 36, California 
Overseas Oistr.betor: Ad Auriema, Inc., 89 Broad St , New York 4, N.Y. 

Branch: 315 West Walton, Chicago, Illinois 

Canadian Facto? Distributer: Atlas Radio Corp., Ltd., 560 King St. West, Toronto 2B. 



In the Interest of .. . 

Quicker Servicing 
by HENRY A. CARTER 

Video Detectors 

As a general rule, troubles 
originating in the video detector can 
be traced to that portion of the cir- 
cuit without too much difficulty. This 
may be done in various ways, depend- 
ing upon the symptom. 

The symptom most often en- 
countered in the case of video -detector 
trouble is complete loss of video; 
and if the set is an intercarrier type, 
the sound may also be lost. The trou- 
ble producing this symptom can 
quickly be located by employing the 
scope as a signal tracer. The pro- 
cedure is to start at the driven ele- 
ment of the picture tube and to work 
toward the front end of the set until 
a signal is found. The last stage to 
show no signal is the one on which to 
concentrate attention. 

When the trouble proves to be 
originating in the detector stage, it 
is always a good idea to substitute 
the diode before checking anything 
else. If the set employs a diode tube, 
the chances are that it may already 
have been checked prior to the signal - 
tracing operation. However, it will 
not hurt to try it again. Failures of 
components other than the diode are 
rare in the video -detector stage be- 
cause of the low voltage encountered 
in this circuit. The only component 
of the circuit with a large voltage 
applied to it is usually the coupling 
capacitor (C2 in Fig. 1) from the 
plate of the last video IF amplifier. 

Fig. 1. Typical Video- DetectorCircuitUsing 
a Germanium Diode. 

At this point, it may be interest- 
ing to take a typical video detector 
and find out what happens to the pic- 
ture and sound as each component 
opens up or becomes shorted. The 
circuit that we willuse for these tests 
employs a germanium diode and may 
be seen in Fig. 1. The various trou- 
bles and their associated symptoms 
are as follows: 

Cl Shorts. The picture becomes 
weak and washed out. This symptom 
may not be detected on a strong sig- 
nal, since the contrast control may 
be set to overcome it. On weak sig- 
nals, however, improper operation 
will be obtained on any setting of the 
contrast control. 

Cl Opens. Contrast in the picture 
is slightly reduced. This symptom 
may not be noticed, since it may be 
overcome by setting the contrast 
control. 

L1 Shorts. The symptoms are the 
same as those listed for a shorted Cl. 

L1 Opens. The picture is washed 
out, and the sync is very weak. 

C2 Shorts. Full plate voltage on 
the last IF stage is placed across L2, 
and either or both of the components 
L1 and L2 may burn out. The picture 
is very blurred. 

C2 Opens. The picture contrast 
is reduced. 

L2 Shorts. Complete loss of pic- 
ture and sound results. 

L2 Opens. The picture goes neg- 
ative; the sound is unaffected. 

M1 Shorts. The picture goes nega- 
tive; no effect is noticeable in the 
sound. 

M1 Opens. The video is lost; the 
sound is unaffected. 

C3 Shorts. The video is lost; the 
sound level is reduced. 

C3 Opens. The picture is faded; 
no effect is noticeable in the sound. 

L3 Shorts. The picture loses de - 
tail noticeably because of poor high - 
frequency response; the sound is 
unaffected. 

L3 Opens. The picture goes nega- 
tive; the sound level is reduced. 

L4 Shorts. The picture loses de- 
tail because of poor high -frequency 
response. 

L4 Opens. The picture loses de- 
tail because of poor high -frequency 
response. 

R2 Opens. The only noticeable 
effect is a reduced high -frequency 
response. 

C4 Shorts. The raster goes black. 

C4 Opens. The picture is lost, and 
the sound level is reduced. 

M1 Defective. The picture goes 
negative; the sound is unaffected. 

This series of tests shows one 
or two significant characteristics of 
the circuit in Fig. 1. Notice that in 
many instances of component failure 
the sound is not lost. In fact, in sev- 
eral cases it is not even seriously 
affected. The reason for this lies in 
the fact that the AGC circuit is con- 
nected to the video -detector output. 
The AGC line effectively acts as a 

* * Please turn to page 63 * * 
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Fig. 2. Typical Video -Detector Circuit Em- 
ploying a Vacuum Tube. 
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A Small Power Supply 
Furnishing DC Filament 

Voltages As Well As Normal 
DC Plate Voltages 

by Robert B. Dunham 

Most audio enthusiasts, es- 
pecially those who construct and 
assemble their equipment, a r e at 
some time or other plagued with hum 
developed in the low-level stages of 
their sound systems. Consequently, 
many of them have considered incor- 
porating a DC heater supply in their 
systems to heat the filaments of the 
input and preamplifier tubes in order 
to eliminate the hum introduced by 
the AC ordinarily used. 

Although many have convinced 
themselves that it would go a long way 
toward clearing up their hum troubles, 
they have hesitated to attempt the 
construction and use of a DC heater 
supply for several reasons. For one 
thing, the heating of tube filaments 
with AC has become such a well - 
established practice that the use of 
DC is sometimes thought of as being 
strange and maybe unorthodox. 

Until recently, probably one of 
the main reasons for not using DC 
was the difficulty encountered in 
obtaining the right components with 

which to construct the necessary 
s u pp l y. That situation has been 
changed by the present-day availability 
ofanumber of suitable transformers, 
capacitors, and selenium rectifiers. 

The power supply (Figs. 1 and 2) 
to be described here was constructed 
on a standard 5 -inch by 7 -inch by 
2 -inch chassis and made up of what 
are commonly termed standard re- 
placement parts. Therefore, it will 
serve as an example of how easily the 
problem of obtaining a DC heater 
supply can be solved. 

The original model of this 
supply was designed and built to re- 
place the power -supply section of the 
preamplifier -and-c ont r o 1 unit de- 
scribed in Audio Facts in the PF 
INDEX No. 33. It was shown in use 
with the music system discussed in 
the Audio Facts column in the March 
1954 issue of the PF INDEX. Com- 
mercial type capacitors were used in 
the earlier m ode 1 , otherwise the 
circuit is identical to the one shown 
in Fig. 3. 

AC RECEPTACLE 

AC 
LINE CORD 

POWER -O JTPUT 
SOCKET 

Power transformer T1 (Stancor 
PC8417) with a center tapped 440 - 
volt secondary rated at 50 ma, another 
rated at 25.2 volts at 500 ma, and a 
third supplying 6.3 volts AC at 600 
ma is particularly suitable for this 
application. 

Selenium rectifiers Ml and M2 
are connected to the 440 -volt second- 
ary to form a full -wave rectifier 
circuit, as shown in Fig. 3. Full - 
wave rectification is desirable be- 
cause the high frequency and low 
amplitude of the ripple in the rectified 
output is easy to filter. 

The selenium rectifiers Ml and 
M2 shown in Figs. 1 and 3 are 16Y1 
Seletron units each of which is rated 
at 260 volts AC input and 20 ma DC 
output. Each 16Y1 rectifier is in 
effect two 8Y1 units (130 volts AC 
input, 20 ma DC output) connected in 
series as a single unit to obtain an 
effective rating of 260 volts AC input 
and 20 ma DC output. In order to 
handle the input of 220 volts AC, two 
of the 8Y1 units (or two of any listed 
in the Parts List) can be connected in 
series and used as M1 with a second 
pair used as M2. 

The output from the rectifier is 
fed through the 47 -ohm surge resistor 
R1 to the filter composed of resistors 
R2 and R3 and capacitors Cl and C2. 
At the power -output socket, 250 volts 
DC are available when the pre- 
amplifier -and-control unit is c on - 
nected and operating at a normal 
current drain of approximately 
9 ma DC. 

Two dual 20/20-mfd, 350 -volt 
electrolytic capacitors Cl and C2 
were selected for this power supply 
because of their physical size and 
availability in addition to their ca- 
pacity and voltage rating. The two 

* * Please turn to page 67 * * 

Fig. 1. Top View of Power Supply. 
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GRANCO'S 
NEW UHF CONVERTER 

Just that! Challenges all other brand 
converters to any comparative test, 
anywhere, under similar conditions. 
Try the "Challenger" for these im- 
portant points: 

Ste PERFORMANCE! 
The finest picture quality and clarity. No 

other converter in its class offers all these 

features... 

AMPLIFICATION: A complete additional 
stage of amplification for higher gain and 

perfect reception everywhere. 

COAXIAL TUNING: No wiping contacts .. 
no noise ... highest signal-to-noise ratio 
.. positive oscillator stability. 

AP OPERATION! 

1 

PRESELECTION: An absolute necessity for 
image and adjacent -channel rejection. The 

"Challenger" receives and amplifies only 

the desired signal. 

Smoothest and simplest, because: 
FINE TUNING: High -ratio tuning system with fingertip con- 
trol makes channel selection speedy and simple. 
EASY -TO -READ DIAL: New exclusive semi -circular tuning 
dial with really legible channel designations. 
POWER-SELCTOR SWITCH: Turns converter and set on and 
off. Convenience outlet at rear takes TV power cord. 

ASK YOUR DISTRIBUTOR .. . 

Age LOOKS! 

Exclusive new modern styling. The 
most compact converter ever design- 
ed. Only 6½"w.x41/a"h.x41/2"d. 
Available in rich mahogany or warm 
sand -tone plastic. 

Sensibly profit -priced to sell! 
Only $24.95 List! ($27.95 in 
sand -tone). The greatest 
value in UHF converters 
today. 

Let him show you the Granco "Challenger." Better still, try it for 
yourself. Also see three other new Granco models - "Star," 
"Super" and "De Luxe" in three higher -priced classes. And don't 
miss the sensational "Hideaway" series! Literature on request. 

GRANCO PRODUCTS Inc. 
36-17 20th AVENUE, LONG ISLAND CITY 5, N. Y. 
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PAN-AMERICAN TV. The pos 
sibility of network TV embracing 
North, South, and Central America 
along with the Caribbean Islands be- 
comes more a reality with each new 
station going on the air south of the 
border. When that comes, television 
will truly have arrived. The poten- 
tialities for the future in South 
America are terrific, especially for 
those who speak Spanish. If you ever 
get the urge to take an adult study 
course in the evenings, we recom- 
mend this language. 

CARTOON. Hagglund, in t h e 
January issue of Electrical Merchan- 
dising, shows two service technicians 
sitting glumly in a radio and TV re- 
pair shop, clock at 3 p. m., with the 
caption: " Guess this is one of those 
days when everything goes right." 

EYE OPENER. A postwar car 
was offered free with each purchase 
of a 21 -inch Raytheon TV set at $ 550 
by Bruno' s Appliance and Furniture 
Center in Chicago. The attention - 
getting deal, promoted on a TV station 
as well as in newspapers, caused 
considerable comment both in and out 
of the trade. The cars, freshly pol- 
ished and ready to be driven off the 
nearby used -car lot, were reportedly 
valued at around $300 each. An- 
nouncements limited the deal to the 
first 300 purchases, causing one 
customer to drive in from the suburbs 
still in his pajamas, shouting, "Are 
there any left?" The Better Business 
Bureau investigated and gave the sale 
a clean bill of health. To many, it 
looked to be an ideal marriage of two 
tough markets - the big TV consoles 
and the used cars. But one question 
remained unanswered - were the 
customers buying TV or used cars? 

Re/ 

Doller and Sense 
Servicing 

11_ 

by jaw J11,at,/«4 
Editor -in -Chief, McGraw-Hill Radio Servicing library 

CANNED SPEAKERS. Well under 
way is used of technical speeches re- 
corded on magnetic tape, along with the 
appropriate set of slides for gatherings 
of engineers or service technicians in 
localities where it is not possible for 
the actual lecturer to be present. The 
lecturer delivers his talk once into 
the microphone of the tape recorder 
and uses verbal instructions or buzzer 
signals to call for the next slide, just 
as if he were delivering the actual 
speech. Tape and slides are then 
mailed out to arrive in time for the 
scheduled meeting. 

Already the National Bureau of 
Standards has recorded a number of 
engineering lectures on tape. T h e 
Institute of Radio Engineers is actively 
interested in this technique as a means 
of getting the finest lecturers for its 
smaller sections and student groups. 
A file of available taped speeches is 
being maintained at the Institute's 
headquarters, 1 East 79th Street, 
New York City. Groups of service 
technicians desiring topics of a servic- 
ing nature can expedite the introduction 
of this technique in their field by 
contacting receiver manufacturers, 
asking when taped speeches will be 
available on a particular subject. 

Sermons, too, are available on 
tape for churches without preachers. 
Copies of the Order of Service are 
sent with each tape in quantities suf- 
ficient to take care of the expected 
congregation. Instructions f or the 
congregation go on the tape just as 
they would be given by an actual 
minister. These recorded tapes are 
available from the Evangelical 
Foundation, Inc., 1716 Spruce St., 
Philadelpha 3, Pa. 

ENGLAND. Figures in England 
are now 2.75 million TV sets in use 
and yearly production of about 800,000 
sets, mostly with small screens. 

TAPE RECORDS. More than 
a million homes have tape machines, 
according to an item in March Elec- 
tronics. This figure is in our opinion 
quite high (Electrical Merchandising 
reports 275,000 sales in 1953 and 
about 150,000 for 1952, the two big- 
gest years for tape), but anyway the 
market for tape recorders is grow- 
ing fast. If a millionrecorders-were 
actually in use, they would be show- 
ing up in corresponding proportions 
to radios and TV sets in service 
shops; because recorders have tubes 
and other components that are just 
as vulnerable to failure as those in 
receivers. 

Prerecorded tapes are emerg- 
ing slowly, feeling out this market. 
Be assured that someday, when 
enough of the people demand it, re- 
cord shops will carry reels of tape 
recordings on their shelves right 
along with the 78' s, 45' s, and LP' s. 

COLOR LINE. Watched color TV 
sets roll down the line at the b i g 
Metuchen, New Jersey, Westinghouse 
plant. Final test was most interesting 
because of the variety of color patterns 
they get while aligning and adjusting 
for perfect color registry and balance. 
The line is in true production; but it is 
running slowly with only 35 of its 
schedualed 115 assembly workers - 
atypical practice with any new model, 
to train workers so that they in turn 
can train others and gradually bring 
the line up to rated output and speed. 

Time for assembling and testing 
one of these 15 -inch sets came to 
16 1/2 hours, as compared to 5 1/2 
hours for black -and -white sets on 
adjacent lines. This production time 
will come down fast when things get 
rolling. 

* * Please turn to page 69 * * 
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Before you buy another antenna 

insist on seeing the 
Bill Clark, Hawkeye Sales, Des Moines, Iowa 

takes the "look -test." 

Four TV receivers of one brand, same 
model, same production run were set 
up. Technicians went over these sets 
to make sure they were identically 
aligned. 

Three other leading high gain TV an- 
tennas were installed-each oriented 
for maximum performance. Each an- 
tenna was connected to a set by identi- 
cal type lead-in. 

JeT 213 (Single Bay) $18.70, list 
JeT 213S (2 -Bay) $38.35, list 

3. 

4. 

11 
Each receiver was tuned with infinite 
care to the same channel to make cer- 
tain the reception was as good as pos- 
sible. The picture is the proof- the re- 
sult can be immediately seen-the JFD 
Super JeT outperforms all others. 

The chart shows why the "Look -test" 
is your proof positive of sharper, clear- 
er, more brilliant pictures ... in Black 
and White or Color on all channels 
present and future. 

JeT 2135-5* (2 -Bay "Super Power Jet") $39.95, list 
*'/2 WAVE WIDE -STACKED for up to 2 db. extra gain. 
Complete with mast supported stacking transformer. 

Insist on the genuine JFD "SUPERJET" 



"look -test" yourself 

l 

Here is your clinical proof that only the JFD SUPERJET 

TV antenna Out -Performs all others on all channels 

CHAN NELS 

JeT 213S 

- i 

MI, . ..el.. u.2. 
2 3 4 5 6 7 8 9 10 11 12 13 

Competitor A $42.36 

Radar Screen with 

3 dipoles (2 -bay) 

Partly Pre -Assembled 

4.5 4.3 7.3 7.0 7.0 10.00 10.75 11.5 11.7 11.0 11.5 11.6 

Competitor B $34.95 

Radar Screen with 

2 dipoles (2 -bay) 

Not Assembled 

0.75 3.25 4.5 3.5 3.5 6.0 7.0 6.5 7.75 8.0 7.5 6.0 

Competitor C $55.00 

Bedspring (4 -bay) 

Pre -Assembled 

4.0 5.0 7.0 6.25 5.0 5.25 6.0 5.25 7.25 9.25 6.5 7.0 

JFD Superjet $38.35 

Model JeT 213 S 

(2 -bay) 

Pre -Assembled 

6.5 7.5 9.5 8.5 8.5 11.0 11.0 12.0 12.0 11.25 11.15 12.0 

World's largest manufacturer of TV antennas and accessories 
Write for Bulletin #259 

JFD Manufacturing Company, 
Brooklyn 4, N.Y. 

Look for the Alcoa Aluminum Label 

ALCOA 



tiWE ULTIMATE 

IN UHF CONVERTERS 

with Exclusive 

"Channelok" 
Circuit! 

Exclusive "Channelok" Circuit - 
Accepts Only Desired UHF Signal! 
Lifetime Drift -Free Design - 
No Sliding Contacts 

Self -Powered - No Wiring to Borrow 
Power from Receiver 

Trouble -Free Tuning - Precision 
Micrometric Drive 
Universal Mounting - Top, Back, Side 
of Receiver 

For Catalog Sheet, Write 

Now ITI brings you the finest conversion tuner on the market - the ITI Ultra- 
tuner - the ultimate in design, engineering, economy and dependability! 

The Ultra -tuner provides the ideal solution to conversion problems in UHF 
areas. It automatically rejects other channels, VHF signals and all other sources 
of interference. Ghosts, smear, drift are problems of the past - optimum picture 
quality an everyday affair - with the easily tuned ITI Ultra -tuner. 

If you're in a UHF area, this is the converter you 
should know about. See it at your jobber's today! 

INDUSTRIAL TELEVISION, INC. 
369 Lexington Avenue, Clifton, N. J. 

$ 95 
ONLY 
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Television Sound 
IF Systems 
(Continued from page 7) 

If two tuned circuits are used, 
if they are tuned above and below the 
FM center frequency, and if they are 
connected to diodes in such a manner 
that their outputs oppose each other , 

then the useful portion of the curve 
is greatly extended and the response 
to amplitude variations is reduced. 

The resulting circuit, Fig. 
10-12 is called a triple -tuned dis- 
criminator. This circuit is seldom 
encountered at present, since it has 
been replaced by some variation of 
the Foster -Seely discriminator which 
appears diagrammed in Fig. 10-13A. 

Foster -Seely Discriminator 

Operation of the circuit may be 
explained as follows. The coupled, 
resonant circuits Ll-05 and L2 -C4 
are tuned to the incoming FM inter- 
mediate frequency. The center tap 
of L2 is effectively held at the same 
AC reference level as the plate side 
of Ll by means of CI, the reactance 
of which is relatively low at the in- 
termediate frequency. The center 
tap of L2 is common to both diode 
circuits through Rl. The voltage in- 
duced in L2 through Ll makes the 
ends of L2 of opposite polarity; 
therefore, the voltages applied to 
diodes 1 and 2 at resonance are of 
equal and opposite polarity, and the 
rectified voltages across R2 and R3 
cancel in the output. 

At resonance, the induced volt- 
ages across each half of L2 are 90 

Fig. 10-14. Varia- 
tions of the Conven- 
tional Discriminator 
Circuit. 

degrees behind or ahead of the voltage 
in Ll. When the FM signal shifts 
above or below center frequency, the 
phase angle of the induced voltage de- 
parts an equal amount from 90 de- 
grees but in opposite directions for 
each half of the secondary. 

Note the vector diagrams in 
Figs. 10-13B, C, and D. In Fig. 10- 
13B, we have the example of signal 
resonance, with es! and est at a 90 - 
degree phase angle with ep. T h e 
resultant voltages Ei and E2, which 
are the vectorial sums of the voltages 
es! and es2 with ep, are equal and are 
applied to diodes 1 and 2 respectively. 
The resultant rectified voltages are 
equal but of opposite polarity; there- 
fore, they cancel in the output. 

In Fig. 10-13C, the signal is 
higher in frequency than at resonance, 
and the circuit L2 -C4 is capacitive 
and est and es2 lag the position they 
originally occupied, as shown in Fig. 
10-13B. The resultants E1 and E2 
are unequal, and their difference will 
appear as a signal voltage in the 
output. 

In Fig. 10-13D, the signal is 
lower in frequency than at resonance 

Fig. 10-15. Ratio - 
Detector Circuit Mod- 
ified to Illustrate 
Principle of Opera- 
tion. 

and the tuned circuit L2 -C4 is induc- 
tive, with esl and es2 leading their 
original position, as shown in Fig. 10- 
13B. The resultants El and E2 are 
again unequal, but in opposite order, 
with their difference appearing as 
signal output. 

It should be clear, then, that the 
output signal is the difference between 
rectified voltages across R2 and R3. 
lithe difference is zero and the input 
signal doubles in magnitude, voltages 
across R2 and R3 double correspond- 
ingly and the difference remains at 
zero. This shows that the discrimi- 
nator does not respond to amplitude 
modulation in the signal at the reso- 
nant frequency. At other frequencies 
E1 and E2 will be unequal, and their 
difference appears as signal output. 
If the input signal increases in amp- 
litude, E1 and E2 increase in the 
same manner, their difference is also 
increased, and amplitude modulation 
has not been eliminated from t h e 
signal output. This illustrates the 
need for a limiter preceding the 
discriminator. 

The values of C2 and C3 are 
such that the intermediate frequency 
is effectively bypassed around R2 and 
R3, but these values are not so large 
that the audio frequencies are af- 
fected. 

Two variations of this basic 
circuit are shown in Figs. 10-14A and 
B. In each case, the circuit operation 
is essentially the same. In Fig. 10- 
14A, C63 substitutes for the two cap- 
acitors C2 and C3 of Fig. 10-13A. 
The remainder of the discriminator 
circuit is identical with Fig. 10-13A, 
although the schematic is dr a w n 
differently. 
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TR -2 the heavy duty rotor with compass 
control dial cabinet. 

TR -4 the heavy duty rotor with meter dial 
cabinet. 

TR -11 all purpose rotor with meter dial cabi- 
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TR -12 all purpose rotor for large TV antenna 
arrays with meter dial cabinet. 
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widely promoted to consumers on TV... ALL 
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In Fig. 10-14B, there is no cen- 
ter tap on the secondary of the dis- 
criminator transformer. This point 
is established, however, by the junc- 
tion of two capacitors in series which 
are placed across the secondary 
winding. When these capacitors are 
of equal value, the AC potential of the 
plate of V10 is effectively placed at 
the mid -point of the L37 secondary, 
as in the original discussion of dis- 
criminator theory. In some instances, 
these capacitors are of slightly dif- 
ferent value to compensate for slight 
imbalance of other circuit components. 
Instead of R1 in Fig. 10-13A, an RF 

Fig. 10-16. Varia- 
tions in Ratio Detec- 
tors. 

choke may be used or both may be 
omitted entirely. 

In Part I of this series, men- 
tion was made of the use of pre - 
emphasis at the transmitter, with 
compensating de -emphasis in t h e 
receiver to increase the signal-to- 
noise ratio in the higher audio fre- 
quencies. Standards of good engi- 
neering practice, as set forth by the 
FCC, require the use of a pre - 
emphasis network having a 75 -micro- 
second time constant. The compen- 
sating de -emphasis network in the 
receiver therefore should also have 

Fig. 10-17. Use of Ratio -Detector Load to Obtain AVC Voltage. 

a 75 -microsecond time constant. In 
practice, the actual value varies con- 
siderably and may be any value from 
30 to 100 microseconds. R61 and 
C63 comprise this network in the 
example of Fig. 10-14B, and the time 
constant (R x C) in this case is 51 
microseconds. 

Fig. 10-14C shows one more 
variation of the discriminator, this 
one designed to utilize a duo -diode 
with common cathode. 

Ratio Detector 

The most common form of FM 
detector at pr e s e n t is the ratio 
detector, and it is diagrammed in 
simplified form in Fig. 10-15. Its 
popularity is due to several advan- 
tages. A certain degree of amplitude 
limiting is inherent to its operation, 
reducing the need for limiter stages 
ahead of the detector; and, at t h e 
same time, the need for added amp- 
lification to operate the limiter stages 
is eliminated. 

Fig. 10-15 is similar to Fig. 
10-13A in several respects. How- 
ever, the diodes are connected to the 
secondary in a different manner - 
a cathode and an anode are connected 
instead of both anodes as in the pre- 
vious example. The diode load re- 
sistors have been replaced by a 
battery, and the audio output is taken 
off across C2. 

The voltage developed across 
the series combination Cl and C2 is 
kept at a constant level by the battery 
(assuming little or no internal re- 
sistance). Each diode can be consid - 
ered in effect as a variable resistance 
dependent upon the magnitude of the 
impressed signal voltage. 

The signal voltage is applied to 
the diodes in the same manner as ex- 
plained for the discriminator circuit 
of Fig. 10-13A; and the vector dia- 
grams B, C, and D of the same figure 
also apply to the ratio detector as we 
have shown it. However, the sum of 
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The new 1954 Stancor TV Replace- 
ment Guide and Catalog is a fully 
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accurate transformer replacement 
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Fig. 10-18. Diagram of Internal Structure 
of 6BN6 Gated -Beam Tube. 

the voltages E1 and E2 will always 
equal Eb (Fig. 10-15). As the signal 
varies on either side of the center 
frequency to which the transformer is 
tuned, El and E2 will vary in relation 
to each other; that is, their sum will 
be constant, but their ratio will 
change. This ratioappears across C2 
and is taken off as audio output. An 
increase in amplitude of the input 
signal does not appear in the detector 
output because of the limiting effect 
of the battery. For this reason, the 
ratio detector does not require the 
use of a limiter in preceding stages . 

In practice, a battery is not 
used as indicated. It wouldbe neces- 
sary for the input signal to be great 
enough to overcome the battery 
potential before the diodes would 
conduct. Instead, a load resistor and 
a shunt capacitor are employed (R64 
and C6 in Fig. 10-16A). The time 
constant is such that audio signals 
are bypassed, yet slow variations in 
carrier strength are followed. In 
this manner,the average value of the 
received car r i e r determines the 
magnitude of charge of C6. 

With weak input signals, the 
diodes are still able to conduct; and 
with stronger signals, the higher 

average value of charge on C6 per- 
mits an audio output signal of great- 
er amplitude. 

In Fig. 10-16A the tertiary 
winding of L28 (bottom winding in the 
schematic) is the means of transfer 
of the reference voltage from the 
primary. Cl of Fig. 10-15 has been 
omitted, and C2 is represented by 
C48. R62 is a current -limiting re - 
sistor to improve the AM rejection 
of the circuit. R63 and C49 make up 
the de -emphasis filter. 

The circuit shown in Fig. 10- 
16A is called an unbalanced detector, 
because one end of the diode load 
resistor is grounded. A balanced 
type is shown in Fig. 10-16B. In this 
circuit, the mid -point of the load 
resistor is grounded. 

Although the ratio detector has 
a built-in AM -rejection character- 
istic, there may still be undesirable 
AM signals passed through the sys- 
tem, especially when large signals 
are handled or when the system is 
unbalanced dynamically. R 6 3 and 
R64 are used to obtain a more exact 
balance, as shown in Fig. 10-16C, 
where it will be noted that they are of 
unequal value. The sensitivity of the 
detector is slightly reduced by using 
this method. In some variations, 
R61 is made variable in order to 
serve as an adjustable balance 
control. 

Some manufacturers use a 
small amount of limiting ahead of the 
ratio detector in order to gain some 
noise and amplitude rejection on 
large signals. AVC may be used to 
reduce the gain of the IF strip, in 
order to prevent unnecessarily large 
signals from reaching the detector. 
The ABC voltage may be obtained 
from the stabilizer capacitor in the 
detector load. 

Fig. 10-19. Partial Schematic Showing Use of 66N6 Tube as an FM Limiter -Detector in a 

TV Receiver. 

Fig. 10-17 illustrates the use 
of AVC obtained in the manner men- 
tioned previously. The AVC voltage 
is taken off the negative end of C5, 
passes through the filter network 
comprised of R145 and C125, and is 
applied through the secondary of L21 
to the grid of V12. R146 serves as 
the grid -return resistor and is part 
of a voltage -divider network, R145 
and R146, which reduces the voltage 
fromC5 the proper amount for appli- 
cation to the grid of V12. R56 is 
another example of a balancing re- 
sistor in a ratio -detector circuit. 

Gated -Beam Tube 

An FM detector of more recent 
design than either the discriminator 
or ratio detector types involves the 
use of a 6BN6 tube, commonly re- 
ferred to as a gated -beam tube. A 

diagram of the position and nature of 
the tube elements is shown in Fig. 
10-18. The focus, lens, and shield 
structures are connected internally 
to the cathode. The electron stream 
emitted by the cathode is formed into 
a narrow beam by the focus structure 
and passes through the slot in the 
accelerator to approach the limiter 
grid. If this grid is sufficiently neg- 
ative, no plate current will flow. As 
the grid is slowly made less negative, 
a critical value is reached at which 
time the plate current suddenly rises 
to a maximum value; and further in- 
crease of grid voltage in a positive 
direction will not result in increased 
plate current. This property of the 
tube enables it to perform a very 
effective limiting action. 

The electron stream is refo- 
cusedby the lens structure and by the 
slight curvatures of fhe limiter grid 
and the screen grid; and it passes on 
towards the quadrature grid and 
anode. If the quadrature grid is suf- 
ficiently negative, the plate current 
will still be cut off. The action of 
each grid may be likened to that of a 
gate. If either gate is closed (nega- 
tive), the electron stream is cut off; 
and if both gates are open, the plate 
current cannot rise above a certain 
value no matter how positive the grids 
may go. Fig. 10-19 shows a circuit 
using a 6BN6 as the limiter -discri- 
minator in a television receiver . 

The limiter grid connected to pin 2 

is biased at zero volts. During nega- 
tive half -cycles of sufficient ampli- 
tude, the beam is cut off. The result- 
ing intermittent beam passes through 
the second accelerator and forms a 
varying space charge in front of the 
second control grid or quadrature 
grid connected to pin 6. Space -charge 
coupling (electrostatic induction) in - 
duces a current in the ground return 
of the quadrature grid and develops 
a voltage across the tuned quadrature 
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circuit composed of L31 and C60 . 

When the quadrature circuit is at 
resonance with the incoming signal, 
the voltage across the circuit lags by 
approximately 90 degrees the voltage 
at the limiter grid. As the frequency 
varies from resonance, the quadra- 
ture voltage will lag more or less 
than 90 degrees. 

In order to use the gate ana- 
logy further, we have two gates open- 
ing and closing periodically with the 
second lagging the first. The beam 
current starts with the opening of the 
second gate and ends with the closing 
of the first. Duration of the current 
flow depends upon the amount of lag 

of the second gate, which amount in 
turn depends upon the variation of the 
signal input frequency. An audio - 
frequency variation corresponding 
to the frequency modulation in the 
signal is developed across the plate - 
load resistor R63 and is applied to 
the audio stages of the receiver. 
Normally this audio signal is suffi- 
cient to drive the output stage without 
further amplification. 

C63 bypasses the intermediate 
frequency to ground. Normally, its 
value will be such that it also pro- 
vides the correct amount of de - 
emphasis. R62 ranges in value from 
300 to 1,000 ohms in most receivers. 

It is referred to as the plate linearity 
resistor and develops a pulsed volt- 
age which appears on the plate of 
the 6BN6. This voltage is coupled 
through the tube to the quadrature 
grid where it reinforces the voltage 
already induced there by space - 
charge coupling. The effect of this 
feedback voltage is to improve the 
AM -rejection characteristics of the 
circuit and to minimize distortion in 
the audio output. For best AM re- 
jection, the tube should be operated 
at the correct bias point; and an 
adjustment, the noise -rejection con- 
trol, is provided for that purpose. 

Paul C. Smith 

Color TV Training Series 

(Continued from page 11) 

through glass than does light of longer wavelengths. Fig. 
1-4 shows the relationship of the wavelengths and the 
colors of the light spectrum. The spectrum ranges from 
violet on the lower end to red on the upper end. In b e - 
tween fall blue, green, yellow, and orange. A total of six 
distinct colors are visible when passing white light through 
a prism. Since the colors of the spectrum pass gradually 
from one to the other, the theoretical number of colors 
becomes infinite. It has been determined that about 125 
colors can be identified over the visible gamut. Fig. 1-5 
shows the light spectrum in full color. 

How Color Appears to the Eye 

We have shown how light possesses various wave- 
lengths covering the visible spectrum and how the spect- 
rum is divided into various colors. Even though the colors 
which make up a white light may be of equal intensities, 
the human eye does not perceive each color with equal ef- 
ficiency. This fact is due in some way to the physical 
construction of the eye. It is believed that the cones of the 
retina respond to color stimuli and that each cone is ter- 
minated by three receptors. Each receptor is believed to 
respond to a different portion of the spectrum, with peaks 
occurring in the red, green, and blue regions, respectively. 
An average can be taken of the color response of a num- 
ber of people, and a standard response for an average 
person can be derived. This standard response is shown 
in Fig. 1-5 and is called the luminosity curve for the 
standard observer. 

An inspection of this luminosity curve will show that 
it is a plot of response versus wavelength. This is the 
same type of plot that is often used to describe the per- 
formance of a tuned resonant circuit in which maximum 
response occurs- at the resonant frequency and response 
falls off on either side of resonance. With this in mind, 
we can look at the luminosity curve and see that maximum 
response occurs at a wavelength of approximately 555 
millimicrons and that less response is indicated on either 
side of that point. From this information, one may see 
that the average person' s eye is most sensitive to light 
of a yellowish -green color and is less sensitive to blue and 
red lights. 

There are three color attributes which are used to 
describe any one color or to differentiate between several 
colors. These are: (1) hue, (2) saturation, and (3) bright- 
ness. Hue is a quality which is used to identify any color 

under consideration, such as red, blue, or yellow. Satu- 
ration is a measure of the absence of dilution by white light 
and canbe expressed with terms such as rich, deep, vivid, 
or pure. Brightness defines the amount of light energy 
which is contained within a given color. 

We might consider an analogy between a color and 
a radiated radio wave. Hue, which defines the wavelength 
of the color, would be synonymous to frequency, which 
defines the wavelength of the radio wave. Saturation, 
which defines the purity of the color, would be synonymous 
to signal-to-noise ratio, which defines the purity of the 
radio wave. Brightness, which is governed by the amount 
of energy in the color, would be synonymous to amplitude, 
which defines the amount of energy in the radio wave. 

Brightness is a characterisitc of both white light 
and color, whereas hue and saturation are characteristic 
of color only. 

Saturation and brightness are often visualized as 
identical or interrelated qualities of color, whereas they 
should be considered as separate qualities. It is pos- 
sible to vary either one of these qualities without changing 
the other. We might cite an example using an instrument 
which is familiar to the service technician. 

A service oscilloscope presents a green trace on the 
face of the tube; this trace can be varied in brightness 
from visual extinction to a maximum brightness by rota- 
tion of the intensity control. An observer can become 
confused by the fact that the green color appears to be 
greener at low -intensity levels than it is at higher in- 
tensities. This is often interpreted as an increase in 
saturation at the low -intensity level. Actually, however , 

neither the hue nor the saturation of the trace color can 
change since these qualities are determined by the chem- 
ical properties of the phosphor. The brightness of the 

ULTRAVIOLET VIOLET BLUE GREEN 
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700 

Fig. 1-4. Relationships Between Colors and Wavelengths in the 
Light Spectrum. 
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trace is the only variable when the intensity control is 
rotated. The deceiving change in saturation is due to a 
change in the color response of the eye at low -intensity 
levels and is often confusing to one who does not know 
the true reason for this illusion. 

In the foregoing example, a case was cited wherein 
the brightness level was varied without changing the 
saturation. Conversely, the saturation of a given color 
can be changed without varying the brightness, providing 
certain requirements are met during the process. 

In nature, however, a change in saturation is usually 
accompanied by a change in brightness. This is exem- 
plified by the fact that a pastel color generally appears 
brighter than a saturated color of the same hue when they 
are directly lighted by the same source. By changing the 
lighting on the pastel color (such as by placing it in a 
shadow), one can decrease the brightness of the pastel 
color; and it is conceivable that both colors can be made 
to have the same brightness. Thus, two colors of the same 
hue but of different saturation can have equal brightness 
levels. 

Any given color within limitations can be repro- 
duced or matched by mixing three primary colors, as will 
be explained later. This applies to large areas of color 
only. Color vision for small objects or small areas is 
much simpler, because only two primary colors are 
needed to produce any hue. This is due to - the fact that as 
the color area is reduced in size the various hues blend 
into one another until, for very small areas, every hue 
appears as gray. At this point, a change in hue is not 
apparent; only a change in brightness level can be seen. 

Another aspect of color vision is closely related to 
the persistence of vision exhibited by the human eye. If 
two objects of different hues are placed side by side and 
are shuttled back and forth at a sufficiently rapid rate, 
the two hues will appear as a third hue. This is true for 
both large and small objects. 

Color Mixture 

The production of color may be accomplished by 
either of two processes. When working with paint pig- 
ments, the subtractive process is employed. The other 
process of mixing colors is called the additive process. 
This is the process that is employed in color television. 
These two methods of producing color are rather different. 
It might be said that the additive process is just the re- 
verse of the subtractive process. 

The subtractive process is dependent upon incident 
light. Light falling upon a painted picture is reflected or 
absorbed. If a certain section of the picture is treated 
with a red pigment, the light which is reflected is pre- 
dominantly in the red region of the spectrum and the 
section will appear red. 

The additive process of color mixing used in color 
television employs colored lights for the production of 
colors. The colors in the additive process do not depend 
upon an incident light source. Self -luminous properties 
are characteristic of the additive colors. Phosphorescent 
signs which glow in the dark are good examples of this 
process. Cathode-ray tubes contain self -luminance pro- 
perties, so it is only logical that the additive process 
would be employed in color television. 

The three primaries for the additive process of 
color mixing are red, green, and blue. Two requirements 
for the primary colors are that each primary must be 
different, and that the combination of any two primaries 
must not be capable of producing the third. Red, green, 
and blue were chosen for the additive primaries because 
they fulfilled these requirements and because it was de- 

termined that the greatest number of colors could be 
matched by the combination of these three colors. 

Shown in Fig. 1-6 are the three additive primaries 
used in color television. Fig. 1-6A shows the primaries 
as three separate colored lights. Addition of the three 
colored lights is shown in Fig. 1-6B. When all three 
primaries are combined in a definite proportion, white is 
produced. Red and green combine to make yellow. The 
combination of red and blue produces magenta (bluish -red), 
while blue and green combine to make cyan (greenish - 
blue). Yellow, magenta, and cyan are the secondary colors 
that are the complements of blue, green, and red, respec- 
tively. When a secondary color is combined with its 
complementary primary, white is produced. For example, 
combining yellow with blue produces white. Cyan added 
to red results in white, and magenta plus green gives 
white. Carrying this one step further,the complementary 
colors when added together produce white. It should be 
mentioned that specific proportions of these colors must 
be used in order to produce white. 

The foregoing points are shown diagrammatically 
in Fig. 1-7. From this diagram we can see that by mix- 
ing colors in certain proportions, we can obtain the fol- 
lowing expressions: 

Red + Green = Yellow, 

Red + Blue = Magenta, 

Blue + Green = Cyan, 

Yellow + Blue = White, 

Cyan + Red = White, 

Magenta + Green = White, 

Since yellow plus blue equals white and red plus green 
equals yellow, 

then 

Red + Green + Blue = White. 

Since the addition of the three primaries can produce 
white, the addition of the correct proportions of the three 
complementaries which are made up of the three prima- 
ries can also produce white. 

Therefore: 

Cyan + Magenta + Yellow = White. 

It is not necessary to overlap the primary colors in 
the additive process to produce a different color. Two 
sources of colors may be placed in close proximity to 
each other, and at a certain viewing distance the two 
colors will blend together and produce the new color. The 
eye actually performs the additive process. This is re- 
ferred to as the juxtaposition of color sources. For ex- 
ample, if blue and green are positioned close to each 
other but not overlapping, the two colors will be blended 
by the eye and will be seen as cyan when viewed from a 
distance. 

Each additive primary contributes a certain per- 
centage of the brightness in the white which results from 
mixture. Green is the brightest of the three primaries, 
red is the second brightest, andblue is the dimmest. This 
has been determined through experimentation with the 
response of the eye. The eye responds more to green 
than to any of the other primary colors. With the total 
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Fig. 1-5. Luminosity Response of the Eye With Respect to the 
Colors of the Light Spectrum. 

brightness of white considered as unity, green contributes 
59 per cent of the total, red 30 per cent, and blue 11 per 
cent. Therefore, when combining green with red we have 
a yellow with a brightness value of 89 per cent. Cyan has 
a brightness of 70 per cent. This results from 59 per 
cent of brightness from green and 11 per cent of bright- 
ness from blue. The third complementary color, magenta, 
has a brightness of 41 per cent. It obtains 30 per cent 
from red and 11 per cent from blue. Yellow contains the 
highest per cent of brightness of all of the primary colors 
and their complements, whereas blue contains the least 
amount of brightness. The order of brightness for each 
color is shown in Fig. 1-6B. 

There are eight basic rules of colorimetry which 
apply to the process of color matching. These rules are 
stated along side of Chart I which contains an illustration 
applying to each rule. A knowledge of these rules is very 
helpful in understanding how matching of colors can be 
accomplished when using three primary colors. 

Color Specifications 

Standards are necessary in all phases of industry. 
Imagine the great amount of confusion that would result in 
the television industry if certain standards of design and 
construction were not followed. A telecast conforming 
to one set of transmission specifications could not be re- 
ceived on a receiver designed for reception of a signal 
having different specifications. Similar difficulties would 
exist in the specification of colors if standards were not 
adopted. You can imagine the dismay of someone trying 
to describe over the telephone the color of a paint that is 
needed to match a particular color. Such terms as purple, 
purplish -red, or bluish -purple might be used, but they 
would certainly not be adequate. The result of such a 
nonstandardized match would probably be far removed 
from the original color. 

Standards for the specification of color were adopted 
by the Commission Internationale de l' Eclairage (CIE) at 
a meeting in 1931. (The English translation of this French 
name is International Commission on Illumination.) These 
standards provide that the red primary shall correspond 
to a light of a wavelength of 700 millimicrons, green to a 
wavelength of 546.1 millimicrons, and blue to a wavelength 
of 435.8 millimicrons. 

In the development of a color matching and specifi- 
cation system, extensive color matching tests on many 

(A) Three Separate Primary (B) Addition of the Three 

Lights. Primaries. 

Fig. 1-6. Additive Light Primaries. 

observers were conducted using a colorimeter. This is 
a device which incorporates a photoelectric screen and a 
series of filters and optical lenses. The method used in 
these color matching tests was as follows: one-half of the 
colorimeter screen was illuminated with a spectral hue 
from a standard source of white light. The hue which was 
to be matched by the observer was obtained by projecting 
the light from the standard source through a prism. The 
hue was selected by moving a plate with a very narrow slit 
into position so that only the desired hue was allowed to 
illuminate the colorimeter screen. The other half of the 
colorimeter screen was then illuminated selectively by 
the observer with spectral hues of the three additive 
primaries - red, green, and blue. By the use of indepen- 
dent controls, the energies contributed by each of the 
primaries were varied by the observer until a color match 
was thought to be obtained. Each observer was subjected 
to a series of tests which constituted attempts to match 
several selected colors. In order to establish an average 
which could be considered as that of a standard observer , 

many persons were used with each performing similar 
tests. The results o these tests are known as tristimulus 
values for color mixture curves and are illustrated in 
Fig. 1-8. 

Tristimulus values are defined as the amounts of 
the primaries (red, green, and blue) that must be com- 
bined to effect a color match with all the different colors 

z 

Fig. 1-7. A Color Circle. 
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CHART I. Color Matching Rules. 

1. 
Any color, with limitations, can 
be matched by a mixture of three 
colored lights. 

2. 
The individual colors which make 
up a mixture cannot be resolved 
by the eye. 

3. 
The total brightness of a mixture 
is equal to the sum of the indi- 
vidual brightnesses of all colors 
in the mixture. 

4. 
If a color match is obtained at 
one brightness level, the match 
will be maintained over a wide 
range of brightness levels. If 
the brightness of the color to be 
matched is doubled, a perfect 
color match will be maintained 
if the brightness of each color in 
the matching mixture is doubled. 

5. 
A color equation can be used to 
express the formation of a color 
match. If a color (C) is formed 
by adding M units of color (M), 
N units of color (N), and P units 
of color (P), the resulting mix- 
ture can be written: 

(C) = M(M) + N(N) + P(P). 

6. 
Color matches obey the law of 
addition. 

If (M) = (N) 
and (P) = (Q) 
then (M) + (P) = (N) + (Q). 

7. 
Color matches obey the law of 
subtraction. - 

If (M) + (P) = (N) + (Q) 
and (P) = (Q) 
then (M) = (N). 

8. 
Color matches obey the transitive 
law. 

If (M) = (N) 
and (N) = (P) 
then (M) = (P). 

CAN BE 
BATCHED 
BY 

. ..41rlig 

1110C 
TO 
MATCH, 
USE -- 

b. 
.:::C, 
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in the visible spectrum (400 millimicrons tb 700 milli - 
microns). As an example of how this graph is used, let 
us select a color which has a wavelength of 520 millimi- 
crons. The amount of the three spectral primaries 
needed to match this color. can be read from the color 
mixture curves. From the graph it can be seen that ap- 
proximately .09 of red, .09 of blue, and .7 of green are 
needed to correctly match the color that is specified as 
having a wavelength of 520 millimicrons. 

The data contained in the color mixture curves is 
not very practical for the specification of all colors. 
These curves contain information that is required to 
determine the amounts of the spectral primaries that are 
needed to match any saturated spectral color. They do 
not provide information necessary for the matching of 
desaturated colors. Therefore, the need for a more use- 
ful means of specifying color is evident. 

By the use of mathematical equations, the information 
contained in the color mixture curves has been converted 
to a graphical representation of color on a three-dimen- 
sional plane. The conversion equations used to derive 
the three-dimensional coordinate values x, y, and z are 
the following: 

X 

X + y + z 
(1) 

Y 

Y = (2) 
X + y + z 

z = 
z 

X + y + 

where 

= values on the red color mixture curve, 

q = values on the green color mixture curve, 

z = values on the blue color mixture curve. 

(3) 

By taking values for z, y, and z from the color mix- 
ture curves at different wavelength intervals and solving 
for x, y, and z, the results can be used to plot a three- 
dimensional color diagram. 

Following are a few examples of these computations: 

For a green color of 560 millimicrons, the values of 
Tc, y, and i (as taken from the graph shown in Fig. 1-8) are 

= .6, y = 1, and z = 0. Substituting these values of x, ÿ, 
and z into equations 1, 2, and 3, we obtain: 

.6 
x = = .375, 

.6+1+0 

Y 

1 

.6+1+0 
_ .625, 

0 
z = - = 0. 

.6+1+0 

For a blue color of 480 millimicrons the values of 
z, ÿ, and z (as taken from the graph of Fig. 1-8) are x = .1, 

1.8 

EDWARD A. GURTOWDSKI 
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phone 4-3508 
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Fig. 1-8. Color -Mixture Curves. 

= .15, z = .78. Again substituting these values 
equations 1, 2, and 3,we obtain: 

.1 
x = = .097, 

.1 + .15 + .78 

.15 
Y = .146, 

.1+.15+.78 

.78 
z = = .757, 

into 

.1 + .15 + .78 

.097 + .146 + .757 .= 1. 

For a red light of 600 millimicrons the values of 
x, y, and i are 

z = 1.06,y=.62, and z=0. 

Solving, we obtain: 

1.06 
x - =.63, 

1.06 + .62 + 0 

.62 
y = = .37, 

1.06 + .62 + 0 

0 
z = = 0. 

1.06+.62+0 

If the procedure is repeated at regular intervals 
from 400 to 700 millimicrons, the results can be used to 
plot the curve shown in Fig. 1-9. This curve represents 
color in three dimensions and is referred to as the 
Maxwell triangle. 
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Fig. 1-9. The Maxwell Triangle. 

By using the proper equations, the values 
obtained from the color -mixture curves can 
be converted to values of x, y, and z. These 

values can then be plotted in terms of X, Y, 

and Z; the three-dimensional curve shown in 
Fig. 1-9 will result. 

4111111111> 

/ / 

/ 

Fig. 1-10. The CIE Chromaticity Diagram 
and the NTSC Triangle. 

The diagram is a result of the projection on 
the X -Y plane of the three-dimensional curve 
shown in Fig. 1-9. This projection can be ac- 
complished by photographing the structure 
with the camera in line with the Z-axis. To 

visualize how this is done, assume the camera 
position to be directly above the Z-axis. The 

resultant photograph will be that shown in 

Fig. I-10. 

44 PF INDEX - June, 1954 



The ratios shown in equations 1, 2, and 3 were set 
up so that the values for x, y, and z at any wavelength 
would equal unity when added together. This means that 
at all times x + y + z = 1. This can be checked by adding 
together the results obtained in each example which was 
previously shown. For instance, in the first of the fore- 
going examples, x = .375, y = .625, and z = 0. It can be 
seen from this that x + y + z = 1. 

Since x + y + z = 1, a similar curve can be shown on 
a two-dimensional plane; and this curve constitutes a 
more useful diagram than that shown in Fig. 1-9. Any 
two of the quantities x, y, and z are sufficient to specify 
a chromaticity. The third quantity can be found, since 
x + y + z = 1. By plotting only the values for x and y on 
the X -Y plane or by projecting the curve of Fig. 1-9 to 
the X -Y plane, the result is as shown in Fig. 1-10. The 
curve in this illustration is called the " CIE Chromaticity 
Diagram." The projection shown in Fig. 1-10 was ac- 
complished by photographing the structure shown in Fig. 
1-9 from above and on the Z-axis. This eliminated the 
dimension on the Z-axis and provided a proportionate 
diagram having only X and Y axes. The two-dimensional 
CIE chromaticity diagram shown in Fig. 1-10 is used ex- 
tensively in the specification of color, since all colors 
contained within the locus of the CIE diagram can be 
specified in terms of X and Y. 

If we examine the diagram in Fig. 1-10, we see that 
the horseshoe curve, which is known as the spectrum 
locus, is graduated into numerals ranging from 400 in the 
left-hand corner to 700 at the extreme right. These fig- 
ures represent the wavelengths of the various colors in 
millimicrons; the blues (including violet) extend from 
approximately 400 to 490 millimicrons, the greens ex- 
tend from approximately 490 to 550 millimicrons, the 
yellows extend from approximately 550 to 580 millimi- 
crons, and the reds (including orange) extend from 
approximately 580 to 700 millimicrons. 

Any point which is not actually on the spectrum 
locus but which lies within this diagram can be defined 
as some mixture of spectrum colors. Since white is such 
a mixture, it falls within this area. 

It might be well to point out that there is another 
method of specifying colors near the white region. This 
method uses degrees Kelvin to designate a particular 
color. (Degrees in Kelvin equal degrees in Centigrade 
plus 273.) All of us have seen metal heated to various 
temperatures, and we have seen how it will change in 
color from a dull cherry red into a white as the temper - 
ature is increased. If we increase the temperature still 
further, the metal will take on a decidedly bluish cast. 
These colors can be shown on the chromaticity diagram 
if we draw an imaginary arc starting in the reddish region 
on the right side of the diagram and extending up through 
the orange into the white area and down toward the bluish 
region to the left. Such facts are of importance when we 
look at the three standard sources of light and how they 
were specified by the CIE. These three standard sources 
of light were chosen for measurement purposes; and they 
are known as illuminant A, illuminant B, and illuminant C. 

Illuminant A was selected as a match in color to a 
conventional tungsten lamp. To achieve this, a tungsten 
filament was heated to approximately 2500 degrees Kelvin. 

Illuminant B was selected to give an approximate 
match to direct sunlight and was achieved in the same 
manner as illuminant A, except that the tungsten filament 
was used with two prescribed liquid filters to give a color 
which matches 4800 degrees Kelvin. 

Illuminant C gives a radiation which most nearly 
matches daylight. Again tungsten filaments were used 
with the filter solutions arranged so that they would pro- 
duce a color of approximately 6500 degrees Kelvin. Il- 
luminant C is the only one with which we need to be 
concerned. Because it is considered to be the most satis - 
factory from a viewing standpoint, it is the one which has 
been selected by the NTSC as the reference white for 
color television work. It is shown in the chromaticity 
diagram as point C. 

With reference to white, one other term which we 
may encounter and with which we should be familiar is 

equal energy white." This is shown on the chromaticity 
diagram as point E and can be described as a white com- 
posed of equal amounts of energy from the three primary 
colors of red, green, and blue. 

Since saturation of color is defined as the degree 
of freedom from white, the spectrum colors which lie 
directly on the horseshoe curve can be said to be 100 per 
cent saturated because they contain zero amount of white. 
At point E, only white light is present; so it can be said 
to be zero per cent saturated. Various percentages of 
saturation fall along a straight line drawn between any 
point on the spectrum locus and point E. As we move 
toward point E, the saturation willbe decreased; and con- 
versely as we move toward the curve, the saturation will 
be increased. Thus, we can see that a 100 per cent satu- 
rated color is one that has 100 per cent purity or freedom 
from white and that a desaturated color is a color which 
contains some amount of white light. 

Referring again to the chromaticity diagram in Fig. 
1-10, we see that the bottom of the horseshoe curve has 
been completed with a straight line drawn from purplish - 
blue to red. Although this line completes the curve, it 
should not be considered in the same sense as the rest of 
the horseshoe. The reason for this is that the colors along 
this line cannot be assigned dominant wavelengths within 
the limits of the spectrum; therefore, these colors are 
known as nonspectral colors. They can, however, be ex- 
pressed as the complements of some of the spectrum 
colors which fall directly on the horseshoe curve. A line 
from 500 millimicrons has been extended through white 
to the straight line, and the point of intersection is labeled 
500C; or, in other words, the nonspectral color at this 
point is the complementary color of the bluish -green of a 
wavelength of 500 millimicrons. The same thing is true 
of the line that has been extended from a wavelength of 
560 millimicrons; 560C is the complementary color of 
a yellowish -green with a wavelength of 560 millimicrons. 

When primary colors were selected for color tele- 
vision work, it was found that these primaries must of 
necessity be limited by the color phosphors that were 
available for the picture tube. Fig. 1-10 shows the location 
of the actual primaries R, G, and B that are used in color 
television. These points represent the primaries selected 
by the NTSC and are the colors red, green, and blue. They 
define a triangle within the boundaries of the chromaticity 
diagram; the area within the triangle represents the 
range of colors that are obtainable when these primaries 
are used. In the NTSC triangle, red has a wavelength of 
approximately 610 millimicrons, green is approximately 
540 millimicrons, and blue is approximately 470 millimi- 
crons. At first glance, this triangle appears much 
smaller than the gamut of colors obtainable when ideal 
primaries are used. If we give Fig. 1-10 a closer in- 
spection, however, we see that the NTSC primaries fall 
very close to the saturated colors on the chromaticity 
curve. The red primary, for example, is actually on the 
curve. 
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Fig. 1-10 also shows the colors obtainable from 
modern printing inks. It is apparent that the NTSC color 
triangle covers a considerably larger area than does the 
gamut of printing inks. It would seem from this that the 
colors which can be displayed in color television are 
entirely adequate. 

SUMMARY 

In the foregoing discussion, there are many points 
which are particularly important toward an understanding 
of the color television system. It might be well to call 
the reader' s attention to some of these points. 

The characteristics of human vision are important 
in that the eye is the instrument which judges the quality 
of color reception. Human vision is a remarkable func- 
tion, but it has certain deficiencies and irregularities 
which limit its effectiveness. An understanding of these 
limitations is extremely helpful to anyone engaged in 
color television work. Examples of these limitations are: 
the luminosity response of the eye to various colors, in- 
tensity and time thresholds, contrast limitations, and the 
visual -angle requirements. It was also pointed out that 
certain illusions occur particularly with respect to bright - 
ness and saturation changes. 

Treatment has been given to the two types of light 
sources, direct and indirect. In addition, the constituent 
colors and wavelengths of the light spectrum have been 
investigated. The attributes of hue, saturation, and 
brightness were described; and their importance will be- 
come increasingly evident as we proceed into the study of 
the color television system. 

The development of the chromaticity diagram was 
covered in some detail. There were two major reasons 
for this: (1) the diagram is based upon actual tests of 
human vision, and this fact lends authority to the data 
which it presents; and (2) the NTSC triangle which can 
be put to practical use in servicing work is based to a 
great extent upon the chromaticity diagram. 

Since in the color television system the desired 
colors are produced by a mixing action, a thorough cov- 
erage of color -mixture rules has been presented. These. 
rules are basic, and a knowledge of them will prove help- 
ful in analyzing and adjusting color receivers. 

Keeping in mind that an understanding of these im- 
portant points will contribute much toward efficient color 

TV servicing, the reader would do well to test his under- 
standing of them. Perhaps a second reading of t he 
discussion of colorimetry would be in order. 

To test further the reader' s knowledge of this 
subject, here are a few questions, the answers to which 
are presented in this discussion: 

1. If a small area of red direct light is placed next to a 
small area of green direct light, what color is seen by 
eye? 

2. What region of the visible spectrum appears brightest 
to the eye? Why? 

3. What is meant by desaturation? 

4. What are the relationships of all colors that lie on a 
line drawn on the chromaticity diagram from point E to 
any point on the spectrum locus? 

5. What are the three NTSC primaries? What are the 
three secondary colors, and how are they produced? 

C. P. OLIPHANT 
GLOSSARY 

BRIGHTNESS. The attribute which 
makes an area appear to emit more 
or less light. 

CHROMATICITY. Chroma; or the 
quality, state, or degree of having 
color. 

COMPLEMENTARY COLORS. De - 
signating or pertaining to either of a 
pair of contrasting colors or their 
energy stimuli which, when mixed in 
proper proportions, give white or a 
neutral color such as gray. 

DIRECT LIGHT. Light from a self - 
luminous object such as the sun or an 
incandescent lamp. 

EQUAL -ENERGY WHITE. The light 
produced by a source radiating equal 
energy at all visible wavelengths. 

HUE. The name of a color such as 
red, yellow, blue, or the like. 

ILLUMINANT C. The reference white 
of color television; light which most 
nearly matches average daylif:it. 

INDIRECT LIGHT. Light from an ob- 
ject which does not have self -luminous 

properties but which is given bright- 
ness by light from some outside source. 

MILLIMICRON (mp). The unit used 
in specifying wavelengths of light 
energy; imp = 10-7 cm. 

NONSATURATED COLOR. A color 
that is not pure; one that is mixed 
with its complementary color or with 
white. 

PRIMARY COLORS. Any of a set of 
colors from which all other colors 
may be regarded as derived; hence, 
any of a set of stimuli from which all 
colors may be evoked by mixture. 

PURITY. Freedom from mixture with 
white or with any other color. 

SATURATED COLOR. A color that is 
not mixed with its complementary 
color or with white. 

SATURATION. The degree to which 
white light is absent in a particular 
color. 

SECONDARY COLORS. A color 
formed by mixing two primary colors 
in equal or equivalent quantities. 
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ave more.. 
-arvice better - with EMC 
JISION INSTRUMENTS 

MinThe top quality of EMC precision 
instruments has been proven by 
years of coast -to -coast tests per- 
formed both in the field and on the 
bench covering every servicing con- 
dition. 

Exceptionally low 
prices on these quality 
instruments are made 
possible by combining 
every new engineering 
advance with EMC large 
volume production. 

Convince yourself ... 
check the features and 
prices of the two out- 
standing examples 
quoted below ... 

11.1 
miCompare these high quality features with 
scopes selling up to twice the price of 

-the new model 600. 
Uses new 5 UPI - 5" scope tube for 

-sharp focusing and good intensity. 
Retrace blanking amplifier to elimi- 

-nate confusion and give clearer pictures. 
Has built-in 60 cycle phasing control 

-and sweep for TV servicing. 
Uses astigmatism control for better 

focusing. 
Provision for Z axis input or intensity 

modulation. 
Synchronization available on positive 

from external source. 
or negative phase of input voltage or 

input. 
Uses a 2 step compensated attenuator 

Has a 2 stage push-pull vertical ampli- 
fier with sensitivity of .02 volts per inch. 

Multivibrator sweep from 15 cycles to 
over 75 kilocycles. I Direct connections to scope plates 

available. 

New Model 600 (completely 
wired and tested) $99.50 

NEW MODEL 600 OSCILLOSCOPE 

MODEL 106 - ? 

VACUUM TUKE 

VOLTMETER. 

Compare these high .1 

quality features with _ 
meters selling cp to 
twice the price of P 
Model 106. 

Completely ellectronic -meter cannot burn 
out 
Dual triodes balanced bridge circuit 
Zero center adjustment for TV and Fm 
alignment 
Uses 1% precision resistors for voltage 
multipliers 
Full scale deflection of 11/2 volts for both 
AC -DC volts 
1 meg. isolating resistor in probe 
Measures resistance in 5 ranges from .2 
ohm to 1000 megs. 
Space saving portable Bakelite case -- 

46a" x 51/4" e 27/o" 
New Cost -Saving Prices ... Lowest on market 
for wired and kit form. 

Model 106, il'ustrated 
(Complete with all leads) $35.90 

Model 106, in kit form 23.90 
RF and high voltage accessory probes 
available. 
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Write department PF -6 for complete catalog. 

Horizontal AFC Circuits 
(Continued from page 15) 

current at a steady value; the magnetic 
field of Ll collapses and reverses 
the voltage across L2, driving V2 to 
cutoff. 

During the time the grid was 
positive, grid current was drawn, 
resulting in an accumulation of elec- 
trons on the grid side of capacitor 
C8. The oscillatory cycle does not 
repeat immediately because t h e 
charge on C8 is sufficient to hold the 
grid below cutoff for a lengthy time 
interval. The current flow during the 
discharge of C8 decreases exponen- 
tially until the voltage drop across 
R8 and R9 decreases to the cutoff 
level. It can be seen that the blocking 
oscillator produces brief bursts of 
energy at a rate which is governed 
by the time constant of the components 
in the grid circuit. In the oscillator 
circuit shown, the adjustable slug in 
the plate coil L1 is also effective in 
changing the frequency of operation. 

The output waveform of the 
oscillator is the desired saw tooth. 
The forming capacitor C12 is con- 
nected between the plate circuit and 
the cathode of the oscillator, and its 

W4-Grid Waveform. 

W5-Plate Waveform. 

W7-Output Waveform. 

Fig. 8-9. Oscillator Waveforms With L3 
Shorted. 

charging cycle begins when the grid 
cuts off the plate current. The ca- 
pacitor charges through resistor R12. 
The values of C12 and R12 are selected 
so that C12 will charge to a small 
percentage of the B+ voltage in one 
cycle of operations. This results in 
improved linearity. When the tube 
conducts, the forming capacitor is 
discharged. This action can best be 
seen by comparing waveform W7 
with the other waveforms in Fig. 8-9. 
W4 is the waveform present on the 
grid of the oscillator, and W5 is the 
plate waveform. 

On waveform W4, point 1 indi- 
cates the time at which the grid voltage 
reaches the cutoff level. Plate current 
starts to flow at this time, and wave- 
form W5 shows that the plate voltage 
goes down. Point 2 is the time of 
maximum positive grid voltage (W4) 
and minimum plate voltage (W5). A 
series of damped oscillations occur 
until point 3. R10, which is placed 
across L1, is effective in damping 
out these oscillations. The grid is 
below cutoff, and capacitor C8 begins 
to discharge. Point 4 is the time at 
which the grid again reaches the cut- 
off point, and the cycle begins anew. 

The foregoing explanation of the 
oscillator action and the photographs 
of the waveforms were all presented 
with the assumption that the tuned 
circuit composed of L3, C9, and R11 
was not in the circuit or was shorted 
out. When the short is removed, the 
tuned circuit is in series with the 
plate circuit and it is shock excited 
into oscillation by the rapid changes 
in the plate current. The values of 
L3, C9, and R11 are such that the 
resonant frequency of the combination 
is slightly higher than the frequency 
of the blocking oscillator and that the 
voltage across the coil has the cor- 
rect amplitude. In this way a sine 
wave of voltage is superimposed upon 
the plate supply voltage as well as 
upon the exponential discharge wave- 
form which is present on the grid. 
Because of the sine wave, the tube 
approaches the conduction level more 
rapidly than before. This makes the 
oscillator much less susceptible to 
triggering by random noise pulses. 
The altered waveforms resulting from 
this sine wave are shown in Fig. 8-10. 
Note that the output waveform W7 in 
Fig. 8-10 is identical to the output 
waveform W7 in Fig. 8-9, indicating 
that the addition of L3 has no effect 
on the generated signal. 

The adjustment of the variable 
core in coil L3 is a service adjust- 
ment which makes it possible to adjust 
the phasing of the sine -wave voltage 
with regard to the saw -tooth waveform 
of the oscillator. Normally, this slug 
is adjusted so that the peak of the sine 
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W4-Grid Waveform. 

W5-Plate Waveform. 

W6-Waveform at Terminal C of Oscillator Transformer. 

W7-Output Waveform. 

Fig. 8-10. Oscillator Waveforms With Sine - 
Wave Stabilization. 

wave is equal in amplitude to the peak 
of the saw tooth as seen on waveform 
W6 in Fig. 8-10. Fig. 8-11 shows 

the waveforms which are obtained 
with the slug in the two possible 
maladjusted positions. 

In part A of Fig. 8-11, the sine 
wave has the greater amplitude. This 
adjustment may cause the oscillator 
to double -trigger and results in a 
loss of horizontal sync. Part B of 
the same figure shows the opposite 
condition in which the saw tooth has 
the greater amplitude. An adjustment 
of this nature loses all the advantages 
of the sine -wave stabilization, a n d 
the oscillator becomes sensitive to 
noise impulses. When a receiver 
using the pulse -width control system 
is operated in an area where extreme 
noise is present, it is permissible to 
adjust L3 so that the peak of the sine 
wave is just slightly above the peak 
of the saw -tooth waveform. This 
provides some extra immunity to the 
noise. 

The waveforms shown in Figs. 
8-9, 8-10, and 8-11 were taken with 
the oscillator synchronized to a tele- 
vision signal. The adjustment of L3 
must be made while the oscillator is 
synchronized. If L3 is adjusted with 
the oscillator in a free -running state, 
erratic operation will result. 

There are many variations of 
this basic oscillator circuit in use. 
Several of these variations are shown 
in Fig. 8-12. 

In part A of this figure, ca- 
pacitor C8 is connected between one 
end of the grid coil and ground; it 
performs the same function as in the 
other circuits. An additional oscil- 
lator frequency control is provided 
in the form of a variable positive 
voltage in the grid circuit. This con- 
trol varies the bias on the grid and 
sets the level at which conduction 
will occur. The tuned circuit of L3 and 
C9 is inserted in the cathode circuit 
instead of the plate circuit, but it 
performs the same function of super- 
imposing the sine -wave voltage on 
the grid bias. 

(A) Frequency Too Low. 

(B) Frequency Too High. 

Fig. 8-11. Waveforms Showing Misadjust- 
ment of Variable Core of L3. 

Part B of the same figure shows 
an oscillator circuit wherein sine - 
wave stabilization is not used, and the 
oscillator is controlled by the full 
voltage developed across C6 and C7 
in the cathode circuit of the control 
tube. Resistor R7 is not used, and 
the charge on C6 and C7 develops the 
control voltage across R8. An ad- 
ditional frequency control is provided 
by the variable capacitor across R8. 

The AFC or control tube exer- 
cises its control over the oscillator 
frequency by varying the grid voltage 
of the oscillator. After one oscillatory 
cycle has driven the grid to its maxi- 
mum negative voltage, C8 will dis- 
charge to the cutoff level in a definite 
time interval. An increase in positive 
voltage on the cathode of the control 
tube can reduce the required discharge 
time and thus increase the oscillator 
frequency. A decrease in positive 
voltage on the cathode will lower the 
oscillator frequency by increasing 
the discharge time. Let us now con- 
sider the operation of the AFC tube 

HORIZ. HORIZ. 
B+ HOLD FREQ. 

A 
B+ 

FREQ. B 

Fig. 8-12. Two of the Many Variations of the Basic Oscillator Circuit. 
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to see how these voltages are 
generated. 

AFC or Phase Comparator Tube. 

The pulse -width system derives 
its name from the fact that its oper- 
ation is based on the variable posi- 
tioning of the sync pulse upon the peak 
of a waveform which is derived from 
the horizontal oscillator; the width of 
the pulse above the peak will vary 
with its position. Normal operation 
of the pulse -width system requires 
that three separate signals must be 
combined and impressed on the grid 
of the AFC tube, V1 on the schematic 
of Fig. 8-8. These three signals are: 
a saw -tooth waveform from the hori- 
zontal oscillator, a negative -going 
pulse from the horizontal -s weep 
output, and a positive -going sync 
pulse. The AFC tube compares the 
three signals and derives a DC voltage 
which then stabilizes the oscillator 
at the correct frequency and phase. 
(Actually, some modified circuits of 
this basis type are used without the 
pulse from the sweep output, since its 
only function is to shape the waveform 
on the grid of the control tube.) 

To understand better the oper- 
ation of the AFC tube, let us divide 
the input signal into its three com- 
ponent waveforms; but we will con- 
sider only two of these at the present 
time. The waveform W8, shown in 
Fig. 8-13, illustrates the voltage 
waveform derived from the output 
circuit; and waveform W8A is the 
resulting waveform after integration 
by resistor R14 and capacitors C10, 
C2, and C3. (Waveform W8A was 
obtained under no -signal conditions 
and with one end of the resistor R13 
temporarily disconnected.) 

(A) Before Integration. 

(B) After Integration. 

Fig. 8-13. Feedback Voltages From Hori- 
zontal -Output Circuit. 
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(A) Before Integration. 

(B) After Integration. 

Fig. 8-14. Feedback 
lator Circuit. 

Voltage From Oscil- 

The photographs in Fig. 8-14 
show waveform W7 which is the saw - 
tooth output from the oscillator and 
waveform W7A which is the same 
signal after integration through R13, 
C2, and C3. (Waveform W7A was 
obtained under no -signal conditions 
and with one end of capacitor C10 
temporarily disconnected.) 

Since both W7A and W8A are 
derived either directly or indirectly 
from the horizontal oscillator, they 
will always have the same phase 
relationship to each other. Thus, they 
can be added together; the resultant 
waveform is shown as W2 in Fig. 8-15. 
(This photograph was obtained under 
no -signal conditions.) One require- 
ment for this waveform is that the 
positive peak must have steep leading 
and trailing edges. The parabolic 
waveform W7A provides the steep 
leading edge, whereas the rapid 
negative -going portion of W8A 
provides the steep trailing edge. 

Since the oscillator V2 is con- 
tinuously in operation, a high negative 
voltage is developed on its grid. A 
portion of this negative voltage is 
applied to the grid of V1 through 

(A) Sync Pulse. 

resistor R6, which serves as a filter 
and an isolation resistor. This voltage 
is sufficient to bias Vl below cutoff 
when R4 is properly set. The com- 
posite waveform W2 does not have 
sufficient amplitude to cause plate 
current to flow in V1, as shown by 
waveform W2 in Fig. 8-16. When the 
sync pulse (which is shown as wave- 
form Wl in Fig. 8-16) is added to the 
waveform W2 and the two have the 
same frequency and phase, the re- 
sulting waveform will appear as 
waveform W3. It can be seen that 
the amplitudes will add and Vl will be 
driven into conduction by the sync 
pulses. One fact not shown by wave- 
form W3 is that only about one-half 
of the sync pulse appears on the peak 
of the waveform W2. The other half is 
situated on the trailing edge of the 
peak and is not visible. 

Waveform W3 in Fig. 8-16 
shows only one of the three possible 
phase relationships between Wi and 
W2. It is possible for the oscillator 
to operate either fast or slow, and it 
is the function of the AFC tube to 
compensate for this variation. When 
the oscillator is synchronized, the 
sync pulses appearing above the con- 
duction level of Vl have a definite 
and constant width, as shown in part 
B of Fig. 8-17. This width will vary 
if the composite signal W2 were to 
vary in its phase relationship with 
Wl. If the oscillator tends to run 
slower than normal, waveform W2 
will be displaced to the right in com- 
parison to Wl; and that portion of the 
sync pulse above the conduction level 
will be wider. This is illustrated in 
part A of Fig. 8-17. If the oscillator 
tends to run fast, W2 will be displaced 
to the left and that portion of the sync 
pulse above the conduction level will 
be narrower, as shown in part C of 
Fig. 8-17. In either case the remainder 
of the sync pulse which is on the 
trailing edge of the peak will vary 
inversely as the width of the pulse on 
the top of the peak varies. 

The width of the pulse which 
drives Vl into conduction will de- 
termine the length of time for which 
V1 will conduct. The wider pulse will 
cause conduction for a longer interval 
than will the narrower pulse. It is 

(B) Composite Waveform of W7A and W8A. 

Fig. 8-15. Composite Waveform Composed 
of W7A and W8A. 

this time of conduction of V1 which 
determines the amount and direction 
of the control exerted on the oscillator. 

The plate current of Vl will 
charge capacitors C6 and C7 more or 
less, depending upon the length of time 
that Vl conducts. Resistors R7 and 
R8 form a voltage divider across C6 
and C7; the voltage across the ca- 
pacitors will be divided between the 
two resistors. Conduction of V1 pro- 
duces a positive voltage which is fed 
to R8. The oscillator grid voltage, 
which is negative, is also fed to R8. 
The resultant voltage will affect the 
oscillator frequency. The positive 
voltage will change in value as the 
conduction of V1 increases or de- 
creases because of the variation in 
the pulse width on the grid. When 
the oscillator is synchronized and in 
proper phase relationship, the voltage 
across R8 will be at its normal value. 
As before, if the oscillator were 
running slow, the pulse would be wide; 
Vl would conduct for a longer interval; 
and the control voltage would tend to 
go positive or less negative. A re- 
duction in the negative grid voltage 
of the oscillator would result, and the 
oscillator frequency would increase. 
If the oscillator were already run- 
ning fast, the foregoing sequence of 
events would be reversed, and the 
oscillator frequency would decrease. 

The variable resistor R4 in the 
plate circuit of Vl is labeled the 
"Horizontal Hold Control." It provides 
a measure of control over the oscil- 
lator frequency because it can be 
adjusted to set the cutoff point of Vl 
and can thus determine the level to 
which C6 and C7 will charge during 
the conduction time of Vi. Indirectly 
then, this control varies the range 

(C) Combination of Sync Pulse and Composite Waveform. 
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(A) Oscillator Slower Than Normal. 

CONDUCTION 

LEVEL 

151 Oscillator in Phase. 

(CI Oscillator Faster Than Normal. 

Fig. 8-17. AFC Grid Waveforms Showing 
Variations as Oscillator Phase Is Changed. 

over which the control voltage that is 
developed across R8 will vary. 

Sync -Pulse Source. 

The pulse -width system, unlike 
the phase -detector system, requires 
only one polarity of the sync pulse; 
and therefore a sync phase -inverter 
stage is unnecessary. However, the 
sync -pulse signal for the pulse -width 
system must have a constant ampli- 
tude, and one or more sync -limiter 
stages are necessary. The positive 
sync pulse which is applied to the 
circuit chosen for illustration is taken 
from the plate circuit of a sync - 
amplifier stage. 

Trouble Shooting. 

This type of AFC circuit is 
extremely critical with regard to 
component values; h e n c e, replace - 
ments should be carefully selected 
and particular attention should be 
given to temperature coefficients and 
tolerance ratings as well as values. 
Components most susceptible to 
failure include capacitors Cl, C5, C8, 
C10, C12, and resistors R7, R8, R9, 
and R14. Capacitors C6 and C7 in the 
cathode circuit of Vl occasionally 
suffer a loss of capacitance, and this 
loss is usually evidenced by an ap- 
pearance of jittering in the picture or 
unstable synchronization. 

William E. Burke 
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TV Colormath 
(Continued from page 19) 

e q u a t ions 6 and 7 for amplitude 
values.) Note that the vector sum has 
a value of 0.877 for R - Y. The I and 
Q vectors shown in Fig. 8A are drawn 
along their respective phase angles. 

For the B - Y component (Fig. 
8A, section 2) the I vector goes nega- 
tive by -0.27 (B - Y), while the Q 
vector is 0.41 (B - Y). The vector 
sum is 0.493 (B - Y). 

Fig. 8B, section 3, shows the 
total as specified by FCC standards. 
Note that I and Q are in quadrature 
and that the color -difference com- 
ponents are also in quadrature. The 
R - Y and B - Y components have a 
simple 90- and 180 -degree ph a s e 
relationship with the reference color 
sync burst. "Narrow -band" color 
receivers utilize this arrangement 
by directly demodulating the color - 
difference components with compar- 
atively simple circuits. "Wide -band" 
receivers utilizing full I bandwidth 
are more complicated, not so much 
because of the phase relationships but 
because of the more elaborate ma- 
trixer necessary and the facilities 
used to modify the effect of crosstalk 
caused by the I -signal vestigial side - 
band. 

7 7 
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EACH QUADRATURE (I AND Q) CONTAINS SOME OF 
BOTH R -Y AND B -Y COLOR -DIFFERENCE COMPONENTS. 
WHICH ARE THEREBY REDUCED IN AMPLITUDES. 

Fig. 8B. Relationships of the R -Y and B -Y 
Vectors With Those of the I and Q Vectors. 

TABLE I 

COLOR SYSTEM RELATIONSHIPS FOR PRIMARIES AND COMPLEMENTS 

Transmitted 
Color 

EG ER EB Ey G - Y R- Y B - Y Q I 

Green 1 0 0 0.59 0.41 -0.59 -0.59 -0.525 -0.28 

Yellow 1 1 0 0.89 0.11 0.11 -0.89 -0.31 +0.32 

Red 0 1 0 0.3 -0.3 0.7 -0.3 +0.21 +0.60 

Magenta 0 1 1 0.41 -0.41 0.59 0.59 +0.525 +0.28 

Blue 0 0 1 0.11 -0.11 -0.11 0.89 +0.31 -0.32 

Cyan 1 0 1 0.7 0.3 -0.7 0.3 -0.21 -0.60 

EG, ER, and EB are the green, red, and blue voltages, respectively, of the 
camera channel. Thus, yellow equals green and red minus blue, magenta equals 
red and blue minus green, and cyan equals green and blue minus red. 

The vectors shown in Fig. 8B 
indicate the relationships of only the 
chrominance information in terms of 
I and Q, as well as R - Y and B - Y. 
This relationship is not fixed, as 
witnessed by the fact pointed out pre- 
viously that on television white, the 
sum of I and Q is zero, and the sum 
of R - Y and B - Y is zero. The vec- 
tors then collapse, and the chro - 
minance signal is zero. The quad- 
rature system may express any phase 
angle from 0 to 360 degrees. 

The phase angles of the I -Q 
transmission primaries were chosen 
so that the I (wide -band) axis lies 
along the orange -cyan line of a 
chromaticity diagram. 

Assume that the camera is 
scanning a highly saturated red sur- 
face at maximum brightness (Fig. 8C, 
section 1). We may trace the action 
as was done previously for white. 
The output of the gamma amplifiers 
will be one volt for red, zero for blue 
and green. (See Table I.) The lumi- 
nance channel then has just 0.3 volt, 
the luminance level of the red signal. 
As shown by Fig. 8C, section 1, this 
results in an R - Y chrominance pri- 
mary of 0.7 and a B - Y chrominance 
primary of -0.3. When put into trans - 
miss i o n primaries, as previously 
discussed,R - Y becomes 0.614 at 90 
degrees and B - Y becomes -0.148 
(see Fig. 8C, section 2). 

Note that the positive B -Y 
axis is taken as the reference of zero 
degrees; the color sync burst is de- 
signated as + 180 degrees. The vec- 
tor sum of the red primary (Fig. 8C, 
section 3) is therefore 0.632 at 104 
degrees. This amplitude is for 
maximum saturation. Mixture with 
white would simply reduce this amp- 
litude. Contamination with any other 
hue would change the phase. Phase - 
angle accuracy must be held within 
± 10 degrees. 

Fig. 8D shows the formation of 
the red vector in terms of actual I -Q 
transmission primaries. Note that 
the I -Q matrixer at the transmission 
end proportions the R - Y and B - Y 
color -difference signals in amplitude. 
Then the I and Q modulators, which 
are driven by carriers in quadrature 
(Fig. 8A), contain the I and Q chro- 
minance sidebands in quadrature. 

Fig. 8E shows that simple amp- 
litude relationships of the quadrature 
system may express any angle from 
zero to 360 degrees. 

If we carry out the foregoing 
computation for all six major colors 

Y=Q3 

21 

31 

I -O MATRIX 
AND 

MODULATORS 

0.67710.71 04931.413)=0 
3614(' =0.148 

R= 0.632 

-0.148 
B- Y 

LOCATION OF RED VECTOR WHEN R=1,B AND G=O. 
TRANSMISSION OF RED SIGNAL IONLYI. 

0.614 
RY 

104 e AXIS` 

MATRIX 
PROPORTIONS 
AMPLITUDES 

MODULATORS 
PLACE IN 
QUADRATURE 

Fig. 8C. Location of Red Vector for Trans- 
mission of Red Signal at Maximum Satura- 
tion. 
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For Red Signal 
In Terms of i and Q 

1 = -0.2708 - Y) . 0.74(8 - YI 

Q = 0.41)8 - Y) . 0.481R - Y) 

Therefore: 

I = -0.271-0.3) . 0.74(0.7) 
_ .0.081. 0.518 
_ .0.6 

Q = 0.42(-0.3) + 0.48(0.71 
_ -0.123. 0.396 
_ 

e 40.21 

B Y 

TIC I AND O MATRIX PROPORTIONS TUE COLOR -DIFFERENCE 
SIGNALS ACCORDING TO THE ABOVE FORMULA TIE I AND G 
MODULATORS PLACE THEM IN QUADRATURE. 

Fig. 8D. Formation of Red Vector in Terms 
of I and Q Transmission Primaries. 

(three primaries and their comple- 
mentary colors), we arrive at the 
following values: 

COLOR PHASE (8) 

B - Y 0° 

Magenta 61° 

R - Y 90° 

Red 104° 

Yellow 167° 

Reference 
Burst 180° 

Green 241° 

Cyan 284° 

Blue 347° 

These relationships for maxi- 
mum saturation conditions or maxi- 
mum values of vector amplitudes are 
illustrated in polar form by Fig. 8F. 
Note that these amplitudes explain 
why the red and blue chrominance sig- 
nals exceed luminance levels and ex- 
tend into the sync region and why 
yellow extends beyond carrier cutoff. 
Also note that cyan is in quadrant 4 
directly opposite red in quadrant 2; 
yellow is directly opposite blue; mag- 
enta is directly opposite green; and 
that these complementary colors have 
the same amplitude as the primaries 
opposite them. The amplitudes re- 
presented by Fig. 8F must be held 
within X20 per cent for color fidelity. 
Further deviation results in both 
luminance and chrominance errors, 
since the ratio of the color carrier to 
the luminance carrier affects satura- 
tion information in colored areas. 

We may place the respective 
color axes on the chromaticity diagram 
of Fig. 8G, if we assume an over-all 
linear system in which gamma = 1. 
Departure from linear gamma would 
be shown by curved lines. Note first 
the red -cyan axis. As the red vector 
collapses into illuminant C or white, 
the minus -red axis continues to cyan. 
Observe from Fig. 8F that cyan is 
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