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TEMS 
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AGES 
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Chapter IX-THE T -R -F RECEIVER 

Chapter X-THE SUPERHETERODYNE RECEIVER 

Chapter XI-TELEVISION AND FACSIMILE RE- 
CEIVERS 

Chapter XII-PUBLIC ADDRESS SYSTEMS 

Chapter XIII-LOCALIZING DEFECTS BY SIGNAL 

TRACING 

Chapter XIV-SIGNAL TRACING IN RECEIVER 

DESIGN 

Explains 

the system of 
servicing that will 
gear your shop to 

modern and future 1 

requirements / 
THERE are about 40,000,000 receivers in the United 

States. Each and every one of these receivers comes 
within the capabilities of signal tracing os a means of 
locating defects with the greatest speed and efficiency. 
There is no man connected with the radio servicing in- 
dustry who can afford to miss reading "Servicing By Sig- 
nal Tracing" . . . . It means actual dollars in the 
pockets of every radio serviceman because it gives him 
an insight to rodio receiver operation and servicing that 
has never before been accomplished by any single book 
or combination of books. 

Signal Tracing is destined to become the universally 
adopted method of locating defects in communication 
systems, no matter what the nature of the system- 
whether it is a home broadcast receiver, auto -radio re- 
ceiver, police receiver, commercial, marine, navy or army 
receiver. Every public address system, every centralized 
radio system comes within the capabilities of signal trac- 
ing. . . . Television receivers, facsimile receivers and 
other systems intended for special application can be 
serviced with equal ease. . Signal Tracing, founded 
upon the signal itself, is the most basic, most funda- 
mental method of trouble shooting ever devised. . 

It is free of every limitation which in the past has hin- 
dered speedy service operations Service opera- 
tion at a Profit! 

You can't afford to be without this book. . We 
mean every word of this statement. . . . It is vital to 
your immediate welfare-to your future. . . . See your 
jobber about your copy today-NOW! 

360 Pages - Hard Covers 
188 Illustrations - Price $3.00 
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I 

AUTHOR'S FOREWORD 

Volume X is a continuation of the "Perpetual Trouble Shooter's Man- 
ual" series. In addition to this Volumes I, II, III, IV, V, VI, VII, VIII 
and IX have been published. 

Inasmuch as owners of preceding volumes are familiar with the Man- 
ual and with the nature of its contents, an elaborate description is not re- 

quired. However, it might be well to state that the information presented 
in Volume X is condensed as much as possible in accordance with the re- 
quests of owners of previous volumes of this publication. You will find that 
in many cases facts associated with a number of the receivers contained un- 
der any one manufacturer's heading have been grouped upon a single page, 
and references are made to this page in the description of the various 
models which employ a component, utilize the adjustment, and in general 
make use of the facts given upon this company's reference page. By ar- 
ranging the contents in this manner we avoid duplication and make space 
available for the inclusion of a greater number of schematics. Examples of 

the foregoing are push-button tuning adjustments, dial cable adjustments, 
etc. 

In a number of instances references are made to "conventional align- 
ment." This term is used in conjunction with simple receivers which do 
not require elaborate alignment instructions. Such conventional alignment 
was described in the "How It Works" section of Volume VIII, and we feel 
that so many men are familiar with simple alignment that it would be a 
waste of space to include such alignment in conjunction with each of the 
receivers contained in the Manual. 

We feel that reference to a given source of such information makes 
available additional space so badly needed for the inclusion of the large 
number of receiver models being manufactured. An example of the success- 
ful application of such space conservation is the fact that Volume X contains 
approximately 2600 models in its 1650 pages; whereas the number of models 
which hitherto have been incorporated in a Manual with an equivalent num- 
ber of pages was roughly 1900. 

We take this opportunity to request comments and criticism concern- 
ing the contents and make-up of Volume X. 

JOHN F. RIDER. 

il 
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HOW TO USE THIS INDEX 
This index covers all Rider's Manuals issued thus far. The three col- 

umns of pages are used to identify the pages employed in the various series 
of manuals published up to the present time. The column headed "Revised 
Pages" covers the ten individual Volumes I, II, III, IV, V, VI, VII, VIII, 
IX, and X which were arranged with a new type of folio. With respect to ear- 
lier editions of Rider's Manuals, the revised folios appear only in Volumes I 
and II. 

Hence any material which appears in Volumes I or II is shown in the 
columns marked "Revised" and also "Early," establishing the correct page in 
either of these issues of manuals. Thus if you own the early editions of 
Volumes I and II and the regular editions of Volumes III, IV, V, VI, VII, 
VIII, IX, and X you will refer to the "Early" column for material in Volumes 
I and II and to the "Revised" column for material in subsequent volumes. 
This work is simplified by the fact that the "Early" column has its equiva- 
lent in the "Revised" column only for the material which has been shown 
in Volumes I and II. 

Referring to the folios listed in the "Revised" column and covering all 
manuals, the number 1, before the page number, establishes the data as being 
in Volume I. The numeral 2 before the page number establishes the material 
as being in Volume II. The numeral 3 before the page number establishes 
the material as being in Volume III and the numeral 4 before the page num- 
ber establishes the material as being in Volume IV, etc. 

Concerning the pages listed in the "Early" column, all page numbers 
preceded by an asterisk (*) are in Volume I. All numbers which do not have 
an asterisk are in Volume II. The word "Front" shown in the "Early" col- 
umn establishes that the material was shown in the front end of Volume II. 

An example of the use of this index is as follows: 
Electrical Research Laboratories, Inc. 

Revised Early Radiotron 
Model Pages Pages Complete Pages 
75, 77 (231) 2-6 252-I 870 
81, 82 (245) 1-5 *252-C 871 
81-P, 82-P, 30 (248) 3-2 872 

The receiver model 75, 77 (231) is on page Erla 2-6 in the revised Vol- 
ume II; on page 252-I of the early Volume II and on page 870 of the Radio- 
tron Complete Manual. The receiver model 81, 82 (245) is on page Erla 1-5 
in the revised Volume I; on page 252-C in the early Volume I and on page 
871 in the Complete Manual. The model 81-P, 82-P, 30 (248) is on page Erla 
3-2 in Volume III and on page 872 of the Complete Manual. 

Volumes III, IV, V, VI, VII, VIII, IX, and X pages require no com- 
ment, since their identity is established by the numerals 3, 4, 5, 6, 7, 8, 9, or 
10 which precede the page number. 

When seeking any page, remember that the manufacturers' names are 
arranged alphabetically and that the trade names are shown in connection 
with the folios. Sometimes more than one model using the same chassis 
is listed upon the same line. Where a chassis is used in more than one model, 
the extra model numbers appear in their numerical order, referring back to 
the lowest model number. Chassis numbers are also listed numerically and 
cross indexed to the lowest model number. 
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EVERY MINUTE OF EVERY DAY 

RIDER'S MANUALS 
ARE BEING CONSULTED BY SERVICEMEN 

TO SOLVE THEIR PROBLEMS 

Over 18,000 pages of servicing information comprise the great- 
est aid ever made available to servicemen. e In every country 
RIDER'S MANUALS are recognized as the ONLY source of 
reliable information. QAnd this data can be easily and quickly 
found, for EVERYTHING ON EVERY PAGE of Rider's nine vol- 
umes is listed in the revised 200 page Index that is cross- 
referenced. 41 The products of hundreds of manufacturers covered 
in Rider's Manuals make them absolutely essential to every 
serviceman. 

THE PAGES OF 

RI DER'S MANUALW40.1 
GO OVER HALF él 

_= 

WAY AROUND r- 
THE WORLD! 
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GENERAL ELECTRIC 
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GENERAL ELECTRIC 
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GENERAL ELECTRIC 
GENERAL HOUSEHOLD 
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THE CATHODE-RAY 

TUBE AT WORK 
A new era In the servicing of 

radio receivers, public-address sys- 
tems, transmitters. etc., is to the 
offing. It is the use of the cathode- 
ray tube and the progressive service- 
man will prepare himself now for 
the change that is coming. 

The theory underlying the rime - 
tinning of the cathode-ray tube and 
the circuits that accompany it re- 
ceives full consideration in this book. 

The second half of the volume is 
devoted to specific and practical ap- 
plications of commercial oscilloscopes 

to servicing and adjustment problems. Order your copy today! 

CONTENTS 
I-The Theory of the Tube. A complete explanation of the different 
types of cathode-ray tubes. How the spot is focussed and how the 
beam of electrons is deflected. 1I-Sweep Circuits. How and why the 
spot moves across the screen and forms the image. Ill-A-C. Voltages 
on Both Sets of Plates. An explanation of the patterns formed on the 
cathode-ray tube screen when a.c. voltages are applied. IV-Commer- 
cial Cathode -Ray Oscillographe. A detailed description of the various 
cathode-ray oscillographs that are on the market. V-Practical Appli- 
cation of the Cathode -Ray Osctllograph. General directions for adjust- 
ing the cathode-ray oscillograph for all tests. VI-Alignment of Tuned 
Circuits. Understandable explanation of the theory of the frequency 
modulated oscillator and bow it is used in testing with the cathode-ray 
oscillograph. VIf-The A -F. Frequency Modulator. How overall a -f. 
response curves of audio units are developed and what they mean. VIII-Auto Radio Vibrator Testing. The connections for testing vi- 
brators with the cathode-ray tube oscillograph. IX-Transmitter Ad- 
justment. How the modulation of a wave is measured and the trape- 
zoidal pattern is developed on the screen. X-Other Applications of the 
Cathode -Ray Oacillograph. Beat patterns, c -w. reception and detection. 

338 Pages . . Profusely Illustrated . . Net Price $3.00 

SERVICING 

SUPERHETERODYNES 
No other circuit in the radio field has 

undergone all the changes that have 
been incorporated in the superhetero- 
dyne. In order to service these receiv- 
ers with profitable speed, you must be 
able to analyze the different portions 
of the circuit quickly and this is just 
what Rider tells you how to do in this 
book. Not only is the theory of all 
types of Superhets thoroughly covered, 
but actual servicing details are most 
complete. Many thousands of Service- 

men are using "Servicing Superheterodynes" daily and are finding 
the investment one that paid dividends in increased profits. 

CONTENTS 
I-The Principles Underlying the Operation of the Superhetero- 
dyne Receiver. II-The Generation of and the Relation Between 
Harmonics. III-Explanation of the Different Types of Super- 
heterodyne Circuits. IV-Function and Characteristics of Indi- 
vidual Parts of the Superheterodyne Receiver. V-Special Circuits 
and Tube Applications. VI-Troubles and Symptoms Encountered 
in Superheterodynes. VII-Application of Test Oscillators. 
VIII-Vibrator Units. Appendix-Intermediate Peak Frequen- 
cies of Commercial Receivers with Model Numbers. 

288 Pages . . Profusely Illustrated . . Net Price $1.00 

Alternating Currents in Radio Receivers 
Are you familiar with the different forms of alternating 

currents which are present in a radio receiver? When once 
you understand the basic facts relating to the cycle-fre- 
quency-sine waves-harmonics-complex waves-modulated 
waves-phase relations-you will have no trouble in under- 
standing the servicing problems which involve these factors. 

D.C. Voltage Distribution 
Only a casual glance at the schematics of some of the 

1939 multi -tube sets will convince you that the distribution 
of the D.C. voltage to the tube elements is complicated. 
The many different forms these systems take should be 
recognized at a glance and understood. You should know 
thoroughly how the value of resistance and wattage rating 
of each resistor is calculated and why. 

HARD COVERS . . . . TYPE SET 

96 Pages Each 
Net Price 90e Each 

Resonance and Alignment 
Do you know what happens when you tune a circuit to resonance? In order to align a receiver. oscillator, or trans- former properly, so that maximum efficiency is attained, 

you must be familiar with more than just the mechanical 
operation. Are you familiar with I.F.. oscillator, R.F. and 
detector alignment for all types of circuits-single, double 
and triple tuned systems? 

Automatic Volume Control 
Automatic volume control has now become a standard feature of every well made receiver. Are you familiar with 

every type in use and can you recognize one system from another by examining the schematic? Do you know how various types of tubes are used in each circuit? Noise sup- pression systems, time delay circuits-audio-frequency vol- ume expander systems and other such networks hava greatly increased servicing problems. 

. . PROFUSELY ILLUSTRATED . . . . HANDY POCKET SIZE 

SERVICING RECEIVERS BY 

MEANS OF RESISTANCE 

MEASUREMENT 
Take the guesswork out of serv- 

icing by using an ohmmeter in your 
trouble shooting. This book tells 
you how to make and correctly in- 
terpret point to point resistance 
measurements. It will simplify 
your servicing problems and enable 
you to use the resistance data fur- 
nished in RIDER MANUALS to 
the best advantage. Now that more 
and more manufacturers are supply- 
ing resistance data, you need this 
book to speed up your servicing 
with greater accuracy. Let Rider 
show you how to use a modern 
servicing procedure on the compli- 
cated receivers-you will find in 
this book the usual Rider clarity 
of explanation of how theory is 
applied to practice 
203 Pages Net Price S1.50 

ALIGNING PHILCO 
RECEIVERS 
Two Volumes 

Everything you need for align- 
ing Philco receivers . 

peaks - adjustment frequencies- 
trimmer and padder locations- 
complete and detailed information 
for aligning every Philco model 
from 1929 to 1941. These two 
volumes, prepared with the co- 
operation of the engineering staff 
of the Philco Radio & Television 
Corp., are the authentic source 
of alignment information and the 
data are presented in a brand 
new way that makes alignment 
easier and quicker. You will find 
all the necessary data arranged so 
that every step in the alignment 
procedure is carried out in a defi- nite systematic time -saving manner. The necessity for referring back and forth is eliminated completely in this radically new style of presenting alignment data. 

Vol. I - 1929 to 1936 - 176 pages - $1.50 
Vol. 11 - 1937 to 1941 - 200 pages - $1.75 

AUTOMATIC FREQUENCY 

CONTROL SYSTEMS 
From the simplest type of A.F.C. 

circuit to the most complicated push 
pull control circuit . .. you will find 
them all clearly explained in Rider's 
book. The first part of the book is 
devoted to a review of the combination 
of D.C. voltages, the phase relations 
in inductive, capacitive, and trans- 
former circuits, with particular refer- 
ence to the manner in which these 
principles appear in A.F.C. circuits. 
The remaining chapters cover the op- 
eration of all types of discriminator 
circuits, the operation of the various 
types of control tube circuits, includ- 
ing the push-pull type, the reflected 
reactance type, and the mutual induc- 
tance type. Let Rider tell you all 
about A.F.C. in this up-to-the-minute 
book that combines theory and practice. 

144 Pages Net Price $1.25 
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FREQUENCY MODULATION 
The latest development in radio 

-FREQUENCY MODULA- 
TION-is on the air. More and 
more stations all over the country 
are making provision for "static - 
less" broadcasting and the number 
of F -M receivers on the market is 
increasing. . . . Here is your 
chance to get in at the start- 
Rider's newest book explains the 
transmission and reception of fre- 
quency -modulated signals with 
especial attention given to the dif- 
ferent types of f -m receivers now 
available-their adjustments and maintenance. 
... This is a "must" for every serviceman 
who has an eye on the future.... It is an in- 
vestment that will pay real dividends! 
136 PAGES .... TYPE SET . . . . FLEXIBLE CLOTH . 

CONTENTS 
Chapter I. Frequency Modulation.- 
An introduction to the subject with com- 
parisons drawn between the frequency - 
modulation and amplitude -modulation 
forms of transmission and reception. 
Chapter II. What Happens at the Trans- 
mitter.-A non -mathematical explanation 
of how frequency -modulated signals are 
broadcast, including a discussion of 
phase modulation. Chapter III. What 
Happens in the Receiver.-How the f -m 
signal progresses through the receiver 
and how it is affected by the limiter dis- 
criminate tubes. Chapter IV. Wave 
Propagation and Service Areas.-How 
the ultra -high frequency waves are 
used for f -ni transmission and the area 
covered. Chapter V. F -M Receiving 

Antennas.-Explanations and data concerning the best 
types of antennas for the reception of f -m signals. 
Chapter VI. Servicing F -M Receivers.-Valuable in- 
structions for the adjusting and maintenance of the 
receiver including numerous oscillograms that will 
guide you in your servicing problems. 

. PROFUSELY ILLUSTRATED .... NET PRICE $1.50 

THE METER AT WORK 
Here is a practical book for all 

who employ electric meters in 
radio and the allied electronic 
arts. 

It is only through knowledge 
of the principles underlying the 
functioning of any piece of ap- 
paratus that a man can get the 
utmost use from it. To that end, 
it will be found that the subject 
matter of this book is treated 
from an entirely new angle, the 
theory upon which each meter is 
based is separate and distinct 
from any other type and com- 

plete in itself. Inasmuch as some types of meters can 
do several jobs, the practical aspects of the meter are 
confined to the latter portion of the book. Thus, you 
can cover whichever phase of the subject you are in- 
terested in, and with the new construction of the book -the separation of text and illustrations-you will be 
able to obtain the information quickly and with the 
minimum of effort. 

CONTENTS 
I-General Considerations. II-Moving-Iron Meters. III- 

Moving-Coil Meters. IV-Electrodynamometer Meters. V-The 
Electrostatic Meter. VI-Thermal Meters. VII-Components of 
Meters. VIII-Characteristics of Meters. IX-Rectifiers and 
Thermocouples. X-Practical Applications of Meters. 

152 Pages . . . 138 Illustrations . . . $1.50 

THE OSCILLATOR AT 
WORK 

Do you get your money's 
worth out of your present-day 
oscillator? Do you derive 
maximum utility from that 
unit? Do you know how to 
test your oscillator and estab- 
lish if it is working properly? 
Would you know how to re- 
pair it if it went bad? Do you 
know how many different 
types of oscillators can be 
used in the servicing field? 

Here is your opportunity to 
get the true facts about oscil- 
lators! Rider's "The Oscillator at Work" is worth 
many times the price asked because it helps protect 
the investment you have made in oscillator equipment. 

CONTENTS 
I-How an oscillator works. II-Alternating Currents. III- 

Triode Oscillators. IV-Electron-Coupled Oscillators. V-Ultra- 
High Frequency Oscillators. VI-Negative-Resistance Oscil- 
lators. VII-Electro-Mechanical Oscillators. VIII-Relaxation 
Oscillators. IX-Superheterodyne Oscillators. X-R-F Signal 
Generators. X I-Audio-Frequency Oscillators. XII-Modulation 
of Oscillators. XIII-Wobbulators. XIV-Adjustment of Trans- 
mitters. Bibliography. 

256 Pages . . . 167 Illustrations . . . $2.00 

A.C. CALCULATION CHARTS 
146 charts 7" x 11" printed in two colors, covering all alternating current calculations from 10 cycles to 1000 

megacycles. A tremendous time saver for all engineers and others who work on power, audio, supersonic, high fre- 
quency and ultra high frequency problems. Eliminates the slide rule. 

160 PAGES 91/z x 12 INCHES CLOTH BINDING $7.50 
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MAKE SERVICING EASY 

RIDER 
MANUALS 
The greatest collection of servicing data ever 
assembled. No serviceman can anticipate the 
year, make and model of the next set that 
will come to his bench. For this reason you 
must have the volume of Rider Manuals that 
contains the servicing information on that 
particular set. Benefit from the complete 
servicing information that only Rider Manuals 
can give you: Dota on alignment, I -F peaks, 

operating voltages, parts lists and parts val- 
ues, voltage ratings of condensers, wattage 
ratings of resistors, coil resistance data, and 
all the other information that is vital if you 
are to know exactly what the manufacturer 
put in that receiver. No more new receivers 
after April 22nd! The old sets will now come 
into the service shop. So be prepared! 

ABRIDGED MANUAL 
Volumes I -V 

.foLUMt 

ID 

ABRIDGED! 
VOLS. I -V 

,ERPETUA.. 
TROUBLESHOOTER) 

Si MANUAL 
.Q< 

The servicing information you need to 
service the old receivers will he found in the 
Abridged Manual, Volumes I -V. It is a com- 
pilation of the most widely distributed receiv- 
ers released after 1929 that formerly appeared 
in Volumes I -V. 

As can be readily appreciated, it is by no 
means as complete as the original first five 
individual volumes; these contained a total 
of approximately 5000 pages, whereas the 
Abridged Volume contains 2000 pages. 

In order to select the proper receivers for 
inclusion in the Abridged Manual, all the 
manufacturers who were responsible for the 
sale of the greatest number of sets between 
1930 and 1935 were contacted, and informa- 
tion was obtained as to the most widely dis- 
tributed receivers. The Abridged Manual 
was then compiled. 

2,000 Pages Net Price $12.50 

VOL. XIII. This newest Rider Manual covers the servicing data on receivers manufactured as 
late as March. 1942. Because of the curtailment of receiver manufacturing. every 
effort was made to include information on those receivers produced during the latter 
months of 1941 and the early months of 1942. This addition of Rider's Volume XIII 
makes available to the radio industry more than 18,000 pages of authentic servicing 
information. 1672 pages, Net Price $11.00 

VOL. XII. Covers receivers manufactured up to April 1941.. . New arrangement provides for 
maximum number of sets. Clarified schematics give breakdowns of complicated r -f 
and a -f switching circuits. Also double spread pages for complicated diagrams and 
cumulative index for Volumes XI and XII. 1 648 pages, Net Price $11.00 

VOL. Xl. Covers receivers manufactured up to June 1940. Includes vest pocket manual containing 
push-button frequency ranges of all automatically tuned receivers and other handy 
servicing data. Also double -spread pages and new How It Works section devoted to ex- 
planations of the electrical and mechanical operations of the more complicated 1940 re- 
ceivers including television, facsimile, and frequency modulation. 

1,652 pages, Net Price $11.00 
VOL. X. Complete information on receivers manufactured up to August. 1939. Also a special 64 - page How It Works Section and double -spread pages for the complicated diagrams. In - 

etudes a separate 188 -page index with lists of exactly what appears on every page in 
Volume X and all preceding volumes. 1,664 pages, Net Price $11.00 

VOL. IX. Contains installation and servicing instructions on 1889 models manufactured up to October, 1938. Also a special 36 -page "How It Works" section and double -spread 
pages for the complicated diagrams 1.672 pages, Net Price $11.00 

VOL. VIII. Receivers manufactured up to October. 1937 will be found in this volume. Contains in- stallation and servicing instructions on many types of intercommunication systems. Also a special 64 -page 'How It Works" section and double -spread pages for the com- plicated diagrams. 1,650 pages, Net Price $11.00 
VOL. VII. In this volume will he found sets manufactured up to October. 1936. together with data on older receivers hitherto unavailable. Data on more than 1,700 models-complete information. 1 600 pages, Net Price $11.00 
VOL. VI. In this volume will be found sets manufactured up to November, 1935, together with data on older receivers hitherto unavailable. Data on more than 950 models -complete information. 1,240 pages, Net Price $8.25 
VOL. V. In this volume will he found sets manufactured up to October, 1934. together with data on older models, hitherto unavailable. Data on more than 940 models are presented- not only electrical data, but information on the mechanical intricacies of the sets. 

1,200 pages, Net Price $8.25 
VOL. IV. Receivers manufactured up to March, 1934, will be found in this volume. Herein will be found the more complicated superhets with QAVC, noise gates, duo -diode pentodes. automatic tone controls, and all the other new designs. A special 24 -page section ex- plains saine of the more complicated sets 1,060 pages, Net Price $8.25 
VOL. III. The receivers produced between the middle of 1932 up to June, 1933, are included in Volume III. Herein trill be found the early Superheterodyne receivers, which were in- troduced in this period. 1,070 pages, Net Price $8.25 

Vol. I and Vol. 11 out of print-no longer available 

RIDER'S MANUALS HAVE more schematics . more I.F. peaks . more alignment doto . more circuit descriptions. . . . MORE EVERYTHING THAN ANY OTHER MANUALS. 
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RIDER'S 
"Automatic 

Record [hangers 
and Recorders" 

800,000 record changers are providing 
an important source of profit for the 
wide-awake service shops of the country 
and creating a need for adequate and 
ready reference data to speed up trouble 
shooting and repair. Rider anticipated 
this need and has prepared-just when 
you need it-a sturdily bound volume 
containing everything you need know on 
any automatic record changer or re- 
corder coming to your shop. 

Heretofore, the serviceman's prime in- 
terest has revolved around the invisible 
defects which accompany the operation 
of electrical devices. Mechanics in radio 
receivers was limited to a lesser degree. 
However, with the introduction of the 
automatic record changer, some knowl- 
edge of the development of motion by 
means of gears, levers and cams has be- 

come necessary. Hence the birth of Automatic Record Changers and Recorders. Printed on 
834 x 11 paper, the same size as Rider Manuals, the book covers, by means of explanatory text, 
mechanical and electrical diagrams, all the information you must have to service these high cost 
instruments quickly and profitably. 

CONTENTS 
Chapter I-MOTORS AND DRIVES. D -C Motors. A -C Motors. Universal Motors. Main- 

tenance of Motors. Commonplace Troubles. SPEED REGULATORS and REDUCTION 
DRIVES. Chapter II-RECORDERS AND PHONOGRAPHS. The Cutting Head. The 
Groove. Recording Needles. Pick-ups. Phonograph Needles. Chapter III-AUTOMATIC 
RECORD CHANGERS. Mechanisms. Troubles. Chapter IV-ANALYSIS OF RCA 
MODEL RP -152-C RECORD CHANGER. MANUFACTURERS' SERVICE DATA. 

744 PAGES BOUND IN BUCKRAM $6 00 

SERVICING BY SIGNAL TRACING 
Signal Tracing is destined to become the 

universally adopted method of locating de- 
fects in communication systems, no mat- 
ter what the nature of the system-if it 
is a home broadcast receiver, auto -radio 
receiver, police receiver, commercial, ma- 
rine, navy or army receiver. Every public 
address system, every centralized radio 
system comes within the capabilities of 
signal tracing.... Television receivers. 
facsimile receivers and other systems in- 
tended for special application can be serv- 
iced with equal ease. . . Signal Tracing. 
founded upon the signal itself, is the most 
basic, most fundamental method of trouble 
shooting ever devised. . . It is free of 
every limitation which in the past bas 

hindered speedy service operations. . 
You can't afford to be without this book.... We mean every word 

of this statement.... It is vital to your immediate welfare-to your 
future.... Get your copy today-NOW! 

CONTENTS 
Chapter I-Introduction to Signal Tracing. Chapter II-Amplifier 

Operation and The Signal. Chapter III-Diode Detector Tube Systems. 
Chapter IV-Multi-Element Detector Systems. Chapter V-Oscillator 
Tube Systems. Chapter VI-Mixer Tube Systems. Chapter VII- 
Control Circuits and Voltages. Chapter VIII-Coupling Devices. Chap- 
ter IX-The T -R -F Receiver. Chapter X-The Superheterodyne Re- 
ceiver. Chapter XI-Television and Facsimile Receivers. Chapter XII 
-Public Address Systems. Chapter XIII-Localizing Defects by Signal 
Tracing. Chapter XIV-Signal Tracing in Receiver Design. 

360 PAGES . . 188 ILLUSTRATIONS $3.00 
SPANISH EDITION . $3.50 

VACUUM TUBE VOLTMETERS 
The vacuum -tube voltmeter has been 

rapidly forging to the front as a favor- 
ite tool of engineers, research workers 
and servicemen. By its proper use, 
dynamic measurements can be made 
under any and all conditions with a 
minimum of effort and time. Here is a 
book that is a perfect mine of infor- 
mation for everybody who wants to 
know all about these important instru- 
ments. Not only is the theory ex- 
plained upon which the functioning of 
the different types of v -t voltmeters is 
based, but the practical applications of 
these instruments are completely de- 
scribed. Like nearly all types of volt- 
meters, multipliers and shunts are em- 
ployed with vacuum -tube voltmeters to 
extend their ranges. These and their 
uses are explained, as is the calibration 
of the different types. 

For those men who are interested in 
the construction of v -t voltmeters, ade- 
quate information will be found for v -t 
voltmeters were built in the author's laboratory, and constants are 
given for the components of many types, as well as a wealth of other 
useful data. 

CONTENTS 
Chapter I. Fundamentals of Vacuum -Tube Voltmeter. Chapter II. 

Diode Vacuum -Tube Voltmeters. Chapter III. Triode Vacuum -Tuba 
Voltmeters. Chapter IV. Slide -Back Vacuum -Tube Voltmeters. Chap- 
ter V. Rectifier -Amplifier Vacuum -Tube Voltmeters. Chapter VI. 
Tuned Vacuum -Tube Voltmeters. Chapter VII. Audio -Frequency and 
Logarithmic Vacuum -Tube Voltmeters. Chapter VIII. Vacuum -Tube 
Voltmeters for D -C Voltage, Current, and Resistance Measurements. 
Chapter IX. Design and Construction of Vacuum -Tube Voltmeters. 
Chapter X. Calibration and Testing of V -T Voltmeters. Chapter XI. 
Applications of V -T Voltmeters. Bibliography. 

180 PAGES . . 111 ILLUSTRATIONS . . $2.00 
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PREFACE 

1939 witnessed the start of commercial exploitation of modern 
television. With two stations in operation, one at each end of 
the continent and other stations under construction in a number 
of the larger centers of population, television received a very 
definite stimulus. As a matter of fact, a number of different 
makes of television receivers are being demonstrated here in New 
York, with the NBC station W2XBS as the source of signals. 

It therefore is only natural that television receivers be in- 
cluded in Rider's Manual Volume X and concurrently with the 
appearance of these service notes, we feel that an explanation of 

the subject of television transmission and reception should be a 

part of this "How It Works" section. 
In this discussion you will find not only an explanation of the 

"how" of television but also a breakdown of some of the circuits 
to be found in the commercial television receivers contained in 

Rider's Volume X. Inasmuch as a certain amount of stand- 
ardization in television transmission has been accomplished, the 
facts given herein will be found of interest at least for several 
years to come. 

The presentation of facts is by no means complete. To cover 
the subject fully would take volumes. However, we feel that 
what is here presented is the actual "meat" and will be sufficient 
to give an insight to the modus operandi of television. 

You also will find some facts pertaining to another develop- 
ment in transmission, one with myriad possibilities, namely fre- 
quency modulation. At present only a few receivers suitable for 
the reception of such signals are in use, but if what the origi- 
nators say is true, we can look forward in the years to come to a 

general transition from the present amplitude -modulated form 
of transmission to the frequency -modulated form of transmission, 
with a corresponding radical change in receivers. 

COPYRIGHT, 1939, BY JOHN F. RIDER 

Printed in the United States of America 
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TELEVISION -HOW IT WORKS 
No COMMENTS can be made on advances in the radio 
art during the past year without recognizing that after 
many years of development, television has finally 
reached the stage where servicemen can no longer af- 
ford to ignore its existence. In some parts of the 
country television is already an accomplished fact; 
hundreds of receivers have been installed and sold, and 
all signs point toward the gradual expansion of tele- 
vision facilities into sections which do not have cov- 

erage at the present time. 
Recognizing, then, that the radio serviceman's job is 

being extended to include not only radio servicing as 
we know it today, but also the servicing of television 
receivers, this section explaining the fundamentals of 
television is being offered in the belief that it will be 
of help to many of you in dealing with the problems 
introduced by television. Throughout you will find 

that it is written from the viewpoint of the man who 
is called upon to install and service television receiv- 
ers; and yet, although there is this emphasis on the 
practical aspects of television, you will find that an 
essential amount of theory is included. Lest any of 

you feel that this inclusion of what might be called 
"theoretical" material is unnecessary, it should be 
pointed out that television is an extremely complicated 
subject, much more so in fact than is radio, and that 
television receivers cannot be serviced efficiently by 
any one who does not understand the principles under- 
lying the operation of the system. The different situa- 
tions which can arise are so numerous that it is indeed 
impossible to list them, to explain the reasons for each, 

SOURCE 
OF 

60^, 
SOUND 
'YATES 

LIGHT 

CONVERTS SO//NO CARIZ/EA? 
WAVES INTO (UNMODULATEO) 
ELECTRICAL- 

S/GI/AL. 

and in the case of faulty operation to locate the source 
of the trouble. As in radio servicing, so it is in tele- 
vision servicing: a thorough understanding of the 
fundamental principles of operation is invaluable. 

Fortunately for the radio serviceman, the advent of 

television does not mean that an entirely new field 

must be learned. The more you study television, the 
more you will come to realize that television embodies 
every principle that has ever been used in radio-and 
more besides. You will marvel at the ingenuity of 

television engineers in using the same old time -proved 
principles of radio, in adapting these to the needs of 

television, and in discovering new principles and new 
techniques wherever the available ones were inade- 
quate. Thus, for example, you will find the simple 
diode rectifier being used in clipping circuits, in d -c 

restoring circuits, in video detector circuits, and in 

many other applications. If you understand how the 
diode rectifier operates, then you will recognize in each 
one of these "new" circuits an old friend. True, it 
will take some time before you become familiar with 
the need for these circuits and the specific modifica- 
tions to achieve certain results, still you will be amply 
repaid for the effort in the new opportunities which 
television offers to the trained serviceman and tech- 
nician. 

Comparison with Sound Broadcasting 

Just as it is the problem of radio broádcasting to 

recreate sound at places distant from the actual sound, 
so it is the problem of television to recreate a scene at 

RF LAL._H 

F/G. /A - SOUND TRANSM/SS/ON SYSTEM 

NEON 
GLOM/TUBE TRANSMITTER 

r 

PHOTO- ',MPG/ TRANS' 

7101 

FIER 41/TIER i 
ELECTRIC 
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SCREEN /GLUM/NATED 
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FROM PARK 70 
LIGHT AT /2O^, 
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FL LC TUAT/ONS 

/N TO 
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S/GNAL 

WHITE BLACK 

Elli'dolio' gh444 
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!/NM019ULATEL9 (AIOOULATEO> 

RF 
AMPL . 

RECE/ VER 
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ELECTR/CAL 
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RECE/ VER 

FIG. /8- TELEV/S/GN TRANSM/SS/ON SYSTEM 

LIGHT 
ÓúC R 
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SIGNAL INTO 

L /GNT 
FLUCTUATION. 

LIGHT 

Fics. 1A, 1B.-A television system uses an arrangement similar to that employed in sound broadcasting. Note that 
the television system the photoelectric tube replaces the microphone and the light reproducer replaces the speaker. 
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4 HOW IT WORKS 

places distant from the original scene. In the case of 
sound broadcasting, as Fig. lA shows, sound vibrations 
produced by, let us say, a tuning fork are picked up by 
a microphone which converts these vibrations into cor- 
responding electrical vibrations. This electrical signal, 
which now carries an electrical image of the sound vi- 
brations, is amplified, used to modulate the carrier, the 
radio wave is radiated, picked up by the receiver, am- 
plified, detected and finally, as you know, the electrical 
impulses (similar in shape to those which were origi- 
nally produced by the microphone) are used to actuate 
the speaker which in turn recreates the original sound. 

Fig. 1B shows that a system very similar to this is 
used in television and that in general a very close re- 
semblance exists between sound broadcasting and tele- 
vision. To simplify the explanation at the present 
time, we assume that only a very small part or element 
of a scene is being televised. For example, we might 
allow the light from a neon tube operated from the 
60 -cycle power line to fall on a small piece of ground 
glass. The illumination on the ground glass would 
then change from dark through various shades of 
brightness and back again to dark, and repeat this 
cycle 120 times per second. (Note that the rate is 
120 cycles because both positive and negative cycles 
cause the neon tube to illuminate the screen.) In the 
same way that sound broadcasting uses a microphone 
to convert the sound pressure variations into electrical 
variations, so the heart of any television broadcasting 
system is the "television camera" which converts the 
time -variations in illumination of the scene into cor- 
responding electrical variations. In the simple illus- 
trations we have chosen, because only a single small 
area is being televised, an ordinary photoelectric cell 
can serve as the television camera. 

Once the varying light values have been changed 
into corresponding electrical values by the television 
camera, the process of transmitting the information 

follows exactly the same procedure as in the case of 
sound broadcasting. Note that the carrier is modu- 
lated in the same way, and that it remains stationary 
in amplitude during the period before the screen is 
illuminated. Once the neon tube is turned on and 
illuminates the screen, the amplitude of the carrier 
varies in proportion to the amount of illumination. 
Note that the maximum amplitude of the carrier cor- 
responds to a black image, and that the image gets 
progressively lighter as the amplitude of the carrier is 
decreased. In passing we might say that this is called 
negative modulation about which we shall have a great 
deal more to say later on. 

For the present, the important thing to note is the 
similarity between the two systems, the one for trans- 
mitting information on light values, and the other for 
transmitting information on sound values. At the out- 
put of the television receiver, we of course have an 
important change. Whereas the output of the sound 
receiver is a speaker which converts the electrical im- 
pulses into corresponding sound impulses, the output 
of the television receiver is a "picture tube" or other 
device which converts the electrical impulses into cor- 
responding light values. 

We see then, that the sound system and the tele- 
vision system are identical with the exception that the 
television camera is substituted for the microphone 
and the picture tube for the loudspeaker. We might 
also mention here that in the RCA television system, 
the trade -mark name "Iconoscope" is used for the tele- 
vision camera tube and the trade -mark name "Kine- 
scope" is used for the picture tube. As will be 
explained in detail later on, the Iconoscope consists of 
a very large number of minute photoelectric cells 
which create an electrical picture of the scene being 
televised, while the Kinescope consists of a cathode- 
ray tube on the screen of which is built up a visible 
image. 

SCANNING 
No doubt you have noticed by this time that in 

comparing television with sound broadcasting we 
limited ourselves to televising the simplest type of ob- 
ject, one which was uniformly illuminated over its en- 
tire area. We then showed that the two systems are 
identical provided that the television camera replaces 
the microphone and the picture tube replaces the loud- 
speaker. Unfortunately, however, television is not as 
simple as this or television would have "arrived" many 
years ago. In television, we are confronted with the 
problem of conveying information on the light value 
not at one point but at every point over the com- 

plete area of the scene being televised. Thus, the 
scene must be broken up into a great many elements 
or elemental areas and information on the light values 
over each one of these elements must be conveyed to 
the receiver and finally to the picture tube. And not 
only must this information be conveyed, but it must 
be reassembled in the correct order at the receiver and 
the corresponding light value reproduced for every one 
of the many elements into which the image has been 
broken down. 

As a matter of fact, this process of breaking down 
a picture into a great number of elements is nothing 
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SPECIAL SECTION, RIDER'S VOLUME X 5 

new but is as old and as fundamental as the process of 

seeing itself. For, in viewing a scene, the image is 
carried to the brain by the eye over a huge network 
of transmission lines which tells the brain the intensity 
and the color of the light at every point in the field 

of vision. Because the number of elements into which 
the retina of the eye breaks down the scene is so 

great, we are not conscious that the picture is made up 
in this way but receive the impression that the picture 
is perfectly blended or continuous. 

Some of you will be surprised to know that even 
photographs are made up of elementary particles even 
though they too appear to be continuous upon casual 
inspection. Actually the light and dark parts of a 
photograph are the result of the presence of black 
particles of silver which vary in number over the area 
of the picture. Where the picture is dark, these par- 
ticles of silver are more numerous than where the 
picture is light. Because these particles are so small 
they are not ordinarily visible. We might note in 

passing that where photographs are to be enlarged 
appreciably so-called fine-grain film and special de- 

velopers are used so that the individual grains or par- 
ticles will not become visible. 

Number of Elements Required 

It is important for an understanding of television to 
appreciate how the number of particles or areas into 
which a picture is broken up affects the type and 
quality of the reproduction which is obtained. As we 

should expect from the preceding discussion the quality 
of the picture will be improved as the number of ele- 

ments is increased. In order to compare the effect of 

breaking up a picture into a varying number of ele- 

ments, let us consider the two reproductions shown in 
Fig. 2a and Fig. 2b. These are reproductions of the 
same photograph, the only difference being the number 
of elements into which the picture is divided. If you 
examine these figures closely, you will see that they 
are composed of a large number of black dots of dif- 

ferent sizes, and that Fig. 2b contains a larger num- 
ber of dots than Fig. 2a. As a matter of fact, in 
printing as well as in the processes of seeing and 
photography, it is necessary for the picture to be 

broken down into a series of small areas before it can 
be printed. The engraver in making his half tone, 

places a fine mesh screen in front of his camera so 

that the image is broken down into a series of dots, 

the actual size of any one dot depending upon the 
amount of light on the area which the dot represents. 
Where the picture is dark, the size of the correspond- 
ing dot is large, and where the image is light the size 

of the black dot is correspondingly small. The num- 

ber of dots into which Fig. 2a is broken down is 50 

per inch, while Fig. 2b is broken down into 100 per 

inch. 
The great improvement effected by breaking down 

the picture into a larger number of dots or elements 

is clearly apparent in the superiority of Fig. 2b over 

Fig. 2a. Because of the larger number of elements, 

the former presents more detail, appears finer, more 

blended and more continuous than the picture with 

the fewer number of elements. 
The actual number of elements into which a picture 

Fics. 2a, 2b.-Fig. 2a is a halftone reproduction of a photo- 
graph using a 50 screen; in Fig. 2b greater detail is obtained 
by using a 100 screen. 
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FIG. 3.-Fig. 2b enlarged to twice its original size. Note 
that this illustration can be viewed from twice the distance and 
still the same detail will be seen as in Fig. 2b. 
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6 HOW IT WORKS 

must be divided depends upon several factors: the 
fineness of detail which it is desired to reproduce, the 
distance from which the picture is viewed and the 
size of the picture. Fineness of detail, as we have 
seen, requires a large number of elements for a given 
portion of a scene. In addition, the more closely the 
picture is viewed, the smaller must be the individual 
elements. This is necessary so that the individual ele- 
ments will appear to the eye to merge into smooth 
lines and shades. If a picture of a given scene is en- 
larged, either the total number of elements must be 
increased, or the picture must be viewed from a greater 
distance. Figs. 2a and 2b illustrate the first two fac- 
tors, fineness of detail and viewing distance. Fig. 3, 
which shows Fig. 2b enlarged to twice its original size, 
illustrates the third factor. Fig. 2b contains 100 dots 
per inch; Fig. 3 contains only 50 dots per inch. Each 
contains the same total number of elements, therefore 
the fineness of detail is the same in each. Because 
Fig. 3 has larger dots, it must be viewed from a 
greater distance. This consideration is important in 
television, since the total number of lines into which 
the scene is divided is the same at all times. There- 
fore, large pictures should be viewed from a greater 
distance than small ones to get the same effect. 

An idea of the number of elements needed to re- 
produce fine details can be obtained from Fig. 2b. 
This has 100 dots or "elements" per inch in an area 
1.5 by 2 inches, giving 150 X 200 = 30,000 total ele- 
ments, or 10,000 elements per square inch. Television 
pictures may be considered to contain about 224,000 
elements, regardless of picture size. Although this 
does not work out to be so great a number per square 
inch on large picture -tube screens, the fact that the 
scene is usually in motion compensates for some loss 
of detail. A point to remember about television is 
that increasing the number of elements increases the 
frequency bandwidth which must be transmitted. 
Thus there are technical and economic limitations to 
the degree of detail that may be provided. 

We can now begin to appreciate the complexity of 
the problem with which television is confronted. For 
not only must information on the light value of each 
one of many thousands of elements be transmitted to 
the receiver, but also information as to the order or 
sequence in which these light values must be assem- 
bled to form the picture. To make the problem even 
more complex, all this information must be trans- 
mitted in approximately 1/30th of a second in order 
to prevent blurring due to movement in the scene and 
in order to make way for the next picture impression 
or "frame." In this respect the problem of television 
is more difficult than that of facsimile, since in the 
latter a still picture is transmitted and the time con- 

sumed may be ten minutes or more instead of 1/30th 
second. 

Need for Scanning 

By this time we have seen that to make television 
possible, the picture must be broken down into a 
large number of elements and information transmitted 
on the light value at each one of the elements. At 
the receiver this information is reassembled in the 
proper space relationship to form the original picture. 
How to transmit this information is the next problem. 

Previously we saw that using a conventional system 
of radio we could transmit information on the light 
value at any one element of a scene by using a photo- 
electric cell pickup to convert the light value to an 
electrical value, and that this process was essentially 
the same as that of sound broadcasting and involved 
essentially the same transmitting and receiving equip- 
ment. This was shown and explained in Fig. 1. The 
first thought that arises is this: Why not use in- 
dividual channels of the type shown in Fig. lb to 
transmit information on the light values at each one 
of the points into which the picture is divided? But 
then, this would require some 100,000 individual pick- 
ups and transmission systems each of which would be 
similar to the system of Fig. lb. Quite obviously 
such a system would be far too complex and expensive 
to be practicable, even if other problems of great 
difficulty at the receiving end did not exist. 

Another more promising solution, which is the one 
that is used in all television systems today, works on 
the basic idea of transmitting information on the light 
value of one element at a time. In this way the 
picture is covered or "scanned" in a systematic way 
until finally the image is said to be completely scanned 
when information on the light values at every point in 
the picture has been obtained. In this way the need 
for more than one channel is avoided. However, the 
information must still be reassembled in the proper 
order at the receiving end before the picture can be 
obtained. 

Scanning a scene is sometimes compared with the 
manner in which we read a printed page. For instance 
as you read this page your eyes start at the upper 
left-hand corner of the page and successively sweep 
to the right-hand side while examining every letter 
on the line; when the first line has been completed 
the eye snaps over rapidly to the left hand side, 
jumps down one line, and in the same way, examines 
every letter on the second line as it progresses at a 
uniform rate toward the right. This procedure con- 
tinues until finally the eye reaches the last letter on 
the lower right-hand side of the page, at which time 
we can consider that the whole page has been scanned. 
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SPECIAL SECTION, RIDER'S VOLUME X 7 

This same procedure is used when a television 

camera scans a scene which is to be televised. The 

only difference is that the television camera breaks 

down the scene into finer elements than the letters of 

a page and that the camera produces electrical im- 

pulses which vary in proportion to the amount of light 

on each element of the scene being scanned. 

The following simple example will help to clarify 

the fundamental principles and requirements involved 

in scanning Suppose we wish to reproduce by tele- 

vision the pattern shown at the left of Fig. 4. Let us 

assume in this example that a television camera (con- 

sisting essentially of a photoelectric cell with the 

proper lens equipment) is available which can be 

focused so as to pick off the light values on any one 

of the squares into which the picture has been di- 

vided. Let us also assume that we have a mechanical 

arrangement for moving the camera both horizontally 

and vertically so that it will scan the object. That is, 

it is possible to start with the camera focused on ele- 

ment 1 and to move it at a uniform rate across the 

screen until it reaches element 6. At this point the 

camera snaps back rapidly to element 7 at the begin- 

ning of the second line and moves at a uniform rate 

along the second line until it reaches element 12. The 

camera then returns very rapidly to the left and start- 

ing at element 13 on line 3 it scans the third line. In 

this manner the procedure continues until the entire 

pattern is scanned. Note that at any one instant the 

camera receives light only from the particular element 

at which it is aimed and focused and produces an 

electrical impulse which is proportional to the amount 

of light reflected by this element. 
So much for the scanning at the transmitting end 

where the picture is being televised. At the receiving 

end let us assume that we have a projector which 
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projects a narrow pencil of light on the screen equal 

in area to one of the square elements. This projector 

like the camera can be moved horizontally and verti- 

cally so that the light can be focused on any part of 

the screen. Suppose further that the electrical im- 

pulses from the television camera are fed to the pro- 

jector and arranged to control the intensity of the light 

emitted by the projector in accordance with the 

amount of light registered by the camera at any par- 

ticular instant. 
Under these conditions before a picture can be ob- 

tained at the receiver, the motion of the camera at 

the scene being televised and the motion of the pro- 

jector at the receiver must be properly coordinated 

or "synchronized." This means that the television 

camera and the projector must go through the same 

movements together, that the projector must at all 

times be focused on exactly the same element in the 

picture as that on which the camera is focused. In 

the figure we have assumed a sort of mechanical link- 

age between the camera and the projector to accom- 

plish this; actually no such mechanical linkage is 

possible in television and we shall see later that elec- 

trical synchronizing pulses are used to control the 

camera at the transmitting end and the projector (or 

picture tube) at the receiver, so that both the scene 

being televised and the image which is being repro- 

duced at the receiver are scanned in unison-so that 

the scanning is synchronized. 
In the picture shown the image has been scanned 

only as far as element 13; element 14 is about to be 

scanned: As a result the image at the receiver is totally 

dark beyond this point since the lower elements have 

not yet been scanned and hence have not yet been 

illuminated. We shall explain later on that the ob- 

server sees the complete image at one time even 

RECE/ VER 

IMAGE 

0pp0My09 !&i0m?R® 
m 

/ 
%o/ 

AREA NOT 
YET SCANNED 

Frc. 4.-The photoelectric tube scans the 
checkerboard pattern in the order shown by 
the numbers. The pattern is reproduced at 
the receiver by means of a spotlight, the mo- 
tion of which is synchronized with the photo- 
electric tube, and the intensity of which varies 
in accordance with the amount of light re- 
flected from the square being scanned. 

www.americanradiohistory.com



8 HOW IT WORKS 

though only one element of it is receiving light at any 
particular instant. This is because the entire scanning 
process is repeated some thirty or more times a second, 
and the eye tends to see the image after it is no longer 
illuminated. 

We can now summarize the requirements which 
must be met before a scene can be transmitted by tele- 
vision: 

1. The scene must be systematically scanned by the 
television camera which interprets the light values at 
every element of the scene in terms of corresponding 
electrical values. 

2. The image must be scanned at the receiving end 

according to the same systematic plan used by the 
television camera and the intensity of the light emitted 
by the light source in tracing the image must vary at 
every instant in accordance with the amount of light 
which the camera is receiving at that instant. 

3. At every instant the camera and the light tracing 
the image must be synchronized so that the identical 
portion of the image is being traced out which corre- 
sponds to the element of area being scanned by the 
camera. 

4. This scanning procedure or process must be com- 
pleted over and over again at a rate of at least 30 
times per second so that as far as can be determined 
by the eye a continuous image of the scene is formed. 

THE CAMERA TUBE AND THE PICTURE TUBE 
We have already seen that a complete television 

system, like a complete broadcasting system, requires 
a pickup at the transmitter and a reproducer at the re- 
ceiver, and that the pickup is a photoelectric tube and 
the reproducer is a cathode-ray tube similar to those 
used in oscillographs. To avoid confusion of trade 
names let us call the pickup a "camera tube" (it 
"takes" the television picture) and the reproducer a 
"picture tube" (it reproduces the picture). Since we 
want to get a good general idea of how a television 
system works, we shall consider both these tubes here, 
although the serviceman in the field will naturally 
come in contact with only the picture tube. 

Courtesy RCA Mfg. Co. 

5.-The left-hand Kinescope shown above has a 9 -inch 
screen and the smaller has a 5 -inch screen. Below is a 12 -inch 
Kinescope. 

The Picture Tube 

Essentially the television picture tube is similar to 
the familiar cathode-ray oscillograph tube, so that 
those who have read Rider's "The Cathode -Ray Tube 
at Work" will have a good basis for understanding 
television picture tubes. For those who have not we 
will review the subject here. 

Let us assume that television (video) signals are 
coming into a receiver; as we have said before, the 
amplitude of these signals is proportional to the light 
reflected by the object being televised. We want to 
use these signals to produce a picture. In sound work 
we know that the signals can be made to move the 
diaphragm of a loudspeaker, thus producing sound 
waves similar to the original. The picture tube, then, 
must be capable of converting the electrical video sig- 
nals into light to produce a picture. It is a property 
of certain substances called fluorescent materials that 
they will glow when they are struck by a beam of elec- 
trons, and that the more electrons striking such a sub- 
stance at a given instant, the brighter will be the glow. 
A picture tube, then, can be made if we have a source 
of electrons, means for controlling their motion and 
their quantity, and a fluorescent screen. 

The external appearance of some typical picture 
tubes is shown by the photograph, Fig. 5. These are 
glass vacuum tubes specially shaped to withstand the 
high pressure exerted by the surrounding air, due to 
the high vacuum within the glass envelope. Service- 
men should remember this, and handle picture tubes 
with great care. Even scratching the glass or careless 
handling may cause them to collapse as violently as 
if they exploded! The white appearance of the large 
end of these tubes is caused by the film of fluorescent 
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6a.-The different elements of a picture tube are 

designated in the above sketch with typical voltages 

shown. Fig. 6b on the right shows a common schematic 
representation; where K is the cathode; G, the modula- 
tion grid; S, the screen grid; F, the focusing anode, and 
A, the second anode. 

material deposited on the inside surface; this, of 

course, is where the television pictures are built up. 

A cross-sectional view of a picture tube is shown in 

Fig. 6. As in the usual radio tube, the heater causes 

the cathode to emit electrons and the second anode 

(like the plate of the ordinary tube) strongly attracts 

them, giving them a high velocity. The modulation or 

control grid regulates the number of electrons which 

pass through it in a given time. In the picture tube 

are some additional elements such as a focusing anode, 

which forms the electrons into a narrow beam so that 

they will strike the fluorescent screen in a small round 

spot; in some tubes a screen grid is inserted between 

the modulation grid and the focusing anode to prevent 

the focusing action from affecting the modulating ac- 

tion. Fig. 6a shows the general arrangement of parts 

inside the tube, and Fig. 6b shows a common way of 

representing these in schematic form. 

HOR/Z. OEFL. PLATES - 
OEFLEACTSOSEAM 

PLATESF 
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/NS/DE FACE 
OF GLASS 

ELECTRON 
BEAM 

SECOND ANODE - 
ACCELERATES ELECTRONS 
TO/VARO FLUORESCENT SCREEN 

With the parts so far mentioned, the tube can pro- 

duce a beam of electrons which will hit the center of 

the fluorescent coating on the inside of the picture 

tube and produce a small spot of light which can be 

seen through the glass end. We can focus this spot by 

varying the potential on the first (focusing) anode, 

and we can vary its brightness by applying a suitable 

potential to the modulation grid. The more negative 

the modulation grid becomes relative to the cathode, 

the dimmer the spot becomes; the less negative the 

grid, the brighter the spot. It naw remains to provide 

some means for moving this spot rapidly enough over 

the fluorescent screen to give us a complete picture 

.. . in other words to provide scanning. 
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Frc. 7.-The beam in this picture tube is de- 

flected electrostatically by the two pairs of 

plates. Hi and H2 deflect the beam horizontally 
and V1 and Va deflect it vertically_ 
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10 HOW IT WORKS 

Two methods of deflecting the electron beam are 
now commonly used: electrostatic deflection and elec- 
tromagnetic deflection. The first of these methods, 
which is probably the simplest to understand, takes 
advantage of the familiar fact that particles of matter 
having like charges of electricity repel each other, 
while particles having unlike charges attract each 
other. Since the electron beam consists of negative 
charges, we see immediately that the beam can be de- 
flected by means of suitably shaped electrodes which 
are charged either positively or negatively as the case 
may require. In picture tubes, as in oscillograph 
tubes, this is done by building into the tube two pairs 
of metallic plates, arranged approximately as shown in 
Fig. 7. 

The figure shows that plates Hl and H2 are paral- 
lel to each other but in a plane at right angles to plates 
Vl and V2. If no potential is applied to any of these 
plates, the electron beam will pass straight along the 
axis of the tube and cause a spot to appear on the 
screen at A. Now if we leave plates Hl and H2 alone, 
but make plate V, positive with respect to plate V21 

plate Vl will tend to attract the negative electrons 
which make up the beam, thus causing the beam to 
bend, so that it strikes the screen at a new point, say 
at point B. We have thus deflected the beam upward 
in a vertical direction a distance AB. Similarly, if we 
leave V, and V2 alone, but make Hl positive with ,re- 
spect to H27 Hl will deflect the beam horizontally to 
the right until we get a spot at a point such as C. 

If we combine these effects, by making both Vl and 
H, positive at the same time, the beam will bend side- 
wise and upwards, causing the spot to appear at D. 
If the potentials of Vl and Hl have been the same as 
used in the first two tests, D will be located so that the 
distance AD is the hypotenuse of a right triangle 
whose sides are equal to AB and AC. Naturally, if 
V2 is made positive with respect to V1, the beam will 
be deflected vertically downward, and if H2 is made 
positive with respect to H the beam will be deflected 
horizontally to the left. The whole process of electro- 
static scanning is simply a matter of varying the po- 
tentials on the deflecting plates in the picture tube so 
that the spot on the screen traces out the desired pic- 
ture according to a regular plan. In a later section, 
we shall study the details of the plan actually used. 

The second method of deflecting the electron beam 
is called electromagnetic deflection, because coils of 
wire carrying current act on the beam the way a mag- 
net would. See Fig. 8a: The magnetic lines of flux 
from a permanent magnet pass from the north pole 
(N) to the south pole (S) ; the electron beam passes 
between the poles. If the magnet were not present, 
the beam would produce a spot at point A on the 
screen. When the magnetic field acts on the beam as 
in Fig. 8a, however, the beam is deflected vertically 
upward to produce a spot at point B. Compare this 
effect with that produced by the electrostatic field in 
Fig. 7, and you will notice that in Fig. 7 the electron 
beam was deflected in the direction of the lines of elec- 

Fia. 8.-The magnetic deflection coils in Figs. 8c and 8d provide a magnetic field similar to that of the permanent 
magnets in Figs. 8a and 8b above. Note that the beam is deflected at right angles to the lines of force. 
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trostatic flux existing between plates Vl and V2, 

whereas in the case of magnetic deflection, the beam 
is deflected at right angles to the lines of magnetic flux. 

Thus in Fig. 8b the beam is deflected horizontally to 

the right, when another magnet is introduced whose 

influence is at right angles to the one shown in Fig. 

8a. 
IMPROVED DEFLECTING YOKE 

CUT -AWAY VIEW 
OF ASSEMBLED YOKE 

VERTKAL- 
DEFLECTING COIL 

NORIZONTAL- 
OEFLECTING COIL 

Courtesy RCA Mfg. Co. 

FIG. 9.-The magnetic deflecting yoke contains the hori- 
zontal and vertical deflection coils which are designated in the 
above sketch. 

Of course, a permanent magnet gives a steady field 

and would therefore produce a constant deflection, 
whereas in television we must be able to vary the ex- 

tent of the deflection from zero to maximum in various 
directions. Since we can also produce a magnetic field 

by passing a current through a coil, and in addition, 
can vary the strength of the field by varying the cur- 
rent, we use coils for electromagnetic deflection, as 
shown in Figs. 8c and 8d. Two pairs of coils are used, 
and these are often combined in a single compact 
cylindrical unit called a "deflecting yoke." Fig. 9 

shows a partial cutaway view of an RCA deflecting 
yoke. 

A point to remember about deflection systems is 

that when one tube has electrostatic deflection, a 
change of voltage on the deflecting plates is required 
to move the beam, whereas in electromagnetic deflec- 

tion, a change of current through the deflecting coils 

is required. 

The Camera Tube 

Whereas the picture tube contains a fluorescent 
screen to convert an electric current into light, the 
camera tube contains a photosensitive screen to con- 

vert light into an electric current. The RCA type of 

camera tube, called the Iconoscope, the type in general 
use in this country at the present time, is illustrated in 
Fig. 10. The essential parts of this tube are shown in 

the cross-sectional view in Fig. 11: these are the 
mosaic, the signal plate, the collector and the electron 
gun. The important accessories external to the tube 
are the lens, the deflecting yoke, and the load resistor. 

The mosaic consists of millions of individual photo- 
sensitive globules like metallic droplets deposited on 

one side of a thin sheet of mica. Each globule is like 

a minute island on the mica, so that the globules are 

insulated from each other. On the other side of the 
mica there is a layer of conducting material ... the 
signal plate. Because the globules are separated from 

the signal plate by the mica, the mosaic consists of a 

myriad of mica -dielectric condensers, all having one 

plate in common. Fig. 12 shows in a general way 

what the mosaic looks like when viewed from the edge 

and enormously magnified. The collector ring is a 

metallic coating applied in the form of a ring around 
the inside of the tube and also extended down the neck 

of the tube near the electron gun. 
Briefly the action of the Iconoscope is as follows: 

An optical image of the scene to be televised is focused 

on the mosaic by the lens. The electron gun projects 

(, ouI1I y RCA Mfg. Co. 

Fic. 10.-Light images formed on the plate of the Icono- 
scope, the camera tube, are transformed into electrical energy 
by a scanning electron beam. 
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FIG. 11.-The elements of the Iconoscope can be identified 
in this sketch. 
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12 HOW IT WORKS 

a stream of electrons over the mosaic, scanning it 
under control of the deflecting yoke, as already de- 
scribed in connection with the picture tube. The elec- 
tron beam in traversing the mosaic causes a succession 
of voltages to appear on the signal plate which are 
proportional to the distribution of light in the image 
of the scene. The resultant current which flows in the 
load resistor causes a voltage drop. This constitutes 
the video signal. This signal is then amplified and. 
used to modulate the television transmitter. 

PHOTO$ENS,T/Vc: »1 /CA SHEET Gcoeu Es Fm. 12.-An enlarged view 

M 

of how the photosensitive 
,Ñ/C- mosaic is arranged with re- 

PLATÉ spect to the signal plate of a 
picture tube. 

The following more detailed description of the ac- 
tion of the Iconoscope is presented for those inter- 
ested. When a scene is focused on the mosaic, each 
photosensitive globule emits electrons in proportion to 
the amount of tight falling upon it; the more light that 
falls on a given area the more electrons are emitted 
from that area. This process is called "photoemis- 
sion." Since a loss of electrons means a more positive 
charge, photoemission sets up a variety of different 
charges over the surface of the mosaic in accordance 
with the distribution of the light it is receiving. So 
far no video signal has been produced because the 
globules are insulated from the signal plate. 

Since the path from the mosaic to the signal plate is 
through a condenser, the only way to get a signal 
across is to produce a sudden change of potential. In 
the Iconoscope type of camera tube, this change of po- 
tential is produced by the action of the electron beam 
from the gun. (The necessary orderly scanning action 
from left to right and top to bottom is provided by 
suitable currents through the deflecting yoke, as in the 
case of a magnetically deflected picture tube.) In 
order to understand the effects produced by this scan- 
ning beam, let us first consider three possible condi- 
tions on the surface of the mosaic before scanning. It 
has been found that the ordinary Iconoscope mosaic 
in total darkness (black scene) assumes a potential of 
-1.5 volts relative to the collector ring. When strong 
light (white scene) falls on a portion of the mosaic, a 
considerable number of electrons are lost by photo - 
emission, and the potential is changed from, say, -1.5 
volts to 0 volts. Illumination of medium intensity 
(gray scene) may cause the potential to change from 
-1.5 volts to -0.8 volt. These potentials of the 
mosaic, then, may be approximately as follows for 

these portions of the mosaic: black area, -1.5 volts; 
gray area, -0.8 volt; white area, 0 volts. 

The electrons in the scanning beam travel so rapidly 
that when they strike a surface such as the Iconoscope 
mosaic, they knock off a great many electrons, more, 
in fact, than even bright light does. This kind of ac- 
tion is called "secondary emission." So many elec- 
trons are thus lost by secondary emission, that the 
portion of the mosaic directly under the action of the 
scanning beam is driven to a positive potential of +3 
volts. Each portion of the mosaic is driven to +3 
volts during the instant the scanning beam acts upon 
it and this +3 -volt potential is reached regardless of 
the light conditions prevailing ... a black area goes 
to +3 volts as well as a white or gray area. Although 
the peak potential reached by every area as the scan- 
ning beam passes over it is the same, the change in 
potential which this area undergoes at this time will 
depend on the illumination it has received. Thus the 
black area will change from -1.5 to +3 volts, a 
change of 4.5 volts; the gray area will change from 
-0.8 to +3 volts, a change of 3.8 volts; the white 
area will change from 0 to 3 volts, a change of 3 volts. 
It is this sudden change of potential which is induced 
on the signal plate that causes the video signal current 
to flow through the load resistor. The difference be- 
tween the changes for black, gray and white areas is 
what indicates the difference in the illumination over 
the mosaic surface as it is scanned, and this difference 
is proportional to the distribution of light over the 
mosaic. 

The important things to notice here are: (1) that 
we get a video signal across the load resistor (Fig. 
11) only when a change of potential is produced on 
the mosaic, and that this is accomplished by the scan- 
ning beam; and (2) that the resultant video signal is 
proportional to the light coming from the scene being 
televised, the signal being of maximum amplitude for 
black portions of the scene, minimum amplitude for 
white portions. 

The collector ring (2nd anode) serves to accelerate 
the electrons in the scanning beam, and also to collect 
some of the electrons emitted from the mosaic. In 
Fig. 11 you will notice that this element is grounded; 
it is, however, 500 to 1000 volts positive with respect 
to the cathode of the electron gun, because the gun is 
at a corresponding potential negative with respect to 
ground. This will not be the last time that yea will 
find television tubes with elements at very high nega- 
tive potentials, and the possibility of such circuits ex- 
isting must always be borne in mind as a safety 
measure. 
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SCANNING AND SYNCHRONIZATION 
In previous sections we discussed (1) the necessity 

for scanning both the camera tube and the picture 
tube, (2) the essential requirement that these opera- 

tions must be synchronized, and (3) the devices which 

make it possible to control the motion of the electron 

beam in these tubes. In this section we shall de- 

scribe the details of the path of the scanning beam 

on the tube screen, the waveshapes necessary to pro- 

duce this path and some of the problems which arise 
in connection with scanning. 

The Scanning Pattern 

As we have already mentioned, the usual scan is 

from left to right and from top to bottom. In certain 
cases this order must be reversed, but the principle 
is the same. In Fig. 13 is shown a simplified diagram 

of a scanning pattern; this is often called a "raster." 
The rectangular diagram formed by the light lines 

connecting points A, B, C and D represents what we 

may call the "picture space." The width of this rec- 

tangle (AB) is drawn so as to be 4/3 times the 
height (AC) ; this is the proportion used in motion 

pictures. The ratio of width to height is called the 
"picture aspect ratio" and its value of 4/3 is one of 

the proposed RMA television standards. On a picture 
tube, the heavy lines ab, cd, etc., are caused by the 
fluorescent glow which occurs as the electron beam 
moves from point a to point b (in the direction of the 
arrow on line ab) . You will notice that points a and 
A coincide, while point b is slightly below point B. 

In fact, all the lines in Fig. 13 slant downward. This 
slant is necessary to provide the vertical (top -to -bot- 

tom) part of the scanning process. In fact, the lef t - 
to -right component of scanning is called "horizontal 
scanning" or "line scanning"; the top -to -bottom com- 

ponent is called "vertical scanning" (also called 
"frame scanning" or "field scanning," for reasons 

which will be clear later on). This slant -line system 
of scanning is used because the characteristics of the 

electrical circuits which provide scanning make it im- 

possible to scan in a series of truly horizontal lines, 

with an abrupt vertical drop at the end of each line. 

After the beam reaches point b it is deflected back 
along the dotted line bc to start a new line, cd. On 

the picture tube the line bc would be much fainter 
than line ab because the time allowed for the beam 
to move from b to c is only about one -tenth the time 

allowed for it to travel from a to b. Lines like ab, 

cd, etc. are called "line traces"; lines like bc, de, etc. 

are called "line retraces" or "line flybacks." 

Here some questions may arise: Why does the mo- 

tion of the spot across the screen appear as a line? 

Why is the flyback dimmer than the trace? The eye 

is responsible for these effects. Any one who has 

ever swung a flashlight or a "sparkler" in a circle 

must have noticed that as the speed of the swinging 

is increased, the individual spot of light merges into 

an apparently continuous circle of light. The velocity 

of the scanning spot across the picture tube screen is 

so rapid (several thousand miles per hour) that the 
eye cannot distinguish the spot from a continuous 
streak. This property of the eye is called "persistence 
of vision." 

The difference in brilliance between the trace and 
the flyback is due to the fact that the brilliance of the 
fluorescence produced on the picture -tube screen de- 

pends on the time during which the electron beam 

acts upon it. Although in both cases the actual time 

is very short, the difference in time (about 10 to 1) 

does result in a very marked difference in brilliance. 
A complete set of lines such as shown in Fig. 13 is 

called a "frame." This particular frame is completed 
when the spot reaches point 1; it then returns to point 
a to start a new frame. A frame like that shown in 

Fig. 13 is said to be built up by "progressive scan- 
ning" (the lines follow each other in a continuous 
chain). Six complete lines (retraces are not counted) 
are shown in this figure; a complete technical descrip- 

tion of this figure would be: "A six -line frame (or 
raster) produced by progressive linear scanning." Of 

course, so few lines as we have shown would be in- 

sufficient to give a good picture, and a very great many 
more are actually used. In order to give the eye the 
illusion of motion, many complete frames must be 

B 
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Fro. 13.-A simple progressive scanning pattern in which 
the picture is scanned in a series of lines which start at the 
upper left and slope down to the right. 
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14 HOW IT WORKS 

traced out every second. The standard American pro- 
cedure is to trace 30 complete frames every second; 
each frame consists of 441 lines. 

Flicker and Hum on the Raster 
It has been found that if the raster is bright a 

flicker will be observed when the number of frames 
per second (frame frequency) is less than a certain 
critical value. Although a satisfactory illusion of mo- 
tion might be produced by about 12 frames per second, 
as many as 48 frames per second may be required to 
remove objectionable flicker. The more frames per 
second a television transmitter sends out, each having 
a large number of lines, the higher the modulation 
bandwidth required. One way to keep the bandwidth 
down is to send twice as many frames per second, each 
frame having half the number of lines. But a large 
number of lines is necessary for detail in the picture. 
It was therefore decided to divide the total number of 
lines in each frame between two rasters (called 
"fields"), each containing half the total number of 
lines required to make up a frame. These fields, 
transmitted at the rate of 60 per second, get rid of 
the flicker effect. The required number of lines per 
frame is supplied by sending the odd -numbered lines 
along with one field and the even -numbered lines 
along with the following field. The fields are trans- 
mitted so rapidly that as far as the eye can see, all 
the necessary lines appear in their proper positions on 
the raster simultaneously. 

7 

1 

2 

3 

4 

S 

6 
Frc. 14.-An interlaced scanning pattern in which the odd 

and even lines are scanned on successive fields. 

The method of scanning just described is called 
"interlaced scanning," and is the system now in use. 
A simplified pattern of a frame produced by inter- 
laced scanning is shown in Fig. 14. The general 
principles are the same as for progressive scanning; in 
fact, each field is itself progressively scanned. The 
lines transmitted during the first field scan, referring 
to Fig. 14, are lines 1, 3, 5 and the first half of line 7. 
The beam is then deflected to the top of the picture 

space to begin the second field. During the second 
field, line 7 is completed and lines 2, 4 and 6 are 
traced, thus completing the entire seven -line frame 
in two steps. (As in Fig. 13, the arrows show the 
direction of travel of the beam spot.) The use of 
an odd number of lines has been found advantageous 
in interlaced scanning; this method is called "odd - 
line interlacing." American practice calls for 220.5 
lines in each field, making 441 total lines per frame. 
Sixty fields are transmitted each second, giving a field 
frequency of 60 per second. 

The frame frequency chosen depends upon the a -c 
power -line frequency; it must be an even multiple or 
submultiple thereof. The reason for this is that if 
there is some hum present in the deflecting circuits, a 
certain amount of distortion will appear in the picture. 
If this distortion appears to be stationary, and is not 
excessive, it can probably be tolerated. On the other 
hand if the distortion moves so that the picture ap- 
pears to have moving ripples in it, even slight dis- 
tortion is most objectionable. By making the frame 
frequency an even submultiple of the power -line 
frequency, this type of hum pattern can be rendered 
stationary. Since most American power lines use 60 - 
cycle a.c., the frame frequency chosen was 30 per 
second. (In England, with 50 -cycle a.c., the frame 
frequency is 25.) 

Scanning Waveform 

In describing the picture tube, we showed that the 
beam can be deflected by applying suitable potentials 
to the deflecting plates or suitable currents through 
the deflecting coils. The nature of these voltages and 
currents depends on the kind of deflection to be pro- 
duced. In Fig. 14 is shown the kind of deflection 
required in television scanning. The trace deflection 
required is a steady motion from left to right along a 
line slanting slightly downward to the right; the 
retrace travels from right to left along a line slanting 
downward to the left. We found out that such a 
motion will occur when both sets of deflecting plates 
or coils are in operation simultaneously. Thus in 
scanning, two deflection circuits are acting at once, 
one moving the beam horizontally (horizontal deflec- 
tion circuit), the other moving it vertically (vertical 
deflection circuit). 

The shape of the voltage (or current) wave which 
has to be applied to the deflecting plates (or coils) 
to produce the desired scan is shown in Fig. 15. At 
(a) is shown the waveform for horizontal or line 
scanning; at (b) the waveform for vertical or field 
scanning. Notice that the time of the line wave is 
equal to the time of the field wave divided by the 
number of lines per field (1/60 second divided by 
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SPECIAL SECTION, RIDER'S VOLUME X 15 

220.5 - 1/13230 second). Also notice that the line 

retrace is allowed only about 1/6 the time allowed to 

the line trace; the field retrace is allowed 1/13 the 

time of the field trace. The total time -intervals al- 

lowed for these waves indicate that the line -scan f re- 
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Frc. 15.-At the left is shown the sawtooth waveform re- 

quired for horizontal scanning. A similar waveform, but of 

much lower frequency, is required for vertical deflection; it is 

shown at the right. 

quency is 13,230 cycles and the field -scan frequency 
is 60 cycles. These waveforms are called sawtooth 

waves; circuits for generating them are described in 

a later section. 

Overall View of a Television System 

We are now in a position to obtain a bird's eye 

view of a complete television system. Such a step is 

advisable at this time because of the complexity of the 

system and the desirability of not losing sight of the 

function of the principal parts in the maze of detail 

associated with all the individual elements of the 

system. 
Fig. 16 shows the general role played by each of the 

major units of a television system in causing the pic- 

ture of the televised scene to appear on the screen of 

the picture tube. Referring to this illustration, you 

will note that the camera tube is focused on the scene 

to be televised with the result that an image of the 

scene is formed on the photoelectric mosaic of the 

camera tube. In this way each point of the mosaic 
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takes on a voltage which is proportional to the light 

value associated with this point of the image. In 

order to transmit this information, the electron beam 

of the camera tube completely scans the image on 

the photoelectric surface 30 times in each second. As 

a result of this the video portion of the television 

signal is produced in which the electrical variations 

correspond with the light variations on the screen of 

the camera tube. 
In order to fulfill the requirements of synchroniza- 

tion, the need for which has already been explained, 

a synchronizing signal (abbreviated "sync" signal) is 

applied to the camera tube deflecting circuits so that 
the scanning of the electron beam is at all times under 

the timing control of this sync signal. 

At the same time this sync signal must also form 

a part of the television signal which is broadcast in 

order that the scanning at the picture tube in the re- 

ceiver can be kept in synchronism (in step) with the 

scanning at the camera tube. For this reason you 

will note that the sync circuit also feeds the same 

sync signal to the video amplifier, and as a result 

the complete signal contains information not only on 

the light values but also the necessary control signals 

to synchronize the scanning at the picture tube with 

that at the camera tube. 
The complete television signal is amplified by the 

video amplifier circuits in the transmitter and fed to 

the modulating circuits of the transmitter where it 

modulates the high -frequency radio wave which serves 

as the carrier. According to the present frequency 

allocations assigned by the Federal Communications 

Commission, the carrier frequencies used lie within 

the range between 44 and 108 megacycles, with the 

lower values being in greater use. The reasons for the 

use of carrier frequencies in the ultra -high frequency 

range and the actual make-up of the signal will be 

discussed later in detail. 
The signal which is radiated by the transmitting 

antenna is picked up by the receiving antenna and 

fed to the television receiver. The television signal is 

T 

Fre. 16.-The principal elements of a complete television system. 
ning at the picture tube with that at the camera tube. 
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Note the provision made for synchronizing the scan- 
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amplified in this receiver which incidentally is almost 
invariably of the superheterodyne type. After suffi- 
cient amplification the signal is demodulated in the 
second detector of the receiver and the video and sync 
signals are recovered. The video amplifier following 
the detector further amplifies the signal which is 
finally impressed on the control grid of the picture 
tube. The fluctuations of voltage on the control grid 
of the picture tube cause the intensity or brightness 
of the scanning spot to vary in accordance with the 
amount of light on that element in the scene which 
at that particular instant is being scanned by the 
electron beam of the camera tube. 

The receiver contains separate circuits for deflect- 
ing the beam of electrons horizontally and vertically 
so as to accomplish the scanning of the image at the 
picture tube. In general these circuits are similar to 
those used to deflect the electron beam at the camera 
tube. To insure absolute synchronization between 
the scanning at the picture tube and that at the 

camera tube, the receiver contains circuits (called 
sync separator circuits) for separating the synchro- 
nizing pulses from the complete television signal. As 
is noted in the figure, these impulses are applied to 
the deflection circuits in the receiver and keep the 
two scanning beams-the one in the camera tube at 
the transmitting end and the other in the picture tube 
at the receiving end-in perfect synchronism. In this 
way the image of the scene is traced out by the mov- 
ing spot of light on the screen of the picture tube. 

In the above description we have omitted a con- 
sideration of the sound broadcasting which almost in- 
variably is a part of the television broadcast. For 
the present, it will be sufficient to understand that the 
sound is transmitted and received in the same way as 
a conventional sound broadcast even to the extent 
that an entirely separate carrier is used to carry the 
modulation of the sound accompanying the television 
broadcast. 

THE TELEVISION SIGNAL 
One of the most important factors delaying the 

commercial introduction of television in this country 
was the necessity for establishing definite standards. 
You can appreciate that standards are of tremendous 
importance in television-and in this respect television 
is unlike radio-because of the close relationship 
which exists between the design of the receiver and 
conditions at the transmitting end. Thus the manner 
in which the image is scanned and the manner in which 
the synchronizing information is conveyed influence 
both the design and operation of the receiver. 

To avoid the danger of establishing transmitting 
standards which would tend to prevent progress in 
television, the entire problem in all its aspects was in- 
vestigated by the television committee of the Radio 
Manufacturers Association-the RMA. After several 
years of careful study, the standards were arrived at 
which are the basis of television in the United States 
today. It is believed that these standards have been 
made flexible enough to permit gradual improvements 
without requiring radical changes in receivers now be- 
ing distributed and sold. Thus improvements which 
will be made will probably be improvements in the 
present basic system rather than radical changes in the 
system itself. The primary contribution of the present 
RMA standards is that they have started television 
out along the path which appears to hold the greatest 
promise for the future. 

The Video Signal 

We are now in a position to consider more fully the 
nature of the signal which is used to transmit the tele- 
vision image. Up to this point we have explained in a 
general way that this signal contains the electrical 
image of the scene being televised and in addition con- 
tains the information required to synchronize the scan- 
ning at the camera tube with that at the picture tube. 
We will now go into greater detail as to the structure 
of this signal because of the bearing which it has on 
the operation and servicing of television receivers. 

It will be helpful in understanding the nature of the 
television signal to review briefly the audio signal used 
in sound broadcasting and later to compare the two. 
In Fig. 17a is shown a typical sound or audio signal. 
As you know, the amplitude of this audio signal repre- 
sents the intensity (loudness) of the sound, and the 
number of cycles per second represents the frequency 
(pitch) of the sound. During periods when the sound 
intensity is zero, the amplitude of the sound wave is of 
course zero; on the other hand, during periods when 
the sound intensity is high, this is represented by a 
proportionate increase in the amplitude of the signal. 
An important characteristic which you should note is 
that in a sound wave, the amplitude of the wave has 
both positive and negative peaks and extends equally 
in both directions from the zero axis. 
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A typical video or picture signal, that is, the elec- 

trical signal which represents the variations in bright- 
ness over the elements of a scene, is shown in Fig. 17b. 

The horizontal line in the left-hand portion of the sig- 

nal shown represents the signal voltage produced by 

an unilluminated or black portion of the scene, which 

is called the "black level." In discussing video signals 

this black level is used as a reference from which the 
light values corresponding to all other signal voltages 

are measured. The reason for this is apparent from 

inspection of the rest of Fig. 17b, which represents 
various signal voltages corresponding to parts of the 
scene reflecting varying degrees of brightness. Note 
that as the brightness of the scene increases from 

black, the voltage of the video signal decreases, and 
that in any case the picture brightness never results in 

a signal voltage greater than the black level. The 
black level is therefore a suitable reference, because 
its voltage is fixed and easily reproduced. "White" 
would not be a suitable reference because the signal 

voltage corresponding to "whitest white" depends upon 
the maximum intensity of illumination available. 

A video signal in which the signal voltage decreases 
(from the black level) as the picture brightness in- 

creases toward white is said to have a "negative pic- 

ture polarity." The signal of Fig. 17b, as we have 
seen, is of this type. If we call the black -level volt- 
age zero volts in Fig. 17h, all other shades of bright- 
ness will produce negative voltages, the whitest part 
of the scene having the greatest negative voltage. A 

signal having negative picture polarity is used to mod - 

BLACK 
LEVEL - 

GM AY 

WHITE 
LEVEL 

FIG. 17a, 17b.-Comparison between a sound and video signal. In the video signal black is represented by 
a fixed level, and various shades of brightness by voltages which are displaced proportionately from the black 
reference level. 

NO L/GHT- 
O BLACK LEVEL 

ulate the television carrier in present-day American 
television. Of course it is perfectly possible to have a 

video signal in which the signal voltage increases as 
the picture brightness increases; in this case the signal 

is said to have a "positive picture polarity." In fact 
we shall see later on, in considering receiver circuits, 
that the signal undergoes a reversal of polarity in pass- 
ing through each stage of the video amplifier. 

The important difference between the audio signal 

and the video signal is that the video signal is always 
located on only one side of the black reference level, 

whereas the audio signal contains variations on both 
sides of the zero -signal level. The video signal is 

therefore a pulsating voltage with a d -c component, 
not an a -c wave like the audio signal. 

Let us now consider the video signal in greater de- 

tail. Fig. 18a shows the output of the camera tube for 

two successive lines of the image. At the same time 
Fig. 18b shows these two lines as they appear on the 
scanning pattern or raster. Starting at a, the begin- 
ning of the field, the beam traces the first line a -c; re- 

ferring to the signal (Fig. 18a) it can be seen that the 
image is black at a, changes gradually to a brilliant 
white at b, and finally changes gradually to black at 
the end of the line c. 

During the retrace time c -d, the signal level is main- 
tained at a uniform black level as shown by c -d on 

Fig. 18a. This "black" interval during which the re- 

trace is carried out is called the "horizontal blanking 
period," and the pulse c -d is called the "horizontal 
blanking pulse," or the "horizontal blanking pedestal." 
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f 18.-The video signal and horizontal blanking pulse for two successive 

lines of a scene. In Fig. 18b at left are shown the lines of the scanning pattern 
corresponding to the signal. Note that the picture is blanked out during the 
horizontal retrace periods, as shown at cd and fg. 

As we shall see later in more detail, the pedestal per- 
forms two functions: (1) It blacks out the return trace 
so that it will not appear on the screen of the picture 
tube and (2) it provides a platform on which the 
horizontal synchronizing pulse is erected. Note that 
the second scanning line d -e -f is essentially the same 
as the first line and again the line is terminated on the 
signal wave by a blanking pulse f -g. In this way the 
entire field is scanned and the picture signal corre- 
sponding to the light and dark variations of the field is 

produced. 

Signal and Sync Pulses 

In the previous section we showed the video signal 
without discussing the modifications which must be 
made in the signal in order to provide the necessary 
synchronization. We shall now describe how this syn- 
chronizing information is added to the signal. 
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Consider the video wave shown in Fig. 19. This 
shows the wave for the last two lines of the field, just 
preceding the vertical retrace period during which the 
beam returns to the upper portion of the field. Start- 
ing at the left of the figure, the first thing you will 
note is the addition of a pulse which is erected on top 
of the horizontal blanking pulse; this is called the 
"horizontal sync pulse." As we shall see later in the 
discussion of receiver sync circuits, this small rectan- 
gular pulse provides the means which keeps the hori- 
zontal line or scanning oscillator in the receiver in 
synchronism with the scanning at the camera tube. 
An important thing to note is that this sync pulse is 
located in the "blacker -than -black" region so that the 
screen of the picture tube is kept dark during the 
period of the horizontal retrace. Thus the portion of 
the signal more positive than black is used for syn- 
chronizing information, whereas the voltage more neg- 
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PERIOD PICTURE 

////////////61 
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Fin. 19.-The video signal, showing the last two lines of a field followed by a vertical blanking period. Horizontal 
sync pulses have been erected on the horizontal pedestals and during the vertical blanking period the vertical sync 
pulse is transmitted. 

www.americanradiohistory.com



SPECIAL SECTION, RIDER'S VOLUME X 19 

ative than the black level is used for the picture in- 

formation. It is also important to observe that this 

line -synchronizing pulse appears at the end of each 

line so that constant synchronization of the line oscil- 

lator is maintained. 
At the end of the last line at the bottom of the field 

represented by point 1 in Fig. 19, the beam is ready to 

return to the upper edge of the field. As in the case 

of horizontal scanning, a sync pulse is required to re- 

turn the beam to the top at the proper instant. All 

the information associated with the end of the field, 

required to return the beam to the to of the field in 

preparation for the one to follow, is contained in the 
interval designated as the "vertical blanking period." 
Essentially the following three functions are performed 
during the vertical blanking period: (1) A field syn- 
chronizing pulse is provided (the exact nature of this 

pulse is described later) so that the beam will be re- 

turned to the start of the frame at the proper instant. 
(2) The entire signal is blacked out so that the field 

retrace and lines scanned during this interval will not 

be apparent to the observer. (Actually, of course, the 
line -scanning circuits continue to function, but the 
beam does not exist because of the negative voltage on 

the control grid of the picture tube during this inter- 
val.) (3) The line synchronizing pulses are main- 
tained during the vertical blanking period, which lasts 
for about 15 lines, so that the horizontal deflecting cir- 
cuit in the receiver will not slip out of synchronism 
during this period. In addition to the vertical and 
horizontal sync pulses, two groups of so-called "equal- 
izing pulses" are transmitted during the vertical 
blanking period; these are required for reasons which 
will be explained later. 

RMA Standard Television Signal 

It is desirable at this point to show the complete 
signal which has been recommended by the RMA to 

be used as the standard for this country. To illustrate 
the makeup of this signal, Fig. 20 shows the signal for 
two successive fields in the neighborhood of the verti- 
cal blanking pulse. Accordingly the left-hand portion 
of A shows the last four lines of any one field. This 
is followed by the vertical blanking period which con- 

tains equalizing pulses both preceding and following 

the vertical sync -pulse interval. After the last equal- 
izing pulse the horizontal sync pulses are resumed; by 
this time the beam has been returned to the upper 
portion of the screen so that shortly thereafter the 
normal video signal is resumed. To summarize, the 
first line, A, shows the complete signal as it exists for 
any one field both before and after the transmission of 

the vertical blanking period. 

Part B of this figure describes the signal as it exists 
1/60 second later for the following field. Since the 
scanning is interlaced, note that the line -sync pulses in 

B appear between the line -sync pulses in A, thus pro- 
viding the timing which is essential for interlacing. 
Again the last line in this field is followed by a vertical 
blanking period at the end of which the video signal is 

resumed. Note that for both parts of the figure, the 
reference point from which time is reckoned is the be- 
ginning of the vertical sync pulse, which is designated 
as taking place at any time represented by t = t1. 

Using this time reference, it of course follows that the 
vertical sync pulse for the next field must begin 1/60 

second later (since there are 60 fields per second) ; 

this is shown by part B of the figure so that the two 

vertical sync pulses are directly below each other but 
1/60 second apart in time. 

The description which follows shows in greater de- 

tail those parts of the complete video signal which 
have already been described. The specifications 
throughout are those of the RMA. 

Horizontal Blanking and Synchronization 

As shown in Fig. 20, the horizontal sync signal is 

transmitted at the end of each line and consists of an 
essentially rectangular pulse erected on the horizontal 
blanking pedestal. The amount of time allowed for 

the blanking pedestal is specified as 15% of the total 
time from the beginning of one line to the beginning 
of the next line. Since the time for each line (includ- 
ing the retrace) is 75.6 microseconds (1/13230 sec- 

ond), the time devoted to horizontal blanking is about 
11 microseconds. This interval of 11 microseconds 
has been found to be just large enough to allow for the 
retrace time, to allow the spot to assume normal scan- 
ning speed at the left edge of the picture and to main- 
tain reliable synchronization. 

The whole of the horizontal blanking interval is not 
utilized for the synchronizing pulse as can be seen by 
examining the enlarged view of the wave between C -C 
(Part A) shown in the detail view, Part C of the 
figure. Actually only about half the total blanking 
time is used, and the front or leading edge of the sync 
signal is placed as close as possible to the beginning 
of the blanking pulse. The small allowance which is 

made takes care of some variation in timing and in- 

sures that the sync pulse will not run into the video 
portion of the signal and thus upset the line timing. 

Vertical Blanking and Synchronization 

The vertical blanking interval follows the last line 
of each field and consists of the following four parts 
which will be considered separately. 
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(1) Equalizing -Pulse Interval: Six equalizing pulses 
one-half line apart precede the sync pulse and accom- 
plish (a) the maintenance of horizontal or line syn- 
chronization and (b) the "equalization" of the 
intervals preceding the vertical sync pulse so that 
conditions preceding the vertical sync pulse are identi- 
cal for alternate fields- The need for these equalizing 
pulses arises because o3 the interlacing of alternate 
fields. As you can see from Fig. 20, the lines in the 
second field (B) are interlaced between those of the 
preceding field (A). If the equalizing pulses were 
eliminated and the vertical sync pulses were inserted 
in A at the end of the last line, then the vertical sync 
pulse would have to appear in the next field B at the 
middle of the line; the reason for this is that 1/60 
second later the beam is in the middle of the line be- 
cause of the interlacing. Thus without the equalizing 
pulses, the conditions preceding the vertical sync pulse 
would be different for each of the two fields. This 
would tend to produce a different type of vertical sync 
pulse for alternate fields, upset the synchronization 
and give rise to the distortion known as "pairing of the 
interlace." In a paired interlace, the even -scanned 
lines do not lie midway between the odd -scanned lines, 
because of the difference in timing on alternate fields. 

In connection with the maintenance of line synchro- 
nization during the vertical blanking interval, note 
that the leading edges of the equalizing pulses func- 
tion to maintain synchronization. Not all the pulses 
are used for each field, however. Thus note that be- 
cause of the interlacing, the first, third and fifth equal- 
izing pulses are used on the first field (A), and the 
second, fourth and sixth pulses are used on the suc- 
ceeding field (B). This explains why six pulses are 
used, each spaced one-half line apart, rather than 
three pulses spaced one line apart. It would, of course, 
be possible to use three different pulses in each field, 
but if this were done the signal preceding the vertical 
sync pulse would be different for succeeding fields and 
there would be a resulting absence of equalization. 

(2) Vertical Sync Pulse: The vertical sync pulse 
follows directly after the equalizing pulse interval and 
consists of six broad pulses in which the edges are 
serrated or cut at one-half line intervals. The func- 
tion of the vertical sync pulse is to provide the con- 
trol signal which tells the vertical oscillator that it is 
time to begin the retrace and thus to return the beam 
to the top for the beginning of the next field. The 
pulses in the vertical sync -pulse interval are consid- 
erably broader than the line pulses so that the sync 
separator circuit will be able to distinguish between 
the two types of pulses and thus be able to separate 
the vertical sync pulses from the horizontal sync 
pulses. At the same time the edges of the serrations 

at half-line intervals provide the necessary control for 
maintenance of horizontal synchronization. The ser- 
rations are required at half-line intervals because of 
the interlacing; the reasoning used in connection with 
the equalizing pulses also applies here. 

(3) Lagging Equalizing Pulses: It was explained 
previously that in order to provide identical conditions 
for the two successive fields preceding the vertical sync 
pulses, six equalizing pulses were inserted in front of 
the vertical sync pulse in each field. It is just as 
necessary to keep the conditions following the vertical 
sync -pulse interval the same for the two successive 
fields A and B; for this reason six lagging equalizing 
pulses appear in both A and B after the vertical sync 
pulse. If you examine the vertical sync -pulse inter- 
val in both A and B you will see that, although the 
lines in the two fields are displaced by one-half line 
because of the interlacing, nevertheless the conditions 
in the neighborhood of the vertical sync -pulse interval 
are the same for both fields. Note that the lagging 
equalizing pulses are also one-half line apart so that 
line synchronization is maintained for both the "odd" 
and "even" fields. 

(4) Normal Horizontal Sync Pulses: The lagging 
equalizing pulse interval is terminated before the end 
of the vertical blanking period so as to prepare the 
line oscillator for the normal horizontal sync pulses 
which are to follow. In practice, the video signal is 
blanked out for a period of from 7 to 12 lines follow- 
ing the last equalizing pulse so that the line oscillator 
(which may have been operating at double line fre- 
quency during the preceding period) has a chance to 
settle down to being under control of the normal type 
of sync signal. At the end of the vertical blanking 
interval, the blanking is of course removed and the 
video portion of the signal again controls the intensity 
of the beam in the picture tube. 

Range of Frequencies in Video Signal 
Unlike audio signals which contain frequency com- 

ponents ranging from a low value of about 20 cycles 
per second to a high value of about 12,000 cycles per 
second, video signals include a range from practically 
zero frequency (produced over areas where there is 
little variation in light intensity) to as high as 4 or 
more megacycles (produced over areas where there is 
a very rapid variation in light intensity). 

It is interesting to examine the manner in which the 
maximum frequency required in the video signal is 
related to the amount of detail which is reproduced. 
This can be arrived at from the following considera- 
tions: Let us assume that we wish to transmit a pic- 
ture in which the same resolution or detail is desired 
in the horizontal direction as in the vertical direction. 
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Now in the vertical direction we have a total of 4A1 

lines or 441 elements. Since a horizontal line is 4/3 
times as long as a vertical line (the picture is 4/3 
times as wide as it is long), it follows that there are 

4/3 as many elements in a horizontal line as there are 

in a vertical line. This makes a total of 441 x 441 x 4/3 
or 260,000 elements in the complete picture. 

Since we wish to calculate the maximum frequency 

which is required to reproduce the light and dark vari- 

ations over each one of these 260,000 elements, let us 

assume that alternate elements in the picture are black 

and white so that the image resembles a checkerboard 
pattern. This type of scene requires the highest pos- 

sible frequency for faithful reproduction because of 

the rapid variation in light intensity as the beam goes 

from one element to the next. The exact opposite of 

this type of scene would be one which was uniform 

over its entire area, for in this case it would be neces- 

sary for the system to transmit only very low frequen- 
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cies. For the checkerboard pattern under discussion, 

the variation from black to white in scanning two 

adjacent elements requires a certain amount of time. 

This amount of time represents the duration of one 

complete cycle and 1 divided by this number repre- 

sents the highest frequency which must be transmitted. 
Let us calculate this time interval required for the 

beam to scan two adjacent black and white elements. 

Since there are 260,000 elements in a complete pic- 

ture and it requires 1/30 second to transmit this 

picture, the time alloted to the transmission of infor- 

mation on two elements (1 cycle) is equal to 

2 1 second 1 second 

260,000 X 30 cycle 3,900,000 cycle. 

The frequency generated when the scanning beam 

passes over these two elements is thus equal to 3,900,- 

000 cycles per second, or 3.9 megacycles. 
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Fro. 20.-The standard RMA television signal. Diagram A shows the signal at the bottom of any one field; diagram B shows 

the signal at the bottom of the next field, 1/60 second later. Note the interlacing of the lines in the two successive fields shown 

by A and B. 
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As we have previously seen, the maximum frequency 
which is present in the video signal is related directly 
to the amount of detail required in the image. It has 
been found that for the smaller picture tubes satis- 
factory detail is obtained when frequency variations 
up to 2.5 megacycles are transmitted and that little is 
gained by transmitting the high frequency components 
produced in the scanning at the camera tube. How- 
ever, where a comparatively large picture tube is used, 
additional detail and a finer image can be produced 
by transmitting frequency components ranging up to 
about 4 megacycles. 

The Modulated Wave 

In previous sections we have described the video 
wave produced when a scene is scanned and the modi- 
fications which are made in this wave in order to pro- 
vide for both line and field synchronization. We now 
need to consider the make-up of the modulated wave 
which is produced when this video wave is arranged 
to modulate a high -frequency carrier. 

First let us review the result of modulating a carrier 
with a conventional audio signal. As Fig. 21a shows, 
if we modulate a 1000-kc carrier with an audio signal 
which contains frequency components ranging up to 
5 kc, then the resulting modulated wave contains, in 
addition to the carrier frequency, new frequencies 
which extend to the limits of 5 kc below the carrier 
frequency and 5 kc above it. In other words, the 
process of modulating the carrier results in the intro- 
duction of two sets of sidebands which extend outward 
from the carrier to a value equal to the highest fre- 
quency in the modulating wave. The sideband which 
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FIGS. 21a, 21b.-The sidebands in a sound signal occupy a 
bandwidth of only about 10 kc whereas the sidebands in a 
television signal require a bandwidth of about 8 mc or 8000 kc. 

contains frequencies lower than the carrier frequency 
is called the "lower sideband," and that which con- 
tains the frequencies higher than the carrier is called 
the "upper sideband." 

It would be impossible to use a broadcast -band car- 
rier for television work. This can be seen from the 
fact that unlike sound, the video modulating frequen- 
cies would themselves be higher than the carrier fre- 
quency. In order to make the modulation process 
work, it is necessary that the carrier frequency be at 
least several times the highest frequency of modula- 
tion. For this reason the carrier frequency in tele- 
vision must be several times as high as the maximum 
video frequency, or several times 4 mc. Actually the 
carrier frequencies which have been chosen for tele- 
vision are at least ten times the highest video fre- 
quency since the lowest carrier frequency which is 
being used for 441 -line television is 44 mc. 

Some of you may recall that a few years ago, car- 
rier frequencies only a little higher than the broadcast - 
band were assigned to experimental television. This 
merely illustrates our point, however, since those early 
low -definition pictures contained comparatively few 
elements and consequently had maximum video fre- 
quencies far below those found in present-day high - 
definition work (for example, 100 -line picture has a 
top video frequency only 1/16 as high as that of a 
400 -line picture). 

Returning to the comparison between a broadcast - 
band carrier modulated by a sound wave and a mod- 
ulated television carrier, we show in Fig. 21b the wave 
which results when a 44 -mc carrier is modulated with 
a video signal. As in the case of the 1000-kc carrier, 
the process of modulation introduces two sets of side - 
bands, and for the example shown the two sidebands 
extend to 4 mc below and 4 mc above the 44 -mc 
carrier. 

It is interesting to compare the bandwidth required 
for the transmission of a scene by television with the 
bandwidth required in sound broadcasting. As Fig. 21 

shows, a sound broadcast requires only a 10-kc chan- 
nel whereas the television channel (arranged for 
double-sideband modulation) requires 8000 kc or 800 
times as much space as the sound channel. Although 
it is possible to locate approximately 100 sound chan- 
nels in the broadcast band it would require more than 
8 times the space provided by the entire broadcast 
band for the transmission of a single television channel 
with double-sideband modulation. The large amount 
of the radio spectrum required for television is one of 

the reasons for the choice of the ultra -high frequency 
range for television. 
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Positive and Negative Modulation 

In discussing video signals we pointed out that the 

video signal is said to have a positive or negative pic- 

ture polarity depending upon whether the changes 
from the black level take place in a positive or a 

negative direction, respectively. In modulation we 

run into somewhat similar terms-positive and nega- 

tive modulation-which are related not to the polarity 
of the video signal but to the modulated wave itself. 

A television carrier is said to have positive modula- 
tion when an increase in carrier amplitude corresponds 
to a brighter area in the scene being scanned. Thus 
for a wave with positive modulation, the lowest car- 

rier amplitude corresponds to black while the maxi- 

mum carrier amplitude corresponds to the brightest 
part of the image. On the other hand, for negative 

modulation, a decrease in carrier amplitude corre- 

sponds to an increase in the brightness of the image. 

Thus for a wave with negative modulation, the lowest 

carrier amplitude corresponds to maximum white in 

the image and the highest carrier amplitude corre- 

sponds to black. 
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FIG. 22.-A modulated video wave. The sync pulses are 
located in the blacker -than -black region and occupy from 20 

to 25% of the maximum carrier amplitude. 

Because negative modulation offers certain advan- 
tages in improved performance and simplified receiver 

design, it has been recommended by the RMA as 

standard for this country. All television transmissions 

in this country therefore use negative modulation, 

although in England positive modulation is being used. 

As shown in Fig. 22, the maximum amplitude of the 

carrier is used for the synchronizing pulses and lies 

in the blacker -than -black region. The term "blacker - 

than -black" merely means that the sync signals have 

higher amplitude than black picture signals. It has 

been found that reliable synchronization can be se- 

cured so long as the amplitude of the synchronizing 

pulses is from 20 to 25 percent of the maximum car- 

rier amplitude; this recommendation is also part of 

the RMA standards. Actually, then, not more than 

80% of the total carrier amplitude is available for 

transmitting information on the light values in the 

scene, the rest of the wave being used for synchro- 

nization. 

Channel Make-up 

The standard RMA television channel is laid out so 

that the complete video signal and its accompanying 

sound signal can be transmitted as close together as 

possible, thus making for a compact channel which 

takes up a minimum amount of space in the radio 

spectrum. As shown in Fig. 23, the complete channel 

is 6 mc wide and the video carrier is placed 1.25 mc 

from the low -frequency end of the channel. The 

sound is transmitted on a separate carrier which is 

located 4.5 mc higher than the video carrier or 0.25 

mc from the upper end of the band. 
In order to use the minimum possible channel 

width, the major part of the lower sideband is sup- 

pressed and only the portion shown is transmitted. In 

this type of transmission, which is known as "vestigial 

sideband transmission," the transmission is essentially 

double-sideband for the low modulating frequencies 

(up to approximately 1.25 mc) and then becomes 

single-sideband for the higher modulating frequencies 

(above approximately 1.25 mc). This tends of course 

to overemphasize the lower frequencies (since they 

receive contributions from both the partially sup- 

pressed lower sideband and the upper sideband). Such 

overemphasis is avoided by designing the selectivity 

of the receiver to attenuate the carrier and the lower 

(double-sideband) frequencies. The difference be- 

tween the transmitter selectivity curve and the receiver 

selectivity curve is shown by the dotted line in Fig. 23. 

The advantage of this type of transmission is that 

it reduces the channel width required for a given maxi- 

mum amount of detail in the image. We might men- 

tion here that earlier RMA proposed standards called 

for a double-sideband transmission which-although 
using the same 6 -mc channel-made it possible to 

transmit video frequencies up to only 2.5 mc because 

both sidebands (occupying a 5 -mc total bandwidth) 

were transmitted. 
It is interesting to note the relatively small part of 
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Frc. 23.-Make-up of the standard RMA television channel, 

showing the position of the picture and sound channels. The 

dotted line shows the receiver selectivity characteristic. 
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the total channel width occupied by the sound carrier. 
Even assuming that radio frequencies up to a maxi- 
mum of 10 kilocycles are transmitted, this would make 
the total bandwidth (including both upper and lower 
sidebands) equal to 20 kc or 0.02 mc. It is thus ap- 
parent that the guard band of 0.25 mc is more than 
enough to prevent the sound modulation from spread- 
ing into the next channel. In practice, to take care of 
oscillator drift, the sound -carrier bandwidth is often 
about 100 kc. 

Frequencies Assigned to Television 

The Federal Communications Commission has as- 
signed a total of nineteen channels for television trans- 
missions, each of these channels being 6 mc wide in 
accordance with the description in the preceding sec- 
tions. The distribution of these channels is noted in 

Channels 

FIG. 24 

Assigned to Television 

44-50 MC 156-162 MC 234-240 MC 
50-56 162-168 240-246 
66-72 180-186 2 58-264 
78-84 186-192 264-270 
84-90 204-210 282-288 
96-102 210--216 288-294 

102-108 

Fig. 24; seven of the channels are located between 
44 mc and 108 mc; the remaining 12 lie between 156 
and 294 mc. At present, only the lower -frequency 
channels are in use, but it is expected that the higher - 

frequency channels will be employed as television 
services expand. 

For a number of reasons the ultra -high frequency 
bands are the most logical choice for television. In 
the first place, a relatively high -frequency carrier is 
required to accommodate the wide sidebands. Even 
if this requirement did not prevent the use of lower 
frequencies it would still not be feasible to use the 
lower radio frequencies because these are practically 
all in use already for other services. The ultra -short 
waves used for television have the advantage that the 
waves are not usually reflected by the ionosphere so 
that multiple signals and fading from this source are 
eliminated. This is desirable because the time differ- 
ence in the reception of the direct image and each 
of the multiple reflected images causes a displaced 
"ghost" pattern to appear on the screen of the picture 
tube. The absence of natural static is another im- 
portant feature in making the frequencies above 40 
megacycles suitable for television work. 

The fact that ultra -short waves travel essentially in 
straight lines and so do not follow the curvature of 
the earth limits the effective radius of a television 
station to a "horizon" which depends upon the height 
of the transmitting and receiving antennas. In the 
case of the transmitter atop the Empire State Building 
in New York City (about 1250 feet above street level) 
the expected range for reliable reception is about 
40-45 miles. Although this is a disadvantage in that 
the coverage of any one station is limited, there is the 
slight compensating advantage that the same frequen- 
cies can be reassigned in various sections of the coun- 
try which have a reasonable geographical separation. 

RECEIVER CIRCUITS: GENERAL 
Having examined the fundamental principles of 

television, let us now investigate the operation of re- 
ceiver circuits. These circuits are especially impor- 
tant because primarily the work of servicemen in the 
field deals with the installation and maintenance of 
receivers. In order to show the interrelationship be- 
tween the many components that make up a receiver, 
we shall first break down the receiver into its major 
sections and later consider the functioning of these in 
more detail. 

Fig. 25 shows a block diagram of a typical television 
receiver, this being arranged to show the general char- 
acter of the signal and the function performed by each 
section. For convenience we shall assume that the 
receiver is tuned to the 44-50 mc channel. In ac- 
cordance with the preceding description, this means 

that the frequency of the video carrier is 45.25 mc 
(1.25 mc above the low -frequency end of the channel) 
whereas the frequency of the audio carrier is 49.75 
mc (0.25 mc below the high -frequency end of the 
channel) . 

Both these signals, together with their sidebands, 
are picked up by the antenna and fed through a trans- 
mission line to the input of the r -f amplifier. Essen- 
tially the function of the r -f amplifier is the same as 
that of the r -f amplifier in any superheterodyne re- 
ceiver-to amplify the signal and to reject unwanted 
signals in adjacent and other channels. In this case, 
the r -f amplifier is broadly tuned so that both the 
video and sound carriers, which are separated by 4.5 
mc, are amplified equally. 

After being amplified in the r -f amplifier, both sig- 
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nais are fed to the first detector circuit where the con- 

version of the signals to the intermediate frequencies 

takes place. Since there are two radio frequencies, it 

of course follows that two separate intermediate fre- 

quencies are produced. 
In accordance with a proposed RMA standard, and 

general present practice, the oscillator operates at a 
frequency 12.75 mc above the video carrier frequency. 

For the channel being received, the frequency of the 

oscillator in the receiver is thus equal to 45.15 Inc + 
12.75 mc, or 58 mc. Since the oscillator frequency is 

12.75 mc above the video carrier frequency, it follows 

at once that the video intermediate frequency pro- 

duced is equal to 12.75 mc. In the same way, the 

intermediate frequency of the sound signal is equal to 

the difference between the oscillator frequency and 

the sound carrier frequency, 58 mc - 49.75 mc, or 

8.25 mc. 
Following the first detector, the sound channel is 

entirely independent of the rest of the receiver and in 

practically every detail is similar to a conventional 

broadcast receiver. Thus the 8.25 -mc sound i -f signal 

passes through the sound i -f amplifier (the selectivity 

of which is broader than usual to minimize the effects 

of oscillator drift, as mentioned above) and is demodu- 

lated at the sound second detector. The avc voltage 

is supplied in the usual manner to control the gain of 

the stages in the sound i -f amplifier. The design of 

the audio amplifier and the reproducer is also conven- 

tional so that no further comment is required. 
Returning to the video signal, we have seen that a 

12.75 -mc i -f signal is produced by the first detector 

and that this signal carries the video modulation. As 

the diagram shows, this signal is amplified in the video 

i -f amplifier, which usually consists of several stages, 

and finally reaches the video second detector where 
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the signal is demodulated. The video signal recov- 

ered at this point is essentially the same as the output 

of the camera tube so that it contains all the informa- 

tion required to reproduce the picture, and in addition, 

includes the blanking and sync pulses. The video 

second detector is followed by the video amplifier 

which in terms of a sound receiver, corresponds to the 

audio amplifier. The function of the video amplifier 

is to amplify the video signal so that its amplitude will 

be great enough to "swing" the modulation grid of the 

picture tube. For the average picture tube this re- 

quires approximately 25 volts, peak -to -peak. 

Note in the diagram that the polarity of the video 

signal is reversed 180 degrees for a single stage of 

video amplification and that the receiver is arranged 

so that the signal which reaches the control grid of the 

picture tube has a positive polarity. As a result the 

synchronizing impulses appear in the blacker -than - 

black (highly negative grid -bias) part of the picture - 

tube characteristic so that the beam is blocked during 

the retrace part of the line and field sweeps. 

In addition to supplying the video signal and the 

signal which actuates the avc system, the second de- 

tector supplies the video signal to the synchronizing 

separator. The purpose of this separator is to remove 

the picture component from the complete video signal, 

and then to separate the horizontal sync pulses from 

the vertical sync pulses. As is shown, the horizontal 

sync pulses are arranged to control the timing of the 

horizontal deflection circuit, while the vertical sync 

pulses are arranged to control the timing of the verti- 

cal deflection circuit. 
The power supply is not shown in the block dia- 

gram. As a general rule, a single low -voltage power 

supply is used to take care of all voltage requirements 

throughout the receiver with the exception of the high - 
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FIG. 25.-A block diagram of a typical television receiver showing the principal sections of wh.ch it is composed. Note the 

changes in the signal as it passes through the receiver. 
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voltage requirements for the picture tube. The latter, 
which may include voltages as high as 9000 volts, is 

supplied by a separate high -voltage power supply 
which has its own transformer, rectifier and filter. 

RECEIVER CIRCUITS: DETAILS 
The serviceman who examines a television receiver 

schematic for the first time is likely to be discouraged. 
Considering the size of the schematic, the large num- 
ber of components, and the newness of many of the 
circuits, this is not at all surprising. Even the man 
who understands the basic ideas associated with 
television may find himself unable to understand 
immediately the operation of some of the circuits. For- 
tunately, however, the circuits are not actually as com- 
plicated as they appear on first sight. What is really 
required is an explanation of how the basic principles 
of radio have been applied in television receivers. 
With this explanation as a guide and with the aid of 
experience, the serviceman will find that the appar- 
ently complex television receiver schematic will begin 
to look more like an old friend. 

We can best explain the circuits being used in tele- 
vision receivers by breaking down the complete re- 
ceiver circuit into separate sections and considering the 
function and operation of each section separately. By 
this means we can for the time being eliminate the 
complications introduced by the related parts of the 
circuits and also eliminate unessential detail which 
tends to obscure the operation of the circuit. Since 
without exception all television receivers in this coun- 
try are of the superheterodyne type, the divisions 
which will be followed are those characteristic of su- 
perheterodyne receivers. 

R -F Circuits 

The action in a receiver circuit can well be consid- 
ered as beginning at the antenna, for it is at this point 
that the signal enters the receiver. Since we shall con- 
sider antennas in more detail under the head of "An- 
tennas and Installation," for the present it is sufficient 
to note that the function of the antenna is to provide 
the maximum signal pickup with a minimum of noise. 
To do this, the antenna must be located as high and 
as far away from sources of man-made noise as pos- 
sible and placed for maximum pickup. The signal is 
fed from the antenna to the receiver input by means 
of a transmission line. 

Since the complete television signal consists of a 
band of frequencies extending over a 6 -mc channel, 
it is clear that the antenna and transmission line must 
be broad enough to pass the 6 -mc band. A sharply 
tuned antenna system is undesirable because it dis- 
criminates against the different frequencies present in 
the signal and as a result produces distortion. 

The characteristics of the r -f circuits in television 
receivers are the same as for ordinary broadcast re- 
ceivers. As in any superheterodyne receiver, the func- 
tion of the r -f circuits is to select and amplify the 
wanted signals and to reject all other signals. As a 
general rule, most television receivers do not use an 
r -f stage but rely on the selectivity of the tuned cir- 
cuit which feeds the signal from the transmission line 
to the mixer input to provide the required selectivity 
and image rejection. In some receivers, however, an 
r -f stage is provided so that additional gain, selectivity 
and a higher signal-to-noise ratio are obtained. 

In most cases you will observe that the r -f tuned 
circuits as well as tuned circuits in the i -f amplifier 
are shunted by resistors of comparatively low value. 
The function of these resistors is to damp the circuits 
so that sideband cutting will not take place and so 
that the complete television signal will be passed. Al- 
though these resistors lower the gain, this reduction 
in gain must be tolerated in order to broaden the cir- 
cuits sufficiently. 

Without exception all commercial receivers use 
push-button or switch -controlled tuning rather than 
conventional continuous tuning with a large variable 
condenser. This is feasible because the short-wave 
channels which have been assigned for television are 
limited in number and do not require continuous cov- 
erage as is the case, for instance, in the broadcast 
band. At the present time the lower channels are 
most in use and will probably be the only ones in use 
for some time. 

As a general rule, a small vernier condenser is pro- 
vided to permit a fine adjustment of the tuning. This 
condenser is placed across the oscillator tuned circuit 
and compensates for drift in the trimmers and other 
effects which tend to change the oscillator frequency. 
No external tuning adjustments are required for the 
r -f circuits since these are not critical of adjustment. 

Oscillator Circuits 
As has been previously pointed out, the oscillator 

in a television receiver beats with both the sound and 
video carriers of the signal to form two separate inter- 
mediate -frequency signals: the video i.f. and the sound 
i.f. According to present standards, the oscillator fre- 
quency for any given channel is 14 me above the low - 
frequency end of the channel, which in turn makes it 
12.75 me above the video carrier and 8.25 me above 
the audio carrier. As a result, the frequency of the 
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signals produced by heterodyning with the oscillator 

signal is 12.75 mc for the video i.f. and 8.25 mc for 

the sound i.f. 
Combination oscillator and mixer tubes are not sat- 

isfactory for the comparatively high frequencies at 
which the oscillator must operate, because of low con- 

version gain and because these tubes do not oscillate 

readily at the high frequencies required. For these 

reasons a separate tube is generally used for the os- 

cillator circuit. The type 6J5 tube is more widely 

used than any other tube because of its high mutual 

conductance, low capacitance, and because it oscillates 

readily at frequencies up to 120 megacycles. 

In the design of oscillator circuits much attention 
is given to the problem of minimizing frequency drift. 

Because of the high frequencies at which the oscillator 

operates, a comparatively small percentage change in 

the oscillator frequency, such as might be caused by 

drift, has the effect of spoiling the picture and causing 

the sound i.f. to drift out of the range of the sound i -f 

channel. Although the effect of oscillator drift is 

minimized because of the comparatively high inter- 

mediate frequencies, the problem of oscillator stability 
and freedom from drift is an important one. In com- 

mercial receivers, drift is minimized through proper 

circuit design and by the use of coils and condensers 

which are independent of changes in temperature and 
humidity. 

Mixer 

As has previously been pointed out, combination 

oscillator -mixer tubes such as are satisfactory at lower 

frequencies are not satisfactory at frequencies above 
40 mc. It is general practice to use one of the new 

high mutual conductance tubes in the mixer circuit, 

such as the type 1852. The 1852 is especially adapted 
for frequency conversion and provides high conversion 
efficiency. For proper mixer operation, it is essential 
that the output of the separate heterodyning oscillator 
be coupled to the mixer tube and that the mixer re- 

ceive approximately the same value of voltage from 

the oscillator on all bands. 

Typical R -F, Oscillator, and Mixer Circuits 

Belmont Model X-466 

The circuit shown in Fig. 26 is that of the high - 

frequency section of the Belmont Model X-466 re- 

ceiver. This receiver does not use an r -f stage but the 
signal is coupled directly to the grid of the 1851 mixer 

tube through a double -tuned closely coupled band- 
pass circuit. This bandpass circuit provides the re- 

quired selectivity without sacrifice in gain. Five of 

the assigned television channels are covered, beginning 

with the 44-50 mc channel, the highest channel being 

the 84-90 mc channel. The three highest -frequency 

channels are shunted by resistors having a value be- 

tween 1000 and 2000 ohms in order to obtain the 

required pass band. These resistors do not have the 

loading effect that might be expected offhand, since 

the loading of the input resistance of the tube is itself 

of the order of 1000 ohms. In addition to improving 

the gain and selectivity of the input circuits, the tuned 

primary windings of the input transformers aid in 

proper matching of the transmission line and in elim- 

inating reflections. These reflections are undesirable 
because they tend to produce more than one image 

on the screen of the picture tube. 
The oscillator circuit, which uses a 6J5 tube, is con- 

ventional in design, with the tank circuit located in 

the grid circuit. Note the comparatively small value 

of grid condenser -25 mmf. The major portion of the 

total capacitance in the tank circuit of the oscillator 

is selected by means of the 5 -position switch which is 

of course ganged with the r -f selector switch. A small 

vernier tuning condenser across the grid coil provides 

an adjustment which compensates for small variations 
due to oscillator drift. This control appears on the 

panel and its designated as the tuning control. 
A type 1851 tube is used as the mixer tube. This 

is a pentode having a high mutual conductance, and 

is similar to the 1852 but has the grid cap on the top. 

It is used in preference to a 6J7 because it provides 

higher gain and a higher signal-to-noise ratio. 
There is no direct coupling connection between the 

oscillator circuit and the mixer; the required coupling 

is provided inductively by placing the oscillator coil 

close to the mixer input coil. 

o JÌ 15MMF 

7R/M 50K 

OSC. 
6JS 

Bf 

26.-The high -frequency section of the Belmont Model 
X-466 receiver. The signal from the oscillator coil is induc- 
tively coupled to the mixer input coil. 
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DuMont Models 180-183 

The DuMont Models 180-183 use a tuned r -f stage 
preceding the mixer stage, as shown in Fig. 27. In 
this receiver the transmission line feeds directly into 
an untuned primary winding which is the same for 
all four channels. The secondary winding is tuned by 
one of the four trimmers, depending upon the channel 
selected. The secondary winding is loaded on all 
bands by the 3000 -ohm shunt resistor which is re- 
quired to obtain the necessary 6 -mc pass band; on one 
of the bands, an additional shunt resistor of 10,000 
ohms is provided. 

The signal voltage developed across the secondary 
tuned circuit is fed to the grid of the 1853 tube used 
as the r -f tube. Note the small values of capacity - 
600 mmf-used for the cathode and screen bypasses. 
These condensers although they seem small in capaci- 
tance provide the same relative bypassing action at 
50 mc as would be provided by a .06-mf condenser at 
500 kc. The tuned circuit used in the grid of the 
mixer tube is similar to that used in the input circuit 
of the r -f tube. The r -f tube receives its plate voltage 
through the 3000 -ohm resistor. This resistor, as far as 
r.f. is concerned, is effectively shunted across the coil 
in the mixer tube grid circuit, and thus provides the 
damping necessary to broaden the selectivity. Note 
that this type of circuit is not used at lower frequen- 
cies, such as the broadcast band, because the values 
of tuned -circuit impedance are much larger at the 
lower frequencies, and to attempt to use a high value 
of resistance would introduce a large voltage drop. 
For this reason, transformers are generally used at 
the lower radio frequencies rather than the resistive - 
tuned circuit coupling arrangement shown in Fig. 27. 

The oscillator circuit used here is a conventional 
Hartley oscillator with the feedback obtained by re - 

/853 

ANT. 

Frc. 27.-The high -frequency section of 
the DuMont Models 180-183. The signal ï 
is amplified by the r -f stage before fre- 
quency conversion takes place. 

turning the cathode to a tap on the coil. Vernier tun- 
ing for each one of the four channels is provided by 
the small condenser C which appears on the panel as 
the tuning control. The oscillator coil and the mixer 
input coil are close to each other so that the oscillator 
voltage is coupled to the mixer magnetically. 

I -F Circuits 

As a result of the action in the mixer circuit, we 
have seen that two intermediate frequencies are pro- 
duced and that one of these-the video i.f.-carries 
the picture signal, while the other one-the sound i.f. 
-carries the sound signal. As in the conventional 
superheterodyne receiver, it is necessary to amplify 
both of these i -f signals before they are finally demod- 
ulated in the second detectors. These functions are 
performed by the video i -f and the sound i -f ampli- 
fiers. In this section we shall discuss the design of i -f 
circuits for television receivers and illustrate the prin- 
ciples with circuits taken from typical receivers on the 
market at the present time. 

Signal Output of Mixer 

The frequencies which must be handled by the two 
i -f amplifiers are illustrated in Fig. 28. Let us assume 
that a signal in the 44-50 mc channel is being received. 
In this channel, the video carrier is at 45.25 mc and 
the sound carrier is at 49.75 mc; the local oscillator 
frequency, which is 14 mc above the low -frequency end 
of the channel, is therefore at 58 mc (44 + 14). As 
a result of beating with the oscillator, the video i -f sig- 
nal at 12.75 mc (58-45.25) and the sound i -f signal 
at 8.25 mc (58 -49.75) are produced. It is important 
to note, as the figure shows, that whereas the video r -f 
carrier is lower in frequency than the sound r -f carrier, 
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the video i.f. is higher in frequency than the sound i.f. 

However, the relative placement of the various com- 

ponents of the complete signal is the same in the i -f 

signal as in the r -f signal. Thus the frequency separa- 

tion between the two carriers is constant at 4.5 me 

in both cases as is also the separation from the two 

ends of the channel. 
The intermediate frequencies used in television re- 

ceivers have a number of desirable qualities which are 

the result of careful planning by television engineers. 

44MC 45.55 48.75 DEO /GNAL1// t I I- v/oc0 1 .50i/NOGNRR/BR &+{ CARR/GR 

/4MC /2.75 8.24 8MC 

28.-The upper part of this figure shows the make-up 
of a video signal in the 44-50 me band. The lower part 
shows that the same frequency separation of the components 
of the signal is maintained in the i -f signal as in the r -f signal. 

Thus the frequencies are high enough to give good 

image rejection; this is especially important because 

many receivers do not use an r -f stage. At the same 

time, the video i.f. is high enough so that there is 

sufficient space for the sidebands and the sound i.f. is 

high enough so that the sound selectivity is not too 

sharp. The effect of too sharp selectivity in the sound 

i -f amplifier is to make tuning critical, to exaggerate 
the effect of the slightest drift in the oscillator fre- 

quency and to prevent adjustment for the best picture 
detail without losing the sound signal. 

Like any other superheterodyne, television receivers 
are subject to interference due to pickup by the 
antenna of frequencies within the range of the i -f am- 
plifier. In the case of broadcast receivers, such inter- 
ference shows itself in the form of squeals, code signals, 

and general distortion. Similarly, in the case of tele- 
vision receivers such pickup may distort either the 
picture, the sound, or both, depending upon the fre- 

quency of the interference. The range of intermediate 
frequencies between 8 and 14 me has been especially 
chosen to minimize i -f interference; the fact that the 
amateur bands lie outside of this range is of consider- 
able assistance in this respect. 

Sound I -F Channel 

It is the function of the sound i -f amplifier to sep- 

arate the sound component of the i -f signal from the 
video component and to amplify this signal before it is 

demodulated at the sound second detector. Because 
of the comparatively high frequencies involved, how- 

ever, the design of a television sound i -f amplifier is 

somewhat more difficult than that of the conventional 
i -f amplifier in a radio receiver. Thus there is a 
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greater tendency toward regeneration and more atten- 
tion must be paid to stray wiring and tube capacitance. 

The bandwidth which must be passed is compara- 

tively small and does not present the same problem 
as does the video i -f amplifier. Actually, of course, 

a bandwidth of from 10 to 20 kc is sufficient to trans- 
mit all the frequencies present in the audio signal. 
However, in practice, the bandwidth of the sound i -f 

amplifier is made approximately 100 kc. Primarily 
this larger bandwidth is necessary to allow for normal 

drift in the frequency of the oscillator. The signifi- 

cance of this is that if the bandwidth of the sound i -f 

amplifier were held to 10 kc, then a change of 10 kc 

in the oscillator frequency would cause the sound sig- 

nal to drift completely out of the range of the sound 
i -f amplifier. However, a change of 10 kc, in an oscil- 

lator operating at a frequency of the order of 60,000 

kc and up, represents a frequency drift in the oscil- 

lator of only one part in 6000, whereas in practice it 
is not possible to design receiver oscillators which will 

have a reliable frequency stability of better than one 

part in 1000. Therefore, instead of resorting to volt- 
age regulation and expensive design to prevent oscilla- 

tor drift, the bandwidth of the sound i -f amplifier is 

intentionally made about ten times as great as that 
required for the sound modulation, thus allowing for 
reasonable drift in the oscillator. Assuming that the 
receiver is initially tuned to the center of the sound i -f 

amplifier, a drift in the oscillator frequency as high as 
25 kc will not cause any appreciable change in the 
quality of the audio signal. This is illustrated in Fig. 

29, which shows that the effect of a change in the fre- 
quency of the oscillator is merely to shift the location 
of the sound signal within the band passed by the 
sound i -f amplifier. 

Although the bandwidth of approximately 100 kc 
is sufficiently great to compensate for normal oscillator 
drift, this bandwidth is still small enough so that the 
receiver can be tuned by listening to the sound accom- 
panying the picture. At the same time there is enough 
latitude so that the tuning can be varied slightly in 
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Frc. 29.-The frequency response of a typical sound i -f 
amplifier. The dotted signal shows that the sound signal can 
be detuned appreciably without falling outside the pass baná 
of the amplifier. 
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order to improve the detail of the picture without 
losing the accompanying sound signal. Although we 
shall see later that a special type of AVC circuit is 
required in the video i -f amplifier, the AVC circuits 
used in the sound i -f amplifier are conventional. 

Sound I -F Amplifiers in RCA and 
Westinghouse Receivers 

The circuit of the sound i -f amplifier used in the 
RCA Models TRK-9 and TRK-12 is shown in Fig. 
30; these receivers are also used in the Westinghouse 
Models WRT-702 and WRT-703. The tuned circuit 
L18 -C19 is part of the load circuit of the mixer tube 
and is tuned to 8.25 mc so that the sound i -f signal 
is developed across this tuned circuit. This signal is 
fed to the grid of the first sound i -f tube, a 6SK7, 
which is similar to the 6K7 with the exception that 
the control grid is terminated at one of the base pins 
so there is no top cap. A double -tuned interstage 
transformer is used to feed the second sound i -f stage, 
which employs an 1853 tube. Because the gain ob- 
tainable with this tube is approximately twice that 
which can be obtained with an ordinary r -f pentode, 
no further amplification is required and the output 
of the 1853 feeds directly into the 6116 second detector. 
The circuit beyond the second detector is not shown 
but this is a conventional high -quality audio system 
and requires no comment. 

The i -f transformers in this circuit are especially 
designed so as to provide an overall selectivity of ap- 
proximately 100 kc. The 68,000 -ohm resistor shunt- 
ing, the primary winding of the last i -f transformer 
loads this circuit so as to aid in obtaining the proper 
response. 

The AVC circuit is similar to one which has been 
extensively used in other RCA receivers. This circuit 
has been described in detail in the book "An Hour a 

Day with Rider on AVC." Briefly, one of the diodes 
is used as the second detector and AVC tube, while 
the second diode of the 6116 provides a delayed AVC 
action and permits the minimum bias of approximately 
-2 volts to be fed to the grids through the AVC bus. 
Both i -f tubes are controlled by the AVC circuit. 

Because of the high frequencies being amplified and 
the low shunt capacitances across the tuned circuits, 
it is important that there be no change in the effective 
tube capacitances to cause detuning to take place as 
the AVC bias changes in accordance with the strength 
of the incoming signal. This effect, ordinarily not 
important in broadcast receivers, is avoided in this 
receiver by using unbypassed cathode resistors. The 
negative feedback introduced by these resistors tends 
to keep the tube input capacitance constant and inde- 
pendent of the voltage on the control grid. 

Video I -F Circuits 

The design of the video i -f amplifier is more com- 
plicated than that of the sound i -f amplifier because 
of the wide band of frequencies which the video i -f 
amplifier must pass. Thus the video i -f amplifier often 
must handle frequencies extending from approximately 
8.7 mc to 14.0 mc, a range of over 5 mc. Not only 
must the amplifier have an almost flat response over 
this range, but at the same time it must reject inter- 
fering signals close to the edges of the pass band. 

The use of the so-called vestigial sideband transmis- 
sion, in which all of one sideband and a small portion 
of the other sideband are transmitted, makes it neces- 
sary for the selectivity of the i -f amplifier to depart 
from the uniform selectivity which might at first be 
expected. To avoid overemphasis of the lower video 
frequencies, which receive contributions from both the 
upper and lower sidebands, the selectivity of the i -f 

Frc. 30.-The sound i -f amplifier used in the RCA Models TRK-9 and TRK-12. 
that the overall bandwidth of the amplifier is approximately 100 kc. 

The transformers are designed so 
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amplifier is designed to have a sloping characteristic 
in the neighborhood of the video i -f carrier at 12.75 

mc. This is illustrated in Fig. 31 which shows a typi- 
cal overall selectivity curve for a video i -f amplifier. 

The amplification which the i -f carrier receives is 

only 50% of the maximum amplification received by 
the upper sidebands and the lower sidebands, which 

are only partially transmitted, also do not receive the 
full amplification. In this way overemphasis of the 
lower video frequencies is avoided by shaping the over- 
all selectivity so that the contribution of the lower 

sideband plus the contribution of the upper sideband 
is equal to the gain for the higher video frequencies. 
Since the upper video frequencies receive contributions 
only from the one sideband, the selectivity, as Fig. 
31 shows, is such that the full gain is received by these 
frequencies. 
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Frc. 31.-The overall frequency response of a typical video 
i -f amplifier. Note that the carrier receives only 50% of the 
maximum amplification. 

If video frequencies up to a maximum of 4 mega- 
cycles are to be received, which is usual for the higher - 
priced sets using large picture tubes, then the i -f am- 
plifier should cut off at about 8.75 mc (12.75 - 4.0) . 

Since the sound i -f carrier is located close by, at 8.25 
mc, it is necessary that this cutoff be sharp in order 
to prevent the sound carrier and its sidebands from 
causing interference with the video signal. In prac- 
tice this rejection of the sound carrier is secured by 
the use of rejection or trap circuits which generally 
are part of the video i -f coupling transformers. 

In addition to rejecting the sound i -f carrier of the 
associated channel at 8.25 mc, it is desirable that the 
i -f amplifier have a sharp cutoff at the high -frequency 
end of the band. This is required in order to prevent 
the sound signal on the lower adjacent television chan- 
nel from getting through the video amplifier. Because 
of the reversal of high and low frequencies which takes 
place in the mixer, the sound carrier of the lower ad- 
jacent channel will beat with the oscillator and cause 
an interfering signal which is located 0.25 mc above 
the edge of the channel, at 14.25 mc. These frequency 
relationships just described are shown in Fig. 32. A 
trap of the same general type as that used to reject 
the 8.25 mc carrier is used to reject possible interfer- 
ence from the adjacent sound carrier at 14.25 mc. 

The maximum gain which can be obtained in a 
video i -f stage is considerably lower than that in an 
ordinary broadcast i -f stage because of the wide band 
of frequencies which must be passed and because of 

the high carrier frequency. This is true even where 
high mutual conductance tubes of the 1851 series are 
used, so that it is not unusual for as many as five 

separate stages to be used in the video i -f amplifier. 
The transformer design is especially complicated in 

video i -f amplifiers because of the wide pass band of 

from 2.5 to 4.0 mc which must be obtained. To ob- 

tain close coupling so as to increase the pass band, 
direct coupling of the primary and secondary wind- 
ings by means of a common inductance is often used. 
Loading of the tuned circuits with resistors so as to 

broaden the circuits is very common and will be found 
in practically all the circuits. Video i -f transformers 
are further complicated because the rejector circuits 
for the associated and adjacent sound channels are 
often an integral part of the interstage coupling trans- 
formers. Because of the comparatively high frequen- 
cies, the only capacitance used to tune the circuits is 

often that of the wiring and tube capacitance so 

that no condenser as such appears on the schematic. 
Nevertheless this capacitance forms a resonant circuit 
with the related windings of the transformer and 
should be taken into consideration. Since the wiring 
capacitance is an important part of the total circuit 
capitance, it is important that no changes be made 
in the wiring when servicing is required. 
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Frc. 32.-The sound signal of the associated channel at 
8.25 mc and the sound signal of the adjacent channel at 14.25 
mc are both close to the edges of the video band. Traps are 
provided to prevent interference from these signals. 

AVC is often used in video i -f amplifiers, but as 
will be explained later under "AVC Circuits," the man- 
ner in which the AVC voltage is produced differs from 
that in radio receivers and in the sound i -f amplifier. 

Video I -F in Andrea Model 1F5 

In the Andrea Model 1F5 receiver, shown in Fig. 
33, the video i -f amplifier employs two stages of ampli- 
fication both of which use type 1852 tubes. In order 
to separate the sound i -f part of the signal from the 
video part, a separate secondary circuit L2 -C2 is tuned 
to 8.25 mc so that the sound i -f signal appears across 
this circuit. The sound i -f signal is fed directly to 
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33.-The video and sound i -f amplifiers in the Andrea Model 1F5 receiver. 

the sound i -f channel which is conventional and re- 
quires no further comment. 

The video component of the i -f signal is developed 
across L3. No trimmer condenser is used on this 
winding and the circuit is heavily loaded by the 6000 - 
ohm resistor in order to pass the required band of 
frequencies. The video signal is applied directly to 
the grid of the type 1852 tube used in the first i -f 
stage. To obtain negative feedback and the increased 
stability which it makes possible, an unbypassed 70 - 
ohm resistor is placed in the cathode circuit. The 
other end of this resistor is connected to a variable 
resistor-the "contrast control"-by means of which 
the gain of the i -f stage is controlled. Since no AVC 
is used, the control grid is returned directly to ground. 
The band of frequencies passed by this amplifier is 
approximately 2.5 mc; this pass band is generally 
considered to provide sufficient detail for the small 
picture tube used with this receiver. 

The signal is coupled to the grid of the second i -f 
tube by means of the transformer T2. The windings 
L4 and L5 of this transformer function as the primary 
and secondary windings of the interstage transformer 
and are loaded by means of the 15,000 -ohm resistor 
across the primary and the 6000 -ohm resistor across 
the secondary. The only capitance used to tune these 
windings is the tube and circuit capacitance. 

The third winding L6 is tuned to 14.25 mc by 
means of the trimmer C6 and eliminates possible inter- 
ference from the sound carrier of the lower adjacent 
television channel, as was previously shown in Fig. 32. 
This circuit acts as a trap by absorbing all the energy 
in the neighborhood of 14.25 mc so that it is not 
passed on to the grid of the following tube. 

The second i -f stage feeds directly into the video i -f 
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second detector through the transformer T3 which is 
similar to T2. The circuit L9 -C9 is likewise tuned 
to 14.25 mc so that it acts as a trap circuit for this 
frequency. 

No AVC is used in the video i -f amplifier in this 
receiver and accordingly the grids of the two i -f tubes 
are returned directly to ground. The gain is controlled 
by means of the "contrast control" which varies the 
bias of both the first i -f stage and the first detector 
stage. 

Video I -F Amplifier in the 
RCA Model TRK-12 

The partial schematic in Fig. 34 shows the video 
i -f amplifier used in the RCA Model TRK-12 receiver, 
which is also used in the Westinghouse Model WRT- 
703. In contrast to the video i -f amplifier described 
above, this amplifier is designed so as to obtain a pass 
band of approximately 4 mc. As a result of the higher 
modulating frequencies which are passed, the detail 
in the image is increased correspondingly. A large 
12 -inch picture tube is used with this receiver; this 
permits finer detail, so that it utilizes the aditional 
detail which the wide response of this more elaborate 
amplifier provides. 

Unfortunately it is not possible to increase the pass 
band of the i -f amplifier without decreasing the gain 
obtained in each stage. As a consequence of this it 
is necessary to use a larger number of stages in the 
i -f amplifier; five stages are used in the receiver being 
described. In addition to the large number of stages 
required, the complexity of the coupling transformers 
is increased both as a consequence of the larger band- 
width and the fact that the trap circuits must be more 
effective. Thus the frequencies accepted by the i -f 
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amplifier are very close to the sound carrier so that 
the rejection must be more nearly perfect than in the 
case of a video i -f amplifier which passes a smaller 
band. 

The transformers used in this receiver can be broken 
down into three basic elements which are shown in 
Fig. 35: the primary winding L1, the coupling wind- 
ing L3 and the secondary winding L2. Inductive 
coupling between the primary and secondary is not 
used, but instead the primary and secondary are 
coupled directly by means of the inductance L3 which 
is common to both circuits. The primary circuit is 

resonated by Cl near one end of the pass band, 
whereas the secondary circuit is resonated by C2 near 
the opposite end of the band. R1 and R2 are loading 
resistors used to broaden the response. 

Although the i -f transformers in the RCA TRK-12 
use the relatively simple basic design shown above, 
the circuits are further complicated because of the 
blocking condenser required to keep the plate voltage 
off the grid and because of the presence of the trap 
circuit. The condensers C1 and C2 do not appear 
as such in the schematic because they are repre- 
sented by the plate -to -ground and grid -to -ground 
capacitances, which include the stray wiring capaci- 
tances in addition to the tube capacitances. 

Referring again to Fig. 34, let us consider the sev- 

eral transformers separately. The first -detector trans- 
former assembly is more complicated than the others 
because the sound i -f signal is present at this point, 
and must be separated from the video i -f signal. This 
separation is accomplished by means of the circuit 
L18 -C19 which is resonated to 8.25 mc, the sound i -f. 

The sound i -f signal is coupled to this circuit by means 
of the 12-mmf condenser C24; the resistor R10 is used 
to broaden the selectivity of the sound i -f channel. 

With respect to the video section of this transformer, 
L17 and L20 are the primary and secondary windings 
which are tuned by the plate and grid capacitances as 
explained in connection with Fig. 35. These circuits 
are coupled to each other by the common coupling 
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condenser C23. A trap circuit is made an integral 
part of the transformer assembly. This circuit is 

tuned by L19 to 14.25 mc and prevents frequencies 
close to this value from getting into the video i -f am- 
plifier. There are thus four adjustments required for 

proper operation of this transformer which can be 

FIG. 35.-A simplified diagram of the video i -f transform- 
ers used in RCA television receivers. Direct coupling is pro- 
vided by the inductance L3 which is common to both primary 
and secondary circuits. 

summarized as follows: L17 and L20 control the pri- 
mary and secondary tuning and are resonated at oppo- 

site ends of the pass band of 4 mc; L18 tunes the 
sound pickup circuit and is resonated at 8.25 mc; L19 
tunes the trap circuit so as to reject interference in the 
neighborhood of 14.25 mc. 

The first and second i -f transformer assemblies are 
practically identical, and are somewhat similar to the 
first detector unit. In the first i -f assembly, L21 and 
L25 are the primary and secondary inductances which 
are again resonated at opposite ends of the pass band. 
L24 provides the direct coupling between the primary 
and secondary as shown in the simplified drawing of 

Fig. 35. L23 is part of a trap circuit which is tuned 
to 8.25 mc, so that, in all, two sharply tuned trap 
circuits are provided at this frequency. These are 
required because the wide pass band necessitates pass- 
ing video frequencies which are close to the sound 
carrier frequency; at the same time this sound carrier 
and its sidebands must be rejected and this is effected 

by means of the tuned circuits associated with L23 

and L28. 
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Fic. 34.-The video i -f amplifier in the RCA Model TRK-12. Five i -f stages are used to obtain a pass band of 4 mc. Traps 
are provided at 8.25 mc and 14.25 mc to prevent interference from the associated and adjacent sound channels. 
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The third and fourth transformer assemblies do not 
incorporate any trap circuits and are similar to the 
transformer shown in Fig. 35. The condensers C40 
and C44 are blocking condensers which prevent the 
plate voltage from being applied to the control grid 
of the following tube. The plate of the fifth i -f tube 
feeds through a special coupling transformer to the 
video second detector; this transformer is not shown 
in the figure but will be discussed later in connection 
with video second detector circuits. 

As the schematic of Fig. 34 shows, the first, second, 
third and fourth video i -f tubes are controlled by the 
video AVC circuit; the grids of these tubes are each 
returned to the common AVC bus through a filter 
combination consisting of a 10,000 -ohm resistor and a 
.005-mf condenser. In addition, the gain of the first 
detector tube is controlled by the same AVC voltage, 
so that effectively there are five stages under control. 
This makes for a very effective AVC action which 
keeps the signal applied to the video second detector 
and sync separating circuits essentially constant. 

Video Second Detector Circuits 

In a radio receiver the second detector rectifies the 
i -f signal and as a result the audio signal correspond- 
ing to the variations in the carrier is recovered. In 
the same way, the video second detector in a television 
receiver rectifies the video i -f signal and as a result the 
video signal corresponding to the variations in the 
amplitude of the carrier is recovered. This video sig- 
nal is of course that produced by the camera tube and 
contains in addition the pulses required for synchro- 
nization; it is similar to the standard RMA signal 
shown in Fig. 20. 

Generally speaking, video second detectors are simi- 
lar to the second detectors of the diode rectifier type 
used in radio receivers. However, because modulat- 
ing frequencies as high as 4 me (in the larger receiv- 
ers) must be passed, a lower value of load resistance 
is used in order to prevent the attenuation of the 
higher video frequencies. The value of load resistance 
generally used is of the order of 2500 ohms; on the 
other hand, the values used in radio receivers are of 
the order of 250,000, or approximately 100 times as 
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Fro. 36.-The video second detector circuit in the Du - 
Mont Models 180-183. A full -wave rectifier circuit is used. 

great. Because of the low value of diode load resist- 
ance, receivers are generally designed so that the sig- 
nal level at the second detector is approximately 5 

volts or more. This minimizes distortion due to the 
curvature of the diode characteristic, which is more 
pronounced when low values of diode load resistance 
are used. 

Video Second Detector in DuMont 
Models 180-183 

The video second detector circuit used in the Du - 
Mont Models 180-183 receivers is shown in Fig. 36. A 
full -wave rectifier circuit is used so that both halves of 
the signal are rectified. Since the cathodes are con- 
nected to the ends of the centertapped secondary, each 
diode will draw current when its cathode is negative 
with respect to ground (the diode plates both return to 
ground through the 3000 -ohm load resistor). As a 
result the current flow through the load resistor will 
be in the direction shown. Thus when a video signal 
is applied to the primary of the transformer, the plate 
end of the load resistor will become negative in pro- 
portion to the amplitude of the carrier. When the 
carrier amplitude is greatest, as it is for the sync 
pulses, the greatest negative voltage will be produced 
at A. The various shades of white and gray in the sig- 
nal will produce lesser values of voltage at A, zero 
voltage of course corresponding to whitest white. In 
accordance with the definition of signal polarity previ- 
ously given, the video signal produced at A is said to 
have positive polarity. 

It is worth while noting that if the diode plates, 
instead of the cathodes, had been connected to the 
ends of the coil, then the polarity of the video signal 
would have been reversed. As we shall see in the dis- 
cussion of video amplifiers, whether or not the diodes 
are connected to give a signal of positive or negative 
polarity depends upon the number of stages in the 
video amplifier. The controlling factor is that the 
amplified signal which is finally applied to the grid 
of the picture tube must of course have a positive 
polarity since a more positive voltage on the grid pro- 
duces a brighter spot on the screen of the tube. 

Video Second Detector in 
RCA Model TRK-12 

The video second detector in the RCA Model 
TRK-12 (also used in the Westinghouse Model 
WRT-703) is shown in Fig. 37. The signal is coupled 
through an autotrans former arrangement from the 
plate of the last video i -f tube into the full -wave diode 
rectifier circuit. Thus the signal voltage between A 
and the centertap C is stepped up so that the voltages 
across each half of the coil L38 are equal. The sec- 
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ondary winding is loaded to broaden the frequency 
response. By means of the bypassing action of the 
.005-mf condenser C48, the centertap of L38 is main- 
tained at ground i -f potential; in other words, there 
is no signal voltage at point C. 

Unlike the previous circuit, the video signal pro- 

duced across the 4000 -ohm load resistor R45 has a 

negative polarity. This can be seen from the fact that 
a large carrier amplitude, which corresponds to black 
in the picture, produces a more positive voltage at B. 
R45 is a potentiometer and serves to regulate the mag- 
nitude of the video signal fed into the video amplifier. 

Since it controls the maximum voltage swing of the 
video signal on the grid of the picture tube between 
black and white, it is called the "contrast control." 

An important advantage which results from the use 

of a full -wave rectifier circuit in video second detectors 
is that the filtering of the i -f components from the 
video signal is more easily accomplished. Because of 

the balanced nature of the circuit, the lowest fre- 

quency which is present across the output load R45 

is the second harmonic of the video i.f. and this is 

more readily prevented from getting into the video 

amplifier. On the other hand, in the case of a single - 

ended circuit using only one diode, the fundamental 
video i.f. is present across R45 and is more difficult 
to filter out. 

Video AVC Circuits 

Although the ultra -high frequencies used for tele- 
vision are not subject to fading of the same type as 

that found in the high and medium radio frequencies, 
the signal strength may still vary because of swinging 
of the antenna or the presence of automobiles and 
other moving objects. Since these variations will cause 
a change in the contrast of the picture being received, 
they are undesirable and can be avoided if the receiver 
is equipped with AVC. The use of AVC also simpli- 
fies the design of both the video gain control circuit 
and the sync separating circuits because it assures the 
maintenance of a constant signal voltage at the video 
second detector. 

In the conventional AVC circuits used in radio re- 
ceivers, the control voltage is produced by rectifying 
the carrier and as a result the control voltage is pro- 
portional to the average value of the carrier. Because 
the average value of the carrier in ordinary broad- 
casting does not change during modulation, it is a 
measure of the signal strength and hence can be used 
to control the gain of the receiver. 

In television this same system cannot be used be- 

cause the average value of the video carrier is depend- 
ent upon the average illumination of the scene being 
televised. Thus if the average background of the 

scene is white, then the average carrier amplitude will 

be small; on the other hand, if the average back- 
ground is dark, then the average carrier amplitude 
will be large. (The above conditions are of course 
only true for negative modulation which is standard 
for this country.) Obviously, then, we cannot use the 
average amplitude of a video signal to obtain the 
necessary d -c control voltage, because such a control 
action would vary the gain of the amplifier in accord- 
ance with the average background illumination and 
as a result produce distortion. 

However, although the average value of a video sig- 

nal does not remain constant, the peak value always 
has the same fixed value regardless of the percentage 
of modulation or the average illumination of the scene. 
For this reason the peak value of the carrier serves as 
a convenient reference to establish the strength of the 
carrier and is the basis of operation of video AVC cir- 

cuits. As we have seen, this peak value is transmitted 
at the end of each line, that is, 13,230 times in every 
second, and thus it is available at regular intervals 
which are frequent enough to make possible the pro- 
duction of an automatic control voltage. 

It is of interest to note here that one of the im- 
portant reasons for the use of negative rather than 
positive modulation is that only in negative modula- 
tion is this regular succession of peak pulses available 
for AVC purposes. The design of AVC circuits where 
positive modulation is used, is considerably more com- 
plicated; for positive modulation the peak values of 
the signal are not fixed but depend upon the brilliance 
of the scene being televised. 

Satisfactory operation in the smaller and less ex- 

pensive receivers is often secured without the use of 
a separate AVC system in the video channel. In these 
receivers, relatively few video i -f stages are used so 

that the problem of manual gain control is not so diffi- 

cult. In addition, the first detector is often controlled 
by the AVC voltage produced in the sound channel, 
so that some degree of automatic control is provided. 
Since the video and sound carriers are close to each 
other, they undergo approximately the same varia - 
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37.-The video second detector circuit in the RCA 
Model TRK-12. 
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tions in transmission from the transmitting antenna 
to the receiving antenna, but in general these varia- 
tions are not sufficiently alike to permit the use of 
sound AVC voltages on all the video stages. 

Video AVC Circuit in the 
RCA Model TRK-12 

The video second detector and AVC circuit used in 
the RCA Model TRK-12 is shown in Fig. 38. Al- 
though the second detector has been described pre- 
viously, it is shown here because the action of the 
AVC circuit is connected with the detector. When a 
signal is being received, full -wave rectification takes 
place in the 6H6 and as a result the demodulated 
video signal is produced across the 4000 -ohm load 
R45 in series with the peaking coil L39. The polarity 
of this signal is indicated by the insert wave which 
shows that point B of the load is positive with respect 
to point A; B can be considered as being at a fixed 
reference voltage since it is tied down to -33 volts 
through the filter resistor R47. 

The circuit used to obtain the AVC voltage from 
the signal across AB is essentially a peak voltmeter 
using one section of the 6F8 -G tube as a diode. As 
the circuit shows, the grid is used as the diode plate 
and is connected directly to B; the cathode is by- 
passed to ground by a 1-mf condenser C54 and is 
returned to A through a 470,000 -ohm resistor, R46. 

During the sync intervals, the grid of the diode is 
highly positive with respect to its cathode so that a 
current flow takes place through R46 and a positive 
change is stored in C54. Because the sync pulses are 
repeated rapidly, 13,230 times per second, this charge 
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is continually replenished and C54 remains charged 
to the peak value of the video signal. If, for example, 
we assume a 10 -volt peak signal, then C would charge 
up to a potential 10 volts greater than that at A or 
-23 volts (-33 + 10). 

Since the voltage produced in this way is propor- 
tional to the peak value of the carrier, it is a suitable 
measure of the signal level at the second detector. 
However, its polarity must be reversed in order that 
an increase in signal input will produce a more nega- 
tive rather than a more positive control voltage. This 
reversal of polarity is effected by means of the second 
section of the 6F8 -G which is used as a d -c amplifier. 

This tube receives its plate voltage through a 680,- 
000 -ohm load resistor R50 which is 2 volts negative 
with respect to ground. Since the cathode is returned 
to -23 volts on the bleeder, the net plate voltage 
with no input signal is equal to 21 volts (-2 + 23) . 
The grid bias is equal to the voltage at the grid minus 
that at the cathode or -10 volts (-33 + 23). When 
no signal is present this value of bias is so great that 
the cathode current is completely cut off and as a re- 
sult the voltage at D is equal to -2 volts. This is 
the minimum bias with no signal and in combination 
with the drop of 0.7 volt across the 82 -ohm cathode 
resistor of each of the controlled tubes, provides a net 
bias of 2.7 volts for each of the video i -f tubes. 

On the other hand, when a signal is being received, 
C54 charges up positively to the peak value of the 
signal and this positive voltage is applied to the grid 
of the AVC triode amplifier. If the signal is strong 
enough, the plate current will increase, the voltage 
drop across R50 will increase, and D will become more 
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Fm. 38.-The AVC circuit in the RCA Model 
TRK-12 receiver. The voltage developed across 
C54 is amplified by the direct -coupled triode 
stage and controls five stages including the first 
detector. 
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negative than -2 volts. The amount of negative volt- 
age produced at D is proportional to the strength of 
the signal and hence the voltage is available for AVC. 

A delayed AVC action is secured because the nega- 
tive bias of 10 volts, which exists with no signal, 
drives the grid of the AVC amplifier tube considerably 
beyond cutoff. Thus the signal level must reach a 
certain minimum value before the plate current will 
flow and the AVC voltage be produced. 

In addition to the delay action, the fact that five 
stages are controlled results in a very effective AVC 
action which maintains the signal level at the second 
detector essentially constant. 

Video Amplifiers 

In the same way that the audio signal in a radio 
receiver requires amplification before it has sufficient 
power to drive the speaker, so the video signal in a 
television receiver requires additional amplification fol- 
lowing the video second detector before it has sufficient 
amplitude to swing the grid of the picture tube. This 
amplification is supplied by the video amplifier which 
works between the video second detector and the grid 
of the picture tube. 
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FIG. 39b, on the 
right, shows how 
the resultant wave 
(ER) is distorted 
when the 3000 -cy- 
cle sine wave (Eas) 
is retarded half a 
cycle. 

FIG. 39a, on the 
left, shows the re- 
sultant wave (ER) 
when a 1000 -cycle 
sine wave (Ei) and 
a 3000 -cycle sine 
wave (Eas) are ad- 
ded in phase. 
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The problems associated with the video amplifier, 
like most television problems, are considerably more 
difficult than the corresponding problems for a radio 
receiver. Thus the video amplifier must amplify uni- 
formly frequencies ranging from a few cycles to fre- 
quencies as high as 2 to 4 mc. Whereas phase shift is 
not important in an audio amplifier, in a video ampli- 
fier all the frequencies in the signal must take the 
same time to pass through the amplifier from input to 
output. This is important because distortion of the 
waveform. and hence of the picture, is produced when 

the different video frequencies do not all take the same 
time to pass through the amplifier. This type of dis- 
tortion is illustrated in Fig. 39 which shows the differ- 
ence in waveform produced when a 3000 -cycle wave is 
retarded half a cycle in passing through the amplifier. 
That the uniformity of time delay plays an important 
part can be seen from the fact that it takes only ap- 
proximately seven one -millionths of a second for the 
cathode-ray beam to move one inch across the screen 
of the picture tube. Thus even a small non -uniformity 
in time delay can cause serious distortion of the image. 

The video amplifiers being used in television receiv- 
ers now on the market have successfully met the prob- 
lems outlined above. By using low values of load 
resistance, the shunting effect of tube and circuit 
capacitances has been minimized and the upper fre- 
quency limit extended. Fig. 40 shows how the use of 
a low value of plate load resistance, although it lowers 
the maximum amplification obtainable, makes possible 
a more uniform gain over a wide range of frequencies. 
The sacrifice in gain accompanying the use of low 
values of load resistance has been partially compen- 
sated for by the use of the new high mutual con- 
ductance tubes which provide approximately three 
times as much amplification for a given value of load 
resistance, as was previously possible with the older 
tubes. 

The most common method for obtaining uniform 
gain is to use so-called "peaking coils" in series with 
the plate load resistor. These are small inductances 
of the order of 100 microhenries, which are resonated 
with the tube and wiring capacitance near the high - 
frequency limit of the video amplifier. Peaking coils 
permit higher values of plate load resistor for a given 
uniformity of amplification, and consequently make 
possible reasonably high gains per stage. 

In most video amplifiers, filter resistors and con- 
densers are used in the plate and screen leads to pro- 
vide low -frequency compensation for both gain and 
time -delay. These filter resistors and condensers are 
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Fro. 40.-The use of a small value of load resistance pro- 

vides a more uniform gain over a wide range of frequencies, 
although the maximum gain is decreased. 
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more critical in value than they are in a radio receiver 
where the primary purpose is to reduce hum and pre- 
vent circuit interaction through the common power 
supply. For this reason, whenever replacement be- 
comes necessary, the resistors and condensers should 
be replaced with the correct value. Although a larger 
plate filter condenser, for example, will cause no harm 
and may even do some good in reducing hum in a 
radio receiver, the same procedure followed in a video 
amplifier may cause serious distortion of the picture. 

Average Brightness and D -C Restorer Circuits 

In our previous discussion of the video signal, we 

looked upon this signal as containing a series of voltage 
values each of which corresponded to a particular 
value of light intensity in the televised image. We 
considered that in the same way that light values can 
be reckoned from black as a reference level, so a 
particular voltage value can be assigned to black and 
then each light value represented electrically by assign- 
ing a higher (or lower) voltage to the signal, depend- 
ing upon the brightness of the light value at the 
scanned area. This method of looking upon a video 
signal is shown in Fig. 41 (a), in which it is clear that 
all light values are with reference to the black level- 
which is taken as the zero -voltage axis. 

Insofar as video amplifier operation is concerned, 
the important thing about Fig. 41 (a) is that it shows 
that a video signal is inherently a pulsating d -c volt- 
age. In other words (as in the case of a rectified a -c 

voltage which is also a pulsating voltage) all the light 
values are represented by electrical values on one side 
of the zero -voltage axis. The video signal must there- 
fore contain both a d -c and an a -c component in the 
same way that a rectified a -c voltage representing the 
output of a power supply contains a d -c component- 
the d -c voltage of the power supply, and an a -c com- 

ponent-the hum ripple of the power supply. 

Physically what does it mean to say that a video 
signal contains a d -c as well as an a -c component? 
Actually it is only another way of looking at the sig- 
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nal, as Fig. 41 (b) clearly shows. In this figure we 
describe the signal by saying that the light values are 
represented by fluctuations in both directions from an 
average level which we can call the "average bright- 
ness," or the "picture background." Thus instead of 
describing the light value at any point in the scene by 
stating how much brighter it is than black, as in (a), 
in (b) we accomplish exactly the same thing by stat- 
ing how much brighter or blacker is the particular 
light value than the average brightness. In (a) we 
use the black level as the reference level whereas in 
(b) we use the average brightness as the reference 
level. 

Electrically speaking, the average brightness level 
represents the average value of the video signal or in 
other words the d -c component of the signal. On the 
other hand, the fluctuations in the signal on either side 
of the average brightness level, which is electrically 
the a -c axis of the signal, represent the a -c component 
of the signal. An important characteristic of the 
average brightness or a -c axis is that the area between 
the positive part of the cycle and the a -c axis is equal 
to the area included between the negative part of the 
cycle and the same a -c axis. This is shown in Fig. 
41 (b), where it can be seen that area 1 is equal to 
area 2 + area 3. 

From the preceding it will be clear to you that 
proper operation of the picture tube requires that both 
the d -c and a -c components of the video signal be 

passed by the video amplifier. For if only the a -c 

component reaches the grid of the picture tube, then 
the picture tube will have information only on the 
fluctuations in light values with reference to the aver- 
age brightness level but it will have no information 
whatsoever on the value of this average brightness 
level. Thus the picture cannot be reproduced accu- 

rately since the same variations (represented by the 
a -c component) might be superimposed on say either 
a dark or light background of any shade. The average 
brightness, or the d -c component of the video signal, 
must be present before the picture can be reproduced. 
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FIGS. 41a, 41b.-The light values in a video signal can be reckoned in two ways: In 
are described with reference to the black level, whereas in (b) the same light values 
to the average brightness of the signal. 
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D -C Restorer Circuits 

Unfortunately it is not possible to transmit the d -c 

component of any signal without using a direct - 

coupled amplifier. However, the use of direct -coupled 

amplifiers is not practical in television receivers be- 

cause of their comparative instability and high cost. 

For this reason, television engineers have developed 

circuits which make possible the use of conventional 

a -c amplifiers with condenser coupling and at the same 

time provide for the restoration or recreation of the 

d -c component after the a -c component has been am- 

plified by itself. 
It will be helpful at this time to consider several 

video signals which have different values of average 

brightness and to describe the action which takes 

place when these signals pass through an amplifier 
which employs a blocking condenser as a coupling ele- 

ment between stages. It is because of the presence of 

the blocking condenser that only the a -c component 

is passed and that the d -c component is lost. 
In Fig. 42, the picture being scanned is a white tri- 

angle on a black background, with the vertex of the 

triangle near the top. Part (a) shows two lines 

scanned near the top of the picture; part (b), near 

the middle of the picture; and part (c), near the 

bottom. Thus (a), (b) and (c) represent three sec- 

tions of the picture where the average brightness is 
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low, medium, and high respectively. Fig. 42 can be 

said to represent the signal as it is at the output of the 

camera tube or as it is recovered at the video second 

detector. Of special importance is the fact that all 

the blacks are lined up so that the d -c component of 

the signal is represented in all cases. Note that the 

d -c component, like the average brightness which it 

represents, is successively larger in (a), (b), and (c). 

Now what happens to this signal when it is passed 

through an a -c amplifier which contains coupling con- 

densers and therefore will not pass the d -c component? 

This is clearly illustrated in Fig. 43 which shows that 

the blacks are no longer lined up, but instead the 

separate average -brightness or a -c axes are all lined 

up. In other words, when the d -c component is lost, 

only the fluctuations on either side of the average 

brightness are transmitted and this axis must of neces- 

sity be the zero voltage axis in all instances because 

no d -c component can get through the amplifier. 

Having investigated the video signal both with and 

without the d -c component, let us now examine the 

manner in which the picture tube is affected by the 

presence or absence of the d -c component. In Fig. 42, 

we see that black in every case corresponds to the 

same definite voltage value and that is also true for 

white and every intermediate shade between black and 

white. Thus when the voltage of Fig. 42 is applied to 

b 

BLACK-u- 

F/G.42 

b 

AC 
AX/5 

--U- 

_OC COMPONENT 
(AVERAGE BRIGHTNESS) 

C 

C 

-u- 

WH/TE 

- -Xi-O - - - 1- 

z Z BLACK-U- 
-UT 

FIG. 43 

FIGS. 42, 43.-FIG. 42 shows the video wave produced when two lines are scanned at a, b, and c of the white tri- 

angle on a black background. Since the black level is the same for all three cases, this signal contains the d -c com- 

ponent. FIG. 43 shows the same signal after it has passed through an a -c amplifier; note that the d -c component has 

been lost so that black in the signal no longer corresponds to a fixed voltage level as it does in Fm. 42. 
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the grid of the picture tube, the picture will be repro- 
duced without any distortion. 

This, however, is not true of the signal in Fig. 43, 
from which the d -c component has been removed. 
Black no longer corresponds to the same value in all 
instances, but instead the signal voltage associated 
with black takes on a value which is entirely depend- 
ent upon the average brightness of the strip being 
scanned. In the same way, this figure shows that 
white, and in fact every intermediate shade as well, 
has a different voltage value which is also dependent 
upon the average brightness of the strip being scanned. 
A little reflection will show you that this gives rise to 
serious distortion because the same light value in 
different parts of the picture does not correspond to 
the same voltage value in the signal. Thus, for ex- 
ample, the grid of the picture tube receives a different 
voltage for the same shade of gray in (a), (b) and 
(c) of Fig. 43 and as a result this shade is reproduced 
differently in the three instances. 

In order to remove this source of distortion, it is 
apparent that the average brightness or the d -c com- 
ponent must be restored. At first glance this seems 
impossible, for how can the d -c component be restored 
after it has once been lost in the video amplifier? As 
a matter of fact, it is generally not possible to restore 
the d -c component of a pulsating wave after the d -c 

component has been lost in transmission, because no 
information relative to the d -c component is contained 
in the a -c component; the two are entirely independent 
of each other. Fortunately, however, the sync pulse 
is transmitted at the end of each line, and the ped- 
estal on which the sync pulse stands corresponds to a 
definite black reference level. These facts make it 
possible to restore the lost d -c component. Thus to 
restore the d -c component to the signal of Fig. 43 it is 
only necessary to modify the signal so that all the 
synchronizing pulses are lined up. When this is done, 
the signal in Fig. 43 is exactly the same as that in 
Fig. 42 and the d -c component has been completely 
restored. 

The solution of the problem depends upon finding 
this varying d -c voltage and adding it to the signal. 
This is accomplished in a very simple manner by using 
a diode to rectify the "black" half of the a -c video 
signal (which contains the sync signal) and in this 
way the required voltage is produced. Thus in Fig. 
43, at (a) this rectification produces the voltage x; at 
(b) it produces the voltage y; and at (c) it produces 
the voltage z. In general, the addition of this varying 
d -c voltage lines up all the pedestals to produce the 
original signal (Fig. 42) with the d -c component 
restored. 

Basic D -C Restorer Circuit 
In Fig 44 we show a straightforward circuit which 

is used to restore the d -c component in the video sig- 
nal before the signal is applied to the control grid of 
the picture tube. The video signal is developed across 
the 3000 -ohm plate resistor R1 and fed to the control 
grid through a 0.1-mf coupling condenser Cl. As the 
sketch shows, the signal has the required positive 
polarity both at the plate of the video amplifier and 
the grid of the picture tube. However, the d -c com- 
ponent is not present at the plate side of Cl, whereas 
the diode circuit shown in heavy outline has restored 
the d -c, component on the grid side. 

(OC RE9TORC0) 

44.-The heavy outline shows a typical d -c restorer 
circuit arranged to restore the d -c component to the video sig- 
nal before it is applied to the control grid of the picture tube. 

Let us see just how the diode circuit restores the 
d -c component. Considering the series circuit com- 
posed of the video voltage across R1, the .005-mf con- 
denser C2, and the diode in shunt with a 1-meg resis- 
tor,-we can see that the following takes place: On 
the positive half of the cycle the cathode of the diode 
is swung positive with respect to its plate so that no 
current flows in the diode circuit. On the negative 
half of the cycle, however, the cathode is swung nega- 
tive with respect to the diode plate, and current flows 
in the diode circuit through R3. It is this current 
flow which charges C2 and makes the cathode end of 
R3 positive, and as a result provides the d -c restoring 
bias. 

Note that the d -c voltage across R3 satisfies all the 
conditions .required to line up the sync pulses so as to 
restore the d -c component. Essentially the action in 
the diode circuit is such that the negative part of the 
video wave is rectified and that the diode current 
charges C2 positively to a value equal to the amount 
by which the sync pulses in (a) are depressed below 
the a -c axis. Since the grid of the picture tube is 
returned to this d -c voltage through the 50,000 -ohm 
resistor R2, the d -c voltage is added to the video sig- 
nal at (a) and "raises" the pedestal so that it lies 
along the zero -voltage axis, as shown at (b). 
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Now suppose, as in Fig. 43 (c), that the average 

rightness is higher than that shown at (a) in Fig. 44. 

This results in the pedestal being more negative with 

respect to the a -c axis, so that the diode produces a 

more positive voltage which again raises the pedestal 

to the same zero -voltage axis as at (b) in Fig. 44. 

Thus the action is entirely automatic so that all the 

pedestals are lined up at the grid of the picture tube, 

regardless of the value of the average brightness. 
It is important to understand that the voltage pro- 

duced at the cathode varies constantly throughout 
the scanning and that its value at any time depends 

upon the average brightness of the portion of the pic- 

ture being scanned at that particular time. The time 

constant (RC) of the diode circuit is designed so that 
C2 will not discharge appreciably during the interval 
between successive sync impulses. At the same time, 

the time constant is sufficiently small so that when 

the average brightness changes, the condenser is able 

to change its charge rapidly enough to respond to the 

new conditions. 
Insofar as the grid of the picture tube is concerned, 

it receives the a -c component of the video signal 

through Cl, and only the d -c component through R2. 

Although the a -c component is also present at the 

cathode of the diode, R2 acts as a filter resistor to 
prevent that portion of the video signal present at the 
cathode from reaching the picture -tube grid through 
R2. 

Brightness Control 

We have just seen how the d -c restorer circuit au- 

tomatically lines up all the sync pulses so they are at 
the same voltage level. For correct operation of the 

FIG. 45.-The effect of bias 
voltage on the brightness of 
the image. The brightness 
control (see FIG. 44) should 
be adjusted so that the black 
level on the signal occurs ap- 
proximately at the cutoff of 
the picture tube characteristic. 

picture tube, the bias on the picture tube must be so 

adjusted that these aligned pedestals occur at the cut- 
off or black level. The sync pulses will then lie in 

the blacker -than -black region and the various shades 
of gray and white will be reproduced correctly. 

Fig. 45 shows the illumination characteristic of a 
picture tube and the manner in which the brightness 
of the scanning spot depends upon the bias voltage on 

the control grid. Referring again to Fig. 44, it will 
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be observed that the cathode of the picture tube is 

returned to a potentiometer which makes it possible to 

vary the bias voltage from 0 to 90 volts. 

When the bias is highly negative, the tube is cut off 

and the spot intensity is zero. As the bias becomes 

more positive, the intensity of the spot increases. For 

correct operation, the brightness control should be 

adjusted manually so that the pedestals occur at the 

black or cutoff points. Once the brightness control 

has been set, the d -c restorer circuit automatically 
keeps the pedestals in alignment so that no further 

adjustment is required. 

Grid Leak-Condenser Restorer 

Another type of d -c restorer circuit which is very 

widely used is shown in Fig. 46. In this circuit the 
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FIG. 46.-A widely used type of d -c restorer circuit in 

which the video amplifier output tube is operated at zero bias 

so that the grid -cathode elements function as a diode to rein- 

sert the d -c component. 

output video amplifier tube is operated at zero bias 

and the grid -cathode elements are used as a diode to 

insert the missing d -c component. To prevent the loss 

of the newly restored d -c component which would 

occur if condenser coupling were used in coupling 

the plate to the picture tube, the plate is coupled di- 

rectly to the picture tube grid. 
From the explanation already given of the process 

of d -c restoration, it is easy to understand how cir- 

cuits of this type operate. The waveform of the video 

signal on the left side of Cl is shown at (a) ; at this 

point the signal has a negative polarity and of course 

the d -c component is missing. When this a -c signal 

is impressed on the grid of the output tube through 

Cl, the positive parts of the video cycle (including 

the sync pulses) place the grid positive with respect to 

its cathode so that grid current flows through Rl. 
The direction of this grid -current flow is such that the 

grid becomes negative with respect to ground. 

When the average brightness of the signal is small, 

the a -c axis of the signal will be near the black level, 

the positive peaks will be small in amplitude, only a 

small value of grid current will flow, and consequently 
the grid will be displaced only slightly negative. On 

the other hand, when the average brightness is great, 
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the a -c axis is away from the black side, the positive 
peaks will be large in amplitude, a relatively large 
flow of grid current will take place, and the grid will 
be made highly negative. In each instance, the grid 
will be made more negative by an amount equal to 
the height of the sync pulses above the a -c axis of the 
wave. As a result of this action all of the pedestals 
in the signal are depressed by an amount sufficient to 
align them to the same zero -voltage level at the grid. 
This is shown by the signal waveform at (b). Essen- 
tially the action here is the same as that previously 
described for the circuit using a separate diode. The 
condenser Cl performs the same function of storing 
the grid charge as in the previous method. 

At the plate of the output tube, the polarity of the 
video signal is reversed and as (c) shows, the signal 
at this point has the required positive polarity. Since 
no blocking condensers are interposed between the 
plate and the grid of the picture tube, the sync pulses 
remain in alignment. 

As in the previous circuit, provision must be made 
for initial adjustment of the bias of the picture tube 
so that the pedestals of the signal will occur at cutoff 
(black level) on the picture -tube characteristic. To 
accomplish this, the cathode of the picture tube is 
returned to a bleeder -potentiometer which makes it 
possible to place up to a maximum of +300 volts in 
the cathode. Since the grid can at most have a po- 
tential of +250 volts, this makes a bias of -50 volts 
available on the grid of the picture tube. Under actual 
operating conditions, the voltage drop across R2 makes 
the grid more negative; this is compensated for by 
making the cathode of the picture tube less positive 
by adjusting the brightness control R3. 

When the receiver is first turned on, there is no 
voltage drop across the plate -load resistor R2 until 
the output video tube warms up and draws plate cur- 
rent. The final adjustment of the brightness control 
therefore should not be attempted until the receiver 
has been turned on for a few minutes. In particular 
the brightness control should be all the way to the 
left (with the rotor at +300) until the receiver has 
warmed up; this is done to avoid possible damage to 
the picture tube because of excessive beam current. 

The Contrast Control 
The "contrast control" is the gain control which 

determines the magnitude of the video signal applied 
to the grid of the picture tube. Its counterpart in a 
sound receiver is the volume control, and in the same 
way that the sound volume control determines the 
range of intensities between the loudest sound and the 
softest sound, so the video contrast control determines 
the range of light intensities between the highlights 
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and the shadows of the picture. Referring to Fig. 45, 
the setting of the contrast control determines how 
much of the picture tube characteristic is used and 
how bright will be the brightest element of the scene. 
When the contrast control is not advanced far enough, 
the picture lacks brilliance and the highlights are com- 
paratively dark; when the contrast control is advanced 
too far, the picture becomes blurred, there is a loss of 
detail in the highlights, and in general the intermediate 
shades are lost. 

Synchronizing Circuits 

The circuits devoted to synchronization in a tele- 
vision receiver are those which remove the sync in- 
formation contained in the complete video signal and 
utilize it to control the timing of the horizontal and 
vertical deflection oscillators. To perform these func- 
tions, the sync part of the signal must first be sep- 
arated from the picture part of the signal. In addition 
the vertical sync pulses must be separated from the 
horizontal sync pulses so that each can be applied to 
the respective deflection oscillator which it controls. 

Y/OCO 2^O 
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SYNC 
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47.-Block diagram of the sync circuits used in the 
RCA Model TRK-12 receiver. 

The circuits used to separate the synchronizing 
pulses from the picture portion of the signal are called 
"sync separators" or "clippers." These circuits are 
designed so that they are responsive only to the sync 
pulses which lie above the pedestals; thus they reject 
the picture portion of the signal. The clipper or sync 
separator is generally followed by additional amplifi- 
cation and finally the sync signal is fed to a frequency - 
selecting circuit which separates the horizontal sync 
pulses from the vertical sync pulses. This separation 
is accomplished by circuits which depend for their 
action upon the difference in the time duration of the 
two types of pulses. 

To illustrate the principles involved in sync circuits, 
we shall describe the circuits used in the RCA Model 
TRK-12 receiver. As the block diagram in Fig. 47 
shows, the video signal is taken directly from the sec- 
ond detector and passes through the first sync separa- 
tor which removes most of the video signal from the 
sync signal. The sync signal is then amplified in a 
sync amplifier stage and fed to a second sync amplifier 
stage which completes the separation of the sync sig- 
nal. The output of the second clipper is fed to two 
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separate stages, the horizontal sync amplifier and the 
vertical sync amplifier. The output of the horizontal 
sync amplifier feeds the sync pulses to a circuit-the 
horizontal pulse selector-which selects the vertical 

sync pulses; the output of the vertical sync amplifier 

also feeds the sync pulses to the vertical pulse selector 

which selects the vertical pulses. 

On the whole, the block diagram presents quite 
an imposing array of circuits considering that it 

represents but a small part of all the circuits in the 

complete receiver. However, synchronization is so 

important in the operation of the television system 

that great care must be taken to make the synchroni- 
zation positive in action. 

Sync Separator Circuit 

Referring to the partial schematic in Fig. 48, the 

video signal is fed from the second detector directly 
into the grid of the first sync separating tube. This 
stage uses one section of the 6N7 dual triode. The 

distinguishing features of this stage are that the tube 
is operated at the very low plate voltage of 15 volts 

and at zero bias (when no signal is present). When a 
signal is being received the grid leak -condenser com- 

bination R75 -C77 provides a bias voltage as a result 
of the rectified grid current. As the waveform shows, 

the polarity of the video signal applied to the grid is 

negative so that the grid bias is supplied by the sync 
pulse part of the signal. As previously explained in 

connection with d -c restorer circuits, the bias at the 
grid varies in accordance with the average brightness 
and the result is that all the sync pulses are lined up 
with the zero -voltage axis at the grid of the first sync 

separator. This is illustrated in Fig. 49 which shows 

the plate current -grid voltage characteristic of the 
first sync separator stage. 

Because of the low plate voltage of only 15 volts, 
plate -current cutoff is reached at a low value of nega- 
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SEPARATOR 
(CL/PPER) 

6N7 

tive grid voltage. Consequently the picture part of 

the signal lies beyond cutoff, and only the sync pulses 
are effective in causing the plate current to change. 

Thus the picture part of the signal is removed and so 

does not appear in the plate circuit of the first sync 

amplifier tube. An important part of the action in 

this circuit is the operation with grid leak bias so that 
all the sync pulses are lined up. As in the d -c restor- 

ing circuits, the time constant of the input circuit is 

sufficiently large so that the bias is maintained during 

the interval between sync pulses. 

yR/v B/A3 

Frc. 49.-The plate current - 
grid bias characteristic of a sync 
separator stage. The sharp cut- 
off enables the separation of the 
sync pulses from the video signal. 

The signal produced in the plate circuit of the first 
sync separator no longer contains the picture part of 

the signal but instead the latter has been removed be- 

cause of the sharp cutoff of this stage. A term often 

used to describe the action of a circuit similar to the 
first sync separator is the term "clipper." This term 
is appropriate because the stage can be thought of as 

clipping the video portion of the signal and leaving 

only the sync pulses. 

The clipped sync signal is next fed to the grid of the 

second triode of the 6N7 which is arranged to func- 
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Fic. 48.-Schematic of the sync circuits used in the RCA Model TRK-12 receiver. 
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tion as an amplifier. For this reason a high value of 
plate voltage, 200 volts, is used. Note that the sync 
pulses have been reversed in polarity so that the grid 
of the amplifier tube goes negative on the peaks of the 
sync pulses. However, the operating characteristics 
of the amplifier stage are such that the sync pulse 
waveform in the plate circuit of the sync amplifier is 
simply an amplified version of the signal in the grid 
circuit. The polarity of the signal is of course re- 
versed 180 degrees so that the sync signal in the grid 
circuit of the following clipper tube is negative in 
polarity. 

The action in the second sync separator is similar 
to that in the first sync separator. A screen grid tube 
is used with the screen placed at a higher voltage than 
the plate and with both these voltages comparatively 
low. Thus the screen voltage is only 25 volts and the 
plate voltage about 6 volts. Under these conditions 
the stage has a very effective clipping action on both 
the positive and negative peaks of the sync pulse. In 
this way, if any video signal still remains it is clipped 
sharply by the plate -current cutoff; at the same time, 
the positive peaks of the sync pulses are again clipped 
as in the previous sync separator. As a result of this 
second clipping of the sync pulses, the waveform is 
made flat and any noise components that may have 
been added to the signal are removed. Thus noise is 
prevented from interfering with the synchronization. 

The output of the second sync separator feeds the 
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Frc. 50.-Circuit used for separating the horizontal sync 
pulses from the complete sync signal. The waveform of the 
sync signal at the input of the circuit and the corresponding 
waveform at the output are shown below the circuit. 

sync pulses to two separate amplifier stages, a vertical 
sync amplifier and a horizontal sync amplifier. These 
individual stages provide further amplification of the 
sync pulses and at the same time act as buffer stages 
to isolate the vertical sync circuits from the horizontal 
sync circuits. The circuits used in the output of these 
stages are frequency -selecting circuits which differen- 
tiate between the two types of sync pulses by making 
use of the fact that the duration of the vertical sync 
pulses is greater than that of the horizontal sync 
pulses. 

Horizontal Sync Selector 

The signal is coupled to the horizontal sync ampli- 
fier through the 820-mmf condenser C84. The am- 
plified signal appears across R87 and is fed to the 
selector circuit consisting of C87 (150-mmf) and R90 
(470 ohms). This circuit separates the horizontal 
sync pulses, which appear across R90. 

The manner in which this selector circuit operates 
requires some explanation. Essentially the current 
which passes through R90 is limited by C87 because 
of the small value of capacitance and the low value of 
resistance. As a result the current through R90 is 
proportional to the rate of change of the sync pulse 
voltage and in this way sharp voltage pulses are pro- 
duced across R90. This is clearly iluustrated in Fig. 
50 which shows the input sync signal during the in- 
terval between successive fields. Note that at each 
edge of the sync signal where the waveform changes 
abruptly, this rapid change results in a pulse of cur- 
rent through C87 and R90, which produces the volt- 
age drop across R90 shown in the figure. As explained 
later, only the positive pulses across R90 are effective 
in synchronizing the deflection circuit; those below the 
axis have no effect. As Fig. 50 shows, horizontal sync 
pulses are also produced during the vertical blanking 
period because the leading edge of each vertical sync 
pulse represents a rapid change of voltage and there- 
fore produces a pulse through R90. 

Vertical Sync Selector 

The complete sync signal is also fed from the second 
sync separator into the grid of the vertical sync am- 
plifier. The amplified sync signal appears across R99 
and is fed to the selector circuit consisting of R101 
and C98. Two additional sets of resistor -condenser 
combinations are used in series in order to increase the 
effectiveness of the vertical pulse selection. 

The action of R101 and C98 in differentiating be- 
tween the vertical and horizontal sync pulses is a 
direct result of the longer duration of the vertical 
pulses. Thus Fig. 51 shows that each one of the sync 
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impulses, including the horizontal impulses, contributes 
a small amount of charge which is stored in the con- 

denser. The greater the duration of the pulse, the 
greater the voltage across the condenser. During the 

C99 DUri/I 

w, SZ v !f5 N/ 

INPUT SYNC SIGNAL 

OUTPUT VOLTAGE ACROSS C98 

Fie. 51.-Circuit used for obtaining the vertical sync pulses 
required for field synchronization. The corresponding wave- 
forms at the input and output are shown below the circuit. 

transmission of the long vertical sync pulses, the ac- 

cumulation of charge on the condenser is greater than 
during the transmission of the short line sync pulses. 
As a result, the voltage across the condenser C98 

builds up to a peak once during each field or 60 times 

in each second. As the figure shows, the vertical pulse 

builds up to a maximum at the end of the last vertical 

sync pulse and then steadies down to an average value 
of voltage which remains constant until the beginning 

of the next field pulse. 
To increase the circuit effectiveness, two more 

similar resistor -condenser combinations are used in 

series as shown in Fig. 48. These circuits accomplish 

a further selection of the two pulses so that a sharper 
pulse is produced once during each field. The peak 

of this pulse is used to synchronize the vertical deflec- 

tion oscillator. 
For exact interlacing it is important that the ver- 

tical pulses produced at the output of the vertical 
selector circuit be the same on alternate fields. The 
equalizing pulses, previously described, accomplish 
this by making the conditions exactly the same before 

and after the transmission of the actual broad ver- 

tical sync pulses. As a result, the condenser charges 

up to the same value of peak voltage on both the odd 

and even fields so that the vertical oscillator is main- 

tained in perfect timing. 

DEFLECTION 
In describing the picture tube we explained how the 

electron beam can be deflected by sawtooth waves ap- 
plied to the deflecting elements of the picture tube. 
The previous sections have explained the necessity for 
synchronizing these waves and how the sync signals 
are selected at the receiver. The next problem is to 
generate the sawtooth waves, control them by the sync 
signals and to apply them to the deflecting system of 

the picture tube. 
The block diagram of Fig. 52 shows the essential 

parts of a common type of deflection circuit for tele- 

vision. From the sync separator described in the pre- 
vious section, horizontal sync pulses are applied to the 
horizontal deflection circuits and vertical sync pulses 
to the vertical deflection circuits. Both sets of de- 

flection circuits contain the same type of elements, the 
principal difference being the operating frequencies. 

The sawtooth waves shown in Fig. 15 are formed in 

the discharge circuit. This circuit includes a con- 

denser which is slowly charged from the B supply and 
then rapidly discharged through a vacuum tube. The 
voltage across this condenser varies in such a way as 
to form a sawtooth voltage wave similar to that shown 

in Fig. 15. The exact moment at which the discharge 
tube operates is determined by the blocking oscillator 

which provides pulses to the grid of the discharge tube 
of sufficient amplitude to "trip" it. The frequency of 

CIRCUITS 
the blocking action is itself synchronized with the in- 

coming signal by pulses from the sync separator. The 

sawtooth voltage wave formed in the discharge circuit 

VCETICA, OffLECriON C/QCU/r5 

FIG. 52.-Block diagram of the essential parts of a widely - 
used type of deflection circuit. 

is amplified in the deflection amplifier and then ap- 
plied to the deflecting yoke or plates which cause the 
scanning action of the beam in the picture tube. 

Circuits for Electromagnetic Deflection 

The schematic, Fig. 53, shows the deflection cir- 
cuits used in the RCA Model TRK-12 and Westing- 
house Model WRT-703 receivers. These are ex- 

amples representative of circuits for use with a picture 
tube deflected by the electromagnetic method. 

To describe the formation of the sawtooth wave, let 

us assume that the grids of the 6N7 tube (in the 
horizontal circuit) are biased to cutoff so that the tube 
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is non -conducting. The plate voltage starts to charge 
the .001-mf condenser C90 through resistors R93, 
R94 and R95 in series. The voltage across C90 (from 
D to ground) rises as shown by the line designated 
"trace" in Fig. 15a. About 65 microseconds later, a 
positive pulse of voltage is applied to the grids of the 
6N7 and the tube "trips" or starts conducting. The 
triode section, whose plate is connected to D, then 
acts as a short to ground and discharges C90 in about 
11 microseconds. The voltage across C90 falls as 
shown by the line designated "retrace" in Fig. 15a. 
The discharge is stopped after 11 microseconds by a 
sudden blocking of the grids, and the charging cycle 
starts again. The relatively short time allowed for the 
charge and discharge of condensers C90 (horizontal) 
and C103 (vertical) assures that the sawtooth wave 
will be essentially linear. 

Blocking Oscillator 

The periodic blocking and tripping of the 6N7, 
which has just been mentioned, is accomplished by the 
blocking oscillator. In connection with the latter, the 
question naturally arises as to why the sync pulses 
could not be used directly to trip the discharge tube. 
Actually, the sync pulses could be used directly, but 
it has been found more satisfactory to use the block- 
ing oscillator circuit being described. The blocking 
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oscillator provides a steep pulse of high amplitude 
which is more readily adapted to the control of the 
discharge tube than is the sync pulse itself. The nec- 
essary timing of the blocking oscillator is of course 
obtained from the sync pulses. 

As the name implies, the blocking oscillator is a 
regenerative oscillator in which the feedback is so 
large that the oscillator is blocked on the first cycle of 
oscillation. Thus when oscillation starts, the ampli- 
tude is so great that the negative charge which ac- 
cumulates on the grid condenser drives the tube to 
cutoff. Before the oscillations can start up again, the 
charge on the grid condenser must leak off. The rate 
at which this charge leaks off determines the rate at 
which the steep pulses are produced by the blocking 
oscillator. Because the circuit constants are such that 
the natural frequency at which the oscillator attempts 
to work is higher than the frequency of blocking, the 
pulse produced when oscillations start has a very steep 
waveform which is advantageous in controlling the 
discharge tube. 

The rate of blocking, and hence also the rate at 
which the pulses for the discharge tube are produced, 
is controlled by R91 and R92. The lower the value of 
this grid resistance, the more rapidly the charge leaks 
off so that the oscillations can begin again and pro- 
duce another pulse. The "free -running" frequency of 
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FIG. 53.-Deflection circuits used in the RCA Model TRK-12 receiver. Compare with the block diagram shown in FIG. 52. 
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the blocking oscillator is thus controlled by the value 

of C89, which determines the amount of charge stored 

in the grid circuit, and R91 and R92 which determine 

the rate at which this charge leaks off. 

In practice, the free -running frequency is adjusted 

by means of the horizontal hold control R92 so that 

it is lower than the line frequency of 13,230 cycles. 

The application of the horizontal sync pulse to the 

grid circuit, as shown, will then introduce a positive 

pulse into the grid circuit and cause the blocking 

oscillator to start operating slightly before the instant 

when it would normally resume operation. In this 

way the sync pulse keeps the blocking oscillator ex- 

actly in synchronism with the frequency of the scan- 

ning at the camera tube. 
The circuit for the vertical deflection operates in 

the same manner. In this case R106, the vertical hold 

control, is adjusted so that the free -running frequency 

of the vertical oscillator is slightly less than 60 cycles. 

The introduction of thg vertical sync pulse trips the 

oscillator just before it would otherwise resume oscil- 

lation so that the frequency is kept in synchronism 

with the vertical sync pulses. 

Width and Height Controls 

The peak value of the sawtooth voltage which is 

developed across C90 depends on the setting of R94. 

Since the peak value of the voltage across C90 de- 

termines the magnitude of the horizontal scan and 

therefore the picture width, R94 is called the picture 

width control. Similarly R108 controls the vertical 

sawtooth amplitude and therefore is called the picture 

height control. 
The vertical linearity control R113, which is in 

series with the vertical wave -forming condenser C103, 

corrects the waveshape so that a sawtooth wave of 

current will be obtained through the deflecting coils. 

Centering 

As a result of the circuits described, accurately 

timed sawtooth voltages are available at points C and 

D. These waves are amplified and coupled to the de- 

flecting coils L44 and L43 by transformers T2 and T4 

respectively. The picture is centered on the picture - 

tube screen by sending a small direct current through 

the deflecting coils. Potentiometers are provided for 

making the vertical and horizontal centering adjust- 

ments. 

Damping Tube 

The 5V4G diode shunted across the secondary of T4 

is provided so as to prevent transient voltages being 

set up when the scanning current changes abruptly. 

This diode acts as an automatic switch so that the 

transformer is loaded only during the trace period, 

and the load removed during the retrace period. It is 

not possible to use a permanently -connected resistor 

load in place of the diode switch because this continu- 

ous loading would tend to prolong the retrace period 

by an excessive amount. 
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Frc. 54.-Circuits used for electrostatic deflection in the RCA TRK-5 receiver. Note the push-pull output in both 
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Electrostatic Deflection 

In electrostatic deflection systems for television, it 
is usual to use the same type of sawtooth-wave gener- 
ator as is used for electromagnetic deflection. The 
output systems, however, are quite different. To avoid 
distortion of the raster and defocusing of the spot, the 
sawtooth waves on each plate of any pair must be 
alike but 180 degrees out of phase. A balanced am- 
plifier using a phase inverter is used to furnish these 
deflecting voltages. The force acting on the electron 
beam is thus due to the difference between the poten- 
tials of the two plates, since at any one instant the 
positive voltage on the one plate attracts the electron 
beam at the same time that the corresponding nega- 
tive voltage on the other plate repels the electron 
beam. Thus, if at any instant the deflecting voltage 
on one plate is +50 volts, then the voltage on the 
other plate is -50 volts and the effective deflecting 
voltage is the sum or 100 volts. 

Electrostatic Deflection Circuits 
Fig. 54 shows the output circuits of the electro- 

static deflection circuits used in the RCA TRK-5 and 
Westinghouse WRT-701 receivers. The blocking os- 
cillator and discharge circuits are shown in block 
form because they are similar to those shown in Fig. 
53. In the vertical circuit the signal across R75 is fed 
to one of the vertical deflecting plates through con- 

denser C74. This same signal is also fed to the grid 
of the phase inverter section of the 6N7 tube through 
condenser C73 and a voltage divider consisting of R74 
and R73. The signal across the phase inverter load 
R76, which is 180 degrees out of phase with the sig- 
nal across R75, is fed through condenser C75 to the 
other vertical deflecting plate. The voltage divider 
R74, R73 is used to compensate for the gain of the 
phase inverter section of the 6N7 so that the signal 
amplitude applied to each deflecting plate is the same 
except for the phase reversal. In the case of the hori- 
zontal deflecting circuit, the action is similar; here the 
voltage divider consists of R84 and R85. 

Centering Control 
Fig. 54 also shows the type of centering circuit used 

with electrostatic deflection. One plate of each pair 
is returned to the second anode through a high resist- 
ance. The second plate is returned through a high 
resistance to the potentiometer which permits a d -c 
voltage, either zero, plus or minus with respect to the 
first plate, to be applied to the second plate in order 
to center the raster on the screen of the picture tube. 
These potentiometers, called centering controls, are 
usually adjusted during installation and seldom need 
readjustment. The details of this type of circuit are 
shown in Fig. 55 in the following section on power 
supplies. 

POWER SUPPLIES 
As a general rule, two separate rectifiers are used to 

supply the d -c voltages for television receivers. A 
low -voltage supply provides approximately 300 volts 
for the tubes associated with the amplifier, deflection, 
and sync circuits of the receiver. A separate high - 
voltage power supply provides the high voltages- 
from approximately 2000 to 10000 volts-required 
for the picture tube. 

Since the low -voltage power supplies are very simi- 
lar to those used in radio receivers, a separate low - 
voltage schematic is not shown here. The regulation 
in a television low -voltage power supply is generally 
better than that in a radio receiver because of the 
importance of preventing variations in the numerous 
circuits from interfering with each other and with the 
picture. The hum level is also kept down to a lower 
value because of the large number of circuits and 
stages, and because hum which would be inaudible in 
a sound receiver may cause appreciable distortion of 
the picture. 

Unlike the low -voltage power supply, a half -wave 
rectifier is invariably used in the high -voltage supply. 

The advantages of the half -wave rectifier are that the 
transformer does not have to be as large and that the 
peak voltage is reduced to about one-half the value 
required for full -wave rectification. Ordinarily the 
half -wave rectifier is not used in radio receiver power 
supplies because its output is harder to filter and be- 
cause it cannot supply as much current to the load as 
the full -wave rectifier. However, these characteristics 
are not disadvantages in television receivers because 
only a very small current is drawn and a resistor -con- 
denser filter can be used. 

High -Voltage Power Supply in RCA TRK-5, 
Westinghouse WRT-701 

The high -voltage power supply used in the RCA 
Model TRK-5 and Westinghouse WRT-701 receivers 
is shown in Fig. 55. A type 879 high -voltage half - 
wave rectifier is used, the complete path of the recti- 
fied current being from the low -voltage end of the 
secondary, through the secondary winding, the 879 
rectifier tube, the first filter resistor R91, the second 
filter resistor R92, and the bleeder resistors from R93 
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to R98, inclusive, and back to the low -voltage side of 

the secondary. 
R91 acts as a filter resistor and also limits the volt- 

age and current through the first filter condenser C86. 

Good filtering is secured by using a high value of filter 

resistance; R92 is 470,000 ohms, and in combination 

with the two .05-mf condensers provides adequate 

filtering. Note that large values of filter resistance 

rather than large values of capacitance are used to 

obtain the required filtering. The advantage of this is 

the reduced cost and size of the condensers; in addi- 

tion, the smaller the size of the filter condenser, the less 

is the danger of fatal shock if one accidently comes 

in contact with a charged or partly -discharged 

condenser. Nevertheless, the high -voltage filter con- 

densers should always be discharged before any meas- 

urements are made so as to guard against the 

possibility of an open bleeder circuit. 

In the circuit being described the cathode of the 

picture tube is near ground potential while the sec- 

ond anode is 2000 volts positive with respect to the 

cathode. The focusing anode is returned to the fo- 

cusing control which places approximately 500 volts 

on this electrode. Centering of the beam horizontally 

and vertically is accomplished by returning one plate 

of each of the pairs to point M which is at a voltage 

slightly lower than the maximum output of the power 

supply. The remaining plates are then returned to 

R9/ R92 
33 /1"-r, 4/fn 

C86 47lfn 
.05 

1 = 5 .P94 

the sliding taps on the horizontal and vertical center- 

ing potentiometers so that the voltages can be varied 

either positively or negatively with respect to the 

other plates. These circuits should not be tested 

while the power is on since the maximum high voltage 

is present on all the deflection plates and centering 

adjustments. The deflecting plates are capacitively 

coupled to the horizontal and vertical deflection out- 

put tubes through .05-mf and .005-mf condensers as 

shown in Fig. 54; these condensers are of course rated 

to withstand the full high -voltage output. 

The high -voltage supply is not entirely independent 

of the low -voltage power supply in the sense that the 

entire high -voltage power supply is returned to ground 

through the brightness control in the low -voltage 

power supply. If the connection to the brightness 

control at R42 were broken, then the entire high -volt- 

age power supply would "float." In actual operation, 

the potential at the cathode is approximately 200 

volts above ground potential, depending upon the set- 

ting of the brightness control; as a result the low end 

of the high -voltage rectifier circuit, including the 

cathode of the picture tube, is above ground poten- 

tial by this same amount. The control grid of the 

picture tube, which is tied to the plate of the 6V6 

video output tube, is approximately 175 volts above 

ground potential so that the proper average brightness 

can be secured by means of the setting of R42. 
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Grounding of High -Voltage Power Supply 
The high voltage difference required between the 

cathode and second anode of the picture tube can be 
obtained with either the positive or negative side of 
the high -voltage power supply near ground potential. 
In receivers using the electromagnetic method of de- 
flection, it is usual for the negative side of the power 
supply to be grounded since this enables coupling the 
video output tube to the modulation grid without the 
use of a high -voltage condenser. This same system is 
also used in some receivers which use electrostatic de- 
flection, as for example in the RCA Model TRK-5 re- 
ceiver. Where electrostatic deflection is used, how- 
ever, high -voltage blocking condensers are required in 
the circuits which couple the deflection output tubes to 
the horizontal and vertical deflection plates. 

To avoid the use of high -voltage blocking conden- 
sers in the deflection plate circuits and at the same 
time maintain the deflection plates at the same poten- 
tial as the second anode (which is necessary to avoid 
distortion in the picture tube), the positive side of the 
high -voltage power supply is sometimes grounded and 
the cathode is then several thousand volts negative 
with respect to ground. The DuMont Models 180- 
183 are examples of receivers using this type of cir- 
cuit. Although high -voltage condensers are not 
required in the deflection circuits, a high -voltage block- 
ing condenser must be used between the plate of the 
video output tube and the modulation grid. 

Regardless of whether the positive or negative side 
of the power supply is grounded, the usual precautions 
against electrical shock must be observed. 

ANTENNAS AND INSTALLATION 
The proper operation of a television receiver de- 

pends to a very great extent upon the care with which 
the installation is made. No matter how well designed 
the receiver may be, its performance will be poor un- 
less proper attention is given to the type of antenna, 
its location, and the installation of the receiver itself. 

The receiver should be placed where no direct light 
will fall on the cathode-ray tube viewing screen. Al- 
though television pictures can be seen satisfactorily 
without total darkness, the vicinity of the receiver 
should be capable of being darkened readily. The lo- 
cation chosen should permit adequate ventilation and 
be close enough to a power outlet to avoid the use of 
extensions to the power cord. A good ground connec- 
tion is also important. If the receiver is of the type 
intended to be used with a broadcast receiver, it should 
be placed in such a way that the sound appears to 
come from the picture, and the connections between 
the receivers should be as short as possible. The re- 
lation between the receiver location and the length of 
the antenna lead-in should also be considered, since the 
antenna location itself is usually determined by ex- 
ternal conditions which cannot readily be changed. 
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Fre. 56.-The same signal may reach the receiving antenna 
by two different paths. The dotted line shows the signal being 
reflected from a building. The example in the text is for a 
"ase in which the reflected (dotted) signal travels two miles 

`her than the direct signal. 

The most important problem is the choice and in- 
stallation of the antenna. The various manufacturers 
offer different types of antennas, some types being 
recommended for suburban areas, others for city use. 
All are of special design suitable for the ultra -short 
waves used in television, an ordinary broadcast an- 
tenna not being suitable for television use. 

The necessity for special antennas for television is 
more apparent when we consider some of the differ- 
ences between the short waves used in television and 
the comparatively long waves used in ordinary broad- 
casting. The shorter the wavelength of a radio wave, 
the more it behaves like light. For example, we know 
that light travels in straight lines through space. For 
this reason we cannot see objects far enough away to 
be "below the horizon." Clearly a taller object can be 
seen from a greater distance than one closer to the 
surface of the earth since it projects above the horizon. 
In the same way, the "coverage" of a television trans- 
mitter depends upon the height of both the transmit- 
ting antenna and the receiving antenna. In addition 
to increasing the range of reception, placing the re- 
ceiving antenna as high as possible has the important 
advantage of increasing the signal pickup and decreas- 
ing the noise pickup. It is interesting to note that the 
television transmitter of the National Broadcasting 
Company in New York, which is located atop the Em- 
pire State Building (1250 feet high), covers a radius 
of about 40 miles or an area of about 5000 square 
miles. 

In ultra -short wave transmissions as in light, build- 
ings, mountains and other opaque objects cast "shad- 
ows" which result in no signal or very weak signal 
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within the shadow area. In addition such objects can 

cause reflections which may result in distorted pictures 

because of the small but appreciable difference in the 

time of arrival of the direct wave and reflected wave. 

Fig. 56 shows how this reflection may occur. The 

transmitter sends out waves in all directions, one of 

which may be considered as going directly to the re- 

ceiver. Another wave reaches the receiver indirectly 

by going first to a building or other reflector and then 

to the receiver. The important point here is the dif- 

ference in the total length of the path which the re- 

flected wave has to travel as compared with the path 

of the direct wave. Here the difference is 2 miles. 

Since both waves travel at the same velocity of 

186,000 miles per second, the reflected wave will arrive 

2 

186,000 
second, or approximately 

100,000 
second later 

than the direct wave. The time required for the elec- 

tron beam to travel 1 inch horizontally across the pic- 

ture tube is also about 
1001000 

second. Therefore the 

reflected wave will cause a second image which is dis- 

placed about 1 inch horizontally to the right of the 

image due to the direct wave. Smaller time differences 

may produce only lack of sharpness in the picture, but 

in any case, when installing the antenna the service- 

man should try to avoid multiple images due to reflec- 

tions. This effect can often be reduced or eliminated 

by slight changes in the position of the antenna, or by 

the use of a special antenna. 

In general, since American television transmitting 

antennas will be mounted horizontally, the receiving 

antenna should also be approximately horizontal, and 

placed broadside to the direction of the transmitter. 

During installation, however, the best procedure is to 

watch an actual picture on the receiver, comparing 

different locations and positions of the antenna on the 

basis of the results obtained at the receiver. An inter- 

communication set between the man working on the 

antenna and another observing the received picture is 

obviously a useful accessory for antenna installation. 

Automobile ignition systems and diathermy ap- 

paratus emit short-wave signals covering at least part 
of the television spectrum. Antennas should therefore 

be erected as far as possible away from these sources 

of interference. 
The antenna should be erected at as high a point as 

conditions permit, since, other things being equal, the 

signal strength increases when the elevation of the an- 

tenna is increased. A high antenna is also likely to 

reduce local interference. Both these effects of course, 

tend to improve the signal-to-noise ratio. 

Most television antennas consist of two rods or tubes 

of conducting material placed in a straight line end to 

end, but with some separation between them. Each 

section is about / wavelength (roughly 5 feet) long, 

making the total length about / wavelength. Such 

an antenna, shown in Fig. 57, is called a simple half - 
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FIG. 57.-A half -wave dipole antenna-a type very widely 
used for television reception. 

wave dipole. The lead-in or transmission line is usu- 

ally a twisted pair of wires specially insulated against 
weathering; one wire of the pair is connected to each 

rod near the air gap. Some manufacturers have differ- 

ent kinds of transmission line for special purposes. 

The simple dipole is generally satisfactory, but im- 

proved performance can often be obtained from two 

such dipoles connected in parallel. Such double di- 

poles are mounted one above the other like the cross 

arms on a telephone pole. 
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FIG. 58.-A half -wave dipole antenna with a reflector for 

increasing the signal pickup and reducing interference from 

reflections. 
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Where trouble is encountered from reflections or 

low signal strength, or both, a reflector element may 

be added to the antenna system. As shown in Fig. 58, 

the reflector is a continuous rod somewhat longer than 

the antenna and placed behind it; that is, the reflector 

is at the same elevation as the antenna and is parallel 

to it, but placed on the side of the antenna away from 

the transmitting station whose signal it is desired to 

receive. The reflector serves two desirable purposes: 
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it blocks interference or reflections coming from "be- 
hind" the dipole, and it strengthens the desired signal 
by reflecting it back to the dipole. The spacing be- 
tween antenna and reflector is determined from the 
manufacturer's instructions or by experiment. The 
double dipole described previously may be provided 
with a double reflector. 

No dipole of fixed dimensions can be equally effi- 
cient for all the television channels. The reason for 
this is that maximum efficiency requires that the 
length of the dipole (and also the reflector, if used) 
should have a fairly definite relation to the wavelength 
of the desired signal. We have mentioned, for ex- 
ample, that it should be about / wavelength long 

overall. For the first two television channels (44 t., 
56 mc) the middle frequency is 50 mc and the corre- 
sponding wavelength is 6 meters, or almost 20 feet. A 
10 -foot half -wave dipole is therefore quite efficient for 
these two channels. It is not so efficient, however, for 
the 66-72 mc and 78-90 mc channels, since the mid - 
channel wavelengths for these are respectively about 
14.3 and 11.7 feet. If all these channels are to be re- 
ceived on one antenna, they will not be received with 
equal efficiency. Depending upon the local conditions, 
it is possible to choose the antenna length suitable for 
either (1) the mid -point of the whole band, (2) the 
mid -point of the most popular station or stations, or 
(3) to provide an antenna of adjustable length. 

FREQUENCY MODULATION 
Up to the present time all broadcast stations have 

used amplitude modulation for program transmission. 
In this method of transmitter operation the frequency 
of the carrier is maintained constant, usually by crys- 
tal control, while the amplitude of the carrier is varied 
by the audio modulation impressed upon it. A new 
system of broadcast transmission by frequency modu- 
lation is now being introduced by a few stations in the 
East. This system was devised by Major E. H. Arm- 
strong and differs from amplitude modulation in that 
the carrier frequency is varied by the impressed audio 
modulation, while the carrier amplitude is held con- 
stant. 

Advantages of Frequency Modulation 
The principal advantages of frequency modulation 

over amplitude modulation are an improved signal-to- 
noise ratio, particularly in poor reception areas where 
the signal strength of the transmitter is weak, and a 
reduction in interference when two frequency modu- 
lated transmitters are geographically separated but 
operating on the same frequency. In receiving, better 
fidelity is usually more easily obtained from fre- 
quency -modulated transmissions. 

Since the carrier frequency in frequency -modulated 
broadcasting is varied over a wide band, wide channels 
are necessary for transmission. Present channels are 
200-kc wide and have been allocated in ultra -high fre- 
quency bands to avoid interference with other services 
which would result if channels of such width were as- 
signed within the standard broadcast band. The 
actual carrier frequency variation is limited to one- 
half the channel width, as with amplitude modulation, 
since the frequency of the carrier varies above and 
below the nominal assigned value when audio modu- 
lation is applied. In present frequency -modulated 

broadcast transmissions, the maximum frequency de- 
viation is held to approximately plus or minus 75 kc 
during audio modulation. 

How Noise is Reduced 
The manner in which frequency modulation reduces 

noise may be understood by remembering that most 
electrical noises change the amplitude of the signal but 
not its frequency. Now, in the amplitude modulation 
method of broadcasting, both noise and audio modu- 
lation act to vary the carrier signal voltage so that the 
two are combined in the signal detected by the re- 
ceiver. In frequency modulation, however, the audio 
modulation varies only the frequency of the carrier 
signal and not its amplitude. Noise, on the other 
hand, will cause no change in the carrier frequency, 
though it will affect its amplitude. If, then, the re- 
ceiver is designed to detect only variations in signal 
frequency and not variations in amplitude, noise re- 
sulting from amplitude modulation is eliminated. Fre- 
quency modulation is not perfect, but a very great 
reduction in noise is secured by this method. 

Special Receivers Necessary 
Conventional broadcast receivers are designed only 

for the reception of amplitude -modulated transmis- 
sions and therefore are not suitable for receiving fre- 
quency -modulated broadcast signals. The principal 
differences in the latter are in the design of the de- 
tector and in the limiter stage which precedes the 
detector. 

A typical stage -by -stage lineup for a frequency 
modulation receiver is shown in Fig. 1. This shows 
an r -f amplifier, converter, 3 -stage i -f amplifier, 
limiter, detector and a -f amplifier. 

Since the transmitted frequency varies about 75 kc 
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above and below the point to which the receiver is 

tuned and flat amplification is necessary for high - 

quality reproduction, the carrier -amplifying stages and 

the converter must be designed to pass a 150-kc band 

without frequency discrimination. Ordinary tuned 

circuits are usually far too sharp for this purpose, 

particularly in i -f circuits, so we find in the frequency 

modulation receiver that low -Q circuits are necessarily 

employed to achieve broad tuning. 

RA' 
AMP(/F/fR 

CONYCR7ER 
SSTAGE /F 
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1.-Block diagram of a receiver designed for the re- 

ception of frequency -modulated signals. With the exception of 

the limiter stage, the lineup is similar to that of a conventional 
superheterodyne receiver. 

In the i -f stages, broad -band reception is secured by 

using a high intermediate frequency, usually of the 

order of 3 megacycles, and by broadening the i -f 

transformer response by resistance shunted across one 

or more windings. 

What the Limiter Does 

The limiter stage requires detailed consideration. 

Its purpose is to smooth out any variations in carrier 

amplitude so that it may pass on to the detector cir- 

cuit a signal which is constant in voltage but varies in 

frequency. This is done by designing the circuit and 

operating the tube so that it overloads even when a 

weak signal is being received. Then any increase in 

signal voltage will not cause an increase in the carrier 
signal voltage which appears across the tuned circuit 

forming the limiter stage plate load. The high gain 

in the r -f, converter and i -f stages provides sufficient 

amplification for even weak signals so that the actual 
signal voltage at the limiter grid during reception will 

always be several volts. Any applied signal voltage 
greater than the overload point causes rectification in 

the grid circuit. A resistor in series with the grid re- 

turn of the limiter input circuit is installed so that the 
grid current resulting from rectification in this circuit 
causes a voltage drop across the resistor which can be 

utilized to provide AVC action. This AVC voltage is 

applied, through appropriate filters, to preceding i -f, 

converter and r -f stages. 

Special Detector Used 

Since, in frequency modulation, the a -f modulation 
causes a variation in carrier frequency, we need a type 
of detector which will convert these frequency varia- 

tions into the a -f signal voltages which originally 

produced these carrier frequency variations, and in 

this way restore the original modulation. Ordinary 
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detector circuits are not suitable, since they give an 

output voltage which is proportional to the amplitude 

of the carrier modulation and not to the carrier fre- 

quency. Since the voltage output of the discriminator 

circuits employed in AFC designs varies with the fre- 

quency shift of the applied carrier signal, it serves as 

an ideal device for the detection of frequency -modu- 

lated signals. 

A typical AFC discriminator circuit is shown in 

Fig. 2. The primary coil, L1, of the discriminator 

transformer is connected in the plate circuit of the 

limiter tube and is closely coupled to the center - 

tapped secondary L2, L3. When the transformer 

secondary circuit is tuned to resonance with the align- 

ment frequency of the i -f system, the voltages E2 and 

E3 are equal but opposite in phase. Since the d -c 

voltage across the discriminator load resistors, R1 and 

R2, occurs as the result of rectification of E2 E1 

and E3 El, then, at resonance, the d -c voltage from 

point B to ground is equal to that from point B to A, 

as both Rl and R2 are similar resistors. However, 

because of the manner in which the diodes are con- 

nected, the resulting d -c voltages will be opposite in 

polarity. Therefore, the voltage across R1 will cancel 

that across R2 and a measurement from point A to 

ground will show zero voltage between these two 

points when the circuit is tuned to resonance with the 

alignment frequency. This is the normal condition 

for perfect alignment of an AFC circuit. 

When the signal voltage applied to the discrimina- 

tor transformer is higher or lower in frequency than 

that to which it is tuned, the voltages E2 and E3 will 

remain equal but their phase relationship with respect 

to El will change. As a result, E2 plus El will no 

longer equal E3 plus E1. Since this becomes the case, 

the resulting d -c voltages across R1 and R2 will no 

longer be equal and opposite in polarity and a voltage 

with respect to ground will accordingly appear at 

Point A. As the frequency of the carrier signal be- 

comes higher or lower than that to which the dis- 

criminator is tuned, the voltages developed across Rl 

A 
CONTROL 
VOLTAGE 

Frc. 2.-The second detector of a receiver for frequency - 

modulated signals is similar to the discriminator circuit shown. 
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Í and R2 add or subtract. Since point A is at zero 
voltage at resonance, this signal frequency variation 
causes point A to assume a potential with respect to 
ground which varies in a positive or negative direc- 
tion in accordance with these frequency variations. 
The change in voltage of point A with respect to 
ground as a result of this shifting frequency is repre- 
sented in the diagram, Fig. 3. 

How the Discriminator Detects 

Now let us see how this characteristic of the AFC 
circuit serves to supply an audio signal to actuate the 
a -f amplifier of the receiver. We have seen, in fre- 
quency -modulated transmissions, that the carrier fre- 

quency changes at a rate which is in accordance with 
the audio modulation impressed upon the carrier. Let 
us assume that a 400 -cycle audio note is being broad- 
cast and the nominal frequency of the transmitter is 

42 mc. On the positive half of the 400 -cycle modula- 
tion, the carrier frequency may be increased while on 
the negative half it may decrease. If the modulating 
voltage is sufficient, this may cause a maximum in- 
crease of carrier frequency of 75 kc so that the maxi- 
mum frequency at the peak of the positive half of 

the wave becomes 42 mc + 75 kc and, at the peak of 
the negative half of the cycle, to 42 mc - 75 kc. Now, 
referring again to Fig. 3, we see that a carrier fre- 
quency shift in a negative direction will cause the 
output voltage of the discriminator to become positive 
whereas an increase in carrier frequency will cause 
this output voltage to become negative. Since a 400 - 
cycle note is being broadcast, the carrier frequency 
increases and decreases and the output voltage of the 
discriminator becomes positive and negative at the 

l 
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3.-The output voltage of the frequency 
demodulator or second detector varies in ac- 
cordance with the amount by which the signal 
frequency differs from the intermediate frequency. 

same rate, 400 cycles per second, as that of the origi- 
nal broadcast note. Now, if we apply this rapidly - 
varying voltage to the grid of an amplifying tube, the 
voltage across its output load will vary at the same 
rate. Since this is precisely what occurs when an a -c 

signal is applied to a grid, we see that in this manner 
detection of frequency -modulated signals is effected. 

Once the frequency -modulated signal is converted 
into audio frequencies, any type of conventional audio 
amplifier is suitable. Since the fidelity of reproduc- 
tion in a carefully -designed receiver is exceptional, 
high-grade a -f amplifiers and speakers are usually 
employed. 

The G -E Model GM125 Receiver 

The schematic (see page 10-35) shows the circuit 
of the G -E model GM125 receiver, which is designed 
for frequency -modulation reception. This is a 12 - 

tube, single -band receiver which covers a frequency 
range of from 37 to 44 megacycles. A single r -f stage 
feeds the 6K8 converter; four i -f stages are employed, 
the fourth stage acting as the "limiter." The detec- 
tor is similar to the AFC discriminator previously de- 
scribed. The triode section of a 6Q7G is employed 
as the first a -f amplifier and feeds a 6J5G phase in- 
verter which drives the push-pull 6L6G output tubes. 

The r -f and converter stages are similar to those 
which could be employed in conventional designs for 
the same frequency band, except that no effort has 
been made to acquire selectivity in the tuned stages 
since this would be undesirable in a receiver which is 

required to pass a wide frequency band without fre- 

quency discrimination. 
The i -f stages are designed to give a band width of 

300 kc. This is done by using a high intermediate 
frequency (3000 kc) and by shunting each i -f trans- 
former primary winding with a 15,000 -ohm resistor. 

The last i -f stage operates as a limiter. The limit- 
ing effect is secured by using a 6SJ7 tube in this stage 
and operating it with zero control grid bias and only 
65 volts on the plate and screen. Under these operat- 
ing conditions, the tube overloads with a relatively 
small applied signal. The high overall gain of the 
stages preceding the limiter tube provides sufficient 
amplification so that even a weak signal in the an- 
tenna circuit is built up to a voltage sufficient to over- 
load the limiter. 

When the signal strength is sufficient to overload 
the limiter stage, grid current flows through the 330,- 
000 -ohm resistor, R15, in the grid return circuit of 

the 6SJ7. The resulting voltage drop across R15 is 

used to provide AVC action and thus prevent over- 
loading of preceding stages. By incorporating AVC 

in this stage, there can be no AVC action until the 
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limiter is overloaded, which is its required operating 

condition. When such is the case, an increase in sig- 

nal voltage applied to the limiter grid will cause no 

increase in the output signal voltage across its plate 

load but the grid current will increase, thereby assur- 

ing an increasing AVC voltage. 
The discriminator -type detector is similar in action 

to that reproduced in Fig. 2. It converts the fre- 

quency variations of the i -f signal output to a voltage 

which varies in amplitude at the audio frequency rate. 

The essential difference between this type of dis- 

criminator and one used solely for AFC purposes 

is that the audio component is not filtered out. This 

must be done when such circuits are used for AFC 

applications to avoid modulating the oscillator at the 

audio frequency. The discriminator load by-pass con- 

densers, C18, C19, are accordingly only 22 mmfd each 

in this circuit, so there is no by-passing of the higher 

audio frequencies. 
The output of the frequency -demodulator is coupled 

to a tone control network composed of R11, R20, R40 

and the shunt and series condensers C39 and C17. 

Operation of R40 provides attenuation of either high 

or low frequencies, as desired. The output of this net- 

work connects to the volume control, R21, which re- 

turns to ground through an inverse -feedback network 

composed of R37 shunted by C16 in series with R22. 

The balance of the audio system is conventional. 

Alignment Procedure 

To align the i -f amplifier, connect an electronic 

voltmeter (or any other d -c voltmeter which has a 

high input resistance) across R15. Feed a 3 -mc sig- 

nal to the grid of the third i -f tube. Temporarily 

shunt the secondary winding of T7 with a 10,000 or 

15,000 -ohm resistor and adjust C48 until the volt- 

meter reading is a maximum. Then remove the 

secondary shunting resistor and adjust C49 for maxi- 

mum reading on the voltmeter. Then connect the 

shunting resistor across T6 secondary, feed the 3 -mc 

signal to the second i -f grid and peak the trimmers of 

T6 in the same manner. Repeat this process for each 

of the i -f transformers in turn until all are aligned. 

The frequency demodulator circuit may also be 

aligned with the voltmeter and signal generator. Feed 

a 3 -mc signal to the input of the i -f amplifier and 

connect the voltmeter from the cathode connection of 

R18 to ground. A small voltage reading usually will 

be indicated if the circuit is slightly out of adjustment. 
If not, adjust C51 until a reading is secured. Then 
adjust C50 until the voltage reading is a maximum. 

After this is done, adjust C51 until the voltmeter 
reads zero. The discriminator alignment is then 

complete. 
The r -f and oscillator stages are aligned by feeding 

a 42.8 me signal to the antenna terminals and, with 

the receiver tuned to this point on the dial scale, ad- 

justing the oscillator trimmer C4 for maximum read- 

ing on the voltmeter, which should be connected 
across R15. Then peak the antenna and r -f trimmers 

(C2 and C3) in the same manner. 
The receiver may also be aligned with a frequency - 

modulated signal generator as described in the service 

notes given in Volume X of Rider's Manual. 

WIRELESS RECORD PLAYERS 
A number of different wireless record players are 

described in Volume X. These were first announced 

about the middle of 1938, although phonograph oscil- 

-lators were available commercially as far back as 

1935. Contributing to the present popularity of these 

record players is that fact that no direct connection 

is required between the record player and the receiver, 

as well as the element of mystery which is introduced 
because of the absence of any wire connection to the 

radio. Although specific service data are shown in 

Volume X for the models listed in the index, there are 

certain general considerations which apply to all wire- 

less record players. 
Essentially a wireless record player is a low -pow- 

ered transmitter which provides a signal much in the 

same way as an ordinary broadcast transmitter. How- 

ever, instead of the modulation being obtained from a 

studio microphone, the phonograph pickup converts 
the vibrations on the record into an audio signal and 

this voltage is used to modulate the oscillator con- 

tained in the wireless record player. The modulated 

signal is radiated to the receiver which is tuned to the 

signal and as a result the record is reproduced by the 

receiver in the conventional manner. Note that the 

entire receiver is used rather than just the audio sec- 

tion. Unlike the phonograph oscillators which pre- 

ceded wireless record players, there is no direct 

connection to the receiver and hence the name "wire- 

less" record player. 
In general, the design of the radiating system in 

these record players is such that the effective range 

of pickup is approximately fifty feet. Since excessive 

radiation will cause interference in other radio re- 

ceivers, the Federal Communications Commission has 
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limited the amount of radiation to a value which is 
high enough to permit satisfactory operation of the 
record player in a typical installation, and which at 
the same time is not so high as to cause interference 
in neighboring receivers. In general a long antenna 
should not be attached to the record player to sup- 
plement the built-in antenna, but where the signal 
input to the receiver is too small the coupling between 
the record player and the receiver should be increased. 
This can be accomplished by running the antenna of 
the record player closer to the antenna lead-in of the 
receiver. 

Most wireless record players use two tubes, one 
tube as a combination oscillator and modulator, and 
the other tube as the rectifier tube. The 6A7 and the 
25Z5 (or their newer equivalents) are commonly used 
to perform these functions. In some cases a single 
combination tube, such as the 12A7, is used both as 
an oscillator -modulator and as a rectifier. 

The power supply design for the most part follows 
conventional practice and is not unlike the power sup- 
plies used in midget receivers. In some cases a small 
power transformer is used, but in general the d -c volt- 
age for the oscillator -modulator tube is obtained by 
means of half -wave rectification of the line voltage. 
In the latter case, the voltage for the heaters and the 
pilot bulb are obtained through a line cord or ballast 
tube, although in some instances the heaters are in 
series with the motor windings so that no ballast re- 
sistor is required. 

Where the 6A7 tube is used as the oscillator -modu- 
lator, the first two grids are not used to form the 
oscillating circuit, as is the case in the pentagrid con- 
verter. Instead, the tuned circuit of the oscillator is 
connected to the signal grid (the ;$4 grid) and the 
feedback circuit is through the plate of the tube, 
which carries the feedback or tickler winding. Essen- 
tially, then, as far as the action of the tube as an oscil- 
lator is concerned, the tube may be considered as an 
ordinary regenerative triode oscillator, in which the 
signal grid acts as the control grid and in which the 
feedback is supplied through the plate. 

The unmodulated signal produced by this oscillator 
is modulated by means of the audio signal from the 
phonograph pickup. The action which takes place 
here is similar to that which takes place in the penta - 
grid converter. In the pentagrid converter, the local 
oscillator signal is produced by the first two grids of 
the tube, and the incoming signal (applied to #4 grid) 
is modulated by means of this local oscillator signal so 
as to produce the intermediate frequency. In wireless 
record players, however, the signal to be modulated is 
the oscillator signal (produced as explained above by 
connecting a tuned circuit to the #4 grid) and the 

modulation is accomplished by feeding the audio signal 
to the #1 grid. Both gride #2 and the screen grid 
(#3 and #5) are connected to B+. 

As a general rule a crystal pickup is used in wireless 
record players and, where the type 6A7 tube is used, 
the pickup is connected to the #1 grid. The output 
of these pickups is of the order of 1 volt or more, so 
that with average circuit conditions the percentage of 
modulation is fairly low. In order to prevent distor- 
tion as a result of non -linearity of the modulation, 
some designs do not apply the full value of the pickup 
output to the grid, but use a high value of series re- 
sistance to form a voltage divider. Where a volume 
control is used in the record player, this control ap- 
pears in the input circuit so that it is possible to con- 
trol the level of the audio signal which is fed to the 
modulator grid. 

General Service Notes 

The servicing of wireless record players is similar to 
that of radio receivers so that no special instructions 
are required. However, the following notes will be 
found helpful in dealing with the specific conditions 
which are enumerated below and which are peculiar to 
these record players. 

1. High Noise Level: A condition wherein the noise 
level is excessively high can generally be eliminated 
by coupling the record player more closely to the re- 
ceiver. As a result of the closer coupling, the signal 
input from the record player to the receiver is in- 
creased, so that the noise level is correspondingly de- 
creased. It is preferable, in coupling more closely to 
the receiver, to bring the antenna wire of the record 
player in close proximity to the lead-in of the receiver, 
rather than to extend the antenna of the record player 
in a random direction. In places where the noise level 
is especially high and it is difficult to find a clear chan- 
nel, it will be found helpful to wind several turns of 
the antenna wire around the lead-in of the receiver. 
In no case should a direct connection be made to the 
antenna post of the receiver. 

An alternative method of increasing the signal input 
to the receiver is to couple a wire to the tuned circuit 
of the record player through a 20-mmf condenser and 
to wrap several turns of this wire around the antenna 
lead in. 

In some cases it will be helpful to tune the receiver 
over the range of the record player as it may turn out 
that a more quiet channel is clear which can be used 
advantageously. The record player should be off 
while this check is made. If a more quiet channel is 
found, then the record player should be tuned to this 
frequency. 
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Hum: Reversing the line cord plug has been found 

of help in reducing hum and in some instances a fur- 

ther reduction of hum can be effected by using the 
same receptacle for both the record player and the 
receiver. Aside from the usual causes of hum such as 

defective filtering in the power supply, excessive hum 
may be caused by proximity of the pickup leads (or 

the leads in the tuned circuit) to the line cord or recti- 

fier leads. 
Distortion: Where distorted operation is encount- 

ered, a check should be made to determine whether the 
distortion is being introduced by the record player or 

by the receiver. It should be remembered that in the 

last analysis the quality of reproduction cari, at best, 

be equal to that of the receiver when it is operating on 

ordinary broadcast signals. This follows inasmuch as 

the entire receiver, and not just the audio section, is 

used to reproduce the signal. 
If the operation of the receiver is good on broadcast 

signals but the output is distorted when the record 

player is used, then the distortion is most likely in the 
record player. A probable cause of distortion is a de- 

fective oscillator -modulator tube and this should be 

replaced to see whether another tube makes any dif- 

ference. Other possible causes of distortion are a 

worn needle, defective crystal cartridge, or improper 

operating conditions. The actual cause of the distor- 

tion can be localized by following usual service pro- 

cedure. It should be noted that in some cases placing 

the record player too close to the radio may cause 

microphonic action to take place with resulting distor- 

tion. On records which are deeply cut, distortion may 

sometimes be encountered as a result of amplitude 

distortion. This can be eliminated by changing to 

a softer needle or by reducing the setting of the vol- 

ume control in order to feed a weaker signal to the 

modulating grid of the record player. The resulting 

decrease in volume which results can be compensated 

for by advancing the volume control setting in the 

radio receiver and, if necessary, by increasing the 

coupling between the wireless record player and the 

receiver in the manner previously described. In gen- 

eral, the volume control in the receiver should be ad- 

justed for the highest volume that will be required and 
the volume control in the record player should only 

be used for further control of volume. The quality of 

reproduction will generally be better when the volume 

control in the record player is not fully advanced. 

FACSIMILE RECEIVERS 
On Crosley pages 10-41 to 10-44 of Rider's Manual 

Volume X there are included service notes on the 

Crosley Models 118, 119 facsimile receivers. Al- 

though these service notes are complete in themselves, 

they assume that the reader understands the theory 
and operation of the vasic system. For this reason the 

following description of facsimile as used in the Cros - 

ley -Finch system will be of interest. 
As the name implies, facsimile transmission is the 

transmission of an exact copy of original material 
which may be composed of black and white characters 
of various shades of gray. This, of course, includes all 

printed material, line drawings, sketches, or photo- 

graphs. 
It is, therefore, necessary to prepare the copy which 

you desire to send by facsimile transmission. In the 
Crosley-Finch system, this represents the printing of 

copy on a sheet of plain white paper of the same size 

as is used in the Reado printer. Sketches or drawings 

are also made directly on this piece of paper, or may 

be pasted on as half -tone photographs usually are 
handled. It is essential that all characters of this copy 

be sharply defined, if best results are to be obtained. 

This copy is then fed through the scanning mechan- 

ism by means of a paper feed system practically iden- 

tical to the one used in the Reado Receiver. As the 

paper is fed through the machine at the rate of 1/100 

of an inch per second, it is scanned from left to right 

by a small, intensely bright point of light 1/100 of an 

inch in diameter. This light strikes either the charac- 

ters which are black or some shade of gray, or the 

white spaces between the characters, and reflects back 

off the copy on the plate of a photoelectric cell. Opti- 

cal lenses are used to obtain the small point of light 

from the 50 candle power 6 volt automobile headlamp, 

and a lens is also used to gather the reflected light 

from the copy and focus it on the plate of the photo- 

electric cell. The photoelectric cell emits electrons 

when light falls upon its plate, and these electrons 
form a small current which, as it flows through a very 

high value resistor, produces a voltage which regu- 

lates the amount of signal from a 2000 -cycle oscillator 

that will pass through the 1851 modulator tube. When 
the tiny point of light falls on black characters, most 

of the light is absorbed and very little is reflected; but 
when the light falls on white paper, most of the light is 

reflected, and in this way the photoelectric cell may 

differentiate between black and white. Shades of gray 

reflect light according to their degree of whiteness, 

and so they are also detected by the photoelectric cell. 

We, therefore, have obtained from the black and white 

characters on the paper small pulses of electrical waves 
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(2000 cycles) which are proportional in intensity to 
the blackness of the characters and proportional in 
time duration to the length of the particular black 
character scanned by the small spot of light on its 
journey from left to right on its narrow path of 
1/100" across the paper. 

Synchronizing 

Since even such small type as 6 or 8 point is from 
.040 to .060" in height, it is readily apparent that the 
small light spot from the scanner will have to make 
from four to six journeys from left to right to complete 
one line of type. In a like manner in the Reado 
printer the small stylus which travels from left to right 
across the recording paper is only 1/100" in diameter, 
and therefore must make the same number of journeys 
from left to right to print the same line of type. It is 
apparent, therefore, that both the spot of light and the 
recording stylus must move across the paper in perfect 
synchronism, if the characters are to be built up as 
they appear in the original copy. 

Various systems of synchronism have been used in 
facsimile. One of the simplest systems makes use of 
the fact that two synchronous motors running on the 
same power line will run exactly at the same speed, 
and therefore if both are started at the same instant, 
will remain together. However, if the scanner and 
printer are on separate power lines, serious distortion 
occurs since one or the other may be going faster or 
slower. In the Reado system, the printer is geared to 
run 2% faster than the scanner. It will, therefore, 
complete one journey from left to right and back from 
right to left in a shorter time than will the scanner. 
The stylus arm is then held over at the left side of the 
copy by slipping a clutch between the motor and the 
stylus arm. This clutch is released by a small pulse of 
500 cycles which is set up by the scanner just before 

it starts on the journey from left to right across the 
copy, thereby insuring that both the small spot of light 
and the stylus needle start on their journey in perfect 
synchronism. It is perfectly true since the recording 
stylus travels 2% faster than the small spot of light, 
it will arrive at the right side of the copy sooner than 
the spot of light, but this difference in speed is con- 
stant and so slight that no distortion is noticed. 

This, of course, means that the Reado printer will 
receive perfect transmission regardless of its power 
source and makes possible the transmission of fac- 
simile from a phonograph record, as the records have 
not only the small electrical impulses represented by 
the black and white characters but also the small pulse 
of 500 cycles which releases the clutch in the receiver 
impressed upon them. 

The simplicity of the Crosley Reado printer is due 
primarily to the ability of the Reado paper to turn 
black or some shade of gray as the small current 
emanating from the stylus point passes through this 
paper. This does away with expensive types of ink, 
chemically treated paper which must be used in a 
slightly moist condition, or carbon paper pressure re- 
cording systems. This white -coated electro -sensitive 
paper is a development of the Crosley laboratories. It 
is capable of reproducing some five or six shades of 
half -tone as well as sharp definite characters which, of 
course, is necessary in handling small type size. 

The paper feeds through the machine at the rate of 
1/100 inch per second, which means that three feet 
of copy should be received during an hour broadcast 
from stations using the Finch system of facsimile. 

Two small coils are mounted on the left side of the 
printer which actuate the small pawl to release the 
clutch, which makes possible the synchronization of 
the printer and scanner at the beginning of each 
stroke. 

SERVICING BY SIGNAL TRACING 
This business of radio servicing has been in ex- 

istence now for a good many years and the one subject 
that is of primary importance to every man actively 
connected with it is how a defective receiver should be 
tested or inspected in order that the fault may be 
found accurately, quickly, and easily, because unless 
the test be conducted so that these conditions are met, 
the chances are good that the serviceman will not show 
a reasonable profit on any one particular job. 

Ream after ream of paper has been covered describ- 
ing all manner of test procedures-some good-some 
fair-and others decidedly not so good. There have 
been advocates of one system or another and they 

apparently find one suited to their needs for they have 
built up a successful business. Yet when each and 
every one of these systems of testing be analyzed- 
taken apart to see upon what it is based, it will be 
found that there are almost as many bases as there 
are systems. Now to our way of thinking-and we 
feel sure that you will agree with our premise-there 
is just one way to test any machine or system-no 
matter what its variations may be-and that is to 
decide what is the essential factor that is responsible 
for the functioning of the system; then when that has 
been determined, to investigate its behavior as it 
progresses through the system and performs useful 
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work. All too often this thought of the power itself 

is sidetracked and because of some reason, a multitude 

of minor procedures come into practice that check the 

parts of the system but not the fundamental or driving 

force itself. 
For example, when a steam generating plant is 

tested, upon what are the observations made? The 

live steam itself-the moving force that performs 

work. If you were to look in at such a test, you would 

find the engineers reading gauges and thermometers, 

watching flow meters-inspecting the condition of the 

steam as it progresses through the system ... watch- 

ing the force itself, as it were. True, you would find 

men taking the temperature of the fire with a pyrom- 

eter-checks being made on the gases going up the 
flue with a CO2 analyzer-records made of the 

amounts of the coal and water being consumed-but 
these are only to calculate the overall efficiency of the 

installation-it is the steam itself that is the impor- 

tant factor. 
Now apply this same line of reasoning to the test- 

ing of a radio receiver-any receiver, mind you-old 
or new or yet to be designed-a-c or d -c operated- 
trf or superhet.... Just what is the one essential 

factor upon which the functioning of every radio re- 

ceiver ever built or ever to be built, is based? What 
is this common denominator of all receiving systems 

-the fundamental-the elemental? It is the signal 

itself. 
What is it that is superimposed upon the carrier 

wave? The signal. What is it that every condenser, 

resistor, transformer, tube or any other part in a re- 

ceiver works on? The signal. When you are called 

into a customer's home, you are wanted because the 

receiver is not functioning as it should and the signal 

has been affected in some way or other. Perhaps it 

has become distorted-perhaps hum is superimposed 
upon it-maybe there is a reduction in the sensitivity 
or a loss of control or maybe no signal at all... . 

Any way you approach it, the signal, and the signal 

alone, is the all-important factor. And this is what 

you as a serviceman must restore to its normal state. 

... No matter how you do it, it is your job to fix 

the trouble as easily and as quickly as you can. 

Diagnosis All -Important 

But before the signal can be brought back to 

normality, the condition or conditions causing the 

trouble-and they may be external as well as in the 

set itself, although the chances are that they will be 

the latter-must be discovered. And that brings us 

back to our starting point: the testing of the receiver 

-the diagnosis of the condition that is affecting the 

signal. You know as well as we do that it is the 

ability of a serviceman to diagnose trouble that makes 

him valuable to his business.... The locating of the 

fault is 90% of the whole job of bringing back the 

signal and if the time to do this great percentage can 

be reduced, even a few minutes, then that will auto- 

matically make for increased profits. 
And that is what we have been striving to do and it 

is our belief that we have found a way that you can 

localize the faulty condition in a receiver more quickly 

and more efficiently than it has been possible to do 

heretofore. 
First of all, if one method of finding out what is 

causing the signal's abnormality could be equally well 

applied to any type of receiver, matters would be 

simplified enormously. Furthermore, if this method 

could be applied to any new receiver as well as those 

now on the market, then it would be unnecessary to 

clutter up your mind with a thousand and one details. 

Now taking the premise that in every radio receiver 

essentially the identical things happen to the signal, 

a good start towards universality has been made. 

In general terms the signal in every receiver is de- 

tected, amplified at audio frequencies, and then the 

electrical energy is delivered to the actuating mecha- 

nism of a loud speaker. If the signal be amplified at 
radio frequencies before detection that still does not 

spoil the picture ... it is just an additional step- 
just as the introduction of avc or afc would be... . 

Also if a locally generated current be mixed with the 

signal before it is detected that is just one more step 

that does not detract from the main idea. Think in 

generalities and you will find nothing complicated. If 

you will look into the future a bit, you will see that 

unless the whole system of broadcasting be entirely 

changed-and there is little chance of that coming to 

pass-receivers of the future will have exactly the 

same features as those of today ... perhaps a few 

refinements and embellishments, but nothing to affect 

the main idea. It is just like the automobile industry: 

new models are introduced annually with knee action, 

improved brakes, balloon tires and what have you, 

but still the same old fundamentals are there-you 
have a motor in which the expanding gases push a 

piston down and that mechanical energy makes the 

rear wheels revolve. 

Signal Tracing 

Granting that all receivers are alike fundamentally 

in their action on the signal, some way had to be 

found whereby the signal could be inspected from the 

instant it enters the receiver at the antenna until it 

arrives at the output. Moreover if some practical way 

of doing this existed, it would make possible the locat- 

ing of the point at which the signal departed from 
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normal ... where it became distorted ... where it 
weakened or where something else happened to it. 
Yet no matter how desirable such a procedure might 
prove to be, with the equipment available to the 
serviceman such a method was out of the question. 
Therefore, in order to employ this signal -checking 
procedure, which we consider to be universally prac- 
tical, it was first necessary to develop some apparatus 
that would give the information required under actual 
operating conditions and without influencing the signal 
in its passage through the receiver. Moreover, theo- 
retical analysis of the problem showed that if such 
apparatus could be developed, it would not only local- 
ize the fault in some particular circuit, but it would 
also go a long way in tracking down the part that 
caused the signal to depart from its normal condition. 

Accessibility of Parts 
We then turned our attention to the physical side 

of the receivers themselves. Granting the signal -trac- 
ing system of testing to be the best, would it be pos- 
sible to get at the different points in the sets where 
connections would have to be made and what effect 
would such connections have not only on the readings 
but on the operation of the receiver? Schematics of 
all kinds were examined as well as the chassis of a 
large number of existing receivers.... Design engi- 
neers were consulted concerning the electrical and 
physical trends in the sets to come; what would be the 
result if the ideas of today were incorporated in the 
sets of tomorrow? All our findings were encouraging; 
the further we went, the firmer were our convictions 
that we were on the right track. As far as we were 
able to discover the parts in the new receivers were to 
be as accessible as possible in order to assure simple 
and economical maintenance. And it goes without 
saying that if the parts are easily reached, then the 
paths along which the signal flows will also be acces- 
sible. Furthermore, as our method offered no inter- 
ference with the receiver's operation, the complex 
interlocked circuits would not offer any problem in 
respect to its application. 

The problem was also considered from the point of 
view of the servicemen's technical capabilities in re- 
lation to the new design of receivers. It was clear that 
a new attack-a new method of approach was in order 
so that the trouble in a receiver could be diagnosed 
systematically, efficiently, and quickly. As our readers 
will admit, although receiver design has advanced 
with gigantic strides in the last few years, the service- 
man's methods of trouble localization might well be 
described as belonging to the Stone Age. It has been 
conceded that some new method must be devised if the 
service industry is going to survive by mastering the 

problems presented by the new receivers. We wish 
that you would think back over the last few months' 
work and remember the number of conditions that you 
were unable to check in late receivers or the number 
of things you had to assume-mainly because it was 
impossible for one reason or another to check them. 

Three Essentials 

With all these facts marshalled before us, we arrived 
at the conclusion that this signal -tracing method of 
testing required three major items in order to be ef- 
fective; it must have universal application, positive 
identification, and speedy operation. In no one of the 
methods in use up to the present time are these three 
factors incorporated and you can readily see that they 
are necessary for rapid and accurate work. Although 
the signal is really the basis of the system, yet its trac- 
ing through the receiver is the primary, but not the 
only test. It is supplemented by a voltage test which 
although secondary, plays an important part. The 
primary test locates the trouble in some certain por- 
tion of the receiver-sometimes the exact defective 
part. The supplementary test identifies the defective 
part in many cases-but in every case furnishes the 
required information. 

Now what must we be able to do in finding the 
portion of the receiver that is not functioning correctly 
and locating the faulty component? First we must 
be able to trace the passage of a signal entering the 
receiver through the antenna post throughout the 
various signal -current -carrying circuits, no matter if 
it be at radio frequency, intermediate frequency or 
audio frequency. Then the signal must be traced 
throughout the receiver without altering the constants 
of the circuits and as a consequence, impairing the 
operation of the receiver and so nullifying the observa- 
tions. Simultaneously, the operation of the receiver 
oscillator also is checked. The voltage tests must be 
of such a kind that they will take care of the operating 
voltages and also the control voltages that are deveI- 
oped by the signal. These voltage measurements can 
be made simultaneously with the observation of the 
signal and at points common to both the signal and 
the voltage. The measurement of the d -c voltages 
must be made with reasonable accuracy with respect 
to the true voltage present at the point under test 
without changing the constants of the circuit. 

It is our belief that you will agree that the different 
points outlined above would go far towards helping 
servicemen over many difficult spots, if it were pos- 
sible to perform the signal -tracing tests and make the 
various voltage measurements. And all this is pos- 
sible. 
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