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PREFACE
The aim of “Principles of Television Servicing” is to give to the student
as comprehensive a knowledge as possible before he embarks upon his
career and to present the information which will make this book his
constant companion once he has entered the television servicing field.
Much is required of the technician during the time he is studying, but
because of the many facets of the subject, periodic refreshing is required
throughout his years of active practice.
A basic knowledge of electronic circuits and a fundamental under
standing of tuned-radio-frequency and superheterodyne radio principles
are presumed of the reader. However, there is no requirement that he
have previous knowledge or practice in radio or television servicing.
This book has been planned to stress the following five points:
1. No circuit or television receiver can be considered obsolete for the
serviceman. Accordingly, the circuits here discussed cover both early
and late models and represent the types of receivers being brought in
daily to servicing shops.
2. Theory and mathematics should be reduced to a minimum in favor
of practical explanations. The tasks of installing, maintaining, trouble
shooting, and repairing are immeasurably clearer when the technician
understands the functions of the circuits on which he is working. An
effort has been made to present these explanations as simply as possible.
3. Oscilloscopic waveforms should be presented in the context in
which they actually occur and hence are shown associated with many of
the characteristic diagrams throughout this book. It is through an
understanding of these waveforms that the student’s insight into the
various circuits and their possible defects is developed.
4. The prospective serviceman should be introduced to some standard
testing equipment and procedures as soon as his knowledge of funda
mentals permits. By far the greatest amount of work can be done with
only three instruments: a vacuum-tube voltmeter, an oscilloscope, and an
alignment generator. Their use is stressed throughout many of the
chapters. Other instruments are presented and used as the need for them
arises.
5. All phases of standard television receiver servicing should be
included. Many technicians today are entering the television field with
out having been in radio servicing. Their knowledge of equipment is
limited and their experience with radio receivers is often only academic.
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As a special aid to these students attention is directed to the chapters on
radio-television combinations, turntables and record changers, and build
ing up a servicing business.
As a text “Principles of Television Servicing” is designed to follow a
methodology that is becoming widely used in the teaching of the subject.
This is the “unit system,” in which the various circuits of the television
receiver are divided into a number of functional sections. Some courses
follow the signal path from the input to the picture tube and loud-speaker,
while others prefer a different arrangement of the units in their presenta
tion. For both types of courses the instructor will find the material of
this book readily adaptable. In some cases he might find it advisable to
assign the later chapters on radios and test equipment for early study.
The block diagram has been used in a number of instances as a means of
general familiarization and an aid in the analysis of receiver faults. At
the conclusion of Chap. 3 and many following, trouble-shooting hints and
service suggestions are given on the material covered in the chapter.
This information should serve as a review, as a guide to the student’s
comprehension, and as an aid toward his early start in television servicing.
The time is long since passed when the technician can rely upon trans
mitted test patterns for receiver adjustments. In some areas stations
have their patterns on the air for only a brief interval before starting
their daily programs’. For this reason many pictures from actual pro
grams are used to show defects in both reception and receiver adjust
ments. Some test patterns are presented in cases where their use is
especially recommended and where they should be used if available. All
the program pictures and many test patterns presented here were photo
graphed directly “off the air” on a receiver purposely misadjusted to show
a particular trouble; in no case are these defects reflections upon the high
standards maintained by the stations from which the signals were
received.
The preparation of this work in its present form was possible only
because of the cooperation of the entire television-receiver industry.
Manufacturers, distributors, dealers, engineers, and servicemen con
tributed generously of their time, technical data, and advice. To all of
them the authors are deeply grateful.
Carter V. Rabinoff
Magdalena E. Wolbrecht
San Bernardino, Calif.
November, 1952
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INTRODUCTION
Today television is an integral part of the business and social life of
America. As it reaches out more and more into the smaller communities
of the land, an increasing number of people, both men and women, are
becoming associated with the technical problems of television and are
turning for their livelihood to the selling, installing, maintaining, and
servicing of receivers. Technically trained salesmen and servicemen are
often and justifiably looked upon with as much respect as the professional
members of the community. A good television serviceman has much to
offer the public and will always be in demand. In return, the television
servicing business has much to offer those who work in it. Its wide
variety of tasks opens doors of employment to many physically handi
capped persons who may be more limited or entirely restricted in other
fields of endeavor.
Recent years have witnessed the entry of thousands of young women
into technical studies. They realized for the first time their capabilities
in the communications field. Some have gone on to notable distinction
in television engineering. Many positions ai‘e opening to those women
who choose servicing as their career. Along with this preferred position
and standing for both men and women, however, is the responsibility of
having a well-founded technical background and the practical know-how.
The duties of a television serviceman are many and varied. His work
may start with the receiver at the time it leaves the factory or the factory
representative. His first contact with the customer is often made when
the set is purchased. Here servicemen having their own business often
act in the capacity of salesmen. Before the receiver leaves the store it
must be checked for good over-all reception. This might require realign
ment or at least preliminary readjustment before delivery. By far the
most important responsibility of the technician in the early contacts
with his customers is to assure them of complete and satisfactory receiver
installations. As the years pass by, the customers rely upon the service
man for proper maintenance and repair of their sets. It is during these
years that he builds up his business and personal reputation in the
community.
The question often arises as to whether or not it is necessary to learn
radio servicing before taking up television. The main points of differ
ence between radio and television will be found in the circuit functions
1
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and details. Electronically, television circuits are considerably more
precise in their functions than almost any of those in radio. Corres
pondingly, therefore, their adjustments are more critical. The high
frequencies of television and the attendant problems of circuit function
are only partially similar to those of FM radio receivers. The average
AM or FM set has approximately seven tubes in contrast to the 20, 25,
or more in the video receiver. Add to this the many AM-FM-phonograph-television combinations, all sections of which are interdependent
in their operation, and the possibilities of circuit failure or functional
trouble become manifold. Television courses which do not require a
previous knowledge of radio usually cover some radio theory either before
the study of television or concurrently with it. There are many who
suggest at least a basic knowledge of the fundamentals of electronics, and
the operating principles of the tuned-radio-frequency and superhetero
dyne receivers as a background before starting the study of television
servicing.
The characteristics of very-high and ultra-high frequencies (VHFUHF) by which television signals are broadcast are well known to the
communication engineer, but the pecularities and special properties of
these waves are often overlooked by the man in the servicing field. High
frequencies both outside and inside the receiver must be handled with
considerable care. Perhaps this is the first fact to be borne in mind by
every student starting out on a television servicing career. In most
cases television receivers require considerably more over-all amplification
for satisfactory reception than do either AM or FM receivers. This is
because the field strength of the television transmitter is generally much
less than that for the other types of broadcasting throughout the service
area and particularly in the so-called “fringe areas,” those regions beyond
the normal service area.
The bandwidth of the modulating signals on an AM carrier is only
5,000 cycles and for FM it is 15,000 cycles, but the video signal band is
well over 4 Me wide. Behind this fact lies the reason for transmitters
having to broadcast on very-high and ultra-high frequencies; it is the
reason for the special types of antennas, the wide-band amplifiers both
before and after the second detector, and the many precautions needed in
the design of the television receiver. In a word, this wide band of video
signals accounts for many of the major differences between radio and
television.
The television engineer’s interests and work lie along the lines of new
developments and improvements of the old. This is not the task of the
servicing technician. His problem is to locate trouble and to repair and
maintain existing television receivers. To do so quickly and efficiently
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is his chief concern. This is where his background in theory is coor
dinated with the practical applications. One must develop the ability
to diagnose the trouble from the symptoms. This can be done only by
thinking analytically and visualizing as much as possible the actions going
on in the circuit. There is a logical reason for everything, good or bad,
that happens in the set. With this reasoning it is possible to work toward
an objective and reach it in the least possible time. The student must
develop within himself the ability to analyze the problem before under
taking the search for the trouble. This analysis will aid greatly in localiz
ing the trouble, assist him to feel reasonably sure of himself and thus
acquire much needed confidence. His success in the field of television
servicing depends on it.

CHAPTER 1

A SURVEY OF COMMERCIAL RECEIVERS

1-1. Importance of a Market Survey. Television receivers in a wide
variety of sizes and styles are offered for sale to the public. Literally
hundred of models are in existence and many more are being designed
each year. On first observation this would appear to make the work of
the serviceman exceedingly difficult. In reality, however, this is not
necessarily the case, as a more detailed investigation will reveal. When
the student begins the study of television servicing and again when he
starts out in business, he will do well to acquaint himself in general with
the standard sets available on the market. If he is going to take on
the dealership for several of the manufacturers, he must decide on the
price classes and choose wisely the receivers having good engineering and
workmanship. Poorly made sets which come from an unreliable com
pany can ruin the reputation of the dealer and might even break him
financially in the long run.
For those who live in the larger cities, it is easy enough today to visit
the television department of five or six stores and view firsthand many
of the standard receivers. The sales literature of each should be studied
and compared one against the other. To the beginning student, a survey
of this type will prove most helpful in his study.
1-2. Television Trade Shows. A little time will be devoted to an
inspection of the representative types of receivers which have been and
are being sold on the commercial market. They are presented as they
might be seen on display at a television exhibition offered yearly in many
major cities. To these exhibitions or trade shows come engineers,
servicemen, sales personnel and others from all parts of the country to
keep themselves informed on the latest developments. It is a necessity
for all in the business. Each of the receivers chosen for this survey is
sufficiently different from the others to justify individual discussion and
study. Some of the receivers discussed here are no longer being sold
generally; but untold thousands of these sets are in use and will be the
problem of the technician for some years to come. It is for this reason
that the adage “ there is no such thing as an obsolete circuit for the
serviceman” is as true in television as it is in radio.
1-3. Receiver Classifications. The student will find that receivers
can be classified in several different ways. Perhaps the most common
4
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divisions are made by size of picture screen. This is essentially a non
technical grouping and is of equal interest to the technician and the lay
man. In this category receivers will be found from the small com
mercial sets having cathode-ray tubes with 7-in.-diameter screens, shown
in Figs. 1-1 and 1-2, to the large home projection receivers of Figs. 1-12
and 1-13 producing a picture 15 by 20 in. and the giant 30-in. directviewing tube having a picture 21 by 28 in. This is a wide range of picture
sizes and it demonstrates the versatility of television equipment and
engineering.
1-4. Direct-viewing and Projection Receivers. In the more technical
classifications, a division can be made between the direct-viewing receiver
and the projection models. The direct-viewing types are mainly those
in which the observer sees the image directly on the face of the cathode
ray tube. There are a few sets in use where the cathode-ray tube is
mounted vertically in the cabinet and the image is reflected from the
face of the tube by a flat mirror placed at a 45-deg angle in a tilted cover.
The projection models may also be divided into two groups. The
first type projects its image on the back side of a translucent screen and is
observed in front by the viewer. This is known as the refractive type
of viewing screen. The second style projects the picture on an opaque
screen, the same side of which is viewed. This is the technique used in
most movie theaters.
1-5. Types of Cathode-ray Tube Deflection. There is perhaps another
technical classification which may be made between receivers. It
relates to the type of deflection and method of focus employed by the
cathode-ray tube. Many of the smaller size tubes and a few of the larger
ones use electrostatic deflection and electrostatic focus. Most of the
medium and large tubes, however, have the electron beam swept across
the screen by deflecting coils. This is called electromagnetic deflection.
1-6. R-f Tuners. The Federal Communications Commission in
Washington, D.C., makes the rules and prescribes all regulations on tele
vision broadcasting. The allocation of frequencies for the various
stations in any one locality is so arranged that at the present time no two
stations in any one area are on adjacent channels. Twelve very-high
frequency (VHF) channels of 6 Me each are assigned between the fre
quencies of 54 and 21G Me. No more than seven commercial VHF
stations arc allocated in any service area. In view of this fact, some
manufacturers in the past have designed the tuning section of their
receivers so that they can be adjusted for only eight stations at any one
time. The majority of the sets, however, are either equipped with a
12-channel snap-switch tuner or are continuously tuned over the entire
range by means of a variable inductance or capacitance circuit. These
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are covered at length in Chaps. 5 and 14. A few late 1952 model sets and
more made thereafter will be found equipped with r-f tuners that also
receive television stations in the UIIF (470 to 890 Me) band.
1-7. Portable Receivers. Complete portability is achieved by Senti
nel Radio Corporation with the set shown in Fig. 1-1. This luggage
style receiver may be used with an adjustable indoor antenna placed
near the receiver or connected to a larger outdoor installation. A 7-in.
cathode-ray tube is employed that provides a picture approximately

J
Fig.
A portable luggage
type television receiver having a
7-in. picture tube and a 12-channel tuner. {Sentinel Radio Cor
poration.)

Fig. 1-2. A portable receiver equipped with de
tachable dipole antenna carried in cover. {Motor
ola, Inc.)

4J4 in. high and 5)^ in. wide. The chassis has a total of 21 tubes, including the cathode-ray tube, and is designed for a-c operation only. The
channel switch covers all twelve VHF bands and the entire unit weighs
approximately 36 lb.
The Motorola direct-viewing 7-in. portable of Fig. 1-2 is shown with an
adjustable antenna which is removed from the front cover and plugged
directly into the top of the cabinet. This design is reminiscent of many
portable radio receivers of an earlier day on which loop antennas were
mounted and rotated for best signal strength in exactly the same way.
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Close observation of the channel switch will reveal that there are only
eight positions on it.
1-8. Eight-position Channel Switch. In this model by Motorola,
channels 2 and 3 are grouped on the same switch position. Channels
4, 5, 6, and 7 are all separate, but 8 and 9, 10 and 11, and 12 and 13 are
grouped in the same manner as 2 and 3. Hence the customer is not able
to switch directly from one channel of a group to the other in the same
group. This does not mean that the receiver cannot be adjusted to any
channel desired. The tuner can be pre-set internally by the serviceman

Fig. 1-3. A fully constructed 19-tube receiver available in kit form.
Industries.)

(Elcctro-Technical

for all stations presently allocated by the FCC in any service area. The
adjustment of this tuner for the particular locality in which it is to be
used is one of the services to be given to the customer at the time the set
is purchased.
1-9. Television-receiver Kits. Many technically inclined men and
women first become acquainted with the functions of the television set by
building one of the many receiver kits commercially available. Shown
in its constructed form the Telekit chassis of Fig. 1-3 employs a total of
19 tubes including an 8-in. cathode-ray tube. Some units are equipped
with a 12-channel television tuner which also covers the FM band. Any
one of the standard kits that has been well engineered by the manufac
turer will be found relatively easy for the newcomer to construct from the

8
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instructions and layout drawings provided. In the absence of a formal
education the student is advised to build at least one television receiver
either from a kit or by purchasing the parts separately and following one of
the standard circuits. The experience gained from this practical work
will be found most valuable.
1-10. Push-button Tuning and Dual Focus. The Hallicrafters 10-in.
receiver of Fig. l-4a has several especially interesting features. This
company was one of the first to employ push-button tuning for each of the

(a)
(b)
Fig. 1-4. (a) A 10-inch full screen receiver with push-button tuning and having a special
circuit for enlarging the central portion of the picture.
(b) Left-hand scene as it normally appears on the receiver of Fig. 1-4 (a). The right-hand
picture is obtained by enlargement when the switch on the panel is changed to “circle.”
{The Hallicrafters Company.)

twelve channels and it represents a distinct departure from most r-f
tuners. Here the frequencies are changed from band to band by snapping
in condensers of different fixed values rather than changing coils or vary
ing the inductance as is done in other circuits. The “Dual-Focus”
feature shown in Fig. 1-46 was pioneered by Hallicrafters and has since
been incorporated in other circuits under different names. This is the
principle of having the smaller picture on the screen (left-hand picture of
Fig. 1-46) that shows all or most of the scene being transmitted but, when
desired, the central portion of the picture can be enlarged and thus the
illusion of a “close-up” can be obtained. To accomplish this, a switch
either on the front panel or wired to the observer’s chair is snapped and
the smaller picture will be expanded both horizontally and vertically simul
taneously to more than cover the entire circular screen. The scene
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will then appear as shown in the right-hand picture of Fig. 1-46. A
second flip of the switch will cause the picture to return to its normal size
with a broader field of vision.
1-11. All-plastic Cabinet. Each year sees not only new and outstand
ing developments in television design but also accomplishments in other
fields which may be associated with television. In Fig. 1-5 is shown one
of the first floor-model receivers in an
all-plastic cabinet that at the time of
its introduction was the largest onepiece commercial plastic molding of
any type made. This cabinet, devel
oped by the Admiral Corporation to
house their 10-in. cathode-ray tube
chassis, measures 32 in. in height and
is 17 in. wide. It is an interesting
sidelight to note that a completely
finished cabinet can be made every
min. by this process.
1-12. Expanded Screens. Atten
tion is directed to the shape of the
screen in Fig. 1-5. Known as the
expanded screen, it has become very
popular for receivers employing directviewing cathode-ray tubes. The ex
pansion is accomplished by extending
the mask in front of the tube to the
full usable diameter of the screen in Fig. 1-5. A floor model console receiver
the horizontal direction and slightly in all plastic cabinet. {Admiral Cor
poration.)
increasing the height to maintain the
correct 4 by 3 picture proportion. Since the scene being transmitted is a
4 by 3 rectangle, the extreme corners of the picture are lost to the viewer.
This represents, however, only a 3 per cent loss in each corner and because
the viewing screen is increased in area by approximately 38 per cent, it has
met with widespread acceptance.
1-13. Television Combinations. Many medium and large size television-AM-FM-radio-phonograph combinations are available for the
customer who wishes to have all four forms of entertainment in one
cabinet. The television section in these sets may have any one of the
standard size tubes for direct-vicwing or they may have a projection
system. A popular combination made by Admiral, which has a 12^-in.
cathode-ray tube and an expanded screen, is shown in Fig. 1-6. The
AM-FM radio is compactly designed with a three-speed phonograph and

I
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record-changer mounted on top. Provisions are made for playing the
conventional 78 rpm, the newer 7-in. 45 rpm, and the 33J4 rpm longplaying records. The entire unit is mounted on a “tilt-out” bracket
which comes forward when the door is opened. As is generally customary
in cabinets of this type, space is available for storing records in a com
partment below the radio. The loud-speaker is mounted underneath the
television section on the right

Fig. 1-6.
ation.)

A television-AM-FM-radio-phonograph combination set.

(Admiral Corpor-

1-14. Circular Viewing Screen. A revolutionary idea for the shape of
a viewing screen was introduced by the Zenith Corporation. Figure 1-7
shows one of their many models which employs the entire surface of the
cathode-ray tube. The purpose of this “giant-circle” design was to
utilize the largest number of square inches of viewing screen that the tube
has to offer. Since the picture being transmitted from the television sta
tion is a rectangle four units wide and three units high, in order to fill the
circular screen the picture must be expanded considerably in height.
The technique recommended by the manufacturer for proper adjustment
of the image is to increase the picture vertically until it touches the top
and bottom of the screen, and to expand it horizontally until the sides
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just pass the edges of the mask. The resultant effect is a picture exag
gerated in height, in which circles become ellipses and square objects
become slightly rectangular. In this respect the Zenith screen is not the
same as the dual-focus picture on the Hallicrafters of Fig. 1-4. Here the
scene is purposely distorted in the height giving a ratio of 1 to 1. With
dual focus, the proper proportion (3 by 4) is maintained even though the
picture is expanded. In spite of this unconventional shape a number of

____

il

55“

-

Fig. 1-7. Receiver using the full circular
screen of the picture tube. (Zenith Radio
Corporation.)

Fig. 1-8. Floor console receiver with a
16-inch metal tube and expanded screen.
(RCA.)

people have expressed the preference for the circular screen because of the
large viewing area. In some of the later models, Zenith too has incor
porated circuits which operate in a similar manner to the dual focus
control.
1-15. Metal-cone Cathode-ray Tube. As the size of the picture
becomes larger, there is less tendency for the manufacturers to depart
from the standard 3 by 4 ratio. Some sets employ a slightly extended
screen in the 16-in. models. This is true of the RCA receiver in Fig. 1-8.
Although cathode-ray tubes of a larger size existed before the 16-in., this
particular tube is important because it was the first commercial television
model having a metal-cone envelope. The main advantages of the metal
tube are physical strength and lighter weight.

12
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1-16. Hallicrafters Rectangular-tube Receiver. Since a large part of
the screen area cannot be used for receiving a standard picture on a cir
cular tube, manufacturers have redesigned the picture tube to have a
rectangular screen. The popularity of the rectangular cathode-ray tube
is due largely to the fact that it can be put into smaller cabinets. This
may be seen in the 16-in. table model of Fig. 1-9. These tubes are
especially economical in cabinet
height, as can be appreciated when
comparing it with the space needed
above the picture in Fig. 1-8.
1-17. Large Direct-viewing
Tube. One of the largest direct-

affirm.

Fig. 1-9. A 16-incl? table model receiver
with a rectangular picture tube. . {The
Hallicraflers Company.)

Fig. 1-10. The largest direct-viewing com
mercial receiver. This set employs a 30inch CRT. {Allen B. Du Mont Labora
tories, Inc.)

viewing cathode-ray tubes in standard receiver production is the 30-in.
model made by Du Mont. The set of Fig. 1-10 has one of these tubes. It
is a well-known fact that as the diameter of the screen becomes larger the
length of the cathode-ray tube must be correspondingly increased. This
is one of the practical limitations in its manufacture. The cabinet in
Fig. 1-8 housing the 16-in. tube is 24 in. deep while that of Fig. 1-10 is
approximately 40 in. This depth lends itself most readily for use in an
auditorium or club room where large groups of people may assemble. Of
especial interest in this receiver and all others made by Du Mont is the
r-f tuner. The unit is known as the Inputuner and is one of several con
tinuously variable r-f units which include all frequencies from the lowest
television channel to the highest in the VHF band. Since its range is from
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52 to 216 Me it is possible to use this tuner to cover the entire FM band as
well. This is done to make a television-FM-radio combination. To
assure accurate adjustment for each channel, a tuning eye shown on the
television dial is provided for both television and the radio.
1-18. Compact Projection Receiver. The demand for larger and
larger television pictures brought to the market a number of projection
type receivers. Sets operating on this principle may be classified in the
two ways previously mentioned:
models which project the image on
the back side of a translucent
screen and those which use the mo
tion picture method of an opaque
screen. For home receivers, the
major percentage employ the first
of these two systems. One of the
smallest projection sets is the Scott
in Fig. 1-11. The screen measures
• & * 9
12 in. high and 16 in. wide. When
not in use it folds down into the
cabinet which then is only 14 in.
high, 25 in. wide and 22^ in. deep.
The surprising compactness of the
Scott projection model is due to a
very small cathode-ray tube, 2^ in.
in diameter, and the optical unit
known as the Protelgram developed
by North American Phillips Com
pany. The cathode-ray tube lies
Fig. 1-11. A table model projection re
horizontally on the chassis and the ceiver. (Scott Radio Laboratories, Inc.)
image is reflected by two mirrors to
the back side of the translucent screen, This system is covered at length
in Chap. 11.
1-19. Projection-type Combination Receiver. The RCA receiver of
Fig. 1-12 is a projection model television-radio-phonograph combination.
The image is reflected from a mirror in the back of the cover to the 15- by
20-in. translucent screen. In sets of this type a 5-in. cathode-ray tube is
used which is mounted vertically behind the screen. Designed to look
like a chest having drawers and a cabinet when closed, the section on the
right houses an AM-FM radio and phonograph with record-changer.
When fully closed the screen drops down into the cabinet and is covered
over by the lid.
1-20. Micro-lens Screen. The last of the projection models designed

14
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Television projection receiver with radio and phonograph combination.

*

i

Fig. 1-13. ]Projection receiver with a beaded surface opaque screen in the tilted cover.
(PhUco Corporation.)
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for average home use to be considered is the Philco receiver in Fig.
1-13. This is one of the few sets made with an opaque screen. It is a
unique development of the Philco Company in that the viewing surface
is slightly curved which acts to concentrate the image brightness. It is
known as the Micro-Lens screen because of a special beaded surface and it
measures 15 by 20 in. Because the screen is mounted at a slanting angle
rather than vertically, the optical system for this receiver and the image
are subjected to a number of corrections and compensations between the
cathode-ray tube and the final picture. It should be clear, therefore, that
the serviceman must not only have a specific electronic training and
experience but a knowledge of fundamental optics as well.

REVIEW QUESTIONS
1. Why is it just as important for the television serviceman to understand older
circuits and sets as those in current production?
2. List several ways by which television receivers may be classified.
3. From the descriptions of the commercial receivers surveyed, list four different
types of r-f tuners.
4. What are the three shapes of television screens employed on direct-viewing
tubes ?
5. What are the ratios of the picture height-to-width as received on the different
television screens?
6. What are the two methods of projecting a television picture?
7. Explain what is meant by “dual focus.”
8. What forms of entertainment are available in television combination sets?
9. Explain why some receivers were designed to receive only eight stations even
though 12 channels are allocated in the VHF band.
10. What is the advantage of a rectangular cathode-ray tube?

CHAPTER 2

BASIC PRINCIPLES OF THE TELEVISION SYSTEM

2-1. Picture Elements. When a picture is viewed on the cathode-ray
tube, it appears to be a complete scene. Actually it is composed of
thousands of tiny light impulses following one by one so rapidly that the
illusion of a complete picture is created. These impulses or very small
areas of light are referred to as picture elements. When a moving scene is
televised, each part of that scene as it moves must be “photographed”
many times per second. A great many separate and complete pictures
are presented to the eye in such rapid succession with each one differing
slightly from that preceding it that the scene appears to be in motion.
2-2. Principal Sections of a Television System. Figure 2-1 is a block
diagram of the television system from the object as it is sent from the

Object
Light ^>C Camera —
i—g—iwave^-

7T
Sound
waves
Fig. 2-1.

JJ

Video
transmitter

Electromagnetic
’ waves
Cathode-ray

tube

Video
section of
receiver

Vt Light
Loud-

'LL .waves
Sound
waves

Audio
___ I
transmitter

Microphone
A simple block diagram of the television transmitting and receiving system,

transmitter to the observer at the receiver. The system is divided into
two main parts, the picture or video section and the sound or audio
section. In the video portion, light falls upon the object shown and
creates the original illuminated scene. The reflected light from the
object is picked up by the camera, sent through the system in the form of
electrical signals, transmitted out over the air as electromagnetic waves
to the receiver, and again made into electrical signals to create the picture
at the cathode-ray tube. At this point the light waves are released in the
manner that they were originally picked up by the camera. In the audio
portion of Fig. 2-1, sound waves are simultaneously picked up by the
microphone and converted into electrical signals to be sent out as radio
waves to produce the accompanying sound for the receiver. Figure 2-2
16
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shows the camera section of the television system. Three main functions
are performed here. The first function is that of a lens or other optical
system, which focuses the illuminated object onto the camera pickup tube.
The second is the transformation of light images into electron images; and
the third action is dissecting or breaking up the electron image into elec
trical picture elements that form the video signal. The camera pickup
tube performs these last two operations.
There are several types of camera tubes in use today. The best known
are the image dissector, the iconoscope, and the image-multiplierorthiconoscope commonly called the image orthicon. The last of these
is the most widely used'for both studio and remote telecasting and is
shown in the drawing of Fig. 2-2. The front part of this pickup tube

Object

i---------------------------------------------------------------------------------------------------- 1
I
I
I
I
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Scanning Electron
I
I
Photocathode ■sectioni* section ^gun
gun *
I
I
Lens
\
---- —I Jqr9e*
I
I
Video
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I
u
i
I
I
I
I
Image orthicon Xx
J
L_
'Scanning and
returning beams

;|Rlr

Fig. 2-2. Elementary outline drawing of the principal parts in an image orthicon tele
vision camera.

has a photosensitive plate called a photocathode. The light image from
the object passes through the camera lens and falls upon the photo
cathode. This light causes many parallel streams of electrons to be
released from the sensitive surface. These electrons travel to the second
plate, known as the target, which is located behind the photocathode.
As they strike the target they create an electron image at this point by
placing electrical charges of different intensities upon the plate. The
number of electrons received by the target is directly proportional to the
illumination falling upon the photocathode from the original object.
Now the electron image on the target is ready to be broken up into
picture elements and to be sent through the system as impulses, one at a
time. This is done by the method known as scanning, which may be
defined as the process of analyzing successively the light values of picture
elements that collectively make up the total picture area. More simply
explained, scanning may be likened to the manner in which a person’s
eyes move across a printed page while reading from left to right and
dropping downward at the end of each line.
The scanning section of the image orthicon is located in the back half
of the tube. An electron gun, which is that part of the pickup tube where
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electrons are emitted and focused into a beam, is situated in this section.
The beam formed by the gun is very small in diameter and is caused to
scan across the back side of the target area. As it moves rapidly through
this area the beam loses more or less electrons to the target, depending
upon the charge placed there by the light and dark parts of the original
image. This in turn varies the intensity of a returning beam, which
passes on these variations or modulated impulses to the section where the
signal will be amplified.
2-3. The Video Signal. In order to understand more clearly how a
picture signal is generated reference should now be made to Fig. 2-3.
Object
A
B

— ■ - *• Camera
section

_

h

rErtr roiT"

• Line
Lin A waveform

Fig. 2-3.
object.

k

Video signal

' ILine
inf

B waveform

The video signal waveforms as a result of scanning lines .4 and B of the checkered

As light falls upon the object shown here composed of black and white
squares the reflected light creates the image on the tube which in turn
results in an electron image being developed on the target. As the
electron beam scans once horizontally across the target area correspond
ing to the dotted line A of the object, a video signal is produced. The
word video is derived from the Latin meaning "I see.” This signal, as it
passes through the camera section, has the shape of the waveform shown
in the figure. Waveform B is the result of scanning a line on the target
corresponding to B on the object, and all succeeding lines follow in a pre
scribed sequence. These two lines will be studied as they progress
through the entire system. The video signal will be combined with other
signals before it is finally transmitted out over the air. To understand
the purpose of the additional signals better, attention is directed to the
screen of the television receiver.
2-4. The Functioning of the Cathode-ray Tube. In the cathode-ray
tube of Fig. 2-4a, an electron beam from the electron gun is continuously
scanning in the same manner as the beam in the camera tube. It is
necessary to have the same procedure for both the transmitter and
receiver in order that the picture elements be correctly placed on the
face of the tube. As the electrons bombard this surface or screen coated
with a fluorescent material, a tiny spot of light results, the brightness of
which is directly proportional to the number of electrons striking the
surface and their speed of travel. When the receiver is operating cor-
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rectly the beam starting at the left moves rapidly across the screen to
the right and returns even more rapidly to the left side. During this
return time of right to left, no picture elements are transmitted to the
screen. This is similar to the case of a person reading, in which the eyes
quickly return to the left of the page without picking up information
until a new line is started.
2-5. The Picture Raster. Figure 2-45 shows the face of the cathode
ray tube illuminated by a set of finely spaced horizontal lines. This
c.omplete set of lines is known as a raster. The lines are caused by the
scanning of the spot as it sweeps across the screen thousands of times per
Glass
faceplate
Metal
cone \
k

Focusing
coil.
■
Horiz and vert
Ion-trap
i < deflecting coils^x**^
magnets,
3

~
Electron
gun

"

Electron
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Glass
neck

End of ’
visible
scanning.
(a)

(b)

Fig. 2-4. (a) Outline drawing of a metal cathode-ray tube.
(b) A raster produced on the screen by the electron beam scanning the tube.

second. Actually, the spot traces 525 horizontal lines in J/30 sec. This
is the total number of lines for a standard television raster used to form
one complete picture of black-and-white reception. Thirty pictures are
sent per second, each having the same number of lines, so that in the
short interval of one second 15,750 traces are made across the face of
the cathode-ray tube. To gain a better appreciation of the speed of
the scanning spot, it is interesting to note that it travels at the rate of
approximately 12,200 mph in a 16-in. tube.
2-6. Synchronizing and Blanking Pulses. To be sure that each line of
information at the receiver starts and ends at the same time as the cor
responding lines of the camera, a special timing signal is needed. This
signal in the form of a short pulse is known as the synchronizing or sync
pulse. Even though this pulse comes at the end of each horizontal line,
it does not provide scanning. It only initiates the retraces of the beam
in the picture tube. How this is accomplished will be discussed after
the pulse reaches the receiver.
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Besides correctly timing the start of each line, it is also desirable to
extinguish the beam during the retrace. A horizontal blanking pulse
is transmitted for this purpose. While the electron beam in the picture
tube is returning from the bottom of the picture to the top, it is held in
control by a group of vertical-sync pulses and the spot is extinguished by a
vertical blanking pulse. Inasmuch as the combined vertical-sync and
blanking pulse is more complicated than its horizontal counterpart, its
discussion is deferred until Chap. 8.
When the horizontal-sync pulse is combined with or placed on top
of the horizontal blanking, the resultant waveform wall have the shape of
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Fig. 2-5. A sectional block diagram of the complete television transmitter showing the
various waveforms throughout the system.

the one shown at the output of the sync-pulse generator in Fig. 2-5.
The waveform of three complete synchronizing pulses will be used in
combination with a video signal as they progress through the entire
system. Now that the video signals and combined blanking and sync
pulses have been generated, they are sent to a common amplifier where
they are mixed. The resultant shape of these combined waves is shown
at the output of the mixing amplifier in Fig. 2-5. This is known as the
composite video signal. An r-f carrier is generated by a crystal-controlled
oscillator. This signal is sent through succeeding stages to be amplified
and to have its frequency multiplied. The composite video signal modu
lates the carrier at some point in the r-f amplifier of the transmitter; it is
shown as it emerges from this amplifier in Fig. 2-5.
2-7. The Side-band Filter. The composite video wave might have a
frequency range of 30 cycles to* approximately 4 Me. This range is 800
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times greater than the frequency range of the signals which are modulated
on the carrier of a standard broadcast transmitter. To add further to
the complexity of television broadcasting at the time of modulation, a
total bandwidth of 8 Me is produced as a result of the side-band fre
quencies resulting from the sum and difference of the video and the VIIF
carrier waves. The bandwidth extends from +4 Me to —4 Me, above
and below the carrier. Since the FCC has allocated a channel width of
only 6 Me in which both the video and audio carriers must be broadcast,
it is evident that a frequency range of 8 Me for the video signal alone
can not be transmitted. Accordingly,-the total video-carrier bandwidth
is purposely reduced to 5.5 Me. This is accomplished in some transmit
ters by passing the modulated carrier through what is called a vestigialside-band filter. This filter is found in the transmission line of the
antenna, following the final r-f amplifier. After the modulated video
carrier has passed through the filter, the carrier wave will have the same
general appearance as it did before part of the lower side band was
removed (see Fig. 2-5). The completed carrier, with its bandwidth of
5.5 Me, is now fed to the antenna to be radiated.
2-8. Television Sound Transmission. The generation of an audio
signal in television is identical to that of standard radio broadcasting. A
microphone is used to pick up the sound waves and convert them into
electrical impulses. The audio signals are then sent through a number
of stages to produce the waveform seen at the output of the amplifier in
Fig. 2-5. In standard radio broadcasting, the audio carrier is amplitude
modulated. The carrier frequency remains constant, and the audio sig
nal causes the amplitude of the carrier to vary. In television, the audio
carrier is frequency-modulated. Here the carrier amplitude is held con
stant while its frequency is varied by the audio signal. Briefly, this
means that the r-f signal from the oscillator of the transmitter is caused
to shift its position off the assigned or resting frequency in direct
relation to the amplitude and frequency of the sound actuating the micro
phone. The influence of the audio signal upon the r-f wave may be
seen by the waveform drawing at the output of the frequency-modulated
oscillator in Fig. 2-5. The FM signal is then sent through a series of r-f
amplifiers which also multiply the frequency by the process of doubling
and tripling, and the final VHF carrier is ready to be radiated into free
space simultaneously with the amplitude-modulated video carrier.
In some transmitters, both the audio and video carriers are radiated
from the same antenna. This is made possible by the use of a circuit
known as a diplexing unit. This unit is specially designed so that the two
signals may be fedvto a common radiator without interaction between
the two transmitters. The wave shapes of the two carriers remain

22

PRINCIPLES OF TELEVISION SERVICING

[Sec. 2-9

unaffected as they pass through the diplexing network on their way to
the antenna.
2-9. Receiving the Television Signals. At the receiver, the two car
riers from any one television station are picked up by a single antenna, as
seen in Fig. 2-6. Both signals are then sent through a common r-f
amplifier at the input of the set. In radio receivers where the super
heterodyne principle is used, an r-f oscillator generates a fixed fre
quency that beats with the single incoming wave to produce an inter
mediate frequency in the mixer stage. In television the same principle
is employed, but here the oscillator signal beats simultaneously with the
two incoming waves and produces two intermediate frequencies. These
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Fig. 2-6. A sectional block diagram of the complete television receiver showing the various
waveforms throughout the system.

two output signals are known as the video IF and audio IF, respectively.
In many receivers these signals are separated at the output of the mixer
stage and sent directly through their own i-f amplifiers. Reference to
Fig. 2-6 shows that the wave shapes of the video and audio IF’s maintain
their original appearances even though the frequencies have been changed
by the process of beating at the mixer stage.
After the picture signal passes through several i-f stages, it arrives at
the video detector, where the intermediate frequency is demodulated.
This detector performs the function of rectifying the signal (generally half
wave) and the high-frequency pulses of the carrier are filtered out. It
will be observed that the waveform at the output of the video detector in
Fig. 2-6 is the same as that of the composite signal at the output of the
mixing amplifier of Fig. 2-5. Before the video information reaches the
grid of the cathode-ray tube, it is amplified through one or more stages.
The bandwidth of these amplifiers should be such that they do not lose
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the high-frequency components of the wave. If the grid of the picture
tube is being modulated, it is essential that the final video signal at this
point have a negative polarity, as discussed in Chap. 6. When the signal
modulates the cathode-ray tube, the wave is converted back into picture
elements.
When a sufficiently large negative signal is applied to the grid of the
cathode-ray tube, the beam is momentarily cut off and the screen is
rendered dark. As the signal becomes less negative, the beam will
become stronger and create the brighter parts of the received picture.
Figure 2-7 shows an enlargement of the composite video signal as it is
applied to the grid of the cathode-ray tube. The most negative part of
the wave, p, is the sync pulse and the less negative point, s, is the top of
.White level
____

rb

Blanking pulse
(shoulder)

<
C

P

d

Black level'

--Sync pulse

Fig. 2-7. Composite video signal having negative picture phase as it would be applied to
the grid of a CRT.

the blanking pulse, referred to as the shoulder. The entire blanking
pulse is often called the pedestal. The negative portion between the
shoulder of the pedestal and the peak of the sync pulse is known as the
blacker-than-black region. Line ab is the least negative part of the signal
and represents the first white square of the original object; Cd is a very
negative portion of the signal and corresponds to the black square follow
ing. The brightest part of the picture, wave ab, is referred to as the white
level and the darkest portion of the wave, cd, is called the black level. In
Fig. 2-5, B represented one active line of the video signal which was
carried through the entire television system, where it now appears
between points a and e in Fig. 2-7. A brief study of this waveform will
reveal to the reader how the signal as it is applied to the grid of the
cathode-ray tube will cause the beam to vary from bright to dark and
then bright again. Thus, as the spot moves across the fluorescent screen,
the original scene composed of black and white squares will be reproduced
on the tube.
2-10. Horizontal- and Vertical-sweep Circuits. Earlier in this
chapter, the sync pulses were described as those which initiate the retrace
of the cathode-ray tube beam at the end of each line and at the bottom of
the picture. All synchronizing pulses arc fed to the picture tube and

I
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simultaneously are fed to a sync-separator circuit, sometimes called the
clipper, where they are prepared to perform their task of initiating the
retrace. These pulses are removed from the composite wave by the sync
separator in any stage from the video detector to the cathode-ray tube.
The waveform at the output of this circuit, shown in Fig. 2-6, is now
applied to a section of the receiver known as the sweep circuits, horizontal
and vertical.
The purpose of the horizontal sweep is to generate a voltage that is used
to deflect the electron beam from left to right along a horizontal line.
To make sure that the beam starts a new line at precisely the right moment
and thus is in synchronism with the beam in the camera tube, the sync
pulse, which is a timing voltage, is fed to
Start of
Start of
the
horizontal-sweep circuit at the end of
; second field
■ first field
each line of video. The purpose of the
vertical sweep is to generate a voltage that
is used to deflect the beam downward.
The complex vertical-sync pulse wave is
not shown at this time; however, the
entire waveform may be seen in Fig. 8-1.
This pulse is fed to the vertical-sweep
circuit for properly timing the beam at
End of
End of--'' •12 the bottom of the picture, and is so
second field
first field
designed that it will maintain control of
Fig. 2-8. The generation of a 13the horizontal scanning during the com
line interlaced raster showing the
active and the vertical retrace (in
plete vertical retrace.
active) lines of the first field and the
2-11. Producing an Interlaced Scan
start of the second field.
ning Pattern. Having arrived at this
point with the horizontal- and vertical-sync pulses, consideration will
be given to how a complete raster is formed by the beam and the
time it takes to form it. As was previously mentioned, the FCC estab
lished as a standard for black-and-white reception that 30 complete pic
tures, each having a total of 525 lines, shall be transmitted per second. It
would be rather difficult to illustrate clearly a raster of this many lines,
therefore for simplicity a hypothetical 13-line pattern will be considered.
In Fig. 2-8 the beam begins in the upper left-hand corner of the picture
at the point marked “Start of first field.” The solid lines indicate the
path of the beam during its active trace; during this time, the beam is
modulated with a video signal. When the spot reaches the right-hand
edge of the raster, it is extinguished and rapidly brought back to point
2 for the start of the next active trace. It will be noted that upon com
pletion of five lines, the beam has reached the bottom of the picture, skip
ping every other line, as indicated by the numbers on the right side of the
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drawing. Now the beam starts its upward travel from the point marked
“End of first field” to the top center marked “Start of second field.” In
this illustration, a total of one and one-half lines are used in getting
the beam back to the top to start scanning the picture again. During
the vertical-retrace time, the beam is extinguished and its path is shown
by the dashed line. The spot then continues from the top position and
scans the last half of line, 7, all of 8, 9, 10, 11, and the first half of 12, again
reaching the bottom upon completion of another five lines. One and onehalf lines are also used to bring the beam back to the start of the first field.
During all this scanning a total of ten lines were active and three inactive.
Ten were actually used to create the picture and three were needed for
vertical retrace. The spot covered the total picture area only once. The
effect, however, was as though the same picture had been scanned twice,
because it covered half the area the first time down and the other half the
second time.
The method just described of scanning alternate lines is known as
interlaced scanning. Each set of lines traced during one vertical sweep
is called a field, and the total number of lines that comprise the entire
picture area is known as a frame. All standard television pictures in
United States have a frame width-to-height ratio of 4 to 3. This is
termed the aspect ratio.
Extending the thought from the 13-line picture first described to the
standard one having 525 lines, it can be said that each field contains onehalf of 525 or 2G2)/£ lines and that it requires
sec to complete this
field. By the time the spot has covered all the lines in a given picture
(525), %o or
sec has passed. Since 30 frames per second is standard,
the total number of lines transmitted per second is 525 X 30, or 15,750.
From this it can be seen that the beam spends only 1/15,750 sec total
time for the trace and retrace of a single line in black-and-white picture
transmission; it also shows the exactness with which the picture is
transmitted and recreated on the screen of the cathode-ray tube.
2-12. The Sound Section of the Receiver. Now that the path of the
video signal has been followed to its completion, attention is directed
to the modulated audio carrier which was last mentioned at the output
of the mixer stage in Fig. 2-6. The wave shape of this signal has the
same general appearance as it had before passing through the mixer, and
the waveform remains essentially unaltered through the i-f stages.
Sometimes the carrier is affected by noise picked up during its travel
through space, at the input of the receiver, or in the succeeding circuits.
If such disturbances are picked up, they will cause the carrier to be
amplitude-modulated, resulting in peaks of the wave varying above and
below the constant-amplitude level set at the transmitter. A circuit
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known as a limiter will be found after the last audio i-f stage in most
receivers; its purpose is to remove amplitude variations exceeding a level
determined by the limiter. The waveform at the input of the audio i-f
stage in Fig. 2-6 shows the effect of noise “riding in” on the original
carrier. It will be observed that at the output of the limiter the wave
form is restored to the same general shape it had at the time it was
radiated at the transmitter. The modulated signal, now relatively free of
noise, is ready to be converted back to an audio wave.
The conversion of a frequency-modulated carrier to an audio signal
is accomplished by an FM detector, which may be of the type known as a
discriminator or which may be one of several similar circuits. A dis
cussion of the various sound detectors employed in modern television
receivers is given in Chap. 12. After emerging from the FM detector, as
can be seen in Fig. 2-6, the audio wave is amplified through one or more
stages of a conventional audio amplifier to provide sufficient energy to
operate a loud-speaker. The loud-speaker reconverts the audio signals
into sound waves corresponding to the original voice at the microphone of
the transmitter, thus completing the entire system.
REVIEW QUESTIONS

1. Explain briefly the process of scanning a raster.
2. Explain how an interlaced raster is formed.
3. What are retrace lines?
4. What would be a likely reason for retrace lines to appear on the screen of the
receiver?
5. Identify the type of modulation used in television for the audio carrier, the
video carrier.
6. Are there separate r-f inputs for the audio and video signals in a television
receiver? Explain.
7. In what way is the superheterodyne principle employed in television reception
different from that in radio.
8. Where in the television receiver does the composite video signal first appear?
9. When the video signal reaches the grid of the cathode-ray tube, what part
of it causes bright portions of a picture and what part renders the screen dark?
10. Explain briefly the purpose of (a) the horizontal-sweep circuit, (6) the vertical
sweep circuit.
11. Specify the frequencies of the vertical- and horizontal-sweep oscillators for
standard black-and-white transmission.
12. Explain the purpose of a limiter stage.
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CHAPTER 3

PRELIMINARY RECEIVER INVESTIGATION
The student of television servicing should start early in his studies to
obtain a practical knowledge of the receiver functions and operating
characteristics. It is advisable for him to have available any modern
receiver so that he may investigate its controls and observe the results
of their correct and incorrect adjust
ment. In its absence, however, I-----much practical information may be
acquired by carefully studying
technical illustrations and diagrams
of a number of well-known televi
sion sets. As the student pro
gresses in his studies, he will soon
learn that the television sets and
individual circuits of the many
receiver manufacturers have strik
ing similarities and many identical
functions. This will be found true
not only of the front-panel controls,
the rear-chassis controls, and the
procedures for removing the chassis
from the cabinet, but of almost
every functional section throughout
the entire receiver, from the tuner
and i-f stages to the picture tube
and loud-speaker. The different
Fig. 3-1. A 16-inch television console
receivers selected for the main receiver. (BOA.)
study throughout the following
chapters were chosen because they are the modern representatives of the
circuits with which the serviceman is working daily in the field.
The first receiver to be considered in detail is the 16-in. console pre
sented in Chap. 1 and again shown in Fig. 3-1. Two chassis views of
this receiver are given in Figs. 3-2a and b, and the drawings of Figs. 3-3a
and b identify the purposes of both the front and rear controls. The
entire schematic diagram may be seen in Fig. 20-6. Diagrams of separate
27
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(b)
Fig. 3-2. Chassis views of the 16-inch receiver of Fig. 3-1.
(a) Chassis with metal CRT in position.
(b) Chassis with metal CRT removed. {RCA.)
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sections of this receiver will be found in the various chapters dealing
specifically with those portions of the circuit. Many other television
receivers having similar functional circuits are compared and contrasted
with this set.
3-1. Screen Size and Area. Consideration might first be given to
the over-all area of the picture screen on the receiver of Fig. 3-1. The
outside diameter of the cathode-ray tube is 16 in., but because of its rim,
the actual usable diameter is 14}^ in. Since the screen is of the expanded
type, the maximum width of the picture is
in.t To maintain the
proper aspect ratio of 3 units high by 4 units wide, the picture height is
l()3lt in. This results in an over-all screen area of very nearly 145 sq in.
3-2. Receiver Controls. The average radio set has only two adjust
ments, the station selector and the on-off-volume control. Some tele
vision receivers have a minimum of four controls on the front panel while
others have as many as eight. Figure 3-3a shows that the receiver under
present discussion permits the viewer to make eight separate adjust
ments in front. These are known as operating controls. In the rear of an
average television set there may be as many as 14 nonoperating or pre-set
controls in the form of screwdriver and knob adjustments. Some are
located on the chassis itself, while others may be on the individual com
ponents. Such is the case shown in Fig. 3-35. All these are in addition
to the r-f and i-f tuning adjustments located both on top of and under the
chassis.
The first control to be located on the front panel is the power switch.
It is identified as off-on-sound volume. For ease of operation, the
controls in each location are manipulated by concentric knobs of different
diameters. The smaller one is identified by the letter I and the larger
one by the letter 0; these symbols stand for the inside and outside adjust
ments, respectively.
3-3. The 15,750-cycle Whistle. When the receiver has been turned
on and the raster formed, it is sometimes possible to hear a high-pitched
whistle coming from the set. Many people cannot hear this sound,
because the frequency is above the audibility range of their ears. This
high-pitched note of 15,750 cycles does not come from the loud-speaker.
It is sometimes heard as a result of the electron stream hitting the side of
the cathode-ray tube at the end of each scanned line. It might also come
from the scanning transformer or from other parts of the circuit which
cause the beam to trace. The 15,750-cycle whistle is not heard in all
receivers, and the tendency in manufacturing is to design the set to
eliminate it.
3-4. Raster Decay. Before investigating the next control, turn the
receiver off momentarily and observe that the raster will suddenly col-
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lapse, possibly into a straight line for a few seconds and then into a blurred
spot as it fades out. This is visible evidence of the electron beam’s cir
cular shape. Snap the switch back on, and the raster will again appear to
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Fig. 3-3. Identification of front and rear controls of chassis shown in Fig. 3-2.
(a) front controls (b) rear controls. (RCA.)

fill the screen. A properly oriented raster on an expanded screen is
shown in Fig. 3-4.
3-5. Television Channels and Station Allocations. The inside control
of the station-selector switch should now be turned to one of the twelve
channels for which the receiver is designed to operate. For example,
channel 4. An inspection of this knob reveals the channels are numbered
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A properly oriented raster on an expanded screen.
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Frequency allocations of the twelve VHF channels including FM and other

from 2 to 13. When originally assigned by the FCC, there were thirteen
channels. A short time later channel 1 was removed from television
service and those remaining were not renumbered.
Each commercial television channel is 6 Me wide. This makes it possi
ble to assign both the picture and audio transmitters of the television
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stations in the same channel. These two transmitters are always spaced
4.5 Me apart, the picture transmitter having the lower of the two fre
quencies. The pie chart of Fig. 3-5 gives this information in concise form
for all 12 existing channels in the VHF band and shows the relative posi
tion of the FM band. Note that the lower frequency group, channels 2

Table 3-1.

Number Designations

Channel
No.

Freq.,
Me

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

470-476
476-482
482-488
488-494
494-500
500-506
506-512
512-518
518-524
524-530
530-536
536-542
542-548
548-554
554-560
560-566
566-572
572-578
578-584
584-590
590-596
596-602
602-608
608-614

and Frequency Allocations for the 70 UHF
Channels

Freq.,
Me

Channel
No.

Freq.,

No.
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

614-620
620-626
626-632
632-638
638-644
644-650
650-656
656-662
662-668
668-674
674-680
680-686
686-692
692-698
698-704
704-710
710-716
716-722
722-728
728-734
734-740
740-746
746-752
752-758

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

758-764
764-770
770-776
776-782
782-788
788-794
794-800
800-806
806-812
812-818
818-824
824-830
830-836
836-842
842-848
848-854
854-860
860-866
866-872
872-878
878-884
884-890

Channel
|

Me

through 6, is between 54 and 88 Me, while the high-frequency group,
channels 7 through 13, is between 174 and 216 Me. Seventy ultrahighfrequency, UHF, television channels starting with number 14 and running
consecutively through 83 are allocated between 4/0 and 890 Me. These
channels and their frequencies arc given in Table 3-1.
The FCC standards further provide that the carrier frequency of the
video transmitter must always be located 1.25 Me above the low end of
the channel on which it is operating. The aural transmitter of the same
station is always located 0.25 Me from the top of the channel. Thus the
two transmitters are 4.5 Me apart.
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3-6. The Test Pattern. As previously suggested, let the channel
selector knob be set to 4. It will be presumed that a station is operating
on this channel and that all controls on the receiver are properly adjusted.
If the station is not broadcasting a program, it may be transmitting one
of several types of test patterns often put on the air to permit the service
men and the viewer to set the receiver for the correct image. Two of
these patterns are shown in Figs. 3-6a and b, representing a correct pic
ture for a standard and expanded screen, respectively. Considerable use
will be made of these patterns. For the present, any image will suffice to
further the investigation of the operating controls. Every student must
learn to observe a faulty picture and whenever possible determine from
its appearance the probable cause of trouble. It is a fact that a welltrained and experienced television technician can often localize as much
as 50 per cent of all the troubles by merely looking at the picture. The
quickest way to learn what happens when the controls are out of balance
is to throw each one off and carefully observe the effects.
3-7. Incorrectly Set Fine-tuning Control. The first injected trouble
might be that of having the fine-tuning control incorrectly set. Vary
this knob from one end of its rotation to the other. Note that the
picture will become less distinct, lose contrast, and perhaps, become less
stable. When the circuit diagram is studied later, in Chap. 5, it will be
learned that the fine-tuning control is a variable condenser in the local
oscillator. Of especial importance is the fact that this adjustment will
immediately cause the sound quality to deteriorate, perhaps even more
rapidly than the picture. The reason is very fundamental in circuits of
this type. The same oscillator is used to produce beat notes for both the
audio and video intermediate frequencies in the receiver. The audio i-f
stages are not as broadly tuned as those for the video, and consequently
when the oscillator is tuned off frequency, the sound will generally be
affected quickly and often become unintelligible. This is why most
television sets are tuned to the best sound by means of the fine-tuning
control. When this is done, the picture should also be satisfactory. The
exception to this line of reasoning is where the receiver employs an intercarrier-sound system. In this case the audio IF cannot be detuned by
adjusting the local oscillator, but the sound intensity will diminish with
loss of picture strength until it degenerates into a hiss. Hence, the
best sound may still be brought in by the fine-tuning knob. The control
should now be returned to the point of good audio signal.
3-8. Volume and Tone Controls. The two controls, sound volume
and tone, are identical in their functions with those of a radio set. It
will be observed, by turning each one over its entire range, that neither
has any effect upon the picture. A check of the schematic diagram will
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(b)
Fig. 3-6. (a-b) Correctly oriented test pattern when viewed on (a) rectangular and (b)
expanded screens. (.General Electric Company.)

show that they are situated just before the first audio stage and that
their actions are completely isolated from the picture channel in the set.
It is possible at times to increase the sound volume to such a point that
disturbances can be seen on the cathode-ray tube. This effect is due
entirely to the mechanical vibration which occurs when the loud-speaker
affects the video-amplifier tubes and creates microphonics.1 It must be
1 An electrical disturbance created by the physical vibration of the internal elec
trodes in one or more amplifier tubes.
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remembered that all noises, cither electrical or physical, in the picture am
plifiers will result in patterns or flashes of light on the screen. This fact has
given rise to the expression: “there is noise in the picture.” Excessive sound
interference will develop pronounced black bars displaced horizontally
across the picture as shown in Fig. 3-7. A pattern of this type can some
times be brought about also by incorrect adjustment of the fine-tuning
control. Most receivers are made relatively immune to disturbance of
the video tubes and audio vibrations through the use of rubber shock
mountings and of a proper physical layout of the component parts.

4

300 -------

Fig. 3-7.

Sound bars in received picture.

(Admiral Corporation.)

3-9. Brightness and Contrast Controls. Perhaps the controls which
cause the greatest controversy and have the least amount of agreement as
to their proper setting among laymen are the picture and brightness
adjustments. A novice learning to set the picture contrast and
brightness commonly has both of them too high; this results in a con
trasty, harsh image which loses a great deal of the detail in the scene.
This is often the case when the set is operating in a store where surround
ing illumination must be overcome. In the home, however, the receiver
can be properly placed with regard to light from windows and the illu
mination of the room can be controlled. The viewer should learn to
adjust the picture contrast and brightness to avoid eye strain and fatigue.
Figure 3-8 illustrates the effect upon the received picture when the
brightness is too high. While making this adjustment, observe that as
the brightness increases, the quality of the scene degenerates. Basically
the reason for this is that as the brightness control is increased, the spot

I
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Fig. 3-8.
high.

Loss of contrast and detail in picture as a result of

Fig. 3-9.

brightness

[Sec. 3-9

control set too

Weak picture as a result of the brightness control set too low.

which is tracing the picture becomes larger. Hence this spot cannot
reproduce the finest details. The situation is somewhat analogous to a
person attempting to draw a set of closely spaced fine lines with a stub
point fountain pen. Each line blurs into the one next to it, and detail is
lost.
From this discussion it may be concluded that when the brightness is
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down the quality of the image should be markedly improved because the
spot is very small. Observe that this is true by a close inspection of
Fig. 3-9 as compared to Fig. 3-8. The brightness control is simply a
variable bias for the cathode-ray tube. As the picture is made dimmer
by this adjustment, the tube is being set closer toward cutoff, with the
result that fewer electrons are permitted to reach the screen. In the last
analysis, the setting for brightness rests with the personal likes and dis
likes of the observer, but from a technical point of view it is a compromise
between too dim a picture with fine quality and one which is too bright
for comfortable viewing, with possibly somewhat less detail.

Fio. 3-10. Harsh picture and lost detail as a result of the contrast control set too high
(General Electric Company.)

Setting the picture contrast will also have a noticeable effect upon
the fineness of reproduction as well as the gradations of black and white.
High contrast produces a scene like that of Fig. 3-10. On first observa
tion this might be considered desirable since it certainly accentuates the
detail. The experienced viewer, however, soon learns that, when the
picture is too contrasty, many degrees of highlights and shades are com
pletely lost. While setting this control it is best to have an actual
program on the screen in order to evaluate the highlights and shadows.
If a test pattern is on, the central portion should be watched to see that
all gradations of the grays in it appear.
3-10. Interdependence of Controls. A little experience with either the
brightness or picture control will reveal that they are dependent upon
each other as far as their effect upon the image is concerned. The picture
contrast is obtained by increasing the gain of the video amplifier stages
in some receivers, while the r-f and i-f bias is shifted in others. In either
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case, the picture signal is increased in amplitude and the drive on the
grid of the cathode-ray tube is greater. The radioman is well aware of
the possible distortion in an audio amplifier if a strong signal appears at
the grid of a tube which is not sufficiently biased to prevent overdrive.
The same type of situation exists with the cathode-ray tube. Since the
brightness control, as previously mentioned, is a bias adjustment, a
strong video signal requires one position but the bias must be shifted for
a weaker signal. The condition illustrated in Fig. 3-11 is the result of a
bias not sufficiently negative for a contrast adjustment which is low.

Fig. 3-11.

Weak picture as a result of the

contrast

control set too low.

Note that the scene is “weak,” has little contrast, and, most important
of all, that a series of slanting white lines streak across the picture. These
are the vertical-retrace lines and are visible evidence of the spot as it
returns from the bottom of the picture to the top. When the signal is
stronger or the bias correctly adjusted for a weaker one, these lines
cannot be seen, because the cathode-ray tube will be driven to cutoff by
the signal during the return or retrace time. If, however, the brightness
control is set to a low bias point, the weak voltage cannot cut the tube off,
and these lines must necessarily remain visible. The student is advised
to adjust both the brightness and picture controls alternately and to
observe these various effects. The need for adjusting these particular
controls as the set is tuned from one station to another is considerably
reduced by automatic gain control used in many receivers now on the
market.
Before proceeding to the final operating controls, have the incoming
picture properly adjusted.
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3-11. Receiver Synchronizing. There are very few, if any, up-to-date
receivers in which horizontal and vertical hold are any longer a
problem in normal operating areas. In fact the synchronizing circuits
today are so effective that it is almost impossible to knock the picture out
of synchronism. This is substantially true even in the fringe areas where
the received energy is much less than the station’s primary service area,
and it speaks well for television’s engineering achievements. Notwith
standing this fact, it is essential that the operator and certainly the
student of servicing be informed of the effects upon the picture when
either of these controls is misadjusted. It is the purpose of the hold con-
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Fig. 3-12.
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Picture out of frame due to misadjusted vertical hold control.

trols to sec that the scanning circuits are adjusted to the point where the
previously mentioned sync pulses will control these circuits precisely at
all times.
3-12. Vertical-hold Control. In many sets the most noticeable effect
will be observed when the vertical hold is tuned. While this knob is
turned, at first very slowly, the picture will start “slipping” downward
or upward until it will have the appearance of Fig. 3-12. This condition
is similar to that of a motion-picture film which has gotten “out of frame.”
As the vertical-hold control is thrown further out of adjustment, the
number of frames which slip by becomes greater, until the scene is indis
tinguishable. Returning the knob to its original position will cause the
picture to “lock in” again. The best setting for this control is easily
found by the following procedure: Vary the control in one direction until
the picture starts to slip, perhaps downward. Now turn the knob in the
opposite direction until the picture just starts to slip upward; the average
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position between the two points of downward and upward slip can be
readily found with a little practice, and is generally the optimum setting.
3-13. The Effects of Loss of Interlace and Paired Lines. Too few
average viewers are aware of the improvement in picture quality that can
be affected by the vertical-hold adjustment. An incorrect setting of
this control generally results in loss of line interlace. This means that,
instead of a total of 525 lines for the picture, only one-half this number is
effectually being employed. This comes about when one set of lines falls
directly on top of the set above it because of unstable vertical hold. A

Fig. 3-13. Loss of interlace indicated by feather pattern on horizontal wedges in center
of the picture.

less serious condition is that of pairing, where the lines appear to be
grouped in pairs. Although the complete set of lines is visible, the picture
quality is somewhat less than when the interlace is correct. To observe
either a partial or a complete loss of interlacing, set the image in sharp
focus and very slowly adjust the vertical-hold control. View the
screen carefully and note the effect upon the lines. If one set is closer to
the other, to produce pairing, there will be a nonuniform spacing between
the lines. If the space between them is as wide as the line itself, the
interlace has been lost entirely. When the test pattern is on, it is often
possible to detect loss of interlacing immediately by the feather forma
tion or moire design which can be seen in both sets of horizontal wedges
in Fig. 3-13. It is, therefore, important for the viewer to learn to set the
vertical-hold control to a point where the spacing between horizontal
lines is at a minimum. Since the entire image is composed of a maximum
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of 525 lines, it is generally not possible to eliminate all line structure of
the raster.
3-14. Horizontal-hold Control. Several very ingenious circuits have
been developed to keep each horizontal-line scan accurately controlled
by the sync pulses. This was a necessity to prevent static and other
electrical disturbances from causing the picture to “tear out” in the
horizontal direction, a most annoying condition prevalent in some earlier
receivers. So well do most of these circuits function that, once adjusted,
the horizontal-hold control can often be varied over the entire range

Fig. 3-14.

Torn effect upon picture due to incorrectly set horizontal sync control,

and the picture will do little more than shift slightly from side to side.
When badly “torn” because of lack of control by the horizontal-sync
pulses, the picture will appear somewhat like that of Fig. 3-14. To
obtain this effect the horizontal-hold knob should first be turned to
the maximum in either direction. In this receiver and many others the
picture may not “tear out” if the incoming carrier is at least moderately
strong. Now vary the fine-tuning control. In most cases this will
weaken the signal to a point where the sync pulses can no longer hold.
Again it can be seen that the proper adjustments of a receiver are often
dependent upon the correct positioning of several controls as well as on
the strength of the signal being received. If the horizontal hold still
cannot be made to lose sync, as a final resort have the hold control in
the full counterclockwise setting and momentarily turn the station
selector switch to an off-channel position. 'Phen reset it for the station.
By so doing, the circuit is so unbalanced that it will slip out of the hold
position. A slight turn of the hold control will restore the picture.
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Although the following suggestions are not applicable to the receiver
now being discussed, there are many sets to which they may be applied.
As an additional means for setting the vertical- or horizontal-hold
controls to their most stable positions, first turn down the picture con
trast to the lowest or weakest point that still gives an image. Now adjust
both controls until the picture is “locked in.” This is the most sensitive
point, since it is assumed that they will hold when the contrast, that is, the
signal strength, is increased to a stronger point. This technique may be
used in all receivers where the sync pulses are also controlled by the

Fig. 3-15.

Loss of detail due to incorrectly set focus control.

contrast adjustment. A study of the schematic diagram of this set in
Fig. 20-6 will show that the pulses are removed in the grid of the second
video amplifier. Hence, the picture contrast control, which is on the
plate side of the tube, cannot affect the amplitude of the sync signals.
3-15. Focus Control. It is worth while to note that receivers of other
makes and models may have slightly different controls on the front panel.
For example, the Admiral combination to be considered later is identical in
all but one respect. Instead of a tone control in conjunction with the
audio system, this knob is a focus control for the cathode-ray tube. The
effect upon the picture is well known to everyone and Fig. 3-15 is selfexplanatory. Electrically, focusing is accomplished by one of several
means, depending on the cathode-ray tube employed in the set. It may
be done by controlling the amount of current in a focusing coil around the
neck of the tube (see Fig. 2-4) or by varying the voltage on the focusing
anode inside. It will be recalled, however, that advanced brightness or
weak signal might make the picture appear to be somewhat out of focus.
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This brief discussion of the operating controls on the receiver of the
type shown in Fig. 3-1 will suffice for a preliminary investigation. Each
of these circuits must be studied from the standpoint of its electronic
function in relation to the entire diagram. This will be done in a number
of the following chapters.
3-16. Common Image Defects from External Causes. Under a special
heading known as image defects from external causes are such effects
as disturbances due to automobile ignition, interference from diathermy
machines, neon signs, FM, amateur radio stations, and multiple images

Fio. 3-16. Intermittent flashes across the picture caused by arcing electric motors and
automobile ignition systems.

created by reflected signals from the transmitter. The last of these is
known as a ghost image. Each of these troubles can be eliminated or at
least lessened in some degree by methods described in the chapters on
antennas and TVI.
Automobile-ignition interference is a very common disturbance of
the image. It is temporary and usually can be heard at the same time in
the loud-speaker. The picture for a brief time will have bright flashes or
short black streaks horizontally displaced at random across it, as seen in
Fig. 3-16. They will disappear as soon as the automobile causing the
disturbance has passed out of receiving range. If a condition like this
exists more or less continuously and is not caused by an automobile, one
can suspect electrical arcing noises such as those caused by elevator
contactors, sign flashers, and electric motors.
Disturbances caused by diathermy machines or other devices radiating
r-f energy are readily recognized by the fine weave which is created in
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the picture. Interference from FM stations will cause this weave to
appear over the entire screen. Figure 3-17 illustrates this characteristic
pattern of diathermy equipment. For any of these conditions, no effect

4^

a
Fig. 3-17.
Company.)

Interference pattern produced by diathermy apparatus.

(General Electric

II

Fig. 3-18. Double pattern (ghost image) as a result of signals being received over multiple
paths. (General Electric Company.)

will be noticed in the loud-speaker, because the frequencies are not in the
audio range.
The ghost image shown in Fig. 3-18 is a result of the arrival at the
cathode-ray tube of several signals with the same information at slightly
different times. The most common cause of this trouble is the reception
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of the signal from the transmitter over more than one path, Television
radiation is often reflected from tall buildings and mountains, When the
wave comes directly from the station, the first image is produced, The
second image, or ghost, appears when the delayed signal arrives over the
longer, reflected path. Other reflections, when they exist, will cause
third and fourth patterns. Collectively they will tend to destroy the
entire picture. Ghosts may also be the result of an improperly installed
antenna and transmission-line system, but this condition is readily recti
fied, as explained in Chap 18.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

The trouble-shooting hints and service suggestions given at the end of this and
many of the following chapters are based upon faults that occur as a result of
circuit or component defects. They are presented here as a guide to the reader’s
progress in his study and as an aid toward an early start in television servicing.
Simple analysis of the observed defect or symptom will often save hours of search
ing for the trouble. It is well to remember that, in electrical circuits, the trouble
almost always is with a single component rather than with a combination of
things.
Defect. Defective on-off Switch and volume Control
Symptoms: 1. Power switch becomes inoperative, set won’t turn on, or, if running,
will not turn off.
2. Noise heard as volume is adjusted.
3. No change in sound as control is varied.
Defect. Defective Fine-tuning Control
Symptoms: 1. Picture weak or of poor quality.
2. Sound distorted.
3. Picture unstable.
Defect. Defective brightness Control
Symptoms: 1. Exceedingly bright raster, uncontrollable.
2. Loss of picture quality.
Defect, contrast Control Defective
Symptoms: 1. No control of dark and light gradations in picture.
2. Poor picture quality or weak signal.
Defect, vertical-hold Control Misadjusted
Symptoms: 1. Picture slips up or down.
2. Picture rolls rapidly.
3. Lines lose interlace or pair.
Defect, horizontal-hold Control Misadj listed
Symptoms: I. Picture tears out in horizontal direction.
2. Scene jitters from side to side.
3. Picture fails to synchronize.
Defect, focus Control Defective
Symptom: 1. No control on sharpness of picture detail.
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Defect. Some Externally Caused Image Defects
Symptoms: 1. Ghosts: Reflected signals arriving at antenna, improper installation
of antenna or lead-in.
2. Intermittent flashes: Unfiltered household appliances, automobile
ignition being received, industrial machinery.

REVIEW QUESTIONS

1. List eight operating controls often found at the front end of a television-receiver
chassis.
2. Describe what happens to the picture and sound in a receiver employing inde
pendent i-f stages when the fine-tuning control is incorrectly set.
3. What happens to the sound quality of an intercarrier-sound receiver when the
fine-tuning control is improperly set?
4. Describe a picture that is being interfered with by a strong sound signal.
5. Describe the effect of having the brightness of a picture in a receiver too high.
6. What control varies the gradations of black and white in a television picture?
7. Describe a method of finding the optimum setting for the vertical-hold
control.
8. Discuss how one control can affect the proper setting of another in a television
receiver.
9. Tell briefly how a ghost image is formed on a television screen.
10. List some external causes that produce defects in the received picture.

CHAPTER 4
ADJUSTING THE PRE-SET CONTROLS
4-1. The Problem of Many Controls. The average user’s knowledge
of television-receiver adjustments is limited entirely to the operating
controls discussed in the previous chapter. Manufacturers do not wish
the viewer to make further adjustments and, for this reason, all other
controls of the so-called nonoperating or pre-set type are either on the back
of the chassis or inside the cabinet. This procedure is wise for several
reasons. Nontechnical persons become uneasy at the sight of many
knobs, and sales resistance is immediately built up. Their apprehen
sion is, to be sure, not entirely without foundation. Most people will do
a very unsatisfactory job of adjusting a set which has multiple controls.
In the earlier days of radio, receivers had numerous dials that made it
inconvenient at best for the listener to tune. Radio’s popularity was
greatly increased when circuits were developed to employ single tuning
knobs. Makers of television sets are well aware of this fact and have
made every effort to simplify the work of the viewer.
There is also the problem of the untrained person getting the receiver
badly out of adjustment and not being able to put it back into working
order. The serviceman, on the other hand, must know the purpose, func
tion, and effect of each of the pre-set controls as well as he knows those
available to the layman.
The technician can adjust the pre-set controls on most television receiv
ers without removing the chassis from the cabinet. However, since its
removal is an important step to be learned, it can be done at this point,
and the student will have an opportunity to see the relationship of the
component parts on the television chassis. Great care should be taken in
handling the chassis both while it is being removed from the cabinet and
after it is on the work bench. This is particularly true when one is
operating the receiver unprotected. It must be remembered that
cathode-ray tubes have from 2,000 to 30,000 volts on their high-voltage
anode. Although this voltage can be dangerous and must be approached
with caution, all set manufacturers make an effort to limit the current to a
safe value and to protect the circuits with the proper insulation.
4-2. Removing the Cathode-ray Tube. To remove the chassis from
the cabinet of the type of receiver shown in Fig. 3-1, the cathode-ray tube
47
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must be taken out through the front panel, as illustrated in Fig. 4-1.
In many television sets, the picture tube is rigidly fastened to the chassis
and slides out as an integral part of it when it is taken out from the back of
the cabinet. In others, the cathode-ray tube is permanently fastened
to the top of the cabinet and remains in place as the chassis is slid out
from underneath it. Before any disassembling of the receiver is attempted,
turn off the power switch, pull the plug from the a-c line, and remove the
antenna lead-in. Next, the back grill on the cabinet must be taken off
and all the control knobs removed. Very few knobs are fastened with
set screws in modern receivers. They are almost all slipped on and held

Fig. 4-1.
(Z?CA.)

A method of removing the cathode-ray tube from one type of television receiver.

in place with a spring clip. A firm steady pull is all that is necessary
to remove them from the ends of the shafts. Never pry them loose with a
screwdriver; they can be easily broken and the cabinet marred. Take
care to preserve the fibre or felt washers generally found behind the knobs.
Note how they are placed with respect to the controls, so that the parts
can be properly reassembled. All screws, knobs and small pieces of
hardware taken off during this operation should be kept in a small box or
tray to prevent their being misplaced.
Manufacturers sometimes provide special dismantling instructions for
the serviceman, but he soon learns that this procedure is essentially the
same for all. In Fig. 4-1 the front panel is removed by reaching inside
the cabinet from the back, loosening two wing nuts, and turning two
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locking bars which hold the panel to the cabinet. The front frame and
mask will then swing out from the top and may be readily taken off at
the bottom.
The socket on the base of the cathode-ray tube should be disconnected
by slowly working it loose from the tube pins. The ion trap can then be
slipped off with ease. While doing so, observe that this trap is composed
of two ring magnets, one larger than the other. The larger magnet must
be toward the base of the tube when remounting. Other receivers will
be found to have single ring magnets or magnets which clip onto the side
of the cathode-ray tube neck. The latter are illustrated in Figs. 7-15
and 7-18.
The cathode-ray tube is now ready to be removed from the cabinet.
Again referring to Fig. 4-1, observe that the person handling the tube is
equipped with shatterproof goggles and a pair of gloves. This is a wise
precaution whenever a cathode-ray tube is installed, removed, or handled
in any manner whatsoever. One does not generally realize that, because
of the high vacuum inside the tube, the atmosphere is actually exerting
tons of pressure upon the tube’s surface. When a large picture tube
implodes because of this extreme outside pressure, thousands of glass
slivers and many heavier pieces may be thrown in all directions. They
can penetrate-deeply into the skin and may strike the eyes.
4-3. Protecting the Picture Tube When Removed. A slow, steady
pull forward will bring the cathode-ray tube out of the cabinet, and the
neck will slide from the bracket that holds the deflecting yoke and focus
ing coil. While handling the tube, care should be taken to hold it by the
outside edges of the screen. This prevents the face from being smudged
with finger marks which would have to be removed before reassembling.
In some cases high-voltage leaks are produced on the glass surface if it is
dirty. When the tube has been taken from the cabinet, it should be
carefully placed on its side on a soft pad away from possible damage and
where it cannot roll. It is not good practice to stand the tube up on its
face because of the possibility of scratching the surface. If the original
shipping carton for the cathode-ray tube is still available, this is by far
the best place to store it in when it is not in the receiver. Do not remove
the plastic boot or sheath from the metal cone of the tube, since it is the
only insulation for this part. By keeping the boot on, it will not be
forgotten when the tube is replaced.
4-4. Removing the Chassis. The chassis itself may now be taken out
of the cabinet. Remove the chassis bolts (in this case six) from under
the floor board, disconnect the plug going to the loud-speaker in a com
partment below, and take off the cabinet interlock switch in back. Not
all receivers employ this switch. Some protect the technician by break-
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ing the a-c line-cord circuit when the back grill is removed. Still other
sets make no provision in this regard. Slide the chassis straight back,
being careful not to lift or twist it until the control shafts have cleared
the holes in front. Note that the weight is not uniformly distributed
and that the chassis should be grasped firmly on both sides when it is
lifted to a bench. Figure 4-2 shows the chassis as it appears when
removed from the cabinet. For all the following work it should stand
on its side, with the high-voltage transformer downward on the bench.

Fig. 4-2.

Receiver chassis in position on work bench for servicing.

In this position, all adjustments, both on the back of the chassis and
inside, will be readily accessible for investigation. The cathode-ray
tube must never be put into a chassis unless the main part of the bulb is
well supported. Tubes of this type cannot hold up their own weight by
the small-diameter neck. A suitable mounting for picture tubes that
are not rigidly fastened to the chassis is illustrated in Fig. 4-3.
4-5. Substituting a Less Hazardous Cathode-ray Tube. The process
of replacing the cathode-ray tube in the chassis is essentially the reverse
of that for removing it. But before taking up this discussion, a valuable
suggestion can be made. As already mentioned, the 16AP4 cathode-ray
tube has a metal cone which constitutes the high-voltage anode and to
which 12,000 volts is connected. Even though the plastic boot offers a
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certain amount of protection against contact with this anode, it is not to
be relied upon. A better solution is available to the technician. The
16AP4 metal tube can be directly replaced by the 10BP4 all-glass cathode
ray tube. The only change needed, other than the tube, is a different
ion trap and an inexpensive high-voltage connector plug for the second
anode. For the practicing serviceman, the investment of these extra
parts is a safety measure well worth considering. Wherever possible,
then, use the 10-in. glass tube on .
the service bench rather than the
16-in. metal tube. In the absence
of another tube, simply proceed
with a little extra caution.
4-6. Preparing a Chassis for
Operation on the Bench. When
replacing the cathode-ray tube
into a chassis that is lying on its
side, turn the tube so that the key
on its base is toward the chassis
and insert the neck through the
deflection and focus coils. Never
force the tube. If it sticks or for
one reason or another does not
slide through the coils smoothly,
again remove the tube and inves
tigate the trouble. When it is in Fig. 4-3. A method of blocking the cathode
ray tube to support it when operating the
place, the ion trap is then slipped chassis on the work bench.
over the neck and the base socket
can be put on. It will be recalled that the large magnet on the ion trap
was toward the back. Note also that the ion traps for the 16AP4 and
10BP4 are not interchangeable. Care should be taken to employ the cor
rect trap with the tube being used. For the 16-in. size, the correct ion
trap measures % in. between magnet centers.
It is important to mount this trap properly, or no picture will appear
on the screen. Reference should be made to the outline drawing of the
cathode-ray tube neck in Fig. 4-4. The electron gun, as seen through
the glass, will be found to have two small metal tabs welded on the second
element from the bottom end. These tabs, known as Jlags, serve as a
guide for the proper placement of the ion trap. The poles of the large
magnet should be approximately over the flags when the trap is slipped
on. The exact placement will be determined when the set is running.
With the tube and chassis reassembled, plug in the loud-speaker, and
make the antenna and power connections. For speed in servicing, it is
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advisable to have a duplicate loud-speaker mounted permanently on the
bench. This will eliminate the need for removing the one in the cabinet.
If no second speaker is available, loosen the screws holding the one in the
lower compartment, place it on the bench with the chassis, and reconnect
it. If the 10BP4 cathode-ray tube is used instead of the 16AP4, con
nect a piece of heavily insulated wire from the high-voltage terminal
near the front of the chassis to the special plug, and put the plug into the
socket on the side of the glass bulb.
Since the operation of the receiver
is identical with either tube, this
discussion will proceed on the as
Fig. 4-4. Metal tabs or flags on CRT gun
sumption that a 16-in. tube is in
used for positioning the ion trap. (2?CA.)
the circuit.
4-7. Adjusting the Ion Trap. When all is ready, replace the control
knobs on their shafts. Push in the bar on the cabinet interlock switch
and devise some means for holding it closed against the action of the
spring. Now turn on the receiver with the power switch. Have the
picture control in a counterclockwise direction and the brightness set
to maximum in a full clockwise position. After a short warm-up period
the ion trap can be set for maximum picture brightness. The location
of the trap was only approximately correct when it was slipped on the
neck of the tube. Set the brightness control on the front panel not
over halfway up. While watching the screen, move the magnet slowly
backward and forward, rotating it slightly at the same time. Some
position will be found which will give the brightest raster with this
setting. When this point is located, reduce the brightness control to
about average intensity and readjust the ion trap to give the brightest
screen. Once set in correct position, this trap needs no further adjust
ment. The receiver may now be tuned to a television station. Since
none of the back controls has as yet been touched, the picture should be
brought in satisfactorily with the front-panel adjustments.
4-8. Locating the Pre-set Controls. The rear view of the chassis,
as seen in Fig. 4-5, enables one to locate the pre-set adjustments. Of
the 14 nonoperating controls, the first is the ion trap just mentioned.
Some controls have knurled thumbscrews which can be turned easily
with the fingers while others are screwdriver adjustments. Although
several do not appear on the chassis when seen from the rear, their exact
position will be given when they are discussed. This particular receiver
uses one of the few circuits employing both mechanical and electrical
means for centering the raster on the screen. Cathode-ray tubes which
use a focusing coil commonly have it mounted on a three- or four-spring
suspension, and the positioning of the picture—vertically or horizon-:
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tally—is accomplished by tightening some of the mounting screws and
loosening others. The three-spring arrangement for this set can be seen
in Fig. 4-6.
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4-9. Centering the Raster. Since both types of centering are avail
able in this set, it will be necessary to investigate their actions together.
By means of a screwdriver, slowly tighten one of the upper centering
screws on the focusing coil. While doing so, observe the pattern or
picture being received. Note that the raster shifts on the screen. In
some cases it may move both in the horizontal and vertical directions at
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__________

MOUNTING
screw

Deflection yoke and focus coil adjustments around the neck of the CRT.

the same time, so that it goes diagonally. It will also be noted that,
because the receiver is not in the cabinet and consequently has no mask,
it is not possible to make the final adjustment. This will have to be done
when the set is completely assembled. Figure 4-7 illustrates the condi-
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tion of having the focus coil out of alignment. If the coil is not too far
off center, the raster can be repositioned by turning the horizontal- and
vertical-centering controls in the lower right-hand side of the chassis.
Now adjust each one of these and observe that the image can be shifted
up or down and from side to side. Swing each of the controls from one
end of its range to the other and, before leaving them, have each set to
approximately the mid-position. One thing the student must learn
immediately, when studying the effects of controls, is to swing them
slowly over their entire range, and, after the results have been obtained,

Fig. 4-7. Picture off center horizontally as a result of the focusing coil incorrectly posi
tioned or horizontal centering control misadjusted.

to set the knob either at the center position or back where it was, before
proceeding -with further investigations.
Return to the focusing coil and carefully adjust the screws until the
coil is concentric with the neck of the cathode-ray tube. This is the
normal position for the coil, and when it is set this way the picture should
be fairly well centered. However, because of slight manufacturing
differences in tubes, a shadow may be seen in one corner of the picture.
If this condition exists, it is necessary to readjust the focusing coil by the
screws until the shadow has been eliminated, and to recenter the picture
with the electrical centering controls on the chassis, if the receiver has
them. It is a widespread practice throughout the television-receiver
industry to use the adjustment-screw method alone to shift the position
of the focus coil for picture centering where electromagnetic deflection is
employed. Sets having electrostatic deflection, described in Sec. 7-12,
use electrical centering controls exclusively.
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(a)

(b)
Fig. 4-8. (a) Shadow and picture distortion due to nlisplaced ion-trap magnet and
focusing coil.
(b) Barrel distortion caused by incorrectly positioned ion-trao magnet and focusing coil.

4-10. Misaligned Focus Coil. It is quite possible that the adjust
ments just mentioned might not produce the shadow in the corner of the
picture. Since the student must know what causes this and how to
rectify it, the focus coil should be misaligned by the set screw until this
effect has been produced. The image will have the appearance of the
raster seen in Fig. 4-8a. After this condition has been observed, readjust
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the coil to eliminate it, center the picture as well as possible, and recheck
the ion-trap magnet for maximum picture brilliancy. In some cases the
incorrect positioning of the ion trap will also produce a noticeable shadow
on one side of the picture. Figure 4-86 shows a distinct curvature across
the top of the raster. This is known as barrel distortion, and is a result
of a slight misalignment of both the ion trap magnet and the focusing
coil.
4-11. Adjusting the Deflection Yoke. Ahead of the focusing coil on
the tube will be found the beam-deflecting coils. Four of them arc

Fig. 4-9.

Picture tilted due to deflection yoke being rotated on the neck of the CRT.

needed and they are all contained in one deflection yoke. By rotating
this yoke partly around the neck of the tube, the raster is turned and
made square with the picture mask in the cabinet. Referring again to
Fig. 4-6, a wing screw will be seen on top of the deflection-yoke bracket.
This is identified by the arrow as the deflection-yoke adjustment. While
observing the raster, loosen this screw about one-half turn and push it in
the direction of the slot. The deflection yoke inside the bracket is being
rotated a few degrees by this process and the entire raster will be turned
in a manner shown in Fig. 4-9. Make this adjustment in both direc
tions, and, before tightening the wing screw, set it approximately in the
center of the slot again.
4-12. Proper Aspect Ratio. As the student now knows, the standard
picture must have a proportion of 4 units wide to 3 high. Most receivers
today have their rasters adjusted approximately to this ratio, although
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the viewing mask may cut off parts of the picture in the four corners.
The one outstanding exception to this practice is the previously men
tioned case of the circular screen used by Zenith. Here the aspect
ratio of the raster is one to one, which produces a picture exaggerated
in the vertical direction. Whatever type of mask is employed, the width
and height controls must be capable of setting the shape of the picture
for it.
4-13. Effects of Height Control. There is one knob on the back of
every television chassis identified as the height control. Vary this adjust
ment from one end of its range to the other and observe the effect upon the
picture. Note that the raster can be compressed or expanded above nor
mal height. The images will then have the appearances of those seen in
Figs. 4-10a and b. Test-patterns are very convenient for setting the
height and width of the raster if they are available. When the height is
too small, the large circle on the pattern becomes a flattened oval, and
when the height is too great, the oval becomes elongated in the vertical
direction. After varying this control, readjust it to produce a circle again
on the screen. It should be pointed out that the correct setting for height
and width must finally be made 'with the receiver in the cabinet and the
mask in place, because even though the test pattern may have the correct
proportions on the tube, the size still may not be right. Further, unless
the tube is masked it is not possible to tell absolutely whether the distor
tion of the circle into an oval is due to the expansion of the height or to
the fact that the width is being compressed too much. Hence, only
approximate settings can be made before replacing the chassis in the
cabinet.
4-14. Obtaining Vertical Linearity. Closely associated with the
height control is the adjustment for vertical linearity. In most cases the
changing of one will require a readjustment of the other. The technique
of obtaining good vertical linearity is based upon the shaping of the pic
ture when the test pattern is on the screen. For this the large circle will
serve as an approximate guide. However, after the control has been set
within limits, the pattern should be measured with a ruler to obtain
precise adjustment.
Warning : Do not attempt to measure the image on the face of a metal
cone cathode-ray tube. The rim of this cone is exposed near the screen
and has 12,000 volts on it. Final work of this type should not be done
until the tube is back in the cabinet and the mask is in front of it.
The procedure for measuring the pattern to linearize it is immediately
evident from an inspection of Fig. 4-1 la. Note that the large circle is
egg-shaped, being somewhat pointed at the bottom. More than this,
however, the length of the top set of wedges is not the same as the lower
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(a)

(b)
Fig. 4-10. Distorted pictures caused by incorrect setting of the vertical size or height
control.
(a) compressed picture (b) overexpanded picture.

It is this condition which must be rectified by turning the verticalcontrol and using the ruler to see that both wedges are the
same length. In many receivers it may be necessary to readjust the
height control each time the vertical linearity is varied. Without
attempting to measure the pattern for exact linearity, the student should
vary this control over its entire range and acquire some skill in linearizing
the picture for several different heights. If the serviceman does not have

set.

linearity
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(a)

(b)
Fig. 4-11. Distorted pictures caused by incorrectly set vertical linearity control.
(a) Upper wedges are shorter than lower wedges.
(b) Upper portion of picture compressed and distorted.

a transmitted test pattern with which to work, it will be necessary to
adjust the linearity controls while viewing a program picture. Figure
4-115 shows a compressed condition across the top of the scene and is
comparable to the condition shown in Fig. 4-1 la.
4-15. Multiple Controls for Width. The problem of picture width
control in most modern receivers is not as simple as that of getting the
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correct height. There are several reasons for this, but fundamentally
it is due to the fact that the horizontal-deflection circuit is generally more
complex than the vertical. In the receiver of Fig. 4-5 three controls
besides the horizontal linearity function directly to affect the width.
Interaction between all these adjustments makes this one of the more
difficult tasks to perform correctly. With the aid of a screwdriver, turn
the horizontal drive control to expand or contract the width. This in
turn will affect the horizontal linearity which should now be corrected
with the horizontal linearity control. When one or the other of these

f

Fig. 4-12. Distorted picture due to horizontal non-linearity, left-hand wedges are longer
than right-hand wedges.

adjustments is not correct, the pattern may have the appearance of
Fig. 4-12. By working back and forth between the two controls, a
reasonably balanced picture can be obtained. It may be, however, that
the desired width cannot be reached with these two adjustments. This
might be so in the case of a mask of the expanded-screen type, where the
horizontal expansion must be equal to the width of the tube. For this a
width-selector switch and variable width coil are also employed in the
circuit.
4-16. Expanding the Raster Horizontally. Start with the switch in
position 1 (completely counterclockwise) and adjust the width coil screw
until the picture is fully expanded. Vary the width coil over its entire
range and observe the effect on the raster. Note the widest image that
this gives. Then turn the width-selector switch to position 2 in a clock
wise direction. The width coil is now disconnected entirely. Observe
the change in picture as a result. When the switch is in position 3,

I
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the width coil is still out of the circuit (refer to Fig. 20-6), and at the same
time a higher voltage is placed on the screen grid of the horizontal
amplifier tube. This develops greater horizontal gain and produces
greater picture width. The proper combination of all four controls must
be found by experimentation for the correct size and linearity. When
working on receivers that do not have the width-selector switch, the
horizontal expansion and linearity of the picture is affected by the three
other controls just described.
4-17. The Horizontal Lock-in Circuit. Unfortunately, the width
controls also are likely to influence the action of the horizontal lock-in

Fig. 4-13.

Torn effect upon picture due to incorrectly set horizontal sync control.

circuits. These are the controls which keep the picture from slipping or
tearing out horizontally. Normally this circuit is quite stable when prop
erly tuned, but should it become out of adjustment, the picture will tear
to such an extent that it loses all form.
Before the horizontal lock-in oscillator circuit is detuned, it is necessary
to investigate how this circuit reacts when functioning properly. Start
with a correctly adjusted picture on the screen. Then set the horizon
tal-hold control on the front panel to its maximum counterclockwise
setting. This should not cause the picture to tear out, but if the station
selector switch is momentarily turned off the channel and then back, the
horizontal hold will usually be put out of sync. When this condition
exists the raster will have the appearance of Fig. 4-13. As the hold
control is gradually turned clockwise, the picture should quickly pull into
synchronism by the time the control has been turned one-quarter of a
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rotation. After the signal has locked in, the knob can generally be varied
over its entire range and no further tearing will be seen. If, however, the
incoming signal is weak, it may lose synchronism when the control is
turned near either end. Have the picture well synced before proceeding
to the next adjustment.
4-18. Adjusting the Horizontal Lock-in Circuit. To detune the
horizontal-hold circuit, vary the horizontal locking-range control on the
back of the chassis with a screwdriver. Observe that, as this is done, the
picture will begin to tear and a number of slanting black bars will appear

Fig. 4-14.
set.

Picture slips horizontally if horizontal locking-range adjustment is incorrectly

across the picture or a single vertical bar will be seen as the entire picture
slips across the raster. The result will be similar to that of Fig. 4-13 or
Fig. 4-14, and the image will be unstable. When these effects have been
noted, the horizontal lock-in circuit should be realigned. First turn the
hold control to the maximum counterclockwise position and throw the
station-selector switch to an off-channel spot and then back. If there are
more than three slanting bars before the picture pulls into sync, (see
Fig. 4-13), the horizontal locking-range control should be turned clock
wise, and if less than three bars appear, it should be turned slightly
counterclockwise. Several trials may be required to get this adjustment
correct, because each time the locking range is turned a small amount,
the hold control must be set to a full counterclockwise position, the
channel switch momentarily set in an off-channel position, and again the
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number of slanting bars counted as the hold control is varied to bring the
picture into sync. Repeating this process until there are three slanting
bars at the pull-in point will finally realign the horizontal-hold circuit.
The reader should compare this procedure with that for other sets, as
discussed in more detail in Chap. 9.
4-19. Obtaining Correct Focus. The purpose of the focus control
is self-evident, and its function is immediately obvious, even to the lay
man. It is best set when a test pattern is being received. While making
this adjustment, carefully observe the wedges. As the focus becomes
exact, the spacing between the black and white lines of the wedge will be
most sharply defined and the contrast will be better. If a scene is being
received, the focusing should be done while observing some part of the
picture which has fine detail. In a close-up of a person, the pattern of a
dress or the weave of a man’s suit is ideal. Often the picture will be in
best focus when the raster lines are most sharply defined. Experimenta
tion with this control will show it to be one of the easiest to set, but it
should always be varied “through” the focus point, back and forth on
either side of the correct position, to be sure that the exact focus is
obtained. Once set, it will be found that in all probability no further
adjusting of this control is needed.
4-20. Separate Video-bias Control. The final pre-set control on the
receiver of Fig. 4-5 is one which does not appear in many sets on the mar
ket. It is identified here as video bias and is a variable cathode voltage
for the first video-amplifier tube. Under normal operating conditions
this control is set in a full clockwise position, and as such it does not
contribute to the bias of the tube. To observe the effect of changing this
voltage, first set the brightness control to the point where the vertical
retrace lines just begin to appear on the screen. As the video bias is
varied over its range, a noticeable change in contrast will be seen between
the black and white areas on the pattern. A normal amount of contrast
as observed by the gradations of black and grays in the central portion of a
test pattern can be made by the proper positioning of this bias control.
4-21. Setting the Pattern on a Circular Screen. To use the entire
area of the tube on receivers with circular screens, some vertical elonga
tion of the test pattern is needed to produce a one by one aspect ratio.
The four controls of width, horizontal drive, vertical linearity, and height
must be adjusted to obtain the correct proportions. First vary the width
and horizontal drive until the picture extends to the edges of the screen
horizontally. It may also be necessary to adjust the horizontal cen
tering control. The picture should not extend beyond the edges. Now
the height and vertical linearity should be varied alternately until the
pattern extends to the top and bottom edges of the screen and unt il the
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inner and outer circles of the pattern are equidistant vertically. Adjust
the vertical centering if necessary. Examples of correct and incorrect
adjustment of the raster for the Zenith set are given in Figs. 4- 15a and b,
respectively. They may also be used for setting other receivers having
circular screens.

(b)
(a)
Fig. 4-15. (a) Correctly adjusted test pattern on circular screen.
(b) Test pattern distorted on circular screen due to incorrect setting of height or vertical
linearity controls. {Zenith Radio Corporation.)

TROUBLE-SHOOTING HINTS AND SERVICING NOTES
Defect. Ion Trap Misadjusted
Symptoms: 1. Shadow on edge or corner of picture.
2. Raster brilliancy low or even completely dark.
3. Barrel distortion across top of picture.
Defect. Defective Electrical Centering Controls
Symptoms: 1. Raster cannot be correctly adjusted up or down.
2. Raster cannot be correctly adjusted to left or right.
Defect. Focus Coil Incorrectly Set
Symptoms: 1. Raster off center.
2. Picture blurred.
3. Shadow on edge of picture.
Defect. Deflection Yoke Misaligned
Symptom: 1. Picture tilted with respect to front mask.
Defect. Height Control Incorrectly Set
Symptoms: 1. Raster expanded or contracted vertically.
2. Round objects in picture appear elongated or flattened.
Defect. Vertical Linearity Incorrectly Set
Symptom: 1. Image out of correct proportion in vertical direction.
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Defect. Width Controls Incorrectly Set
Symptoms: 1. Horizontal size of picture too large or too small.
2. Picture not linear horizontally.
3. Picture tears out of horizontal synchronism.
Defect. Horizontal Lock-in Control Incorrectly Set
Symptoms: 1. Picture tears and slanting black bars appear.
2. Single vertical black bar slips across raster.
Defect. Video-Bias Control Incorrectly Set
Symptoms: 1. Picture has weak, “washed-out” appearance.
2. Picture is overcontrasty and harsh.

REVIEW QUESTIONS
1. List ten pre-set controls of a television receiver.
2. What precautions should be taken when removing or installing a cathode-ray
tube in a receiver?
3. Why is it suggested that an all-glass cathode-ray tube be used in place of a
inctal cathode-ray tube during servicing?
4. Explain the use of flags on an electron gun.
5. Describe how to adjust the ion trap properly.
6. If a picture on the screen of a receiver has a shadow in one comer or on one
side, what might be the possible cause? Explain.
7. If the entire picture is found to be tilted on an electromagnetically deflected
tube, what can be done to correct this defect?
8. What can be done to correct for barrel distortion of the image on the cathode
ray tube?
9. Explain what is meant by “aspect ratio.” What ratio is standard?
10. What happens to circles on the screen of a television receiver when the height
control is adjusted too low?
11. What effect will be observed on a test-pattern picture if the vertical linearity
control is incorrectly set?
12. Why is it generally more difficult to adjust for horizontal nonlinearity than for
vertical nonlinearity?
13. Describe the appearance of a picture on a receiver when horizontal synchroniza
tion has been lost.
14. Describe the procedure for properly proportioning a picture on a circular screen.

CHAPTER 5
TELEVISION R-F TUNERS AND I-F STAGES

5-1. The Receiver Front End. Most r-f sections of television receivers
are composed of three circuits: the r-f amplifier, the mixer section, and
the local oscillator. In theory these operations are as different from one
another as they are in superheterodyne radio sets, but in practice the
parts are grouped very closely together and constitute what is often called
the receiver front end. The main reason for this intimate association of
functions is that all three circuits are required to operate on the highest
frequencies involved in the receiver. Since their duties are intercon
nected, they are grouped for discussion as a single unit. The tuning
range of a television set operating in the VHF band must be from 54 Me
for channel 2 to 216 Me at the top of channel 13. Table 5-1 shows the
allocation of these frequencies and the position in megacycles for each
picture and sound carrier. To cover this range, a number of different
Table 5-1.

Picture and Sound-carrier Frequencies for the 12 VHF Channels

Channel

Picture
carrier,
Me

Sound
carrier,
Me

2
3
4
5
6
7
8
9
10
11
12
13

55 25
61.25
67.25
77.25
83.25
175.25
181.25
187.25
193.25
199.25
205 25
211.25

59.75
65 75
71.75
81.75
87.75
179.75
185.75
191.75
197.75
203 75
209.75
215.75

types of tuners have been designed. Some are a radical departure from
those employed in radio. Among these are the RCA unit having additive
channel coils and the Mallory-Ware Inductuner used in the Du Mont
Inputuner. In order to obtain a broad understanding of the variety
of receiver front ends, nine different styles have been selected for dis66
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cussion. They will be found representative of almost all commercial
television sets on the market. While studying these circuits, the student
should learn how each accomplishes its task and wherever possible should
compare the actions of one with the other.
All television tuning sections are required to pass a band of frequencies
approximately 6 Me wide through the r-f amplifier and mixer stages.
This is in contrast to a band of be
tween 10 and 20 kc for AM radio.
The FCC television standards require
that the audio carrier, which is 4.5 Me
above the video, be transmitted along
with the picture and within the allotted
I
6-Mc channel. Regardless of the type
of tuner used or the particular channel
received, each position on the dial
must have essentially the same band
pass. The tuned circuits of the front
end, through which the wide band of
frequencies must pass, are broadened
by tight coupling and by being loaded
with resistance. The basic principles
of tuner design and operation are pre
sented in the following pages. De
tailed methods of tuner alignment arc
given in Chap. 14, and a generalized
graph of the response curve for all
tuners is shown in Fig. 14-1.
5-2. Single-ended R-fTuner. The
front end of the receiver chassis of Fig.
4-2 which was removed from its cabi
net in the previous chapter will now
ig. 5-1.
Single-ended r-f tuner cnibe discussed. Figure 5-1 is a photo F
ployed in the receiver of Fig. 4-2.
graph of the tuner employed in the set,
and the schematic of the r-f, mixer, and oscillator stages is shown in Fig.
5- 2.
Altogether there are five sets of coils associated with the tuning process
in this r-f unit. They are operated simultaneously by switches Si
through S5 of Fig. 5-2. For ease of analysis, the r-f and mixer stages
have been redrawn in the simpler form shown in Figs. 5-3a and b. The
simplicity of the tuning-coil action can be seen when it is observed that
all the coils associated with switch S5 of Fig. 5-2 are in series and, as a
group, form a single line which can be reduced to the one variable induct-
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ance shown in the grid circuit of Fig. 5-3a. The switch contact, which
becomes the variable shorting bar, changes the inductance which is
designed to resonate with C20 and the input capacitance Ci of the r-f
amplifier tube. This group of coils is known as the antenna line. The
position of the movable center arms of the switches in Fig. 5-2 shows
that the tuner is set to channel 2.
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Fig. 5-2. Diagram of the r-f amplifier, converter and oscillator sections of a single-ended
r-f tuner of Fig. 5-1. {RCA.)

As the signal is fed to the input terminals, it may arrive over a 300-ohm
balanced-feeder line from the antenna or over a 72-ohm unbalanced
coaxial cable. For either of these types of transmission line, the con
nection to the input plug is shown in the upper left-hand corner of Fig.
5-3a. Before reaching the grid of the r-f amplifier, the incoming signal
is filtered through two parallel tuned circuits Lns-Cisa and L7-C22, known
as i-f traps. Their purpose is to prevent stray outside signals of the
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frequency to which they are tuned from entering the receiver, and, at
the same time, to block radiation of the IF of this set. Coil L67 is an
antenna filler which acts as a shunt to ground for all frequencies below
the television band. Since these circuits are not adjustable, they pre
sent no tuning problem for the serviceman, but their functions must be
understood. The only adjustments in the antenna line are the variable
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Fig. 5-3. Simplified diagrams of the single-ended r-f tuner circuit of Fig. 5-2.
(a) antenna transformer section 1, traps section 2, antenna line section 3.
(b) r-f plate line and converter grid line. (RCA.)

inductances L6 and L66 seen in Fig. 5-2. Because all the coils from L&6
through L66 are in series, and L6 is connected directly to the input grid,
any variation of this coil will necessarily affect all channels. This is
not true of L66 since it will be shorted out by the movable arm of the
switch when the set is tuned to channel 7 or higher.
The second set of coils forms the plate load for the r-f amplifier and as a
group are called the r-f line. The total inductance is varied for each
frequency by the shorting-bar contacts of switch £4. Figure 5-35 shows
the simplified form of this part of the tuner as well as the coils of S3. The
r-f line is designed to resonate with the output capacitance Co of the r-f
amplifier in conjunction with Cb, Lo, and Co. The student should compare
the elements of the simplified drawing with those of the actual schematic
of Fig. 5-2. Variable inductances L5 and L13 are adjusted when this
section is to be aligned. A small condenser Ch is also provided for shift-
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ing the frequency of these coils, while On, below, is used to obtain the
proper bandwidth of the over-all response curve for channels 7 through 13.
Condenser C12 accomplishes the same thing for channels 2 through 6.
The converter-grid line is composed of the coils controlled by switch S3.
They will resonate with the input capacitance Ct of the converter tube
and Lc-Cc just mentioned. The alignment is made by adjusting coils
L3 and Lg in t e same manner as the previous lines. Condensers Cu
and C12 will necessarily influence this line as well as the r-f line because
they are connected to both. Condenser C10 however, is the main capacity
adjustment for the converter grid circuit.
The r-f oscillator line differs from all the others in that it is a balanced
circuit going to the plates of two triodes in push-pull. As such, each
side of the line is separately adjusted by L2-C& and LyCi. The two
inductances, however, are factory adjustments and are normally not
varied by the serviceman. To maintain proper symmetry between each
of the individual channel coils, inductances Lu through L19 and L21
through L24 are all tunable in addition to the control offered by L3i.
Energy at radio frequencies is fed from the oscillator to the grid of the
converter tube over a single-turn link coupling between L2 and L3.
The intermediate frequency for the video i-f stages in this receiver
is 25.75 Me, and the oscillator frequency is above all incoming carriers.
Therefore, adding the video IF to the video carriers listed in Table 5-1
wall give the frequency for the oscillator when tuned to each of the 12
channels. The results are shown in Table 5-2.
Table 5-2.

Local-oscillator Frequencies 25.75 Me Above Video Carriers

Channel

2
3
4
5
6
7

Local
Local
oscillator, Channel oscillator,
Me
Me
—
207
8
81
213
9
87
10
219
93
225
11
103
12
231
109
237
13
201

5-3. Balanced R-f Tuner. Among the widely used r-f tuners is the
balanced-line unit of Fig. 5-4, shown schematically in Fig. 5-5. These
lines are controlled by rotary switch contacts in the same manner as the
previous tuner, but here all three tubes are operated in push-pull. Simi
lar in design to the other unit, this one has an antenna-filter section in
the input. Series-tuned circuits composed of L984-C921 and L985-C922 are
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connected from each side of the incoming transmission line to ground.
They are adjusted to the FM band between 88 and 108 Me and trap out
interference from this service. They may be peaked, if desired, to favor
one end or the other of the band. Operating as a general low-frequency
filter, L927 shunts all frequencies below the television channels. The
input impedance to this tuner is 300 ohms for a balanced line, and the

Fig. 5-4.

Under-chassis view of the balanced-line r-f tuner.

proper value is obtained by placing the two 150-ohm resistors, R903 and
7^904, in series across the input circuit.
The triode sections of the r-f amplifier operate in push-pull, are cross
neutralized by condensers C902 and C903, and feed the balanced line in
the plate circuits. Four coils are variable in the line for proper highl
and low-channel alignment. Coils L925 and L926 are used for channels 7
through 13, while L9n and L912 balance channels 1 through 6. Link
coupling and condensers C907 and C908 provide the paths for the signal
to reach the grid of the converter tube.
The converter line is similar in all respects to the r-f stage, with the
exception of loading resistor 7?9o8 which is used for broadbanding the

72

(Sec. 5-3

PRINCIPLES OP TELEVISION SERVICING

I?

Vs!

8

I

° ■

h-^
1^

= fll

S
,1=1

I

H1

£

Mi

§<;

5<~^
*

’

1"=

g£
8£
s

c

im

5?

HF
g=

s J’l
2:;l

1L
CD

5

<o=3
3s?
= = .

|h -pi
>8

i- 5

8

>2

5

>8

8

>8

=

s _ 5

>5

=

>5
(>5 C=)8

>5

=

H" s=

8=
HH

Hrt “

?? 8= =tZ
8
8

§

H1

r*' = ?

i? if^5
l

fgg

f 5 § 2

f Sfcpk H'**-

1- J
s
c3
*O

»

5=-

aI
<

i
:"c i®*
co

Is
Is
I =
8

=
-- ?

O

< "> ~
N

>5

Ils

■-,

tn

132 «
©

Jjs

5

= lZ

x P

°

"a

2^-5 s

2

8
=

-* <as

4s*-2 «
i*-2 2

&
o

Q

i

■

11 *

si

kL Z)

o

«

-

° SSS

8

s F

8L

HH

>5
>§

° 00

3

O
ID- >

1-

tr
5-

Os*

”*

—
-

T5

8=

JA

o

U

5^

!i

4

=

ii?

s

a JI

li i
ip

s

5i|

5?

-f—1H0"J B2

—I—(f-H"

»Q

2

Sec. 5-4]

TELEVISION R-E TUNERS AND 1-E STAGES

73

coils when the set is tuned to any position below channel 9. Note that
the grids of the tubes are driven in push-pull, but that the plates are
paralleled. Under these circumstances the converter cannot be neutral
ized by the method used in the r-f stage. Self-oscillation is prevented
by effectively grounding the grids through a series-tuned circuit com
posed of C910 and L928- It is made to resonate at the center of the inter
mediate frequency, 23.4 Me. This stage is relatively immune to stray
i-f pickup because an unwanted signal on the grids will reach the plates
180 deg out of phase and be cancelled. Coils L953 and L954 are adjusted
primarily to align channels 7 through 13, while L939 and L940 affect the
tuning of channels 1 through 6.
The balanced line for the oscillator is almost identical in its function
to that used in the previously discussed front end. By way of compari
son, the following facts will be observed. The same type of tube is used
and it operates as a push-pull oscillator. Also, link coupling is employed
to convey the r-f energy to the converter grid. Each coil on one side of
the line is individually adjustable for precise alignment in addition to
the more general effects of
and L98o- The fine-tuning condensers in
this unit are interesting because they are not physically connected to the
plates of the tubes. Instead, the high sides of C9i7A and C917B are fast
ened to the tuning slugs of coils L980 and Lgsi and through them are
capacitively coupled to the line. In reality each side has, therefore, two
condensers in series to ground and the effect of the fine-tuning condenser
is thereby made less critical. Grid-leak bias is provided for the two sec
tions of the tube by 7?9i3 and /£<ju in conjunction with the cathode bias
Of 7?912-

Also mounted on this front-end unit is the first i-f transformer T 901,
from which both the video and audio i-f signals are taken, It will be
noted that the video is coupled to its first i-f stage through C<'911 and that
the audio IF is tapped off the parallel-tuned circuit in the secondary, In
this tuner the video IF is 25.75 Me and the audio is 21.25 Me.
5-4. The Eight-channel Turret. One of the first turret-type television
tuners was that designed by Philco; it is shown in the photograph of
Fig. 5-6 and schematically in Fig. 5-7. This particular unit provides for
the reception of any eight channels desired by means of “snap-in” coils
which are inserted in the turret drum. As can be seen in the diagram of
Fig. 5-7, four coils are used to tune each channel. The antenna and r-f
amplifier inductors are together on one small clip-in panel board, while
the oscillator and mixer coils are on the other. Because the FGC has
allocated a maximum of seven stations in any one television area, the
serviceman inserts the proper coils at the time of installation and aligns
them for the customer. One extra set is also included to fill all eight
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sides of the turret drum. As will be seen presently, other turrets are
made that are similar to this one, but that have a total of twelve sets of
coils for all commercial VHF channels.
5-5. Advantages of Turret Tuners. Regarding turrets in general, they
may be said to have three distinct advantages. With a complete set of
coils for each channel, one group is entirely independent of all others from
the standpoint of alignment. In contrast, the additive-inductance tuner
requires that channel 13 be properly aligned before 12 can be adjusted.

CHANNEL 6 ANTENNA
AND RF COILS

PHILCO PRECISION
CHANNEL SELECTOR

CHANNEL 10 OSCILLATOR
COIL CORE

CHANNEL 6 OSCILLATOR AND MIXER

COILS

___ 1
Fig. 5-6. Inside view of an eight-channel turret tuner. The left-hand section contains
the antenna and r-f coils, the right-hand section contains the oscillator and mixer coils.
(Philco Corporation.)

Channel 12 must, in turn, be correctly set before 11 is aligned, and so on
down the entire line. Secondly, if the band-pass response must be
altered on one channel, this can often be done in the turret tuner with
out having to compromise with any of the others. Finally, the complete
independence of parts makes it easier to service if one of the coils were to
burn out. Although not all channels would become inoperative in the
additive-inductance tuner, all those of a frequency lower than the dam
aged one would. In the case of the turret tuner, only one channel would
be affected by a bad coil.
The schematic diagram of Fig. 5-7 shows several interesting facts
regarding the Philco front end. There are four antenna input terminals.
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Two marked hi and two lo. The Philco engineers reasoned that for
many installations it is preferable to have separate antennas and feeder
lines for the two television bands. Hence, an antenna cut for the mean
of channels 2 through 6 would be connected to the lo input point, and
an antenna cut to the average of channels 7 through 13 would be hooked
to the hi terminals. The circuits are designed to accommodate 300-ohm
X?3O5 (PART OF R/OO)
:62OO
---------------

:

osc

CONTROL

icjos
JJJOMirF

PF MIXER
6AG5 MGS —
6J6
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Wii
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R3O3

awl
.IMF £

TmegT

Fig. 5-7. Diagram of the r-f amplifier, mixer and oscillator sections of the eight-channel
tuner of Fig. 5-6. (.Philco Corporation.')

balanced lines in each case, or a 72-ohm coaxial cable. The latter is con
nected to one terminal point on the plug, and the outer shield is then
grounded. A brief study of the tuner circuit will reveal how the hi and
lo antennas are alternately switched into the circuit as the turret is
revolved.
The r-f amplifier tube, 6AG5, is tuned on the grid side by the coils,
which are inductively coupled to their antenna coils. The r-f plate in
turn couples its energy by the resistance-capacity circuit to the grid coil
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of the mixer stage. At the same time the signal from the local oscillator
is inductively coupled from its own coil to that of the mixer.
The local oscillator in this tuner is of the ultraudion type. The video
IF is 26.6 Me and the audio IF, 22.1 Me. This makes a set of oscillator
frequencies different from those previously listed. The oscillator is above
the incoming signals and the student can calculate these values readily
by adding 26.6 Me to each of the video carriers listed in Table 5-1. It
is well known that local oscillators have a tendency to drift from their set
frequency to a greater or lesser degree. This is particularly true during
the first 15 or 20 min of operation. Since this often requires the observer
to rebalance the oscillator by adjusting the fine tuning, this Philco circuit
sic
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Fig. 5-8.

C'3

C63

TO Cl 34
GNO

A 12-channel multiple coil tuner.

{General Electric Company.)

has been designed with the automatic frequency control (AFC) circuit to
correct this drift. The function is very similar to the AFC employed
in some radio sets. Here the second half of oscillator tube J5J6 is used
as the corrector or reactance tube. This corrector is, in turn, controlled
by a bias voltage developed in the discriminator of the audio section.
Any deviation from the set frequency of the oscillator is immediately
corrected by the reactance tube, and the proper intermediate frequencies
are thereby maintained.
5-6. Grounded-grid 12-point Tuner. The wafer-switch General
Electric 12-channel tuner shown in Fig. 5-8 and in the diagram of Fig. 5-9,
is functionally somewhat of a combination of the single-ended type of
Fig. 5-2 and the turret tuner. It is, however, distinctive in its own right
for several reasons. The similarity to the RCA design is the fact that
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rotary-deck swatches are used to change channels, and that the coils in
the cathode circuit of the r-f amplifier are made additive. The use of
separate inductances in the r-f plate circuit and in the grid of the con
verter and oscillator stages bears resemblance to the turret tuners.
The 6AU6 tube is shown connected as a triode, with its control grid
grounded and the cathode maintained at r-f potential by the series of
inductances Lu through L19. These coils are added as the receiver is
tuned across the band, so that the input impedance is held relatively
constant over the wide range of frequencies.
VIDEO CARRIER-SET TRAP

C9< _L

v»

«AU6
R-F AA**LlF)

;^7
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■27K

/
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_LI3,

OSCILLATOR

Fig. 5-10.

A nine-point r-f tuner similar to that of Fig. 5-9.

{General Electric Company.)

5-7. The 9-point Tuner. Although the GE tuner just described has a
separate r-f oscillator and mixer coil for each of the 12 channels, there
are some units made by this company which have fewer coils. Actually
a total of nine is used, as seen in the diagram of Fig. 5-10. The result,
however, is not like the eight-channel turret because, even with the fewer
inductances, it is still possible to receive all 12 channels. This is accom
plished by having only three coils for all six higher frequency channels
and the tuning condenser in the oscillator circuit has sufficient variation
to cover two channels for each of these inductances switched in.
From the schematic diagrams of Figs. 5-9 and 5-10 it is not made clear
how the energy is transferred from the plate circuit of the r-f stage to
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the grid coil of the converter. This is also true of the local oscillator
signal of Fig. 5-9. The signals of both the r-f amplifier and the oscillator
are inductively coupled to the converter grid on the same coil form as
can be observed in Fig. 5-8. In reality the r-f and converter windings
are but one coil center-tapped to ground, and thus the two halves form
an autotransformer. The same arrangement is used in Fig. 5-10, with
the addition of a coupling condenser, C&, for the signal from the oscillator.
The switching contacts are slightly different in the two tuners, as can
be noted from a comparison of their diagrams. In Fig. 5-9, a special
shorting bar is provided in the oscillator coils so that only the inductor
being used (coil 2 shown) is disconnected from this bar, and all others are
thereby shorted to ground. This prevents possible interaction between
the unused coils and the one in operation. A second difference is seen in
Fig. 5-10, where only two inductors are employed in the cathode circuit
of the r-f stage to provide approximate impedance matching for the trans
mission line on the low- and high-frequency channels. Still a third set
of intermediate frequencies will be found in this tuner. When used in
receivers which do not employ inter carrier sound, the video IF will be
26.3 Me and the audio, 21.8 Me.
5-8. Double R-f Amplifier Tuner. The demand for television receivers
in areas far from the transmitter or under adverse conditions brought
about the development of r-f tuners having greater gain. Accordingly
some receivers are provided with two r-f stages in the front-end unit.
The diagram of such a circuit is given in Fig. 5-11. The two r-f ampli
fiers, the converter, and the local oscillator are mounted on a separate
self-contained chassis which may be readily removed from the main
chassis.
An interesting method is used to provide a 300-ohm input from the
antenna. One side of the transmission line is coupled to the grid of the
first r-f amplifier, while the other side is coupled to the cathode, By
the use of equalizing resistors R2oi and ^202, the input is balanced for
approximately 300 ohms across the center-tapped r-f coil L201. This
inductance is made broadly resonant with the capacity in the grid and
cathode circuits of the input tube to maintain uniform impedance for
the lower channels. For the high-frequency channels, inductances L203
and L207 are connected across L2oi to maintain the proper input impedance.
The r-f amplifiers are tuned by the coils in the plate circuits which are
made to resonate with the interelectrode and distributed capacity of the
tube and wiring. The proper bandwidth on the low-frequency channels
is obtained by stagger-tuning the two tuned circuits. The first r-f ampli
fier plate circuit is adjusted to a slightly lower frequency than the tuned
circuits of the second r-f amplifier. This is particularly important to
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remember when it comes to adjusting the receiver front end for proper
response.
The oscillator section, a modified Colpitts, operates on the high-fre
quency side for all channels. The oscillator coils resonate with the inter
electrode capacity of the tube and the tuning-control condenser C.213“1

II

JR204————

I

7L222

L22?
L226
i_224 L225

l227

fen

5

?JMEG cTtJ5*0

gL

F~ L232 jz<L234

R2O'
1000

?660 *r

r 5

R2O2
270

I

I
I

5 IK

I
I —r—

C2O6
5000

R2O5

6AG5
2noRF

V2

R2O6
5 IK

r

-|(---

R2I8

AW------ r»-

T
R287 I
4 70k |

I
I
I

I
R2O3
56k

2

3

R2H JC2I2~

6 I7

5

S20IC

, IQK -J- 12

2/
8

C2I0
-5000

I
I

L2I4

L2I2 L2'3
jzf tzf

1

470

5QQQ

L209 L2i0 L2ll
G3^ jzf fzf

li
i

C224
3JMMF

R2O7
100

C2O7 510

ife

I

R2'9
IO0K

6.

L 204
*>

'500

p<L238

jfirrmn
S20IB

I'

H.

El 201

2-6 INCL.
L237

-II—

J 'OoTI.
&L206 J I

7

o

L235 _E<

I

C220i

2

[g ® 6

1oC205_
----l_

I
I
6

S20'A

X203

rfe

VI
6AU6
IstRF

^l228

V3A
CONV
'412 AT 7

1’0 III 112 Il3

____ f

215

TUNING
CONTROL

-4^
C2i3
~"

,2

3

»l2O2

I

C2I5

I

I

V3B
OSC
12 AT 7
HEAD ENO
CHASSIS

I
I
I

I

1
*S»0

OPEN ON CHANNELS 2-6 INCL

Fig. 5-11. A diagram of a single-ended line type tuner having two r-f amplifier stages.
(.General Electric Company.)

Grid-leak and condenser bias for the oscillator is provided by Rm and
^212-

5-9. Twelve-channel Standard Turret Tuner. More recent models of
receivers manufactured by Admiral and a number of other companies
incorporate a 12-channel turret tuner in their design. Developed by the
Standard Coil Company, it is based on an extension of the principle
found in the eight-channel tuner previously discussed. Figure 5-12 is an
exploded view of this tuner, and Fig. 5-13 is the schematic diagram of
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the entire r-f section in which it is employed. A balanced 300-ohm line
or an unbalanced 72-ohm coaxial cable may be connected to the antenna
coils across terminals 2-4 or 2-3, respectively. Although there are only
two antenna binding posts for the higher impedance line, the shield should
be connected to the chassis if the coaxial cable is used. It will be noted
that the antenna and r-f grid coils are mounted on one “ clip-in ” panel,
while the r-f plate, mixer grid, and oscillator coil are arranged together
on a second panel. Since both r-f and mixer coils are tuned, it is possi- VI02

M102.

J 6J6

M109

MIOI

VI01
6 G5
MHO y/

M115
MIU^^.

•M100
-■
Ssa ■ ]

M107-

IM

23 O

Mill.
L1
")5

A
■MI03

cc5c<o

M106

M105
M104

•L102

Fig. 5-12. An exploded view showing the detailed construction of the Standard 12-channel
turret tuner. {Admiral Corporation.)

ble by overcoupling to obtain a double-peaked resonant curve giving the
wide band pass required of all r-f sections. In conjunction with these
circuits are loading resistors 7?iO3 and 2?io5-^io6, which further contribute
to the broadbanding. The proper selection of any one of the 12 tele
vision channels is accomplished by rotating the entire turret drum for
the desired station.
Each set of coils is identified by number and by the RTMA color code.
If the coils are removed for one reason or another, they should be properly
paired for the indicated channel number, and arranged in the proper
sequence when replaced in the turret. Care should be taken when han
dling the coils riot to disturb the relative position of the windings or the

82

PRINCIPLES OP TELEVISION SERVICING

[Sec. 5-10

spacing between turns. When removing the turret from the chassis, and
the drum from the tuner assembly, the serviceman is advised to follow
the manufacturer’s instructions step by step, carefully observing how
each part is fitted.
Functionally, this circuit is little different from the previous tuners.
From the standpoint of tube operation, comparison should be made with
the front end of Fig. 5-10. In the Standard tuner a pentode is used as
an r-f stage but the oscillator and mixer are triodes arranged in a circuit
TURRET SWITCH SETTING SELECTS PAIR Of
COILS. LI0I A LI02. FOR CHANNEL DESIRED
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Fig. 5-13. Diagram of the r-f amplifier and oscillator-mixer sections of the 12-channel
tuner of Fig. 5-12. {Admiral Corporation.)

similar to that used by the General Electric Company. The oscillator
in Fig. 5-13 is a Colpitts in which the split tuning condenser in the tank
circuit is composed of Cioo and the sharp tuning condenser, Cm, paralleled
by trimmer Cno. The frequency of the oscillator in this unit is above
the incoming carrier for all channels, producing 25.75 Me and 21.25 Me
for the video and audio IF’s.
5-10. Du Mont Inputuner. Another departure from the more con
ventional LC tuning so familiar to the radioman is the continuously vari
able inductance circuit used by Du Mont known as the Inputuner; it is
shown in Fig. 5-14. The most important component of this unit is the
section containing four separate spiral inductors of six turns each,
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mounted so that sliding contacts driven from a common shaft will
vary the inductance of all simultaneously. These contactors, which
touch each coil, move along the inductances and follow the metal
ribbon by the screw action of the spirals as the shaft is turned. The

Fig. 5-14.

A three-spiral Inputuner front end.

(Allen B. Du Moul Laboratories, Inc.)

Fig. 5-15. A four-spiral Inductuner used in some Inputuners.
pany, Inc.)

(P. R. Mallory & Com-

contacts thus short out the turns one by one, the inductance is reduced,
and the frequencies of the tuner circuits rise. This device is known as
the Mallory-Ware spiral inductuner. It is shown in Fig. 5-15. Some
tuners of this type will be found to have only three spiral coils, but their
function is the same. Because the circuit is continuously variable from
52 to 216 Me, it goes through the FM band (88 to 108 Me) as it is tuned
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from the lower television channels to the higher. Consequently, as was
mentioned in Chap. 1, this tuner may be employed in an FM-television
combination receiver without additional tuned circuits. Earlier models
of the Inputuner were designed to tune from 44 to 216 Me.
The circuit diagram of Fig. 5-16 represents the r-f section of the
Du Mont receiver, which employs an Inputuner of four spirals. It will
be noted that the four variable inductors, L102A, LIQ2b, L102C, and Li02d
are used as antenna input, r-f plate, mixer grid, and oscillator tank,
respectively. To insure a 6-Mc bandwidth, the r-f and mixer coils are
overcoupled by means of an impedance network between them. This
produces the double-peaked response curve similar to those discussed in
Chap. 14.
The incoming signal is fed from a 72-ohm coaxial cable to a groundedgrid r-f amplifier. In this respect the circuit is similar to the GE tuners.
The oscillator, a modified Colpitts, is maintained above the frequency of
the station carriers and provides 26.4 Me for the video IF and 21.9 Me
for the audio IF. Because the Inputuner is continuously variable, the
problem of precise tuning to the desired station is the same as with AM
and FM radio. As an aid to exact positioning of the dial, a tuning-eye
control tube is used. This indicator takes its energy from the audio
amplifier, and the receiver is tuned for the best sound.
5-11. Permeability Tuners. Variable-inductance tuners for AM radio
have been in existence for a long time. They are called permeability
tuners and have moving cores or slugs inside the coils to change their
inductance. The cores are ganged together and move with the rotation
of the tuning shaft. Two styles of television tuners of this type are
found in Raytheon-Belmont receivers. A sketch of one unit is shown
in Fig. 5-17a; its schematic diagram is given in Fig. 5-18.
A total of eight tunable coils is employed in this unit. Those identi
fied as L2, Lb, Lt, and L9 function simultaneously to cover the frequencies
in the lower channels, and
L4, L6, and L8 are switched into the circuit
when it is desired to tune to the high-frequency channels. A brief study
of the schematic diagram will reveal how switches *SiA, *SiB, and Sic accom
plish this task. In other models, this tuner is designed to vary continu
ously across the bands, producing an effect similar to the Inputuner. A
drawing of this unit is shown in Fig. 5-175. On these models, a hi-lo
band switch for changing the coils appears on the front panel. The
permeability tuner of Fig. 5-17a differs from that of Fig. 5-175 in that it
has fixed stop positions which are identified by channel numbers, and the
hi-lo band switch is automatically changed as the tuner is adjusted
between channels 6 and 7.
The input impedance to this tuner is 300 ohms balanced, and pro-
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visions are made for separate antennas tuned to the low and high bands.
The 6AG 5 r-f amplifier is tuned in the plate circuit by the variable coils
or Lf, and tightly coupled by means of condensers Cio and Cn. The
result of this overcoupling is an r-f response curve 6 Me wide to any
Dimension X is meosured

TO ADJUST TUNING SLUGS

from the end ot the slug
to the end of the coil
form (which is not
t flush with the
I# support )

I - Push orm mdicoied to the right
with respect to the picture ond
hold firmly ogomsl STOP whilo
moking odiustment

STOP.

BLUE

3 ''GREEN
BLUE

WHITE
WHITE
(The ends of the tuning slugs ore
painted os Indicated )

X

Dimension lor

•

•

•

•

•

•

While • 1

Blue . I-J-*
Groen • I

(b)
Fig. 5-17. (a) A drawing of a permeability-type tuner having fixed stop positions.
(b) Construction of a continuously variable permeability tuner. (Belmont Radio
Corporal zon.)

channel being tuned. The two triode sections of the 6J6 function sepa
rately as a converter and oscillator. The energy is coupled from the
oscillator through condenser C20. The resultant video IF in this unit is
26.75 Me and the audio IF, 22.25 Me.
5-12. Variable-condenser Tuner. The tuner which is closest in design
to that used in conventional radio circuits is one employed by Pilot in
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their 3-in. CRT receiver. This unit is unique for several reasons. In
contrast to the permeability tuner, the Pilot circuit tunes across the
lower television channels with a three-gang variable condenser, while a
second three-gang condenser is used for tuning the high-frequency
channels. More than this, however, the entire r-f section, including
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Fio. 5-19. Diagram of the r-f amplifier, mixer, and oscillator sections of a condenser-type
r-f tuner, Completely separate tubes and circuits are used for low and high bands respectively. (Pilot Radio Corp.)

the r-f amplifier, the mixer, and the oscillator which is used for the lower
channels, is switched out of the circuit and a completely new set of tubes
and all other components needed to form a high-frequency r-f unit are
switched in. Because this tuner is simply part of the entire receiver
chassis, a picture of it is not shown here, but the circuit diagram is given
in Fig. 5-19. Observe from the schematic that three 12AT7 double
triode tubes are used to perform the six required functions. Changing
from low to high bands is accomplished by a simple three-pole double

I
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throw switch at the input terminals, which places a new set of antenna
coils into the circuit at the same time that it changes the B4- from one
r-f unit to the other. Each r-f amplifier accepts the signal from the
antenna through a band-pass transformer in the cathode circuit and is
individually adjusted on the primary side by means of trimmer condensers
7’i and T3. The energy from the r-f plates is transferred to the mixer
grids by transformers which are tightly coupled and tuned on both sides
by the ganged variable condensers. A common r-f choke 35 is used for
both the low- and high-band mixer tubes, which in turn make up the
input circuit for the first i-f stage. Finally, this tuner is unique in its

Fig. 5-20. A 12-channel push-button tuner unit.
trol. (TAe HaLlicraflcrs Co.)

The last button is a fine-tuning con

use of the /Armstrong or tickler-feedback oscillators. Each oscillator is
adjusted to proper tracking frequency by means of brass slugs in coils
and S3, and is further adjusted by trimmers 7’2 and T6. When properly
tuned, the oscillators produce a 25.75-Mc video IF and 21.25-Mc audio
beat frequency.
5-13. Push-button Tuner. The capacity-tuned push-button tuner
circuit is also similar to those employed in some AM radio receivers.
This unit is pictured in Fig. 5-20, and the complete front end is shown
in the diagram of Fig. 5-21. The circuit has 12 separate push buttons,
each pre-set to a television channel. Any one control causes three
trimmer condensers to be switched into the three tuned circuits. Thus,
for example, for channel 2 condensers CiA, Csa, and C3a are put into the
circuit when the push button for channel 2 closes switches *Sia,
and *Sic. The function of this tuner is similar to that of the turret type
in that each channel circuit is independent of the others, and that each
set of three condensers may therefore be peaked without regard to the
others.
A unique approach has been taken for resonating the inductances in
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the r-f plate and mixer grid. In order to make this circuit more fully
understandable, it has been simplified in the diagram of Fig. 5-22. Coil
L4 is the plate inductance for the r-f amplifier, which is resonated by the
total output capacity Co of this stage to ground in series with C*iL and
Cio back to the other side of inductance L4. Thus, as it is desired to
change the resonant frequency from channel to channel, it is necessary
only to switch out C1L and substitute a new value of capacitance in the
form of Cik, Cu, and so forth.

Mixer

RE
amp
i

tco

^8

Z-4

%

!

IL

_ _^2L

B+
Fig. 5-22. Simplified diagram of the r-f amplifier and mixer sections of the push-button
tuner shown in Fig. 5-21.

The mixer-grid coil, L8, is tuned in a like manner where Ci, C^, and
C’i2 all in series form the complete resonant circuit. The presence of
Cio and C12 does not in any way change the principle of operation, but
merely makes the variable effects of Cm and C2l less pronounced. This
is always true when a fixed condenser is in series with one which is tuned.
Condenser C33 couples the energy between these two stages. For the
lower frequencies it was necessary to increase the inductances, and, con
sequently, when the push button for channel 5 is closed, L3 is effectively
put in series with L4, and L-, in series with L8. This can be seen in Fig.
5-21. Here also it will be noted that the oscillator is tuned by Li3 in
series with C13 and Csl. The fine-tuning condenser is paralleled across
the entire combination.
5-14. Remote-control Tuning Units. In the later model Zenith
receivers it is possible to add a remote-control motor mechanism to their
turret tuner. This device, which has been called the “lazy-bones” tuner,
permits changing stations while viewing the screen at any distance up to
15 ft. The motor is shown mounted on the back end of Zenith’s turret in
Fig. 5-23a. Here too is the hand control that is connected to a three-

92

PRINCIPLES OP TELEVISION SERVICING

[Sec. 5-14

conductor flexible cable and that extends to the armchair of the viewer.
Figure 5-236 shows the motor and transformer assembly ready to be
slipped over the shaft projecting from the back of the tuner. The unit
is held in place by three mounting screws. The lazy-bones tuner is avail
able to servicemen for installation on these receivers at additional cost.
A remote-control tuning unit is standard equipment on some models of
Philco television receivers and their television-radio-phonograph combi
nations. By means of a small control box that fits in the hand, it is

(a)
(b)
Fig. 5-23. (a) Remote control motor shown mounted on the back end of Zenith’s turret
tuner.
(b) Remote control motor before mounting, showing extension shaft on back of turret
tuner.

possible for the viewer to tune and adjust the receiver from any point
up to a distance of 30 ft. The control box is connected to the unit in
the receiver through a flat eight-conductor cable which unrolls from a
self-winding reel on the back of the cabinet. With this unit, it is possi
ble to operate the contrast control, the volume-on-off switch, the finetuning adjustment, and the main channel-selector switch. Similar to the
Zenith the tuning motor and drive-gear assembly become an integral part
of the r-f tuner.
Following any one of the r-f tuners in general use the serviceman will
encounter one of four basic types of video i-f amplifiers. They are the
stagger-tuned stage, wide-band transformer circuits, band-pass filter net
works, and intercarrier i-f stages. Each of these types will be discussed
separately.
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5-15. Stagger-tuned I-f Stages. The circuit of Fig. 5-24 shows video
intermediate-frequency stages of the impedance-coupled type having a
set of tuned traps 7\Oi through 7’10g. When properly aligned, their fre
quencies are staggered for the purpose of obtaining an over-all broad
band response curve. This diagram is a continuation of the type of r-f
circuit shown in Fig. 5-2. Stagger tuning requires that the technician
align each circuit to the specific frequency for which it is designed. In
25.9-*;
Mc

''

'

I

1 9.7 5 MC

Fig. 5-25. Individual response curves of the second through the fifth picture i-f trans
formers of Fig. 5-24. (RCA.)

the case of the i-f section under consideration, this means a total of nine
different frequencies. All are relatively close together, as can be seen
from values given on the diagram. A detailed alignment of staggertuned i-f stages is given in Chap. 13 for a circuit almost identical to that
of Fig. 5-24. The reader will find it worth while to compare this dia
gram with Fig. 13-1.
In order that the student may become more familiar with the method of
obtaining an over-all video i-f response curve by means of stagger tuning
the various transformers and traps in the circuit of Fig. 5-24, attention is
directed to the four response curves of the individual i-f stages given in
Fig. 5-25. Since it is necessary to have a relatively uniform band pass
of approximately 4 Me through the i-f stages, the characteristics of the
various tuned circuits are positioned to complement each other and to
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produce collectively the over-all video i-f response curve required. Fig
ure 5-26 illustrates how the four curves of the second through the fifth
video stages of Fig. 5-24 may be combined. Observe that no two curves
peak at the same frequencies, and that some are lower in amplitude than
others. The over-all response curve is predominantly effective over the
range between approximately 21.75 and 25.75 Me. To avoid making
the curves of Fig. 5-26 too complex, the graph of the first picture i-f
transformer is not included. Its curve is very broad and very similar
22.1

5th IF-/—.

i

25.0

Over-all
/video IF
V response

_/

AV 4th IF
V \ 25.75

i
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22
23
24
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26
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27

1

1

1

28

29

30

31

Fig. 5-26. A graph showing how the individual response curves of Fig. 5-25 combine to
form an over-all wide-band video i-f response. The amplitude of the over-all response
curve is exaggerated to avoid confusion with the other curves.

to the over-all curve shown. The graph of the first i-f transformer may
be seen in Fig. 13-3a and the final response curve in Fig. 13-4.
There are certain advantages which are attributed to stagger tuning
the i-f stages. The system is relatively stable, because no two tuned
circuits are adjusted to the same frequency and hence there is less possi
bility of circuits breaking into self-oscillation. They are comparatively
easy from the standpoint of alignment, since each coil is peaked essentially
to its own center frequency.
5-16. Wide-band Transformer I-f Stages. The intermediate-fre
quency stages of Fig. 5-27 are transformer-coupled. The first two trans
formers T30i and 7*302 are paralleled in their primaries by resistors ft 305
and 7?310, respectively. These resistors tend to broaden the response of
the transformers and to allow them to pass a wider band of frequencies.
Even this, however, is not sufficient to produce a response curve 3.5 or
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4 Me wide as is required. Consequently, the tuning of these stages is
staggered in a manner shown in the graph of Fig. 5-28. This action is
similar in all respects to the principles employed in the stagger-tuned
IF’s, and produces an over-all response curve of suitable width. The
diagram of Fig. 5-27 is a continuation of the front-end circuit given in
Fig. 5-13. It will be observed that, unlike the other stages, the third
i-f transformer T303 is not shunted with a loading resistor. This is
because the 6AL5 detector and its
3rd IF
Overall video
output circuit provide sufficient
trans.
IF response
load to replace the resistor.
5-17. Band-pass Filter-network
IF’s. Perhaps the most complex
1st IF
2nd IF
of the intermediate-frequency stage
trans
trans
couplings is that of the band-pass
filter-network type. Such networks
19 20 21 22 23 24 25 26 21 28 29
are shown in the diagram of Fig.
Frequency in megacycles
5-29. Their principle of operation, Fig. 5-28. A graph showing how stagger
however, is but a continuation of ing the responses of three i-f transformers
produce an over-all wide-band video i-f
the methods employed in the other response curve.
two types of circuits just described.
The over-all response curve is obtained by adding the effects of each
filter network, starting with Z303 shown in the plate circuit of the second
video i-f amplifier. The effects of two of these networks are shown in
the graphs of Figs. 5-30a and b. The first of these shows a combined
response curve that results from the fact that the two coils L303a and
I/303B are properly tuned and tightly coupled through condensers C3o3a
and C*303b- This produces the combined response curve A. The effects
of the second band-pass filter Z302 in the plate circuit of the first video
i-f amplifier are now combined to form the composite curve B of Fig.
5-305. It can be seen that L302a and L302c when properly tuned add their
influence to accentuate one peak of composite curve B. Only two steps
are shown here in the process of developing the final over-all video i-f
response curve. For the complete development the reader’s attention is
directed to the graphs of Fig. 13-10.
5-18. Intercarrier I-f Stages. Many television receivers employ an
intercarrier-sound system. The serviceman must know how this system
differs from sets having independent i-f stages and how it resembles them.
Actually the IF’s of intercarrier-sound receivers may be the stagger-tuned
type, transformer coupled, or wide-band filter networks, but a very
important difference lies in the shape of the response curve. Hence, this
type of IF is being considered separately.
Briefly, the system of intercarrier sound for television is a method of

fl
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employing the same i-f stages and sometimes the same video amplifiers
for both picture and sound. To accomplish this these stages must have
a sufficiently wide band pass to accommodate the intermediate fre
quencies of both video and audio carriers. The carriers are always
4.5 Me apart. When the IP’s reach the video second detector, a 4.5-Mc
intercarrier beat is produced which is frequency modulated in accordance
with the incoming audio signal. In some cases, this 4.5 Me intercarrier
audio IF is taken directly to the sound section. In other cases, the IF is
further amplified through the video stages and taken off at the cathode
ray tube. In either method, the intercarrier audio is again amplified in
its sound i-f stages before going through a limiter and FM detector.
z-v-x Composite
curve B

Combined
response
curve A
L303A

Response
„ Z\ curve A

L303B

L302A

\zL3O2C

(a)
(b)
Fig. 5-30. Graphs showing the development of an over-all wide-band video i-f curve with
the band-pass filter networks of Fig. 5-29.
(a) Combined response of the tuned circuits in the final band-pass filter.
(b) Composite curve as a result of the addition of the third band-pass filter to the
response curve of the fourth filter.

Among the advantages of this system are the fact that a normal amount
of local-oscillator drift in the receiver will not impair the quality of the
sound and that the set is made somewhat easier for the user to tune.
However, it has the disadvantage of being susceptible to a noticeable
buzz if the sound detector becomes misadjusted or if the television sta
tion approaches 100 per cent modulation of the picture carrier.
Typical of the video i-f amplifiers used in inter carrier-sound receivers
is that of the circuit shown in Fig. 5-31. It is impedance-coupled,
stagger-tuned and in principle is employed essentially unchanged in
many television receivers. Of particular importance to the student is
the method of determining whether or not the receiver has an intercarrier
sound system. To ascertain this fact, the circuit should be investigated
from the output of the converter stage through the IF’s until the point
where the sound IF is taken off. If the sound is not taken off until
after the video second detector, the receiver has an intercarrier i-f system.
In Fig. 5-31 the intercarrier sound is taken off in the plate load Rw> and
I/25G of the 1N64 crystal detector stage.
The over-all i-f response curve for one type of intercarrier sound sys
tem is shown in Fig. 5-32. It will be observed that the curve is rela
tively symmetrical and must be designed to pass both audio and video
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carriers. This is in contrast to the curves previously discussed which,
of necessity, must attenuate the audio as much as possible. Like the
other curves, the video is usually positioned at approximately 50 per cent
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Fig. 5-31. A circuit of an impedance-coupled i-f amplifier used in a receiver having intercarrier sound. (General Electric Co.)

up on the side, but in this case the audio carrier is allowed to come through
at the 5 per cent level. The plateau on the curve at which the audio IF
is positioned is known as the shelf.
If the audio carrier is adjusted to an
amplitude much greater than 5 per
VrVideo
cent while going through the video
\ 1F
i-f
stages, considerable sound distor
Audio
■------ 4.5 Me
IF
tion may result.
The graph of Fig. 5-32 is one of
Fig. 5-32. A graph of one type of over
all video i-f curve used in intercarrier
two possible over-all response curves
sound receivers.
that may be used with this system.
Both types are covered at length in the discussion on aligning intercarrier
sound receivers in Chap. 13. For comparison the reader is referred to
Figs. 13-1 la and b.

A

TROUBLE-SHOOTING HINTS AND SERVICING NOTES
Defect. Defective R-f Amplifier
Symptoms: 1. No picture or sound.
2. Weak picture and sound.
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Defect. Defective R-f Tuner
Symptoms: 1. Picture jitter when channel switch is turned.
2. For “line” tuner: All channels inoperative.
3. For “line” tuner: All channels past the point of fault inoperative.
4. For separate-coil tuner: Single channel inoperative.
Defect. Defective Tuner Switch
Symptoms: 1. One or several channels inoperative.
2. All high-frequency or low-frequency channels as a group inoperative.
Defect. Defective Oscillator Stage
Symptoms: 1. Excessive frequency drift.
2. Sound and picture degenerate in quality.
3. No picture or sound.
Defect. Defective Mixer Stage
Symptoms: 1. No picture or sound.
2. Weak picture and sound.
Defect. Independent I-f Stages
Symptoms: 1. If misaligned: Weak picture, loss of picture detail.
2. If misaligned: Distorted or weak sound if in stage before sound is
taken off.
3. If inoperative: Complete loss of picture and maybe sound.
Defect. Intercarrier-sound I-f Stages
Symptoms: 1. If misaligned: Weak picture and sound.
2. If misaligned: Loss of picture detail and distorted sound.
3. If inoperative: Both sight and sound lost.

REVIEW QUESTIONS
1. Describe the principle of operation of five different styles of r-f tuners.
2. The front end of a television receiver is usually composed of what three circuits?
3. What is the purpose of the parallel i-f traps in the transmission-line circuit of
Fig. 5-2?
4. Explain how the frequency is changed as the tuner in Fig. 5-2 is switched from
channel to channel.
5. What is meant by a balanced-line r-f input tuner?
6. From an analysis of the balanced timer circuit of Fig. 5-5, would adjusting coils
L9>b and L926 have any influence on reception of channels 1 through 6? Explain.
7. Would adjusting coils L#u and L912 of Fig. 5-5 have any effect upon the reception
of channels 7 through 13? Explain.
8. Describe the basic differences in the operating principle of the turret tuner
from that of the additive-inductance tuner.
9. In Fig. 5-7, explain why there are four antenna input terminals.
10. Explain from the diagram of Fig. 5-7 how the correct antenna is switched into
the circuit as the turret is changed from channel to channel.
11. Explain how the frequency is changed as the Inputuner is varied across the
television band.
12. How does the principle of the permeability tuner differ from that of the variable
condenser tuner?
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13. How is the frequency made to change from channel to channel in the push
button tuner?
14. List four types of IF’s employed in television receivers.
15. Explain what is meant by “stagger-tuning” the video i-f stages.
16. What is the approximate bandwidth in megacycles of a video i-f amplifier?
17. Explain briefly what is meant by an intercarrier-sound i-f system.
18. List an advantage and a disadvantage of the intercarrier-sound system.

CHAPTER 6
SECOND DETECTORS, VIDEO AMPLIFIERS,
AND AUTOMATIC GAIN CONTROL
6-1. Circuits from the Video Detector to the Cathode-ray Tube. By
the time the principles of the r-f and i-f stages have been studied, the
student should have little difficulty understanding the remaining sections
of the picture channel. From the detector to the cathode-ray tube the
signals travel through either untuned circuits or through tuned traps that
are relatively stable. This situation is similar to that following the
detector in a radio receiver, except that the conditions of a television
system require a greater degree of understanding and of exactness of
workmanship. The design and functions of the second detector are so
related to the entire circuit up to and including the cathode-ray tube
that the video amplifier will be discussed at the same time. To under
stand better the wide variety of detector and video amplifier stages being
used in present day sets, the designs of six representative circuits are
considered. Table 6-1 will help to emphasize the basic differences that
will be found throughout the industry.
Table 6-1.

Receiver

Various Types of Detectors

Type of detector

and

Video Amplifiers

Followed by video stages

Series diode, negative output
2 amplifiers, direct-coupled
Series diode, negative output
1 amplifier, direct-coupled
Shunt crystal, negative output 2 amplifiers, input and output, RC cou
pled
2 amplifiers, one cathode follower, RC
Fig. 6-10 Series diode, negative output
coupled
Fig. 6-12 Series crystal, negative output 2 amplifiers, RC coupled
1 amplifier, RC coupled
Fig. 6-13 Scries diode, positive output

Fig. 6-1
Fig. 6-8
Fig. 6-9

6-2. The Two-stage Direct-coupled Video Amplifier. The first circuit
for discussion is a continuation of the i-f section given in Fig. 5-24. The
detector and video amplifiers are shown in Fig. 6-1. Here it will be seen
that the detector circuit is almost identical in appearance with those
used in many superheterodyne radios. The two slight differences are
that the cathode instead of the diode plate is connected to the last i-f
transformer and the tube load is composed of two r-f peaking coils, L102
103
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and Lios, besides the usual resistor and r-f filter or by-pass condenser.
Consideration should first be given to the over-all circuit design. The
manufacturer has chosen to use two direct-coupled amplifier stages and
to modulate the grid of the cathode-ray tube. For the reader not familiar
with picture-tube circuits, it must be pointed out that it is also common
practice in some sets to feed the video signal to the cathode rather than
to the grid of the CRT. This is true, for example, in the next receiver
discussed. The importance of these facts to the serviceman lies primarily
in his being able to understand the progress of the signal through the
stages, and to interpret the waveforms he sees on the oscilloscope when
aligning the sets and trouble shooting.

(a)

(b)

(c)

Fig. 6-2. Waveform drawings showing how a modulated i-f carrier becomes a video
signal of negative signal phase when demodulated by the detector of Fig. 6-1.
(a) Video modulated IF at fifth picture i-f transformer.
(b) Rectified i-f pulses as would appear at plate of the second detector if the filtering
in the plate circuit were removed.
(c) Video wave of negative signal phase as applied to the grid of first video amplifier.

Table 6-1 states that the circuit in Fig. 6-1 has a negative output.
What this means is that the negative half of the modulated i-f carrier
will be detected and passed on to the first video amplifier. The reason
becomes clear when it is seen that the electrons flow from cathode to
plate in diode V105A and then down through the plate load LiM and Rw.
As they do so, a signal voltage is developed across this load which is
negative on the grid of the first video tube V106 with respect to its
cathode. Since electrons cannot flow back up through R i2o, the i-f signal
is rectified and only its negative half is used. This effect is further
explained in Figs. 6-2a, b, and c.
6-3. Regarding the Polarity of the Picture Signal. As to what con
stitutes a negative and a positive picture signal, there has been a great
deal of confusion among the television engineers and in the technical
literature. For purposes of uniformity throughout this book, the term
negative signal phase will be applied to a wave of the type shown in Fig.
6-2c. Here the picture signal is of the proper polarity to modulate the
grid of the cathode-ray tube and will produce the correct shades of black
and white. If the positive half of the carrier in Fig. 6-2a were detected,
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the video signal would be above the zero line in Fig. 6-2c and this wave
would be said to have a positive signal phase. A. signal of positive phase
must be fed to the cathode of the picture tube.
There are many times when the serviceman will find it valuable to see
the actual video signal at the output of the detector stage and subsequent
points as it progresses through the amplifiers to the cathode-ray tube.
This type of investigation is not needed during normal alignment, but
when trouble is suspected in the video stages, a check with the oscilloscope

Fig. 6-3. A five-inch oscilloscope designed for television servicing work.
Apparatus Co., Inc.)

{Precision

may prove very helpful. Often the manufacturer will provide pictures
of the video waveforms as they might be expected to appear at different
points along the way. Accordingly, the student is directed here to con
nect the oscilloscope to the video amplifier and to make observations.
6-4. The Cathode-ray Oscilloscope. The 5-in. oscilloscope, or oscil
lograph as it is sometimes called, shown in Fig. 6-3 is one of the commer
cially available instruments that will be found well suited for television
servicing work. All controls are readily available on the front panel.
The vertical sensitivity is variable to 20 millivolts per in., so that it may
be used for viewing video signals and i-f waveforms equally well. The
vertical amplifier has a sine-wave frequency range from 10 cycles to 1 Me.
This permits viewing most video waves with a low degree of distortion.

Sec. 6-7]
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The internal saw-tooth sweep oscillator extends from 10 cycles to 30,000
cycles. A transparent celluloid graph sheet may be slipped in front of
the cathode-ray tube when it is desired to make comparative wave checks
and peak voltage measurements. If the reader is not familiar with the
basic operating principles of the oscilloscope, he is advised to read further
information regarding it in Chap. 21.
6-5. The Vacuum-tube Voltmeter. One of the most convenient all
round trouble shooting instruments is the vacuum-tube voltmeter of the
Voltohmyst type illustrated in Fig. 6-4a. Its high input impedance
makes it possible to connect the instrument into television circuits with
out appreciably loading them. The meter can be used for measuring
ohms, power alternating current, and audio-frequency voltages, and with
the use of the high-voltage test probe of Fig. 6-46, the d-c range can be
extended up to 30,000 volts for servicing the low- and high-voltage power
supplies.
6-6. Regarding a Tube Tester. The question often arises as to
whether or not a tube checker is needed for the beginning serviceman.
This instrument is very convenient and under some circumstances can
save time. However, it is not necessary at the start. If a tube is
suspected of being bad, a quick check can be made by simply taking it
out and replacing it with another one that is known to be good. A spare
set of tubes that can always be used for testing circuits should be kept on
hand. This replacement method helps to save money for the newcomer
in television servicing. Before plugging in a new tube to replace one that
has burned out, it is good practice to check the filament voltage at the
tube socket. This may be done quickly by placing the test prods of the
voltmeter in the filament pinholes that can be easily reached from the top
of the chassis without removing it from the cabinet. Such a procedure
will prevent the possibility of burning out the new tube in the event of
excessive voltage due to some circuit defect. This precaution is especially
important in the case of the cathode-ray tube where burning out the new
one will be costly.
6-7. Viewing the Video Signal. In preparation for viewing the video
signals, the receiver must first be properly aligned in all its r-f and i-f
stages and be made ready for operation by being connected to a suitable
antenna. Before the set is turned on, the vertical-input lead of the oscil
loscope should be connected to the grid, pin 1, of the first video amplifier
V106 through a 0.1 -/if condenser, and the ground terminal should be con
nected to the receiver chassis. There are two possible settings for the
internal sweep voltage of the oscilloscope. If a wave of the type shown
in Fig. 6-2c is to be seen, the horizontal sweep must be set to a frequency
at least equal to the repetition rate of the horizontal-sync pulses (15,750
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Fig. 6-4 (a). (RCA.)
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cycles), and preferably a submultiple of it. It is common practice to use
one-half the rate of the waves being studied. In this case it is one-half
of 15,750, or 7,875, and results in the tracing of two complete signals on
the oscilloscope. The advantage of this procedure lies in the fact that
the observer is sure that he is viewing at least one complete wave, whereas
if only one pattern is on the CRT screen, some of it might be lost during
the retrace time of the spot.
The second method for viewing the video signal is to set the horizontal
sweep oscillator at one-half the field frequency, 30 cycles. The resultant
trace on the oscilloscope will be all of the video information transmitted

(a)
(b)
Fig. 6-5. Video waveforms as viewed at the input to the first video amplifier in. Fig. 6-1.
(a) Two complete horizontal lines and associated sync pulses.
Oscilloscope sweep rate 7,875 cps.
(b) Two complete fields and associated sync pulse intervals. (RCA.)
Oscilloscope sweep rate 30 cps.

in one complete picture of two fields and the sync and blanking pulses
during at least one vertical blanking period. The video waveforms for
both the half-line time (7,875 cycles) and half-field time (30 cycles) are
given in the a and b portions, respectively, of Figs. 6-5, 6-6, and 6-7.
Only the first of these methods will be employed throughout the following
study.
With the receiver and oscilloscope in operation, the set should now be
tuned to a television station and a picture should be received. It does
not matter whether the signal is that of a test pattern or of an actual pro
gram. The vertical sensitivity control on the oscilloscope should be set
either at XI or X10, and the vertical gain varied to give the desired
amplitude. The sweep selector is set at the highest point (5-30) and
the vernier control adjusted until two patterns of the type shown in
Fig. 6-5a are clear and stable on the screen. Close observation of this
wave pattern reveals that the video signal has a negative phase, as would
be expected from the electron flow through the load resistor. The peaks
of the horizontal-sync pulses point downward. Between these pulses are
the main signals which go to make up the picture. If the image is that
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of a test pattern, these signals will remain constant. If, however, a pro
gram is being received, this portion of the wave will be continuously in
motion, varying in amplitude and intensity in different parts. To
observe this pattern for the first time is an experience for each person
working with or studying television, because at last the theoretical dis
cussions begin to have meaning and the drawings of the video pulses and
signals come to life.
When the video signal has been satisfactorily obtained and studied, the
vertical test lead may be shifted to the grid, pin 5, of the second video
amplifier in Fig. 6-1. Since the wave has been amplified approximately
seven times by the first stage, the result ing signal will now be considerably

(a)
(b)
Fig. 6-6. (a-b). Waveforms of two horizontal lines and two complete fields, respectively,
as viewed on the oscilloscope at input to second video amplifier of Fig. 6-1. (RCA.)
Oscilloscope sweep rates (a) 7,875 cps, (b) 30 cps.

greater. Accordingly, the vertical gain on the oscilloscope must be
readjusted to reduce the size of the pattern. With proper setting, the
waveform of Fig. 6-6a can be obtained. Here it will be noted that the
signal has been inverted as a result of going through the first amplifier,
and now has a positive phase. Often this observation will tell the dis
cerning serviceman whether or not the video amplifiers are functioning
properly up to this point. Finally, there is the signal which is applied to
the grid of the cathode-ray tube, Km. Electronically this is the end of
the line for the video wave, and when modulating the CRT grid, the
peaks of the sync pulses must be of negative phase. To observe that this
is true, connect the test lead to the junction point between 7£13i and Zim
of Fig. 6-1 and again readjust the vertical-gain control. The signal at
this last point of observation should appear no different from the previous
waveform except for an increase in gain and another phase reversal.
Figure 6-7a shows the composite video signal as it should look when going
to the grid of the picture tube. The second video amplifier, V107, has a
voltage gain of almost 9, resulting in a total voltage increase of approxi
mately 62 from the output of the second detector. The signal at the grid
of the first video amplifier will normally average approximately 2 volts.

Sec. 6-9]

SECOND DETECTORS

111

The peak-to-peak voltage of the wave at the grid of the second video
amplifier will be approximately 15 volts, and if measured at the plate of
this tube would be more than 130 volts. This signal is too great for the
grid of the cathode-ray tube. Consequently, a voltage divider composed
of Z?i3i and l?i32 is employed which provides a signal for the grid that is
65 volts peak to peak. The stage gain can be measured either with a
vacuum-tube voltmeter or by noting the relative increase in amplitude
on the cross-hairline graph of the oscilloscope. Further information on
this subject is given in Chap. 21. Before proceeding, the oscilloscope
may be removed and turned off.

(a)
(b)
Fig. 6-7. (a-b) Waveforms of two horizontal lines and two complete fields, respectively,
as viewed on the oscilloscope at the input to the grid of the CRT in Fig. 6-1. (RCA.)

6-8. Adjusting the 4.5-Mc Video Trap. The next point of investiga
tion in this amplifier is the 4.5-Mc video trap Li0.h which serves to prevent
the sound waves of the station that is tuned in from reaching the cathode
ray tube and putting 'wave patterns in the picture. Usually the video
trap is the easiest of all circuits to adjust, and it is therefore described at
this time. No test equipment is needed; it is merely necessary to place a
short clip lead across trap section B of the i-f transformer, Ti03 (see Fig.
5-24). When this winding is short-circuited, a strong television station
should be tuned in and the picture observed for the appearance of a 4.5-Mc
beat-note pattern on the screen, which can be seen as distinct disturbances
across the picture. By adjusting the core of coil Li<m of Fig. 6-1, the beat
pattern can be made visible and then eliminated. When the disturbance
has been tuned out, the clip lead across Ti03 should be removed. Traps
of this type are quite stable and, once set, rarely if ever need further
attention.
6-9. Factors in Video-amplifier Design. Because the video amplifiers
in all well-designed receivers must pass frequencies from 30 to 4,000,000
cycles, the only circuits in general use are resistance-load direct-coupled or
resistance-capacity coupled. Both these types are then broadened
sufficiently by high-frequency peaking coils. In modern television sets,
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the peaking coils are not adjustable and hence do not require the atten
tion of the serviceman. The coils used to compensate for high-frequency
losses in the diagram of Fig. 6-1 are L102, Lios, and Lios, which are seen to be
in series between the stages from plate to grid, and coils L103, Lioe, and
L109, that are essentially shunted across the stages. They are referred to
as the series and shunt peaking coils, respectively.
Another point of interest to the serviceman is the type of gain controls
employed in video amplifiers. Here too there is no special problem of
adjustment, but a comparison of the methods used in the various receivers
should be made. In this circuit, the gain of the second video stage is
controlled by varying the resistance in the cathode. This, of course,
changes the bias and consequently the signal being amplified.
Again referring to the diagram of Fig. 6-1, it will be observed that
another signal line besides the one going to the picture tube is taken off
the video amplifier. This lead is connected to the junction point of pin 5
of F107 and R124. It is over this line that the sync signals travel to their
respective sweep oscillators and that the voltage for the automatic gain
control (AGC) is obtained. The function of this circuit and the opera
tion of other systems of similar types are covered in the latter part of this
chapter.
6-10. A Single-stage Direct-coupled Video Amplifier. The second
type of video detector-amplifier circuit to be considered is given in Fig.
6-8. The series diode detector is identical in function with the circuit of
Fig. 6-1. It provides a negative signal phase to the grid of the 6AC7
video amplifier, V306, since the current flows downward through load
resistor #319. Here, too, the video amplifier is direct-coupled from the
detector circuit and the cathode-ray tube is direct-coupled to the amplifier.
The fundamental circuit difference in this receiver from the previous one
is that the cathode of the picture tube is modulated instead of the grid.
Reference has already been made to this style of design. It is necessary
here because only one amplifier stage is employed and the signal has a
negative phase at the output of the detector.
By the use of an extremely high gain tube, 6AC7, as a video amplifier,
the designer was able to obtain an over-all wide-band amplification of 30
in this stage. Such gains are often low when thought of in terms of audio
signals in a radio set, but it must be remembered that in radio a maximum
of at best only 15,000 cycles is required to pass through the amplifier. In
television, video gains of between 10 and 15 are the average.
Series and shunt peaking of the high-frequency signals are obtained in
this circuit by means of coils L302, L304, and L3os- The 4.5-Mc video trap
Z/303 serves the same purpose as it does in the receiver of Fig. 6-1, namely,
that of preventing the sound i-f beat signal from reaching the cathode-ray
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tube and it may be adjusted by the same method, An exact instrument
procedure for aligning this trap by means of a signal generator and
vacuum-tube voltmeter is given in Step 7 of Table 13-1.
In this circuit (Fig. G-8), the contrast control which varies the ampli
tude of the video signal is a variable-voltage potentiometer for the screen
grid of the tube. This method as well as that of the previous circuit is
common practice in television but is rarely, if ever, found in radio.
Finally, it will be noted before leaving this circuit temporarily that the
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Fig. 6-8. Diagram of a series video detector with negative signal phase output followed
by a single direct-coupled video amplifier to the cathode of the CRT. {Admiral Cor
poration.')
Waveforms obtained by setting the oscilloscope sweep frequency at 7,875 cps.

AGC signal is taken off in the plate circuit of the video amplifier through
L305 to be fed to its own amplifier tube. It should be kept in mind for
purposes of a later discussion on this AGC that at this point the signal
has a positive phase. It is necessary for the system employed in this set.
6-11. Shunt-crystal Detector and Two-stage Video Amplifier. More
and more receiver manufacturers are finding it convenient in some of
their models to use germanium-crystal rectifiers in place of diode tubes as
second detectors. This procedure has been followed by GE in many of
their later sets. Figure 6-9 shows the detector and video amplifier sec
tions of one of their receivers. It is the third of the representative types

114

PRINCIPLES OF TELEVISION SERVICING

[Sec. 6-11

mentioned in Table 6-1. This set employs a shunt-crystal detector fol
lowed by two amplifiers in which the input and output circuits are resist
ance-capacitance coupled. The function of the crystal is similar in all
respects to that of a diode tube in that it is a unidirectional device, con
ducting only when the incoming i-f carrier develops a positive voltage at
the top of coil L^~ with respect to ground. When this happens, the
1N64 crystal conducts heavily and effectively short-circuits the i-f signal
so that no picture energy is passed on to the video amplifier. On the
reverse half of the i-f carrier, however, the crystal becomes essentially an
open circuit, and electrons will flow from the top of coil L247 to ground
through coils
load resistor R26&, and the shunt-peaking coil L256.
It is during this time that the video signal having negative phase is
developed between grid and ground of the first video stage, V8a.
The negative output of this detector provides correct polarity for the
grid of the cathode-ray tube and in consequence is amplified through two
video stages, with a double reversal.
In contrast to the previously discussed video amplifiers, this circuit is
resistance-capacitance coupled from the detector to the first video tube
and again in the output. Almost all early receiver models employed con
denser coupling in some part of the video amplifier, but, as time went on,
a number of circuits were direct-coupled throughout. There are two
advantages in eliminating the condensers. The more important one is
that there is no need for d-c restoration in the picture signal at the
cathode-ray tube. Briefly, this means that the peaks of all sync pulses
must be brought to the same reference voltage or d-c level at the output
of the final amplifier tube. If this were not done, some of the sync pulses
might not be sufficiently large to blank the cathode-ray tube during the
vertical return time of the spot and the retrace lines would be seen across
the picture. Direct-coupled video stages do not require a d-c restorer
circuit because the d-c level existing at the detector is never lost. All
amplifiers using RC coupling lose the d-c component or level of the picture
signal, which should then be restored after the last coupling condenser in
the circuit. The principle of d-c restoration and restorer circuits is
covered in detail in the next chapter. This subject is merely mentioned
here because all the video amplifiers that remain to be discussed have
restoration circuits of one type or another.
As an amplifier of video signals, it will be seen that except for the
coupling condensers C273 and C269, the circuit shown in Fig. 6-9 is essen
tially the same as the previous circuit. Coils L248 and L249, in conjunction
with condenser C266 at the output of the detector, form a low-pass filter
to prevent the rectified pulses of the intermediate frequency from being
passed on to the video stages. Coils L255, £268, and L258 are the conven-
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tional series high-frequency peaking coils, while L256, />269, and L257 are for
shunt peaking.
Finally, there is the 4.5-Mc. video trap, L269, for the sound i-f of the
station being received. The adjusting of similar traps has already been
discussed, but, because the manufacturer recommends a particular
method, this procedure is deferred until Chap. 13, Fig. 13-12, where the
alignment generator and oscilloscope are used.
6-12. Detector and Video Amplifier Having Cathode Follower. The
detector circuit of the receiver shown in Fig. 6-10 is in no way different in
operation from previous vacuum-tube detectors, except that the manu
facturer has chosen to use the second half of this tube as a detector for the

(a)
(b)
(c)
Fig. 6-11. (a-b-c) Video waveforms as they would appear at the points indicated on the
diagram of Fig. 6-10. (.Allen B. Du Mont Laboratory, Inc.)
The sweep frequency of the oscilloscope is set at 30 cps. Observe there is only one
phase reversal between the output of the first and third amplifier stages.

AGC. The negative signal-phase output is direct-coupled to the first
video amplifier but is resistance-capacitance coupled in the succeeding
stages. An innovation will be found in this circuit in that the second
video amplifier is a cathode-follower stage which, in common with all
circuits of this type, will not amplify the signal. The purpose of this
design is to provide a means for a variable-gain control that will have little
effect on the shape of the picture signal because the current at this point
is relatively high but the voltage quite low.
With regard to the progress of the signal through the components of
the circuit, coils L213 and L2u are the series and shunt high-frequency
peaking coils, respectively. The detector filter, composed of L220 and
C215, prevents the video IF from appearing at the grid of the first video
amplifier. If the oscilloscope were to be connected to the plate circuit
of the detector, it would be possible to observe the video signal as shown
in Fig. 6-1 la, where it can be seen that the peaks of the sync pulses are
negative. The direct coupling from the detector to the first video
amplifier eliminates the need for low-frequency compensation, because
this type of coupling passes all low frequencies down to and including
direct current. However, since the output of tube 205 is capacitively
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coupled, both low- and high-frequency compensation are employed in the
plate circuit. The high frequencies are maintained by shunt peaking coil
L215, while the low-frequency compensation circuit is composed of ^224
and C2i4B- The video trap L21& and C216 is the already familiar 4.5-Mc.
resonant circuit used to prevent the beat frequency between the video IF
and the audio IF from getting through to the cathode-ray tube.
If the oscilloscope is connected to the plate of the first video amplifier,
the picture signal will be inverted, as can be seen in Fig. 6-116. The
waveform will appear unchanged across the contrast control, 7£22g- In
all cathode-follower stages, the input and output signals have the same
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Fig. 6-12. Diagram of a series crystal detector followed by two resistance-capacitance
coupled video amplifiers to modulate the grid of the CRT. (Magnavox Co.)

polarity. Figure 6-11c shows a reinversion of the signal to provide the
negative phase required to modulate the grid of the cathode-ray tube.
The d-c level of the picture signal is restored at this point after having
been initially lost through coupling condenser C217.
6-13. A Series-crystal Detector and Two RC-coupled Video Stages.
The Magnavox circuit of Fig. 6-12 employs a series-crystal detector
followed by two simple triode amplifiers that are resistance-capacitance
coupled. For purpose of reference, the manufacturer has drawn the
waveforms of the video signals with their proper polarity and with an
arrow indicating at what point in the circuit these waveforms may be
viewed on the oscilloscope. Observe also that the peak-to-peak voltage
for each wave is given. The first video amplifier has a gain of 5 and the
second stage has a gain of 6.4.
6-14. A Positive-picture Phase Detector. A relatively small number
of receivers with which the serviceman will come in contact have a posi
tive-picture phase output at the detector. Such is the case of the Scott
of Fig. 6-13, the last of the representative circuits outlined in the begin
ning of the chapter. The series diode has its cathode connected to the
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load resistor, which necessarily provides the positive-picture phase at the
grid of the single video amplifier. The picture signal undergoes only one
inversion and is applied through condenser coupling to the grid of the
cathode-ray tube. Inasmuch as the circuit components in this amplifier
are similar in all respects to the others already considered, the student will
readily be able to analyze their functions. The lower half of the detector
tube is used to provide AGC.
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6-15. Simple AGC Systems. Receiver manufacturers are constantly
seeking to give better service to the public, within the limits imposed by
economic factors. In particular, they are trying whenever possible to
simplify the adjustments of the controls. One such circuit improvement
is the introduction of automatic gain control (AGC). Many of the AGC
systems function on about the same principle as the automatic volume
control in the radio receiver. Here a portion of the i-f carrier is rectified,
often amplified, well filtered, and then returned as d-c bias to the grids of
r-f and i-f stages. Thus, as the carrier strength increases, a greater nega
tive voltage is sent to the control grids of the i-f tubes, and their gain
is thereby reduced.
The simple forms of AGC are relatively satisfactory when the stations
can be received fairly noise-free and the fluctuations of carrier levels are
not too rapid. They rely for their action upon the long time constants
of RC circuits that are needed to filter out the 60-cycle variations of the
vertical synchronizing pulses. The slowness of action in this type of AGC
lies not so much in its inability to react quickly as in the time it requires to
recover from a noise peak. To overcome the limitations of the slow
AGC, and thus to make it more effective in fringe areas where the signal-
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to-noise ratio may be lower and to make it respond to more rapidly
fluctuating carriers, another type of circuit known as keyed AGC has been
employed by some manufacturers.
From the standpoint of the television serviceman, his concern about
AGC is mainly confined to trouble-shooting problems, since there are
very few receivers on the market which require any adjustment on these
circuits. Accordingly there is no need for a detailed discussion, but for
purposes of comparative study some of the commercial methods will be
presented and investigated.
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Representative of the simple slow-recovery AGC circuit is the one
in the diagram of Fig. 6-14. The operation of this circuit is quite similar
to a standard delayed-AVC system in a radio. As current flows in the
i-f tube, 6AU6, a bias voltage is built up across the cathode resistor (150
ohms) which simultaneously puts a positive voltage on the cathode of the
left half of the 6AL5, the AGC rectifier. When the peaks of the sync
pulses on the i-f carrier appear at the output of the i-f transformer they
will provide, on one half of the cycle, a positive voltage for the plate of the
AGC rectifier. Current will then flow through the tube and charge the
30-^/zf condenser. On the second half of the i-f cycle, the 30-/x/xf condenser
will discharge through the 2.2-megohm load resistor and develop a voltage
across it which is negative with respect to ground. This potential is
filtered by the 1-megohm, 0.1-juf circuit and applied back to the r-f and
i-f amplifier grids in conventional AVC manner. The greater the peaks
of the incoming carrier the greater will be the AGC voltage.
An interesting combination AGC and manual contrast-control circuit
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is found in a number of GE receivers. The diagram of it is given in
Fig. 6-15. It will be observed that the contrast control is connected on
one side through 1.5 megohms to the grid of the sync clipper tube which
has a rather high negative voltage on it developed by grid-leak bias as the
sync pulses enter the tube. The bias is, therefore, at all times directly
proportional to the sync pulse amplitude. The other end of the contrast
control is connected through 22k to the load resistor of the second detector
where a rather low negative voltage exists, but which also varies with the
IOOp.p,f
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Fig. 6-15. Diagram of a combination contrast control and AGC circuit.
Electric Co.)

{General

sync and video signal amplitude. Thus when the contrast is set for maxi
mum gain at the right-hand end of the control a low AGC is being used,
but when the contrast is set for minimum gain the high AGC voltage is
applied. By this method weaker signals have low AGC and the stronger
signals have a high voltage available.
Attention is now directed to the AGC system in the RCA circuit shown
in Fig. 6-16. The video signal is used to provide the necessary bias by
rectifying the peak voltage through the left-hand side of Fm, which is a
6SN7-GT. The AGC voltage appears in the cathode section of this tube.
The signal is removed from the video amplifier on the grid side of the
final stage. It has a positive-signal phase at this point. The voltage
appearing in the cathode of the AGC rectifier is also of positive phase
since this is the action of a cathode-follower. A negative voltage required
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for biasing the r-f and i-f amplifiers is obtained by the inversion through
the AGC amplifier V 10sa which is a direct-coupled stage. To obtain ini
tial filtering, the resistance-capacitance network composed of 7?i39, C20l,
and C202 is employed. The d-c voltage at the plate of Viosa is indicated
as —7 with respect to ground when no signal is being received at the input.
A voltage divider and further filter network in the plate circuit of this
tube drops the bias to recommended operating values for the r-f and i-f
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Fig. 6-17. An AGC system employing a Threshold control, R138 which varies the voltage
applied to the grid of the AGC amplifier. {RCA.)
The waveforms shown require a 7,875 cps sweep frequency on the oscilloscope.

stages. No adjustments are required in this system when the set has
been properly aligned.
6-16. Adjusting an AGC Circuit. One of the few instances where it is
necessary for the serviceman occasionally to adjust the AGC occurs in
the one shown in Fig. 6-17 and similar circuits. Here only the AGC
rectifier and amplifier sections are shown, since the function is almost
identical to the circuit of Fig. 6-16. However, it will be noted that a
potentiometer, 7?i38, known as the AGC threshold control, has been incor
porated to obtain the proper operating point for the circuit.
This adjustment is normally set at the factory and generally should not
require further adjustment in the field. However, when the receiver is
installed it is often desirable to check this circuit for proper operation.
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To do this, first tune in a strong signal, see that the picture is properly
synchronized, and set the picture control to the farthest clockwise posi
tion. Now vary the brightness control counterclockwise until the
retrace lines just disappear on the raster. Next, momentarily switch the
station selector to an off-channel position and then back on again.
Observe to see that the picture immediately reappears. If it does, the
setting of Z?i38 is correct. If it should be noted that the picture requires
a second or so to reappear, 7?13S should be adjusted in the following
man ner.
Have the picture control set at the maximum clockwise position, and
turn 7^i38 to the full clockwise point. This may cause the upper half of
TIPS OF

TIPS OF

FAR BELOW

CLIPPING

sync_ too_______________ s_X!±c_at______

n

lcvel

R

Clipping

..

SYNC
CLIPPED_

jggll ggg
INCORRECT

CORRECT

INCORRECT

(a)
(b)
(c)
Fig. 6-18. Waveforms of the video signal for the correct and incorrect adjustments of the
Threshold control in Fig. 6-17. (RCA.)
Set the oscilloscope sweep frequency to 7,875 cps.
(a) Control is set too low. (b) Control correctly set. (c) Control advanced too far.

the picture to appear slightly bent. Next turn 7?i38 counterclockwise
until this bend is just noticeable and then a very slight turn clockwise to
remove the bend. The control may now be left in this position.
Wherever possible, a strong signal should be used for adjusting the
AGC threshold control. In areas where the signal is weak, it may not
be possible to produce the bend at the top of the picture. Under these
conditions, turn 7?i38 counterclockwise until “snow” becomes pronounced
in the picture. At this point turn 7^i38 clockwise for the best signal-tonoise ratio. Receivers that have been adjusted on weak signals may tend
to overload when the set is taken to an area of strong signals. It may
then be necessary to readjust the AGC threshold setting.
The above method for adjusting the AGC is generally satisfactory but
if a more accurate setting is required it may be done by the use of an
oscilloscope. To do this, a station is again tuned in and the picture con
trol advanced to the maximum clockwise position. Connect the vertical
input terminal of the oscilloscope through a 0.05-/xf condenser to the plate
of the first video amplifier stage. Adjust the sweep frequency of the
oscilloscope until several horizontal synchronizing pulses may be viewed.
Reference should now be made to Figs. 6-18a, b, and c, where the wave
forms of the incorrect and correct settings for the AGC threshold adjust
ment are shown.
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The threshold control 7£138 should be turned in a full clockwise direction,
and as it is slowly turning counterclockwise, a gradual increase in the size
of the pattern on the oscilloscope will be observed. Continue turning
/?i38 until the shoulders of the sync pulses begin to rise toward the peaks
of the pulses. This indicates that the receiver has begun to reach a point
of overload (see Fig. 6-18c). The threshold control should be left at the
maximum point at which no clipping of the sync pulse is observed.
6-17. Combination Detector-AGC Tube. A unique combination
detector and AGC is employed in the circuit of Fig. 6-19. Here is, in
effect, a single cathode supplying two plates of separate diodes. Actually
the grid and cathode form the diode detector which provides the demodu
lated signal for the video amplifier. Simultaneously, the same cathode

47jth

L

To4th IF
amp

0.047 uf
___ 1/__ Jo first
video amp

>2l2AU7|

470
■

—6n)-—^
L8

C22_L-

lOpqxf
47 K

mkI

47 ggf "

:2400ff

:470K

250 p,h
^p0.47 pif

1500 -L
jijif

AGO bus_____

Fig. 6-19. A triode tube used as a double diode to combine the actions of video detection
and AGC rectification. QPhilco Corporation.)
Set the oscilloscope sweep to 7,875 cps to obtain the waveform.

and the triode plate form another diode that provides rectification of the
r-f carrier peaks which in turn develops the AGC voltage. Only the
peaks of the signals are rectified because of the negative voltage built up
across condenser C22. This keeps the plate negative with respect to
ground and renders it nonconductive, except during times of maximum
carrier amplitude, which is during the sync pulse interval. Other parts
of this circuit function in a similar manner to those previously described.
6-18. The Keyed-AGC System. As was previously mentioned, there
is often a need for a fast-reacting AGC system which is more effective in
areas having considerable noise or where a rapidly fluctuating carrier is
produced by the effect known as airplane flutter. This latter type of
disturbance is discussed in Chap. 19. The fast-acting circuit of Fig. 6-20
is used in some models by Admiral, It may also be found in circuits of
other manufacturers. It is called keyed AGC, and is designed to operate
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only during the horizontal-sync pulse interval. As a result, a signal such
as noise coming at any other time cannot produce an AGC voltage.
The basic principle of keyed AGC operation is the use of an AGC
amplifier which functions only during the time of the horizontal-sync
pulses and is nonconductive for the remaining time. In the circuit of
Fig. 6-20, the 6AU6 pentode acts as a gate through which the pulses from
the 6AC7 video amplifier pass when the 6AU6 tube is provided with a
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Fig. 6-20. A schematic diagram of a keyed AGC system and its associated waveforms.
(Admiral Corporation.)
Set oscilloscope sweep frequency to 7,875 cps.

momentary plate voltage generated by the horizontal-sync pulse. The
6AU6 plate is connected to a transformer winding on the horizontal-width
control. When the horizontal-sync pulse arrives at the horizontal-width
transformer, it provides, for a brief period, sufficient voltage to open the
gate by causing the tube to conduct. During this time, plate current will
flow through the load-resistor network and develop the AGC voltages for
the r-f and i-f amplifier stages. At the end of the horizontal-sync-pulse
interval, the tube is closed because the plate voltage is removed and any
disturbances which are likely to be “riding in” on the carrier cannot get
through the gate to affect the AGC voltage. In view of this relative
immunity to external disturbances, it is possible to employ RC filters in
the AGC system which have short time constants and thus to effect a
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faster acting voltage with a rapid recovery time, overcoming the defects
of the slower circuit. Figure 6-21 shows the waveforms of the horizontal
sync pulse and its relation to the corresponding voltage momentarily
provided for the plate of the AGC amplifier through the horizontal-width
transformer. A sync pulse of positive phase must be delivered to the
grid of the 6AU6. In this system, it is necessary to use the rectified video

+

0

+

o-----------------------------------------Fig. 6-21. Waveforms showing the relative positions of the horizontal sync pulses to the
keying voltage at the plate of the gated AGC tube of Fig. 6-20.

signal with its original d-c component, that is, one which has not gone
through a coupling condenser.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Defective Tube or Crystal Video Detector
Symptoms: 1. Picture weak or completely lost.
2. If intercarrier sound: Picture weak or completely lost, sound dis
torted or lost.
3. Picture might tear horizontally or slip vertically.
Defect. Open Peaking Coil
Symptoms: 1. Picture weak or lost.
2. Badly smeared picture.
3. If intercarrier: Loss of sound.
Defect. Defective Video-amplifier Tube
Symptoms: 1. Picture weak or lost.
2. If tube is shorted: Picture may go negative.
3. Picture may lose sync.
Defect. 4.5-Mc Video Trap
Symptoms: 1. If misaligned: Herringbone pattern on screen.
2. If open: Complete loss of picture, sound normal.
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Defect. Defective AGC System
Symptoms: 1. No picture, raster and sound normal.
2. Weak picture or sound.
3. Excessively hard, uncontrollable picture.
4. Possible distortion of sound.
5. General horizontal wavering of raster.
6. Possible loss of horizontal and vertical sync.

Trouble-shooting for a Weak Crystal Detector. If the picture appears weak after
all normal receiver alignment, it is possible that the germanium crystal, if used
as a detector, may be defective. The crystal may be tested with an ohmmeter
for resistance in both the forward and backward directions. Disconnect one
side of the crystal from the circuit and measure the resistance in one direction.
It should be less than 400 ohms. When the test prods are reversed, the resistance
should be 10,000 ohms or greater. Crystals which show a front-to-back ratio
of less than 25 to 1 are usually below standard.
REVIEW QUESTIONS

1. Why is it important for the serviceman to know the polarity of the waveform
at the output of the video detector?
2. Is it advisable to set the horizontal-sweep frequency of the oscilloscope to the
frequency of the wave being studied? Explain.
3. If due to some defect in the circuit a video signal has the same polarity in the
plate as in the grid circuit of the same amplifier, what would be the effect on the
received picture? Explain.
4. What polarity would be expected in the output of a cathode-follower as com
pared with the input signal on the grid?
5. If the resistor Ri32 of Fig. 6-1 were to change to half its value due to defective
circuit conditions, what would be the effect on the received picture?
6. What is the purpose of L3O3 of Fig. 6-8?
7. For what purpose is a germanium rectifier often used in a television receiver?
8. What provisions are made in the second detector circuit to prevent the inter
mediate frequency from going into the video amplifiers?
9. What is the purpose of fixed coils in the plate circuits of video amplifier stages?
10. Explain briefly the reason for employing AGC in a television receiver.
11. If the AGC threshold control of Fig. 6-17 has been adjusted for fringe area
reception, would this adjustment be correct for an area of strong signal? Explain.
12. What is the advantage of keyed AGC over simpler types of AGC?
13. Is the AGC voltage of a television set affected by the setting of the contrast
control?
14. What establishes the voltage used for AGC?

CHAPTER 7
D-C RESTORATION AND PICTURE TUBES

The reestablishing of the d-c level in a video signal is one of the many
problems peculiar to television transmission and reception, When this
level is lost its restoration is important for a true delineation of the
received picture. A brief discussion of this principle is given before the
actual circuits are presented.
7-1. Loss of the D-c Level. Figures 7-la and b represent signals of
different scenes but the a-c part of the waves are almost identical except
B

G

W

G

W G

W

G

Max

Max.

Black
Gray

0

0

(a)

(b)

Fig. 7-1. Graphs showing similar video waveforms produced by the transmission of alter
nate black and gray squares and gray and white squares.
(a) A-c portion of wave is considerably above zero axis.
(b) A-c portion of wave is closer to zero axis. The peaks of the sync pulses are at the
same level in both cases.

for the sync pulses and pedestals at the ends. Figure 7-la shows the
waveform of a video signal which is transmitting a group of alternate
black and gray squares and Fig. 7-16 is the wave of a row of alternate
gray and white squares. It will be observed that in both cases the maxi
mum amplitudes of the pedestals and horizontal sync pulses above zero
are the same. This condition for a and 6 will remain as long as the signal
is not sent through a coupling condenser in the video amplifier. Imme
diately, however, upon passing through a condenser, the two signals lose
their same maximum relationships above the zero level and assume shapes
like those in Figs. 7-2a and b. Note that the signal is no longer entirely
above the axis. It has changed from a fluctuating d-c signal to strictly
an a-c wave. As a result of this change, the sync pulses do not extend
to the same amplitude above the axis. The signal is said to have lost its
d-c level or d-c component.
In terms of its effect upon the received picture, the observer finds it
difficult to tell whether he is seeing black and gray squares of a or the
129
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gray and white ones in b if the d-c level is not restored before the signal is
fed to the cathode-ray tube. This condition is in itself not too objection
able to the average viewer, but a very important problem develops as a

H/

(a)

IV

W

(b)

Fig. 7-2. Video waveforms of Figs. 7-1 (a-b) respectively, after having gone through a
coupling condenser of a video amplifier. The sync pulses of (a) no longer reach the same,
positive peaks as (b).

result of losing the d-c level. Figures 7-3a and b show the effect these
two signals would have upon the grid of the cathode-ray tube when the
manual bias (brightness control) is set at the position indicated. The
sync pulses of the black and gray
CRT
CRT
signal in Fig. 7-3a are no longer
operating
Operating
large enough to drive the tube to
bias pointy
cutoff. When the vertical blank
'll/
ing pulses arrive, they will not turn
Cutoff
Culoff.
point
off the spot as it retraces from the
bottom to the top of the raster.
0
0
The result will be a series of white
B
G
slanting lines across the picture.
W
G
Only the gray and white signal of
Fig. 7-36 will have a sufficiently
large pulse to blank out the retrace.
7-2. Direct Coupling Prevents
Loss of the D-c Component. The
difficulty just discussed can be
overcome in one of several ways.
------- 1
Perhaps the simplest method is to
(a)
(b)
prevent the d-c component from
Fig. 7-3. The waveforms of Figs. 7-2 (a-b)
being lost at all. This means that
respectively, are shown on the characteristic curve of the cathode-ray tube. Both
the
video signal must not be sent
are set at the same point of negative bias,
through
any coupling condensers
The sync pulses of wave (a) are not sufficient to blank the CRT. The sync pulses
from
the
time it is created at the
of wave (b) are operating correctly.
detector until it is fed to the
cathode-ray tube. A second solution is to restore the d-c level at the
CRT by means of a d-c restorer or a d-c reinsertion circuit. Finally there
is the alternative of losing the d-c level and not restoring it at all, but to
provide another means for blanking out the retrace lines. Each of these
methods mil be found in the commercial circuits that follow.
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When the video signal is first developed at the detector, the d-c level is
established because the detector is a rectifier circuit. Thus the signal is
one of pulsating direct current at all times. The polarity of this signal
depends upon the design of the detector circuit, as was explained in the
previous chapter. To maintain the d-c component throughout video
amplification, receivers of the type in Fig. 7-4 use direct coupling from
the detector to the cathode-ray tube. This circuit has already been
studied as an amplifier but is shown again at this point for further con
sideration.
Since the d-c level is not lost, no provision need be made for d-c restora
tion in circuits of this type. The use of direct coupling has become quite
popular with many manufacturers. There is still another advantage of
the d-c amplifier that does not exist in circuits employing condenser
coupling. If a restoration circuit is used, the cathode-ray tube will
usually go dark the moment the television station leaves the air. This
has caused receivers to be left running for long periods of time when not
in use. When direct coupling exists throughout, the tube will not nor
mally go dark when the carrier is no longer being received. • This has
been called a “power-on” circuit because it allows the face of the picture
tube to glow when the transmitter has gone off the air.
The reason this circuit functions in this manner is simple enough to
understand if one keeps in mind that, when direct coupling is employed,
the bias on the cathode-ray tube is normally set in the Class A region.
This is somewhere between zero bias and cutoff. Thus, when the signal
leaves the air, the picture tube will continue to glow. However, in the
case of condenser-coupled stages, as will be seen presently, the normal
operating point for the CRT bias is almost at cutoff, the Class B position.
The action of the d-c restorer is to set the bias automatically to the
required Class A value for operation. Since this is done by the incoming
signal, the cathode-ray tube will return to cutoff when the station carrier
leaves the air, and the tube will go dark.
7-3. Grid-leak D-c Restoration. There are two general types of
circuits used to restore the d-c level to the video signal. They are known
as grid-leak and diode restoration. The first of these is shown in the dia
gram of Fig. 7-5. The principle of operation here is that of creating an
additional bias on the final video amplifier, V7B, by means of the grid leak
and condenser,
and C28. To accomplish this, the video signal must
have a positive phase at the grid of V7B and be of sufficient amplitude to
overcome the cathode bias and drive the grid positive every time a sync
pulse arrives. This in turn charges the coupling condenser C28, which
slowly leaks off through the 1-megohm resistor to ground. This causes
an additional negative voltage to be applied to the amplifier grid. Since

!
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this added bias is directly proportional to the peaks of the video signal, a
high bias is developed for large pulses and a low bias for small ones.
The action just described takes place on the input side of the final
amplifier, which is direct-coupled to the picture tube. If the bias on the
cathode-ray tube is set almost at cutoff it will be kept there by the heavy
plate current flowing through V7B,
■
producing a negative voltage drop
across R2i and R2i. When a small video signal reaches the grid of the
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Fig. 7-5. A two-stage resistance-capacitance coupled video amplifier circuit where grid
leak d-c restoration is obtained in the final tube which is then direct coupled to the grid of
the CRT. (General Electric Company.)
Set horizontal sweep of the oscilloscope at 7,875 cps to view waveforms shown.

amplifier, it mil cause slightly less plate current to flow than with no signal
at all, and the bias on the cathode-ray tube will move only a little toward
the Class A region. The small blanking pulse can therefore drive the tube
to cutoff, as it should. When a large signal arrives at the grid of Vtb, a
high bias will be developed at this grid and the plate current will be greatly
reduced. Now the negative bias on the cathode-ray tube will be quite
small, tending to approach zero, but the large blanking pulse can still
operate to cut the CRT off. The picture signal has thus been properly
positioned and the d-c level has been restored. It should also be men
tioned that there are some circuits being used which employ a pentode
tube as the final video amplifier rather than the triode shown here, and
in some cases the stage does not have cathode bias. Thus the cathode is
connected directly to ground and the only bias for the tube is that pro
duced by the grid leak and coupling condenser. The principle of opera
tion, however, is the same.
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7-4. Diode-tube D-c Restoration. There are some cases in the design
of video amplifier circuits where it is not convenient or often not advisable
to use grid-leak d-c restoration. Thus, when the final video stage is con
denser-coupled to the cathode-ray tube, it becomes necessary to have a
special restoration circuit. One of the common d-c restorers is the diode
tube circuit seen in Fig. 7-6.
D-c restoration in this circuit, as well as in the others following, is
accomplished when automatic bias is established across the 1-megohm
resistor Z?337 which is paralleled by the diode tube (one-half of 6AL5).
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Fig. 7-6. A resistance-capacitance coupled video amplifier circuit in which d-c restoration
is obtained by the use of a diode tube after the final coupling condenser. {Admiral Cor
poration.')

Again, as in the previous circuit, the manual bias for the cathode-ray
tube is normally set near the cutoff point by the brightness control.
This means that any change in bias as a result of the incoming video
signals must be toward the Class A region, a large shift for a strong signal
and a slight shift for a small one. Reference should again be made to
Figs. 7-3a and b. When the low blanking pulse reaches the grid of the
cathode-ray tube current flows through the 100k resistor 7?336, the diode
tube, and the 47k resistor I?338 to ground. During this time R337 is
shorted out by the tube. Immediately at the end of the blanking pulse,
the 0.05-Mf condensers C323 and C324 start to charge and current flows from
ground through all resistors, including the 1-megohm resistor, because
the diode cannot conduct in this direction. Now a small voltage is
developed across the 1-megohm resistor, which is negative at the bottom
and positive at the top. It is this voltage which shifts the bias of the
cathode-ray tube away from the cutoff point. It may be seen therefore
that when a large pulse arrives, a greater charging current will result for
the condensers, which in turn will produce a greater positive voltage
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across the 1-megohm resistor. Hence, the bias of the CRT will be shifted
further toward Class A, as is required.
7-5. Other Types of D-c Restoration. Several variations of the diode
restorer circuit are found in commercial receivers, but as will be seen they
all operate on basically the same principle. By way of comparison, the
diagram of Fig. 7-7 is presented. Here one section of the 7F7 triode is
used as a diode with the plate and grid connected to ground. As in the
previous case, the important resistor is the 1-megohm grid leak to ground
through which the charging current for the 0.047-juf coupling condenser
L56
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5+
Fig. 7-7. Diode restoration is accomplished here by the use of a triode tube the grid and
plate of which are grounded. (Philco Corporation.)

flows to produce a positive voltage. This in turn overcomes the negative
bias established by the brightness control and drives the CRT toward the
Class A region.
In the video amplifier of Fig. 7-8 the d-c restorer is a 1N65 germanium
crystal. The use of crystals of this kind is becoming quite popular and
they are somewhat cheaper to install than vacuum-tube circuits. In
this case the 470k resistor T?278 that parallels the crystal provides the posi
tive voltage which overcomes the bias established by the brightness con
trol. A large positive bias voltage is produced when a bright video signal
arrives and a small positive voltage results from a darker scene.
7-6. No D-c Restoration. There are several manufacturers who have
chosen to design their circuits without d-c restoration of any type even
though they have condenser coupling between the video stages. As was
previously suggested the general viewer is rarely inconvenienced by the
lack of d-c restoration as long as a means is provided to eliminate the
retrace lines which are likely to appear when the scene changes its average
brightness. One of the circuits in which d-c reinsertion has been omitted
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Fig. 7-8. Direct-current restoration is accomplished in this circuit by the use of a german
ium crystal in place of a diode tube. (General Electric Company.)
Set the horizontal sweep of the oscilloscope at 30 cps to view the waveform shown.
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Fig. 7.9. A partial diagram of a television receiver in which no d-c restoration is provided
for the picture signal. (Zenith Radio Corp.)
A 60-cycle pulse (B) is applied to the CRT to blank out the vertical retrace lines. Set
the horizontal sweep of the oscilloscope at 7,875 cps to view waveform A and at 30 cps to
view the blanking pulse B.

is shown in Fig. 7-9. At the end of each vertical scan, just before the
spot starts its retrace from the bottom of the picture, a special blanking
pulse of sufficient duration to cut the cathode-ray tube off during all the
lines required to sweep the beam back to the top of the raster is applied
to the cathode of the picture tube. This blanking pulse occurs every
%o sec at the end of each field. It is taken from the plate circuit of the
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vertical-output amplifier V15 and fed to the cathode of the picture tube
V24 through 7?45, C52, and C55. This is sometimes called a retrace-suppres
sion circuit. Thus, no matter where the brightness control is set, the
vertical-retrace lines are extinguished either with or without the help of
the vertical-blanking pulse of the video signal.
No provision is made in this receiver to blank the retrace of the hori
zontal scan, except for the pulses sent from the transmitter. As has
already been shown, there may be instances when the transmitted blank
ing will not be properly positioned on the bias to cut the tube off. How
ever, since the horizontal lines of the raster are so close together, the
viewer is not able to see the horizontal retrace.
7-7. Picture-tube Shapes. The progress of the video signal has now
been followed to the final point in the television-picture system. The
cathode-ray tube is also referred to as the picture tube and often by the
trade names Kinescope, Teletron, and Videotron. In Chap. 1, mention
was made of the various classifications that may be given to picture tubes
from the standpoint of their sizes and electrical functions. Of these fac
tors, the physical characteristics will be considered first.
By far the largest number of receivers that have been made to date are
of the direct-viewing type. The image is seen on the face of the picture
tube, in contrast to the various projection types employing a separate
viewing screen. The size of the picture on a direct-viewing set depends
upon the area of the picture surface of the cathode-ray tube. This in
turn is a direct function of the over-all tube size. Set manufacturers
today have a large variety of picture-tube sizes and shapes from which to
choose. The choice is readily apparent from the pictures of Figs. 7-10a
through d and from the outline drawings of Figs. 7-1 la through h. The
photographs show that there are three basic styles of picture tubes.
These are the projection type and the round and rectangular direct-view
ing tubes having either glass or metal envelopes. Some sets employ
rectangular cathode-ray tubes having metal envelopes made similarly to
the model shown in Fig. 7-1 Oc, but having the screen shape of Fig. 7-1 Od.
The outline drawings present the physical dimensions for the 3-in. pro
jection tube and a number of standard direct-viewing tubes up to the
30-in. metal-cone type. Data of this nature are of importance to the
serviceman who finds a profitable business in restyling many of the
smaller receivers and changing them over to larger picture tubes for his
customers. Suggestions on how to make these alterations are given in
Chap. 22.
7-8. Types of Rasters in Use. There are four different shapes of
rasters now in general use on direct-viewing tubes. They are the
“standard” shape having a complete rectangle with the 3 by 4 aspect

I
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Fig. 7-10. Representative types of cathode-ray tubes in general
(a) A 3-inch projection tube, 3NP4. (North American Philips Company, Inc.)
(b) A 12^-inch round-screen all-glass direct-viewing tube, 12KP4. (North American
Philips Company, Inc.)
(c) A 16-inch metal-cone CRT, 16AP4. (RCA.)
(d) A 16-inch rectangular all-glass CRT, 16TP4. (Sylvania Electric Products, Inc.)

ratio, the rounded-corner rectangle, the expanded screen, and the circular
screen. Their relative shapes and sizes are compared on cathode-ray
tubes of the same diameter in Fig. 7-12. Only the first of these allows the
viewer to see the entire scene being sent by the transmitter. The other
three sacrifice some of the picture in order that a larger area of the tube
may be covered. In the second case a very small percentage of the pic
ture is lost in the four corners and the usable area is increased by approxi-
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Fig. 7-11. (a-b-c-d) Outline drawings of some small and medium size cathode-ray tubes.
(a) 3NP4. (National Union Radio Corporation.)
(b) 10BP4-10BP4A. (c) 12LP4-12LP4A. (d) 14BP4. (Sheldon Electric Company.)

mately 10 per cent depending on how much the rectangle has been
“rounded.”
The expanded screen has met with very wide popularity because it
affords a 38 per cent increase in area with only a 3 per cent loss in each
corner, 12 per cent over-all. In each of the first two modified cases, no
distortion of the picture results because the raster is expanded propor-
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(h) 30BP4. {Allen B. Du Mont Laboratories, Inc.)

tionally in height and width to maintain the 3 by 4 ratio. In the case of
the circular screen, however, there are many sets in which the proportion
is changed to a 4 by 4 ratio, or simply 1 by 1. As was mentioned in Chap.
4, the height is thus overexpanded when compared to the transmitted
scene. Obviously the circular screen gives the greatest possible area for
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the picture. It represents an increase of 63J/£ per cent over the usable
area for a standard raster, but a total loss in the scene of 21.6 per cent.
7-9. Number Designations of Picture Tubes. An identifying nomen
clature is used for cathode-ray tubes that is in keeping with the number
designations of many other tubes. The type number informs the user of
the size, style, and fluorescent screen employed in the particular CRT.
For example, consider a 12LP4. The first number, which is either one or
two digits, represents the approximate maximum diameter of round tubes
or the diagonal measurement across the face of rectangular screens. In
this case the tube is 12in. in diameter. The first letter is used to dis-

Standard

Fig. 7-12.

Rounded
corners

Expanded

Circular

Outline drawings of the four common types of screens used on television sets,

tinguish between tubes having different physical or electrical character
istics, such as the shape of the glass or metal container, the type of elec
tron gun, or the method of deflecting or focusing the electron beam. The
“L” of this tube indicates that a number of previous styles of the same
diameter have been designed starting with the letter “A.” The next
letter and number, “P4,” are generally considered together to identify the
color, composition, and persistence of the fluorescent screen. Taken
individually, the “P” means phosphor which is a material that glows
when bombarded by electrons; “4” stands for the color of the glow, which
is white and is now used almost universally for all black-and-white tele
vision pictures. Still another letter, “A,” will be found on some picture
tubes; it identifies the face plate as having tinted glass. This is true in
such tubes as the 12LP4A.
7-10. Safety Precautions to Be Used when Handling Cathode-ray
Tubes. As was mentioned in Chap. 4, the bulb of the cathode-ray tube
encloses a high vacuum and, because of its considerable surface area, has
tons of air pressure upon it. The trend to larger and larger cathode-ray
tubes has increased the danger of flying glass if such a tube should
implode. It is especially important that the CRT should not be left
unprotected in the customer’s home if children are likely to be near it.
Never strike, scratch, or place excessive pressure upon any part of the
cathode-ray tube. This is particularly true of the large viewing surface
and the sharp edges of the screen. Never force the tube when installing

142

PRINCIPLES OF TELEVISION SERVICING

[Sec. 7-11

or removing it. If the tube fails to slide smoothly into place or difficulty
is experienced when putting on the socket, focusing coil, deflecting yoke,
or ion trap, investigate the cause of trouble and eliminate it.
7-11. Types of Cathode-ray Tubes. The electrical characteristics
and operating principles of cathode-ray tubes are a direct function of their
electron-gun structures. Basically, picture tubes may be divided into
three types: (1) electrostatically focused and electrostatically deflected,
(2) electrostatically focused and electromagnetically deflected, (3) electro
magnetically focused and electromagnetically deflected. All these
designs will be found in television receivers, but the third type is used in
the greatest percentage of sets.
7-12. Electrostatic Focus Electrostatic Deflection. Picture tubes
that are electrostatically focused and electrostatically deflected are usu-

Cathode

Heater ‘Grid

Anode 1

Anode 2

Vertical
deflecting
plates

---- '
Horizontal
deflecting
plates

Fig. 7-13. Outline drawing of the essential parts of an electron gun having electrostatic
focus and electrostatic deflection.

ally less than 10 in. in diameter and are commonly employed in the
smaller, portable receivers. They are readily distinguished by the fact
that they have no coils around the neck of the tube. A simplified outline
drawing of this type of CRT gun is shown in Fig. 7-13. Note that the
gun is composed of cylindrical elements for forming the electron beam and
of flat plates for sweeping the spot across the face of the tube. The
smallest cylinder is the cathode, which is heated by a filament wire inside.
This part of the design is similar to that of an ordinary radio tube, except
that the emission from the cathode takes place only at the end of the
cylinder and not on the sides. The electrons which are emitted are caused
to travel through a hole in the end of the next cylinder, called the grid.
The function of this grid is in many respects the same as the grid wires of
an amplifier tube in that it controls the flow of electrons and modulates
the stream to produce the picture. Since it is the relative voltage between
grid and cathode that determines the intensity of the electron beam, it is
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possible to effect modulation by feeding the signal on either the grid or
cathode as was discussed in a previous chapter.
In order that the electron stream may be brought to a sharp spot at the
screen of the cathode-ray tube, it is necessary to focus the beam. In this
type of gun, the focusing is accomplished by the voltages used on the
cylinders called anode 1 and anode 2. The problems of electron optics
and a detailed understanding of the inner workings of the cathode-ray
tube are not of major importance to the serviceman. The one fact which
he must know, however, regarding electrostatically focused tubes, is how
they are connected in the circuit to perform their functions.
Figure 7-14 shows the basic diagram of an electrostatically focused and
deflected cathode-ray tube and its associated components for use in a
television set. The tube itself is a 7JP4 and, in keeping with the designa
tion, is 7 in. in diameter. Attention is directed to the voltage divider or
bleeder system used to provide d-c potentials for the gun elements and the
centering controls of the deflecting plates. For the operation of these
latter controls the reader is referred to Chap. 10 on power supplies. The
anode voltages are measured with respect to the cathode or grid, depend
ing on which is at or nearest ground potential. For this tube, approxi
mately 4,700 volts is applied to the second anode, pin 5, and between 1,300
and 2,500 volts is used for the first anode, pin 9, when the 5-megohm focus
control is varied from one end to the other. Brightness or intensity is
adjusted on all cathode-ray tubes by varying the d-c potential between
the grid and cathode. In this circuit a 25,000-ohm potentiometer is used.
Its variable arm is connected to the cathode and will produce a range
between 50 and 125 volts. A complete listing of the typical operating
conditions for the 7JP4 tube is given in Table 7-1, where the recommended
voltages and other data are presented.

Table 7-1. Operating Characteristics for One Type of Electrostatically
Focused and Electrostatically Deflected Picture Tube
Data for the 7JP4 Picture Tube
Heater voltage (a-c/d-c)............................... 6.3 volts
Heater current................................................ 0.6 amp

Typical Operation
4,000 to 6,000 volts
Anode No. 2 voltage...............
1,340 to 2,000 volts
Anode No. 1 voltage for focus
— 80 to — 120 volts
Grid voltage for spot cutoff. . .
Deflection factors:
144 to 216 volts d-c per in.
Plates 1 and 2.......................
118 to 177 volts d-c per in.
Plates 3 and 4.......................
When the electron beam has been focused and modulated and has had
its intensity properly set, it is swept across the face of the tube by the
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horizontal and vertical deflecting plates shown in Fig. 7-13. As the
stream passes successively between the first and second set of plates, it is
attracted from its straight line path by suitable positive electrostatic
charges on the surface of the plates. In order that the beam may be
made to scan the horizontal lines and sweep downward to form a com
plete raster, special deflection voltages are provided by the sweep circuits
discussed at length in the next chapter.
All glass cathode-ray tubes used for television have a black conductive
coating on the inside surface of the neck and bulb. This material is
generally graphite which has been suspended in solution and painted in
the tube. Television men often refer to this coating material by the
trade name Aquadag.1 The graphite coating within the tube has four
important functions. First, if it is electrically connected to the second
anode of the electron gun, it will serve to extend the operating range of
this anode farther toward the screen end of the tube. In many designs
the aquadag is used as a separate anode by having its own voltage applied
to it. Often this potential is higher than that on any of the other ele
ments. This will aid materially in increasing the brilliancy of the
picture.
A second function of the graphite is to help remove the electrons from
the fluorescent screen after they have created their part of the image.
Being a highly positively charged surface near the end of the tube, the
coating readily attracts the negatively charged electrons. The third
duty of the aquadag is to act as an electrostatic shield which protects the
electron beam as it travels toward the screen. Thus the possible harmful
effects of external charges near the cathode-ray tube are reduced con
siderably. Finally, the dull black inner surface serves to cut down light
reflections from the screen itself within the tube and possible stray illumi
nation from outside, both of which might tend to mar the quality of the
picture. In the case of the 7JP4, the graphite is internally connected to
the second anode and is made positive with respect to the cathode by
4,000 to 6,000 volts.
7-13. Electrostatic Focus —Electromagnetic Deflection. The second
general type of cathode-ray tube is one which is electrostatically focused
and electromagnetically deflected. An outline drawing of the gun struc
ture for such a tube is shown in Fig. 7-15. Of this style the television
serviceman will find two different types in use. The first and earlier
design requires between 1,000 and 5,000 volts on the focusing anode of
the gun. In this category are the very early 12AP4, the later 7DP4, and
the popular projection tube 5TP4 which is discussed in the latter part of
this chapter. Of later design is a group of direct-viewing tubes known as

1 Trade-mark of the Atcheson Colloid Company.
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low-focus voltage electrostatic tubes. In these models the construction of
the electron gun is such that voltages between zero and 400 volts are
used for proper picture focus. Because they eliminate the rather
costly focusing coil discussed in Sec. 7-18, there is a trend among some
manufacturers in the industry to incorporate this type of cathode-ray
tube in their receivers. In this group are such tubes as the 17FP4 and
the 20GP4. Some of these will be found to have a focusing control in
the form of a potentiometer, adjustable from the front or rear panel.
Other models, among them the 17KP4, are known as self-focusing tubes.

Horizontal
and vertical
. deflecting coils

Cathode .-Grid I ,Grid 2

j

Electron beam

Heater
Anode 1
Ion trap,
electro-magnetic
type

Anode 2'

Fig. 7-15. Outline drawing of the essential parts of an electrostatically focused, electromagnetically deflected CRT.

A special focusing electrode is designed in the gun structure and is
operated at zero voltage with respect to the cathode. These elements are
connected internally, and no external means is employed for adjusting the
focus.
Tubes of this newer type can be used as direct replacements for others
having the regular focusing coil. When this is done, hovrever, the service
man should either place the focusing coil down inside the cabinet away
from the cathode-ray tube where its magnetic fields cannot influence the
electron stream or should remove it from the circuit entirely, and put in
its place an equivalent wire-wound resistor. In no case should the focus
ing coil be removed from the circuit without a suitable substitution. The
removal of the focusing coil, which is also used in many receivers for
centering the raster, might necessitate the addition of a centering magnet
to position the picture properly when the self-focusing tube is used as a
replacement for the electromagnetically focused type.
The use of electromagnetic deflection immediately brings about two
important changes in the electron-gun design. The deflecting plates are
no longer needed, and in their stead a set of horizontal and vertical
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deflecting coils are placed over the neck of the tube on the outside. These
coils are generally made into one unit, called the deflecting yoke. This
yoke is designed to fit closely around the tube, and is usually positioned
forward against the larger part where the bulb flares from the neck. This
may also be seen in Fig. 7-15.
7-14. The Function of the Ion Trap. The second general requirement
of electromagnetic deflection is the use of an ion trap. There are a few
specially designed tubes that do not require the use of the trap but by
and large one will be found on almost every tube. The previously men
tioned 12AP4 was not designed for such a trap and fell into disfavor.
The reason for an ion trap is as follows: Negative ions are negatively
charged atoms. They are often many thousand times heavier than elec
trons. These ions are emitted from the gun in the same manner as the
electrons and are accelerated at a high speed toward the fluorescent screen.
Because of the ion’s comparatively large mass, when it strikes it will very
quickly cause a dark brown or gray spot to appear in the center of the
screen. Once the spot has been formed, it will remain as a blemish on the
picture for the life of the tube, because the fluorescent surface at that
point has deteriorated.
7-15. Electron-gun Designs for Trapping Ions. Two different styles
of electron guns are used to prevent the negative ions from reaching the
screen of the picture tube. Perhaps the most widely used type is the
gun having the diagonally cut grid No. 2 of Fig. 7-15. It will be noted
that the cylinder ends have been cut on a slant, with the result that the
ions and electrons in the stream are both focused toward the side of the
gun element which is made a minimum of several hundred volts positive.
The ions are immediately trapped and discharged so that they cannot
leave the gun. The electron stream, however, is bent by means of a suit
ably placed magnetic field, so that the electrons do not touch the wall of
the cylinder and are redirected out through the small hole in the anode to
the forward end of the tube.
The magnetic field for bending the beam is provided by a device called
the ion-trap magnet, which in this case is placed on the side of the tube
neck near grid No. 2. Magnetic lines of force do not affect the ion stream,
and hence it is effectively trapped at this point. The answer to why ion
traps are not employed in electrostatically deflected tubes is that the ions
are deflected by the plates and do not fall as a mass upon one spot on the
screen. This, of course, assumes that the stream is not permitted to
remain as a spot but is kept sweeping to form the raster. If, however, the
beam is allowed to persist at one point, even an electrostatically deflected
tube can be marred by an ion spot.
The second style of electron gun designed to trap the ions and prevent
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them from reaching the screen is shown in Fig. 7-16. This type is known
as the bent gun. The heater, cathode, grids, and part of the anode are
tilted off the main axis, while the rest of the anode is in correct alignment
with the axis of the tube. The principle of operation is the same as the
diagonally-cut elements insofar as the ions are trapped by the curved
anode, and the electrons are bent by means of a magnetic field as pre
viously discussed. The bending field may be created by either an electro
magnet or a permanent magnet of single or double design. The bent gun
is being featured in the 12LP4A tube made by Du Mont.

Fig. 7-16. A bent-gun structure designed to trap out ions in the CRT.
Laboratories, Inc.)

(Allen B. Du Mont

7-16. Associated Circuit for the 7DP4 Tube. The use of the 7DP4
cathode-ray tube will be seen in Fig. 7-17. This is a partial circuit of an
early receiver. The reader will note that the method of focusing the tube
is essentially the same as for the 7.1 P4 of the previous circuit in that a
voltage is varied by means of a potentiometer (5-megohm Rm in this
circuit) and is applied to anode No. 1. There are three sets of coils
associated with this tube. They are the horizontal and vertical deflecting
coils and the ion trap. The first two provide the electromagnetic sweep
ing, as previously mentioned, and have their currents supplied by special
circuits yet to be discussed. The ion-trap coil Lno-Lni is energized by
direct current taken directly from a part of the low-voltage power supply
of the receiver. In contrast to the 7JP4, the 7DP4 has a special highvoltage contact made directly with the graphite coating inside the tube.
This is one of the cases in which the aquadag is employed as a separate
anode and becomes a contributing element to the gun.
The graphite coating as arranged here has still another important func
tion. As a result of the second coating of graphite on the outside of the
tube, the glass container becomes the dielectric of a fixed condenser having
a capacity of between 400 and 1,500
Small as this capacity appears
to be, it is very effective as a filter condenser for the 7,500-volt power
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supply used to provide this final anode voltage. For a further discussion
on this point, see the high-voltage filtering information given in Chap. 10.
With the increasing demand for larger picture tubes, the 7DP4 is now
essentially a replacement for television sets using this type tube. How
ever, many of the principles which it embodies are also incorporated in
the larger models.
7-17. Electromagnetic Focus- Electromagnetic Deflection. By far
the largest number of direct-viewing receivers will be found to have
cathode-ray tubes which are electromagnetically deflected and electro
magnetically focused. In this group are almost all tubes 10-, 12-, 14-,
16-, 19-in., and larger. The general discussion given in Chap. 4 on the
16AP4 regarding its function and adjustment applies equally well to all
picture tubes in this classification. Accordingly, by way of comparison,
the present description will be of the 12LP4. The operating character
istics for this tube and the 16AP4 are listed in Table 7-2.
Table 7-2. Operating Characteristics of Typical Electromagnetically
Focused and Electromagnetically Deflected Picture Tubes

Data for 12LP4 and 12LP4A Picture Tubes
Heater voltage (a-c/d-c).............................................. 6.3 volts
Heater current............................................................... 0.6 amp

Typical Operation
Anode and grid No. 3 voltage.........................
Grid No. 2 voltage............................................
Grid No. 1 voltage for spot cutoff................
Focusing-coil current (d-c)..............................
Ion-trap magnet current (d-c)........................
Deflection angle.................................................

9,000 volts
250 volts
— 27 to —63 volts
115 ma approx.
155 ma approx.
54 deg

Data for 16AP4 and 16AP4A Picture Tubes
6.3 volts
Heater voltage (a-c/d-c)
0.6 amp
Heater current...............

Typical Operation
Anode and grid No. 3 voltage.........................
Grid No. 2 voltage............................................
Grid No. 1 voltage for spot cutoff................
Focusing-coil current (d-c)..............................
Ion-trap magnet current (d-c)........................
Deflection angle.................................................

12,000 volts
300 volts
— 33 to —77 volts
67 to 112 ma
200 ma approx.
53 deg

Electromagnetically focused and deflected tubes have the simplest gun
structure of all because these operations are performed by coils placed
around the neck. This arrangement is illustrated in Fig. 7-18. As in the
previously discussed gun, diagonally cut elements are employed to provide
a means for trapping the ions. The magnet shown here for this purpose is
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of the permanent magnet (PM) type rather than an electromagnet.
Almost all present-day receivers have PM traps because these are cheaper
to manufacture and install. These traps are just as effective as the earlier
models and they do not require power to operate them. The ion-trap
magnets in general use are either of the “clip-on” type having fingers that
grip the sides-of the CRT neck, as seen in Fig. 7-18, or of the ring style
composed of either one or two magnets which are slipped over the tube

Focus

| coil
Cathode

Heater •
Grid I

Grid 2

Anode

I

{ utiimniiinut |

Ion trap
permanent
magnet type

\.

Horizontal

and vertical
deflecting coils

'v

Anode
terminal

Fig. 7-18. Outline drawing of the essential parts of an electromagnetically focused,
electromagnetically deflected CRT.

in the same manner as the focus and deflecting coils. An installation of
a double-magnet ion trap was shown in Fig. 4-6.
7-18. Functions of the Deflecting and Focusing Yokes. To aid the
serviceman in understanding the proper alignment and positioning of the
deflecting and focusing yokes, a brief explanation of their functions will
be given. Figure 7-18 shows the positions of the coils relative to the other
components of the system. Manufacturers have designed them so that
they cannot be mistaken for each other, and the brackets are so made that
they fit into correct placement when installed. To focus the electron
beam properly, the magnetic fields developed by the focus coil must run
in the same direction as the electrons themselves. This means that the
turns of wire in the focus coil are wound in such a way as to be around-the
neck of the tube. A simplified drawing of this is given in Fig. 7-19.
Observe that the focusing of the beam starts inside the coil, but that the
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stream does not actually come together until the electrons reach the end
of the tube, that is, at the screen. The importance of this fact is that the
focus will be altered somewhat by sliding the coil forward or backward on
the neck. Under some circumstances this will have an adverse effect
upon the received picture. Accordingly, the focus coil should fit securely
into the position provided by the manufacturer, and should not be used
as a means for focusing the spot unless special provisions are made for this.
It will be recalled from Chap. 4 that the raster is often centered on the
screen by shifting the angle of the focus coil off the main axis of the elec
tron stream. For this purpose the adjustment screws shown in Fig. 4-6
are used. Some sets will require a screwdriver for this work while others

Focus coil.

V

Horizontal
deflecting
r coils

Fig. 7-19. A simplified drawing showing the magnetic fields produced by the focusing and
deflecting coils on the neck of a CRT.

are provided with wing nuts which can be turned with the fingers.
Because the turns of wire in the focus coil are symmetrical around the
electron stream, no effect will be noticed by merely rotating the coil on
the neck of the tube.
Electromagnetic-focusing coils often require fairly heavy currents to
provide a magnetic field sufficient to form a sharp spot with the beam.
To simplify this problem, some focusing yokes have been designed with
the magnetic field produced partially by a permanent ring magnet that
functions in conjunction with a coil. This has given rise to the develop
ment of some focusing yokes made exclusively from permanent magnets.
The development of these yokes from the coil type to the PM type is
shown in Figs. 7-20a to d. The coil type shown in a is one of several
widely used designs. Because of the additional PM ring in coil 5, there
are fewer turns of wire, but the focusing is still done by means of a control
either on the front panel or on the back of the chassis of sets using this
yoke.
The two permanent-magnet focusing yokes of Figs. 7-20c and d are
adjusted by means of a screwdriver. The first of these employs a set
screw which moves the ring magnet over a secondary core that changes
the resulting field relative to the electron stream passing through the

■
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yoke. Figure 7-20d is of the simplest PM type. It has a single recessed
adjustment screw. The permanent magnet is varied relatively to the
metallic ring around it and the flux density within the center is thereby
altered. Some styles of PM yokes are made with two recessed adjust
ment screws.

ko)

(c)

(Z>)

(tf)

Fig. 7-20. Various types of focusing coils used in present day television receivers.
(a) Electromagnetic coil type.
(b) A combination electromagnetic and permanent magnet type.
(c-d) Two styles of permanent magnet focusing yokes. {American Television, Inc.)

Since PM focus yokes are normally not to be adjusted by the user, the
serviceman should take particular care when setting them for the custo
mer. Focus for the sharpest detail on the picture under normal viewing
intensity, and then vary the brightness to observe if the focusing is
affected. It is also advisable to shift the set to other stations and to

154

PRINCIPLES OP TELEVISION SERVICING

[Sec. 7-19

check again for picture detail. Since the intensity of the electron beam
sometimes affects the focus, the best average condition should be sought.
In the case of the deflecting coils, the situation is quite a bit different.
To cause an electron beam to deviate from its path, the magnetic fields
must cross the beam at right angles. This fact may also be noted in
Fig. 7-19. In order to produce the lines of force across the stream, the
deflecting coils must lie flat on the tube neck. It will also be noted that
two coils are in series and that they are positioned one above and the
other below the neck of the tube. These coils sweep the beam at right
angles to the field, and hence they are the horizontal deflecting coils. For
purposes of simplification, the second set of coils which sweeps the beam
vertically has been omitted from the drawing. These coils would be
placed one on each side of the neck so that the fields may cross the tube
horizontally. It should be evident to the reader that if the yoke is rotated
slightly one way or the other, the beam will no longer be swept horizon
tally and vertically. This explains the effect that was observed when the
coils were shifted to align the image in Sec. 4-11. This is in contrast to
the method of positioning the picture of a cathode-ray tube having deflect
ing plates, where it is necessary to rotate the entire tube slightly one way
or the other.
Still another effect mil be noticed by changing the position of the
deflecting yoke. As the coils are moved toward the back of the tube, they
will start sweeping the beam sooner. This mil cause the beam to have
a longer deflecting throw and to be swept farther across the face of the tube.
In other words, the raster will thereby be increased in size. Occasionally,
repositioning of this yoke is necessary to produce the correct picture size,
particularly when an expanded screen is used. However, this practice is
not advisable if the expansion can be accomplished by the regular size
controls on the set, and at best the coil position should not be shifted too
far, since it might adversely affect the operation of the focus coil.
7-19. Types of Picture Screens and Filters. In principle the screens
of all cathode-ray tubes used for black-and-white television pictures are
essentially the same. The fluorescent powder or “phosphor” is applied
inside the tube at the front of the bulb and is of the proper chemical com
position to give a white spot when energized by the electron stream.
There are several factors concerning the picture screen that are of general
interest to the serviceman. The first is the persistence or rate of light
decay after the electron beam has left a given point on the screen. All
tubes for television receivers have a medium persistence. This means
that the particular spot does not have a trailing afterglow as is true for
long persistence, and the decay is not so fast that the spot fades out imme
diately after the beam leaves, as happens in short-persistence tubes. It
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is for this reason that television employs the P4 screen exclusively at the
present time.
The second factor of interest is the brilliancy produced by the fluores
cent surface. A good direct-viewing screen today has a maximum illu
mination which may be roughly likened to having the light of ten or
twelve candles distributed over its entire area. Manufacturers com
monly use the foot-lamberl as the unit to express the tube brilliancy and
direct-viewing screens with a maximum brightness of from 25 to 50 foot
lamberts are in general use.
The total illumination of a television picture is often not as important
as the contrast ratio. If the picture has at least acceptable brilliance, the
details of the scene are in greater evidence when the tube has good con
trast. Although motion-picture film has a greater contrast ratio than do
cathode-ray tubes, values as high as 80 or 90 to 1 are found in television.
This will be extended even further as time goes on.
These apparently academic factors have a very practical significance to
the serviceman because both brilliance and contrast will be found to vary
with the adjustments, the anode voltages, and the age of the cathode-ray
tube. Information regarding operation of the receiver should be passed
on to the customer so that he may understand its actions and enjoy the
greatest benefits from his set.
However, even proper adjustment does not provide a completely satis
factory picture for some people. It is for this reason that there has been
a popular acceptance of picture filters either of the types placed over the
front of the tube or built right into the glass itself. There are three types
of fluorescent screens in common use at the present time. They are the
plain or neutral face, black tube, and mirror-backed screen. The plain
tube, as the name implies, is untreated, in that the fluorescent material
is not combined with any other materials to enhance the contrast and is
applied to a clear glass face. Black tubes are also known as “Luxide
screens,” “Gray Face,” and by other similar names. A noticeable
improvement in picture contrast is accomplished in these tubes by using
a face made of glass which contains a neutral gray oxide having specific
properties of light absorption. In effect, such a tube has a filter built
right into the glass which tends to absorb external light falling upon the
screen from the illumination in the room in which the receiver is being
operated. Since light falling on the picture has the effect of putting a
glare on it which reduces the contrast, the absorption of these reflections
improves the picture contrast. Filters placed in front of the tube or
incorporated in the glass face necessarily reduce the intrinsic brilliance of
the picture. In most cases the over-all brightness will be about 30 per
cent less than for clear glass.
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The mirror-backed tube is designed essentially for projecting television
pictures where the final anode voltage is in excess of 20,000 volts. In this
tube, an extremely thin layer of aluminum is placed over the back of the
fluorescent screen in such a way that it becomes a reflector for the light
produced by the crystals of fluorescent material. By the elimination of
the stray light both from behind the screen and from internal reflections,
the contrast of the television image is substantially improved. The
screens of the 3NP4 and 5TP4 projection tubes have a metal backing of
this type.
Another important property of the mirror-backed screen is its ability
to prevent the large ions from reaching the fluorescent material. This is
due to the fact that the heavy ions, because of their size, cannot penetrate
through the metallic screen backing, whereas the electrons are able to
reach the fluorescent surface because they are sufficiently small to get
through the layer. Hence, the serviceman will find that no ion trap is
used in projection receivers having these tubes. A few direct-viewing
cathode-ray tubes are also available with mirror-backed screens, although
their use is not too widespread. The 10FP4 is one of these types, and
others will be found by referring to a manual of picture tubes.
If aluminized tubes are installed to replace non-mirror-backed types,
the ion trap must be removed from the neck. A trap of the permanent
magnet type may be taken out of the set entirely. But if it is an electro
magnetic ion trap, it must remain connected in the circuit so as not to
unbalance the currents in the power supply. The coil should be put in
some convenient place on the chassis and perhaps fastened with cord or
tape. Before any changes are made in CRT types, the serviceman must
be sure that the new tube is a replacement for the old one. It may be
necessary to rewire some connections in the tube socket; if such altera
tions are made, it is suggested that a notation be put on the chassis with
a wax pencil, stating that the circuit has been rewired.
Some time before the advent of tubes such as those having the Luxide
screen, manufacturers were providing filters of one type or another which
were placed in front of the picture tube for the purpose of reducing eye
strain, improving contrast, and, in some cases, even changing the color
of the picture by means of a tinted filter. In this category are the tinted
plastic filters, some gray, and others having shades of amber. To reduce
the glare, a polaroid sheet is available for each of the many sizes of screens,
and apparent increases in contrast are obtained with transparent filters
having finely ruled cross-hatched lines upon them. The use of these
external filters is a matter of personal preference with the set owner, and
the dealer usually finds it best to have some receivers on display with them
and some without for comparison by his customers.

1
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7-20. Enlarging Lenses for Picture Tubes. The desire of the public
to have a picture larger than that provided on the face of the tube has
given rise to the sale of various types of enlarging lenses to be placed in
front of the screen. One style shown in Fig. 7-21a is designed with a
bracket to be fastened over the top of the cabinet and adjusted so that the
lens in front of the tube provides the most convenient viewing position.
This lens is sometimes referred to as the frame-type lens. The second of
these styles (Fig. 7-2 lb) is known to the serviceman as a lens bubble and is

,j.l

(a)
Fig. 7-21. Two styles of enlarging lenses used to increase the size of the picture on smaller
CRT screens.
(a) Frame-type lens. (b) A lens bubble. (Trans vision, Inc.)

made to fit snugly over the front of the cathode-ray tube. A design of
this type requires that the cabinet opening be made sufficiently large to
accommodate the additional area to be taken by the lens. Although
magnifying lenses are in regular use, the trend to larger cathode-ray tubes
has somewhat reduced their popularity.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Loss of D-c Restoration
Symptoms: 1. Background level of picture changes with scenes.
2. Vertical-retrace lines appear in some pictures.
Defect. Defective Cathode-ray Tubes
Symptoms: 1. Burned out filament: No picture.
2. Gas in tube: Badly blurred image, won’t focus.
3. Poor contact to graphite coating: Raster flashes, intermittent
picture.
Defect. Defective Fluorescent Screen
Symptoms: 1. Deteriorated: Picture brilliancy low.
2. Burned: Brown or gray spots on raster.
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Defect. Focusing Coil Incorrectly Placed
Symptoms: 1. Shadow on edge or corner of picture.
2. Image blurred.
3. Raster not centered.
Defect. Defective Focusing Coil
Symptoms: J. Loss or blurred raster.
2. If electromagnetic: Sound may also be affected.
Defect. Deflecting Yoke Incorrectly Positioned
Symptoms: 1. Picture not squared with mask.
2. Raster too large.
3. Shadows on edge or corner of picture.

REVIEW QUESTIONS
1. How is the d-c component of a video signal lost in some receivers?
2. What would be the effect upon the received picture if the d-c component of the
video signal were lost and not restored?
3. What type of coupling is used between stages to prevent losing the d-c com
ponent of the signal?
4. If diode d-c restoration is employed, where will this circuit be located?
5. When the d-c component is not restored at all in a receiver, what supplementary
provision is often made?
6. Explain how the serviceman can identify a grid-leak d-c restorer circuit.
7. Discuss what information is implied in the cathode-ray tube number 16AP4A.
8. List the three basic types of cathode-ray tubes as classified by focus and
deflection.
9. What kind of deflection is most widely used in television receivers?
10. Explain how an electrostatically focused and deflected CRT can be identified
from its appearance in a receiver.
11. When a focus coil is being adjusted in a receiver, should it be rotated around
the neck of the CRT or should it be moved forward and backward?
12. When the deflecting coils are moved toward the back of the CRT, what effect
will be noticed on the screen?
•
13. What effect is created on the raster by slowly rotating the deflecting coils?
14. From Table 7-2, how do the operating characteristics of the 16AP4 picture
tube differ from those of the 12LP4?
15. How is the brilliance of a received picture affected when a glare filter is placed
in front of a CRT?
16. If an aluminized cathode-ray tube is used to replace one of a non-aluminized
type, what should be done to the ion trap that was in the circuit before the tube was
changed?

CHAPTER 8
SYNC-PULSE SEPARATION AND SWEEP CIRCUITS
Perhaps the greatest departures from the electronic circuits already
familiar to radio servicemen arc those dealing with the controlling and
sweeping of the beam in the cathode-ray tube. Because these circuits
lack any counterpart in radio, the student has little previous knowledge
from which to draw and often finds this subject somewhat more complex.
The reduction of this problem to its simplest terms lies in a step-by-step
understanding of the circuit’s purposes and functions. Since many
troubles are known to develop in these sections of the receiver, additional
circuit discussion is presented here to make these operations more easily
understood.
8-1. Pulses Associated with Horizontal and Vertical Synchronization.
A brief over-all picture of the action of synchronizing pulses and their
resultant effects may be obtained by studying the waveforms in Fig. 8-1.
This series of waveforms shows the progress of the pulses from the time
they exist in the composite video signal until they are used to time the
horizontal- and vertical-sweep oscillators for the picture tube. Wave
form a is the entire video signal, representing the last few active lines and
horizontal pulses of one field, the complete wave throughout the vertical
blanking interval and two active lines following. As has already been
shown, this composite signal in its negative form is applied to the grid
of the cathode-ray tube.
The composite video is also sent to a circuit known as the sync-pulse
separator or sync clipper. Here only the top 25 per cent is allowed to pass
through the separator, resulting in the train of pulses seen at b. At this
point it is worth while to pause momentarily to study the waveform as it
comes out of the clipper stage. It will be noted that the action of the
clipper produces only the pulses above the dashed line marked “black
level” in the composite signal of a. Upon completion of the last active
line, a group of six narrow pulses follow at the start of the vertical-blanking
period. These are called equalizing pulses and have a frequency of 31,500
cycles. They arrive at twice the rate of the 15,750-cycle horizontal
pulses. A detailed discussion of the equalizers is not needed for servicing,
but it may be said in passing that their prime purpose is to compensate for
or justify the difference between the active half line that appears at the
end of one field and the active full line that arrives at the end of the next
159
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field. This is a condition imposed by the interlaced-scanning system used
in standard transmission.
A second function of the equalizing pulses is to maintain synchroniza
tion of the horizontal-sweep oscillator during the time these pulses are
being received. Proper synchronizing occurs because every other one
arrives at the rate of a horizontal, II pulse. This is shown in b, where it
will be noted that the first, third, and fifth equalizers have the same spac
ing between them as the II pulses and accordingly will serve as horizontal
sync pulses.
Following the equalizers are six square waves of comparatively long
duration with short spaces between them. The square pulses are the
vertical-synchronizing pulses and the spaces between are called serrations.
Again, as in the case of the equalizers, the repetition rate of the verticals is
31,500 per sec, and here, too, alternate square waves will function as
horizontal pulses. They are so identified in the drawing. The fact that
the vertical pulses are quite long compared to the II pulses and equalizers
makes them easily separated from the others in a resistance-capacitance
network called an integrating circuit. This function is discussed in the
foil own ng pages.
After the six vertical pulses come six more equalizers whose duty it is
to help the circuit return to the conditions under which it operated during
the relatively long period that only horizontal-sync pulses were coming
from the station. Finally, before the active lines start again, a number
of II pulses are transmitted. The exact number of these following the last
equalizer depends within limits upon the particular transmitter. In no
case, however, will there be any less than four or any more than thirteen.
This limit, set by the FCC standards, defines the duration of the vertical
blanking period. At the end of the blanking time the spot must be at
the top of the raster on the screen, ready to start its trace downward for
the next field. Usually, the spot reaches the top of the screen several
lines before the blanking ceases.
As the synchronizing signals leave the clipper stage they are sent to the
differentiating and integrating networks for final separation of the hori
zontal and vertical pulses. Waveform c shows how the entire set of
pulses is altered as it progresses through the differentiating circuit. It
will be observed that all pulses arc passed and the result is a series of
sharply peaked waves of equal amplitude. It is these pulses which are
used in one way or another to control the horizontal-sweep oscillator
which in turn produces the saw-tooth waveform e having a frequency of
15,750 cycles.
The same wave, 5, is also sent to the integrating network, and an en
tirely different output wave d is developed. Note that the effect of the
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horizontal pulses is almost negligible, but that when the equalizers arrive,
a slight voltage is produced. It is the set of six vertical pulses, however,
which results in a substantially large voltage that builds up gradually as
the successive square waves come along. Pulse by pulse, this voltage
fBlack level
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Horizontal
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H
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H

H

H

H
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To CRT

(eJ-Horizontal sweep wave, 15,150 cps

To CRT

Vertical
sweep
oscillator
('f)-Vertical sweep wave, 60 cps

Fig. 8-1. A block diagram showing the progress of the horizontal and vertical sync pulses
and sweep voltages as developed and controlled from the time the composite video signal
is fed to the sync clipper circuit.

increases until it is of sufficient magnitude to actuate the vertical-sweep
oscillator and cause it to return the beam from the bottom of the raster
to the top. This integrated voltage synchronizes the saw-tooth wave f
and maintains a frequency of 60 cycles, which is the field-repetition rate.
As the actual sync and scanning circuits are presented in the following
pages the details of their actions should become clearer to the student.

162

PRINCIPLES OF TELEVISION SERVICING

[Sec. 8-2

8-2. Sync Separation at the Second Detector. It must be understood
that sync separation or clipping is the process of removing the sync pulses
b from the composite video signal a shown in Fig. 8-1. This clipping can
be done at any point in the receiver after the second detector, because this
is the place where the composite video signal is reproduced. Many of the
earlier television sets employed a duodiode as the video second detector
and one half of this tube was used as the sync clipper. Typical of the
elementary diode-clipper circuits is that shown in Fig. 8-2.
The process of sync separation is simply accomplished by biasing
the diode tube beyond cutoff to such a value that only the peaks of the
(b)

(a)

(c)

Video detector
\
diode
IF
II ’/26H6
trans f

O.lgf
Composite
video output
Clipper diode
\ '/26H6

L

I4.7K

o.i Q_+

p.f '■"-

■megohm

+J—-'
|<IOK

v I Sync-pulse

ao5|tf|ouW
/

(d)
Fig. 8-2. A simple diode clipper circuit in the output of the video detector stage.
vision, Inc.)
To observe waveforms set the sweep frequenc5r of the oscilloscope at 7,875 cps.

{Trans

signal will cause the tube to conduct. Since the peaks of the composite
video wave are the sync pulses, only they are permitted to get through the
clipper stage. This principle can be employed with diodes, triodes, or
pentodes. In the case of diodes it is necessary merely to apply a negative
voltage on the plate that is of sufficient value to hold the tube from con
ducting until the amplitude of the sync pulse has been reached. Refer
to Fig. 8-2 to see how this is done automatically by the incoming video
signal.
As the first horizontal-sync pulse arrives at the detector, current is
caused to flow through the detector diode and the clipper at the same
time. The clipper current charges condenser C to the peak of the pulse,
negative on the lower plate and positive on top. During the interval
between pulses the condenser slowly discharges through the 1-megohm
resistor, as shown by the dashed arrow. This discharge current develops
a voltage across the clipper tube which holds the plate negative until
the next sync pulse arrives. Then the wave causes the diode to conduct

1
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again and the pulse is developed across the cathode resistor of the clipper
tube. Waveform A is the modulated i-f carrier as it appears across the
last i-f transformer. Waveform B is the composite video wave when A
is rectified by the detector diode. Waveform C shows the composite
signal as it is applied to the grid of the first video amplifier. Waveform D
is that of only the peaks of the composite video and is the sync pulse which
has been separated by the clipper diode.
8-3. Diode Sync Separator at the Cathode-ray Tube. A simple varia
tion of the diode-clipper circuit is seen in Fig. 8-3. Instead of separating
O.luf

Video
signal input

4 Ax

To CRT
-^z6H6

To sync
pulse amp

U H—
1 megohm

10 K

(b)

(a)
10 K
4-

Fig 8-3. A diode clipper circuit with automatic bias.
Set oscilloscope sweep at 7,875 cps.

(IndusiriaZ Television, Inc.')

at the detector as in the previous case, the diode takes the video signal just
before it goes to the grid of the cathode-ray tube. Because the wave
has a negative-signal phase as shown by the arrow, the diode is reversed,
and the sync pulse in the plate circuit is also negative. As this pulse
causes current to flow through the two 10k resistors, a voltage is built up
in the 20-/xf condenser with the polarity as indicated. The charge leaks
of! slowly through the lower 10k resistor during the active line time and
the tube cannot conduct because the plate is held negative. When the
next sync pulse arrives, it is sufficiently large to overcome the bias, and the
diode will again conduct during the pulse interval and at the same time
recharge the condenser.
8-4. The Triode Sync Clipper. As competition and price factors cause
manufacturers to reduce the number of components in the television set,
the trend is to combine the actions of vacuum tubes if this can be done
without seriously affecting the circuit functions. There are two ways in
which changes have been made in clipper stages. The first is the use of
triodes or pentodes as sync separators, a method which gives the addi
tional advantage of amplification. A typical triode clipper is given in the
circuit of Fig. 8-4. The video signal has a positive phase as it comes to the
grid of the 6SL7, and the first pulse causes the tube to draw grid current
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because, as it stands, the tube is without bias. This current charges the
1,000-MMf coupling condenser which slowly leaks off through the 1-megohm
grid resistor. As it does so, a high negative voltage is developed which
keeps the tube beyond cutoff
during
the active line time.
(aJ
When the next sync pulse comes
.To H. and V.
in with its greater positive volt
\ '/26SL7
| sweep circuits
lOOOjxjif
age, it drives the tube to conduc
ViSeo Hf—
tion
and the pulse goes through
signal
I «
the amplifier. It will be noted
input megohm*
that the outcoming pulse is nega
tive as a result of the 180-degree
phase
reversal through the tube.
J_ Chassis
- ground
8-5. Pentode Sync Clipper.
Fig. 8-4. A triode clipper circuit with grid
One of the several types of pen
leak bias. (.General Electric Company.)
tode-clipper
circuits may be seen
Set oscilloscope sweep at 7,875 cps.
in Fig. 8-5. The reader will im
mediately observe that the method of obtaining the cutoff bias for the
tube is identical with that of the previously discussed triode. The voltage
is developed across the 2.2-megohm resistor by the discharge of the 0.2-/ff
(a)

0.01 ptf
To sync
amp

6AU6
Video signal

0.2 p.f

input

i

Z "

5 rr -

8200 CL
0.1

-^1—

2.2
megohms*
+’

r+
:82K

B

10 pf

To screen of
video amp

5+

25 K

Contrast
control
—
Fig. 8-5. A typical pentode-tube clipper circuit grid-leak biased and having different
screen voltages depending upon the position of the contrast control. (Admiral Corporation.)
Set oscilloscope sweep at 7,875 cps.

coupling condenser. In this circuit, however, there is an additional fea
ture in that it is possible to vary the screen voltage which in turn changes
the cutoff point of the tube. This is accomplished by the positioning of
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the contrast control. Thus when the control is set to produce a small
video signal the screen voltage of the clipper is also dropped and the tube
will cut off with a small bias. However, when the contrast is set for a
larger signal, the screen voltage of the clipper is high and it takes a larger
bias to cut it off.
8-6. Combination D-c Restorer and Clipper. The second of the two
methods used to reduce the number of tubes in clipper stages is to combine
the action of the d-c restorer with that of the sync separator. A typical
application of this principle is to be found in the circuit of Fig. 8-6.

0.05 pf

HF-

'/2I2AU7
Last video
amp

Video trap
1 megohm

155 ph
10 K
4700 A
7^20p,f

♦+
B

O.OIp-f

H(—

’/2 6AL5
----------- —~~1 D-c restorer
,
T\ and sync
’
, (
J separator
‘I megohrrK —r—J
•
Sync-pulse
—T
output to amp
F
| <47K X

Ib)
Fig. 8-6. A combination diode d-c restorer and sync separator circuit in the final video
amplifier stage. {Belmont Radio Corporation.)
Set oscilloscope sweep at 7,875 cps.

Actually, this circuit is identical in function with the d-c restorer shown in
Fig. 7-6 of the previous chapter. The incoming video signal has a nega
tive phase which causes current to flow through the diode and the 47k
plate load. At this time, the sync pulse is developed across the load, as
seen in Fig. 8-6. Only the negative peaks of the pulses will pass through
the tube, because during the active line time the 0.01-pf condenser is being
charged through the 1-megohm resistor at ground. This develops a volt
age which holds the cathode of the tube positive and it cannot conduct
again until the next sync pulse arrives. In some receivers this circuit is
used as the first sync separator, to be followed by another clipper of the
triode or pentode type.
A sharp cutoff pentode is used as a combination d-c restorer and clipper
in the circuit of Fig. 8-7. Its principle of operation is based on the fact
that a very strong positively phased video signal drives the grid of the
6AU6 tube, causing a large voltage to be developed across the 22k
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cathode resistor. This in turn charges the 10-^f condenser and at the
same time provides a very high cathode bias. The resulting voltage is
sufficient to keep the tube at cutoff for all the active line time. Only the
peaks of the sync pulses wall cause the tube to conduct, and they alone
will appear in the plate circuit. The d-c potential on the 10-/xf con
denser is proportional to the amplitudes of sync pulses and in conse- •
quence is used as a restorer bias for the cathode-ray tube. The reader
(a)

Last video
amp
6AU6 /

I

(W

0.25uf
_ i

H(—

aw

33 K

1 megohm

B

^ISOK

. ▼+

0.1 |if

6800H

1!

D-c restorer
and clipper
6AU6

270K

f

10 iff

■ B

I80K
0.05

‘68K

j

^25 K

4^f

I

Mx-pO.ljif

:22K

-560n.

560n__ Sync-pulse
4 output
—I

(b)
Fig. 8-7. A combination pentode d-c restorer and sync separator circuit in the final video
amplifier stage. {National Company, Inc.)
Set oscilloscope sweep at 7,875 cps.

will recall the details of this action from the discussion on d-c restoration
in Chap. 7.
8-7. Sync Clamping Circuit. Before leaving the discussion of sync
clippers the system employing a limiter and sync leveler or clamping circuit
will be considered. The arrangement is given in Fig. 8-8. The first half
of the 6SN7 tube is an amplifier having grid-leak bias. A negative
signal phase wall tend to drive the tube to cutoff when the peak voltage is
excessive, as might be true if noise is “ riding in ” on the signal. When this
occurs the noise is suppressed or limited to a greater or lesser degree
depending on its magnitude. A relatively large positively phased signal
emerges from the limiter amplifier and immediately charges the 100-/xjuf
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coupling condenser through the diode to the peak of the sync pulse. The
discharge of the condenser through the 3.9-megohm grid-leak causes the
clipper tube to be cut off during the active line time. It is for this reason
that only the sync pulses will appear across the cathode resistor. The
action of the leveler tube is more fully appreciated when it is remembered
. that a large pulse will charge the condenser to a high voltage and in turn
place a high negative bias on the clipper. A small sync pulse will result
in a low bias, but both voltages are large enough to keep the tube cut off
during line time. Thus the large pulses and the small ones are “justified,”

(a)

Clamper
or
sync
IOOp,p.f
leveler

Amp and
Lvd ■ noise limiter
" '/2 6 S KJ 7^4^.

Hh______ I_____

J5K
: 2.2
megohms

Clipper
'/26SN7f—

k
B

r
■s

_____ ^Sync
\ output
6800A \

(b)

(c)

Fig.8-8. A triode clipper stage preceded by a noise limiter and clamper circuit.
Electric Company.')
Set oscilloscope sweep at 7,875 cps.

(GeneraZ

or brought to about the same level, as they enter the grid of the clipper
stage.
8-8. Differentiating and Integrating Circuits. Referring once again
to the waveforms and block diagram of Fig. 8-1, it will be observed that,
after sync clipping, the pulses are sent to the differentiating and integrat
ing circuits. At these points the pulses lose their original identity. This
is particularly true of the vertical-sync pulses which must develop a volt
age by gradually adding together, or integrating, while the horizontals
and equalizers in this same circuit must not integrate.
Perhaps the most uniformly standard circuits to be found in television
receivers are those used for differentiating and integrating the sync pulses.
Because of this fact, only two circuits need be shown to cover the basic
principles employed in all commercial sets. The first of these, in Fig.
8-9, is a continuation of the circuit appearing in Fig. 8-4. The differentiat
ing network, consisting of the 1-30-MMf condenser and the two resistors,
1 megohm and 82k, to ground, allows only the steep portions of the sync
pulse to get through. Thus the sudden negative pulse produces a
sharp peaked wave at the output of the differentiating circuit. This
pulse is sometimes used directly to control the horizontal-sweep oscillator,
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but in most present day receivers it actuates an automatic-frequencycontrol circuit. AFC systems are discussed at length in the next chapter.
The sync signal is also fed from the clipper to a two-section integrating
network composed of resistors of 85k, 39k, and condensers of 0.001 and
0.002 xzf. The 470-jujuf condenser is used to couple the resultant signal to
the vertical-sweep oscillator but being a rather small value for a 60-cycle
pulse it will have the additional effect of peaking this wave in a similar
manner to the differentiating circuit just described. This pulse is fed
Integrating circuit
85 K
39 K
18 K
_-0.001

...

--- I (-y >weep c-|rcuif

_l_0.002

Clipper
k26SL7
Chassis grounds
l30|xuf
1/
_______ ^To horizontal
*'
I
\ ' sweep circuit
• I
imegoh
Di fferentiating
(b)
circuit

82 K

Fig. 8-9. A schematic diagram of a common type of differentiating and integrating cir
cuit. (General Electric Company.)
Set oscilloscope sweep at 7,875 cps to view waveforms (A-B), and at 60 cps for wave
form (C).

directly to the oscillator where it times the rate of the vertical saw-tooth
wave.
The second type of differentiating and integrating circuits are those
given in Fig. 8-10. This circuit is a continuation of that given in Fig. 8-5.
The functions are almost the same as those of the previous circuit as far as
the output waves are concerned, but there are several differences.
Between the 6AU6 separator and the differentiating and integrating net
works, one-half of a 6SN7GT has been interposed as a phase-inverter
stage. The three-section integrator in the plate circuit is no different in
principle from the one used in Fig. 8-9, but it will be noted that the final
integrated vertical pulse is positive here, because of the inverting action of
the tube.
Another point of importance is the fact that two sets of horizontal
sync pulses are developed in this circuit, one having positive-signal phase,
and the other negative-signal phase. This is accomplished by taking one
set off the plate side, while the negative group is coupled off the cathode-
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bias resistor. As will be seen in connection with the discussion of Fig. 9-3
the two signals of opposite polarity are needed for comparison and are
used as a control voltage for the AFC horizontal-sync circuit. Differ
entiation is accomplished in the case of each set of sync pulses by the
1,000-MMf condensers working into the 100k and 4.7-megohm load.
(d)

Sync
inverter
'/26SN7-GT

Sync
separator
6AU6Z-

2.2
megohms

fc r

22 K

0.01

8.2 K

8.2 K
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1 8.2 K

0.0047 p.f

^p0.005 oscillator

^p

’3.3 K
7~| 1000 mif

3.3K^

J+ T

>3.3 K

“

To horizontal
sync lock
circuit

'DOW
B

Cb)

:<ook
^4.1 megohms

Fig. 8-10. A pentode sync-separating system followed by an integrating network and two
differentiating circuits. {Admiral Corporation.)
Waveforms (A-B-C) can be viewed by setting the oscilloscope sweep at 7,875 cps and at
60 cps for waveform (D).
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22K
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8.2K

(D—WW

—CD

Output
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0.002

0.005 pf

0.005 jtf

O
Ground
(b)

(a)
Fig. 8-11. (a) A printed integrating circuit unit.
(b) The schematic diagram of the components of the printed circuit of Fig. 8-11 (a).
{Ccnlralab Division, Globe Union, Inc.)
The numbers on the diagram correspond to the terminal leads as identified in the photo
graph.

8-9. Printed Integrating Circuits. Because the integrating circuit is
so highly standardized in television receivers, it has been possible to
make a circuit consisting of three resistors and three condensers in the
form of one printed unit. It is exceptionally small, approximately 1}4 in
long and % in. wide. It has somewhat of the appearance of a fiat mica
condenser, but has three leads. This unit is shown in Fig. 8-1 la, and the
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components which go to make up the network may be seen in the sche
matic diagram of Fig. 8-116. The reader is advised to compare Fig. 8-116
with the integrating network as it is used in Fig. 8-10. Since all of the
components are sealed within the single unit, it must be replaced with an
exact duplicate if any one of the components becomes defective, or the
entire unit must be replaced with individual components of equal values.
Printed circuits are also occasionally found as coupling networks in the
audio amplifier stages of the television receiver. They can be identified
because they mil have a minimum of four leads. The manufacturer’s
data will give the component values.
8-10. Sweep-circuit Considerations. The generation of suitable volt
ages or currents needed to sweep the electron beam across the face of the
cathode-ray tube and vertically from top to bottom is done by one of
several types of sweep circuits. In some receivers both functions are
accomplished by means of directly synchronized multivibrators or block
ing oscillators, and usually the vertical oscillator is directly pulsed. How
ever, because of the need for very stable horizontal sweeps which are
relatively immune to incoming disturbances, almost all systems now
employ some form of automatic frequency control for this purpose. The
simpler sweep circuits will be discussed first, since they are the basis for
understanding the more elaborate AFC systems. Multivibrator sweep
circuits are composed of two triode tube sections. They may be com
bined in one tube envelope. Blocking oscillators may be single-tube
circuits or may be made up of two triodes, one used as an oscillator and
the other as a discharge tube. Both types will be presented.
The basic multivibrator sweep is a two-stage resistance-capacitancecoupled amplifier with the output of the second stage fed back to the
input of the first tube. Its prime purpose is to be self-oscillatory at a rate
approximately equal to the desired sweep frequency. This is 60 cycles
for the vertical and 15,750 cycles for the horizontal. At one point in the
cycle it is the duty of the oscillator to rapidly discharge a condenser which
has been charging slowly throughout much of the cycle. The result is to
produce a saw-tooth voltage or saw-tooth current needed to sweep the
electron stream. It is especially important when attempting to under
stand the principle of a multivibrator or blocking oscillator sweep cir
cuit, that the student be able to locate the condenser which is being
charged and discharged to generate the saw-tooth wave. In order to
make it more easily recognizable this condenser is marked “C” in several
of the diagrams under discussion.
8-11. Plate-to-grid-feedback Multivibrator Sweep System. Multi
vibrators may be designed with the feedback from plate-to-grid or
through a common cathode circuit of the two tubes. The first of these
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types is shown in Fig. 8-12. Because all components work together,
the entire vertical-sweep circuit is given including the sweep amplifier
and output coupling transformer. A complete explanation of the circuit
function wall be omitted here in favor of a brief discussion of its overall
operation.
The saw-tooth voltage A which is applied to the sweep amplifier grid
(the 6V6-GT/G in Fig. 8-12) is developed by the slow charging of the
0.1 -/A condenser C34. The charge is built up as the electrons flow into
the lower plate of the condenser through the 470-ohm and Ik resistors
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Fig. 8-12. A plate-to-grid feedback type multivibrator circuit used for generating vertical
sweep voltages. {General Electric Company.)
All waveforms may be viewed by setting the sweep of the oscilloscope at 30 cps.

while they flow away from the top plate through the 2.2-megohm,
27k, and 100k resistors to B + . Because the total series resistance is
high, the time of charging is relatively long. This produces the long
sloping part of the saw-tooth wave A, as shown. However, the moment
section II of the 6SN7 starts to conduct, condenser C is rapidly discharged
through this tube. Thus the sudden drop in the waveform is brought
about. As soon as the tube ceases conduction, the slow charge part of
the cycle begins again. During the charging interval tube II must be
held at cutoff, and this is accomplished by the action of triode section I.
As the multivibrator oscillates due to the transfer of energy from section
I to II and back to I, the grid of II is driven momentarily positive. This
causes grid current in II, which quickly charges condensers C3i and C’4i.
As these condensers slowly discharge through the 82k, 24k, and 50k grid
resistors to ground, the voltage so produced holds tube II at cutoff so
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that C will have a long interval in which to charge. How the voltage
on the grid varies may be seen from waveform E on the plate of tube I,
which is low for a long interval.
When the resistance to ground is reduced by varying the position of the
50k vertical hold resistor, the blocking bias of section II will decay more
rapidly. This in turn will cause the tube to conduct sooner, discharging
C and increasing the rate of the saw-tooth cycle. By setting this resistor
for almost the correct sweep rate, that is, for slightly less than GO cycles,
the incoming vertical-sync pulse D will take hold of the multivibrator
circuit and keep the picture fields timed with those at the station.
The function of the vertical-size control is similar in operation to the
vertical hold. When this 100k resistor is set at its minimum position, the
total resistance through w'hich condenser C must charge is at its smallest
value. Thus the voltage on C will reach a higher amount before tube II
has time to unblock and discharge the condenser. Since this results in a
larger saw-tooth voltage, the beam will be swept farther down on the
face of the cathode-ray tube and the picture will be greater in size. The
vertical-size control is therefore the height control.
Returning to the saw-tooth voltage developed across condenser C,
it will be observed that although this wave appears at the grid of the
6V6-GT/G amplifier, the voltage wave B at the plate has been altered
somewhat. It is a requirement for electromagnetic deflection that the
current be a saw-tooth wave through the deflecting coils. For this to
happen, the voltage which drives this saw-tooth current will have the
shape of B. The change in wave shape is brought about by the induc
tance of the transformer primary as a result of sending a saw-tooth cur
rent through the winding. The saw-tooth voltage on the grid of the
amplifier causes the required current to flow' through the tube.
Finally, there is the function of the linearity control, which, as a
variable resistor in the cathode circuit, permits changing the tube’s
bias. By so doing the incoming signal can be shifted to points on the
characteristic curve where a nonlinear voltage wave is corrected by being
amplified on a nonlinear section of the curve. As cathode current flows
through the bias resistors, it develops a voltage wave C. It is given here
for reference wrhen checking this circuit. Since adjusting the control
will also change the height of the wave, it is necessary when making
linearity corrections to also reset the vertical-size control.
8-12. Common-cathode-feedback Multivibrator Sweep System. The
second style of multivibrator sweep circuit found in general use is illus
trated in Fig. 8-13. For purposes of a more complete investigation, the
entire sweep section is shown here, presenting the multivibrators for
both the vertical and horizontal sweeps together with their respective
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resistance-capacitance-coupled push-pull amplifiers. This circuit is
designed to feed into a cathode-ray tube having electrostatic deflecting
plates.
Although the feedback is through the common-cathode-bias resistors
in these circuits, their principal actions are the same as those of the
previous circuit. The saw-tooth voltages from the high- and low-fre
quency sweeps are developed across condensers C85 and C79, respectively.
The discharge of each condenser occurs when the right-hand section of the
multivibrators conducts, and it will also be observed that the variable
resistors in the grids of each of these tubes again permits changing the
frequency of oscillation.
These sweep amplifiers operate in push-pull. The saw-tooth voltage is
first fed to the upper triode in both cases, and part of the output is taken
to be reamplified by the lower triodes. This causes the output of these
tubes to be 180 deg out of phase. To correct the linearity of the hori
zontal sweep, a unique method is employed. The voltage is coupled
through a small variable condenser C87 to the second amplifier section.
With this method, slight departures in the shape of the saw-tooth wave
may be corrected. The waveform obtained from the output of this con
denser is then applied out of phase to the other horizontal deflecting plate
of the picture tube. Linearity for the vertical sweep is not adjustable
but has been corrected by the design of the inverse-feedback circuit
consisting of 7?86, C78, and C-G. The waveform drawings will help the
reader to understand what is expected of this circuit and will act as a
guide to servicing sweeps of this type. One very important fact to be
remembered regarding electrostatic deflection is that the voltage wave used
for scanning the beam must be saw-tooth. This, as has already been
seen, is not true for deflecting coils, for there the current is saw-tooth.
8-13. Single-tube Blocking-oscillator Sweep System. The vertical
sync and sweep system of the circuit shown in Fig. 8-14 is representative
of a combination blocking oscillator and discharge tube. As in the case
of the multivibrator, condenser C is allowed to charge slowly through a
resistance network composed of 7?i64, Rim, and R155 (height control),
until the grid of the oscillator becomes unblocked and the triode conducts.
This will discharge Cw and produce waveform A at the grid of the vertical
output amplifier. The normal phase inversion of this tube results in
the production of wave B which is transformer-coupled to the vertical
deflecting coils. Wave C shows that the sweep voltage is transmitted to
the coils essentially unchanged.
Conduction of the oscillator-discharge tube comes about the moment
the group of vertical-sync pulses builds up a sufficiently high positive
voltage in the integrating network. This voltage develops across C144
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and initiates the conduction. A positive voltage is applied to the control
grid of R108B- However, if no sync pulses are present, the charge leaking
off the coupling condenser C145 will finally disappear, and the negative
bias which it had been producing to hold the tube at cutoff will be
removed. Without this bias the tube will conduct by itself and thus
discharge C.
Waveform G graphically depicts the action of the control grid of the
oscillator tube; it can be seen that the grid is driven positive for a brief
interval and then suddenly becomes highly negative. The wave gradu
ally comes back from the low peak point as Ci45 discharges. During all
this time, the tube is cut off.
Waveform D shows the composite video signal as it is applied to the
grid of the first sync separator. Because of the slight integrating action
of R142 and the input capacity of the first sync-pulse separator, the video
signal is somewhat attenuated. This will also tend to attenuate highfrequency noises which may be “riding in” on the pulses. The first sync
separator has a low plate voltage (approximately 81 volts) and a — 7-volt
bias which permits it to operate slightly below cutoff. This will effect
some clipping action of the sync pulses, that are then fed to the sync
amplifier. The output of this amplifier is shown in wave E. This sync
pulse is finally separated from all its associated video and noise by the
clipper action of the second sync separator lzuo, which is normally
operated well beyond cutoff. Because this separator develops its signal
in the cathode circuit across R150, no phase inversion takes place. Hence,
wave F has the same positive phase as E. At the cathode of Fno the
signal is fed simultaneously to the integrating network composed of
Z?i5i, 6*142, #152, C143, #153, and 6*144, and to the horizontal circuit through
condenser Ci4oThe action of the height, hold, and linearity controls are the same as
those employed in the previously described circuits. It will be noted,
however, that in contrast with the circuit in Fig. 8-12, the waveform at
this charging condenser 6* is not a saw-tooth but already has the sharplypeaked pulse below. This voltage wave is now in the final form required
to produce a saw-tooth current in the deflecting coils. The sharpened
pulse is the result of the 8,200-ohm resistor between condenser C and
ground. It is called a peaking resistor and is used in many circuits to
shape the voltage wave for electromagnetic scanning. There are a few
receivers still in use where this resistor is variable, so that it is an adjust
able peaking control.
8-14. Double-triode Blocking-oscillator Sweep System. Figure 8-15
shows the other common type of blocking oscillator circuit in which an
additional triode is employed as the discharge section for condenser C.
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The grids and cathodes of both tubes are in parallel, so that when the
oscillator section is driven to conduction, the discharge tube will do like
wise. In the previous circuit, Fig. 8-14, when Cis discharged the current
must flow through the oscillator tube and the blocking transformer. In
the circuit of Fig. 8-15 the discharging current flows directly through the
right-hand section; this often results in a faster discharge.
8-15. The Operation of Dual-focus Circuits. The reader will recall a
brief reference made in Sec. 1-10 of Chap. 1 to an innovation by the
Hallicrafters Company known as “Dual Focus.” By means of a snap
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Fig. 8-15. A double triode blocking oscillator circuit in which one-half is used for oscil
lation and the second half for discharge. (Emerson Radio & Phonograph Corporation.)
All waveforms may be viewed by setting the oscilloscope sweep at 30 cps.

switch on the panel, it is possible to expand the picture to cover more
than the entire circular screen area. The central portion of the scene is
enlarged considerably, and although the outer parts of the picture extend
past the limits of the screen and cannot be viewed, the observer has the
feeling of a close-up.
Figure 8-16 is the diagram of a portion of the sweep circuits in which
dual focus is used. The double-pole double-throw (d.p.d.t.) switch is
arranged to throw a load across both the vertical and horizontal output
transformers when snapped in the normal position. This lowers the
sweep voltage in each case, and the size of the raster is held within the
limits of the screen. When the switch is changed to the position marked
circle, both transformers are unloaded, the sweep voltages increase,
and the raster expands to more than fill the screen area. The sweep
circuit adjustments in this set are no different from others that do not
have the expanding-picture feature, but the serviceman must make all
settings with the Dual-Focus switch in the normal position. This is
particularly true in regard to the width control which permits adjusting
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the raster to the correct horizontal-sweep size only when the switch is at
normal. In the circle position the width coil is out of the circuit. The
horizontal- and vertical-centering controls can also be set more correctly
when the full limits of the scene are visible on the screen.
Normal

Circle

(a)

---- *---- J----------- 1 Circle

120 >

Vertical
amp

p

dpdt L

' N°rmc,i

390H>

o)
o
o,

ex

CX
CX

<=>
<2>

Centering
20C11 control

Vertical
deflecting
coils

(b)
5V4G

J
g

'Horizontal
deflecting
' coils

>o

xz>
o

Horizontal
ex )o
amp
o<
ex

4in

reentering
20D I control

V
Width

^O.O2pf
Horizontal
linearity

7^0.1 pf
—l_

Fig. 8-16. A schematic diagram of a receiver sweep section showing how a DPDT switch
is used to enlarge the raster from “normal” to cover the entire circular screen. {The
Hallicrafters Company.)
Set oscilloscope sweep at 30 cps to view waveform (A) and 7,875 cps for (B).

A slightly more elaborate circuit is employed by Garod for making the
picture cover an entire circular screen. Their trade name for this feature
is Tele-Zoom. Figure 8-17 shows the portions of the sweep circuits in
which the scanning voltages are affected by the normal-expand switch.
It is divided into three parts, which simultaneously operate on the
vertical-size control, the vertical linearity and the horizontal peaking.
In contrast to the Dual Focus just discussed, the Tele-Zoom circuits
permit and require adjustment in both the normal and expanded posi
tions. Thus, within limits, it is possible for the serviceman to set the
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size of the expanded picture and to adjust for proper proportions for
both settings.
Size and linearity can be conveniently adjusted while receiving the
test pattern. With the Tele-Zoom switch in the normal position,
adjust the normal horizontal-peaking control until the four corners of
the image just touch the sides of the screen. Then vary the vertical
size and linearity until the correct aspect ratio of 3 by 4 is obtained with
proper linearity. Now change the switch to expand. The test pattern
usually has a set of concentric circles which can be enlarged by varying
the three expand controls until it fills the entire screen area. Although
in some cases it may be possible to expand the picture greater than this,
the average viewer will generally find the suggested setting satisfactory.
The pattern as shown in Fig. 8-17 is expanded to the rim of the larger
test circle.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Failure of Sync-clipper Circuit
Symptoms: 1. Picture tears horizontally and rolls vertically.
2. Keyed AGC becomes inoperative, sound may be affected.
Defect. Defective Sync Limiter
Symptoms: 1. Complete loss of synchronization horizontally and vertically.
2. Picture loses sync readily with incoming noise.
Defect. Defective Integrating Circuit
Symptom: Picture slips or rolls vertically.
Defect. Defective Differentiating Circuit
Symptoms: 1. Picture tears horizontally.
2. Large vertical bar slips across picture.
Defect. Defective Vertical-sweep-oscillator Circuit
Symptoms: 1. Picture tends to slip or roll vertically: Not corrected by hold
control.
2. Complete loss of vertical sweep produces single horizontal line on
screen.
3. Vertical linearity cannot be controlled.
4. Raster height uncontrolled.
5. Too few or too many lines of raster because of incorrect speed of
sweep.
Defect. Defective Horizontal-sweep-oscillator Circuit
Symptoms: 1. Picture tends to tear horizontally, not corrected by hold control.
2. May give single vertical bright line on screen.
3. Picture tube may go completely dark; no raster.
4. Loss of horizontal linearity.
5. Raster width uncontrolled.
6. Raster may be weak or dim.
7. Too few or too many lines of raster because of incorrect speed of
sweep.
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REVIEW QUESTIONS

1. Draw the waveforms as they wonk! appear at the output of a differentiating
circuit and the output of an integrating circuit.
2. Where are the integrating and differentiating circuits located?
3. What effect would be observed in the picture if condenser C of Fig. 8-2 were to
become short-circuited during operation?
4. Where in a television receiver does sync separation take place?
5. List the different types of sweep oscillators used in television.
6. What are the frequencies of horizontal- and vertical-sweep oscillators in a
standard black-and-white television receiver?
7. What two components in a sweep oscillator circuit are fundamentally responsi
ble for generating the saw-tooth wave needed to sweep the electron beam?
8. If charging condenser Cm of Fig. 8-12 were replaced by one twice the capacity,
what would be the effect upon the raster?
9. When the linearity control is adjusted, will the height of the raster be affected
at the same time? Explain.
10. Draw the voltage waveforms used for scanning the beam of an electrostatically
deflected tube and one for an electromagnctically deflected tube.
11. What would the voltage waveform look like if the peaking resistor, because of
some fault, became short-circuited?
12. Explain why it is necessary to have the Hallicraftcrs receivers employing
Dual Focus in normal position when adjusting the size controls.

CHAPTER 9
AFC-SYNC SYSTEMS
Direct control of the horizontal-sweep oscillator by the incoming sync
pulse is not often used in television receivers. However, direct control
for vertical synchronization, seen in the circuits of Figs. 8-12, 8-14,
and 8-15, is almost universal practice. The horizontal-oscillator system
of Fig. 8-13 has been replaced in most sets by more elaborate circuits
to provide considerably greater over-all horizontal stability when
operating under adverse noise conditions.
Good noise immunity in the circuits employed for horizontal deflection
generally requires the use of an automatic-frequency-control system in
conjunction with the sweep oscillator. By this means it is possible to
allow the incoming horizontal-sync pulse to control the sweep frequency
indirectly and thus to eliminate the tearing of the raster caused by a large
percentage of the noise impulses which might come in with the sync
pulses. Several ingenious systems have been developed to provide good
horizontal sweeping.
9-1. The “Syncrolock” Horizontal-sweep System. The “syncrolock” circuit in the RCA receiver is shown in Fig. 9-1. It is commonly
referred to by other manufacturers as the “sine-wave AFC sync system.”
The operating principle can best be understood here by an investigation
of the waveforms at each point in the system, starting with the horizontal
oscillator. This oscillator, it will be observed, is a series-type Hartley
having as its tank coil one side of the sync-discriminator transformer T108.
When the oscilloscope is connected to a lead going to point A of the trans
former the sine wave A will be observed. The design of this oscillator
is such as to have it as stable as possible at 15,750 cycles, thus establishing
the horizontal-sweep frequency. It is this frequency that is to be timed
by the incoming sync pulses; for the moment only the free-running
oscillator will be considered.
The 6K6-GT oscillator tube electron-couples the energy from the tank
to the plate, pin 3. By properly biasing this tube on a nonlinear portion
of its characteristic curve, it is possible to distort the sine wave within
the tube by a slight amount. The result of this action is seen by the
waveform B. A differentiating network composed of Ci76 and #202
produces the final distortion of the sine wave which now appears as wave
C. The generation of the saw-tooth sweep voltage is accomplished by
182
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the gradual charging of condenser C179 through resistors Rim, R210, and
R204. The saw-tooth wave is peaked by R137, the horizontal-drive con
trol, and the result is wave D, which is amplified by the 6BG6-G. When
sent through the horizontal-output transformer T109, the wave experiences
a further change, until E is produced to provide a sweep current for the
horizontal deflecting coils.
Up to this point the circuit has been uncontrolled. It is now necessary
to investigate the manner in which the incoming horizontal-sync pulses
are used to stabilize the oscillator so that the sweep circuit is synchro
nized. The basic principle of operation is to produce a d-c voltage of a
specified amount by having the proper phase relation between the incom
ing horizontal-sync pulses of waveform F and the sine wave A in the tank
circuit of the oscillator. To do this the duo-diode 6AL5 is used in a dis
criminator circuit to compare the phase relationship between waves A
and F. When this circuit is functioning properly, the waveforms will
have the appearance of G and II. Close inspection will reveal that wave
G is a combination of A and F in which the horizontal sync pulse is
joined to the sine wave on its sloping side. Wave II represents the same
combination, except that the pulse on the sine wave is displaced 180 deg as
compared with the one shown in G. When these two signals are in the
illustrated relationships, there mil be no voltage across the cathode
resistors R191 and Rm of the discriminator tube. It will be further
observed that the cathodes of the 6AL5 are direct-coupled to the 6AC7
horizontal-oscillator-control tube. If a voltage did develop across Rm
and J? 192 it would either add to or subtract from the fixed —2 volts pro
vided as a bias for the control tube.
Since the oscillator tends to drift, the phase between the sync pulse
and the sine wave shifts slightly, and the horizontal pulse combines with
the sine wave, sometimes near the peak of G and simultaneously in the
trough of II. This creates an unbalanced voltage in the duodiode,
with more current flowing in the upper section and less in the lower half.
As a result, a voltage is developed in the cathode resistors which is posi
tive at the top of Rm, and the bias of the control tube 6AC7is lowered.
If the phase were to shift in the opposite direction, so that the pulse of
waveform G were to drop into the trough of the sine wave, the pulse of II
would rise to the peak of its sine wave. This would cause a greater
current to flow in the lower diode section and less in the upper. The
result would be a voltage across the cathode resistors that would be
negative at the top, which in turn would add to the fixed bias to make it
more negative on the grid of the 6AC7.
The horizontal-oscillator-control tube is across the tank circuit of the
sine-wave oscillator which has been set to the line frequency, 15,750
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cycles, when a normal bias of —2 volts is on the control tube. If this
bias rises as a result of a phase shift across the discriminator tube, the
operating characteristics of the 6AC7 are changed. This tube will then
react upon the tank circuit to slow down the oscillator or to speed it up,
depending on which way the bias changes. The final result will be to
pull the oscillator into synchronism with the incoming pulses and to
restore waveforms G and II.
9-2. Adjusting Syncrolock Circuits. When making adjustments in
the horizontal-sweep section of receivers employing circuits of this type,
it is important that the serviceman follow the alignment procedure care
fully. Before deciding that this circuit requires alignment, a preliminary
check should be made. With the receiver operating and a test pattern or
picture on the cathode-ray tube, turn the horizontal-hold control,
/?i68, to the full counterclockwise position. This should not throw the
picture out of synchronism. Next turn the channel switch momentarily
to an off position and bring it back again. Under normal circumstances
the picture should quickly be restored to synchronism. Repeat this
process by turning the hold control to the clockwise position and by
momentarily changing the channel switch to see if the picture will lock
in when reset to the channel.
If the receiver fails to resynchronize itself with the check just given,
it may be necessary to make slight adjustments of the horizontal oscilla
tor. With the receiver in operation, adjust the fine-tuning control for
best quality of sound. Lock the picture and adjust the contrast to a
point slightly below normal. Set the horizontal-hold control to the
full position in the direction in which the oscillator failed to hold or pull
in during the check. Momentarily, cause the picture to lose sync by
means of the channel switch and turn the frequency adjustment of 7\08
on the rear of the chassis until the oscillator causes the image to relock.
Repeat the check process to see that the hold control will allow the pic
ture to pull in at both extreme settings.
9-3. Aligning the Syncrolock System. If after adjustments just
mentioned have been made the oscillator still fails to pull into synchron
ism, it will be necessary to give this circuit a complete realignment. To
do this the procedure outlined below should be followed.
A station should be tuned in and the fine-tuning control adjusted to
the position giving the best sound. Next adjust the frequency control
of Tics on the back of the chassis until the picture is brought into syn
chronization. Do not vary this control too rapidly. Set the contrast
control slightly below the average contrast level.
A special phase-adjustment screw will be found inside the chassis on
the bottom of 7\os- Vary this screw until a dark vertical bar moves to
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the right side of the raster and disappears. When making this adjust
ment it may be that the circuit wall become unstable and that ripples
will be produced in the picture. The adjustment should be made just
slightly clockwise from the unstable point.
With the horizontal-hold control in a full counterclockwise position,
tune the frequency adjustment of 7\Os clockwise until the picture begins
to slip. Now slowly turn this control in a counterclockwise direction
until the picture is locked once more.
While watching the picture, very carefully adjust the T108 phasing
control under the chassis until the left-hand side of the picture is very
close to the left side of the raster. Do not turn it enough to distort the
picture on the edge. With the horizontal-hold control in the full
clockwise position, observe the right side of the picture to see that it is
close to the right side of the raster. If any distortion is noted at this
point, the phase control should be readjusted slightly.
The circuit should now be checked again by momentarily throwing the
signal out of sync by means of the station-selector switch. The picture
should quickly resynchronize when the channel switch is turned back.
If it fails to do so, a slight counterclockwise readjustment of the frequency
control should be made. Finally, turn the horizontal-hold control in
the full counterclockwise direction, remove the signal momentarily, and
make sure that the picture pulls in when the signal is restored.
In a few cases it may be found that the picture will not lock in at the
extreme end positions of the horizontal-hold control. Under these
circumstances if the picture can be made to lock in through at least % of
the control range, the adjustments mil usually be found satisfactory.
Variations of this circuit are generally due to differences in the character
istic curve of the 6AC7 oscillator-control tube.
The final adjustments on the syncrolock circuit of Fig. .9-1 are those
dealing with the width and linearity controls. Inasmuch as there is some
interaction between the horizontal drive, width, and linearity controls, the
suggested procedure will simplify the process of aligning this section.
The horizontal drive on the back of the chassis should be turned clock
wise to a point slightly less than a position which causes crowding at the
right side of the picture. The width control may now be adjusted until
the raster fills the screen in a horizontal direction. It is advisable to have
a test pattern so that the horizontal-linearity control can be accurately
set to give a symmetrical picture from left to right. While adjusting
the linearity control, observe the symmetry and size of the circles in
the corners of the test pattern, and, by means of a ruler, measure the
lengths of the wedges on each side to make sure they are of equal length.
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When the linearity control is varied, a slight readjustment of the horizontal drive is usually necessary.
If difficulty is encountered in obtaining correct linearity by means of
the horizontal drive, width, and linearity controls, it may be necessary
to change the position of the tapped resistor marked “linearity adjust
ment.” This resistor is located in the compartment containing the highvoltage transformer, and before working in this section the power switch
on the receiver should be turned off. Shift to the next tap in line, replace
the high-voltage shield and repeat the adjustments of the linearity drive
and width controls while a picture is again being received.
9-4. The Gruen AFC-sync System. Figure 9-2 is a diagram of the
horizontal AFC-sync system known as the Gruen circuit. Like the previ
ous circuit it also starts with a Hartley oscillator designed to run at 15,750
cycles, and for this purpose tube F2ib is employed. Sine wave A is shown
as it is developed in the tank circuit composed of L31G and C403- The con
denser across which the saw-tooth voltage is developed is C4G4. It charges
through resistors /?402, 7?395, and J?396. Peaking of the wave is accom
plished by
The charging circuit is paralleled by the sine-wave
oscillator operating Class C. This creates waveform B which has the
shape necessary to produce a saw-tooth current when finally delivered to
the horizontal deflecting coil. Wave B is shown as it is applied to the
19BG6 horizontal-output amplifier.
To stabilize the oscillator properly, a reactance or control tube F2ia is
connected across the tank circuit. The grid bias of this tube is varied in a
manner similar to that of the previously discussed circuit by comparing
the phase relationship of the incoming sync pulse and the sweep voltage
which is fed back from the horizontal deflecting coil. Waveform C is the
shape of the sweep voltage being brought back to the discriminator tube
from the deflecting coil. As this wave must go through resistors I^389, ^390,
and condenser C397, it is reshaped into a saw-tooth voltage, wave D, by
the time it is applied to the plate of the discriminator tube V22- It will be
observed that this is the fundamental difference between the Gruen circuit
and the syncrolock system. In the method employed in Fig. 9-1, a sine
wave is applied to the plates of the discriminator, instead of a saw-tooth.
Waveform E is that of the composite video signal which has been in
verted through the first section of V2o and is applied to the grid of the
second section of the same tube, biased Class C. By this action, the tube
becomes a clipper and removes the sync pulses, which are then coupled
through C394 to the cathodes of the discriminator circuit. As negative
signals, these pulses will cause both diodes to conduct simultaneously.
The horizontal-sync pulses are shown as wave F. A careful inspection of
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wave D will show the effect of the sync pulses as they cross the saw-tooth
voltage at the mid-position. This action is almost identical with that of
the syncrolock circuit in that when the pulse crosses at this point, voltages of equal and opposite polarity arc developed across resistors R. 384 and
2v385. Consequently no additional bias is provided for the reactance tube,
V21A. As in the case of the previous circuit*if the phase between the
incoming pulse and the saw-tooth voltage tends to change, an unbalance
in the voltages across 7?384 and /£385 is developed that is either positive
or negative and that increases or decreases the bias on the control tube.
This in turn causes the oscillator to speed up or slow down as is required
to maintain proper synchronization.
9-5. Aligning the Gruen Circuit. The alignment procedure of the
Gruen circuit is also similar to that of the syncrolock. First a picture
should be obtained on the cathode-ray tube and a check made on the
horizontal holdv Set the horizontal-hold control I?32i on the front panel
to the mid-position of its range. Next slowly turn the horizontal-fre
quency control L3i6 on the rear of the chassis until the picture is locked in
and in proper phase relationship to the raster. Again return to the front
and vary the hold control /?32i very slowly, first one way and then the
other. This should cause the picture to move slightly to the left or
right, but should not cause it to lose synchronization.
When the picture appears to be well locked in, set the contrast control
of the receiver somewhat below normal. Again rotate the hold control
7?32i very slowly. The picture should not lose synchronization. If it is
found that the hold control is slightly unstable with the contrast low, it
Avill be necessary to readjust L31G) the frequency control on the back of the
receiver.
Again, as in most receivers some interaction will be found between the
horizontal drive, width, and linearity controls. When the picture has
been locked satisf act only, a check should be made for linearity. The
horizontal drive Rm, should be turned in a full counterclockwise direc
tion and then turned one-third clockwise. The control may be left
there, unless a set of white vertical bars or vertical dashed lines appear in
the picture. If this occurs, turn the drive control a slight amount in
either direction until these lines disappear. The horizontal-linearity
control may now be adjusted while watching a picture or pattern until
both sides of the scene are well proportioned. As this is being done, the
width control may have to be varied slightly by way of compensation.
When properly set, the edges of the picture should extend just slightly
past the edges of the picture mask on both sides.
9-6. Modified Franklin AFC-sync Circuit. An important variation
of the principle just discussed is shown in Fig. 9-3. In place of the
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Hartley oscillator used in the Gruen circuit, the horizontal sweep is gen
erated by a cathode-coupled multivibrator with a parallel-tuned circuit in
the plate of the first section. This is referred to as a modified Franklin
oscillator. The saw-tooth wave with its necessary peaking, shown as
wave A, is delivered to the grid of the horizontal-output tube through a
capacity voltage divider composed of C420 and the horizontal drive C421.
Varying the capacity of C421 will change the amplitude of the wave and
will in turn develop a greater or smaller horizontal deflection.
To maintain frequency stability and correct synchronization of the
horizontal oscillator, the phase and frequency relationship between the
incoming horizontal-sync pulse and the sweep-oscillator voltage are com
pared by the discriminator tube, V404. This produces a d-c voltage across
/?428 which is filtered and sent to grid 1 of multivibrator tube V405 for
control purposes.
The composite video signal, wave B, is delivered to the control grid of
the first section of IZ4o:»- This tube is biased beyond cutoff and conducts
only during the peaks of the sync pulses. The sync signals will have
negative-signal phase when applied to the grid of the second section of
lZ403, and because this tube has low bias it can easily be driven to cutoff,
which limits the level of the signal and effectively reduces disturbances
caused by transients and noise peaks. Wave C is that of the horizontal
sync pulse once more having positive-signal phase as it emerges from
V403 and is applied to the grid of the phase-inverter tube IZ4oib. The
inverter is used to apply the same wave shape, but with opposite polari
ties, to cathode 1 and plate 2 of sync discriminator V404. Thus wave D
has negative polarity and is coupled through C412 while wave C couples
through C411 to the plate. Simultaneously, a saw-tooth wave E which is
fed back from the sweep output through transformer T405 is applied to
plate 7 and cathode 5 of V404.
When the saw-tooth wave combines with the incoming sync pulses in
the discriminator tube, waveform F is produced. A normal amount of
current flows through the discriminator and develops the normal operating
bias for the horizontal oscillator V405- If, however, the phase relation
ship changes, the voltage drop across Rm also changes, and the shift in
bias on the left-hand section of the horizontal oscillator makes the neces
sary phase or frequency correction. Waveform G is given here to show
the shape of the plate voltage for this type of oscillator as a result of the
added tuned circuit.
9-7. Aligning the Modified Franklin AFC Circuit. To align this
horizontal oscillator section properly, the receiver should first be turned
on and a station tuned in. When the circuit has been allowed to warm up
for approximately 15 min, the controls on the front panel of the receiver
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should be set for best picture and sound and the horizontal-hold con
trol adjusted to lock the picture, if possible. If the picture locks, swing
the hold control to the full clockwise setting and then counterclock
wise, and observe whether or not the picture loses sync. If the sync does
not hold for both positions, slowly adjust the horizontal-lock control L401
found on the back of the chassis and again check by varying the hold con
trol. When the receiver has passed this check, throw the channel switch
off momentarily and return it. The picture may now be out of sync, and,
if it is, no more than three diagonal bars should appear (see Fig. 3-14). A
slight readjustment of the horizontal-lock control will provide the proper
condition and the horizontal-hold control should immediately pull the
picture into sync and hold for at least three-quarters if not all its range
of rotation.
Some interaction will be found between the horizontal drive and linear
ity controls. The most pronounced change in width will be observed as
the drive control is varied. Some balancing back and forth between
controls C421 and L402
L.
will be necessary to provide the best picture
proportions.
9-8. Pulse-width-modulation Sync System. In keeping with the
policy of manufacturers to reduce the number of tubes wherever tech
nically possible in a television receiver, an AFC system was developed to
control the horizontal oscillator by means of a single tube. This system,
known as the pulse-width-modulation circuit, is shown in the schematic
diagram of Fig. 9-4. A somewhat different principle is used here to
develop the bias which controls the frequency stability of the circuit.
The reader will, however, observe that there are a number of similarities
to the previous systems described.
Windings A-C-F of horizontal-oscillator transformer T109 form a block
ing oscillator in conjunction with the second half of Vii2. As a freerunning oscillator, its frequency is approximately 15,750 cycles, and each
time the tube conducts it discharges condenser Ci6i, which has been charg
ing through resistor T?i79 to produce the saw-tooth waveform A. This
saw-tooth voltage drives a heavy current through the horizontal-output
tube V113 and develops waveforms B and C in a manner identical with the
circuits previously discussed. For this .reason attention will be directed
specifically to the control section of this circuit.
The basic principle of this circuit’s operation rests upon changing the
grid bias of the oscillator tube. This can be done by changing the current
flow through
and the voltage that is stored up in condensers C155 and
C157. To vary the current in grid resistor Rm, the cathode current of the
left-hand section of Vn2 is controlled by a combination of the incoming
sync pulses and signals developed in the system. If the bias on theoscil-

n
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lator section is raised positively, the frequency will increase, whereas if
it is lowered, the frequency will decrease. To vary the bias and maintain
proper synchronization, a total of three waveforms are combined.
Waveform D is a typical pulse developed in a blocking oscillator.
When this energy reaches coil C-D of transformer 7’109, shock excitation
causes this circuit to generate a sine wave because the coil forms a tank
circuit with Ci59- The result of these two waves produces the combined
pulse wave, E. The sine wave is combined with the saw-tooth wave in
such a way as to sharpen the positive peaks of the saw-tooth; this can be
seen by an inspection of waveform F which is fed back to the grid of the
horizontal-oscillator-control tube through resistor Z?180 and condenser
(7154. The discharge slope of waveform F is increased by the effect of
feeding waveform C also to the grid of control tube V112 through the
Cue and 7?i9.i network. The incoming horizontal-sync pulses are also
fed to this control grid for purposes which will be explained.
Part of the bias for the blocking-oscillator section is fed to the control
grid of the horizontal-oscillator-control section and is sufficiently high to
keep this tube at cutoff throughout the entire interval except when the
sharp positive peak of wave F comes along. Then and only then will the
tube conduct and charge condensers C155 and C157. Figure 9-5 is an
enlarged view of the waveform applied to the grid of the control tube for
three different conditions which might be brought about as a result of its
having combined with horizontal-sync pulse G. Under normal operation,
the sync pulse causes the positive peaks to have a width which will allow
the control tube to conduct for a period of time to provide a normal volt
age across the two condensers C155 and (7167 • It is this voltage which is
normal for the correct frequency of the blocking oscillator. Figure 9-5a
shows wave F of Fig. 9-4 under normal operating conditions. However,
if sync pulse G arrives too late, wave F will have a narrow positive peak
as shown in Fig. 9-56. This will cause the control tube to conduct for a
shorter period of time, the voltage across the two condensers C155 and
Cis- mil not be as high, and this in turn mil reduce the bias for the block
ing oscillator. The blocking oscillator will then slow down and allow
its frequency to coincide with the incoming sync pulse. Finally, if the
sync pulse arrives early, the condition shown in Fig. 9-5c will be devel
oped. The positive peak of the pulse is quite broad, and the control tube
will conduct for a longer interval. The two cathode condensers C155 and
(7157 will charge to a higher voltage and a rise in the oscillator bias will
increase its rate.
Returning to Fig. 9-4, (7153a, the horizontal-locking range, is the variable
condenser of an impedance voltage-divider composed of C153A and 7?iaoThis condenser permits adjustment of the wave applied to the grid of the
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control tube so that only its positive peaks will allow the tube to conduct.
The tunable cores in the coils of transformer 7\o9 permit accurate adjust
ment of the oscillator’s free-running frequency and of the shape of the
oscillator waveform. The horizontal-drive control, Ci&3U, also forms a
capacity dividing-network with Cico and may be used to change the ampli
tude of the saw-tooth wave that is applied to the grid of the output tube.
The horizontal hold, Rm, varies the plate voltage for the control tube
and permits the user a slight amount of variation to adjust for horizontal
synchronization.
VIII

GRID

CUTOFF VOLTAGE

—

V-T’TT TA
NORMAL CONTROL

PULSE

SYNC TOO

late

SYNC TOO EARLY

'ABOVE GRIO CUTOFF LEVEL IS PORTION OF WAVEFORM EFFECTIVE
IN PRODUCING OSCILLATOR CONTROL VOLTAGE

Fig. 9-5. (a-b-c) Waveforms showing the correct and incorrect shapes of the control
pulse fed to the grid of the horizontal oscillator V112 of Fig. 9-4. (RCA.)

9-9. Aligning the Pulse-width-modulation AFC Circuit. The adjust
ment of the horizontal-oscillator circuit is made at the factory and gener
ally does not require further alignment in the field. However, if it
is necessary to replace components in this part of the set, a realignment
of the circuit may be required. This must be done in part -with an
oscilloscope.
Short-circuit the coil C-D of oscillator transformer T™ by means of a
small jumper. Turn on the receiver, obtain a picture, and, if possible,
synchronize it by means of the horizontal-hold control. Next turn
this control to the full clockwise position. Tune the frequency adjust
ment of 7\o9 located under the chassis until the picture just slips out of
sync and a vertical black bar appears across the raster (see Fig. 4-14).
Reset the horizontal-hold control to approximately one-quarter from
the full clockwise position, and observe the width and linearity of the
picture. If they are not correct it will be necessary to adjust Lm for
the proper width, and Cibsb in conjunction with Lu3 to obtain correct
linearity. By so doing, the vertical black bar will be affected and it
should be brought back by repositioning the hold control to the full
clockwise position and readjusting the frequency adjustment of 7\o9.
At this point an adjustment of the horizontal-locking range should be
made. Set the hold control on the front panel to the full counterclock
wise position. Remove the picture by momentarily changing the chan
nel switch, and then bring it back. Now vary the horizontal-hold
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control clockwise slowly and observe the least number of diagonal black
bars which appear just before the picture pulls into synchronism.
No more than nine bars should appear at the point where the picture is
ready to lock in, and no fewer than seven. If more than nine are present,
adjust the horizontal-locking-range condenser C153A slightly clockwise.
If fewer than seven bars appear, turn the same control slightly counter
clockwise. Reset the horizontal-hold control fully counterclockwise,
remove the signal momentarily by means of the channel switch, and again
observe the number of diagonal bars. Continue adjusting C153A until
the correct number of bars is obtained, check for lock-in and remove the
shorting jumper from 7\09If it becomes necessary to adjust the waveform of the horizontal oscil
lator, first set the hold control in the full clockwise position. Using a

/(b)
Incorrect

Cc)
Fig. 9-6.
Fig. 9-4.

Correct

(a-b-c) Waveforms showing the incorrect and correct shapes of wave (E) of
(RCA.)

small nonmetallic screwdriver, slowly vary the oscillator-waveformadjustment core above the chassis on rI\o9 until the vertical black bar
appears across the raster.
Momentarily turn off the receiver and connect one side of the oscillo
scope to terminal C of 7\o9 and the other side to the chassis, grounding it
well. Set the hold control about one-quarter from the full clockwise
position, and again turn on the receiver. Synchronize the picture.
Vary the sweep-frequency control on the oscilloscope until two com
plete waveforms appear on the cathode-ray tube. For this the sweep
frequency will be running at one-half the rate of the sweep oscillator in
the receiver, or 7,875 cycles.
The waveform on the oscilloscope should appear very similar to
wave E of Fig. 9-4. It is very important that this wave be adjusted very
accurately, and for this reason enlarged views of the correct and incorrect
shapes are drawn in Fig. 9-6. The waveform-adjustment core of 7’i09
must be varied until the two peaks of each wave are of exactly the same
height. Figure 9-6a shows that the broad, rounded portion of the wave
is lower than the sharp positive peak, and Fig. 9-6b shows that this
rounded portion is greater than the sharp pulse. The adjustment core in

I
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both these cases is incorrectly set. Figure 9-6c gives the correct shape of
the oscillator waveform and conforms with wave E of Fig. 9-4. Once
this wave has been correctly set, the oscilloscope may be removed from
the circuit.
A final over-all check should be made on the horizontal oscillator by
setting the hold control at the extreme clockwise position, momentarily
removing the signal by snapping the channel off and back on, and slowly
turning the hold control while observing the number of diagonal bars in
the picture just before it locks in. There should be three such diagonal
bars. If there are more or less than three, horizontal-locking-range con
denser C153A should be varied slightly one way or the other until these
three bars are obtained just before the picture pulls into sync (see Fig.
3-14).
Finally, set the horizontal-hold control in the full clockwise position.
This should produce a single vertical bar in the picture (see Fig. 4-14).
If it does not, a slight turning of the frequency adjustment of T109 will
bring this about. The receiver is then properly balanced in the horizon
tal-sync section.
9-10. The Motorola AFC-sync System. Another simplification of the
AFC systems for horizontal synchronization is that employed in many
Motorola circuits. The diagram and waveforms of this system are shown
in Fig. 9-7. This circuit is important to the senriceman not only because
of its wide use in the receivers just mentioned, but also because it is a
distinct departure from the other types of AFC discussed. At the same
time saw-tooth voltages for an electrostatically deflected cathode-ray
tube are generated. These saw-tooth waves, A and B, are 180 deg out of
phase with each other and are applied to the deflecting plates of the pic
ture tube. The initial saw-tooth voltage is developed across condenser
C137 charging through Rbb, the horizontal-size control, and the upper por
tion of transformer T6. The energy is inductively coupled to the lower
half of Tg to charge condenser Ci68, and is so phased that it produces the
opposite waveform, as shown. The incoming horizontal-sync pulses C
are fed to the primary of transformer
which is made into a parallel
resonant circuit by condenser (7153- The incoming pulses drive this
resonant circuit into oscillation and produce a sine wave of 15,750 cycles.
This energy is transferred to the secondary of T$, where it is combined
with a pulse from the oscillator to produce waveform D.
The development of wave D is a result of the supcrimposition on the
sine wave of the energy from the peaked pulse, E. This wave is known as
a firing pulse, and is produced during the flyback time of the saw-tooth
wave B as it is differentiated through condenser C159 and across resistor
^133. The pulse is fed to the cathode of the AFC tube, Vhb, which is
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connected as a diode. The resultant waveform D causes the AFC diode
to conduct, and current flows through RU4 and the horizontal-hold
control Rm in such a way that the voltage developed across these resistors
is negative at the top of Rw. This produces a normal voltage which is
added to the operating bias of the blocking oscillator.
If the oscillator frequency tends to increase, the firing pulse will be
fed back to the sine wave early, and will appear at a higher point on the
sine-wave combination D. This will cause greater current in the diode
and produce a larger bias for the oscillator tube. The greater negative
bias will restrain the oscillator for a slightly longer period of time and
slow down its action. On the other hand, if the oscillator frequency tends
to be slower, the firing pulse will return later and appear in the trough of
the sine wave. This will cause the diode to conduct less, the resultant
bias across R1U and R49 will be less, and the blocking oscillator will speed
up. Waveform F is a small saw-tooth voltage which appears at the top
of R13 i as a result of the slow discharge of condensers C154 and CmThe simplicity of this circuit and lack of alignment controls leave little
for the serviceman to adjust for normal operation. Both the horizontal
size and hold controls are on the back of the chassis and the technician
should proportion the picture and set the hold control as best he can in
the home of the customer. It is advisable to set the horizontal hold with
the receiver in operation and the contrast control set as low as possible to
observe an image. Under these circumstances it is fair to assume that if
the hold control is properly set to maintain the synchronization with a
weak signal it will do so for stronger signals. However, because the
control is on the back and no provisions are made on the front panel for
the user it has been found advisable for the serviceman to show the
customer how to set the hold control. This should be done by permitting
him to pull a picture into sync under the instruction of the service
technician. Acquainting the customer with this control wall often save
an unnecessary service call.
9-11. Aligning the Zenith AFC-sync Circuit. The final horizontal
sweep circuit to be discussed is shown in Fig. 9-8. A comparison made
with Fig. 9-2 will immediately reveal to the reader that this circuit is
similar to the Gruen system. It is presented here however, for two dis
tinct reasons. First, the method of adjustment recommended by the
manufacturer is with the use of a meter placed in the plate circuit of
the discriminator or phase detector tube. Second, a special socket has
been incorporated by Zenith for purposes of experimentation on a system
of television transmission known as Phonevision.
A comparison of the oscilloscopic waveforms of Fig. 9-8 with those of
Fig. 9-2 will show only slight deviations as are common with different

i
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manufacturers using almost the same circuit. A few additional wave
forms which will be of benefit to any one checking the waves on the former
circuit are presented in Fig. 9-8.
It is often found that receivers using this circuit will not maintain
horizontal synchronization when switching from one channel to another
unless the horizontal-hold control is near the electrical center. Conse
quently, when adjusting this AFC system, it is advisable to set the
horizontal-hold control near the mid-point of its range and to leave it
there permanently. The meter used for aligning the AFC may be a
10-volt d-c instrument with a zero-center scale, but the vacuum-tube
voltmeter referred to in previous chapters will be employed here.
Connect the lead of the VTVM to terminal II, marked “AFC Test
Point,” shown in Fig. 9-8. The ground lead of the meter should be con
nected to test point I, and the meter case must be insulated from all
ground and the receiver chassis. Turn on the receiver, and after suf
ficient time has been allowed for warm up slowly rotate the horizontal
hold control to the extreme position in one direction and observe the
maximum deflection on the meter. If the meter attempts to read back
wards change the selector switch to — volts or + volts, as is required, to
read correctly. Next change the horizontal-hold control to the
extreme position in the opposite direction, and note the maximum deflec
tion on the meter. If the maximum reading is not the same in both
directions, slowly adjust the core of oscillator coil L75 until the voltage
swing is equal for both extreme positions of the hold control. When
this has been obtained, adjust the hold control to read zero on the meter.
Usually this will be very close to the mid-position between the two
extreme settings. This will give the best operation for the horizontal
sync circuit as the receiver is changed from channel to channel.
9-12. Phonevision. Zenith, in conjunction with the Telephone Com
pany, worked for some time on the Phonevision system. This is a method
of transmitting television pictures that cannot be intelligibly received on
sets which are not equipped for it. Their purpose was to have a sub
scription rate for television whereby the viewer would pay a service
charge to obtain a clear transmission, and by this method to provide a
direct income to the television station rather than one derived from
sponsored programs.
The picture sent by Phonevision is vibrated rapidly in a horizontal
direction by a special signal at the transmitter known as a jitter pulse.
The result is that it cannot be viewed for more than a few seconds without
eye fatigue on an ordinary receiver. To stabilize the picture, a special
synchronizing or decoding pulse is brought to the receiver over a toll line
such as the telephone wires. This pulse is provided only for those pro-
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grams paid for by the viewer. Installing and servicing Phonevision
equipment was not done by the general serviceman. For this service,
Telephone Company and Zenith engineers were employed. The tech
nician should not alter the terminals of the Phone vision socket on the
receiver, since this connection in no way affects standard television
programs.
9-13. The Damping Circuit. The final section encountered by the
horizontal-sweep voltage before it reaches the deflecting coil is called
the damping circuit. The circuit of this type shown in Fig. 9-9 is so
universally used by receiver manufacturers that it may be said to be
representative of all.
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Fig. 9-9. A partial schematic diagram of the horizontal sweep system showing the use of a
5V4-G tube in a simple damping circuit. (RCA.)
Set oscilloscope sweep at 7.S75 cps to view waveforms.

A diode tube, either as a single unit or as two sections paralleled, is
employed for damping purposes. It is often called a reaction-scanning
tube^ and a brief explanation of the circuit will show its purpose. The
inductance of the horizontal deflecting coil and output transformer will
form a resonant circuit with their own distributed capacity and xvill tend
to go into oscillation by the shock excitation of the high-frequency sweep
voltage. Such an oscillation destroys the linearity of the horizontal
scan, particularly on one side of the picture, and gives the appearance of a
folding over of the raster at this point. The damping tube is placed across
the circuit in such a way that the magnetic field, when collapsing, is per
mitted to do so rapidly, but when starting to oscillate in the opposite
direction, causes the tube to conduct and places a heavy load upon the
circuit. This immediately damps the oscillation. Reference to wave
form .4 of Fig. 9-9 shows the square voltage that is applied to the deflect-
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ing coil to produce a linear saw-tooth current. It can be seen that the
sudden negative pulse will be unaffected by the damping tube Vm
because it will not conduct at this time. However, as the pulse returns in
a positive direction, the tube becomes heavily conductive and the shock
excitation is damped out as is shown by waveform B, taken at the cathode
of the damping tube. Damping is needed only in the horizontal-deflec
tion system.
9-14. Increasing the B+ with the “Bootstrap” Circuit. An interesting
secondary advantage is obtained from this type of damping circuit.
Besides its prime function, just discussed, the circuit is connected in such a
way as to give additional voltage to horizontal-output tube V112 and other
amplifiers in the system. The plate current of Vn2 flows through damp
ing tube Km for a major portion of the trace time. During this period,
condensers Cm and Cigs are fully charged and supply voltage to the
amplifier during the time that the damper is not conducting. The aver
age voltage across these condensers is approximately 60 volts higher than
that furnished by the B supply. This permits operation of the output
amplifier plate at a higher potential than would be obtained normally, and
the efficiency of the system is increased by using energy that would other
wise be wasted. Because this circuit increases the voltage as a result of
its own efforts, it has been called the bootstrap circuit. Various manu
facturers use this additional voltage to increase the plate potentials of
whatever tubes in the circuit they feel need increasing.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Syncrolock Horizontal-sweep System
Symptoms: 1. Defective sync discriminator and oscillator control tubes: Picture
tears or has slipping vertical black bar.
2. Oscillator side of sync transformer misadjusted: Picture tears.
3. Discriminator side of sync transformer misadjusted: Vertical bar
slides across picture.
4. Defective oscillator or discharge tubes: Unstable horizontal sweep,
weak CRT voltage, no horizontal sweep, complete loss of CRT high
voltage.
Defect. Gruen AFC-sync System
Symptoms: 1. Defective discriminator or reactance-tube circuit: Picture tears
and will not hold sync.
2. Defective oscillator or output tube: Horizontal sweep unstable or
lost, raster weak or completely lost.
3. Incorrectly set horizontal-peaking (H .-drive) control: Affects
raster width and linearity.
Defect. Modified Franklin and Pulse-width Modulation AFC Systems
Symptoms: 1. Defective oscillator-control tube: Picture tears horizontally, will
not hold sync.
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2. Defective oscillator or output tube: Horizontal sweep unstable or
lost, raster weak or completely lost.
Defect. Damping-tube Circuit
Symptoms: 1. Burned-out tube: Fold-over on edge of raster.
2. Weak tube: Horizontal linearity affected.
3. Shorted circuit: Loss of horizontal sweep, leaving single vertical
line on screen; may also short CRT high voltage.
Defect. Defective Bootstrap Circuit
Symptom: 1. Low plate voltage on some amplifier tubes, weak raster; sound may
also be affected.
REVIEW QUESTIONS
1. List the major types of AFC systems used in television.
2. What is the fundamental difference between the syncrolock AFC-sync system
and the Gruen system?
3. What would be the resultant effect on the picture if the 6AC7 of Fig. 9-1 were
to burn out?
4. State briefly the major points in adjusting the syncrolock circuit.
5. What adjustment would be made to vary the frequency of the oscillator in the
Gruen circuit?
6. What effect would be noticed in the picture when Ctu of Fig. 9-3 is varied?
7. From Fig. 9-4, what is the normal operating bias with respect to cathode for
the grid of the horizontal-oscillator tube?
8. Explain why varying the horizontal locking-range condenser of Fig. 9-4 will
vary the pulse voltage applied to the horizontal-oscillator-control tube.
9. Under what circumstances might it be necessary to realign an AFC-sync system
of the pulse-width modulation type?
10. In the AFC system of Fig. 9-4, what is the adjustment used to vary the oscillator
frequency?
11. In the diagram of Fig. 9-7, explain what would appear on the CRT screen if
condenser Cm were to short-circuit.
12. Explain why the output of the Motorola sweep circuit of Fig. 9-7 needs to be a
saw-tooth voltage.
13. Since the frequency of the horizontal oscillator in Fig. 9-8 is adjusted by the
iron core of Zm, would the horizontal-hold control, if varied, have any effect on
this frequency? Explain.
14. Explain briefly the purpose of the damping circuit.
15. What might be expected to happen to the received picture if the damping tube
burns out? Explain.
16. What is the purpose of a “bootstrap circuit”?

CHAPTER 10

LOW- AND HIGH-VOLTAGE POWER SUPPLIES

10-1. Types of Power Supplies Needed. Power supplies for television
sets are composed of the low-voltage section for B-F, screen, and bias
potentials, and the high-voltage unit for the cathode-ray-tube anodes.
The low-voltage supply is essentially the same as that used for radio sets.
It rarely provides more than 450 volts and usually between 250 and 350
volts. The primary difference between the television and radio power
supply is that the former is generally designed to supply a considerably
greater current. Television sets have a minimum of 12 tubes, excluding
the picture tube and the rectifiers, and there may be as many as 40. The
high anode potentials for the picture tube start at about 2,000 volts for
the smaller sets, average between 9,000 and 13,000 volts for the larger
direct-vie wing tubes, and range from 20,000 to 35,000 for the home projec
tion receivers.
Sets are usually designed for a-c operation only, but a few are a-c/d-c
models. Some receivers employ selenium low-voltage rectifiers, while
others use vacuum tubes throughout. As will be seen, there are three
basically different types of high-voltage power supplies in general use.
Because of their similarity to radio circuits, the low-voltage systems are
discussed first.
10-2. Calculating Total Current Drain. One of the simplest lowvoltage power supplies is the type illustrated in Fig. 10-1. Although its
design wall be readily recognized by the radioman, several points are
worth noting. The relatively high current drain requires the use of
rather large filter condensers to prevent excessive 120-cycle hum. Note
that the total shunt capacity is 100
This is in contrast to the 16 to
32 /xf commonly found in radio. To determine the total current drain
from this supply, it is simply necessary to use the voltage and resistance
data given on the diagram and apply Ohm’s law. The voltage at pin 8 of
the 5U4G is 345 volts and it has dropped to 325 volts on the right-hand
side of the filter choke L28. This represents a change of 20 volts across the
choke which has 85 ohms of d-c resistance. The total current through
the choke is immediately found by dividing the voltage drop across it
by the resistance, thus: 20/85 = 0.235 amp or 235 ma. It is especially
important for the serviceman to know the correct voltages under operat205

206

PRINCIPLES OF TELEVISION SERVICING

[Sec. 10-3

ing conditions, since this is one of the clues leading to the discovery of
faulty parts.
10-3. Protective Fuses. The power transformers used in television
sets are generally rather costly to replace when burned out. Because
of the high current they supply, damage can also be done to other com
ponents such as resistors and filter chokes if one of the condensers breaks
down or if some other component becomes short-circuited. A J^-amp
delay-action fuse is provided to protect the transformer and other parts.
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Fig. 10-1. A schematic diagram of a simple low-voltage power supply for a television
receiver. ((Philco Corp.)

In this receiver the fuse is located in the high-voltage compartment and is
made accessible by removing the back cover. Always discharge the cir
cuit by placing a jumper wire from B+ to the chassis before replacing the
fuse.
The special protective fuse F2 consists of a piece of No. 26 copper wire;
it is placed in series with the black lead of the 6.4-volt filament winding
and ground. This same size wire should always be used as a fuse in this
particular model. A separate 6.4-volt winding is also provided on the
transformer for the damper tube because its cathode is 375 volts above
ground. This voltage is brought about by the addition of the voltages
of the bootstrap circuit and the regular power supply, as was explained in
the previous chapter. The voltage for the focus coil is taken off across
the variable resistor RM, and the current through the coil may be varied
by the shunting effect of R^ as the center arm of RG.\ is adjusted.
10-4. Identifying Symbols on Filter Condensers. The circuit of Fig.
10-1 operates the rectifier tube at about its normal peak drain. When
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larger currents are required in order to supply more tubes, a solution may
be found by paralleling two rectifiers. This is done in some receivers
and is shown in the circuit of Fig. 10-2. A study of this diagram mil
reveal the rather intricate voltage-dividing network employed and the
exceptional filter system. A total shunt capacity of 180 /if is used in con
junction with the filter choke
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the vacuum-tube voltmeter must be changed to —volts or the test prods
of a d-c meter must be reversed. Resistor
which is used for the
focus control, functions in the same manner as its counterpart in the
circuit previously considered.
10-5. Electrical Centering Controls. Sections 4-8 and 4-9, Chap. 4,
pointed out that a few receivers have both mechanical and electrical
means for centering the picture. The mechanical centering, it will be
recalled, is the three-spring coil suspension that was shown in Fig. 4-6.
The electrical centering controls in the circuit of Fig. 10-2 are Rim and 7?202.
The horizontal control varies the d-c voltage across the horizontal
deflecting coils as the control is shifted from position 1 to position 3.
This changes the current through the coils, which in turn causes the
electron stream to deviate a fixed amount in the picture tube. The
same action takes place with the vertical-centering control, except
that the movable arm may be shifted to either side of center tap 4
on the potentiometer. This allows the movable arm to be negative
with respect to the center tap when in position 1, and positive when
shifted to position 3. The result is a rather wide latitude for shifting
the picture above and below the required position on the screen. The
student should remember this type of centering circuit, because it is
used with cathode-ray tubes having electrostatic deflection. For verifica
tion of this, reference should be made to Fig. 10-10, where both horizontaland vertical-centering circuits employ tapped potentiometers.
10-6. Double Low-voltage Supplies. Some manufacturers have
chosen to use several tubes of different types in their low-voltage power
supplies. Representative of these circuits is the one presented in Fig.
10-3. A slightly confusing terminology has been introduced here in
that although both of these power supplies are used only for B-|- and
screen voltages, one has been identified as the low-voltage rectifier and the
other as the high-voltage rectifier. The reason for this designation is
simply that the voltage measured between pin 8 of the 6X5-GT is 160
volts to ground, while the voltage from pin 8 of the 5U4G is 370 volts to
ground. Since this power supply chassis is entirely separated from the
main television chassis, all voltages must be delivered over a cable, which
is connected through a multitap plug identified as M301 and J/501. There
are no other particularly special features about this power supply.
Associated with this diagram is the circuit for the vacuum-tube fila
ments. Each tube is identified by a “V” number, and the pins are
separately identified by the numbers in the circles. All filaments are
provided with 6.3 volts a-c, except F203 which has a dropping resistor,
#205, to supply 5 volts. F203 is the detector for the audio section of the
receiver and is operated at 1.3 volts below normal.
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Fig. 10-3. A low-voltage power supply circuit having different types of rectifier tubes and
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10-7. Selenium-rectifier Power Supplies. The rectifier circuit of
Fig. 10-4 is one of several transformerless designs using two selenium
rectifiers as half-wave voltage doublers. Some circuits employ the two
selenium rectifiers as full-wave voltage doublers by connecting them in a
bridge network. This is inserted below the main diagram.
The function of the half-wave doubler starts with the conduction of the
selenium rectifier, X372, when the power line on the side going to switch
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S37i is negative. This in turn will charge condensers C37i and C372 to
approximately 150 volts with the polarity indicated. When the line
voltage reverses polarity, the side going to S37i will be positive, and the
voltage across C37i and C372 will add to the power line and charge con-
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densers C383 and C384 through rectifier X37i to approximately 300 volts.
Under load, the total voltage at the input to filter choke L376 will average
approximately 275 volts. To obtain a lower voltage for some parts of the
circuit, condensers C373 and C374 become part of a voltage dividing net
work; at the same time, they provide additional filtering for the B-H
A word of caution must be given regarding the servicing of sets having

=
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power supplies of this type. Observe that one side of the power line is
connected directly to the chassis, which is at B —. This can cause con
siderable damage to the test equipment when the receiver is being serviced
or aligned. To isolate the power line from the receiver, always use an
isolation transformer.
10-8. Additional Protective Circuits. Resistors Rm and Ryu in the
filament circuits are especially interesting. They have a negative tem
perature coefficient which gives them a high resistance when voltage is
first applied to the circuit. As the filaments in the tubes gradually warm
up, the resistance of 7? 37 3 and R37.1 decreases to a final value of approxi
mately 75 ohms. This action limits the current through the filaments
while they are cold and extends the life of the tubes. A thermal-cutout
switch B371 is also used to protect the circuit from possible overload in
cases of excessive drain. It is advisable to check through the circuit for
possible defects if this cutout continues to open. Allow five minutes
to elapse before resetting this control.
10-9. Sixty-cycle High-voltage Supply. In a number of early
receivers, particularly of the 7-inch type, the low-voltage and high-voltage
power supplies were combined and operated directly from the 60-cycle
power source. A circuit of this type is shown in Fig. 10-5 and is called the
(50-cycle high-voltage supply. The low-voltage rectifier is a full-wave cir
cuit filtered in the conventional manner with condensers and chokes.
This supplies a maximum of 395 volts at pin 8 of the 5U4G rectifier.
Other operating voltages are indicated at various points. The low volt
age is taken from the lower half of the power transformer, T100, which is
center-tapped to ground.
Between the grounded tap and the top of the secondary winding that
terminates at pin 7 of the 1B3GT/8016 rectifier, approximately 2,500
volts rms are produced. This results in a d-c potential of —3,450 volts
at the cap of the tube. Because this voltage is negative with respect to
the chassis and ground, it is generally referred to as being below ground.
The various operating potentials in this section connect to the several
anodes of the cathode-ray tube, and the —3,050 volts above condenser
Cioob goes to the grid. The lesser negative voltages go to points in the
picture tube which are positive with respect to the grid. The student
must keep in mind that a voltage such as —2,900 volts at the right-hand
end of resistor R105 which goes to the cathode is actually positive 150
volts with respect to the —3,050 volts just mentioned. Since the cathode
of the picture tube can be as much as 3,000 volts below ground, it is
necessary to have a special 6.3-volt heater winding for it. This is identi
fied by terminals A and B on the transformer. Power supplies of this
type are rarely used to provide more than 5,000 volts.
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10-10. Measuring the High Voltage. In all other parts of the tele
vision receiver, voltage readings may be made with the vacuum-tube
voltmeter alone, that is, without the use of the special high-voltage probe
shown in Fig. 6-46. This high-voltage multiplier must be used for all
measurements of the anode potentials for the cathode-ray tube. Connect
the probe to the d-c terminal and ground of the vacuum-tube voltmeter.
Set the range switch to 100 d-c and the selector switch to —volts. Since
the probe is designed to increase the range of the meter to a maximum of
30,000 volts when set for the 300-volt scale, it is evident that the probe
1
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(Philco

multiplies the range by 100. Thus with the meter set on the 100volt range it is possible to read a total of 10,000 volts by the use of the
multiplier.
Even though this probe is well insulated and can be held while measure
ments are being made, it is better by far to clip the end of the probe to the
high-voltage point in the circuit, and then to turn it on. This leaves the
hands free from possible high-voltage contact. The following steps are
recommended:
1. Turn the receiver off, and, using an insulated jumper, discharge
the high-voltage condensers.
2. Connect the tip of the probe to the high-voltage point in the circuit
and the ground terminal of the probe to the receiver chassis.
3. Keeping the hands free from the meter and connecting leads, turn on
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the receiver and observe the scale reading on the meter, Multiply the d-c
voltage as read by 100.
4. Turn off the receiver, discharge the high-voltage condensers again,
and change the position of the test probe for another reading if necessary
or disconnect the meter equipment.
Note: When making high-voltage measurements on any receiver, it is
advisable to do so under standard operating conditions. Before the set
is turned on, the high-voltage test probe should be connected to the highanode terminal of the cathode-ray tube by means of a small piece of copper
wire slipped under the terminal cap. While taking these readings, it is
usual procedure to leave the contrast and brightness controls set for
average conditions. A few manufacturers specify minimum settings.
10-11. Power-line Filter. Mention should also be made of the
standard practice of putting an r-f filter on the primary side of power
transformers. Although this procedure is not universal, a number
of receivers are so equipped. This filter consists of a 0.01-Mf condenser
connected from each side of the power line to ground. In Fig. 10-5 the
condensers are Cio< and C105. Reference to Fig. 10-2 will show a similar
filter arrangement. It serves two basic purposes. The first is to sup
press high-frequency noise interference that might enter the circuit
from the power lines, and the second is to prevent disturbances such
as arcing in the high-voltage section of the set from feeding back into the
power line and thus being reradiated to the receiver.
10-12. The Flyback Power Supply. By far the most widely used highvoltage source for television picture tubes is the style shown in Fig. 10-6.
It is known as the flyback power szipply. The principle of operation is
based upon the generation of a high voltage by the suddenly collapsing
magnetic field in the horizontal-output transformer. It will be recalled
from the previous chapter that the frequency of the saw-tooth wave is
15,750 cycles. The retrace interval, being about one tenth the trace
time, is consequently of very short duration. This rapidly collapsing field
in the plate circuit of the 6BG6G horizontal-output tube develops a strong
magnetic field in the lower section of the left-hand winding of T4o3. The
energy is inductively coupled to the upper section, and the total resulting
voltage on the peaks is approximately 10,000 volts. The output of this
high-voltage winding is connected directly to the 1B3/8016 rectifier.
The series of high-frequency half-wave pulses is stored in condensers C427
and C433 to provide 9,000 volts d-c for the final anode of the cathode-ray
tube. The filament voltage for the rectifier tube is derived from a single
turn of wire around the core of the transformer.
The horizontal-sweep transformer itself is unique in its construction,
as illustrated in the drawing in Fig. 10-7. The high-voltage primary
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Fig. 10-6. A diagram of the essential components of the flyback type high-voltage power
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Set the oscilloscope sweep frequency at 7,875 cps to view the waveform.
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winding is in the form of a thin pie-coil wound over the secondary winding
that goes to the damper tube.
10-13. Filtering in the Flyback Power Supply. Reference to Fig. 10-6
also shows that the filter condensers C427 and C433 are only 500
each.
In terms of 60-cycle power supplies this value is extremely low. There
are several important considerations in the choice of these small con
densers. Since the current required for the second anode of the cathode
ray tube is usually not over 200 microamperes and the ripple frequency of
the rectified pulses is 15,750 cycles, satisfactory filtering is obtained with
the small capacity. Besides this, only a small amount of energy is
stored at one time, and, in conjunction with the current-limiting resistor
/?445, a relatively safe power supply results. In many cases, condenser
C433 is actually the capacity between the inner graphite coating, which
forms the high-voltage anode of the cathode-ray tube, and a second
graphite coating on the outside of the tube that is grounded. There are
some tubes in which the outer coating has been eliminated and a second
condenser must then be used. When a cathode-ray tube having both
inner and outer coatings is taken out of a chassis which has been running
always make it a point to discharge this graphite surface by connecting a
wire from the outer coating to the high-voltage anode cap. Failure to
do this can result in a shock which might cause the tube to be dropped.
10-14. Preventing High-voltage Arcing. Cathode-ray tubes having
9,000 volts or more on their final anode are subject to a certain amount of
corona discharge and arcing from the high-voltage terminals. This can
mar the picture quality. Arcing will occur when high-voltage wires are
brought too close to the chassis or other metal parts. Corona discharge
is likely to be observed where the wires have a sharp bend. The service
man should check the receiver while operating in the cabinet for these
troubles. Never use a metal instrument for probing around these wires,
but rather use a long plastic or Bakelite rod.
Moisture will occasionally cause the dust on the surface of the tube to
become conductive, and arcing will be experienced from the high-voltageanode terminal of the tube to the outer graphite coating. It is for this
reason that the picture tube should be inspected periodically and wiped
clean with a cloth. At this time, the high-voltage wires should be
inspected to see that they are not out of place due to sagging. They
should be suspended sufficiently far from all components. Manufac
turers usually provide a thin spring-steel wire with an insulated grommet
on the end which is used to support the lead going to the cathode-ray
tube.
10-15. Voltage-doubling in Flyback Power Supplies. Making a highvoltage transformer suitable for developing potentials of 12,000 volts
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Fig. 10-8. A diagram of a flyback high-voltage power supply employing two rectifier
tubes arranged in a voltage-doubler circuit. A condenser voltage-divider network is
shown for connecting the oscilloscope to view the high-voltage pulse. (RCA.)
Set the oscilloscope sweep frequency at 7,875 cps to obtain the waveform.

one previously discussed, except that the horizontal-output transformer,
7’no, produces a voltage sufficient to charge condenser
to a value
between 6,100 and 6,400 volts. This is approximately 3,000 volts less
than the transformer used for single-tube circuits. It will also be noted
that two separate filament windings are provided for the high-voltage
rectifier tubes.
The voltage-doubling action starts with the first pulse, charging
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through Vn4, and developing the polarity across this condenser as indi
cated. During the time that the first HV rectifier is nonconductive,
condenser Ci67 is partially charged, with the polarity shown, by energy
from Cigs. In the course of several pulses, Gw will be charged to approxi
mately 6,000 volts. The 6,000 volts across Cm is now series-aiding
with the high primary voltage of Tno, so that condenser Cw may be
charged through the second IIV rectifier to a total of approximately
12,000 volts. Actually, under operating conditions of average bright
ness, the high-voltage anode will be found with the vacuum-tube volt
meter to be 11,700 volts.
10-16. Observing the High-voltage Waveform. The 6,100-volt pulse
at the plate cap of the 6BG6-G horizontal-output tube has the waveform
shown and the statement is made, “Do not measure.” A pulse of this
type is not accurately measured by a voltmeter, and should be calculated
from the pattern as it appears on the oscilloscope. Since this instrument
could not be connected directly across this high-voltage point and ground,
it must be measured through a capacity voltage-divider between these
two points. This dividing network is shown connected in the diagram.
The lO-M/xf condenser should have a voltage rating between 8,000 and
10,000 volts. The 1,000-mmI condenser may be of an ordinary 400- or
600-volt type.
It is not often necessary for the serviceman to make the above meas
urement, and in fact it is rarely advisable for him to do so. In most
cases the d-c potential on the picture tube anode will supply information
as to whether or not the circuit is functioning correctly.
10-17. The Direct-drive Flyback Power-supply System. In keeping
with the desire of manufacturers to reduce the complexity of television
circuits and lower the cost of components, a simplified horizontal-deflec
tion circuit was developed. This system employs a much smaller highvoltage transformer and is connected directly in series with the horizontal
deflecting coils. This simplified circuit is shown in Fig. 10-9 and will be
found in some later model sets. The circuit derives its name of directdrive flyback power supply from the fact that the horizontal-sweep energy
is fed directly from the output tube to the deflecting coils. The principle
of operation is essentially the same as the previously discussed flyback
power supply and offers no special problems in servicing. A brief
investigation of the diagram wrill reveal to the reader that the plate cur
rent of the horizontal-sweep amplifier flows through the damping tube.
If this tube fails, the plate current of the sweep amplifier ceases, and no
high voltage will be available for the cathode-ray tube. This is an
additional point to keep in mind when attempting to analyze troubles in
this section.
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10-18. The R-f High-voltage Power-supply System. The third style
of high-voltage power supply is the type presented in Fig. 10-10. This
circuit is known as the r-f high-voltage supply and was also designed to
be relatively safe in operation. The 25L6GT tube operates as an oscilla
tor and is connected as a triode. It generates a frequency of approxi
mately 140 kc in the tuned circuit of 7\. The r-f voltage developed in
the tank is stepped up through autotransformer action to a peak voltage
of approximately 6,000 volts which is applied to the plate of the HV
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Fig. 10-9.
(RCA.)

A schematic diagram of a direct-drive flyback high-voltage power supply.

rectifier. The d-c potential as measured between pin 2 of the 1B3GT/
8016 and chassis will be close to 6,000 volts.
A special feature of this oscillator circuit is the method of obtaining
feedback to the grid of the oscillator tube through a capacitive coupling
device composed of a coil spring placed around the glass container of the
rectifier tube. The position of this spring around the neck of the tube is
very critical and should be held within the limits shown in the drawing
of Fig. 10-11. Two different styles are shown and both will be found in
actual use. If the spring is not correctly positioned, the high-voltage
will not build up because of insufficient feedback to the oscillator. If
it does develop a voltage, it may not be over 1,000 volts. When the
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circuit is oscillating correctly, it is possible to measure a bias voltage
across /?76 with the vacuum-tube voltmeter of between 100 and 150
volts. The feedback spring should then be fastened to the tube securely
by means of a piece of friction or cellulose tape.
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Fig. 10-10. Aii r-f high-voltage power supply circuit shown coupled to an electrostatically
deflected cathode-ray tube. (Motorola, Inc.)

Associated with this power supply in Fig. 10-10 is a bleeder system
which provides centering controls for both sets of electrostatic deflecting
plates. Both controls are tapped potentiometers, the vertical control
being tapped at the mid-point while the horizontal control is tapped 0.4
megohm from the top. The operation of both these controls is the same,

1
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and a brief explanation will be given for the vertical one only. The
center tap of R\q- is connected through a 4.7-megohm isolating resistor to
deflecting plate 10, and the movable arm is connected through another
4.7-meghom resistor to deflecting plate 11. When the control arm is set
at the center position, as shown, no d-c potential exists between the two
deflecting plates. However, if the arm is moved toward the top of Run,
plate 11 will be made more positive than plate 10. Conversely, if the
arm is moved to the bottom of Riot, plate 11 will be more negative than
OLD TYPE

NEW TYPE

ooo

i
c_ ,

(5JW

Tape
i:..

___
r

Spring

■

i~

2

Hfl
I B3- GT
8016
Fig. 10-11. Outline drawings of the high-voltage rectifier tubes commonly used in r-f
power supplies showing the position of the feedback coil spring relative to the internal
elements. (Motorola, Inc.)

plate 10. The deflecting plate which has the positive charge on it will,
of course, tend to attract the electron stream as it goes between the
deflecting plates, and thus position the picture on the front of the cathode
ray tube.
10-19. An A-c/d-c Hi-Lo Voltage Power-supply System. A few
receivers have been designed for a-c/d-c operation. The power supply
diagram of such a set is given in Fig. 10-12. The low-voltage supply
employs two selenium rectifiers in a plug-in unit. It will be observed
that several groups of tube filaments are connected in series. Each group
is called a filament siring. Several strings are paralleled and are con
nected to dropping resistors in the ballast tube. These ballast resistors
function in the same manner as those having negative temperature
coefficients in the circuit of Fig. 10-4.
Here too special caution must be exercised when servicing this receiver,
because the chassis, that is, B —, is connected directly to one side of the
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a-c power line. It is therefore possible that the chassis may be 117
volts above ground, depending on which way the a-c plug is inserted in
the power line. It is possible to receive a severe shock while working
with test equipment or the chassis under these conditions. A test may
be made by connecting an a-c voltmeter between the chassis and a good
ground connection such as a radiator or water pipe. When the receiver
is plugged in, the meter will either read the a-c line voltage or zero.
Clearly the set should be operated on the service bench with no voltage
to ground. As an alternative solution, and one which offers complete
protection, the serviceman is again advised to use an isolation transformer
between the receiver line-cord and a-c power line. Unfortunately, no
isolation of this type can be used when operating on d-c lines.
The high-voltage power supply is of the r-f type and its function is
similar to the circuit of Fig. 10-10. In this case, however, two 35L6/GT
tubes are used in parallel to drive a specially wound high-voltage oscil
lator transformer which resonates at approximately 250 kc. A d-c
potential of 9,000 volts is developed across filter condenser C\. A
pictorial view of the high-voltage transformer is also given in the dia
gram. It will be observed that this circuit, unlike the previously dis
cussed r-f power supply, uses no special spring contact to provide feed
back. The transformer windings take care of this. Trimmer condenser
Ct tunes the oscillator tank circuit and should be adjusted to produce
9,000 volts for the high anode of the picture tube This adjustment is
made while observing the reading on the vacuum-tube voltmeter that
should be connected between chassis and the high-voltage terminal.
10-20. Checking for Correct Filament Current in the High-voltage
Rectifier Tube. The filament voltage for the 1B3-GT/8016 rectifier in
this case is obtained from a separate coil of several turns coupled to the
oscillator transformer. This is similar to the method used in the fly
back power supplies. Since there is no convenient way to measure the
r-f current in the filament directly, it is common practice to make a
visual test for it. This is done by comparing the brilliancy of the fila
ment in the receiver with that of another tube of the same type which
is operated with the manufacturer’s rated current. A simple circuit
for this purpose may be made up by putting a 1.5-ohm resistor in scries
with one filament lead of a 1B3-GT tube and by operating it from a
1.5-volt battery. The filament glow of the tube in the set should have
about the same brightness. The entire r-f unit is completely shielded
and isolated from the main receiver chassis to reduce the possibility of
hum pickup. Static charges that may build up in the unit are bled off
through R\, 220k to B —, and r-f radiation is reduced by the 0.1-gf
condenser C2. It is important, therefore, that the serviceman should

■
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not attempt to ground this power supply chassis with the main chassis.
Particular care should be taken when using test equipment.
TROUBLE SHOOTING HINTS AND SERVICING NOTES

Defect. Low-voltage Power-supply
Symptoms: 1. Burned-out rectifier: If single tube, set becomes completely
inoperative.
2. Burned-out rectifier: If one of two, some or all voltages will be low,
remaining tube may overheat.
3. Open filter choke: Loss of all voltage on output side of choke,
abnormally high voltage on input side.
4. Open filter condenser: Usually lower d-c voltage, often noticeable
hum in loudspeaker and unstable edges of raster.
5. Shorted filter condenser: If on output side of choke, all voltages
very low or lost entirely, filter choke usually hot; if on input side
of choke, all voltages lost, plates of rectifier usually red and tube
soon burns out, power transformer overheats.
6. Open resistor in bleeder system: Voltages above resistor unusually
high, low or no voltage below open resistor.
7. Defective focus coil: Unusual change in voltage, sound output
may be distorted or be entirely lost.
8. Defective electrical centering controls: If open loss in B voltages,
inability to center raster.
9. Gassy rectifier tube: Causes low d-c voltages, weak picture, reduced
raster size.
Defect. Transformerless Low-voltage Power-supply
Symptoms: 1. Burned-out tube causes many others in series to become
inoperative.
2. Low voltage may be due to failure of one-half of voltage-doubler.
3. If of a-c/d-c type and fails to operate on d-c: Reverse power line
plug.
Defect. Sixty-cycle High-voltage Power Supply
Symptoms: 1. If of combined high- and low-voltage type: If shorted, will affect
entire receiver operation.
2. If for high-voltage only and defective: Will affect only operation
of picture tube.
Defect. Flyback Power Supply
Symptoms: 1. Loss of voltage may be due to no horizontal sweep, defective trans
former, faulty rectifier tube, shorted horizontal deflecting coils, or
shorted filter condensers.
2. If of direct-drive type: Loss of voltage may be due also to defective
damping tube or to open horizontal deflecting coils.
Defect. R-f Power Supply
Symptom: 1. Loss of voltage may be due to defective oscillator tube, oscillator
tuned to wrong frequency, improper feedback adjustment, burned
out rectifier, shorted or open components.
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Defect. High-voltage Arcing
Symptoms: 1. Moisture or dirt on high-voltage wires.
2. High-voltage lead touching or near grounded parts.
3. Dirtj’ surface on cathode-ray tubes.
REVIEW QUESTIONS

1. In what types of power supplies of a television receiver are large filter con
densers used and what types employ relatively small.condensers?
2. What might be the noticeable effects in a television receiver if a filter condenser
in the low-voltage power supply broke down?
3. Give three possible reasons why the protective fuse of a power supply might
burn out.
4. What precaution should be taken before replacing a burned-out fuse in the
low-voltage power supply?
5. Does the low-voltage power supply furnish voltage for the picture tube?
Explain.
6. If a low-voltage power supply has two rectifiers paralleled and one tube burns
out, what possible effects might be noted in the reception?
7. State briefly the recommended steps that should be taken when connecting a
meter in the high-voltage power supply.
8. What main purposes do condensers Cm and Cm of Fig. 10-5 serve?
9. Where does the rectifier
in Fig. 10-6 obtain its energy to develop the high
voltage?
10. How does the current drain in the high-voltage power supply compare with
that in the low-voltage circuit?
11. When a cathode-ray tube has both inner and outer coatings, what special
precaution should always be taken when removing the tube from the chassis?
12. List several causes of arcing in the high-voltage power supply circuit.
13. If a serviceman is cautioned not to measure a certain voltage with a meter,
what means may be used to determine whether or not the circuit is functioning
correctly?
14. What precaution should be observed when putting a new rectifier tube in the
power supply of Fig. 10-10?
15. Since there is no convenient way to measure the current in the filament circuit
of an r-f high-voltage rectifier, explain a method of determining whether the tube is
getting the right amount of current for normal operation.

CHAPTER 11
PROJECTION-RECEIVER SYSTEMS
11-1. Types of Projection Receivers. Television receivers that are
designed to project the picture onto a screen differ from the direct-viewing
types in only two important re
spects. The first is that they
employ relatively small cathode
ray tubes in conjunction with a
specially designed optical system.
The second is that the power
supply voltage is between 20,000
and 30,000 volts for the final anode
of the picture tube. Early in this
book (Sec. 1-18), reference was
i
.
made to the two standard styles of
projection systems. Both refrac
tive and reflective images are used,
and they are viewed on either a
translucent or an opaque screen.
■rl
■ hi
The refractive system of televi
In
sion projection is very similar to
that used by motion pictures and
basically is the easier system to
understand. Figure 11-1 shows a
projection receiver using this
system. It is designed for custombuilt installations. This field offers
additional income for the service
man. Sets of this type are usually
ig. 11-1.
A refractive type or direct pro
limited to homes having larger than F
jection television receiver designed for cus
average rooms, where the unit can tom installations. (Television Assembly
be built into the wall or other Co.)
recessed places. In schools, club rooms, lodges, taverns, and other public
places, sets having larger screens like this one provide entertainment for
a large group of people.
11-2. Refractive Projection System. The receiver of Fig. 11-1 has
a translucent screen 20 by 2G in. and receives its image from a 5TP4
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Fig. 11-2. (a) An exploded view of the screen and mirror assembly used in the receiver
of Fig. 11-1.
(b) A drawing of the optical assembly and the CRT mounting of the receiver of Fig. 11-1.
{Television Assembly Co.)

226

Sec. 11-3]

PROJ ECTION-RECEl VER SYSTEMS

227

cathode-ray tube projected through an f/1.9 lens mounted vertically
in (he cabinet behind the chassis. The image is then reflected to the
back side of the screen by means of a mirror placed at a 45-deg angle
in the cover. An exploded view of the mirror and screen is shown in
Fig. ll-2a and a drawing of the projection unit is given in Fig. 11-26.
The high anode voltage on the cathode-ray tube is approximately 27,000
volts and is brought to the tube over a high-tension cable. The highvoltage power supply for this set is of the flyback type, employing the
principle of voltage tripling. It is very similar to the doubler circuit
previously discussed and is almost identical to the circuit of Fig. 11-3.
The serviceman’s chief concern with the optical portions of this receiver
is with its final adjustments. He should proceed with extreme caution in
this work because of the high voltage. It is important to see that the
rack and chassis are well grounded at all times. When all units have
been properly placed in the rack and all connections made, the projection
tube assembly should be adjusted until it is mechanically centered. This
can be done before the receiver has been turned on. The vertical- and
horizontal-centering controls should be set to their mid-positions and
the television receiver turned on. If possible, a station transmitting a test
pattern should be tuned in and the image observed to see if it is centered
on the screen. A slight readjustment of the projection assembly might be
necessary.
Proper focusing of the image can best be done while viewing the picture
on the back surface of the translucent screen. To do this, attach a white
card to the outside surface of the screen by means of cellulose tape.
Loosen the two screws F on the projection lens holder, as seen in Fig.
11-26. Perform this operation cautiously because there is danger that the
lens may slip through the holder and damage the face of the cathode
ray tube. While observing the pattern on the back side of the screen,
carefully adjust the projection lens until a sharply focused picture is
obtained. When this adjustment has been made, retighten the two
screws on the lens holder. The card may then be removed.
11-3. The 5TP4 Projection CRT. The projection cathode-ray tube
used in this set and the receiver to be discussed next has been specially
designed for large screen television pictures. The tube number designates
that it is 5 in. in diameter and will produce a black-and-white image. It
was mentioned in Sec. 7-19 that this tube had a mirror-backed screen and
consequently does not employ an ion trap. When 27,000 volts is placed
on the second anode, a high-light brightness of between 10 and 15 foot
lamberts may be obtained at the translucent viewring screen with a highly
efficient optical system. The tube employs magnetic deflection to pro
vide essentially uniform focus over the entire picture area. The tube is
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designed for electrostatic focusing, in order that it may maintain sharpness
of detail automatically with a high-voltage power supply having poor
regulation. An external conductive coating on the tube prevents corona
discharge between the yoke and the neck when this coating is grounded.
This same coating forms a built-in condenser with the interior graphite
surface that serves as a filter condenser. To minimize sparking over the
surface of the glass bulb during periods of high humidity, a moisture
repellent coating is placed on the glass. This latter information is par
ticularly important to the serviceman because these tubes should be
serviced from time to time by cleaning them to remove dust particles and
moisture. When doing this care must be taken not to scratch the insulat
ing surface; the tube should never be washed or wiped with any liquid
likely to dissolve the lacquer surface.
General data and typical operating information on the 5TP4 television
projection tube is given in Table 11-1.
Table 11-1.

Operating Characteristics of a Typical Projection Tube

Data for 5TP4 Picture Tube
6.3 volts
0.6 amp

Heater voltage (a-c/d-c)
Heater current................
Typical Operation
Anode No. 2 voltage..............................
Anode No. 1 voltage range for focus
Grid No. 2 voltage.................................
Grid No. 1 voltage for spot cutoff. .
Deflection angle.......................................

27,000 volts
4,320 to 5,400 volts
200 volts
—42 to —98 volts
50 deg

11-4. Tripier Flyback Power Supply. Typical of the high-voltage
power supplies designed for use with the 5TP4 projection tube is the
circuit given in Fig. 11-3. It should be compared with the diagram of
Fig. 10-8. It will be observed that this is a flyback power supply driven
by the horizontal sweep voltage through two 6BG6G output-amplifier
tubes in parallel. This is necessary to supply the additional current
needed for the high-voltage tripler circuit. Comparison of the waveforms
in this circuit with those previously discussed shows that the principle of
operation is almost identical. The horizontal-output transformer in this
case provides a 10,500-volt pulse that is rectified and stored successively in
condensers C327 to C33o, during which time the voltage is tripled to reach a
value of 29,000 volts. Because of the heavy damping current, two
separate damper tubes are employed. The 5V4G provides damping
throughout the entire interval, while the 6AS7G is designed to function
only during the interval that the largest oscillations occur. Associated
with this tube is the horizontal-linearity control, which, from the stand-
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point of servicing the receiver, performs the same function as those already
described.
11-5. Schmidt Projection System. By far the most widely used
method for television projection is that employing a spherical mirror and a
corrector lens, knowm as the Schmidt system. All three important varia
tions of it are represented in the following receivers to be discussed.
They are classified as reflective systems because of the spherical mirror.
The RCA method has enjoyed widespread popularity. In home receiv
ers pictures 15 in. high by 20 in.
wide are usually obtained.
45°surface15x20"
plated mirror
To acquire a general understand
translucent
ing of the optical principle in the
screen
Schmidt system, reference should
be made to the outline drawing in
Fig. 1 1-4. Here it will be seen that
Receiver
chassis
the cathode-ray tube is mounted
Canvas
dust
vertically downward and suspended
Projected
cover light rays
above a spherical mirror. This
mirror is 14 in. in diameter. The
Corrector - t.
I
corrector
lens through which the
I
Optical
lens
I
li
I / barrel’
light
rays
pass is mounted above
5TP4
Speaker
the spherical mirror at its center
CRT
of curvature. This corrector lens
Spherical
mirror
has a hole in the center sufficiently
large to accommodate the neck of
Fig. 11-4. An outline drawing of an RCA
receiver having a Schmidt optical projec
the cathode-ray tube and the de
tion system.
flecting yoke. The light rays
travel upward to a surface-plated flat mirror that is mounted at a
45-deg angle with respect to the translucent viewing screen. This section
of the receiver is identical in principle with the previous one discussed.
The entire projection assembly is contained within an aluminum drum
knowm as the optical barrel and will presently be described in detail.
Even though the cathode-ray tube and deflecting yoke are placed in the
path of the reflected light rays, they do not cause a shadow to appear on
the translucent screen. This is because rays of light from all points on
the cathode-ray screen are reflected by all points on the spherical mirror,
and consequently are projected around the tube without harm to the
picture. The presence of the tube and its associated parts, however,
does obstruct a certain percentage of the over-all illumination, but the
gain in illumination as a result of the light-collecting properties of the
large spherical mirror far outweighs this disadvantage.

I
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11-6. Optical Adjustments on the RCA Schmidt Projection Receiver.
A photograph of the RCA projection receiver was shown in Fig. 1-12,
and a drawn ng of the entire rear view with the cabinet back removed is
now given in Fig. 11-5. This shows the unit completely assembled with
all cables connected and ready for use. Before the receiver may be
operated, however, there are a number of special adjustments necessary
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Fig. 11-5. A rear view of the projection television-radio-phonograph combination of
Fig. 1-12 showing the positions of the various chasses and the projection optical barrel.

in connection with the optical system, The sendeeman should follow
the procedure as outlined.
Three screws will be found on each side of the speaker grill in the front
of the receiver. These must be taken out and the panel removed in
order to get at the adjustments on the optical barrel. The output cable
from the loud-speaker must be disconnected as the panel is removed.
The optical barrel will now be in view and a canvas dust cover shown by
the dashed line in Fig. 11-4 will be found tied to the barrel. This cover
should be untied at the bottom end and temporarily tied off to one side.
Figure 11-6 shows the optical barrel with all the adjustments required
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for a precise focusing of the television image. Only the cathode-ray
tube and yoke are not shown. The Schmidt corrector lens will be found
fastened to the top of the barrel by means of three flat clip springs. The
screws holding these springs may be loosened and the springs turned back
from the lens. Do not loosen the centering-adjustment lock screws.
Great care must be exercised when handling this corrector lens. It is
made of plastic and can be scratched easily by improper handling. Even
rubbing the surface with a rough cloth might mar the lens, and cleaning
fluids must never be used on it. When removing the corrector lens,
CORRECTOR LENS
MOUNTING CLIPS

OPTICAL FOCUS
ADJUSTMENT

— CORRECTOR LENS
CENTERING ADJUSTMENT
LOCK SCREWS
-

LATERAL
CENTERING ADJUSTMENT
— LOCK SCREWS
OPTICAL FOCUS
ADJUSTMENT
'
LOCK SCREWS

---------LATERAL
CENTERING ADJUSTMENT

cxzd
OPTICAL BARREL
VERTICAL
TILT
ADJUSTMENT
LOCK
NUT
OPTICAL BARREL
VERTICAL TILT —
JACK NUT

HORIZONTAL OPTICAL
CENTERING ADJUSTMENT

’

HORIZONTAL optical
CENTERING ADJUSTMENT
LOCK SCREWS

OPTICAL BARREL
HORIZONTAL TILT
JACK NUTS------

Fig. 11-6.
Fig. 11-5.

The optical barrel and its associated adjusting screws used in the receiver of
(RCA.)

observe that a small arrow is stamped on the rim; note the direction in
which it is pointing.
When viewed looking down into the optical barrel, the cathode-ray tube
and its holder will appear somewhat as shown in Fig. 11-7. Before
touching the metal holder, it is advisable to make sure that the highvoltage filter condensers are fully discharged. This may be done by
fastening one end of a clip-lead jumper to any metal point on the barrel
and touching the other end repeatedly to the kinescope holder. After
each one of the centering screws has been carefully loosened about onehalf turn each, the cathode-ray tube may be removed from the holder.
As the tube is lifted upward, a small brass spring clip will be found
inserted in the recessed metal well on the side of the bulb. This is the
second anode contact clip which may be seen in Fig. 11-7. Be very
careful that this spring does not fall out of the tube and onto the spherical
mirror below. Place the tube in its original shipping carton if available.
When handling the tube always do so by the neck, gripping it up near
the flared portion of the glass. Avoid covering the glass envelope with
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finger marks, as this will tend to produce leakage paths between the highvoltage terminal near the screen and the grounded coating on the neck.
If this section of the 5TP4 is found covered with finger marks, it will be
advisable to wipe it clean with a soft cloth moistened with carbon tetra
chloride. Wipe the screen clean of all dust and finger marks with another
soft cloth moistened with any one of the several glass-cleaning agents
available on the market.

KINESCOPE

KINESCOPE
CENTERING
SCREWS

KINESCOPE
" BASE
KINESCOPE-'
ANOOE CLIP

Fig. 11-7. A top view drawing of the optical barrel of Fig. 11-6 showing the position of the
cathode-ray tube when correctly placed in its mounting bracket. {RCA.)

At this point it is also advisable to clean the back of the translucent
screen, the front of the 45-deg mirror, and the spherical mirror. For
this purpose a small camel’s-hair brush should be used to gently “sweep”
the surface of the glass. Dust which tends to collect on the spherical
mirror should be swept to the black circular spot at the center of the
mirror and picked up with a piece of cellulose tape. It is very important
that the surface of both mirrors never be touched with the fingers,
because they are subject to damage by contact with moisture or oil from
the skin.
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11-7. Aligning the RCA Optical System. When the cleaning work
has been completed, the optical alignment may be started. RCA has
designed a special test lamp to be used in place of the cathode-ray tube
for aligning the optical systems of their projection television receivers.
This lamp has a high definition test pattern printed on a circular glass
plate in front of the bulb. Figures 1 l-8a and b show this optical test lamp
and the pattern. Place the lamp in the cathode-ray tube holder shown
in Fig. 11-7, and adjust each of the ball-head centering screws until the
lamp is in position. Plug the lamp cord into a 120-volt socket and turn

(a)
Fig. 11-8. (a) A test lamp designed to be used when aligning the RCA Schmidt optical
system.
(b) A full view of the face plate on the test lamp showing the design of the alignment
chart. {RCA.)

on the light. The Schmidt corrector lens should now be replaced on top
of the optical barrel, making sure that the printed arrow points to the rear
of the receiver cabinet. The test lamp will now be seen to project its
pattern on the translucent screen, and the image can be properly posi
tioned by rotating the lamp in the holder. Stray light xxrill be projected
through the center hole in the corrector lens and will have a tendency to
lower the resolution of the pattern on the screen, To prevent this, place
a round disc of black cardboard over this hole, The dust cover may
then be pulled down over the optical barrel.
While making the actual optical alignment, it is at times necessary
to observe the image on the translucent screen from the back of the
receiver. A glass mirror of approximately 12 by 18 in. purchased at
a variety store will be found very helpful in these cases. It should be
placed out in front of the screen where it can be seen at different angles
while working on the set. Some servicemen use the chromium-plated
metal mirror with a portable stand which is available to the trade.
The optical focus-adjustment lock screws shown in Fig. 11-6 must
first be loosened, and the optical focus adjustment may then be turned
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with a screwdriver to obtain best over-all definition on the screen. At
least 900-line resolution should be obtained over the entire test pattern.
When correctly set, the image will appear as shown in Fig. ll-9a. If
the system fails to show this definition it will be necessary to align the
optical barrel at one or several of its adjustment points. Have the test
lamp in place, and adjust the optical focus screw until the vertical and
horizontal lines of the test pattern appear double on the translucent
screen. The image will now look somewhat like that shown in Fig. 11-95.
The double sets of lines will appear parallel if the optical system is cor
rectly centered. The horizontal- or lateral-centering adjustments must
be changed if the lines on the test pattern are not parallel.

(a)
(b)
Fig. 11-9. (a) The correctly aligned image of the test lamp when projected through the
Schmidt optical system.
(b) An image of the test lamp pattern when the optical focus screw has been set out of
adjustment. {RCA.)

The lateral-centering adjustment shown in Fig. 11-6 must be varied
if the vertical lines are not parallel while the horizontal optical-centering
screw must be adjusted if the horizontal lines arc not parallel. In either
case, it is necessary first to loosen the lock screws, and then, while slowly
making the adjustment to observe the pattern on the translucent screen.
When the lines have been made parallel, the lock screws should be
tightened once more.
Next, a check should be made to see that the corrector lens is properly
centered. This is done by varying the optical-focus screw until the dot in
the center of the test pattern shows a halo around it. This halo should
be symmetrical with respect to the dot. If it is nonsymmetrical, the
three spring clips holding the corrector lens must be loosened, the three
lock screws on top of the lens barrel should be released slightly, and the
lens should be shifted to bring the halo into correct position. Once this
is set, the lock screws for the lens can be tightened.
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Finally, there is the problem of checking the position of the entire
optical barrel with respect to the receiver cabinet. To do this, adjust
the optical-focus screw until the picture is clear, and then throw it slightly
out of focus. Observe the image very carefully at this time, for the entire
test pattern should go through focus at the same instant. If certain
parts of the pattern come into focus before others it will be necessary to
adjust the horizontal- or vertical-tilting nuts underneath the optical
barrel. Put the picture out of focus by varying the optical-focus screw
counterclockwise, and slowly bring it back into focus by turning the screw
clockwise. While doing this, observe the pattern on the screen. If one
side of the picture becomes sharp before the rest, the optical barrel must
be raised on that particular side. To do this, loosen both lock nuts on
top of the horizontal-tilt screws and slowly turn the horizontal-tilt
jack nut necessary to raise the barrel on the side required while the other
side is correspondingly lowered. Again vary the picture through focus
and observe whether or not it comes into focus all over simultaneously.
If the adjustment is correct, tighten the lock nuts for both adjustment
screws.
In some cases it will be found that the top of the picture comes into
sharp focus first. This indicates that the vertical-tilt adjustment should
be reset. The procedure for doing this is the same as in the case of the
horizontal adjustments. Release the vertical-tilt lock nut and turn the
vertical-tilt jack nut until the top and bottom of the pattern are brought
into focus at the same time when the optical-focus screw is varied. All
lock nuts should be securely fastened when the adjustments have been
made. When the barrel has been tilted, it will be necessary to recheck
the optical alignment of the horizontal and lateral adjustments previ
ously made. Upon completion of this work remove the corrector lens
by releasing the spring clips only and loosen each of the kinescope center
ing screws equally, just enough to remove the test lamp from the cathode
ray-tube holder. The projection tube may now be returned to the optical
barrel.
11-8. Reassembling the RCA Optical System. When replacing the
cathode-ray tube, reinsert the small brass clip into the second anode
contact and slide the entire tube into the kinescope holder as was seen
in Fig. 11-7. Be sure that the anode clip is turned horizontally, so that
it does not extend out of the bracket. The socket key on the base of the
tube should be pointed to the left when viewed from the back of the
cabinet. Slowly tighten the kinescope centering screws on the holder,
doing so equally to keep the two in proper position. Be careful not to
tighten these screws too much, as there is danger of cracking the bulb.
The corrector lens is next replaced on top of the barrel and fastened
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with the mounting clips which should then be tightened. The deflection
yoke should be placed over the neck of the cathode-ray tube in such a
way that the slot near the hole at one end is facing upward. This is
followed by connecting the socket to the base of the picture tube. Finally,
the deflection yoke cables are slipped through the cable sleeve in the
optical-barrel dust cover, and the other cables reconnected as shown in
Fig. 11-5.
11-9. Checking Mechanical and Electrical Focus. When the loud
speaker and all other connections have been made, the receiver should be
turned on and a check should be made of the focus and position of the
deflection yoke by viewing the raster lines first on the face of the picture
tube and then on the translucent screen. Adjust the electrical-focus
potentiometer found on the horizontal-deflection chassis while looking
down into the optical barrel. Obtain the sharpest focus of the raster
lines as they appear on the kinescope. Sometimes it is necessary to
reduce the brilliancy of the raster by means of the brightness control
and refocusing. When this is completed, the dust cover should once
more be pulled down over the optical barrel. Again increase the tube
brilliance, and, while viewing the raster lines on the translucent screen,
vary the optical-focus adjustment on the barrel for sharpest raster.
Rotate the deflection yoke until the raster lines are horizontal across the
viewing screen. The yoke clamp should be tightened while the yoke is
in this position. With the completion of the mechanical optical adjust
ments, the remaining alignment work requires a received test pattern or
picture, and the procedure is the same as with direct-viewing receivers
already described.
11-10. An Alternate RCA Optical Barrel. Some projection receivers
will be found to have an optical focus barrel of slightly different design
from the one just considered. This arrangement is shown in Figs. ll-10a
and b. The focusing mechanism consists of three vertically mounted
threaded shafts connected to sprockets. These in turn are operated by a
drive chain. The cathode-ray-tube holder shown in the drawing below
the barrel has three holes located near the far ends of the bracket through
which the focus screws are threaded. As these screws are rotated simul
taneously by the drive mechanism, the tube bracket and holder will
travel up and down inside the barrel. This changes the position of the
tube with respect to the spherical mirror at the bottom.
The method of aligning this optical barrel is identical to that used with
the other one, except in the case of the horizontal- and lateral-centering
adjustments. The same test lamp is employed in place of the cathode
ray tube, and it is mounted in the holder the same way. To throw the
test pattern slightly out of focus and thus obtain double vertical and
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horizontal lines, the focus adjustment lock screw should first be loosened
and the chain drive rotated slowly. To adjust for horizontal and lateral
centering, it is necessary to loosen the focus sprocket-support mounting
focus ADJUSTMENT
.
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Fig. 11-10. (a) An alternate design of a Schmidt optical barrel in which the focusing is
controlled by a drive chain mechanism on top.
(b) The cathode-ray tube bracket as it appears when looking down into the barrel of
Fig. 11-10 (a). (RCA.)

screws and the idler-sprocket mounting screws all located on the top of

the barrel. Release these screws slowly, so as not to allow the drive chain
to fall from the sprockets.
If the test pattern shows that the vertical lines are not parallel, as was
discussed in connection with Fig. 11-96, slide all three of the focus sprockets
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forward or backward until the lines are made parallel. If on the other
hand it is necessary to adjust for the horizontal lines, slide the sprockets
to one side or the other until they are made parallel. While doing this
work, keep the chain engaged in the sprocket teeth at all times. Tighten
the support mounting screws on the three focus sprockets and take up the
slack on the drive chain by sliding the idler sprocket back away from the
center of the barrel. The mounting screws on the idler sprocket may then
be tightened.
Emphasis was placed upon keeping the chain in place while making
adjustments because all focus-screw extension shafts must be maintained
exactly the same length above the focus sprockets. If the chain were to
fall off and a sprocket were to turn on the shaft accidently, the cathode
ray tube bracket would become out of alignment inside the barrel. It is
important, therefore, to see that all focus-screw extensions are exactly
equal in length before tightening the drive chain at the idler sprocket.
The method of centering the Schmidt corrector lens is also slightly dif
ferent on this barrel. Centering is accomplished by means of four eccen
tric cams on the edges of the lens mounting. Each has a locking screw on
top. If, by defocusing the pattern, a nonsymmetrical halo appears at the
spot in the center, it indicates as before that the corrector lens needs cen
tering. To do this, loosen the four lock screws on the lens-centering
cams, and adjust each one in turn until the halo is symmetrical around the
spot. When tightening the cam lock screws, care should be taken not to
disturb the position of the corrector lens. All adjustments with respect
to tilting the optical barrel will be found the same as those already
described. This is also true of the method of replacing the cathode-ray
tube, corrector lens, and deflection yoke.
11-11. Aligning the GE Schmidt Optical System. The General Elec
tric version of the Schmidt projection system is similar to that used in the
RCA models in many respects. Although the illustrations of Figs. 11-11
and 11-12 explain a great deal and show the similarities, the method of
optical alignment will be found quite a bit different. As is true with all
projection optical systems, it is usually necessary to realign them when the
cathode-ray tube is replaced. This is because the entire system is thrown
out of adjustment when the original tube is taken out, and because of
slight physical and electrical differences in the tubes.
In the GE unit of Fig. 11-11 the 45-deg flat mirror and viewing screen
are housed in a boxlike compartment which rolls up and down in a track
at the back of the rack. When the screen compartment is pushed down in
a closed position, the over-all height from the top of the housing to the
base of the optical unit is 37 in. This figure is not necessarily an exact
one, but when the screen housing is raised to the viewing position it must
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be exactly 55J^ in. from the extreme top of the housing to the extreme
bottom of the optical-unit base (see Fig. 11-12a).
To remove the 5TP4 projection tube, first disconnect the high-voltage
anode cap on the side of the bulb and remove the tube socket. Care
fully loosen screws 1 and 2 shown in Fig. 11-11 and spread the tube clamp

3

12.
6

Fia. 11-11. A drawing of the optical system and adjustments of the G.E. Schmidt proj ection unit. (General Electric Co.)

slightly with the screwdriver to allow the tube to slide downward from
the clamp and deflecting coil. Be very careful when doing this to hold
the tube firmly and thus prevent it from falling onto the spherical mirror.
Before the new 5TP4 is inserted, the over-all optical system should be
aligned as a general service policy. For this work it will be necessary
to have the following pieces of equipment: a special sighting jig shown in
Fig. ll-12a, a 4-in. square flat mirror, an inexpensive goose-neck desk
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lamp with cord, a screwdriver, and several open-end wrenches, one for
J4-in. hex nuts.
The screen housing should first be aligned to square up with the optical
assembly below. This is done with the aid of a small carpenter’s level
by first leveling the base of the optical unit and then the vertical and
horizontal planes of the screen housing. Do this with the housing
extended to the correct viewing position. Screws and lock nuts 3, 4, 5,
and 6 may be adjusted for correct leveling.

Eye piece of

Screen
housing

sighting jig,

Crossed - .
strings

i
1st
position
of lamp,

AX''

Ii Point
p.t off
i

observation//,

-Jr
up
2d
position
of lamp

Spherical
mirror

'4'square

cn

mirror

Corrector
lens

i
-X

£

hsl
I CO o o

<b)
Fig. 11-12. (a) The G.E. projection assembly with the sighting jig and other equipment
for optical alignment.
(b) An alternate method for aligning the G.E. projection system. (General Electric Co.)

The two important operations on the corrector lens are correct angular
alignment and proper lateral adjustment. These functions are performed
with the aid of the special sighting jig, the 4-in. flat mirror, and the goose
neck desk lamp. The viewing screen must be removed and replaced
by the sighting jig so that the %-in. hole at the center of the jig faces
the front of the screen housing. The entire picture-tube mounting
bracket is removed by first taking out screw 13 in each end of the bracket
and the corresponding tapped plate underneath. Then the screws on
each side of screw 13 may be removed. While doing this, it is strongly
advised that a large piece of cardboard be temporarily placed over the
spherical mirror to prevent any of the hardware from falling into it.
Finally, the deflection yoke, felt disc, and spring strips should be removed.
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Place the small flat mirror over the hole in the center of the corrector
lens and shine the light from the goose-neck lamp onto the back side of
the sighting jig as shown in Fig. 11-12a. When looking through the
small hole in the jig a black dot should be visible. It is the image of the
hole in the center of the jig, and this dot should appear concentric with
the viewing hole. If the dot is not precisely centered, adjust one of the
nuts 9 in the corners of the mounting plate as seen in Fig. 11-11.
When the dot is centered the correct angular alignment of the Schmidt
lens has been made. The small square mirror and protecting cardboard
over the spherical mirror may be removed.
To adjust the corrector lens laterally shine the light from the lamp onto
the lens and again look through the sighting jig. The image of the hole of
the corrector lens should appear concentric with the hole in the sighting
jig. If this is not so, all four top nut adjustments 9 must be loosened
and the entire lens plate moved horizontally for correct centering. When
the system is aligned the four screws should be tightened again, and a
final check made on both the angular alignment and the lateral adjustment.
11-12. An Alternate Sighting Arrangement for the GE Receiver.
Because many service shops do not have available the sighting jig just
mentioned an alternative method for aligning the corrector lens optically
is suggested. An arrangement of strings is shown in Fig. 11-126 which
can be easily assembled so that a reasonably accurate sighting can be
had. First remove the translucent screen and arrange two crossed strings
diagonally from the corners of the screen housing. The point of crossover
will locate the exact center of the screen and will take the place of the hole
in the sighting jig. Measure the distance from this crossover point to the
floor in front of the projection unit. Cut a stick to this length. At the
top of the stick tie two strings, each of which is approximately 8 ft long.
The length is not critical, but it is important that both strings be exactly
the same length. The free ends of the strings should be fastened securely
to the opposite sides of the screen housing and the stick moved back away
from the optical unit until the strings are taut. By sighting over the •
top of the stick to the crossover point of the crossed strings, the technician
will be able to continue the alignment work as suggested in the method
employing the sighting jig.
11-13. Positioning the Spherical Mirror. The alignment of the
spherical mirror begins by a measurement of the distance from the center
of the mirror to the bottom surface of the corrector lens. This distance
must be exactly 13}^ in. The nut adjustments 10 in the corners of the
spherical-mirror mounting plate of Fig. 11-11 may be turned to raise,
lower, or tilt the mirror. The lateral positioning of the spherical mirror
is checked by shining the lamp through the corrector lens and looking
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down through it to the mirror below. An image of the hole in the cor
rector lens should appear concentric with the actual hole of the lens. If
this is found not to be the case the two screws 11 in each corner of the
spherical mounting plate should be loosened and the plate shifted hori
zontally in the direction necessary to make the image concentric with the
center hole in the lens. This work must be done very carefully as the
adjustment is very critical. Under some circumstances it may be neces
sary to tilt the mirror slightly by one of the nuts 10 to bring about the
proper adjustment.
When the spherical mirror is properly aligned, a final check must
be made to see that the 13J^-in. critical dimension is still correct and all
screws may then be retightened. When the deflection yoke has been
replaced in the corrector lens hole, the picture-tube mounting bracket,
and other parts may be replaced and fastened with screws 13. Finally,
the sighting jig should be removed and the viewing screen put back in
place.
11-14. Focusing the Picture Tube. Focusing of the cathode-ray tube
must be done with the power on and a picture being received. This pro
cedure calls for considerable caution when working around the 27,000
volts of the second anode. It must be remembered never to touch the
tube at any point except at the neck and it should be moved only for the
purpose of adjusting the focus.
If possible, tune in a station that is transmitting a test pattern, and
adjust the brightness, contrast controls, and electrical focus control for the
best picture. This may be done while looking down through the corrector
lens to view the picture on the face of the tube. When this image is
sharply defined, attention should be directed to the viewing screen. Most
of this work will require watching the picture from the back of the receiver,
consequently the front side of the screen should be covered with a card
or piece of cloth. It may be that the raster lines are not horizontal with
the viewing screen. This means that the deflection yoke must be turned
to correct it. Loosen screws 1 and 2 of Fig. 11-11 just enough to be able
to turn the yoke. When the picture is properly oriented, tighten the
screws firmly.
To focus the cathode-ray tube optically, loosen the wing nuts on each
side of the mounting bracket, and slide the tube and bracket up or down to
obtain the sharpest picture. Tighten the wing nuts again. The entire
tube and bracket must now be shifted laterally to check for uniformity
of over-all focus. Loosen the center screw 13 at each end of the tube
bracket, and carefully slide it horizontally until the picture on the screen
becomes uniformly defocused. Tighten the center screws and once more
focus the tube vertically by loosening the wing nuts. By slight adjust-
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ments of both focus and lateral centering as just described it is possible
to obtain a sharp, clearly defined picture. It should finally be checked
while viewing it from the front side of the screen.
11-15. The Protelgram Schmidt Projection Unit. Reference was
made in Chap. 1, Fig. 1-11, to the very small projection television receiver
made by Scott. The highly compact tube and optical assembly unit
known as the Protelgram was designed and manufactured by North
American Philips Company. The system is illustrated in Fig. 11-13.
Observe that the Schmidt optical principle has been used here also, but in

Fig. 11-13. An outline drawing showing the principal parts of the Protelgram Schmidt
projection system. {North American Philips Co., Inc.)

a somewhat different arrangement. The previously mentioned 3XP4
projection tube was specially developed for this unit and employs electro
magnetic focusing and deflection. Between 25,000 and 29,000 volts are
used for the high-voltage anode. As in the other systems, illumination
from the face of the 3NP4 is gathered by the spherical mirror to be
projected ultimately upon a translucent screen. However, before passing
through the corrector lens, the light rays are reflected upward by the use of
a flat mirror placed at a 45-deg angle to a second mirror directly behind
the viewing screen. The total distance of the projected beam from the
face of the corrector lens to the screen is approximately 32 in.
11-16. Adjusting the Protelgram. Of all of the reflective systems in
use at the present time the Protelgram is perhaps the simplest to adjust.
This is largely due to the fact that the concave mirror, 45-deg plane mir-
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ror, and corrector lens are all rigidly mounted at the factory and are not
adjustable. Three thumb screws are provided for obtaining correct
optical resolution on the viewing screen. The first of these moves the
tube toward and away from the spherical mirror. It is identified as the
over-all focus control. The other two thumb screws rotate the tube
horizontally or vertically around the face plate of the 3NP4 as the center
of rotation. These adjustments permit the tube face to be precisely
located in relation to the rest of the optical system. The entire assembly
is held securely by the use of five locking nuts after the adjustments have
been made. The sendeeman is cautioned never to adjust or replace the
corrector lens, the spherical, or the plane mirror. The method of check
ing the optical alignment of these parts is very simple, and if they are
found out of alignment the unit should be returned to the factory.
Place a light source above the optical unit, with the illumination falling
upon the face of the corrector lens. A small v mark will be found
moulded in the center of the corrector lens. While standing a little to
one side of the unit, look down through the lens and an inverted image of
the v will be reflected back from the spherical mirror. If the reflected v
combines with the moulded v to form an X, the three components of the
optical system are perfectly aligned.
11-17. Focusing the Protelgram. The procedure for mechanically
focusing the Protelgram is likewise quite simple. This is done with the
receiver in operation, either while a test pattern is being received or with
a sharply focused set of scanning lines. Before making these adjust
ments, be sure that the electrical focus of the receiver is correctly set.
To do this observe the image on the face of the cathode-ray tube while
looking down through the corrector lens and into the 45-deg mirror.
Before making any mechanical adjustments on focusing, reference
should be made to the drawing of Fig. 11-14/ and the letters and numerals
associated with it. The five locking nuts identified in Step 1 should be
loosened only a slight amount. Note, in Step 2, that the over-all focus
control o, which moves the tube closer or farther from the spherical
mirror, brings only the central portion of the picture into focus. Both
sides and the top and bottom are focused by means of horizontal focus h
and the vertical focus v, respectively. It will be found that there is
some interaction between these adjustments, and it becomes necessary
to check and recheck each of them until the picture as observed on the
viewing screen is brought in to the best possible focus. The locking nuts
should then be retightened.
The optical unit, when fully assembled, is relatively dustproof. It is
usually necessary only to clean the upper surface of the corrector lens.
For this use a soft cloth. If the occasion arises for cleaning the optical
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components inside the unit, one side of the box should be removed. The
spherical mirror, underside of the corrector lens, tube face, and 45-deg
mirror may then be brushed gently with a camel’s-hair brush or wiped
with lens tissue. The procedure for removing the tube assembly and
replacing a new cathode-ray tube will be found developed step by step in
the illustrations of Figs. 11-14a-/.
11-18. The Protelgram Power Supply. The high-voltage power sup
ply associated with the Protelgram is of the flyback type but is designed
to operate independently of the horizontal sweep circuits in the receiver.
The final voltage of approximately 25,000 volts is obtained through a
tripler rectifier circuit which functions in a similar manner to those
previously discussed. The complete schematic diagram of the power
supply employed in the Scott receiver is shown in Fig. 11-15. Because
this unit requires adjustment by the serviceman a brief discussion of its
operation is necessary.
The 6SR7 tube has its triode section connected as a blocking oscillator
designed to produce a saw-tooth voltage having a frequency of 1,000
cycles. This frequency must not deviate more than plus or minus 70
cycles. The 6BG6 amplifier is biased beyond cutoff and consequently
operates in the Class C region. Only the peaks of the wave from the
blocking oscillator are permitted to get through the amplifier. These
are used to shock-excite the primary of the high-voltage transformer,
which, because of its distributed capacity, will self-resonate at approxi
mately 25 kilocycles. The initial driving pulse will provide a peak
voltage across the entire transformer of about 8,500 volts. The average
power supplied to the heaters of the rectifier tubes is directly propor
tional to the frequency of the blocking oscillator, and for this reason the
oscillator should be held within the 70-cycle range just mentioned. A
560-MMf trimmer condenser will be found in the circuit for adjusting the
oscillator frequency and is accessible through a hole in the side of the
power-supply chassis.
Adjustment of the power-supply frequency should not be necessary
unless a new oscillator tube is installed or electrical components associ
ated with it are changed. This trimmer condenser should not be adjusted
in an attempt to alter the output voltage or to account for circuit failure.
To set the blocking oscillator at correct operating frequency, connect the
vertical input of the oscilloscope to the control grid of the 6BG6 amplifier.
Feed a 1,000-cycle sine wave, which may be obtained from any variable
frequency audio oscillator, into the horizontal deflecting plates of the
oscilloscope and vary the 560-MMf trimmer until a single sine wave
appears vertically on the cathode-ray tube. Remove the oscilloscope
and do not disturb the oscillator circuit.
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11-19. Picture-tube Protection Circuit. The projection cathode-ray
tube is subject to permanent damage in the event of failure of either
of the horizontal- or vertical-sweep voltages. When this occurs, the
raster collapses to a single line trace that is so intense that the screen is
quickly burned by this line. To prevent this from happening, Scott
designed a special circuit, known as the picture-tube protection unit, which
functions to cut off the beam current in the cathode-ray tube if either
sweep circuit becomes inoperative. The diagram of this unit is shown in
Fig. 11-16, with the incoming leads identified as to their connections in
I
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Fig. 11-15. The high-voltage power supply circuit used in conjunction with the Protelgrain projection unit. {Scott Radio Lab.)

the television receiver. Signals from the horizontal- and vertical
scanning oscillators in the television receiver are supplied to the grids of
the 6SN7GT double triode. The grids are driven highly positive by the
signals. The waves thus rectified charge condensers Ci and C3, respec
tively. As these condensers leak off through Rx and Z£2, they maintain
both sections of the triode at cutoff. Under these circumstances,
negligible current will flow in the cathode resistor Rz. If either one of
the scanning oscillators fails, the bias on one section of the triode dis
appears and plate current will flow through the tube. This immediately
develops a large voltage across resistor 7?3, which voltage is positive with
respect to ground. The upper side of this resistor, it will be noted, is
connected to the cathode of the projection tube, and the presence of this
large positive voltage at the cathode has the same effect as a high negative
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voltage at its grid. Hence, the tube beam current is cut off until the
scanning voltage is restored.
11-20. Philco’s Schmidt Projection System. The Philco variation
of the Schmidt optical projection television system is illustrated in Fig.
11-17. A photograph of this receiver was shown in Fig. 1-13. The
microlens screen mounted in the tilted cover of the set provides a picture
15 by 20 in. This is one of the widely used opaque screens. As can be
V-l
6SN7GT

+ 350 VOLTS D.C.
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CATHODE OF P.T.

HORIZONTAL DRIVE
Fig. 11-16. A picture tube protection circuit designed to extinguish the electron beam in
the CRT if either sweep system fails. (Scott Radio Lab.)
Set the oscilloscope sweep frequency at 7,875 cps to view wave (A) and 30 cps for wave
form (B).

seen in the figure, a cathode-ray tube, known as the TP400, is mounted
at a considerable angle with respect to the cabinet. The tube requires
between 18,000 and 20,000 volts on the second anode. This potential is
obtained from a flyback power supply of the tripler type. Although the
optical adjustments of this receiver are no more difficult to make than
those already discussed, they will be found somewhat different in a num
ber of respects.
11-21. Aligning the Philco Optical System. The first consideration
that should be given to the optical system is the proper adjustment of the
microlens screen. The lid of the receiver must be opened and a protractor
must be placed on top of the cabinet, against the side of the lid. Two
lock nuts will be found on the rear rail of the cabinet which, when
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loosened, will permit the screws to be adjusted. The angle of the lid
should be set at exactly 67^ deg as shown in Fig. 11-17. The locking
nuts may then be tightened. When this has been completed, make sure
that the lid is held firmly in place by the spring tension and that it rests
securely against the stop provided for it.
There may be cases where this receiver is used in homes where the furni
ture requires the viewer to sit below the normal viewing level of the screen.

/
MICRO-LENS
"SCREEN

T
EDCE OF
LIO
B7-L*

r

FLAT KEYSTONE
MIRROR
■

I

7
_CORRECTOR
LENS

PROJECTION
TUBE

SPHERICAL
MIRROR

12-

1/
Fig. 11-17.
Corp.)

M

An outline drawing of the side view of a Philco projection receiver.

(Philco

Under these circumstances no adjustment should be made that changes
the critical angle of the lid with respect to the cabinet, but rather the
entire console should be tilted slightly forward by placing blocks of wood
under the rear legs to make the screen distinctly visible. The serviceman
will find it advisable to check the swinging action of the lid to see that the
hinges are working properly and that the power switch functions to turn
off the set when the lid is closed.
The optical barrel for the Philco projection set is shown in Fig. 11-18.
The triangular mounting bracket which supports the assembly is fastened
to the inside front panel of the receiver. Associated with this unit are all
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of the adjustment screws required to focus and position the optical com
ponents mechanically. Before these physical adjustments are made,
however, have all electrical controls correctly positioned. View the
image on the face of the cathode-ray tube, as it is reflected in the flat
keystone mirror of Fig. 11-17. A test pattern or merely the lines of the
raster may be used for obtaining the best electrical focus.

FOCUS LEVER
CLAMP screw

deflection

PICTURE TUBE
KCLAMP SCREW

V

YOKE
CLAMPING—ANUTS

Fig. 11-18. The optical barrel assembly used in the receiver outlined in Fig. 11-17.
(JPhilco Corp.)

The adjustments of Fig. 11-18 can be reached only after the glass dust
cover in the speaker well has been removed. Two clamps will be found
holding this cover in place. When they are loosened, insert the fingers in
the cutouts provided and gently slide the glass toward the back of the
cabinet before lifting it out. Two deflection-yoke clamping nuts A and
B in the figure should be loosened slightly. It is then possible to move
the focus lever back and forth until the picture is made sharp and clear
at the bottom of the screen. Next tilt the lid slowly forward while
observing the raster lines at the top of the picture. If these lines come
into sharper focus, loosen the two locking nuts C slightly, and the adjust
ing nut D about one turn. Once again adjust the focus lever for the best
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detail at the bottom of the picture and continue to loosen nut D and
refocus until both top and bottom portions of the picture are brought into
sharp focus at the same time. If it is found that tilting the lid forward
does not improve the focus at the top of the picture, it may be necessary
to tighten the adjustment nut D rather than loosen it. Always adjust
the focus lever for clarity at the bottom of the picture after nut D has
been turned.
When it is found that either of the two sides of the picture are out of
focus, a horizontal adjustment is required. First check the image by
moving the lid forward slightly while viewing the right and left portions
of the screen. No further adjustment is needed if neither side improves
in quality. If focus improves on one side only, loosen nuts E and move
the coil and tube-support assembly slightly to one side or the other until
both edges of the picture are in equal focus. Once again check the in-andout focus of the tube by means of the focus lever and the top and bottom
portions of the screen. Then lock nuts A, 13, and C should be tightened.
If the entire optical barrel is improperly aligned with respect to the
cabinet, shadows will appear simultaneously in the lower corners of the
picture. To rectify this condition a special eccentric lever is provided
where the barrel is fastened to the triangular mounting bracket. The
knurled nut F of Fig. 11-18 should be loosened and the eccentric lever
rotated slowly until the shadows in the two corners of the picture dis
appear. It is possible that this adjustment will adversely affect the pre
viously mentioned focus adjustments. These should be rechecked and
refocused if necessary.
The deflection yoke must be turned slightly if the edges of the picture
are tilted with respect to the viewing screen. The coil may be loosened
sufficiently by means of the deflection-yoke clamping nuts so that it may
be rotated to square the image as required. In some cases, the top and
bottom edges of the picture will not be parallel with each other. When
this is found to be the case, loosen the picture-tube clamp screw and turn
the tube slowly until the edges are parallel.
11-22. Keystoning the Philco Projected Picture. It will be recalled
from Fig. 11-17 that the optical system is mounted at an angle and pro
jects onto the screen at an angle. When a normally rectangular picture
on the face of the cathode-ray tube is projected to the screen it will be
distorted into a trapezoid. The image will appear with sloping sides and
the bottom of the picture will be smaller than the top. Correcting for
this distortion is called keystoning, and is accomplished by distorting the
image on the face of the cathode-ray tube to counteract the effects of the
optical system.
To distort the raster on the picture tube initially, a pair of oppositely
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polarized permanent magnets arc mounted on the si’des of t he tube near
the screen. The arrangement of these magnets is shown in Fig. 1 1-19.
Each magnet is hinged to an iron pole piece curved to fit the tube and
held in place by a band around the bulb. As these magnets are swung
on their pivots, their magnetic fields arc positioned to change the shape
of the raster. Figures 1 l-20a and b show the effect upon the sides of the
picture as these magnets are shifted, and the arrows of Fig. 11-19 indicate
in which direction the magnets should be moved to correct the defects of
incorrect keystoning.
Since the keystoning magnets are mounted directly on t he cathode-ray
tube, they can be reached only by removing the spherical mirror at the
LLLLl^
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MOVE IN THIS
DIRECTION
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«
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Fig. 11-19. A drawing of the keystoning magnets used in the Philco projection unit and
showing the method of adjustment. {Philco Corp.)

bottom of the optical barrel. The mirror is taken out by first removing
the metal retaining strap by slipping it through the notch at the side of
the barrel. This arrangement is shown in the enlarged portion of Fig.
11-18. When the strap is free, be very careful with the mirror because
it can slip out if not held with the palm of the hand. When the mirror
is removed, connect a grounding jumper between the magnet mounting
band and the optical barrel. Each of the bar magnets may then be
adjusted in the required direction to keystone the raster properly. Before
replacing the spherical mirror, it should be cleaned with a camel’s-hair
brush and the grounding jumper removed.
In some cases it may be necessary to adjust the keystoning magnets
by changing their positions on the tube bulb. This is required if the
bottom of the picture on the viewing screen is excessively bowed, a condi
tion called the pincushioning effect. The magnets may be shifted by
loosening the retaining band slightly and sliding the magnet around as
required. Normally the two magnets should be positioned directly
across the tube from each other. The bottom of the picture will be
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(a)

(b)
Fig. 11-20. Views of the test pattern distorted due to incorrect positions of the keystoning
magnets in the Philco projection system.
(a) Right-hand magnet overkeystoned.
(b) Left-hand magnet overkeystoned. {Philco Corp.)

found to have a slight amount of pincushioning but this edge must not be
excessive. At any time that it is necessary to adjust the magnets, always
place a grounding jumper on the band and remove it when the work is
completed.
11-23. Replacing the Schmidt Corrector Lens. If the Schmidt cor
rector lens is replaced in this unit, the entire optical barrel must first be
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removed from the cabinet by loosening the four bolts on the triangular
brackets. The picture tube, deflection yoke, and tube-mounting assem
bly are taken off next. Four wing nuts will be found holding the corrector
lens, and when loosened may be turned to release the lens. This arrange
ment is shown in Fig. 11-21. The lens is made of a relatively soft plastic,
and extreme care should be taken to avoid scratching the surface. Hold
the lens on the edges and place it on the optical barrel with the smooth
side facing inward. Note that the hole in this lens is not in the center.

REFLECTION OF HOLE
IN CORRECTOR LENS

PAINTED CENTER OF
SPHERICAL MIRROR

HOLE IN CORRECTOR
LENS

REFLECTION OF SCRIBE
MARK
SCRIBE MARK

BOTTOM SCRIBE MARK

Fig. 11-21. A drawing showing the method of making the correct optical adjustment of
the Schmidt corrector lens in the Philco projection unit. (JPhilco Corp.)

The hole should be positioned near the bottom of the assembly. A scribe
mark will be found on the extreme edge of the lens and this mark should
be centered at the bottom.
To center the corrector lens optically, have the eye about one foot from
the lens and look directly down on the black spot in the center of the
spherical mirror. Adjust the lens until this black spot is spaced uniformly
between the lower edge of the hole in the lens and the upper edge of the
reflected hole. The lens should then be shifted until the four scribe marks
on the surface of the lens coincide precisely with their reflections in the
spherical mirror. This condition is also shown in Fig. 11-21. It is
advisable for the serviceman to repeat this adjustment several times in
order that he may become thoroughly familiar with the process and be
sure of an exact alignment.
When all scribe marks are optically set, the wing nuts holding the cor-
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rector lens should be tightened. The optical barrel may then be returned
to the cabinet, after which the deflection yoke and picture-tube assembly
may be replaced. Finally, the keystoning adjustment and all optical
adjustments should be rechecked when the receiver is put back in
operation.

TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Refractive Projection System
Symptoms: 1. Weak picture: Dirty objective lens, 45-deg mirror, or viewing
screen.
2. Picture entirely out of focus: Objective lens misadjusted, CRT
incorrectly positioned.
3. Picture partially out of focus: CRT or lens tilted, 45-deg mirror
out of plane, translucent screen warped.
Defect. Projection CRT
Symptoms: 1. Weak picture: Decreased high voltage, low emission.
2. Spotted picture: Gassy tube, possible ion blemishes.
3. Arcing: Moisture or dust particles on outside coating.
Defect. Schmidt Projection System
Symptoms: 1. Weak picture: Dirty spherical mirror, corrector lens, 45-deg mirror,
or viewing screen.
2. Picture completely out of focus: Optical barrel misaligned, incor
rectly positioned CRT, corrector lens not centered, screen incor
rectly positioned with respect to projection unit.
3. Picture partially out of focus: CRT or optical barrel tilted, 45-deg
mirror out of alignment, warped viewing screen.
Defect. Protelgram Unit, Loss of High Voltage
Symptom: 1. 1,000-cycle oscillator too far off frequency, weak oscillator tube.
Defect. Philco Projection System
Symptoms: 1. Picture out of focus: CRT incorrectly positioned, optical barrel
tilted, corrector lens misaligned, viewing screen set at incorrect
angle.
2. Edges of raster not parallel: Keystone magnets incorrectly set,
optical barrel or viewing screen misaligned.

REVIEW QUESTIONS
1. What television projection system is most widely used?
2. Explain briefly how the Schmidt projection system operates.
3. Describe how the mirrors and screen in the projection receiver should be cleaned.
4. How will fingerprints damage the mirrors in a projection receiver?
5. When viewing the test pattern of Fig. ll-9a, how can one determine if the
horizontal or lateral adjustments arc incorrectly set?
6. Why is it necessary to keep the drive chain engaged in the sprockets in the
optical barrel of Fig. 1 I-10<z.
7. What precaution should be taken to avoid being shocked when adjusting the
optical barrel of a projection receiver?

i
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8. How does one know when the corrector lens of the Schmidt system in Fig. 11-6
is properly centered?
9. When the CRT of a projection receiver is replaced, why is it generally necessary
to realign the optical system?
10. What are the main components that comprise the refractive television projec
tion system?
11. What is a sighting jig and how is it used for aligning a projection receiver?
12. If a sighting jig is not available, explain the procedure of the alternate method,
using strings.
13. When compared to other Schmidt projection systems, what parts of the Protelgram arc not adjusted by the serviceman?
14. What is the purpose of the 560-^Mf condenser in the diagram of Fig. 11-15?
15. Explain how the CRT of the Protelgram unit is protected from damage due to
sweep-circuit failure.
16. If a set owner desires a different viewing level than is normal for the Philco
receiver of Fig. 11-17, how should this change be made?
17. Explain what is meant by keystoning in the Philco projection receiver.
18. How is keystoning in the Philco projection unit corrected?
19. What are the main components that comprise the Philco projection system?
20. Explain the dilTcrence between the optical barrel of Fig. ll-10a and that of
Fig. 11-6.

%

CHAPTER 12
TELEVISION-RECEIVER SOUND SECTIONS

12-1. Separation of Sight and Sound Signals. Having followed the
progress of the video signal through the entire television receiver, atten
tion is now directed to the frequency-modulated sound signals accom
panying the picture transmission. A brief discussion was given on this
subject in Chap. 2. It was pointed out that both sight and sound are
transmitted and received simultaneously. The FM sound carrier is
picked up by the same antenna that is used for the picture and amplified
through the same r-f and mixer stages. At this point the sound and pic
ture signals will first be separated in some television receivers. In other
circuits, however, the separation takes place in one of the following video
i-f stages. In intercarrier-sound receivers this separation, it will be
recalled, is not made until after the video second detector.
Television receivers that have independent i-f stages for picture and
sound are sometimes referred to as conventional circuits. Intercarrier
sound was developed and used in later sets. Both systems are in wide
spread use today. From the standpoint of the television serviceman, the
important consideration is the intermediate frequency to which the sound
i-f stages are adjusted. If independent i-f stages are used, the inter
mediate frequency of the sound section is always 4.5 Me lower than the
corresponding video IF, because the oscillator in all receivers of this type
is tuned above the incoming carriers. The particular intermediate fre
quency will, of course, depend upon the frequencies to which the local
oscillator is tuned. In the case of sets having intercarrier sound, the
audio IF will always be 4.5 Me. Before alignment of any receiver is
attempted, the serviceman should always check the technical data
supplied by the manufacturer to determine the intermediate frequencies
employed. It will be found that there is a wide variety of video inter
mediate frequencies being used. They range from as low as 8.25 Me for
the sound IF and 12.75 Me for the video IF in very early receivers to as
high as 45.75 Me in the more recent sets. For more specific information
on this point attention is directed to Table 13-5 where representative fre
quency values are given for the i-f amplifiers of a number of receivers.
12-2. Typical Independent Sound IF Section. Typical of the many
receivers having separate or independent video and audio i-f stages is the
258
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sound section shown in Fig. 12-1. Because of the simplicity of the circuit
and its similarity to the video i-f stages already discussed in Chap. 5, the
student will find little difficulty in understanding the sound section. In
terms of circuit functions, the only principles that have not been covered
previously are those of the second sound IF, which is designed to operate
as a limiter, and the demodulating circuit for the FM signal. This set
employs what is known as the Foster-Seeley sound discriminator and repre
sents one of the three common FM detectors being used.
12-3. Operation of the Limiter Stage. As was also mentioned in
Chap. 2, a limiter stage is often incorporated ahead of an FM detector
✓ Point of
I saturation

p

Eff

2J

zNo limiting action
/ for weak signals

Output
signal

____ I

4i

Incoming FM carrier
amplitude modulated
with noise

I

i

T

i
i
I
l
i
i

i
=P
I
I
I
I
I
'I
I

Fig. 12-2. Graph showing how plate-current saturation and cutoff limit the peaks of an
r-f carrier modulated by noise.

for the purpose of removing or reducing amplitude variations of the
incoming carrier which may be produced by noise. Since the sound from
the television station changes the frequency of the carrier and not the
amplitude, a reduction in noise which may be “riding in” on the carrier
can often be effected by restoring the carrier to a constant amplitude.
To accomplish this the limiter tube is operated with a sufficiently low
screen voltage to permit the i-f carrier to drive the tube to plate-current
saturation. By operating the tube in the center portion of the charac
teristic curve, the negative peaks of the incoming signal will also drive
the limiter to cutoff. This results in a substantial restoration of the i-f
signal to a constant amplitude before it reaches the FM detector. A
graphical explanation of this circuit function is given in Fig. 12-2. The
Ip-Eg curve represents the plate current of V120 in Fig. 12-1.
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12-4. The Function of the Sound-discriminator Circuit. The dis
cussion here is limited to one of a functional nature. The primary and
secondary circuits of transformer 7’u3 of Fig. 12-1 are tuned to the inter
mediate frequency of the sound i-f carrier. In this receiver it is 21.25
Me. When this frequency is fed to the two plates of the 6AL5 sound dis
criminator, it drives them in opposite phase. The result is that no volt
age will appear across condenser Cm in the cathode circuit. However,
as the incoming i-f carrier shifts in frequency, first above the i-f value
21.25 Me and then below it, currents of unequal values will flow through
the upper and lower diode sections of the discriminator tube, and will
produce first a positive voltage across Ci83 and then a negative voltage.
This rise and fall in voltage takes place at the rate of the audio-frequency
signal which originally frequency-modulated the carrier at the trans
mitter. The important fact for the servicing student to remember is that
unless the i-f carrier is being caused to swing off its resting frequency, no
voltage will appear at the output of the discriminator. For this reason,
when the circuit is aligned, it is recommended that an oscilloscope be used
in conjunction with a frequency-modulated signal generator.
12-5. Test Equipment for Alignment. When the student finally
embarks upon his career as a television serviceman, he is not in a position
to purchase many pieces of test equipment. In fact there is justifiable
reason why he should not divert too much of his limited capital for a large
number of instruments. Several well-selected pieces of good equipment
in the hands of the properly trained technician will give excellent results.
A variety of test instruments and their uses are discussed in Chap. 21.
The major alignment procedures throughout this and the following
chapters are conducted with only three service instruments. These are
the cathode-ray oscilloscope and vacuum-tube voltmeter, which have
already been put into service, and a television-alignment sweep generator.
Typical of the good alignment generators on the market is the Hickok of
Fig. 12-3. It is designed to cover all VHF television bands and the i-f
ranges from 20 to 60 Me. Provisions are made for frequency-modulating
the r-f output with a deviation variable up to 15 Me. Two marker oscil
lators are available, one variable and the other crystal-controlled, for inject
ing marker pulses at all points in the television i-f and VHF r-f bands.
The instrument is used to align all sight and sound sections of the set.
12-6. Regarding Over-all Alignment of a Receiver. It is very impor
tant for the serviceman to remember that a television receiver is rarely,
if ever, completely out of alignment. Further, because the i-f and trap
circuits are normally quite stable or broad, only the sound detector and
r-f oscillator circuits will generally require readjustment. At this point
a word of caution should be given to every student studying in this field.
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Never consider realigning any part of a television receiver, when servicing
or trouble shooting, until all other possible sources of trouble have been
investigated and it has been determined that alignment is absolutely
required. If, then, it should become necessary to completely align all

Fig. 12-3. A television-FM alignment sweep signal generator covering all television IF’s
and r-f carriers in the VHF band. {.The Hickok Electrical Inslrument Co.)

sections of a television set, the serviceman will find the following
suggested order of alignment convenient.

1.
2.
3.
4.
5.
6.
7.
8.

Sound discriminator or detector
Sound i-f stages
Video i-f traps
Video i-f transformers
R-F and mixer stages
R-F oscillator alignment
4.5-Mc video trap
Over-all r-f and i-f response-curve check.

12-7. Tools for I-F and R-F Alignment. Bringing a metal screwdriver
near the trimmer condensers and variable cores of r-f and i-f stages will
often cause noticeable detuning effects. For this reason, special align
ment tools have been designed for servicing work. Some of these tools
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have small metal tips on the ends of insulated shafts. Others have screw
driver points and shafts that are entirely made of insulating material.
There are a variety of different styles of these nonmetallic screwdrivers
that the serviceman needs for his work. A complete set of shafts and
points is available in kit form. These may be seen in Fig. 12-4.

n

Fig. 12-4.

Various tools used for i-f and r-f alignment.

(Walter L. Schott Co.)

12-8. Aligning the Foster-Seeley Sound Discriminator. To align the
sound discriminator in circuits of the type shown in Fig. 12-1, the signal
generator, vacuum-tube voltmeter, and oscilloscope are brought into use.
The importance of good ground connections between test instruments can
not be emphasized too strongly. Observe for example, that the align
ment generator has two binding posts marked gnd. Substantial electrical
connections must be made to the generator, the oscilloscope, and the

264

PRINCIPLES OF TELEVISION SERVICING

[Sec. 12-8

chassis of the receiver. The special grounding jumpers made of braided
copper wire that are provided with the equipment should be used to
ground at several points wherever possible. Braided wire is highly
recommended. Ordinary wire will usually be found inadequate. Under
certain severe conditions even the braided-wire grounding may not be
sufficient. Accordingly, it will be necessary to place all test equipment
and the chassis on a metal sheet forming a ground plane. This is more
fully described in Sec. 13-5.
Reference to the diagram shows that the signal generator should first
be connected to the control grid of the second sound i-f tube through a
1,000-jUjuf condenser. The vacuum-tube voltmeter is connected to the
junction of 7?2ib and
through a 1-megohm resistor. For the moment
the oscilloscope is not used. Note, in Fig. 12-1, that a line is connected
from the binding post marked horizontal sweep on the alignment genera
tor to the hor input of the oscilloscope, when in use.
The purpose of the first part of this procedure is to tune the primary
section of the sound discriminator to the intermediate frequency. For
this 21.25-Mc signal, the marker oscillator of the signal generator will be
used. Turn on the power for the generator and the vacuum-tube volt
meter and allow the receiver to warm up for approximately 10 min.
The settings for the generator and VTVM are as follows:
For the signal generator:

RANGE SELECTOR to SWEEP OFF
marker dial to 21.25 Me
int. marker to cw and osc
MARKER INJECTION and OUTPUT MULTIPLIER and OUTPUT CONTROL to
give convenient reading on VTVM

For the vacuum-tube voltmeter:
First position
range to 10
SELECTOR tO — Volts
Second position
RANGE to 3
SELECTOR tO ZERO CENTER
Center needle with zero adj. control on — 04-

Detune the secondary circuit of the sound discriminator transformer by
turning the core-adjustment screw on the bottom of the transformer.
Now vary the marker injection and output controls on the alignment
generator until some indication is observed on the vacuum-tube volt-
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meter. Then adjust the primary of the discriminator transformer by
slowly turning the top adjustment screw until maximum output reading
is obtained. If, in this process, the voltage tends to overdrive the meter,
either the marker injection or output control on the generator should be
varied. If the signal is weak, vary the output multiplier and the other
controls until sufficient voltage is made available.
When the primary of Tm has been set for maximum output, the second
ary circuit should next be tuned. To do this it will be necessary to
change the vacuum-tube voltmeter to the junction of Cm and
as
shown in Fig. 12-1 and change the selector switch to the zero center posi
tion. When this is done, the meter needle will rise to approximately the
center of the scale. By varying the zero-adjustment control the needle
may be centered exactly on the zero line of the — 0+ scale. With this
setting it is possible to observe either positive or negative d-c voltage
excursions without changing the selector switch. Now slowly vary the
adjustment screw on the bottom of the discriminator transformer and
bring the meter reading toward zero. Continue adjusting the secondary
circuit until the output voltage is zero for the frequency of 21.25 Me.
At this point it should be called to the student’s attention that some
vacuum-tube voltmeters do not have a zero-center scale. If an instru
ment without such a scale is being used the selector should be set at either
the minus volts or plus volts for a start. When making.the adjustment
on the secondary of the discriminator transformer it may be found that
the meter reads below zero. Set the selector switch on the minus volts
or plus volts depending on which gives an “upscale” reading.
The preceding adjustments are preliminary to sweep-aligning the dis
criminator circuit. The vacuum-tube voltmeter should now be removed
and the vertical terminal of the oscilloscope connected in its place through
a 33,000-ohm resistor. The alignment generator is next set to sweep a
frequency of plus and minus 1 or 2 Me around the IF of 21.25 Me. To do
this, additional settings on the alignment generator must be made.
FM-TV tO TV
RANGE SELECTOR to 0-40 Me
FREQUENCY ADJUSTMENT to 21.25 Me
MEGACYCLE SWEEP to 2
output control and output multiplier to a value giving a con
venient deflection on the oscilloscope

A connecting jumper should run from the horizontal-sweep terminal of
the generator to the horizontal-input terminal on the oscilloscope, which
is then set for external sweep. Be sure that the marker dial on the gen
erator is set to exactly 21.25 Me. When the oscilloscope has had time to
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warm up, adjustment of the h. and v. gain controls will permit the
observer to form a curve similar to that shown in Fig. 12-5a. The dis
criminator response produced by the sweep generator gives what is known
as the S curve. As viewed on the screen, however, the marker lines shown
at the positive and negative peaks will not appear. In their stead a single
marker line should appear approximately at the center of the sloping line
in the middle of the graph. If the curve is not symmetrical above and
below the center line adjust the primary, which in this case is the top
screw of Tm, until symmetry is obtained. Slowly vary the marker dial
above and below 21.25 Me. Ob
serve that the marker signal moves
(
Sound
oouna
oouna
Sound .
/i\ discriminator
IF
A 21.25
up and down on the straight por
/ \
response
response! \ Me
tion of the S curve. The curve
should
be linear from 21.175 to
Approx
\
/
\
Approx
350 kc
\
\
kc
21.325 Me. This may be observed
between
V/
7
x.
by setting the marker dial at each
markers
(a)
of these values and noting that the
(b)
Discriminator
Sound I F
marker signal for these frequencies
response
response
will be at the positive and negative
Fig. 12-5. Enlarged views of the dis
peaks of the S curve. The adjust
criminator and sound i-f response curves
of the circuit shown in Fig. 12-1. (RCA.)
ment of T113 should proceed until
these conditions are fulfilled.
12-9. Sweep-aligning the Sound IF’s. The alignment of the sound
i-f transformer Tm is also done with the sweep generator and the oscillo
scope. The generator is shifted to the control grid of the first sound i-f
amplifier as shown by the block in Fig. 12-1. The oscilloscope is con
nected to terminal A of Tin through a 33,000-ohm resistor as indicated.
It is not necessary to change the settings on the test equipment, since this
transformer is to be sweep-aligned. The marker dial on the signal
generator must be set at 21.25 Me. Figure 12-55 shows the approximate
pattern of the sound i-f transformer when the tuning adjustments at the
top and bottom of T112 are properly set for maximum gain and symmetry.
Note that the peak of the curve should coincide with the 21.25-Mc
marker. While making this adjustment, keep the voltage output from
the signal generator as low as is convenient to give a good response curve.
Do not overdrive the stage, as this will tend to broaden the response
curve and may result in distorted signals.
Finally, to see that the response curve is sufficiently wide, slowly vary
the marker dial to 21.15 Me. The marker signal should move down the
side of the curve, but must not fall more than 30 per cent from the peak.
Make this same check on the other side of the curve by shifting the marker
dial to 21.35 Me. This is a test to see that the bandwidth of the i-f

I
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transformer is at least 200 kc. At this point the test equipment may be
removed from the circuit.
12-10. Aligning the Unbalanced Ratio Detector. Many companies
have chosen to use ratio detectors rather than discriminators as second
detectors in the audio section. The first of these is shown in Fig. 12-6.
The alignment of a ratio detector is very similar to the procedure given
for the discriminator. A circuit having a ratio detector is easily recog
nized by the arrangement of the detector tube. It will be observed that
the final i-f transformer T202 is connected to the plate of the upper-diode
section of F203 and to the cathode of the lower diode. In the case of the
discriminator, the final i-f transformer is fed to the plates of both diode
sections. There are two types of ratio detectors in common use. The
more general is the unbalanced circuit shown. It is readily identified by
the fact that one side of the detector output load is connected to chassis
or ground. The balanced ratio detector of Fig. 12-8 has the output load
center-tapped to ground and the high side of the audio output is taken
between two balanced condensers. One of the outstanding advantages
of either type of ratio detector is its relative immunity to amplitudemodulated signals. It is for this reason that a limiter stage is rarely used
ahead of a ratio detector. Amplitude modulated waves are effectively
filtered out by the rather large condenser C207 across the detector load, as
seen in Fig. 12-6.

Table 12-1.

“"I

Alignment of Independent Sound IF’s

and

Ratio Detector

Step

Signal
gen.
freq.,
Me

1

21 25

High side to “Y,” While peaking, keep T201 top, T201 bottom,
common to chassis reducing signal gen 7’202 bottom for maxi
(sec Figs. 12-6 and erator output so mum
VTVM reading is
12-7a)
approx. 1.5 volts d-c.

2

21 25

High side to “Z,” Use 3-volt zero-center 7’202 top for zero be
tween pos. and neg.
common to “V” in d-c scale
peak. If far off, re
ratio detector V203
adjust 7’202 bottom
circuit

Connect VTVM to

Test connections and
instructions

Adjust
(see Fig. 12-6)

12-11. Over-all Sound-IF Alignment Procedure. Because the IF’s
of a television receiver rarely need complete step-by-step adjustment,
manufacturers often recommend aligning the entire section at once.
The previous alignment presumed that all stages were out of adjustment.

268

PRINCIPLES OF TELEVISION SERVICING

[Sec. 12-11

1

2^=^
’i
1

IS

ZTWj----------

aw

£

C

403

a.

i

_^p_

I

J>
si

I
i

i
d

o

i
o
o

i

1?.
si.

UJ

cn

SF

I

It?

o
z

8

1

?!

I

iI

Z9 ?<
t-

tr

Q_
n

qp

~

2

nX-^Ai-

S *

I!
HJH.
hh
5i

-f

IS
< ■§

r
2£
Q

269

TELEVISION-RECEIVER SOUND SECTIONS

Sec. 12-11]

Xow the quicker and more usual method will be described. Reference
should be made to Fig. 12-6. The alignment procedure is divided into
two parts. The first is the General I-F Alignment given in Table 12-1
and the second is the Alignment Check.
To simplify the discussion of the general alignment it will be necessary
only to use the table of procedure and the preliminary notes associated
with it.
PRELIMINARY NOTES

1. Connect a 4.5-volt battery at low end of Rin and chassis as shown
on the diagram.
2. Disconnect antenna from receiver.
3. Set channel selector to unassigned channel 12 or 13.
4. Insulate the tube shield of the oscillator-mixer 6J6 from chassis by
removing the shield and wrapping the base on to which the shield fits with
t/»

POINT ’Z"

fl

o (g)

0

<</»
u.

5
S
POINT *V-

❖

2L45MC

/POINT *Y" POSITIVE
OF ELECTROLYTIC
CONDENSER, C207

POINT 'X‘
PIN 4 OF
6AC7

10 K
OHMS

330
MMFD

21.25 MC

2I.O5MC

CHASSIS
GROUND
<-----------► VTVM
OR
------------ ► SCOPE

(a)
(b)
Fig. 12-7. (a) Under chassis view of part of the receiver of Fig. 12-6 showing the location
of point “Z” in the ratio detector circuit.
(b) The S curve and marker points for the correctly adjusted ratio detector of Fig. 12-6.
{Admiral Corp.)

a layer of paper. Then replace shield. Connect high side of signal
generator to this insulated shield as shown in Fig. 12-6.
Upon completion of the general alignment, the sound i-f alignment
check is made by using the sweep generator and the oscilloscope. The
purpose is to obtain a properly proportioned S curve for the ratio detector
and to verify the position of the marker signals. The curve that should
be obtained is shown in Fig. 12-76.
Disconnect the signal generator and the voltmeter from the positions
used in the general alignment. Connect the vertical terminal of the
oscilloscope to point z and chassis ground as indicated in Figs. 12-6 and
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12-7a. The alignment generator is now to be connected through a 500ppf condenser to the control grid, pin 1 of F201, the first sound IF. This
instrument is also grounded to the chassis of the receiver. The same
procedure as was used in sweep-aligning the circuit of Fig. 12-1 is followed
here in regard to the control settings of the generator. The main fre
quency adjustment is set for 21.25 Me and the megacycle sweep set at 2.
The marker dial should first be set at 21.25 Me to give the center position
of the S curve of Fig. 12-76, and later the marker is adjusted to 21.05 and
21.45 Me as indicated on the S curve.
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Fig. 12-8. A diagram of the audio IF and sound detector of a television set having a
balanced ratio detector circuit. (Admiral Corp.)

As with other receivers, it is important to keep the sweep generator and
marker signals down to a very low value in order to avoid distortion of
the response curve. The marker signals should be so low that they are
just barely visible.
Since the sweep signal is being fed through the entire audio i-f system,
a misalignment of any one point within the section will adversely affect
the shape of the response curve. The serviceman must produce a curve
similar to that of Fig. 12-76 and maintain good linearity between the
maximum and minimum points as shown. If the S curve does not con
form reasonably well with that expected, it is necessary to repeat the
alignment steps previously given for i-f transformers T201 and T202.
12-12. Aligning the Balanced-ratio Detector. Alignment of the
balanced-ratio detector is in no way different from the unbalanced circuit.
It is only necessary that the serviceman know how to connect the indi
cating instruments, VTVM, and oscilloscope when making the adjust
ments. For the general alignment of the circuit shown in Fig. 12-8, the
high side of the vacuum-tube voltmeter is connected to point y and
chassis ground in the manner indicated in Table 12-1 for Step 1. How
ever, for Step 2 the voltmeter is changed to point z for the high side and
the common is left at chassis ground. This enables the serviceman to
adjust the secondary of T202 for a zero reading. When the oscilloscope is
used for the i-f alignment check, the vertical input is connected to point
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z and the return is made through chassis ground, The S curve obtained
should conform with that of Fig. 12-76.
12-13. Meter Method of Aligning the Intercarrier-sound System.
The General Electric Company was largely responsible for the develop
ment of the intercarrier-sound system for television receivers. This
principle is being used by a large number of manufacturers either for their
entire line of sets or in some models. It must be kept in mind that the
video and sound progress through all picture IF’s and the second detector.
The resulting 4.5-Mc sound IF is then removed either before or in one of
the video stages. This principle is clearly shown in the circuit of Fig.
12-9. Here the sound IF is removed after the second video-amplifier
plate of V8b, fed to its own limiter amplifier F16 and then to a ratio
detector, V17.
Table 12-2.

Marker gen.
freq.

Meter Method of Aligning

Signal input
points

4.5 Me at
Grid V8B (pin
7)and B1 approx. Ko
volt unmod.
bus on Kg
or below limit socket
ing level of re
ceiver

an

Intercarrier Audio-if Amplifier

Step

Adjust

1

Secondary of T341 for
approx. K volt as
measured on a vac
uum-tube voltmeter

2

Primary of 7’3. for Connect a vacuum
tube voltmeter (d-c)
max. reading on
between junction of
VTVM

3

Adjust core of L341 for
max. reading on
VTVM

4

Adjust secondary of 1
7134i for zero reading I
on VTVM

Remarks

I?343, 1^346, C347, and

Bi — bus

Although there are certain advantages to the intercarrier sound system,
its use imposes more exacting requirements upon the technician when the
system is being aligned. The intercarrier beat note, 4.5 Me, is main
tained at close frequency tolerance by crystal control at the transmitter.
Consequently, if the secondary of the transformer in the sound detector
is not aligned with great accuracy, what is referred to as buzz modulation
may be experienced in the audio output. It is for this reason that a
4.5-Mc crystal is recommended for the marker frequency when using the
alignment generator. Two fundamental procedures are given here for
aligning sound IF’s of the intercarrier type. The first uses the alignment
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generator and the vacuum-tube voltmeter. The second method is the
visual alignment with the use of the oscilloscope. The student should
study Tables 12-2 and 12-3 in conjunction with the diagram of Fig.
12-9.
While performing the first three steps in Table 12-2, the secondary of
the ratio-detector transformer, 7’34i, should first be detuned to produce
approximately
volt d-c as measured on the VTVM with the 4.5-Mc
signal input. The alignment procedure may then be followed, and at
step 4 the secondary of T34i is readjusted for zero d-c reading.
12-14. Sweep-aligning the Intercarrier-sound IF’s. The visual align
ment of the intercarrier-sound system is almost identical with the pre
viously described independent i-f circuits. It will be noted from Table
12-3 that a 4.5-Mc marker signal is used in conjunction with a 4.5-Mc
sweep signal which provides the frequency-modulated i-f carrier to

produce the S curve shown in Fig. 12-9.
Table 12-3.

Step

Visual Method of Aligning an Intercarrier Audio-if Amplifier

Marker gen.
freq.

Sweep gen.
freq.

Connect
Signal inoscilloscope
put points
between

4.5-Mc with
tone mod.

1

Junction

Grid of

^343,

Izi6 (pin

1) and
li

»

4.5 Me with
±1 Me
sweep

2

3
4

Bi

I
i

7?34C,
C347, and

Bx-

Adjust

Remarks

Secondary of
7*341 for min.
sine wave
amplitude or
for min. tone
from loud
speaker
Primary of See Fig.
12-9
7*341 for max.
pcak-to-pcak for curve.
Curve
amplitude
and symme should be
linear
try about
base line

Repeat Step 1

4.5 Me with
± 1 Me
sweep

Same as
Grid of
Vsb (pin Step 1
7) and
Bi-

Adjust core of See Fig.
12-9
L341 for max.
amplitude of
peaks

Because of the previously mentioned possibility of obtaining buzz

modulation if the secondary of the ratio-detector transformer is not pre-
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cisely aligned to 4.5 Me, the following check is recommended when the
alignment has been completed. Tune the receiver to a television station
and allow the set to warm up for about 15 min. Reduce the incoming
signal to a relatively weak point by placing an attenuation network of
carbon resistors in the antenna-input line. This network may be one of
the H pads illustrated in Figs. 12-10a and b. Carbon resistors arranged
in this manner will give a very satisfactory balance between the 300-ohm
line and the 300-ohm input to the receiver. The network in Fig. 12-10a
reduces the signal about 75 per cent, while the one in b gives a still greater
attenuation. Tune the set for best picture and sound; then slightly
advance the contrast and volume controls until the audio buzz is
heard. Do not overdrive the signal. When listening to the loudspeaker, adjust L34i for maximum audio output and slowly adjust the
100

To 300—’input

£

300—
lin^

120 —

100-J----- WWv------ 1

r^ekVer

100-

100-

(a)

120■J----- WM----- |
To Job—’input

£

300-

receiver

line^

120

120^-

(b)

Fjg. 12-10. Diagrams of two H-pad attenuators suitable for reducing the incoming
signal strength to a television receiver.
(a) Attenuates approximately 75 per cent.
(b) Attenuates approximately 90 per cent.

secondary of T341 for best quality in the audio signal. While doing so,
set the transformer for miminum buzz modulation and minimum hum in
the speaker. It will be found that going too far in either direction will
develop a buzz peak. The minimum hum will be between the peaks.
Once this circuit has been properly adjusted for one television channel it
will be properly set for all channels.
12-15. Combination Audio Bias and CRT Focus Circuit. Before leav
ing the GE circuit of Fig. 12-9, the reader’s attention is directed to a
unique focusing arrangement for the cathode-ray tube. This may be seen
associated with the audio output tube F19. The focusing-coil voltage is
developed across resistors 7? 353 and R355 in the cathode circuit of the audio
stage. This voltage is varied as the plate and screen currents are caused
to change through the tube. This is brought about when the focus con
trol changes the bias on the control grid. A brief study of this circuit
will show that changing the focus control will have some effect upon the
audio signal, which in turn must be compensated for by the volume con
trol. However, once the focus is set, it rarely needs further adjustment.
It can be seen that if the audio-output tube were to burn out, complete
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loss of audio signal would result, and the focus on the cathode-ray tube
might also be materially affected.
12-16. Gated-beam FM Limiter-detector Tube. A special tube
developed by the Zenith Corporation makes it possible to combine the
FM sound-limiter and detector operations in a single stage. This tube,
the 6BN6, is known as a gated-beam FM limiter-detector. It employs some
of the principles of electron optics used in the cathode-ray tube as well as
some functions taken from the ordinary converter tube used as a first
detector in radio sets. To under
--------------------- ►AUDIO OUTPUT
stand more fully the operation of
ANODE
\
QUADRATURE GRID
the 6BN6, reference should be made
LIMITER GRID ~~7
to the tube diagram of Fig. 12-11.
When electrons are emitted from
I
-LJCQUAO
the cathode, they are attracted to jib LP 'NPUT I
ward the first positive accelerator
B*
directly in front of the cathode. 1 ACCELERATOR!
ATHOOE
They are then shaped into a sheet
like beam and are projected
through the slot in the accelerator
to the input or limiter grid. The Fig. 12-11. A diagram of a 6BN6 gatedbeam limiter-detector tube and its associ
characteristic of this section of the ated components. {Zenith Radio Corp.)
6BN6 is such that the electron
stream will rapidly saturate or cut off with a few volts positive or nega
tive on the grid. It is this property which permits the tube to be used
as a limiter for frequency-modulated i-f carriers that are varying in ampli
tude as a result of the “riding in” of noise or other unwanted signals.
Under normal operation, the limiter grid of the 6BN6 is biased 2 or
3 volts negative with respect to the cathode. Since the intercarrier
sound IF is usually 5 volts peak-to-peak or better, the signal easily oper
ates the tube within the limits of saturation and cutoff. As this controlled
stream of electrons passes through the limiter grid, it is again shaped to
pass through the slot in the second accelerator. The periodic pulses
influence the quadrature grid as they attempt to pass on through and
thereby electron-couple energy into the quadrature coil, causing it to
oscillate. For use as an FM detector in sets having intercarrier sound
systems, the quadrature coil is tuned to 4.5 Me. The electron-coupled
pulses are further clipped on their leading edges by the energy of the
oscillating quadrature-coil circuit. This results in a final pulse reaching
the plate or anode of the 6BN6 of approximately J4 cycle in duration.
However, these final pulses may be more or less than J4 cycle, depending
upon the phase displacement of the incoming FM carrier as it is fre
quency-modulated by the sound. The voltage across the load resistor in

ICO,L \

A— I

S3 ) I if-
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the output is directly proportional, therefore, to the original sound
modulation.
12-17. Aligning the Gated-beam Limiter-Detector Stage. Figure
12-12 shows how the 6BN6 gated-beam tube is used in the sound section
of the Zenith television receivers. Although this circuit can be aligned
with the signal generator and oscilloscope to obtain an S curve similar to
those of the discriminator and ratio detector, the recommended procedure
is that this circuit be aligned while using a signal coming in on the air.
While doing this, it is necessary to reduce the incoming signal to a level
below the limiting point of the 6BN6 control grid. When the signal has
been sufficiently lowered, there will be a noticeable hiss accompanying
the sound.
Before alignment is started, insert one of the II pads of Figs. 12-10a and
b in the transmission line and observe the following precautions. Use
extremely short leads between the attenuator pad and the antenna ter
minals at the receiver. Insert approximately 6 ft of shielded 300-ohm
line between the input terminals of the pad and the transmission line
coming from the antenna. The shield of the 300-ohm line should be con
nected to the grounded point of the II pad, and both should be joined to
the television chassis being aligned.
When the receiver has had sufficient time to warm up, tune in a televi
sion station and adjust for best quality of picture and sound. If a station
is available transmitting a test pattern and tone signal it will be found
most convenient for the alignment work. Be sure, however, that the
hiss is in evidence in whatever sound is used.
Adjust the sound take-off coil L-s for maximum response in the video
amplifier circuit of Fig. 12-12. Follow this with the adjustments of the
input coil Z/63, the quadrature coil L64, and the buzz or bias control
for
clearest sound and minimum buzz. If at any time during these adjust
ments the hiss disappears, it will be necessary to restore it by using an
II pad having greater attenuation. There are a few cases in remote
fringe areas where the received signal is so weak that the adjustments
may be made without the use of the attenuator. Under these circum
stances the circuit may be considered properly adjusted if the hiss is at a
minimum or disappears entirely.
The serviceman should realize that there are times when intercarrier
buzz will be experienced even though all sound adjustments in the
receiver have been properly made. The cause may be attributed to such
other factors as a defective 12AT7 intercarrier-sound amplifier, improper
adjustment of the AGC delay control, too strong an incoming signal, or
overmodulation of the picture signal from the transmitter.
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TROUBLE SHOOTING HINTS AND SERVICING NOTES
Defect. Sound-IF Stages
Symptoms: 1. Defective amplifier: Weak or no sound.
2. Shorted bias condenser: Weak or distorted sound.
3. Shorted screen by-pass condenser: Loss of sound.
4. Open primary on i-f transformer: No sound, no B-|- on tube.
Defect. Independent Sound IF
Symptom: 1. If misaligned: Weak or no sound, possible hiss or buzz.
Defect. Limiter Stage Defective
Symptom: 1. Weak or distorted sound, possible excessive noise “riding in.”
Defect. Sound Discriminator or Ratio Detector Misaligned.
Symptom: 1. Weak or no sound, sound with hiss or other noticeable distortions.
Defect. Intercarrier-sound System
Symptoms: 1. If not tuned accurately to 4.5 Me: Buzz modulation.
2. If transmitter overmodulates: Sound distortion.
3. If video carrier of transmitter is off the air: No sound.
Defect. Gated-beam Detector
Symptom: 1. Detuned quadrature coil: Buzz or distorted sound.
REVIEW QUESTIONS

1. Explain the basic difference in principle between receivers employing inde
pendent sight and sound i-f stages and those having intercarrier sound.
2. Where in the television circuit is the sound limiter located?
3. If a television receiver is found to be completely out of alignment, list the order
in which the set should be realigned.
4. Explain briefly how the sound discriminator is aligned.
5. Describe the shape of the response waveform of a sound discriminator when
sweep-aligned.
6. What type of sound second detector usually eliminates the need for a limiter?
7. Are the connections of the vacuum-tube voltmeter in the sound section of a
receiver the same for the balanced-ratio detector as for the unbalanced? Explain by
use of a diagram.
8. If buzz modulation is present at the audio output of intercarrier sound, give
two possible receiver defects that would cause it.
9. When it is desired to attenuate a strong television signal at the input of a
receiver, explain how this is accomplished.
10. After the sound section of a television receiver has been aligned on one station,
would further adjustment be necessary when it is tuned to other stations? Explain.
11. If the audio-output tube in the diagram of Fig. 12-9 were to burn out, would
there be any noticeable effect on the picture? Explain.
12. How does the basic alignment procedure of the gated-beam limiter-detector
stage differ from that for the ratio detector.
13. Why when aligning the gated-beam detector stage is it necessary to maintain
a hiss during the entire procedure?
14. Explain how it is possible to determine from the diagram whether or not a
receiver has an intercarrier-sound system.

CHAPTER 13
ALIGNING VIDEO I-F STAGES
The four basic types of video i-f amplifiers discussed in Chap. 5 may
now be considered from the standpoint of their alignment procedures.
As has already been mentioned, it is standard practice when aligning or
realigning an entire receiver to follow the sound i-f section with the video
i-f stages. The reader will soon realize that work on this portion of the
receiver is no more difficult than it was for the sound sections discussed
in the previous chapter. Once again the alignment generator, the oscil
loscope, and the vacuum-tube voltmeter are brought into service. During
a major part of the work, however, only the generator and voltmeter are
needed.
13-1. Stagger-tuned I-f Stages. It will be recalled that the type of
circuit shown in Fig. 13-1 is a video intermediate-frequency section with
impedance-coupled stages. The over-all broad-band response for the
amplifier is obtained by stagger-tuning traps Thoi through 7\oC. The
nine different frequency values required to align an i-f section of this type
are relatively close together and are obtained with only a slight adjust
ment of the alignment generator. The fact that an entire i-f amplifier is
almost never completely out of adjustment makes it possible to simplify
the alignment procedure. The equipment should be connected to the
receiver as outlined, and the following method closely adhered to. The
video i-f coupling is divided into two parts: the i-f traps and the i-f
transformers.
13-2. Aligning the Picture-IF Traps.
1. The vacuum-tube voltmeter should first be connected to the junction
point of resistors Riot, Em, and Ei36 as seen in the diagram of Fig. 13-1.
Have the range switch on the meter set for 10 volts and the selector set
for a negative d-c voltage reading.
2. The AGC amplifier tube Vi08a (6SN7GT) should be removed from
the chassis. A 250,000-ohm potentiometer is then connected between
plate and cathode (pins 5 and 6) of the tube socket.
3. Turn on the receiver and adjust the potentiometer until the vacuum
tube voltmeter reads —4.5 volts. The channel-selector switch should be
set to the unnumbered position on the dial between channels 2 and 13.
This removes the plate voltage from the oscillator tube to prevent it from
interfering. Turn the receiver off again temporarily.
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4. For the actual alignment, the vacuum-tube voltmeter must be con
nected across load resistor R120 of the second video detector, a 6AL5.
Set the range switch of the vacuum-tube voltmeter to 3 volts. This
instrument must be insulated so that it does not touch the chassis or in
any other way become grounded. The case of the meter at this particular
time is 125 volts below ground, as can be observed by studying the
diagram.
5. The alignment signal generator is now to be connected to the grid
of converter tube V2 through a 1,000- to 1,500-^ condenser. A satis
factory connection may be made by removing the tube from its socket,
winding the “pigtail” lead of the condenser or other small wire around
pin 1 and replacing the tube. Keep all these leads as short as possible.
6. The controls of the generator should first be set in the following
manner:
RANGE SELECTOR to SWEEP OFF
marker dial to frequency of i-f

trap to be aligned (21.25 Me for
trap 7’ios)
int. marker to osc and cw
output control and output multiplier to the lowest value which
will give a convenient indication on the meter
MARKER INJECTION to 50

All other controls not used
It will be noted that to supply the frequency for aligning the i-f coils,
the marker oscillator is used rather than the oscillator associated with the
main-frequency-adjustment dial. This is done because the marker oscil
lator is inherently more stable than one which is used to supply the
variable frequency. Reference should again be made to the diagram of
Fig. 13-1. The first trap to be adjusted is Ti03 where the sound IF is
taken off. All the parallel-tuned sections in the video i-f stages, referred
to as traps, are adjusted by varying the cores of the coils. These are
found at the top of each of the i-f transformers and will be located on the
chassis by reference to Fig. 13-2.
7. When the signal generator has had time to warm up, trap T103
should be tuned by means of an alignment tool placed through the top
of the transformer until minimum indication is reached on the 3-volt d-c
scale of the meter. Since the purpose of this trap is to prevent this fre
quency (21.25 Me) from getting to the grid of the cathode-ray tube, a
minimum reading on the meter will show when this signal is being effec
tively trapped.
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Fig. 13-2. An outline drawing of the top view of a typical television chassis,
and part numbers shown conform with those of Fig. 13-1. {RCA.)

The parts

8. The following table may now be used for adjusting the remaining
five traps in the order listed. In each case, care must be taken to see
that the signal-generator marker dial is adjusted to the exact frequency
specified. Where extreme accuracy might be needed (in relatively few
instances) it is advisable to have crystals for these particular frequencies
which are inserted into the crystal holder on the front panel. In each
case, adjust the trap for the minimum indication on the meter.
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T105
T102
7*104
7*106
7101

(top)
(top)
(top)
(top)
(top)
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. . .21.25 Me
. . .27.25 Me
. . .27.25 Me
. . .19.75 Me
. . . 19.75 Me

When adjusting the above traps, it is possible to run the cores entirely
through the coils and obtain two minimum readings. The correct reading
is found when the core is at the outside end of the coil. If this precaution
is not taken, it will not be possible to have the correct frequency response
of the entire transformer, because the coefficient of coupling will be
incorrect.
13-3. Aligning I-f Traps of Other Stagger-tuned Receivers. The
instructions outlined above necessarily apply specifically to the i-f sec
tion of Fig. 13-1, but are generally applicable to all receivers having
stagger-tuned i-f stages. It may be, however, that a set might not have
a blank space between channels 2 and 13. Turning to this blank space
disconnected the plate voltage from the local-oscillator tube and thus pre
vented it from interacting with the alignment generator. Where this
procedure cannot be followed and changing the channel switch or tuning
the receiver influences the i-f alignment in any way, it means that the
receiver oscillator is beating with one of the frequencies in the signal
generator. If this effect is noticed, the oscillator tube of the set should
be removed while the traps and i-f transformers are being adjusted. This
procedure can be followed if the oscillator and converter tubes are
not together. Where the same tube is used, it may be necessary to
short the grid of the oscillator section to ground temporarily with a
jumper.
The basic principle to keep in mind is that it is necessary only to apply
to the particular trap circuit the frequency for which it is to be tuned,
and adjust the circuit until the unwanted frequency shows a minimum
reading on the output meter.
13-4. Aligning the Picture-IF Transformers.
1. When all the traps just mentioned have been set as accurately as
possible, the signal generator should now be tuned to the frequencies
listed in the table below. Again all settings are made on the marker dial.
Follow the order given, and in each case the transformer should be
adjusted at the bottom. Now, however, each setting must be made and
adjusted for maximum indication on the vacuum-tube voltmeter. It is
possible to overload the tubes with too strong a signal; consequently, it
will be required during the alignment procedure to reduce the input signal
from time to time to prevent this from taking place.
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7\o6
7’104
T103
7*102

(bottom)................... 22.5
(bottom)................... 24.6
(bottom)................... 22.0
(bottom)................... 25.9
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Me
Me
Me
Me

It will be seen from the above table that the converter transformer T\
and the first picture i-f transformer 7\0i are not included. The charac
teristics of these transformers are such that it is not possible to tune them
to single frequencies. This is because the tightness of coupling effected
by the link produces a double-humped response curve. In consequence
it is necessary to “sweep-align ” these two components. Since all the
other stages have now been tuned, it is also desirable to observe the entire
i-f response curve on the oscilloscope, but, before doing so, 7\ and 7’ioi
must be adjusted.
2. To do this, connect a 330-ohm carbon resistor across the primary
coils of transformers 71i02, 7\03, 7\q4, and 7\og.
3. Remove the vacuum-tube voltmeter from the second detector load,
and reconnect it to the junction point of I?107, #135, and R™. Adjust the
250,000-ohm potentiometer to a value of —2.0 volts on the meter.
4. The vertical terminal of the cathode-ray oscilloscope should now be
connected to pin 5 (the plate) of the first video amplifier stage, Izio6Have the oscilloscope well grounded to the receiver chassis. The hori
zontal-sweep terminal of the alignment generator should be connected
to the horizontal post of the oscilloscope. The importance of good ground
connections between all pieces of equipment must be kept in mind. The
ground terminals on each unit should be interconnected with those of
all others.
5. The control settings for the oscilloscope and generator may be made
as tabulated below:

For the alignment generator
FM-TV switch to TV
MEGACYCLE SWEEP to 10
frequency adjustment

to center of i-f response (23.4 Me in this
case1)
RANGE SELECTOR to 0-40 Me
marker dial to 22.05 Me and later to 24.75 Me
int. marker to osc and cw
output control and output multiplier to the lowest value which
will give a convenient trace on the oscilloscope
marker injection to just give a convenient marker signal
1 To determine the center frequency of the i-f stages use the geometric mean between
the audio i-f and video i-f. This is the square root of the product of the two values.
Thus: V21.25 X 25.75 = 23.4.

Sec. 13-4]
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For the oscilloscope

to lowest needed for clear trace
to point of clear trace

intensity

focus

SWEEP SELECTOR to EXT. SW.

v. gain to point for convenient trace
H. gain to point for convenient trace
v. sensitivity to lowest value needed
All other controls not used1

6. Reference has been made on several occasions to have certain con
trols set to points which give “convenient traces.” At best this is a

22.05
MC

(a)

(b)

Fig. 13-3. (a) The over-all response curve of the converter and first picture i-f stages of
the diagram in Fig. 13-1.
(b) The same curves shown in Fig. 13-3 (a) but overlapping due to incorrect setting of
the phasing control on the alignment generator. (RCA.)

general expression directing the operator to approximate settings. Under
these conditions, the serviceman must resort to his own experience aided
by illustrations provided by the set manufacturers. Thus Fig. 13-3a,
which shows the response curve of the converter and first picture i-f, can
be obtained with a slight amount of practice with the controls.
7. With all the equipment running, vary the top adjustment of
and
the bottom of Tioi to obtain a response curve similar to that shown in
Fig. 13-3a. In this particular case, however, only one marker signal will
appear, that corresponding to 22.05 Me. If the trace has a tendency to
show two curves overlapped as illustrated in Fig. 13-35, the phasing con
trol on the alignment generator should be adjusted to produce a single
pattern.
1 Although this particular oscilloscope has its own sinusoidal sweep and phasing
control making it generally unnecessary to bring the horizontal sweep from the
alignment generator, it is advisable to do so because- the additional leads more thor
oughly interlock the two units and all operating adjustments can be confined to the
signal-generator panel.
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8. When the curve is similar to that of Fig. 13-3a, the marker dial
should be shifted to 24.75 Me to check for both points on the curve.
When this has been done it is possible to obtain an over-all response
curve for the picture i-f.
13-5. Obtaining a Sweep Pattern of the Over-all Picture-IF Response.
Turn off the set and test equipment and make the following adjustments
before attempting to view the over-all response curve.
1. Remove the 330-ohm resistors which were placed across transformers
71io2, Tio3, T104, and 7\o6-

2. Turn on the set and equipment and adjust the marker dial to 22.1
Me. The response curve should approximate that shown in Fig. 13-4,
but the serviceman should never ex
pect to obtain this ideal condition
*^2 5.0
22.1
absolutely.
Slight readjustments of
MC
\ MC
all the previous i-f settings might be
required to obtain a reasonably accu
rate over-all response curve.
I 2 5.75
3. It will be noted that this response
\ MC
curve requires the use of three marker
frequencies. When finally adjusted,
the curve must be relatively flattopped, with the 22.1-Mc marker at
Fig. 13-4. The over-all response curve
of the entire video i-f system of the cir
the 95 per cent level, the 25.0-Mc
cuit in Fig. 13-1. {RCA.)
marker at approximately 90 per cent,
and the 25.75-Mc marker at the 45 per cent level. As a final check, a
fourth marker of 26.5 Me may be inserted and it should not be higher
than 10 per cent on the curve.
It is especially important, when aligning the overall i-f system, to place
the picture carrier at the 45 per cent level. If the carrier is shifted too
high on the curve, the resulting picture may become smeared; if the carrier
is too low, the resultant loss in signal strength will adversely affect the
picture contrast as well as the sync and blanking pulses.
4. When the response curve has been made to conform as closely as
possible with the one shown, the test equipment may be removed, the
lead disconnected from the converter tube, the potentiometer taken from
the AGC socket, and all tubes replaced.
Among the advantages claimed for stagger-tuned i-f stages is that the
circuit is inherently free from self-oscillation, because no two stages are
tuned to the same frequency. While tuning the i-f transformers, care
must be taken to prevent any two from being tuned to the same fre
quency, which might result in oscillation. If it develops that the receiver
breaks into oscillation or becomes unstable when the test equipment is
■*>
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being used, but does not do so when the equipment is disconnected, it
may be necessary to cover the top of the test bench with a sheet of metal,
such as copper or aluminum, and to place the chassis and equipment
directly on the sheet. This makes what is known as a “ground plane”
and in conjunction with the grounding leads between pieces of equipment
establishes a very thorough grounding which will effectively prevent
oscillation. Occasionally it is possible to stop self-oscillation by increas
ing the grid bias with the 250,000-ohm potentiometer which was inserted
across the AGC tube. When this is done, the usual alignment method
may be employed and it will in no way affect the final results.
13-6. Aligning Wide-band Transformer IF’s. The procedure for'
aligning video intermediate-frequency stages of the wide-band trans
former type will be found to be somewhat simpler than the stagger-tuned
stages, because there are less frequencies involved and fewer adjustments
to be made. The diagram of Fig. 13-5 is typical of many i-f circuits
employing loaded transformers. It is a continuation of the circuit started
in Fig. 5-13. It will be noted that resistors 7?3o5 and #310, across trans
formers T301 and 7’302, respectively provide additional loading which in
turn widens the response curves of these i-f transformers.
The method of alignment will be found similar to that of the previously
discussed circuit in that the vacuum-tube voltmeter and alignment gen
erator are connected in approximately the same places. The reader will
find it advantageous to observe these similarities.
1. Rather than using a 250,000-ohm potentiometer across the AGC
circuit, as was done in the former set, a 4.5-volt C battery to supply a
constant bias should be connected with its negative terminal to the AGC
bus at the junction of resistors Z?303 and Rm. The positive terminal of
the battery is connected to the chassis, and this battery is to remain in
the circuit throughout the entire alignment.
2. Instead of connecting the vacuum-tube voltmeter across load resistor
R319 of the video detector circuit, the manufacturer recommends a special
load to be connected between point X, the grid of the first video amplifier,
and ground. This load is referred to as an RC filter and is composed of a
10,000-ohm resistor in series with a 330-mmI condenser to the chassis.
The vacuum-tube voltmeter is then connected across the condenser to
ground. These components are shown inserted in the diagram. When
it is desired to obtain a visual response curve, the vacuum-tube voltmeter
can be replaced at this point with the oscilloscope. A convenient place
for the RC filter is shown in the drawing of the partial chassis view in
Fig. 13-6.
3. Set the channel-selector switch to one of the unassigned high-fre
quency channels (12 or 13) and remove the antenna from the receiver.
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This will prevent the possibility of interference of incoming signals with
the alignment procedure.
4. In the circuit previously discussed the signal generator was con
nected to the grid of the mixer tube through a 1,500-wrf condenser. This
procedure could also be followed here. However, a very convenient
means of coupling is obtained by simply connecting the high side of the
generator to the metallic tube shield of the 6J6 oscillator-mixer tube.
To do this, it is necessary to insulate the tube shield from the chassis.
This can be done by removing the shield, wrapping a layer of paper or a
turn of cellulose tape around the base onto which the shield fits, and then
replacing the cover. The usual precautions with regard to thoroughly
grounding the test instruments and the receiver chassis must be followed.
(
o (x)
Io _o.

POINT *Z*

5
o
tu

5
CD

/Point ’y; positive
OF ELECTROLYTIC
CONDENSER, C207

POINT *V*-

<»
10 K
OHMS

330
MMFO

-POINT ’X*
PIN 4 OF
SAC?
CHASSIS
GROUND
<*----------- ► VTVM
OR

----------- >. SCOPE

Fig. 13-6. A partial bottom view drawing of the chassis associated with the drawing of
Fig. 13-5. The method of connecting an RC filter at point “X” to be used with the oscilloscope is shown. (Admiral Corp.)

5. The equipment and receiver should be allowed to warm up for
approximately 15 min. in order to be thoroughly stabilized. The con
trast control should be set at the center of its rotation throughout the
entire set of adjustments.
6. The vacuum-tube voltmeter is to be set on the 3-volt d-c scale for
all the i-f transformer adjustments except the final tuning of the video
sound trap L303. At this time the vacuum-tube voltmeter will be set for
the 3-volt a-c scale.
7. As in the case of the r-f and oscillator alignment, the manufacturers
provide charts to simplify the instructions for i-f alignment. Table 13-1
outlines the seven steps necessary for the proper balancing of the video
i-f stages of Fig. 13-5; these steps should be referred to regularly. Since
it is often difficult to determine the exact location of a particular com
ponent on the chassis from the schematic diagram, Fig. 13-7, showing the
chassis layout of the i-f section, will assist greatly in studying this pro-
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Table 13-1.

Wide-band Transformer IF’s and Sound Trap
1
Adjust
Test connections
Connect VTVM to
(see Fig. 13-7)
and instructions

Alignment Data

for

Step

Signal gen.
freq., Me

1

21 25

High side to junction
of resistor and con
denser of RC filter
connected
to
X
(video amp. V306 cir
cuit) common to
chassis (see Fig. 13-6)

Use lowest signal gen Ai (L3oV) for
minimum
erator output for ad
equate meter indica
tion, then gradually
increase gen. output
as VTVM reading
decreases. Use
VTVM d-c range.

25 3

Same as Step 1

While peaking, keep
reducing signal gen.
output so VTVM
reading is approx.
— 1 volt d-c

A6

Same as Step 2

A7

2

3

23.5

Same as Step 1

(7’302)

for

maximum

(7’303)

for

maximum

4

22 0

Same as Step 1

Same as Step 2

A8

(7’301)

for

maximum

5

22 3

Same as Step 1

Same as Step 2

A 9 (Lios) for
maximum

6

21.25

Same as Step 1

Same as Step 1

Check Aijif off,
readjust. Re
peat Step 4.

7

4.5 amplitudemodulated,
crystal-con
trolled

VTVM RF probe Connect signal gen. A10 (£303) for
minimum
high side through a
(3-v. range) to pin 8
of V306 (6AC7); com
0.005-Aif condenser to
mon to chassis. The pin 7 of V3O4 (6AL5)
freq, range of VTVM with tube removed;
low side to chassis
must have response
close to tube base.
to 4.5 Me.

cedure. The previous discussion regarding the settings for the alignment
generator is applicable here. For all frequencies in the i-f range, the
marker oscillator is used, and since the vacuum-tube voltmeter is used

as the indicator, the marker signal should be cw.
The final step in Table 13-1 outlines the method for adjusting the video
sound trap.
It will be observed that both the vacuum-tube voltmeter
and the signal generator connections must be changed. When connecting
the vacuum-tube voltmeter to pin 8 of the video amplifier tube V306, it is
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advisable to block the direct current from reaching the r-f probe by con
necting a O.Ol-/zf condenser in series with the high-side lead.
The frequency to which the video sound trap is tuned (4.5 Me) must
be crystal-controlled, as mentioned in Table 13-1, because, if the trap is
set below this value, it will have a tendency to block some of the high
video signals and thus impair the quality of the picture. On the other
hand, if the trap is set to resonate at some frequency higher than 4.5 Me,
it will be ineffectual in trapping out sound, since the sound transmitter is
maintained 4.5 Me above the video carrier by crystal control. For this
reason it is advisable to have a crystal of 4.5 Me to be used in conjunction
with the signal generator for this type of alignment and for those receivers
employing intercarrier sound systems. Use this crystal for Step 7 of the
alignment table.
I

—
21.25max f*-

-dJnciersicie of
A3
[chassis^----- <2l.25max

MBs
=2* /(^Zcro 6AL5

23.5 max

TOP
OF
CHASSIS

2l.?$mm@,:
6AU6Q))
©A8 /
©A 10 6AU6
®A6
4.5mm.25.3 max 22 max /

© ® ©6AU6O

"w;—] A13 L

J3@'©g>
A®

A"

A9
22Jmaxz'x

Jgr
I

do

O6AU6
x Chassis
rear
Fig. 13-7. A partial top view of a typical television chassis showing the layout of r-f and
i-f components with their positions for adjustment, The parts shown are associated with
the diagram of Fig. 13-5. {Admiral Corp.)

13-7. Observing the Over-all Response Curve. The final over-all
response curve should now be observed on the oscilloscope, as it was on
the stagger-tuned stages of Fig. 13-1. One important reason for this is
that the differences in the gain of the various tubes through the i-f stages
and component parts will sometimes affect the video response. These
differences are not readily observed when working with the alignment
generator and the vacuum-tube voltmeter. Consequently it is desirable
to make an over-all response-curve check when the alignment has been
completed. For this the signal generator lead should be returned to the
oscillator-mixer-tube shield or control grid, whichever method is used,
and the vertical input of the oscilloscope connected in place of the vac
uum-tube voltmeter to the ZBC-filter load at point X in the grid circuit of
the video amplifier tube (see Figs. 13-5 and 13-6). The 4.5-volt battery
should still be connected with its negative terminal to the AGC bus and
its positive terminal side to the chassis.
The sweep generator should be set to the center point of the video i-f
pass band (23.4 Me) and the megacycle sweep set to cover a bandwidth
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of 10 Me. In general only two marker points need be observed. These
are the video carrier (25.75 Me), which must be set between the 40 and
50 per cent response level, and the audio carrier, at 21.25 Me. These are
shown in the response curve of Fig.
25.75 Me
13-8. If the trace obtained does
50% response
not closely approximate the one
< point
shown it may be necessary to re
121.25 Me point
/ Audio marker not
peat the alignment steps outlined
/ visible if trap is
in
Table 13-1, making sure that all
correctly set
frequencies have been accurately
Fig. 13-8. The over-all video i-f response
set. To avoid distortion of the
curve for the wide-band transformer
coupled stages of Fig. 13-5. {Admiral
curve, it must always be remem
Corp.)
bered to keep the signal from the
generator to a low value and the marker frequencies to the point at
which they are just barely visible. When the curves and marker points
conform with those specified by the manufacturer, the signal generator,
oscilloscope, RC filter, and 4.5-volt battery may be disconnected.
13-8. Aligning Band-pass Filter-network IF’s. There are only a
few types of receivers on the market which have the rather complicated
intermediate-frequency-stage coupling of the band-pass filter network
shown in Fig. 13-9. Its design represents the third type of i-f coupling
and the procedure for alignment is somewhat different from the previous
two methods discussed. Reference to the diagram will show that each
section has three individual adjustments, and, because of this relative
complexity, it has been found advisable to sweep-align each stage sepa
rately, starting with the last IF and working backward to the mixer
stage. For this work the alignment generator and oscilloscope must be
used.
A special align test jack is provided at the output of the video detector
and is conveniently located on the back of the chassis next to the hori
zontal-centering control. The vertical-input terminal of the oscilloscope
should be connected through a 10,000-ohm carbon resistor to this test
jack, J3oi. The reader is by now sufficiently well acquainted with the
use of the alignment table. Accordingly, the seven alignment steps of
Table 13-2 should be studied carefully and compared with the procedures
of the previous circuits. It will be noted for example, that the method of
working backward from the video detector is the procedure commonly
employed for aligning superheterodyne radio sets. While studying Table
13-2, reference should be made to the graphs of Fig. 13-10, showing the
curves as they take shape throughout the progress of alignment. Atten
tion should also be given to the alignment notes at the end of this table
to assure satisfactory work.
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Table 13-2.

Step

1
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Alignment Data for Band-pass Filter Network IF’s

Oscilloscope
connections

Signal gen.
setting

Signal gen.
connection

Adjust

Connect vertical Connect align Set FREQ. ADJUST Set C303D fully coun
terclockwise for
MENT to 25 Me,
input to align
ment gen. to
grid (pin 1) of
RANGE SELECTOR to
minimum capacity.
test jack.
0-40 Me, MEGA
Connect hori
2d video i-f
Adjust L303A and
CYCLE SWEEP to 8,
amp.
zontal input to
L303B for single peak
marker dial to
sweep output
at 27.1 Me (indi
of alignment
27.1 Me to produce
cated by position of
marker pulse on re
marker pulse)
gen. (see note
sponse curve, int.
1)
marker

to osc and

cw

2

Same as Step 1

Same as Step 1

FREQ. ADJUSTMENT

same as Step 1,
marker dial to
23.25 Me to pro
duce marker pulse
on response curve

3

4

Same as Step 1

Same as Step 1

Adjust C303B clock
wise until low-freq,
peak of response
curve is at 23.25 Me.
Curve should resem
ble curve 1 in Fig.
13-10. It may be
necessary to read
just Z/303A or Z/3O3B
slightly to equalize
amplitude of peaks

Connect output
of gen. to grid
(pin 1) of 1st
video i-f
amplifier

Set RANGE SELECTOR Adjust L302H for
to SWEEP OFF. Set
minimum signal
MARKER dial to

Same as Step 3

FREQ. ADJUSTMENT
to 25 Me., RANGE
SELECTOR tO 0-40
Me., MEGACYCLE
SWEEP tO 8, INT.
MARKER tO CW.,

28.1 Me. int.
MARKER tO MOD.

dial to
23.75 Me. and
26.75 Me, as re
quired to produce
marker pulses on
response curve
marker

Adjust L302A for lowfreq. peak, and
Z>302C for high-freq,
peak to obtain re
sponse curve simi
lar to curve 2 in
Fig. 13-10
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Table 13-2.

Step

5

Alignment Data

Oscilloscope
connections
Same as Step 1

I

for

Band-pass Filter Network IF’s.—(Continued)

Signal gen.
connection

Signal gen.
setting

Connect output
of gen. to grid
(pin 1) of in
put i-f amp.

RANGE SELECTOR to
SWEEP OFF., MARK
ER dial to 22.1 Me.,
INT. MARKER to
MOD.

Adjust L301B for
minimum signal

Same as Step 5

FREQ. ADJUSTMENT
tO 25 Me, RANGE
SELECTOR to 0-40
Me, MEGACYCLE
SWEEP tO 8, INT.
MARKER tO CW.,
marker dial to
22.75 Me., 24.25
Me., 25.75 Me.,
and 27.0 Me., as
required to produce
marker pulses on
response curve

Adjust L301A and
L301 c for response
curve similar to
curve 3 in Fig.
13-10

I_____
6

7

' Same as Step 1

Same as Step 1

[Sec. 13-8

Connect output FREQ. ADJUSTMENT
of generator to tO 25 Me, RANGE
grid (pin 1) of
SELECTOR tO 0-40
I mixer (see note
Me, MEGACYCLE
SWEEP tO 8, INT.
2)
MARKER tO CW.,
marker dial to 22.6
Me, 23.75 Me,
24.6 Me, and 26.6
Me, as required to
produce marker
pulses on response
curve

Adjust

Adjust Zz3ooa, C300B,
and L300B for over
all response curve
similar to curve 4
in Fig 13-10
(C300B controls band
width). If curve is
not satisfactory,
see note 3

ALIGNMENT NOTES

The intermediate frequencies of the receiver are 26.6 Me for the video
carrier and 22.1 Me for the audio. While doing the alignment work, the
following precautions must be observed. A metallic top should be used
on the work bench to establish a ground plane. This will provide a good
metal-to-metal contact for the signal generator, oscilloscope, and receiver
chassis.
The leads from the test equipment should be shielded as much
as possible and any unshielded portions must be kept short.
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The output from the signal generator must at all times be kept as low
as convenient to prevent overloading the amplifier stages. If the circuits
become overloaded, the tubes arc driven to saturation or cutoff and yield
incorrect response curves. A low-loss alignment tool must always be
employed. Before any adjustments are made, the test equipment and
receiver should be allowed to warm up for at least 10 min.
1. The high-side vertical-input lead of the oscilloscope should be con
nected through a 10,000-ohm isolating resistor to prevent radiation from
the lead.
2. Grounding of the signal generator shielded lead is critical at this
point. Try adding additional grounding while observing the output
curve. If no change in the trace is observed, no further grounds are
needed.
3. If needed, finally readjust L30ia, 7>302Cj 7^3010) and Z/302A- Do not
disturb Z>3o3a, 7'303b, C303B, T73o2b, and Z/soib*
13-9. Intercarrier Video I-f Stages. The last of the four basic types
of i-f amplifiers to be discussed are those used in receivers having inter
carrier sound. This system was originally developed by the General
Electric Company and has been employed by a number of manufacturers.
Intercarrier sound was discussed briefly in Chap. 5. It will be recalled
that the same intermediate frequency amplifiers are used for both sight
and sound IF’s up to and including the video second detector. In some
cases the 4.5-Mc intercarrier beat note is also amplified through one or
more of the video stages after detection. To align intercarrier IF’s
properly the serviceman must know the type of over-all response curve
being used by the receiver on which he is working. The response curves
for these sets come under two categories. They depend upon what rela
tionship the local oscillator of the receiver has to the incoming r-f carriers.
Figure 13-1 la shows the i-f response curve of an intercarrier sound system
in which the frequency of the local oscillator is designed to be above the
incoming audio and video carriers for all channels. Observe that the
video i-f carrier is at the 50 per cent level, and the audio IF on the shelf
at approximately 5 per cent. In general these are the recommended posi
tions, because considerable distortion of the sound might result if the audio
carrier were allowed to pass through the video IF’s at too high a level.
Figure 13-116 shows a second intercarrier i-f curve in which the fre
quency of the local oscillator is set above the incoming carriers for the
lower frequency television channels, and the same oscillator is adjusted
below the incoming carriers on the higher channels. This is a procedure
which may be adopted by the design engineer if his set uses intercarrier
sound. However, it is not a requirement for this system. With this
arrangement it is also possible to have completely different intermediate
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frequencies for the low and high channels. The i-f values for both bands
are relatively close together, 4 or 5 Me at the most. Since this is a
problem of properly tuning the local oscillator, the details are taken up
in Sec. 14-15 of the following chapter. This principle cannot be employed
in receivers having independent picture and sound i-f stages.
One of the typical intercarrier-sound-system i-f amplifiers is found
in the diagram of Fig. 13-12; its principle is widely used, essentially
unchanged, throughout the indus
100%
try. It will be noted in this
Video IF
particular receiver that the chassis
i 50%
is not B —. This fact must be
taken into consideration when
A.u_di.0 k-/—-4.5Mc
connecting the test equipment
IF
5%
5%
to the set. The reason for the
(a)
chassis not being B— is not the
IOO%_
use of intercarrier sound, but
simply the fact that its power
Video,
Video
supply is of the transformerless
. 1 IF
type (see Fig. 10-4). This prin
ciple is known to radio servicemen
Audio
----- -4.5 Me------- •J
Audio
if \
7
IF
--------4.5
Me
because
of their familiarity with
I*a-c/d-c
radio
sets. This condi
(b)
tion immediately imposes the re
Fig. 13-11. Two graphs of the over-all i-f
response curve for receivers having inter
quirement of using an isolation
carrier sound systems.
transformer between the power
(a) The response curve when the oscillator
is above the incoming carriers for all channels.
line and the television chassis
(b) The response curve where the oscil
when it becomes necessary to
lator is above the incoming carriers for some
channels and below the carriers for other
connect test equipment to the
channels.
receiver. In fact it is advisable
to use the isolation transformer when doing work on any set which does
not have a power transformer. This condition is brought about largely
because of the many cases where the service bench must be covered with
a metal sheet to form the ground plane previously discussed.
13-10. Aligning the Intercarrier IF’s. Still another feature of the
diagram in Fig. 13-12 under discussion is the relatively high video inter
mediate frequency, 45.75 Me. In many receivers of later design the
practice is to incorporate this higher value for the IF’s. Here too, as
in the previous cases, it is rarely necessary to align all stages, but, for
purposes of having the complete information available if needed, the
entire procedure will be outlined. In general only the last step of Table
13-3 need be followed.
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ALIGNMENT NOTES

1. Again referring to the schematic diagram of Fig. 13-12, connect the
negative terminal of a 4.5-volt or higher C battery between the junction
point of the contrast control /?23o and /?382. The positive terminal of this
battery should be connected to the B— bus. For purposes of adjust
ment, momentarily connect the vacuum-tube voltmeter between the grid
pin (No. 1) of the first i-f amplifier and B —. Then adjust the contrast
control Z?23o until the bias has been set to —4 volts. When this has been
done, the contrast should not be disturbed throughout the entire align
ment procedure, and the vacuum-tube voltmeter must be removed from
the circuit.
2. Connect the high side of the alignment generator through a 0.01-^f
condenser to each of the input points as outlined in Table 13-3. Again,
the importance of thorough grounding between the pieces of equipment
and the chassis must be kept in mind. However, only the chassis of the
tuner unit is at B— potential, and it is the only one that can be used as a
ground with the test equipment. At any other point, the low side of the
test equipment would have to be connected to the B— bus. Do not
short-circuit the main chassis with the tuner-unit (head-end) chassis, and
do not ground any component of the test equipment to the main chassis.
3. Detune traps L2os, and L2os by tuning the cores out of the coil for
Steps 1 through 5 of Table 13-3.
4. The channel-selector switch should be set on No. 12 or 13, whichever
channel is not being used in the particular locality, and while aligning the
first video i-f stage a check should be made to see that the local oscillator
is not interfering. To do this, turn the tuning control while observing
the shape of the response curve. If any effect is noticed, it will be neces
sary to switch to a channel which does not interfere.
5. Note particularly from curve A of Table 13-3 that the output of the
signal generator is adjusted to give an amplitude of % volt on the oscillo
scope trace, and that each curve is shown as a negative signal when com
pared with the graphs of other circuits previously discussed. Waveforms
of this type are often obtained on the oscilloscope depending upon the
polarity of the signal being investigated and the number of stages of
vertical amplification in the oscilloscope. The serviceman should become
accustomed to working with response curves of either polarity.
ADDITIONAL NOTES

When making the over-all alignment check as shown in curve E, the
41.25-Mc audio marker should be positioned at approximately 4 per cent
of the total amplitude.

Sec. 13-10]

Table 13-3.

Step

Alignment Data

Marker Sweep
gen.
gen.
freq.,
freq.,
Me
Me

for a

45.75-Mc Intercarrier I-f Amplifier

Signal input
points
between

Connect
oscilloscope
between

1

415

Vt grid (pin 1) through .01-pf
condenser and B — on head
end shield. Pins 5-6 shorted
on Vt.

3

45.75

Vt grid (pin 1) through .01-pf
condenser and B — on head
end shield. Short Lttt. Re
move short on Vt.

40-50

4

42.50
45.75

5

44.2

6

47.25

Vi grid (pin 1) through .01-/J
condenser and B — on head
end shield, short terminals of
Laos. Remove short on Lut.

Core of L»47 f<
for curve
Place 44.5-Mc2 marker
peak of curve.

Junction of
Lui, Rut, C173
through 10k
ohms and B —
on V» socket.

A.
at

Core of L?4o for curve B, to
place 45.75-Mc marker at
peak of curve.

Core of L244 for curve C.
42.5-Mc marker should be at
approx. 65% point and 45.75
should fall near high-fre
quency knee of curve.
Cores of L;o» and Lui for curve
D. Adjust Lio» for max am
plitude and Li*; to flatten top
of curve.

Through .01 -pf condenser to
junction of Luo and Lui on
second r-f switch wafer, and
B — on head-end shield.

41 25
42 50
45 00
45.75
47.25

—

.

I

Cores of Lut, Lut, Lui and L-o»
simultaneously for flat curve
and
position 45.00- and
41.25-Mc markers as in curve
E. If necessary, readjust
Lus and Lj«
•6 to place 42.5and 45.75-Mc
Ic markers at 50
per cent as sl.<
shown in curve E.

Ptaspg
jvoir

42

46

©

Cores of Lios and Lsos for max
attenuation
of 47.25-Mc
marker. See curve E.

—

Hi

- - 42 ■

FEE
©
Video l-F Curve*

I

Adjust

Detune Ljos and Ljoi bj' turn
ing cores out of coil.

2

7
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Coil Z/245 is used to adjust the over-all response curve on the low-fre
quency side; coil Ln6 adjusts the curve on the high-frequency side. Coils
Z/209 and Z/247 affect the dip in the broad portion of the curve and should
be adjusted simultaneously to give maximum gain and at the same time
maintain the correct positions of the 45.75 and 42.50 Me markers at their
50 per cent levels.
To prevent one coil from influencing the shape of the curve while
another is being aligned, it is recommended that L246 be short-circuited
momentarily while one is adjusting L247, L245 shorted while working on
Z/246, and L2o9 shorted while aligning L24&.
13-11. Adjusting the 4.5-Mc Trap. The 4.5-Mc sound trap, composed
of L269 and C244 of Fig. 13-12, is aligned most conveniently with the use of
the alignment generator and oscilloscope. Their operation is outlined in
Table 13-4. However, before this work can be done, the serviceman
Table 13-4.

4.5-Mc Trap-alignment Table

I
Marker
Connect
Sweep gen. freq. I
gen.
alignment gen.
freq.

Connect
oscilloscope

Adjust

4.5 Me 4.5 Me ± 1 Me Between grid (pin Across 100k re L269 for min ampli
sistor as shown in tude of 4.5-Mc
2) of 1st video,
F8a, and chassis Fig. 13-13 (see marker. Increase
gain on oscillo
note 1)
scope

must first make up the simple detector network shown in Fig. 13-13. It
is composed of a condenser, two resistors, and a germanium crystal.
These components may be mounted on a small board which has been
varnished, or on a Bakelite panel.
IN64
500 MMF
This little piece of equipment will
■O
—If—
also be found helpful for other
TO
TO
VERTICAL
68K
100K
applications when working on sets
RECEIVER
INPUT OF SCOPE
employing intercarrier sound.
-—.—
As previously stated, the 4.5-Mc
traps very rarely require tuning,
Fig. 13-13. A simple detector network used
but when out of alignment will
in the video i-f alignment of some television
cause the audio i-f to appear in
receivers. {General Electric Co.)
the picture as a cross-hatch pat
tern. The procedure for adjustment is in accordance with Table 13-4
and the following notes.
ALIGNMENT NOTES

1. Use the detector network. Connect the 500-MAtf condenser to pin 6
of the video amplifier tube, V8b- The ground side to the B— bus.

Sec. 13-13]

ALIGNING VIDEO I-F STAGES

303

Refer to Fig. 13-12. The trap is tuned for minimum amplitude of the
4.5-Mc marker.
2. Adjust the vertical-hold control on the front of the chassis to
remove the vertical pulse from the response curve.
3. Short the horizontal-oscillator coil, L3i6, which is found in the sweep
circuit section. This will remove the horizontal-oscillator interference
in the response curve. For the location of the oscillator coil, see the com
plete diagram of the receiver in Fig. 15-11.
When the above alignment has been made, the oscillator short should
be removed and the test equipment disconnected.
13-12. Adjusting I-f Stages in the Fringe Areas. The quality of the
television picture depends, among other things, upon the band-pass
response of the i-f amplifiers. For best results, this response should be
between 4 and 4.5 Me wide. However, it is well known in television
engineering that the relative gain of an amplifier decreases as its band
width is made greater. There are some cases where it may be necessary
to sacrifice some picture quality in favor of obtaining additional gain.
This is particularly true in the re
Peaked IF-.v
curve ffor
mote points of fringe areas. Under
/ f<-2.5Mc->j rat75./o
fringe
these circumstances, the service
areas
|\\ Video IF
man will find it advisable to adjust
the i-f stages so that they have an Normal IF> Ff—3.5 Me—>1 Y\'at50*/.
response i
over-all response curve of perhaps curve J /
2 or 2.5 Me. Such peaking of the Fig. 13-14. Comparative graphs of the
IF’s will improve the signal-to- normal i-f response curve of a television
and a narrowed curve as it might be
noise ratio and increase receiver receiver
peaked for greater gain in the fringe areas.
sensitivity. However, the techni
cian is cautioned to exercise great care when attempting to overpeak the
i-f stages of intercarrier-sound receivers. Narrowing the band may
materially affect the position of the sound shelf on the response curve
and cause distorted or weakened sound output. Figure 13-14 shows an
i-f curve for normal reception, and another as it might appear when
narrowed for fringe areas.
13-13. Intermediate Frequencies in Use. For a number of years there
was no standardization of the intermediate frequencies used in television
sets. Consequently, the serviceman will find a wide variety of IF’s
in use. There was a tendency toward increasing these frequencies as
time went on. For purposes of general reference, Table 13-5 gives the
IF’s of a number of representative manufacturers. These values are,
however, not peculiar to any one company. They will be found in a
number of different sets, and often the same manufacturer has changed
his intermediate frequencies in later models. Finally, with the advent of
television stations in the UHF band, the Radio-Television Manufacturer’s
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Association (RTMA) standardized the video and audio IF’s at 45.75 Me
and 41.25 Me, respectively. The technician must realize that manu
facturers are not required to use these frequencies but many have shown a
preference for them in recent years because their use reduces inter
receiver interference. This is particularly true for the VHF channels.
UHF converters are made in several different styles to enable VHF
receivers to pick up UHF stations. These converters are discussed in
Sec. 22-20. The IF’s of some of these converters are also listed in
Table 13-5.

Table 13-5.
and

Some Video and Audio Intermediate Frequencies in General Use
Representative UHF Converter Intermediate Frequencies

Video and Audio Frequencies

Manufacturer
RCA, Du Mont, and others before 1946
Philco before 1946.....................................
RCA and many others before 1950.
Zenith before 1950....................................
Scott............................................................
Hal lierafters...............................................
GE before 1949..........................................
Du Mont....................................................
Philco..........................................................
National......................................................
GE after 1949............................................
Zenith, RCA, and others after 1950.......
RTMA standards 1950 and thereafter. .
sets with intercarrier sound.

Video
IF, Me

Audio
IF, Me

12.75
19.5
25.75
25.8
26.1
26.25
26.3
26.4
26.6
37.3
45.75
45.75
45.75

8.25
15.0
21.25
21.3
21.6
21.75
21.8
21.9
22.1
32.8
4.5
4.5
41.25
4.5

UHF Converter IF’s
Manufacturer

GE beats to channels 5 or 6....................
Crosley beats between channels 6 and 7
RCA beats to channels 12 or 13.............

IF range, Me

76-88
122-132
204-216

TROUBLE-SHOOTING HINTS AND SERVICING NOTES

Defect. Stagger-tuned Video I-f Stages
Symptoms: 1. If misaligned: Picture weak or completely lost.
2. If inoperative: Loss of picture and possibly loss of sound.
3. Mistuned i-f trap at point where sound i-f is taken off: Weak sound,
sound bars in the picture.
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4. Misalignment of a trap tuned to 1.5 Me above the video i-f of the
receiver: Sound of lower adjacent channel may affect picture.
5. Misalignment of a trap tuned to 1.5 Me below the audio i-f of the
receiver: Video of higher adjacent channel may affect picture-.
6. Detuned i-f transformers: Weak or no picture, loss of picture detail.
7. If all tuned too close to same frequency: Oscillation may result.
Defect. Wide-band Transformer I-f Stages
Symptoms: 1. If all tuned too close to same frequency: Strong picture signal but
loss of fine detail.
2. If tuned to frequencies too far apart or mistuned: Weak picture
signal.
3. If primary open: No picture with low or no B-f- on tube also no
sound if intercarrier system is used.
Defect. Band-pass Filter-network I-f Stages
Symptoms: 1. If any one is detuned: Impossible to obtain correct over-all response
curve.
2. Open input coil: Weak or no picture, low plate voltage on tube.
Defect. Intercarrier I-f Stages
Symptoms: 1. If misaligned: Loss of picture and sound, or weak picture, distorted
sound.
2. Open circuit: Loss of both picture and sound.
REVIEW QUESTIONS

1. Name the four basic types of video i-f stages in common use.
2. In Figs. 13-1 and 13-2, which of the video traps is tuned first, and where on the
transformer is the adjustment located?
3. When adjusting trap 7’i03 of Fig. 13-1, should there be a minimum or maximum
reading on the meter? Explain why.
4. Briefly discuss the principle of stagger-tuned i-f stages.
5. When aligning the i-f stages of Fig. 13-1, why is this receiver switched to the
position between channels 2 and 13?
6. When adjusting 7\o2 at the bottom (Fig. 13-1) explain why the vacuum-tube
voltmeter is connected as shown, and whether the meter should indicate minimum or
maximum?
7. Why is it advisable to sweep-align transformers T\ and Tioi of Fig. 13-1 rather
than use the vtvm?
8. When aligning the over-all i-f system, at approximately what level on the curve
should the picture carrier appear?
9. Explain how the picture is affected when the picture carrier is located too high
or too low on the over-all i-f response curve.
10. In Fig. 13-5, why is L3os adjusted for minimum, while Lioo is adjusted for
maximum ?
11. What might be the effect on a received picture if the 4.5-Mc sound trap were
tuned above or below its correct value?
12. When using Table 13-2, to what various frequencies is the marker oscillator set
during the i-f alignment?
13. Explain briefly the difference between the intercarrier sound i-f and the inde
pendent i-f systems.
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14. How does the i-f response curve of a receiver employing intcrcarrier sound differ
from the curve in a receiver of the independent i-f type?
15. When the intcrcarrier sound system is used in a receiver, at what percentage
level on the i-f response curve is the audio carrier?
16. Is the chassis of all television receivers at B— potential? Explain.
17. When is it advisable to use an isolation transformer when doing television
servicing?
18. What is the frequency band pass of a normal video i-f response curve?
19. When might it be desirable to reduce the normal bandwidth of the video i-f
response curve?
20. Of the various types of i-f stages, which is the simplest to align? Explain.

CHAPTER 14

ALIGNING THE R-F AND OSCILLATOR SECTIONS
14-1. Response Curves of the Tuner. In Chap. 5 it was pointed out
that all television tuning sections are required to pass a band of fre
quencies approximately 6 Me wide. This is shown more clearly by the
generalized graph of the r-f band pass of Fig. 14-1. The response curve
must be so positioned that both the video and audio carriers, 4.5 Me
apart, will be located at or near the
Position of
Position of
peaks. Since this relationship holds
video carrier
audio carrier
for all channels, the front-end response
will be approximately the same for ajt
il k—4.5Mc-->| h
O'
each tuning position. It is not possi _S
I
l'
O
. I h-----6 Wc----- >|
ble to have all these curves exactly of
the same shape, but, as will be seen, a.
they will not vary a great deal. It is
advantageous for the student to inves
Frequency—►
tigate a properly working tuner, learn
Fig. 14-1. An ideal response curve of
the effects resulting from putting it out the television r-f tuner. The relative
of adjustment, and then restore it to positions of the incoming video and
its correct settings. Accordingly, the audio carriers are shown.
reader is first directed, if possible, to connect the test instruments to a
receiver front end and make observations. Perform these operations
cautiously. These are sensitive circuits and they must be handled with
great care.
14-2. Connecting the Equipment to a Single-ended R-f Tuner. For
the first example of r-f tuner adjustments, the three basic test instru
ments, alignment generator, oscilloscope, and vacuum-tube voltmeter
may be connected to the receiver chassis originally shown in Fig. 4-3 in
the manner now to be described. Be sure that the power switch of the
set is turned off and the antenna line disconnected. Observe that the
schematic diagram of Fig. 14-2 shows a terminal labeled “test conn.” on
Rl3 below switch *S4. Reference to Fig. 14-3a shows that the connection
to Ru is on the side of the tuner. The vertical input of the oscilloscope is
hooked to this point and the ground lead to the chassis. Receivers that
do not have this terminal should have the vertical-input lead of the oscil
loscope connected through a 100,000-ohm carbon resistor to the grid of
the mixer tube. Pull this tube from the chassis, wind the lead of the

5
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resistor once around the grid pin, and carefully replace it into the socket.
Again the serviceman is cautioned to make thorough ground connections
between the instruments and the chassis.
While studying 14-3a, comparison should be made with the full-chassis
drawing of Fig. 13-2 in the previous chapter. Tube Vios in the upper
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Fig. 14-2. A schematic diagram of a single-ended r-f tuner unit with test instruments connected for visual alignment. (RCA.)

left-hand section (Fig. 13-2) should be removed from the circuit, and a
250,000-ohin potentiometer connected as a variable resistor across ter
minals 5 and 6 of this tube socket. An inspection of the video i-f sche
matic diagram given in Fig. 13-1 shows that tube IGos is the AGC ampli
fier; it has now been replaced by the potentiometer. The purpose of this
is to have a manual means of controlling the r-f bias, which will be set at
— 3.5 volts. To measure this bias, the d-c lead on the vacuum-tube

Sec. 14-2]

ALIGNING THE H-F AND OSCILLATOR SECTIONS

309

voltmeter must next be connected between the lower side of Ri2 in Fig.
14-2, located in the grid circuit of r-f amplifier tube Vb and ground. It
can be made to the green lead, which is the AGC bus of the r-f amplifier,
connected to condenser Cm. Finally the output terminals of the align
ment generator should be hooked to the receiver antenna terminals when
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Fig. 14-3. (a) A partial top-view drawing of the television receiver chassis of Fig. 13-2
showing the test connection on the side of the tuner.
(b) A bottom view of the same chassis as Fig. 14-3 (a) showing the adjustment points on
the r-f tuner. (RCA.)

they have been wired for a 72-ohm input. Remove tube Fioi, the first
picture i-f amplifier, and the circuit is ready to be studied.
There are several methods for aligning the r-f section of a television
receiver. One procedure, which is relatively simple, is to feed a signal
into the antenna terminals and check the over-all response at the output
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of the video detector. This method, although often used in general
servicing, will not be discussed at this point. Instead, the r-f response
curves will be observed and crystal-control marker signals for both the
video and audio carrier frequencies will be employed. With the align
ment generator under discussion, this technique becomes quite costly if
all 12 channels are to be so aligned, because a total of 24 separate crystals
is needed. However, since the principle is identical for all channels, only
one case need be studied. In the VHF television band, channels 4, 7,
and 13 may be considered representative. Because channel 7 (174 to
180 Me) has the narrowest response of the high-frequency tuning positions
in the r-f section, it is chosen for initial adjustment.
14-3. Setting the Instrument Controls. Turn on the power of the
receiver and the test instruments. Allow a minimum of 10 min for a
warm-up period to stabilize the circuit functions, set the receiver channel
switch to 7, and have the fine-tuning control adjusted to the mid-position.
The settings of the instrument controls are as follows:

For the oscilloscope:
SWEEP SELECTOR to EXT SW
H. GAIN Oil
V. GAIN on
V. SENSITIVITY to X 100

For the alignment generator:
RANGE SELECTOR to 150-230 Me
frequency adjustment to 177 Me (mid-point of channel 7)
MEGACYCLE SWEEP to 10
OUTPUT CONTROL to 6
OUTPUT MULTIPLIER to X 10k
INT. MARKER not Used
MARKER INJECTION to 70
PHASING CONTROL to 0
FM-TV SWITCH to TV
Insert a crystal for 175.25 Me into the holder jack on the front panel

For the vacuum-tube voltmeter:
range to 10
SELECTOR tO —VOLTS

14-4. Observing the Correct Response Curve. When all the equip
ment is running, adjust the 250,000-ohm potentiometer, which is con
nected across the AGC tube socket, until the voltmeter-reads 3.5. The
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trace on the oscilloscope should form a pattern similaf to that shown in
Fig. 14-4 with one marker pulse or “pip” on the response curve. This is
in contrast to the manufacturer’s r-f curves of Fig. 14-6, showing two
marker pulses, and is due to the fact that only one marker signal is being
injected from the crystal oscillator at the moment. It may be that the
pattern does not have the appearance shown, and it will be necessary to
balance up the controls on the instruments in order to obtain the correct
curve. To do this, vary the horizon
Marker of
Dip should not exceed
tal and vertical gains on the oscillo
video carrier 30% of total height
scope and obtain a well-proportioned
trace. Next, vary the marker injec
tion until the pulse is quite small, but
clearly defined, and if the response
curve appears to be double or over
lapped with a second curve, the phas
ing control should be adjusted to give
Frequency —»a single trace. To avoid distortion of
the response curve, keep the output Fig. 14-4. A typical r-f response curve
for a television receiver front end with a
of the alignment generator and the video carrier marker in correct position.
marker down to the very minimum.
With a correctly proportioned r-f response curve it is now possible to
vary the trimmer adjustments of the tuner and observe the effects of
misalignment. While this is being done, the cover plate on the tuner
chassis must always be on.
14-5. Obtaining Incorrect Curves and Realigning. Refer to Figs.
14-3a and b, and, with the use of an appropriate nonmetallic alignment
tool, slowly vary condensers Cio and Ch- Check also with the schematic
diagram of Fig. 14-2 to determine where these components are located
in the tuner. Observe that the response curve will shift with respect to
the marker pulse one way or the other, and that, at the same time, the
peaks of the curve become somewhat unbalanced. Next, adjust Ch, and
observe that the curve becomes narrower, indicating that the bandwidth
has been reduced. While doing so, note also that the marker point will
change with respect to the peaks on the curve. The improperly aligned
curves and the incorrectly positioned video marker signal might have
the appearances as shown in Fig. 14-5a or 14-55. Gradually readjust
Cn to give the proper bandwidth, and Cio and Ch to reposition the
marker as it was when correctly aligned. Vary inductance L& in con
junction with slight adjustments of Cio and Ch, and note the effect upon
the flatness of the response curve. Arrange these adjustments so that
the video-carrier marker is no more than 10 per cent down from the top
of the curve, or in other words at least 90 per cent up the side. Now

iI

/

/

I
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remove the 175.25 Me crystal and replace it with one for 179.75 Me.
This is the marker equivalent to the sound carrier for the same channel,
and it should put a pulse on the other side of the response curve. The
position of this marker should also be within 10 per cent of the top of the
curve. If it is not, it can be adjusted by touching up trimmers Cio and
Ci4 very slightly.
With proper care, the problem of correctly aligning an individual r-f
channel is not too difficult a task. Fundamentally, it is a problem in
understanding how to use the several pieces of test equipment, and in
intelligently interpreting the results obtained on the meters and oscillo
scope. Each manufacturer provides instructions for the serviceman on
the particular models made. What trimmers to vary and what other

II

, Incorrect positions
of video marker

Frequency—>Frequency—*(a)
(b)
Fig. 14-5. (a-b) Incorrectly shaped r-f response curves of a television receiver front end,
showing incorrect positions of the video marker.

adjustments to make are given in consecutive order, so that patterns
similar to the one just viewed may be obtained.
14-6. Aligning and Checking All Channels. All the other channels
can be checked and aligned in the same manner as channel 7. Reference
should be made to the manufacturer’s r-f response curves shown in Fig.
14-6 as a guide for this work. Note that the curves show the approximate
positions of the marker pulses. Those on the left are the picture carrier,
and those on the right, the sound carrier. It is possible with some equip
ment to inject both video and audio markers at the same time. In order
to do this and have these frequencies crystal-controlled, more equipment
or more expensive types of instruments are needed. To have both these
markers at the same time is a convenience, but not a necessity.
After the response curve has been properly set for channel 7, the manu
facturer of this receiver recommends that the tuner be set for channel 12.
(204—210 Me), and that inductance L6 be adjusted for the maximum signal
consistent with wide-band response (see channel 12, Fig. 14-6). This
may be done by changing the frequency-adjustment knob of the align
ment generator to the center point of channel 12, which is 207 Me. No
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other controls need be touched, with the possible exception of the phasing
control, for obtaining a single trace on the oscilloscope. The crystal can
be removed, since this marker is not applicable to channel 12. If a crys
tal is available for cither the video or audio carriers, 205.25 or 209.75 Me,
either one might be inserted but they are not necessary to observe the
waveform. In the absence of the markers the curve, of course, will be a
smooth trace.
Pix
carrier

Sound
carrier

n
A
J 13 V
| Channel \

7 12 k

7 11 k

o /n• k
n /r\s k J 5 \
Channel
10

/ Channel \

/ ’ k

/ 1 k

C7
/ 4 k

I Channel \

J 1 k

/ 2 k

Fig. 14-6. Approximate r-f response curves for all twelve VHF channels of the r-f tuner
in Fig. 14-2 and the positions of the picture and sound carriers. (ftCA.)

The response of all channels from 7 through 13 may now be checked by
switching the tuner from one to the other, adjusting the alignment gen
erator to the mid-point of each channel in accordance with Table 14-1,
and observing the response on the oscilloscope. If marker crystals are
available for all these points, the marker pulses are to be maintained
within the response curve, if possible, but at no time should any one of
them be more than 20 per cent below the peak of the r-f curves. If this
condition does not exist for all channels of the high-frequency group, it
will be necessary to readjust Cio, On, Cu, and L6. It might be required
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Adjusting the Oscillator Section of R-f Tuners
Type Shown in Fig. 14-2

of the

Channel

Mid-point of
channel, Me

Local osc. of
receiver, Me

R-f sound
carrier, Me

Receiver osc.
adjustments

2
3
4
5
6
7
8
9
10
11
12
13

57
63
69
79
85
177
183
189
195
201
207
213

81
87
93
103
109
201
207
213
219
225
231
237

59.75
65.75
71.75
81.75
87.75
179.75
185 75
191.75
197.75
203.75
209.75
215.75

7/24
7/23

7/22
7/21

7/31
7/19
7/18

7/17
T/io

7/15
7/14

Co

to effect a compromise on some channels in order to balance the markers
on others. This situation is due to the fact that there are no individual
channel adjustments.
Attention should now be given to the lower-frequency channels and the
receiver should be set to channel 6. The alignment generator is adjusted
to 85 Me by means of the frequency adjustment, and the range selector
set to 75-115 Me. The video marker crystal would be 83.25 Me and the
audio marker 87.75 Me when used.
Coils Z/9, Lis,
13, Z/66, and condenser Ci2 are to be adjusted for a relatively
flat-top response curve as illustrated for channel 6 in Fig. 14-6 and the
markers positioned symmetrically within the curve. Of these adjust
ments, C12 will be found to vary the width of the response curve.
As in the case of the higher frequencies, the lower channels, 5 down
through 2 may now be checked by switching on the receiver alignment
generator and observing the resulting patterns. For channels 2, 3, and
4 the range selector must be changed to the 35-75 Me position. Again
it may be necessary to compromise the response curves for these channels
by adjusting points Z/9, ^13, Lee, and Ci2. A final over-all check should
be made for the 12 channels to see that each response has not been mate
rially altered. When this work has been done, the 250,000-ohm poten
tiometer may be disconnected from the circuit and tubes Vioi and Vios
may be replaced.
14-7. Aligning the Local Oscillator. Setting the exact frequency
of the local oscillator in a television receiver is easier than aligning the r-f
and mixer stages. It may be done with only the use of the alignment
generator and the proper crystals to maintain exact frequency. As an
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indicator, the loudspeaker of the receiver itself is often employed.
Remove the vacuum-tube voltmeter and oscilloscope connections from
the chassis. These devices may be turned off for the time being. The
controls on the alignment generator should be set as follows:

RANGE SELECTOR to SWEEP OFF
OUTPUT MULTIPLIER to X 10k
MARKER INJECTION to 100
INT. MARKER to MOD.
The other controls are not used
As will be recalled from the discussion in Chap. 5, this local-oscillator
circuit is known as a balanced-line type. The lower frequencies are
obtained by adding the inductances of the higher channels. Accordingly,
STATION SELECTOR

FINE TUNING

X.o
o erp
o) 8 Y 5 fo

L-TO REMOVE ESCUTCHEON, SLIDE
SPRING CLIP TO LEFT

(a)
■

— OSCILLATOR ADJUSTMENT
FOR CHANNEL NUMBER

(b)

Fig. 14-7. Drawings showing the front-panel view of the tuner in Fig. 14-2.
(a) shows the dial plate after the control knobs have been removed.
(b) shows the oscillator adjustments after the escutcheon has been taken off.

(RCA.)

it is necessary to align channel 13 first and then to work downward in
numerical order.
Set the receiver tuner to channel 13, and plug a crystal into the align
ment generator for the frequency of 215.75 Me. This is the same crystal
as the one which was used for the audio marker when aligning the r-f
section on channel 13. The alignment generator remains connected to
the antenna terminals, and the fine-tuning control on the receiver should
still be in the middle of its range for these adjustments.
Again it is presumed for the purposes of this part of the study that the
audio IF’s and discriminator sections of the receiver are properly aligned.
If this is not so, it is necessary to see that they are all in proper adjust
ment. If the local oscillator is already on exact frequency, it is possible
that no tone will be heard coming from the loudspeaker, but when slightly
out of adjustment, the 400-cycle modulated signal from the alignment
generator will be heard. To observe this effect, slowly vary Ce, as shown
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in the schematic diagram of Fig. 14-2, until the sound is audible. For
proper tuning C6 should be set at the point where the tone is no longer
heard. Inductances Li and L2 are factory-control adjustments and
should not be touched by the serviceman.
Switch the tuner to channel 12. Insert a crystal for the frequency of
209.75 Me into the generator, and adjust Li4. All the oscillator coil
trimmers are available from the front end of the tuner, as can be seen in
Fig. 14-75, after the dial plate of Fig. 14-7a has been removed. Condenser Co is found on top of the tuner, as shown in Fig. 14-3a.
The oscillator may now be tuned to the proper frequency on each
channel in order, by switching on the receiver, inserting the proper crystal,
and following Table 14-1. In each case, the proper setting is at the point
of minimum sound. At no time should it be necessary for the fine-tuning
control to be varied beyond the middle third of its range to obtain correct
Alignment
generator

I------------------- 1
A/WW—f-

---

t
I

I
4.
I

\R1

I
I

1

To 300^
balanced
receiver
input

J

Fig. 14-9. A balancing-pad network used to match a low-impedance signal generator line
to a 300-ohm balanced receiver input.

oscillator adjustment for any channel. When all inductances have been
properly tuned, it is advisable to start back at channel 13 and recheck to
make sure that all settings are correct.
When the oscillator section is aligned, the work on the entire r-f unit
of this receiver is completed. Although the audio method just described
will serve adequately for the majority of oscillator alignments, for a more
precise setting, the vacuum-tube voltmeter is often connected across the
output load of the sound discriminator and the circuit is tuned for mini
mum or zero response.
To show the similarity of alignments between the unit just completed
and a number of the others discussed in Chap. 5, a brief comparison is
given here and reference is made to their schematic diagrams.
14-8. Matching the Generator to a Balanced 300-ohm Input. The
13-channel balanced-line tuner originally shown in Fig. 5-5 has a 300-ohm
input. It is presented again in Fig. 14-8 for reference. Since the align
ment generator has low output impedance, it is advisable, although not
always necessary, to match the impedance between the generator and the
receiver by the insertion of a resistor network commonly called ^balancing
pad. Such a pad may be made of three carbon resistors and connected
in the manner shown in Fig. 14-9. A simple method for determining the
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required values of resistance is as follows: The shunt resistor R? must
be equal to the output impedance of the generator, for example, 72
ohms. The two series resistors should be equal and are found by sub
tracting the value of Ro from the input impedance of the set and divid
ing the answer by 2. For this case, 300 — 72 = 228 ohms. Therefore
Rx = 228 4- 2 = 114 ohms. For practical purposes these values do not
have to be absolute and a 70 or 75-ohm resistor may be used for R2, while
values of 100 ohms will serve for R^.
14-9. Instrument Connections to the Balanced Tuner. With the
generator properly matched to the receiver, the oscilloscope should be
connected through a 10,000-ohm carbon resistor to point IF, (Fig. 14-8)
at the far end of the converter line. The bias for the 6J6 r-f amplifier
tube should be adjusted by means of the contrast control to read —1.5

7901

AI9

A2O

A2I A30 A3I

Fig. 14-10.

(a)
(a) The left side and (b) the right side views of the
The identification numbers correspond with
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on the vacuum-tube voltmeter, which is connected to the center arm of
this potentiometer and ground. However, if the receiver employs AGO,
it will be necessary to remove the AGC tube and the circuit must be
jumped with a potentiometer, as was done in the case of the receiver pre
viously discussed.
14-10. Using the R-f Alignment Table. The receiver should be
allowed to warm up for the usual 10 to 15 min, and the alignment of the
front end may then be started. Most manufacturers provide instructions
to the serviceman in the form of an alignment table identifying the pro
cedure step by step. This procedure is given in Table 14-2. While
studying this outline, refer to the schematic diagram of Fig. 14-8, the
side views of the unit in Figs. 14-10a and 5, and the drawing of the channel
switch in Fig. 14-11. It will readily be appreciated that the alignment
table contains a great deal of information in concentrated form and simplifies the discussion of the procedure required for the work, This chart
should be studied very carefully and all its details gone over. Note that,
upon completion, a final check is always advised because of the possibility

V9O3
(6 J 6)

V9O2
(6J6)

T90I

V90I
(6J6)
C922
-C92I
~ L985

L984 —

balanced r-f tuner shown schematically in Fig. 14-8.
those of Fig. 14-8 and of Table 14-2.

{Admiral Corp.)
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Table 14-2. R-f, Converter, and Oscillator Alignment Data for Use
Balanced-line R-f Tuners of the Type Shown in Fig. 14-8
Step

Alignment
gen. con
nected to

Marker
crystal
Freq, Me

Freq,
Range
Oscilloscope Voltohmyst
selector adjust connected to connected to
ment
set at on gen.

saw

with

on

and
instructions
Bypass first
1-F grid to
ground
with 0.001
pfd.cond
Receiver on
channel 7

Reference

tuner

Contrast con Fig. 14-8
trol for —1.5 Fig. 14-10B
volts on meter

Fig. 14-8
Fig. 12-3
Fig. 14-I0A
Fig. 14-6
Center arm
Point W
Antenna ter
(channel 7)
of contrast Receiver on
through
minals
Fig. 14-6
183
181.25
150-230
3
10,000-ohm control and
through
(channel 8)
channel
8
185.75
chassis
resistor
matching
Fig. 14-6
Receiver on
187 25
150-230
189
4
pad
(channel
9)
channel
9
191 75
Fig.14-6
Receiver on
193 25
150-230
195
5
(channel
10)
channel
10
197.75
Receiver on Check respon:iso Fig. 14-6
150-230
201
199 25
6
(channel
11)
curveasabov
>ve
channel
11
203 75
Fig. 14-6
Receiver on
150-230
207
205.25
7
(clianncl
12)
channel
12
209.75
Fig. 11-6
Receiver on
150-230
213
211 25
8
(channel
channel
13
__
____________ 215 75__________________________________________________ ____________________ _____________13)
_
9 If the response on any of the above channels is below 70% for cither marker, readjust Ah, A is, Aig, Air to correct this
channel. Then rccheck all other channels.
Fig. 14-8
Receiver on
75-115
85
83.25
10
Fig. 12-3
channel 6
and
Fig. 14-10A
87.75
Fig. 14-6
(channel 6)
Same as
Same ns
Same as
Fig. 14-6
Receiver on A is, >li», 44m
75-115
79
77 25
11
An for re
step 1
step 1
step 1
(channel 5)
channel 5
81 75
sponse as in
Fig. 11-6
Receiver on
69
67 25
35-75
12
step 2
(channel 1)
channel 4
71 75
Check response Fig.
14-6
Receiver on
63
35-75
61 25
13
curveasabove (clianncl 3)
channel
3
65 75
Fig.
14-6
Receiver
on
57
35
75
55
25
14
(channel 2)
channel 2
59.75
Fig.
14-6
Receiver
on
47
35-75
45
25
15
_____ channel 1_______
(channel 1)
49 75_______________
icls
(1
through
6)
is
below
70%
for
either
marker,
readjust
Ais,
Ai»,
Am,
16
Iff the response
respon on any of the above channel
‘1 other channels.
to correct this channel. Then rccheck all
Fig. 12-3
Fine-tuning
Audio
17
centered for
modu
all adjust
lated
ments
Fig. 14-8
Receiver on A 22, A23 for
215.75
18
zero on
Fig. 14-10A
channel 13
VTVM or no
signal in loud
speaker.
Fig. 14-8
Receiver
on
A
24 as above
209 75
19
Fig. 14-11
channel 12
Receiver
on
A
js
as
above
203 75
20
. channel 11
Receiver on /I20 as above
197.75
21
1 channel 10
Receiver on A 2; as above
Across
audio
Not
used
Not
Sweep
off
191 75
22
Sarne as
discrimina | channel 9
user!
step 1
Receiver on Ass as above
tor
load,
or
185
75
23
channel 8
omit & use
Receiver on A •» as above
loudspeaker
179
75
24
channel 7
Fig. 14-8
Receiver on A an, A 3i as
87 75
25
Fig. 14-10A
above and
channel 6
equalize
lengths
Fig. 14-8
Receiver on A32 as above
81 75
26
Fig. 14-11
channel 5
Receiver on .4 33 as above
71 75
27
channel 4
Receiver on zf.i4 as above
65 75
28
channel 3
Receiver on .4 .is as above
59 75
29
channel 2
Receiver on .4 as as above
49 75
30
channel 1
Repeat steps 17 through 30 as a check.
31

2

175 25
and
179 75

150-230

177

Au, .4is, Aic
Air for
approx, flat
response of
curve. Mark
ers above
70%

i

I
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that circuit interaction may detune one part while the other part is being
worked on.
14-11. Aligning the 12-channel Turret. Representative of the turret
type tuners and their alignment
is a circuit previously discussed
/NOTE POSITION OF
SHARP TUNING DRIVE'
and shown in Fig. 5-13. Since
WHEEL DURING
the input to this r-f unit is both
OSCILLATOR
ALIGNMENT
72 ohms and 300 ohms, it is possi
A24^ T\A36
ble to use the alignment generator
without connecting it through a
A25
-W\ 2\ A 35
\
matching pad. The oscilloscope
x'\A26poO'
should again be connected through
fe) )(D)3)A34
A2T\9^X
a 10,000-ohm carbon resistor to
i
4/A33
point IK in the grid circuit of the
A28 \7
converter stage. To prevent the
J>^A32
NOTE
A2a
AGC from functioning, connect
POSITION OF
a jumper wire from the AGC bus
FLAT WHEN SER
FOR CHANNEL I
below /?io2 (47k resistor) to chassis.
F
ig
. 14-11. A drawing of the front end of the
This connection is left on for the
channel switch for the balanced-line tuner in
r-f and mixer alignment and the Fig. 14-10. The dial plate has been removed
from the panel to show oscillator adjust
contrast control is set at the
center of its range of rotation. ments. (Admiral Corp.)
Reference should be made to Fig. 14-12 for the positions of the trimmer
adjustments outlined in Table 14-3. It is interesting to note that for
the r-f and mixer stages it is normally necessary to align only one channel
in order to obtain the proper fre
quency-response curve. Here it
2maxC ® Al°
is recommended that this be done
Al—on channel 12.
2I.25MC
MIN.
The procedure for adjusting the
AI8
AI5
oscillator section of this unit is
6AG5
almost identical with that des
cribed for the tuner of Fig. 14-2.
Figure 14-13 shows how it is possi
AI7^
AI4
ble to reach each oscillator coil
AI6
VW
with the alignment tool from the
Fig. 14-12. A top-view drawing of the 12front end through hole H in the
channel turret tuner of Fig. 14-13, showing
the positions of the trimmers referred to in
end plate of the tuner. Again
Table 14-3. (Admiral Corp.)
the oscillator is set to the proper
frequency either by means of a vacuum-tube voltmeter connected in the
audio-detector circuit and tuned to zero, or when no sound is heard in
the loud-speaker. The sound-carrier frequencies in Table 14-1 should
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Table 14-3. R-f and Mixer Alignment
Sets with 94C8-2 (turret-type) tuner only
Disconnect antenna from receiver.
Before starting alignment, allow about 15 min. for receiver and test equipment to
warm up.
Connect sweep generator to antenna terminals.
Loosely couple marker generator to antenna terminal to obtain marker “pips” of
video and sound r-f carriers. To avoid distortion of the response curve, keep marker
generator output at a minimum, marker “pips” just barely visible.
Connect oscilloscope through 10,000-ohm resistor to point W (Fig. 14-12). Keep
oscilloscope leads away from chassis.
Set contrast control to — 1.5 volts (read at arm of control).

Step

1

2
3
4

5

6

7
8

9
10

11
12

Marker
gen.
freq., Me

Sweep
gen.
freq.

205.25*
209 75f

Sweeping
channel 12

211.25
215.75
199.2?
203.75

193.25
197 75
187.25
191.75
181.25
185.75
175.25
179.75
83.25
87.75
77.25
81.75
67.25
J71_75
61.25
65.75
55.25
59.75

13

11

10
9
8

7

Adjust

Check for curve resembling r-f response curve shown in
A. If necessary, adjust 4u, Au, and Ai« of Fig. 14-12
as required. Consistent with proper bandwidth and
correct marker location, response curve should have
maximum amplitude and flat-top appearance.
Check each channel for curve resembling r-f response
curve A. In general, the adjustment performed in
Step 1 is sufficient to give satisfactory response curves
on all channels. However, if reasonable alignment is
not obtained on a particular channel, (a) check to see
that coils have not been intermixed, or (6) try replacing
the pair of coils for that particular channel, or (c) repeat
Step 1 for the weak channel as a compromise adjust
ment to favor this particular channel. If a compro
mise adjustment is made, other channels should be
checked to make certain that they have not been
appreciably affected.

6
5

DIE SHOULD HOT
EICEED SOT. Of
TOTH HEIGHT

'^'IHIEI.
SQUID CH KE I
v IlllEt.
VIDEO Cilllfl

4

3
2

* Picture carrier frequency, Me.
t Sound carrier frequency, Me.

Fig. A.

R-f response curve.

Full skirt of curve will not be visible unless
generator-sweep width extends beyond 10 Me.
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be amplitude-modulated with an audio note and fed to the input of the
receiver. Thus the oscillator for each
channel of the turret tuner may be
properly set.
14-12. Inputuner Adjustments.
I
Perhaps the simplest of all r-f sections
AIO W
to align are those in receivers employ
ing Inputuners. Having at most
only four sliding contacts on the spiral
©
coils, there is little to get out of adjust
o o
H
ment. Accordingly, if the unit is
94C8-2
found to be badly out of order, the
A17
manufacturer usually asks that it be
-FRONT
TURRET
returned to the factory for replace
12^
SHAFT
ment. Any slight drift in the oscil
SPRING
s3
13
lator circuit which would tend to
2
FL AT OF SELECTOR
detune the set can be adjusted for by
SHAFT FACING COIL
FOR CHANNEL 3.
the main tuning control. Normally,
F
ig. 14-13.
A
front-view
drawing of the
tracking is not lost because of the
12-channel turret tuner showing hole
wide-band coupling circuits in a tele “H” through which the oscillator ad
vision receiver. The oscillator sec justments may be made. {Admiral
Corp.)
tion has a small variable inductance
Luo and a trimmer Cm as was shown in Fig. 5-16. These are tuned to

I

All

p

Dimension X is meosured

TO ADJUST TUNING SLUGS —
Push otm indicated Io the r«right
with reaped to the picture <ond
hold firmly ogamsl STOP whilo
making adjustment

1

from the end of the slug
to the end of the coil
form (which is not
olwoys flush with the
kelite support )

tf,/'//////////;

STOP

GREEN

BLUE

GREEN
BLUE
xp
'

WHITE

WHITE

(The ends of I be tuning slugs orc
painted os Indicated )
X

Dimension for White • 1

.

•

•

Blue

•

*

*

Green •

•

1-J-

Fig. 14-14. A drawing of the coils and adjustment-screw section of a permeability type
television r-f tuner. {Belmont Radio Corp.)

set the oscillator for proper tracking across the dial. This can be done
easily in any area in which some low channel such as 2 or 3 and a high
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channel 12 or 13 are operating, or with any r-f oscillator tunable to 54 and
216 Me. A check should first be made at the low end of the band, and
Ci is should be adjusted. Then the high end should be aligned by adjust
ing Luo- Only slight adjustments of the coil and condenser are needed to
balance the tuning for the entire range.
14-13. Aligning the Permeability Tuner. When the function of the
permeability tuner used in the Raytheon-Belmont set was discussed in
Chap. 5, its similarity to an AM broadcast receiver was mentioned. This
is also true of the Pilot capacity-tuned circuit. The serviceman will find
that the alignment procedure of these tuners is likewise similar to that of
the superheterodyne radio.

6BH6j

r..

High-0- 8
Low-—GH ’I-'
j?

Low.

“^*3

',V
25"
32

TOP VIEW OF :
TUNER CHASSIS
(a)
Fig. 14-15. (a) The top view of the tuner in Fig. 14-14.
(b) The method of setting the adjustment screws on the permeability tuner of Fig. 14-14
through the front panel of the receiver. (Belmont Radio Corp.)

The permeability tuner of Fig. 5-17a is again shown in Fig. 14-14 and
a top view of the tuner chassis in Fig. 14-I5a. The schematic diagram
was given in Fig. 5-18 and is again presented in Fig. 14-16. The long
screws around the main shaft are known as the “station-selector adjust
ments.” They are set to their approximate position at the factory but
may require final adjustment at the time the receiver is installed in the
customer’s home. Figure 14-156 shows how these screws may be reached
through the front panel of the set after the control knob has been slipped
off. Each one of these screws must be turned with the station on the air
until the maximum sound is received. At this point, dark horizontal bars
due to the audio note will be seen on the picture screen. The particular
selector screw should then be turned back just enough to make the “sound
bars” disappear. This is the proper setting for each channel, and when
so adjusted the control knob may then be finally replaced.
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If however, the variable-tuning cores are not in proper adjustment, it
will be necessary to set each “slug” in accordance with the dimensions
specified by the manufacturer in Figs. 14-14 and 14-15a. Trimmers C8
and Cig, Fig. 14-16 are alternately adjusted for maximum response and
proper bandwidth for the low-frequency channels, while C29 is the related
oscillator trimmer which shapes the curve. For the high-frequency
channels, the bandwidth is set by C- and C\.\ and finally shaped with C2aIt is of especial interest to note that these tuners are balanced first at the
high end, then the low end of the band. By so doing, all channels between
them will normally be aligned automatically. This technique is well
known to the radio man. Final peaking of the high and low bands is
obtained by adjusting trimmers Ci and C2, respectively, for maximum
input signal. Either of these condensers may be tuned somewhat to
favor a weaker station in that particular band if necessary. Often, to
simplify the alignment by the response-curve method, the oscilloscope
may be placed at the output of the video second detector rather than at
the grid of the mixer tube. In this procedure, the signal is sent through
the r-f and i-f stages, and the front end is aligned from the over-all
response curve. This method is similar to that used for radio
receivers.
14-14. Aligning the Variable-condenser-tuned Circuit. The align
ment procedure for the variable-condenser-tuned circuit of Fig. 5-19 is
similar to that of the permeability tuner. The circuits are aligned by the
use of a trimmer and padder as in standard broadcast receivers. Because
the r-f and mixer circuits are tightly coupled to give a very wide band
response, it is rare that these coils ever need be adjusted. Commonly,
the attention of the serviceman is required only for the two oscillator cir
cuits. The low- and high-band oscillators may be aligned by the audio
or vacuum-tube voltmeter methods previously outlined. In the first
case, the alignment generator is used to feed an audio-modulated carrier
for channel 2. The variable-tuning condenser should be completely
closed, and tuning slug £1 on the diagram should be adjusted until no
sound or audio energy is indicated at the sound detector. Next, the
variable condenser is opened completely, a modulated audio carrier for
channel 6 is introduced, and trimmer T2 is aligned for minimum output.
This procedure should be repeated at both ends of the dial several times,
to ensure accuracy. The same method is employed for the high band of
channels. The band-selector switch is set to the “high-band” position,
the variable tuning condenser is completely closed and a modulated audio
carrier for channel 7 is fed in. Slug S3 is now adjusted for minimum
audio output. When the condenser is fully opened and a signal from the
audio carrier of channel 13 is being received, trimmer Ta is finally adjusted.
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This procedure should also be repeated at both ends of the dial several
times.
14-15. Two Intermediate Frequencies for Intercarrier-sound Sets.
For some of the previously mentioned receivers on the market with an
intercarrier sound system in which the local oscillator is tuned above the
incoming carriers for all low-frequency channels and is below the incoming
signals for all the high-frequency stations, the method for r-f alignment
is essentially the same as for receivers having the oscillator above the
incoming signals for all channels. The oscillator is merely adjusted below
each of the high-frequency carriers by an amount equal to the particular
intermediate frequency selected for this band. It is important to note,
however, that this may not be the same frequency as that used for the
lower frequency channels. Thus, for example, the local oscillator may be
26.1 Me above the video carriers for the stations in the low band, and at
the same time be set at 22.1 Me below the high-frequency video carriers.
To be sure of the correct setting on all receivers employing this type of
adjustment, the serviceman should be careful to follow the manufacturer’s
data precisely. An example of this is shown in Table 14-4, where the
Table 14-4. Local-oscillator Frequencies above the Incoming Carriers for
Channels 2 through 6 and below the Carriers for Channels 7 through 13

Channel

Local-osc.
freq., Me

Video
carrier
freq., Me

2
3
4
5
6

92.55
98.55
104.55
114.55
120.55

55.25
61.25
67.25
77.25
83.25

7
8
9
10
11
12
13

141.25
147.25
153.25
159.25
165.25
171.25
177.25

175.25
181.25
187.25
193.25
199.25
205.25
211.25

data for the National Television receiver is presented. Observe that the
local oscillator is 37.3 Me above the picture carrier for all low-band sta
tions, and 34 Me below the picture carrier on all high-frequency channels.
Many Zenith receivers also have the oscillator above and below the
incoming carrier. In some sets the frequencies are 45.75 Me above for
the lower bands and 42.75 Me below for the higher channels.
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TROUBLE-SHOOTING HINTS AND SERVICING NOTES
Defecl. R-f Tuner Section
Symptoms: 1. If response curve is too narrow or incorrectly positioned: Weak
sound, loss of picture detail.
2. Defective circuit: Both picture and sound weak or lost.
3. Bad switch contacts: Noise when tuned or picture jitters.
Defect. Line-type or Additive-coil R-f Tuner
Symptoms: 1. Open coil: All channels inoperative below defective coil.
2. Mistuned coil: All channels are detuned below this coil.
Defect. Turret Tuner or Single-coil Type
Symptoms: 1. Defective coil or switch: Picture and sound lost on single channel.
2. Detuned coil: Sound weak or distorted, loss of picture detail on
single channel in question.
Defect. Permeability Tuner
Symptoms: 1. High- or low-frequency tuning coil or change-over switch defective.
2. All channels of one group (high or low) inoperative.
3. Trimmer condenser mistuned: All stations of one group (high or
low) fail to track or to come in at calibrated points on dial.
Defect. Condenser-type Tuner
Symptoms: 1. Shorted condenser plates: Loss of picture and sound on all channels
of one group, high or low.
2. Bent condenser plates: Receiver fails to track or shorts out on
some channels.
REVIEW QUESTIONS
1. Why is the bandwidth response of a television r-f section wider than the i-f
section?
2. When aligning the r-f unit of Fig. 14-2, why is a potentiometer used in place of
the AGC amplifier tube (see Fig. 13-1)?
3. When observing the r-f response curve of a television tuner, where is the oscillo
scope normally connected in the circuit?
4. Explain briefly what two methods may be used for aligning the r-f section of a
television receiver.
5. If the entire receiver were out of alignment, would the r-f section be the first
circuit to be aligned? Explain why or why not.
6. If a response curve on an oscilloscope appears overlapped with a second curve
of the same type, what adjustment of the alignment generator should be made to
eliminate the second curve?
7. Why should the output of the alignment generator and the marker be kept
at a low value while the receiver is being aligned?
8. Why is it important to use a nonmetallic screw driver for r-f alignment?
9. What effect is created in the response-curve pattern when Cn of Fig. 14-2 is
varied?
10. When properly adjusted, what are the minimum heights for the video-carrier
and sound-carrier markers on any r-f response curve?
11. Give a brief step-by-step procedure for aligning the local-oscillator circuit of
Fig. 14-2.
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12. Describe how a low-impedance alignment generator can be made to match a
balanced»300-ohm input of a receiver.
13. Explain why it is important to make a final over-all check after the alignment
steps have been completed.
14. From an investigation of the diagram of Fig. 5-13, explain why it is reasonable
to expect that it is usually sufficient to align only one channel in the r-f and mixer
section in order to obtain a satisfactory r-f response curve for all channels.
15. In Fig. 14-16 is it necessary to align the r-f section for each channel separately?
Explain.
16. Is the local-oscillator frequency adjusted above the incoming r-f carriers in all
television receivers? Explain.

CHAPTER 15

RADIO-TELEVISION COMBINATIONS

The serviceman’s greatest technical ability and most diversified knowl
edge are brought into use when servicing television-radio-phonograph
combinations. The many styles of receivers and the interaction of the
various sections in a combination set provide new problems for the technician. Although the alignment procedures for the AM and FM radio

Fio. 15-1.
Corp.)

An AM-FM radio-television-phonograph combination receiver.

(Admiral

sections are similar to those for the sound portion of the television set,
some differences do exist and additional test equipment is usually
required. As was suggested in the Introduction, the student of television
servicing usually has a fundamental background of radio-receiver servic
ing. He will, therefore, find that the material presented in the following
pages will supplement his general knowledge and relate it more closely
with the television servicing work studied up to this point.
330
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15-1. AM-FM-radio-television-phonograph Combination. A very
popular radio-television-phonograph combination is the receiver shown
in Fig. 15-1. This set is in many ways similar to the model of Fig. 1-6
made by the same manufacturer. A notable difference is in the record
changer. This is discussed in the following chapter. The AM and FM
radio receiver is mounted in the same housing with a three-speed turn
table and automatic record changer. The entire unit swings out of the
FM antenna
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Fig. 15-2. A functional block diagram of the AM-FM radio-television-phonograph combination receiver of Fig. 15-1.

cabinet on a tilt-out mechanism as the cabinet door is brought forward.
The television section is housed entirely within the right-hand half of the
cabinet and employs circuits which have already been covered in detail.
To appreciate more clearly the relationships between various sections
of the combination, refer to the functional block diagram of Fig. 15-2.
Here it will be observed that the AM-FM-radio and phonograph turn
table are designed to feed into portions of the existing television receiver.
This is accomplished by a simple switching arrangement that permits the
audio-amplifier section of the television set to be used with any of the
other types of service. No audio amplification is designed into the units
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which are added to the television. The complete television set is shown
in the figure within the area indicated by the dashed lines.
The r-f input to the AM-FM chassis is fed by separate antennas which
are built into the back of the console cabinet. These are in addition to
the outside antenna or in some cases another built-in antenna designed
solely for television reception. Since the radio chassis is completely
separate from the television section, it may in some instances be serviced
•independently of the other units. However, when it is necessary to have
operating voltages in the radio unit the sections must be connected
together since the power supplies are common to all services.
When the student has obtained an over-all functional picture of the
combination receiver from the block diagram, a detailed study should be
made of the schematic diagram of the entire set given in Fig. 15-3. This
diagram will also prove beneficial in helping the reader to locate the vari
ous partial circuits which were presented in the earlier chapters, where the
television portion was being described. In spite of the apparent over-all
complexity of this circuit an understanding of the portions of the circuit
already covered will enable the reader to analyze this entire system and
reduce it step-by-step to the relatively simple function which each section
performs. At this point only the radio and phonograph have yet to be
discussed.
15-2. Servicing the Radio-tuner Chassis. If it becomes necessary
to service only the radio-tuner chassis of the receiver shown in Fig. 15-1,
the complete radio-phonograph unit does not have to be removed from
the cabinet. The radio chassis is housed in the front portion of the radio
record-changer unit, and the tuner may be readily taken off by following
a series of simple steps. These are presented to show the student the
general nature of this type of work.
1. The cable connectors from the television and power-supply chassis
are disconnected first.
2. Two screws will be found on each end of the radio-panel cover, and
three screws and washers are underneath the unit along the bottom seam.
Remove all seven of these screws.
3. Next remove the cable clamp on the underside of the housing unit.
4. While pulling the radio chassis slowly forward and down, reach in
and disconnect the phonograph plug. The tuner may then be pulled
farther forward until the leads from the FM antenna tighten up.
At this point it is possible to reach the oscillator and antenna trimmer
adjustments without disconnecting the entire assembly. Only the above
steps need be followed if a touch-up adjustment is needed. However, if
it becomes necessary to disassemble the entire tuning unit, the following
additional procedure must be carried out.
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5. Remove the two hex-head screws which are used to hold the AM
antenna to the back of the turntable housing.
6. After unsoldering the leads from the AM antenna, remove the bright
metal shield and the wooden spacers that are found between the antenna
and the record-changer housing.
7. When the FM antenna leads have been unsoldered from the ter
minals on the rear of the cabinet, it will be possible to remove the entire
radio-tuner chassis.
8. Five round-head screws will be found on the bottom side of the tuner
housing. When these screws are taken out and the tuning knobs
removed, the front escutcheon and front cover may be taken off.
When the above procedure has been followed, the tuner unit will now
appear as shown in Fig. 15-4. As seen here, the chassis is hidden from

A

2 TURNS

D
E
Fra. 15-4. A drawing of the radio tuner section of the combination receiver of Fig. 15-1,
showing the chassis cover and dial-cord assembly. (.Admiral Corp.)

view by the cover assembly on which the slide-rule dial and drive pulleys
are mounted. Although not shown, the numerals of the slide-rule dial
are on the vertical strip behind the dial indicator. This drawing is also
useful to the serviceman if it becomes necessary to restring the dial cord.
The final three steps will remove the chassis from the cover assembly.
9. Unhook the dial-cord tension string at point A of Fig. 15-4, and,
while maintaining tension on the cord, hook the spring to the metal tab
B which is placed there for the purpose of servicing.
10. Remove the six hex-head screws C on the back of the cover assem
bly. Two of these screws are not shown in the figure.
11. Finally, remove the brackets holding the pilot-light sockets and
the two hex nuts D and E on the control shafts. Carefully slide the tuner
chassis out from behind the cover assembly. It is now possible to reach
all trimmers and electrical components for servicing.
As with the alignment procedures for the video and sound sections of
the television receiver, careful and exacting work is required in the align-

I
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merit of the AM and FM radio tuner. There is often the tendency for
. the serviceman to assume that the receiver needs realigning, when in
reality under normal operating conditions and usage the aging of r-f and
i-f circuits will not appreciably misalign them. Poor tone quality and
lack of sensitivity may be due to causes other than detuned circuits.
Accordingly, it is always advisable not to attempt to realign the receiver
until all other possible causes have been investigated.
If it is found that a complete realignment of the radio tuner is neces
sary, a brief study of the circuit diagram in Fig. 15-3 will show that the
AM and FM alignments may be made independently of each other.
Under these circumstances, the tuner chassis must be removed entirely.
However, as was previously mentioned, if only the oscillator and antenna
trimmer adjustments have to be made the tuner may be left assembled.
15-3. Instruments for AM-FM-radio Alignment. The television
alignment generator used throughout many of the preceding chapters is
not designed for AM and FM radio tuners. In its place, a signal gen
erator of the type commonly used in standard radio servicing will be
employed. Since frequencies as low as 455 kc aaid extending up through
110 Me at the top of the FM band will be encountered, it is advisable to
choose a single generator which will provide these frequencies either
entirely on fundamental frequencies or the higher values on relatively
accurate harmonics. Representative of the reasonably priced signal
generators fulfilling these conditions is the Triplett Model 3432, shown in
Fig. 15-5.
This instrument covers a range from 165 kc to 120 Me in seven bands.
Frequencies from 36 to 120 Me are on harmonics of sufficient accuracy
for the FM-alignment work. The generator has internal modulation
which may be varied between zero and 100 per cent at 400 cycles. This
may be used to provide a clear audio note in the loud-speaker while the
tuner is being aligned.
Although some servicemen align radios solely by listening to the audio
note at the loud-speaker, greater accuracy is usually obtained by the use
of an output meter connected either in one of the audio stages or across
the voice-coil terminals of the loud-speaker. Any a-c voltmeter of 1,000
ohms per volt or better having a 3- or 5-volt scale may be used as an out
put meter. In most cases it is advisable to use a 0.5-mI condenser in
series with one lead of the meter to protect it against any d-c voltages
that may be in the amplifier circuits to which the meter is connected.
The 3-volt a-c scale of the vacuum-tube voltmeter that has been used
throughout the preceding chapters will make a very satisfactory output
meter. It is simply necessary to use the a-c test lead with the diode
probe connected to the VTVM, set the instrument for 3 volts a-c and
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follow the alignment procedure as given in Table 15-1. Here the use of
the probe eliminates the need for an external d-c blocking condenser.
15-4. Aligning the AM-radio Section. Before proceeding with the
complete alignment, certain important preliminary alignment steps must
be followed. The television chassis should be connected to the power
supply unit during all this work. The power cable to the radio tuner
must be reconnected, as must other electrical connections, such as the

"■'.ouinn

Fig. 15-5. An AM signal generator designed for general radio servicing work. Because
it has frequency ranges up to 120 Me it also has convenient applications for FM and tele
vision servicing. {Triplett Electrical Inst. Co.)

loop antenna. The FM antenna is not used during this time. When
aligning the IF’s use an insulated alignment tool with a J^-in. wide screw
driver blade to avoid splitting the slotted head of the iron-core slugs in
the transformers. Be careful not to exert too much pressure with the
alignment tool, as the threads of the slugs may be stripped.
When the instruments are connected to the radio tuner and given suffi
cient time to warm up, the dial settings specified in Table 15-1 should be
made. Note that the AM loop antenna must be reconnected and placed
in the same relative position to the chassis as it was when mounted in the
cabinet. This is particularly important when following Step 3 of Table
15-1. Figure 15-6 should be consulted in conjunction with the AM
alignment procedure since it shows where each of the adjustments is
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Table 15-1. AM Alignment Procedure
Connect output meter across loud-speaker voice coil.
Turn receiver volume control fully on: tone control fully clockwise.
Band switch in am position.
tel-phono-radio switch in radio position.
am loop antenna must be connected and placed in the same relative position to the
chassis as when in the cabinet.
Use lowest output setting of signal generator that gives a satisfactory reading on
meter.

Step

Connect signal
gen.

Condenser used
as dummy an
tenna between
radio and signal
gen., nf

Signal
gen.
freq.,
kc

Receiver dial
setting

Adj. trimmers
in following
order to max.

Be sure to follow instructions in Sec. 15-4, “Aligning the AM-radio Section.”
1

Gang condenser
antenna stator

0.1

455

Tuning gang
wide open

*A-B (2d IF)
*C-D (1st IF)

2

Lug on AM an
tenna stator

0.1

1,620

Tuning gang
wide open

E (oscillator)

3

Place generator lead close to loop
of set to obtain adequate signal.
No actual connection (signal by
radiation)

1,400

Tune in signal

]F (antenna)

* Trimmer adjustments A and C made from underside of chassis (see Fig. 15-6).
t AM antenna trimmer adjustment F in Step 3 should be repeated after set and antenna have been
installed in cabinet.
Important: AM antenna trimmer may not peak if antenna leads are not routed or separated ns
originally made.

located on the chassis and the loop antenna. It will also be noted from
Table 15-1 that when aligning the antenna trimmer, no actual connection
from the generator to the antenna is made. In all cases the adjustments
should be made for maximum reading on the output meter. Keep the
signal generator energy just high enough to give a satisfactory reading on
the meter.
15-5. Aligning the FM-radio Section. The alignment of the FM
section of the receiver requires extreme care and accuracy. It may be
done with the vacuum-tube voltmeter and AM signal generator already
used to align the AM section of this tuner. However, in this case the
3-volt d-c scale of the VTVM is used for output indications.
If the serviceman does not have a signal generator that is calibrated up
into the FM band (88—108 Me), it is possible to use any generator on the
harmonics of the lower frequencies, providing that these harmonics are
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sufficiently strong to give a substantial reading on the output meter. In
the alignment procedure for the FM tuner given in Table 15-4, specific
points of 109, 106, 92, and 87 Me are required. For the signal'generator
that is not calibrated in this range, the data in Table 15-2 may be used for
harmonics of lower frequencies. Set the generator for the highest avail
able frequency in any one column.
Table 15-2.

SlGNAL-GENERATOR FREQUENCIES WHOSE HARMONICS Can Be USED
to

Align FM Tuners

109.0 Me 106.0 Me
54.50
36.33
27.25
21.80
18.17

53.0
35.33
26.5
21.2
17.66

92.0 Me j 87.0
46.0
30.66
23.0
18.4
15.33

Me

43.5
29.0
21.75
17.4
14.5

Besides the important preliminary alignment steps given for the AM
tuner, there are certain additional steps necessary when adjusting the
FM section. The twin-lead transmission line that was disconnected from
the FM antenna should be stretched out to full length when the r-f section
is worked on. In FM alignment, it is essential that every step be fol
lowed, and in the sequence given in Tables 15-3 and 15-1. It is especially
important that very careful work be done in determining the center of
the i-f curve, as explained in Step 4 of Table 15-3. At this time it may
be necessary to estimate the dial readings on the signal generator to a
tenth of a division. Even if only a portion of the FM unit is being
aligned, all remaining steps must be followed to the end of the procedure.
While using the information of Table 15-3, reference should be made to
the schematic diagram of Fig. 15-3 and the chassis layout of Fig. 15-6.
It will be observed that in Steps 1 and 2 the output of the signal generator,
10.7 Me, is fed to the control grids of the 6AB6 i-f amplifiers through a
0.001-^f condenser. During this entire procedure, the tuning condensers
are wide open and the vacuum-tube voltmeter is connected to point P as
shown in Fig. 15-6. This is one side of a balanced ratio detector, as can
be verified from the schematic diagram of Fig. 15-3. In the first three
steps, the alignment is for maximum indication on the VTVM. The
signal generator should be periodically reduced so as to keep the output
voltage no greater than 1.5 volts. When the vacuum-tube voltmeter is
connected to point R of the circuit in Step 5, it will be advisable to set the
instrument for zero center so that the ratio detector may be easily bal
anced between the — and 4- indications*.

J
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FM IF

and

[Sec. 15-5

Ratio-detector Alignment

Keep output indicator leads well separated from signal-generator leads and chassis wiring.
Band switch in FM position.
TEL-piiONO-iuDio switch in Radio position.
_
While peaking IF's, keep reducing signal generator output so VTVM reading is approximately
l.o
volts d-c with exception of Step “5.
FM antenna disconnected during alignment.
_
„
n
—i:— u
n—
’> all
•
-.............................
■
’’ Section."
‘—
Before --------proceeding,
be----------surer.to
follow
steps >listed• ■in Sec. -15-5,
"Aligning the
FM-radio
Step
1

2

3

Connect signal gen.

Gen. Freq.

Through 0.001 cond.
10.7 Met
to pin /I of 6BA6 2d
IF. (Ground
to
chassis, close to tube.)
* Through 0.001 cond.
10 7 Met
to pin #1 of 6BA6 1st
IF. (Ground
to
chassis,close to tube.)

Receiver
dial setting

Output indicator and
special connections

Adjust as follows,
very carefully
G (ratio-detector pri
mary) for maximum
reading on VTVM

Tuning
gang wide
open

Connect VTVM (d-c
probe) from point P
to chassis, (see Fig
15.6)

// and I (2d i-f trans.)
for maximum read
ing on VTVM

10.7 Met

J and K (1st i-f trans.)
for
maximum
on
VTVM.
Readjust
G. H. I. J, K, for
maximum; keep re
ducing generator out
put to keep VTVM
at 1.5 volts.
(a) Reduce output of signal generator until V'f’VM reads exactly 1-5
volts d-c.
(b) Tune generator frequency above 10.7 Me until VTVM reads
exactly—1.0 volt. Note exact generator frequency. Extreme care in
reading this is essential.
4
Across ends of FM an-1
(c) Tune generator frequency below 10.7 Me until VTVM reads exactly
tenna twin lead
—1.0 volt. Note exact generator frequency. Extreme care in reading
this is essential.
(d) Add generator frequency in Step 4c to generator frequency in
Step 4b and divide by 2. The result is the center frequency of the i-f
curve to be used in Step 5. See example under heading “Setting
Signal Generator to Center of i-f Selectivity Curve.’’
(e) Tune generator frequency above and below 10.7 Me and note volt
age reading on VTVM at different frequency' points until you have a good
impression of the shape of the selectivity curve. If you have two peaks
as in D or E, note readings (voltage) of both peaks. If one peak isover
20 per cent higher than the other one,
one it will be necessary to realign
reahgi Ir s.
A selectivity curve that would
realignment
is illustrated in /■'.
_______require
realignment
is illustrated
5
-----of
,
.I Tuning
...
....................
sec
Center
Connect ........
VTVM
(d-c IjL (ratio-detector
(ratio-dctcc
i-f selectiv-i1 gang wide
ondary) for sere.volt
probe) from point R
ity curve 'I open
age reading on V 1 V al.
to chassis, (see Fig.
per Step
(The correct zero point
15-6)
‘id above
is located between a
positive and a nega
tive maximum.)
Note: Trimmer adjustments G, 11, and J made from underside of chassis.
If any adjustments are very far off, it is desirable to repeat Steps 3, 4, ana o.
* Do not feed i-f signal into converter grid as this will cause misalignment.
t Signal may be unmodulated or amplitude-modulated at 400 cycles.
Setting Signal Generator to Center of I-f Selectivity Curve
Caution: Because of the difficulty of
setting a signal generator to the ac
curacy required by this operation, ex
100 \______
treme care must be exercised in making
80
eoT
each setting. Otherwise, improper align
K.C. K.C.
ment of the ratio detector and conse
quent audio distortion will result.
10.7 M.C.
10.72 M.C.
Example: See Figs. A and B.
Voltage reading in Step 4a is —1.5
volt.
10.8 M.C.
10.64 M.C. 10.8 M.C.
10.64 M.C.
Generator frequency on lo'
.ow side of
10.7 Me for a reading of — 1 volt
FIG. A
FIG B
d-c = 10.640 Me.
Generator frequency on
TYPICAL SELECTIVITY CURVES
'*n high side of
10.7 Me for a reading
ng of — 1 volt
d-c - 10.800 Me.
Center frequency is Ouvuuiea
oy
obtained by
adding 10.640 and 10.800, then
dividing by 2. For these read
ings it will be 10.72 Me.
Set generator frequency to 10.72 Me
as this is center of selectivity
curve as shown in Fig. B.
Note: Numerical vernier-dial read
FIG. F
FIG. C
FIG. 0
FIG. E
ings may be used instead of megacycles.

y
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The final alignment in the FM section is that of the r-f unit, as given in
Table 15-4. Reset the vacuum-tube voltmeter for the — 3-volt d-c scale
and reconnect it to point P as seen in Fig. 15-6. From the data of Table
15-4, note that the signal generator is connected to the FM transmission
line through a 120-ohm carbon resistor on each side of the line. The
points of adjustment for each step in Table 15-4 may be located by refer
ence to Fig. 15-6.
TRANSMISSION LINE

o

FM
-ANTENNA
COIL

(gjPHONO

R

2ND. IF
AM

"N
*fV
— AM

B\ A

jK -M

ANTENNA
STATOR

— C“ OSC.
L- AM

I
2ND. IF ij

fm

n

1ST. IF
FM

(a)

AM ANT

i

(b)
Fig. 15-6. (a) A drawing of the top view of the AM-FM tuner chassis of the combination
receiver of Fig. 15-1.
(b) The AM loop antenna used with this receiver. (Admiral Corp.)

A special procedure is required for setting the tuning condensers at 106
Me, as outlined in Step 4 of Table 15-4. The student will find similar
processes necessary for many other radio tuners that must be aligned with
the dial removed. The method given here will serve as a guide for other
sets. Turn the drive drum until the condensers are fully open. Make a
pencil line on top of the drum as shown at the 109-Mc point in Fig. 15-7a.
Note that the pencil mark is made on the drum directly across from the
end of the chassis. Now the drum may be rotated counterclockwise until
the pencil mark assumes the position shown by the dashed line in the
drawing. At this point the tuning condensers arc set at 106 Me. When
it becomes necessary in Step 5 to set the tuning condensers at 92 Me,
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Table 15-4.

Step

Connect
generator

Genera
tor fre
quency,

Me
1

109f

2

109

3

4

5

To ends of
FM an
tenna twin
lead
through
120-ohm
carbon re
sistors in
series with
each gen
erator lead.
Stretch twin
lead cable
to full
length dur
ing this
alignment.

87

10G

109

[Sec. 15-5

FM R-f Alignment Procedure

1
Receiver
gang or dial
setting

Output
connections

Adjust as follows
(very carefully)

| M (oscillator) for max1 iinum*__________
* Adjust N (antenna)
for maximum VTVM
reading, while rock
Gang fully
ing signal generator.
open
I If trimmer does not
peak, it will be neces
sary to squeeze or
spread turns of FM
antenna coil.____ _
Tune in sig
If signals in Steps 1
nal (gang
and 3 will not tune in
should be
at gang tuning ex
closed or
treme (within 0.5
almost
Me), it will be neces
closed)
sary to spread or
squeeze oscillator-coil
Connect VTVM
turns and then repeat
(d-c probe)
steps 1 and 3 until
from point P
correct results are
to chassis
obtained._______
At 106 Me
Readjust M (oscilla
See Figs.
tor) for maximum.*
15-7a
and b
Gang fully
Readjust N (antenna)
open
for maximum VTVM
reading, while rock
ing signal generator.
Check tracking and
calibration at 106and
92 Me. See Fig. 157a and b. Calibra
tion error should not
exceed ±0.5 Me. If
necessary, repeat
alignment until cor
rect results are ob
tained.*

*‘!?8Ub,C tO adjU8t «c«e™tor output so VTVM readings do not exceed approx. —1.5 volts d-c
while peaking.
t Signal may be unmodulated or amplitude-modulated at 400 cycles, If your signal generator does
not reach this frequency, use harmonics as described.
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rotate the drive drum until the pencil mark is directly above the notch as
indicated by the second dashed line of Fig. 15-7a.
15-6. Checking for Proper Dial Calibration and Tracking. Upon
completion of the AM and FM alignment, the chassis should be reassem
bled in its cover and the dial cord reconnected to the drive drum. It is
now necessary to check the dial calibration to see that it conforms with
the alignment. To do this signals should be fed into the receiver at
several frequency points along the dial. With the condenser fully closed,

jl

o

109 MC-^
GANG FULLY
OPEN

106 MC

92 MC
(a)

stanoaro
FREQUENCY

pg QQ 7Q QQ IQQ ]£Q I4QJ5Q BRO>OC*<T
1 85 90 52 ' 95 ’ 100 ’ 104’

IOS ‘

MODULATION

|

K-----WITH GANG FULLY CLOSED. SET POINTER
AT DIAL SETTING SHOWN HERE.

(b)
Fig. 15-7. (a) A partial drawing of the AM-FM tuner chassis of the combination receiver
of Fig. 15-1, showing the method of marking the condenser drive drum to correspond to
certain specific frequency points on the FM section of the dial.
(b) A drawing of the AM-FM dial of the same receiver. (Admiral Corp.)

set the pointer on the dial as illustrated in Fig. 15-76. Now open the
tuning condenser fully. The pointer will shift to the 109-Mc position on
the dial. If the signal does not conform with the numbers at the various
points along the dial, repeat the steps in Table 15-4 and touch up the
condensers slightly. Since tracking is the ability of the local oscillator
to follow above or below (usually above) all the incoming r-f signals by a
frequency difference equal to the IF, this must also be checked as the dial
points are calibrated. If it is found that the oscillator holds tracking for
all of the points listed in Table 15-4, it may be considered well aligned.
Should calibration or tracking be slightly off it may be necessary to repeat
some of the steps to pull them in. Do not fail to make the same calibra-
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tion and tracking checks for the AM tuner, For this the 550 kc, 1600
kc, and 1000 kc points may be used.
The entire radio-tuner unit may now be replaced in the cabinet by
reversing the steps followed when taking it out. When the AM antenna
has been reinstalled, trimmer condenser F, shown in Fig. 15-65, should be
adjusted in accordance with Step 3 of Table 15-1 to insure accurate
alignment.
15-7. FM-radio Tuner with a Reflex Circuit. Another popular radio
television-phonograph combination is shown in the diagram of Fig. 15-11.
This set is designed for both AM and FM reception and may be used with
a built-in antenna or an external FM dipole. As can be seen from the
diagram, when operating on AM, the receiver is a five-tube set in which
the signal goes directly to the converter grid. The r-f stage on FM
employs a reflex circuit, a study of which is of particular importance to
the serviceman because its use is not prevalent in general radio work.
The FM section also has a standard discriminator for sound detection,
but a special circuit preceding it as a limiter. Like the combination
receiver just studied, various television sections of Fig. 15-11 have been
discussed at some length in the previous chapters.
An investigation of the radio section shows that the reflex circuit V2
(6BA6) functions as an r-f amplifier and at the same time as the first i-f
amplifier. The principle of the reflex circuit is applicable to any two
frequencies in the receiver that are sufficiently far apart in value for inter
action between them to be avoided in the tuned circuits. In this circuit
the FM r-f signal comes to the grid of V2 through the secondary of the i-f
transformer T\. The incoming carrier is amplified by V2 and is fed back
to the converter tube, Fi, through condenser C7 and across the tuned cir
cuit of the grid. At this point the converter develops a 10.7-Mc i-f
signal which is fed through 7\ back to V2, where it is amplified as an inter
mediate frequency and passed on to the succeeding stages in the conven
tional manner.
For purposes of correct alignment and for a more detailed understand
ing of this circuit, a number of circuit functions should be noted. The
series-tuned circuit L\-Cz across the FM input is tuned to 10.7 Me and
acts as a trap to prevent the IF from radiating. The fixed series circuit
composed of C4 and L2 is designed to resonate at approximately 98 Me.
This is at the center of the FM band (88-108 Me), and provides a means
of increasing the r-f sensitivity for the entire band. The FM carriers may
easily pass through condenser C46 in the secondary of T\. The circuit
composed of L4, CjB, and C& of the converter grid tunes across the FM
band, but effectively by-passes to ground any i-f signal which would be
fed to this point. The r-f choke L9, on the other hand, prevents any radio
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frequencies from getting into the i-f transformer T3. The FM oscillator
coil L8 is simply a short piece of 300-ohm transmission line shorted at one
end. It is tuned by condenser Cid.
15-8. Degenerative-type Limiter Stage. The limiter stage in this
circuit is somewhat different in principle from those previously discussed.
The incoming 10.7-Mc IF is passed directly to the cathode of limiter tube
AUDIO

CABLE

TRANS

CABLE

7
J4

LOOP
LEAD
GREEN

/

I
television

J3 P3
• RADIO
CHASSIS

CHASSIS
LOOP
LEAD
WHITE

f M DIPOLE
TERM

P4

'J2 P2

\

x

DIPOLE ANT
TERM—

BUILT IN
F M ANT
GREEN

Pl

POWER
CABLE
R CHANGER

POWER
CORD

R. CHANGER

PICK UP
/'"'CABLE

AUDIO 8
POWER
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—
TELEVISION

SPEAKER
LEADS

SWITCH

J5
POWER
CABLE
RADIO

LOUD
SPEAKER

P5

>

BEZEL LIGHT
LEADS
BLACK

Fig. 15-8. A drawing of the back view of the radio-television-phonograph combination
shown schematically in Fig. 15-11. {General Electric Co.)

V4 by the series-tuned circuit L13 and C27- Resistor R2i provides a very
high bias for the tube and, because it is unfiltered, offers high degeneration
for amplitude-modulated signals that may reach the limiter grid. The
voltage drop across R21 is approximately 85 volts, and since this would
supply far too great a negative bias for the grid, it is necessary to provide
a -|-80 volts to the grid of V4 through resistor R3&.
15-9. Aligning the Combination AM and Reflex-circuit FM Chassis.
Figure 15-8 is an outline drawing of the back view of the television-radiophonograph combination shown schematically in Fig. 15-11. Viewed
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from this position, the radio chassis is located in the upper right-hand
compartment and the record changer directly below. When it becomes
necessary to align the radio set, the cables between the radio and televi
sion chassis will have to be connected. However, while removing the
radio chassis, some of these cables may be temporarily disconnected.
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_____A
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(b)
(a) A front-panel drawing of the radio section in the combination receiver of

Fig. 15-9.
Fig. 15-8.
(b) A drawing showing the method of stringing the dial cord of the same radio chassis.
{General Electric Co.)

Figure 15-9a shows the front panel of the radio and the knobs which must
be removed after the chassis screws under the compartment shelf have
been taken out so that the chassis is free to slide out the back of the set.
Figure 15-96 shows another method of dial-cord arrangement and the
step-by-step procedure for restringing.
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The serviceman will find receivers of this type rather easy to work on.
The parts are readily accessible for alignment and not crowded on the
chassis. Here too, the alignment will be accomplished with an AM
generator and a vacuum-tube voltmeter. The steps in the tabulated
procedure are almost identical with those of most AM-FM tuners, and
will be found representative of the field. The student should compare
the alignment of this set with the procedure of the Admiral circuit pre
viously given. When the chassis has been removed, the positions of the
transformers and other components may be readily located by reference
to Fig. 15-10. While following the alignment procedure for the radio
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Fig. 15-10. A top-view drawing of the radio chassis shown schematically in Fig. 15-11.
{General Electric Co.)

chassis as outlined in Table 15-5 refer to the supplementary notes for this
table and to the schematic diagram of Fig. 15-11.
SUPPLEMENTARY NOTES

1. Use unmodulated RF from signal generator.
2. Connect VTVM from junction of R26 and R.\s to chassis ground.
Use 10-volt d-c scale.
3. Connect one side of a 200k resistor directly to the cathode pin of
the limiter tube (pin 7 of V4). Connect the VTVM between the open
end of the 200k resistor and the junction point of C40 and R3s- Use the
3-volt d-c scale on the meter and keep the signal generator output suffi
ciently low for the meter not to read more than 1 volt.
4. Have the r-f output of the signal generator modulated with the 400cycle note.

3-16
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Table 15-5.

Step

Signal
gen. freq.

Signal
input point

[Sec. 15-9

Meter Alignment Chart
Band
switch

Dial
setting

Adjust

See
note

AM-IF Alignment

1
2~

455 kc
455 kc

6BE6 grid
(pin 7 of Vt)
through 0.01

AM

550 kc

AM

550 kc

Primary and secondary
cores of Tt for maxi
mum________________
4, 5
Primary and secondary
cores of Tz for maxi
mum

FM Discriminator and IF Alignment
3

10 7 Me

FM

4

See
Note 10

FM

5

See
Note 10 6BA6 grid
(pin 1 of V3)
Repeat
Step 3
10 7 Me

FM

8

10.7 Me 6BA6 grid
(pin 1 of V2)

!■ M

9

10 7 Me 6BE6 grid
(pin 7 of Vi)

FM

6
7

7’g secondary core for 4, 5, 8
minimum
Detune signal generator 1. 2, 10
to point of maximum
meter reading________
Tc primary for maximum 1, 2

FM

Primary and secondary
cores of T< for maximum________________
Primary and secondary
cores of T3 for maxi
mum________________
Primary and secondary
cores of 7’i for maxi
mum

1, 3

1, 3, 7

AM-RF Alignment

10 I 1,620 kc
11

1,500 kc

AM
Inductively
coupled

AM

Ci com Adjust Co for maximum
pletely
open
For
Adjust Cb for maximum 4, 5, 6
maxi
while rocking genera
mum
tor. Set pointer to
output
1,500 kc or 161 mark
on scale on backplate

FM-RF Alignment

12

108 Me

13

108 Me

14

10 7 Me

FM

Dipole terminals

FM

FM

Ci com Adjust C\2 for maximum
pletely
open
For
Adjust Co for maximum 1, 3, 9
maxi
while rocking generator
mum
output
Adjust Ci for minimum
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5. Connect the VTVM as an output meter across the loud-speaker
voice-coil terminals. Have the receiver volume full on. Use the test
probe and have the meter set for the 3-volt a-c scale. Keep the signal
generator output down, so that the meter does not indicate more than 1
volt during alignment.
6. When aligning the AM oscillator and adjusting the r-f trimmer, the
energy from the signal generator should be inductively coupled to the
AM loop antenna. For this purpose, make a four-turn 6-in. diameter loop
of push-back wire and connect it to the output terminals of the signal
generator. Place this coil of wire approximately 12 in. in front of the
AM-radio loop antenna, and parallel with it. The position of this coil
should not be altered at any time while an adjustment is being made.
This will prevent possible errors during peaking.
7. Before aligning the first FM i-f transformer
the copper strap
from pin 7 of V\ (6BEG) to the band switch must be unsoldered at the
tube connection. This must be resoldered after 7\ is aligned.
8. Three minimum points can be obtained while adjusting the
secondary of the discriminator transformer 7\. The correct setting is
on the center minimum point. This can be identified by the fact that
the meter reading will increase as the transformer is tuned to either side
of 10.7 Me.
9. R-F selector switch to hi rf.
10. Two maximum meter readings will be obtained when shifting the
signal generator off the 10.7-Mc position, as indicated in Step 4. Tune
the signal generator to the smaller of these two peaks and align the pri
mary of T6 for maximum reading on the VTVM, as indicated in Step 5.
15-10. Double-heterodyne FM-radio Circuit in a Radio-television
Combination. Perhaps one of the most complex circuits that the televi
sion serviceman will be called upon to align is the double-heterodyne cir
cuit of which the General Electric receiver, shown in block form of Fig.
15-12 and in the partial schematic of Fig. 15-13, is representative. A
brief study of the block diagram will show that the AM portion of the
radio receiver follows the simple practice of bringing the signal directly
into a mixer tube and feeding it to a standard 455-kc i-f amplifier. It is
the FM portion of the radio in which the double-heterodyne principle is
employed. The r-f and converter tubes of the television section are also
used to amplify and beat against the incoming carriers from FM stations.
This results in a 21.9-Mc frequency-modulated IF which is taken out of
the video i-f amplifier after the first stage. This 21.9-Mc intermediate
frequency is then heterodyned against a second local oscillator that is
permanently tuned to 17.4 Me. The result of this is a 4.5-Mc final inter-
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mediate frequency that is amplified in the i-f stages of the FM-radio
receiver.
Several manufacturers have chosen to employ double-heterodyning in
their receivers, and although the serviceman will not find the alignment
difficult once the principles are understood, the interdependence of the
various circuits in receivers of this type is occasionally confusing to a
beginner. While studying the procedure for the broadcast and FM align
ment, reference should be made regularly to both the block diagram and
the partial schematic of this receiver.
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15-11. Aligning the Double-heterodyne Combination Receiver. If it
becomes necessary to align the entire receiver, it should be done in the
following order: broadcast IF’s, broadcast RF, FM and television sound
IF’s, video i-f traps and transformers, FM r-f amplifier, television oscilla
tor, and television r-f amplifier. An investigation of Fig. 15-13 will show
that most sections may be aligned independently of the others. The one
case of interdependence is that of the first and second picture i-f trans
formers through which the FM radio carriers must pass. Accordingly,
these transformers must be aligned for satisfactory FM radio reception.
For the broadcast portion of this receiver, the AM signal generator pre
viously used is employed. The indicator may be the VTVM connected
across the loud-speaker voice coil as an output meter. While this align-
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ment is being made, the volume control should be set to a maximum, but
the output of the signal generator kept low enough to prevent audio over
load. When the chassis has been removed from the cabinet, it should be
mounted on its side with the power transformer downward. This makes
it possible to work on both top and bottom of the receiver. The cathode
ray tube is rigidly mounted to the chassis with a banding strap around the
large end of the bulb, and does not have to be removed while working on
the set.
15-12. Aligning the Broadcast IF’s. The following steps should be
followed in aligning the broadcast IF’s.
1. Connect the output of the AM signal generator through a 500-MMf
mica condenser to pin 4 of the first audio i-f amplifier F5. Set the selector
switch on the chassis to radio and the dial of the receiver to 550 kc. Feed
a 455-kc tone-modulated carrier from the generator into the i-f stage and
adjust condensers C77 and C78 of transformer T23 for maximum output
reading on the meter. Keep the signal generator sufficiently low so that
the VTVM does not read higher than 1.5 volts a-c.
2. Shift the high side of the signal generator to pin 7 of the BC mixer
tube V26- All other settings remain the same. Adjust condensers Css
and Coo of transformer T22 for maximum output. Again it may be neces
sary to reduce the output from the generator.
3. Connect the signal generator between antenna terminal 2 and
ground. While still feeding a 455-kc tone-modulated signal in, adjust
C03 for minimum indication on the meter. This adjustment is made on
the wave trap which prevents the broadcast IF from radiating on the air.
15-13. Broadcast R-f Alignment. The following steps should be
followed in aligning the broadcast radio-frequency stages.
1. With the signal generator still fed to the antenna terminal, feed a
1 ,G20-kc modulated signal to the receiver. Have the dial of the set at
the extreme clockwise position. Adjust condensers C98 in the oscillator
circuit and C5c in the BC mixer for maximum response.
2. Set the radio dial at 1,500 kc, feed in a 1,500-kc modulated signal,
and adjust the core of Ln for maximum. Then, check the GOO-kc point
on the dial and readjust Ln for the best compromise position for GOO and
1,500 kc.
3. Repeat Step 1 for maximum oscillator adjustment, C98.
4. Feed a 1,000-kc modulated signal into the set and adjust the core of
Lia for maximum while slowly rocking the pointer of the radio dial around
the 1,000-kc position.
5. As a final check, repeat Steps 1 and 4.
15-14. FM and Television Sound-IF Alignment. For this section of
the receiver the frequency-modulated alignment generator used through-

I
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out many of the earlier chapters is employed, and the VTVM is replaced
with the oscilloscope.
1- ( onnect the output of the alignment generator through a 500-Mgf
mica condenser to pin 4 of the first audio i-f amplifier, V&. Connect the
veitical input of the oscilloscope through a 100k resistor to the junction
of 69 and C70 in the grid circuit of V6. For all this work, have the station
switch on the chassis set to fm. Feed a 4.5-Mc frequency-modulated
(airier from the alignment generator. Have the megacycle-sweep contiol set to 1 Me and use the 4.5-Mc crystal as an external marker signal.
1 his, it will be recalled, is plugged into the front of the alignment geneiatoi. Remove the combination discriminator and audio amplifier tube
V~ from the chassis for steps 1 through 4. Adjust condensers C74 and
C 75 foi maximum amplitude and symmetry around the 4.5-Mc marker.
The waveform should approximate Fig. 15-14a. Keep the input signal
low to prevent overloading.
-. Change the position of the alignment generator and the 500-/x/xf con
denser to pin 7 of the second converter tube, V4. Feed the same 4.5-Mc
sweep signal and the 4.5-Mc marker into the set. Adjust condensers
C 6c and Cc>7 of P22 for maximum amplitude and symmetry around the
marker. It may be necessary to readjust C74 of T23 slightly. The wave
form should appear as Fig. 15-145.
3. Change the sweep-generator frequency to 21.9 Me, and replace the
4.5-Mc crystal with the internal marker set at 21.9 Me. The alignment
,generator is fed to the same point as
4.5 Me
4.5 Me
in the previous step. Adjust the
marker
marker
second
converter coil L29 to produce
||
I
I
/\4.5 Me marker
the curve in Fig. 15-145. By this
process, the proper frequency of this
oscillator
is obtained. It has now
(a)
<b)
(c)
been
set
to
beat with the incoming IF
Fig. 15-14. (a-b-c) The i-f band-pass
curves and the discriminator S curve
—
from the first converter to produce
of the FM radio section of the combi
the 4.5-Mc second IF.
nation receiver diagram given in Fig.
15-13. (General Electric Co.)
4. With the same frequencies on
the alignment generator, feed the
signal through the 500-M/if condenser to pin 4 of the first video i-f ainplifiei I 3. Adjust condensers C20 and C22 for maximum amplitude and sym
metry about the marker, as shown in Fig. 15-145.
hoi the following three steps the oscilloscope is connected to the junction point of ft 135 (volume control) and C8, through a 10,000-ohm resistor.
1 he discriminator-audio amplifier V7 must be replaced in the chassis,
and the signal kept low enough to prevent overloading the circuits.
5. 1 urn the range selector switch on the generator to sweep off.
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Again plug in the 4.5-Mc crystal, and modulate this signal with a 400cycle note by setting the int. marker switch to mod. The signal from
the generator is fed through the 500-^Mf condenser to pin 4 of the first
audio i-f amplifier VAdjust Cuo in the secondary of the discriminator
transformer 7724 for zero indication on the oscilloscope.
6. Once more, feed a 4.5-Mc frequency-modulated signal of 1 Me sweep
to the same point as in Step 5, and use the crystal oscillator, unmodulated,
as a marker signal. Adjust C8o of the discriminator transformer for
maximum amplitude and symmetry around the marker, as shown in the
S curve of Fig. 15-14c.
7. As a final check, repeat Steps 5 and 6.
The alignment of the video i-f traps and video i-f transformers is being
omitted in this discussion, since the principle is in all respects similar to
the circuits discussed in the chapter on i-f alignment. The alignment of
the r-f section for FM-radio reception which follows presumes, therefore,
that the video i-f alignment has been correctly made. For this work, the
AM signal generator previously used will again be employed. The
VTVM set for the 3-volt d-c scale and connected between the junction of
Cyo and /?C9 and ground will serve as an indicator.
15-15. FM RF-amplifier Alignment. The FM r-f-amplifier alignment
is accomplished by the following steps.
1. Connect the signal generator to the antenna-dipole terminals 1—2 of
the receiver. Feed an 88-Mc modulated carrier in at this point. Set the
radio dial at 88 Me and adjust Cioo in the oscillator circuit for maximum
on the meter.
2. Set the signal generator at 98 Me and tune the radio dial to the
98-Mc point. If the meter indicates maximum before the dial pointer
reaches 98, it will be necessary to change the inductance of Ln by varying
the shorted turn on this coil. If the pointer is below' 98, move the shorted
turn toward the colored dot on the coil. The shorted turn should be
moved away from the colored dot if the pointer indicates higher than
98 Me.
3. The adjusting of Lu might unbalance the calibration of Step 1.
Check for 88 Me by repeating Step 1.
4. Recheck the dial calibration by repeating Step 2.
5. Check the dial calibration by setting it at 108 Me and by feeding a
108-Mc signal in from the generator. Tune the dial on either side of the
108-Mc point. If the maximum signal does not fall exactly upon the
point of calibration, it w ill be necessary to repeat steps 2 and 1.
6. Set the signal generator once again at 98 Me. Tune the radio dial
to 98 and adjust C8 for maximum indication on the meter.
There are a few television-radio combination receivers on the market
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having a short-wave band in the AM radio section. This service may be
in place of or in addition to the FM. The student will find the alignment
procedure for the short-wave band in no way different from that of the
broadcast AM section. It is common to use the same i-f stages for both
services, and usually 455-kc IF’s are employed. Once the IF’s have been
aligned for the broadcast service, they are also aligned for the short-wave.
I he only additional adjustments will be found in the oscillator, RF, and
antenna tuned circuits. As in the case of the broadcast-band adjust
ments, the dial should be checked at both ends for calibration and track
ing. The standard AM signal generator previously used will serve
equally well for this work on short-wave.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES
Defect. Television-radio-phonograph Combination
Symptoms: 1. Defective audio system (loud-speaker, output transformer, audio
tubes): No radio, television, or phonograph sound.
2. Defective low-voltage power supply, if common: Affects all three
services.
3. Defective'or misaligned radio chassis: Weak AM or FM reception,
phonograph and television unaffected.
4. Defective phono pickup or changeover switch: Record playing
noisy or weak, radio and television services unaffected.
5. Misaligned discriminator or ratio detector, if common: Affects
sound of television and FM-radio reception.
Defect. AM-FM Radio
Symptoms: 1. Mistuned oscillator or r-f trimmers: Weak or distorted sound, dial
calibration off as a result of poor tracking.
2. Defective converter tube or stage, if common: Weak or no sound
on AM and FM, excessive drift of local oscillator, particularly on
FM.
3. Mistuned AM-radio IF’s: Weak or no AM sound, all other services
unaffected.
4. Mistuned FM-radio IF’s: Weak, distorted, or no sound; AM-radio
service unaffected.
5. Defective common i-f amplifier tubes: AM and FM sound weak
or lost.

REVIEW QUESTIONS
1. In an AM-FM-radio-television combination receiver, docs one antenna supply
the signals for all three services? Explain.
2. What kind of meter is used, and where is it connected when aligning the radio
section of the combination set?
3. Describe a method for setting the tuning condensers of the FM radio to the
right frequency when the dial is removed.
4. Describe briefly the procedure for checking for proper dial calibration to see
that it conforms with the alignment.
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5. What is the function of V2 in the radio set of Fig. 15-1 1 ?
6. Explain why circuit CJj* in the radio set of Fig. 15-11 is tuned to 98 Me.
7. How is the RF in the radio set prevented from getting into the i-f section, in the
diagram of Fig. 15-11?
8. When making certain adjustments on the AM radio of Fig. 15-11, the energy
from the signal generator is inductively coupled to the antenna of the radio. Explain
how this is accomplished.
9. Once an inductive coupling has been made between the signal generator and
an AM-radio loop antenna, why must this coupling not be disturbed throughout
the entire alignment?
10. How is the 4.5-Mc intermediate frcciucncy of Fig. 15-13 produced?
11. While aligning the FM and television sound i-f stages of Fig. 15-13, why should
V7 be removed from the chassis?
12. List the order in which an AM-FM radio-television combination is to be aligned
if the entire receiver is found to be out of adjustment.

CHAPTER 16

TURNTABLES AND RECORD CHANGERS
The servicing of the phonograph turntables and automatic changers
commonly used in combination models is essentially a problem of mechan
ics. Here techniques are employed that are quite different from the
principles discussed in the preceding chapters, but which, nevertheless,
requne as much care and skill on the part of the serviceman. Of the
mant st}les of lecoid players and the numerous mechanical details, the
most representative instruments have been chosen for discussion. The
SfU n nt "soon ‘earn that there are many similarities in record changers
oi all standard makes, just as there are in the electronic circuits of the
television receivers.
The mechanisms in general may be divided into three classifications and
t nee gioupings. Depending on the method, tripping (actuating the
changer at the end of the record) is accomplished by (1) oscillating the
tone arm, (2) the position of the tone arm, (3) the inward velocity of the
tone arm. Rotational speeds of the turntable are 78 rpm, 45 rpm, and
• • z 3 rpm. Finally, there are the methods of changing the records themX?
h are (1' pushing the records off of a shelf on a center spindle,
(-) dropping the records from a support on a center post, and (3) slicing
the records from two supports on the edges of the turntable. All these,
in their various forms, will be discussed.
16-1. Three-speed Non-intermixed Record Player. The three-speed
turntable and record changer in the television-radio combination of Fig.
o 1 of the previous chapter will appear as shown in Fig. 16-la when it is
removed from the top of the AM-FM radio-receiver housing. This is
done by removing the three screws and spiral springs near the edges of the
pan ’ on which the turntable is mounted. The changer should always
be lifted by this pan and never by the turntable itself. This record
changer is designed to play automatically a series of 12-, 10-, or 7-in.
records which operate at 78 rpm, 45 rpm, or 33^ rpm. However, these
various record sizes or speeds must not be intermixed. When playing
any one gioup of records it is necessary to set the turntable controls in
P.roPer Potions and to employ the correct centerpost or spindle.
c spindle shown on the turntable in Fig. 16-1 a is used for either 10- or
lL-in. records, depending on the position of the head assembly. If 7-in.
recoids having a small center hole are to be played, the head assembly is
354
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set for the 7- and 10-in. position, but the centerpost of Fig. 16-16 is used
in place of the spindle for the 10- and 12-in. records. It is also necessary
at this time to adjust the record-size selector knob. Finally, if it is desired
to play the 45-rpm records having the large-diameter center hole, the
special centerpost of Fig. 16-lc replaces the other spindles on the
turntable.
16-2. Playing Standard, 45-rpm, or LP Records. A maximum of ten
12-in. 78 rpm records may be loaded on the spindle shown on the turn
table in the figure. The head assembly must be rotated 180 deg from
ON - OFF
HEAD ASSEMBLY
REJECT KNOB
7" OR IO" POSITION

RECORD SUPPORT-.

n
|

HEAD ASSEMBLY
^12" POSITION

RECORD CLIP
—

RECORD SIZE
SELECTOR KNOB

(b)

k\ PICKUP ARM

%

V

NEEDLE
SELECTOR
— KNOB

w

M

SPEED \
TURNTABLE

CHANGE^
KNOB

n

«tco*o

-SUPPORT

LOCK
— IN
LUCS

CENTER POST
(FOR IO" OR 12" RECORDS)

(a)

(C)

Fio. 16-1. (a) A drawing of the three-speed record changer used in the television-radio
combination receiver of Fig. 15-1.
(b) The center post used with 7-inch diameter records.
(c) A large diameter center post used with 45-rpm records. (Admiral Corp.)

the position shown, so that the fingers of the record support are the correct
distance from the centerpost. The entire stack of records is placed over
the spindle and allowed to rest on the record support of the head assembly.
The offset on t he post prevents the records from sliding down to the turn
table. The record clip has a small rubber pad on it which rests upon the
top record of the stack and holds the records firmly to the record support.
The speed-change knob must be set to the position marked 78. When
moving this knob, it is important that it come into position with a click.
The record-size selector knob has two positions marked on top of it.
One is identified as 7 and the other is 10-12. This selector knob should
be set in the 10-12 position for all records of these two sizes.
The pickup arm is provided with two needles. They are mounted on
each side of the crystal pickup cartridge under the front end of the arm.
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Both needles arc of the semipermanent type. Under average operating
conditions, they will last approximately a year. The needle selector knob
may be rotated ISO deg and thus bring into operation the correct needle
for the records being played. Stamped on one side of this selector knob
is the number 78, and, on the other side, the letters LB. The LP needle
is to be used with all long-playing records, both the 33J^-rpm and the
45-rpm types. For purposes of identification, the manufacturer has
painted the LP needle red. Either needle may be removed by loosening
a knurled needle nut which holds it to the pickup cartridge (see Fig.
16-13a). When standard records are played, the selector knob is set
with 78 facing up.
It will be recalled from the diagram of Fig. 15-3 that the audio amplifier
used in conjunction with this turntable is also the amplifier for the tele
vision sound. Consequently, for playing phonograph records the tele
vision power switch must be turned on and the knob marked tel.-phono
radio on the radio set to phono. These controls may be seen in Fig.
15-1. After the tubes have had time to warm up in the entire combina
tion, the on-off-reject knob should be turned in a clockwise position to
put the record player in operation. The tone and volume controls on the
radio chassis are also used for the phonograph. Upon completion of a
record, the tone arm is automatically swung away from the turntable and
another record is dropped from the stack above. When the last record
of the group has been played, this particular record changer does not turn
off automatically, but will repeat the final record until the turntable is
stopped by turning the on-off-reject knob counterclockwise. Since
one loading consists of ten 12-in. records and each record of this size plays
for an average of 3 min. and 45 sec. at 78 rpm, approximately 38 min. of
entertainment may be had before reloading.
When it is desired to play a stack of twelve 10-in. records, only one
change need be made at the record player. The head assembly must be
rotated into the position shown in Fig. 16-la. This automatically sets
t*lie tone arm mechanism so that the needle will nowr be placed at the cor
rect position on the edge of the 10-in. disc. Each of these records plays
on the average of 2 min. and 50 sec. Only two changes are required if
the 33J^-rpm long-playing records are played. The speed-change knob
must be moved forward to the point marked 33, and the needle-selector
knob turned over so that the letters LP face upward. The head assembly
must be in the correct position for the particular size discs being used.
One twelve-inch long-playing, or microgroove, record will play on an
average of 15 to 16 min.
16-3. Changing the Centerpost. As wras previously mentioned, the
7-in. 33^-rpm and the 45-rpm records require a change of centerpost.
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This is clone by placing one hand on the turntable and lifting up on the
centerpost with the other hand. If the small-diameter spindle is used,
insert it slowly in the center hole until it scats firmly at the bottom. The
offset portion must face the head assembly. If the 45-rpm centerpost is
inserted, the three lock-in lugs must fit in the slots on the turntable and
the post turned slightly counterclockwise until firmly locked. The speed
change knob must be set to 33 or 45, depending upon the records being
played. For either of these, the LP needle is used and the record size
selector knob is set at position 7.
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Fig. 16-2. A drawing of the bottom view of the record changer of Fig. 16-1 with identifying
numbers of the important parts. (Admiral Corp.)

16-4. Rejecting a Record. If at any time in the process of playing a
stack of records it is desired to stop playing one and start playing another,
the on-off-reject knob should be momentarily pressed down. The tone
arm will immediately lift and swing out, and the next record will be
dropped in place. The record changer must never be turned off during
its change cycle. When the last record has been completed, the mechan
ism should be permitted to go through the change cycle and start over
again before the on-off-reject knob is turned to off. The records may
then be removed as a stack by lifting them straight up off the centerpost.
16-5. Mechanism of the Turntable and Changer. Having investi
gated the outward functions of the record changer, the servicing student
must now acquaint himself with the detailed operation of the internal
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mechanism. When the changer is inverted it will appear as shown in
Fig. 16-2. The motor may be seen at the left, and the major components
of the changing mechanism on the right. To prevent damage to the
delicate parts and enable the technician to
work on both sides of the turntable with
ease, adjustable phonograph-turntable
stands such as the type shown in Fig. 16-3
are available. It is advisable, immediately
upon removing the record changer from the
cabinet, to mount it on one of these stands.
Whenever possible, the serviceman should
carefully investigate the functioning of a
changer that is in good operating condition.
The turntable should be rotated by hand
and the entire change cycle studied while
Fig. 16-3. A simple stand used
it is operating in relatively slow' motion.
for servicing record changers.
Make these observations for both the 78{General Cement Mfg, Co.)
rpm and the 45-rpm operations. It is
important to note that for the 78- and 33^-rpm operation the trip
mechanism which causes the record to change is of the oscillating type.
That is, it depends for its tripping action upon the in-and-out swinging
movement of the pickup arm when the needle reaches the eccentric
groove near the center of the record.
For 45-rpm records the position-type TURNTABLES)
trip is used. Here the tripping action I
//^
.33 RPM %
is brought about when the pickup
3RIVE (50)
\
arm reaches a given distance from
• 78 RPM
the 45-rpm centerpost. The 78- and
’
DRIVE
33^-rpm operating cycles will be
considered first.
"^45RPM
Z DRIVE (51)
16-6. Three-speed Rim Drive.
(
.RC22I-555
The turntable of this record player uses
a rim drive. It is rotated by a rub IDLER
SPEED CHANGE
ber-tired idler wheel that makes con WHEEL
KNOB (54)
tact with the inside rim. The idler F(58)
ig. 16-4. A cutaway drawing of the
in turn is driven by one of three drive three-speed drive mechanism used in the
changer of Fig. 16-1. {Admiral
shafts, each of different diameter, record
Corp.)
which may be brought into contact
with the edge of the idler wheel, This part of the mechanism is
shown in the cutaway drawing of Fig. 16-4 and is set for the 33}<j-rpm
speed 1 hen the speed-change knob is shifted to 78,, the 33-rpm drive
swings away from the idler wheel and the 78-rpm drive makes contact
■■

i

J

■

■
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with the rim. When the knob is set for 45 rpm, the third drive shaft is
brought into operation.
16-7. Converting to 50-cycle Operation. The standard turntable
motor is designed to operate on 110-120 volts 60-cycle alternating current
only. This changer can be quickly converted to operate on 50-cycle
alternating current by slipping a specially wound spring over the 78-rpm
drive shaft. This spring increases the diameter of the shaft and com
pensates for the lower frequency. A second spring is placed over the
33^-rpm shaft, and the 45-rpm drive pulley is replaced by one designed
for 50-cycle operation. These parts are available through the factory
representative. For the few areas having 25-cycle alternating current,
the entire motor must be replaced by one designed for this frequency.
o

DRIVE
'WHEEL'
(86)

o

©

O

o

o

(O
A

o

o

■TURNTABLE HUB(KNURLED)

O
B

Fig. 16-5. A drawing of the change-cycle drive wheel used in the record changer of Fig.
16-1. (.Admiral Corp.)
(a) The position of the wheel when idle.
(b) The position of the wheel at the start of the change cycle.

16-8. The 78-rpm and 33'3-rpm Change Cycle. To operate the
changer mechanism during the change cycle, a larger rubber-tired drive
wheel is caused to make contact with the knurled hub at the center of the
turntable. While a record is playing, the drive wheel is held in a non
operating position and the knurled hub is prevented from contacting the
wheel by a “flat” on the rim. This position is seen in Fig. 16-5a.
Rigidly fastened to the same shaft as the drive wheel is the cycling cam,
91, of Fig. 16-2. This cam is prevented from rotating by a trip stop wire,
111A, which presses against the cam stop stud, 91 A, on the control cam.
The drive wheel is thereby held in the nonoperating position.
When the needle enters the eccentric groove near the center of the
record, the pickup arm is moved toward the spindle. During this time,
the control lever, 127 containing pawl 127B, has been moving under the
trip serration plate 114. The underside of plate 114, as seen in Fig. 16-2,
is provided with a series of parallel grooves called serrations. This may
be clearly seen by referring to the same part and number on the exploded
view of Fig. 16-6. The eccentric groove in a record next moves the pickup
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arm away from the centerpost, and, while doing so, causes pawl 127B to
catch in one of the trip serrations of 114. The entire trip lever bracket,
111, then tilts away from cycling cam 91. This may be enough to allow
the trip stop wire, I 11 A, to disengage from the cam stop stud, 91 A, and
thus free the cam to rotate. However, if this does not happen on the first
swing of the pickup arm, in one oscillation of the eccentric groove, the
pawl will be moved closer into serration plate 114 on the next inward
swing, and on its second outward swing cycling cam 91 should be released.
Once the cam stop stud, 91 A, is freed from the trip stop wire, 111A, drive
wheel 86 of Fig. 16-56 will move into the position as indicated and make
contact with the knurled hub of the turntable. Cycling cam 91 will now
be driven in a clockwise direction as viewed in Fig. 16-2, and the record
changer mechanism is set into operation.
As cycling cam 91 travels through approximately one-third of its rota
tion, the following actions take place:
Roller 105 rides on the edge of the cam and causes bar 104 to push con
trol-plate assembly 123 toward the right as viewed in Fig. 16-2.
Control-plate assembly 123 has an inclined tab, 123A, which rides
against the lift rod, 30, of Fig. 16-6, and, as the assembly moves, this rod
lifts the pickup arm from the record.
As assembly plate 123 moves farther back, safety arm 124 engages with
the arm control stud, 127C, and swings the pickup arm horizontally away
from the turntable out past the edge of the record.
Further rotation of cycling cam 91 causes stud 91B to move the push-off
bar, 95. As push-off arm 95A is moved, the push-off shaft, 9, of Fig. 16-6,
rotates and causes push-off plate 10 to slide forward. This action drops
one record from the stack on the head assembly of Fig. 16-la to the turn
table below.
As cycling cam 91 completes its rotation, bar 104 follows the cam
toward the left because of the control-plate spring 106. When control
plate 123 and control lever 127 move back*toward the left, the pickup aim
is positioned above the record at the correct set-down point, but is held
above the record because the lift rod, 30, of Fig. 16-6, still rests at the top
of the incline tab, 123A. The correct set-down point is maintained by a
shoulder on set-down arm 129A of Fig. 16-6, and is held in this position
until control plate 123 finally touches the set-down stud, 129B. At this
instant lift rod 30 moves down the inclined tab 123A, and the needle is
brought to rest at the outer rim of the record, where it is free to move
toward the first playing groove.
Cycling cam 91, having made its complete rotation, is prevented from
further motion when the cam stop stud, 91 A, again engages the trip stop
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9
9A
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12
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14
15
16
17
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
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54
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56
57
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61
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64
65
66
67
68
69
70
71
72

Fig. 16-6.

16-1.
An exploded view of all the parts used in the three-speed record changer of Fig.

Ref
No.

Description
On-Off Reject Knob

Reject Spring

Washer (Flat) .390x5/8x1/16

Rubber Bumper for Record Clip
Record Clip (Plastic)
Record Clip Spring
Head Cover (Plastic)

Turntable

Push-Off Cam and Shaft Assembly
Push-Off Cam (Part of 9)

Push-Off Plate
Support Tube and Shelf Assembly
Washer (Flat) .390x5/8x1/16

Base Housing
Terminal Strip
Screw, #6 P.K. Spec. %" OFHST

Record Size Selector Knob
Pickup Arm
Pickup Arm Counterweight
Screw, #4 FH S.T. (2 req.)

Set-Down Adjusting Screw 4-40x'/2 BH MS
Set-Down Adjusting Lock Spring

Pivot and Mounting Plate
Pivot Shaft
Size Change Tension Spring
Set-Down Eccentric

Wire Clip, approx. %" long (1 req.)
Wire Clip, approx. ’//' long (2 req.)

Lift Adjusting Lock Spring
Lift Adjusting Screw

Lift Plate and Rod

Assembly

Pivot Spring & Hub (includes 8-32 Set Screw)
Allen Set Screw 8-32

Retaining Ring

73
74
75
76

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
91a
91b
91c
92
93
94
95
96
97
98
99
100
101
102

Washer

Pickup Arm Cable and Lugs
Cartridge, includes Needles
Cartridge Hold-Down Bracket
Plastiscrew, #2 (2 req.)

Needle Nut (Knurled)
78 RPM Needle
"LP" Needle (Painted Red)

Cartridge Indexing Spring
Shielded Lead-in Cable & Plug (15")

Plug (for lead-in cable)
Motor Plug (Male)
Cork Washer 3/64" thick (1 req.)
Cork Washer 3/32" thick (2 req.)
Thrust Bearing
Oil Retaining Felt Washer (2 req.)

33 RPM Drive Shaft

45 RPM Drive Shaft
Hex Nut #6-32
Lock Washer
Speed Change Knob

Drive Belt (2 req.)

Fibre Washer
Idler Wheel Spring
Idler Wheel Assembly
Hairpin Clip
Centerpost Assy, (for 7"

Records)
12" Records)

Centerpost Assy, (for 10" &
45 RPM Spindle Complete

Spindle Cap
Slicer Return Spring (2 req.)
Top Slicer
Bottom Slicer
Record Support (2 req.)
Record Shelf Spring
Slicer Cam and Shaft

Spindle Base
Push-Off Shaft Return Spring

Retaining Ring

(Admiral Corp.)

103
104
105
106
107
108
109
110
111
111A
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

Description

Screw (2 req.) #6-32x1 RHMS

Lock Nut
Push-off Adjusting Shaft
Changer Pon Assembly, Copper (RC221J
Changer Pan Assembly, Black (RC221)
Changer Pan Assembly (RC222)

Conical Mtg. Spring (for RC221, RC222;
Float (Mounting) Screw for RC221 only (3 req.)
Mtg

Screw & Washer Assembly for RC222

3 Speed Motor

Rubber Mounting Grommet (3 req.)

Fibre Washer (3 req.)
Retaining Ring

Drive Wheel Tire Only
Drive Wheel (includes Tire)
Drive Wheel Assembly (includes

Rivets)

Drive Wheel Pressure Spring

Riser Plate Return Spring

Riser Plate and Hub

Control Cam Assembly
Cam Stop Stud (Part of 91)
Push-Off Link Stud (Part of 91)

Riser Control Stud (Part of 91)
Control Cam Washer
Lock Washer, #8 I.T.

Control Cam Screw 8-32x3b BH MS

Push-Off Arm and Link Assembly
Washer
Retaining Ring

Switch Bracket
Screw, Switch and Trip Bracket Mtg.

On-Off Switch and Cover
Cord Tension Adjusting Cam

Position Trip Cord
Use 10" of braided silk or nylon radio dial
cord (approx. 1/32" diameter).

Cord Tension Spring
Pivot Link and Stud
Powdered Iron Roller
Control Plate Spring

Spring Washer
Retaining Ring
Trip Bracket and Stud Assembly

Trip Cocking Spring
Reject Arm Support and Trip Lever
Trip Stop Wire (Part of 111)
Cycle Spring
Trip Serration Adjustment Spring

Trip Serration Plate
Trip Adjusting Screw
Position Trip Adjusting Lock Spring
Position Trip Adjusting Screw
Screw, Reject Adjusting 6-32x%"
Reject Arm

Spring Washer
Washer
Size Change Eccentric
Control Plate, Hub and Stud Assembly
Safety Arm
Safety Spring
Position Trip Cocking Spring
Arm Control Lever, Studs and Pawl
Pawl Spring
Set-Down and Size Change Assembly
Index Spring
Set-Down Spring
Plastic Trim for RC221 (2 req.)
Antenna Lead Support (RC221 only)
Bushing in Bottom Cover for RC221

136

Speed Nut (RC221)
Bottom Cover, Painted Black (RC221)
Bottom Cover, Painted Copper (RC221)

137
138

Metal Clip
Washer (Flat) .328x%xl/16

S
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wire, 111A. At this point, drive wheel 86 returns to the nonoperating
position of Fig. 16-5a.
16-9. The 45-rpm Change Cycle. The position trip is required to set
the record changer into its change cycle when the 45-rpm records are used
because they do not have eccentric grooves at the completion of their
playing time. Once the trip mechanism has been actuated, the change of
cycle is the same as for the 78- and 33J^-rpm records. To initiate the
cycle, however, a few additional parts are brought into operation when
the speed-change knob is set in the 45 position and the 45-rpm centerpost
is used. With the speed-change knob at 45, tension on the position trip
cord 102 is released and spring 126 swings position trip adjusting screw
117 forward, as seen in Fig. 16-2. This screw is now in a position to ride
on the position trip incline 127A when the pickup arm moves toward the
centerpost. When this happens, trip lever 111 is tilted, the trip stop
wire, 111 A, is disengaged from the cam stop stud, 91 A, and the changer
starts on the cycle that was previously described.
Since the 45-rpm records are dropped to the turntable exclusively
through the action of the 45-rpm centerpost, it is necessary to release a
record by causing the push-off adjusting shaft of Fig. 16-lc to be momen
tarily raised. When cycling cam 91 has made approximately one-third
of its rotation, the riser control stud, 91C, causes the riser plate 90 to
rotate counterclockwise and the inclined tab 90A rides against the bottom
of the push-off adjusting shaft of the 45-rpm centerpost. This is shaft
75 in Fig. 16-6. The rising of the shaft pushes slicer cam 69 upward,
retracts record supports 67 and extends slicers 65-66. The slicers move
under the second record from the bottom of the stack, and thus keep all
but the bottom one from dropping on the turntable.
The riser control stud, 91C, releases the riser plate, 90, and permits it
to return to normal when cycling cam 91 rotates further. The push-off
adjusting shaft of the centerpost returns to its fully extended position, the
slicers retract, and the record supports are again extended as the remain
ing stack of records drops from the slicers to these supports. The cycle
for the 45-rpm records is thus completed.
16-10. Adjustment and Trouble Shooting. The complexity of the
moving parts in a phonograph-record changer necessarily brings about
many precise adjustments. It is not possible to anticipate the numerous
points where misadjustment may ultimately occur as a result of normal
wear on the parts or misuse of the changer. However, in order that the
student may more fully appreciate the exactness of the adjustments on
mechanisms of this type, certain representative points of adjustment are
presented and consideration is given to the locating of trouble. The

4
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reader should refer regularly to Figs. 16-1, 16-2, and 16-6, as well as the
particular figures of the parts under consideration. When adjusting and
locating troubles on a record changer, the serviceman will find it conven
ient to have available at least one record of each type for which the record
player is designed to operate.
16-11. Adjusting Distance between Record Support and Centerposts.
Figures 16-7a and b show the distance required between the record sup-

(b)
Fig. 16-7. The method of checking the correct distance between the record support and
the centerposts of the record changer in Fig. 16-1.
(a) The correct distance for the 10—12-inch centerpost.
(b) The correct distance for the 7-inch centerpost. (Admiral Corp.)

port and the various centerposts for the 10- and 12-in. and the 7-in.
recoi s, respectively. When determining these distances, it is advisable
to use a machinist’s steel rule because of the accuracy demanded. To
measure the position of the centerpost for the 10-in. records, have the
ead assembly set for playing records of the 7- and 10-in. sizes. While
holding the spindle away from the head assembly to take up any slack of
the socket in which the spindle is mounted, measure the distance from the
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edge of one of the record support fingers to the inside edge of the offset
shelf on the spindle. This distance must be between 45%4 and 46%4 in.
The average, 46J^4 in., is given in Fig. 16-7a. A spindle which does not
fall within the allotted tolerance must be bent to obtain the proper dis
tance. This is done by placing the bottom end of the centerpost in a vise
and grasping a point below the offset with a wrench. The post may then
be carefully bent by the amount needed.
The same procedure is followed for the centerpost used with the 7-in.
records In this case, the measured distance from the record-support
finger with the head assembly still in the 7-/10-in. position is between
31?^2 and
in. The average, 3J^ in., is shown in Fig. 16-76. The
centerpost must be bent if the distance does not fall within the dimensions
specified.
16-12. Adjusting the 45-rpm Centerpost. The dimension 1J<J2 in
shown for the push-off adjusting shaft of the 45-rpm centerpost in Fig.
16-lc is normally satisfactory for most record changers on which this
centerpost is used. When the centerpost is
first inserted, however, it is important to test
the adjustment, and perhaps to reset it.
This is done in the following manner:
1. Set the 45-rpm centerpost in position on
the turntable, but do not turn the lugs into
locking position.
2. Very carefully press down on top of the
centerpost and observe whether or not the
bronze slicers just start to move out of the
centerpost. This procedure is shown in Fig.
‘—BRONZE SLICER
16-8. These slicers should not come out when
(MUST NOT COME
OUT OF SPINDLE
properly adjusted.
WHEN PRESSING DOWN)
3. If any movement of the slicers is noticed,
remove the centerpost and loosen the lock nut
Fig. 16-S. The method of
on the push-off adjusting shaft. Turn the testing for correct slicer oper
shaft one turn, tighten the nut, and again test ation on the 45-rpm centerpost
of the record changer of Fig.
for any movement of the slicers when the 16-1. (.Admiral Corp.)
centerpost is inserted. Repeat the procedure
of turning the shaft if there is any evidence of slicer movement when
tested.
4. It may be that the push-off adjusting shaft is not long enough.
Lock the centerpost into the turntable and place a stack of records on the
spindle. Turn on the record changer and press the on-off-reject knob
to initiate the change cycle. The bottom record in the stack should drop
to the turntable each time the cycle is repeated. The entire stack should
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be tested in this manner and each record should slide smoothly down the
centerpost, lhe adjustment is correct if all records drop correctly.
5. If the records fail to drop, it indicates that the push-off adjusting
shaft is too short, lhe centerpost should be removed, the lock nut
loosened, and the shaft turned about one turn to lengthen it. This pro
cedure should be lepeated until the centerpost functions correctly.
16-13. Adjusting the Oscillating Trip Mechanism. Representative
of the internal adjustments on a record changer are those needed to set the
oscillating trip screw, to make the position trip operate at the correct
TRIP SERRATION PLATE
0SC. TRIP ADJ. SCREW
(114%M|li ..III ILL. XIJU .LWf'T?'

r
Z8

/V—

X
\

/
22£.i_£j‘cORD' TENSTON1
SPRING (103)

(a)

(b)
Fig. 16-9. (a) The trip-serration plate and the oscillating-trip adjustment screw for the
record changer of Fig. 16-1.
(b) The correct position of the trip-stop wire. (.Admiral Corp.)

point, and to adjust the pickup arm to proper height. The oscillating
trip adjustment on the Admiral record changer under consideration is
made with oscillating trip adjustment screw 115 of Fig. 16-9a. This screw
changes the position of the trip serration plate with respect to the pawl.
For correct operation, the point of the pawl should be approximately J4
in. from the edge of the lip on the trip serration plate. This is also shown
in Fig. lG-9a.
Before adjusting the oscillating trip adjustment screw, however, it is
necessary to make sure that the push-off shaft under the on-off-reject
knob is working freely and that reject spring 2 under the reject knob is
holding the knob up. Most important of all, a J42"in- clearance must

\
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exist between the end of reject arm 119 and rivet 95A of push-off arm 95,
all of which are clearly shown in Fig. 16-2. If this
clearance does
not exist, reject adjustment screw 118 should be adjusted first.
Next, observe to see that the trip stop wire 111A is exactly level with
the cam stop stud 91A indicated by the heavy arrow in Fig. 16-95. Set
the speed-change knob to the 78 or 33 position, and, while setting the
oscillating trip adjustment screw, operate the turntable with power by
means of the on-off-reject knob as needed. If the trip stop wire 111A
docs not engage the cam stop stud, 91 A, on a level with the top, bend this
wire very slightly with long-nose pliers.
Vary the oscillating trip adjustment screw 115 until the point of the
pawl is
in. from the edge of the lip on the trip serration plate, 114, as
seen in Fig. 16-9a. Then place a record on the turntable and make cer
tain that the changer trips into its change cycle on the first or second
swing of the pickup arm when it reaches the eccentric groove. A record
must always be used for this test. It may take as many as three or four
swings of the arm on 7-in. 33^-j-rpm records, but it should be set for a
maximum of two swings with the 78-rpm records. Do not have this
oscillating trip adjustment screw 115 too tight as it will produce excessive
drag on the trip serrations and cause wear on the point of the pawl.
16-14. Adjusting the Position Trip Mechanism. As was previously
mentioned the 45-rpm records do not have eccentric grooves to initiate
the change cycle. Consequently, this mechanism must be set into opera
tion when the pickup arm reaches a fixed distance from the center of the
turntable. The correct position for the pickup arm at the point of trip
is when the needle is between 1J4 an<^ 1%6 hi. from the edge of the 45-rpm
centerpost. The trip is initiated when the bottom end of the position
trip adjustment screw 117 reaches the proper height on the position trip
incline 127A shown in Fig. 16-10. It can readily be appreciated that
changing the length of this screw 117 will alter its relationship with the
incline 127A. Before making this adjustment, however, it is absolutely
essential that all adjustments be completed for the oscillating trip just
described. Also check the position trip cord 102 to see that it is not
binding or twisted and that it functions properly in conjunction with the
position trip plate 114A of Fig. 16-10.
The speed-change knob should then be set in the 45 position and a
record placed on the 45-rpm centerpost. While adjustment for the proper
tripping position is being made, the record changer should be operated
from a power source and the turntable turned on and of! as needed. If
it is found that the change cycle occurs early, back off the adjustment
screw 117 slightly, and test it again. If the changer fails to trip, tighten
the screw.
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16-15. Setting the Pickup-arm Height. The correct height setting of
the pickup arm«for any one size of records will automatically be the proper
setting
sizes. A final check, however, should be made with the
ozv+4. ~ for all
11------POSITION TRIP
ADJ. SCREW

POSITION

TRIP

PLATE (114 A)

robiuuN TRIP INCLINE
'Xp0SlTl0N TRIP
U27A)
COCKING SPRING (126)
chanRor 1? i
trip incline, and adjustment screw of the record
o« rig. lb-1. (Admiral Corp.)

45 i pm center post and records. Refer to Figs. 16-11 a and b and note that
t ie pickup arm should be so adjusted that the needle is
in. above the
top o the changer pan. this measurement must be made after the

IlMll
45 rpm
Spindle

r

Earn
I

ARM SHOULD
NOT TOUCH

Needle Guord

^.Record
Supports

.

Turntoble—*

Pickup Arm

DURING
f
CHANGE |'/4"
CYCLE

T
I [

__________ Needle
C h o nger Pon (Bose)-—x

1------ WITH CHANGER
) OUT OF CYCLE

trf

r

3/16*

♦

(a)

SET-DOWN
ADJUSTING SCREW

o

i
i

___ J

HEIGHT ADJUSTING-^^

SCREW
(b)
Fig. 16-11. (a) The method of checking the pickup arm for correct height when the 45rpm spindle is used on the record changer of Fig. 16-1.
(b) The set-down and height adjustment on the back end of the pickup arm. (Admiral
Corp.)

(hangei has gone through its cycle. The height-adjusting screw in
Fig. 16-115 will raise or lower the pickup arm. When the adjustment
has been made, several 45-rpm records should be run through the change
cycle to see that the pickup arm is not raised high enough to strike the

I
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bottom record of the stack. If it is found that the arm does touch the
bottom record, lower the height adjusting screw a slight amount and
repeat the test.
16-16. A Changer with One Centerpost for All Records. The changer
used with the television-radio-phonograph combination shown in the
photograph of Fig. 1-6 has a number of functional differences from the
changer of Fig. 15-1, just studied. Reference to Fig. 1-6 will show that
the pickup arm and push-off head assembly are separated and the speed
change, record-size selector, and reject knobs are all mounted on the turn
table pan in the lower right-hand corner. When servicing this record
changer, the technician will find that the push-off, set-down, and trip
mechanisms function independently. It is possible for one of these units
to become inoperative without affecting the others.
In certain respects, the mechanism and operation of this changer are
simpler than the other model. It is designed to play automatically all
the records previously discussed, but because of
the different push-off assembly, the same center—a
post is used for all types of records. This does
(I
\
not mean, however, that they can be intermixed.
Since the 45 rpm records have a IJ^-in. hole in
the center, special rubber or fiber adapters must
be inserted into this hole so that the records may
be used on the small-diameter centerpost. Each
45-rpm record of the stack must have an adapter Fig. 16-12. A drawing
or spider similar to the type shown in Fig. 16-12. of the 45-rpm record
adapter or “spider” used
A supply of these is usually included with the when
playing the large
purchase of the set. This turntable does not have hole records on a turn
having a small
its own power switch. The changer is turned on table
spindle.
by placing the ph-am-fm switch in the ph position
and the turntable motor is turned off by setting the switch to am.
The person familiar with the method of placing records on the previ
ously discussed changer Mill find little difference when operating this
model. The push-off head assembly is rotated 180 deg to accommodate
10- or 12-in. records for either 78 or
rpm. When 7-in. records are
to be played, the head assembly is first set in the 10-in. position, and a
special extension arm is slid forward toward the centerpost to reach the
edge of these smaller diameter discs. The speed-change knob and record
size selector must be set for the correct speed and size of record being
played. A specially designed needle is employed in this pickup arm; it is
used for playing either the standard or microgroove records. Accord
ingly, the reversible cartridge will not be found in this model. However,
two different styles of cartridge will be found employed with this pickup
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arm. These are shown in Fl,
I' igs. IG-13« and 6. The first type uses a bent
needle and is fastened to the
cartridge by means of a knurled nut. The
second style has a straight shaft needle that slides into the cartridge and
is held therer by
' na press-fit- Either style needle in this pickup arm is
oi a types of records. The height adjustment of the pickup
arm is made in exactly the same manner as that
.<09i£3 cartrloci
described for the previous changer. The height
adjusting screw in Fig. 16-116 is varied to set
the needle in this case 1 j in. above the changer
pan. 1 en- or twelve-inch records should then be
UU.IE. ,UT
■EEDLE 98*15-1?
placed on the centerpost and the changer sent
thiough its cycling operation several times to see
(a)
that the arm clears the records of the stack held
on the spindle.
<0SAI3-I CARTRIBCr
16-17. The Velocity-trip Mechanism. A third
style of trip mechanism used by a number of
record-changer manufacturers is known as the
3
■EEDLE 98*1518
velocity trip. It relies for its operation on the
fact that the pickup arm suddenly increases its
(b)
Fig. 16-13. Two styles of
speed of travel when the needle reaches the
pickup cartridges and the
eccentric groove near the center of the record.
needles associated with
In place of the rubber-tired drive wheel of Figs.
them. (Admiral Corp.)
lG-5a and 6, drive gear 30 of Fig. 16-14a is used
to operate the <’
langei through its entire cycle. During the nonoperating time of the drive
3 gear, it is positioned in the “dead spot” as seen
in Fig. 16-14a.

The two <uss( ntial ,parts of the velocity-trip mechanism are the trip
motion arm 32 and the
nlavinrrfb 4 • i- i
gCar enSagement pawl 33. While the record is
of‘T g. ,C tnp sIlder 36 is slowly moved upward in the slot by the motion
pic up aim which is coupled through a control lever to the far end
of the trip slider 36. As the trip slider moves in the slot the stud at the
lower end slowly pulls
nnrrorr
4
i«
J on ^g trip motion arm 32 and causes the gear
hub
33 t O P*vot cl°ser toward a rotating lug on the turntable
nub. this action may be seen in Fig. 16-146.

32 hv
4 n.ga^ern®n^ Pawl, 33, is held in contact with trip motion arm.
annrnnnh6.
action washer, 34. As the engagement pawl slowly
the nnwl < * i
ce,Ater
the turntable, the lug on the hub just touches
pn
•
n<r K u
away from the lug. This prevents the two from
nl»gvhLg‘ 1 °F TCh revolution of the turntable, while the needle is in a
Playing groove, the pawl is “kicked away” when struck by the lug on the
y, the needle reaches the eccentric groove and the pickup arm
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momentarily moves the trip slider, 36, rather rapidly. This motion is
enough to swing the gear engagement pawl, 33, well into the path of the
rotating lug, where it now is solidly engaged. The lug strikes the pawl
and immediately turns the drive gear 30 far enough so that the teeth on
the turntable hub mesh with the teeth on the gear and the change cycle
is initiated. With the drive gear in motion, a cycling cam mounted on
the same shaft, below the gear, sets the changing mechanism into opera
tion. The functions of lifting the pickup arm, operating the push-off
mechanism in the head assembly, and returning the pickup arm to the
outer edge of the next record are all brought about during one revolution
TURN TABLE (52)

TRIP
SLIDER (36)

LUG ON
TURNTABLE HUB

/

-----DRIVE
GEAR (30)

— TRIP \
FRICTION \
WASHER (34) 3
»I

/ TRIP MOTION
/
ARM (32)

o

-----GEAR

CT—LUG

A* ENGAGES
PAWL TO MOVE
DRIVE GEAR J

ENGAGEMENT
PAWL (33)

(a)
(b)
Fig. 16-14. Two cutaway drawings showing the action of the velocity-trip mechanism.
(a) The drive-gear position when idle.
(b) The drive-gear position about to engage for the change cycle. (Admiral Corp.)

of drive gear 30. When the gear returns to the “dead spot,” the pickup
arm is free to begin playing the next record.
16-18. A 10- and 12-in. Intermixed Record Changer. Another type of
record changer found in television-radio-phonograph combinations is that
of Fig. 16-15. Although certain features of it differ from those previously
discussed, a casual observation of the phonograph with the turntable
removed reveals marked similarities with the others. It will be noted
that the turntable is rim-driven, that a single centerpost is employed, and
that the control knobs are arranged in front of the pickup arm in a manner
not unlike that of the previous changer. The internal mechanism
employs the velocity trip for initiating the change cycle.
The most notable difference in appearance of this changer is brought
about by the special bracket A that extends from the edge of the pan to
the centerpost. This is referred to as the record support and serves the
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additional function of actuating a power switch to turn off the record
changer when the last record has been played. When the records are
loaded on the spindle, the record support must be raised vertically and
swung off to the side. After loading, the support bracket is swung back
to the centerpost and let down on top of the record stack. Since there is
no means of supporting the records at the edge, as in the case of the
changer of Fig. 16-1, this bracket holds the records firmly on the offset
shelf on the spindle and keeps the stack level. When the last record has
dropped to the turntable, the record support slips below the spindle shelf
and sets the shutoff mechanism in operation by means of a shaft below
knob 13. If the support bracket is not placed on top of the stack, the

Fig. 16-15. A record changer designed to play 10- and 12-inch records intermixed and
automatically shut off upon completion of the last record. The turntable has been removed
in this view. (General Electric Co.)

record changer will repeat the last record until turned off by the on-offreject knob.
The push-off mechanism of the changer of Fig. 16-15 is incorporated
within the spindle and operates to slide one record at a time over the offset
shelf so that it may drop to the turntable. The spindle is hollow and has
a pusher rod up through the center which is actuated by a control arm
underneath the pan. This action is very similar to the special 45-rpm
centerpost shown in Fig. 16-lc.
As a result of this drop feature, and because of a special indexing
mechanism to control the set-down position of the tone arm, it is possible
to play 10- and 12-in. records intermixed on this changer, provided they
are of the same speed. It is also possible to play 45-rpm records, but,
since the changer has only the small-sized spindle, it is necessary to use
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the adapters of Fig. 16-12. When the changer is set to play 10- and 12-in.
records of either 78 or 33% rpm, the pickup arm will normally come down
at the position required to start playing a 10-in. record. However, if a
12-in. record drops from the stack, because of its larger diameter its edge
will strike an index lever located at point C of Fig. 16-15, and the pickup
arm will be set down in a position to start playing the 12-in. record.
Upon completion of this record the arm will again return to the 10-in.
position unless the index lever is once more tripped by a 12-in. disc. If,
by chance, the larger record is not a minimum of 11% in. in diameter, it
may fail to trip the index lever and the record would be played as though
it were a 10-in.
16-19. Separate Pickup Cartridges for Standard and LP Records. It
will be recalled that the first pickup discussed had a reversible cartridge
containing needles for both 78- and 33%-rpm records. This problem is
met in the tone arm of Fig. 16-15 by removable cartridges that have the
proper needle already associated with it. The brown 78-rpin cartridge is
used for all standard grooves. The red 33%- and 45-rpm cartridge is
plugged in in place of the brown cartridge when records having narrow
grooves or microgrooves are being played.
16-20. The Slicer-type Record Changer. In some television-radiophonograph combinations the record changer is designed to operate only
on standard records of 78 rpm. In other combinations, two entirely
separate record players have been incorporated, one for standard records
and one for 7-in. 45-rpm records. The record changer shown in Fig.
16-16 is the one built into the projection television combination of Fig.
1-12. This changer is designed to play either 10- or 12-in. 78-rpm records
only. They cannot be intermixed. The method of supporting the stack
and dropping the records to the turntable is different from that of the
changers already discussed. It is known as the two-support drop type;
the records are selected by a thin blade or knife on the left-hand post of
Fig. 16-16 which “slices” into the stack and selects the bottom record of
the group. The pickup arm, which is hidden from view by the record
stack in the photograph, has a crystal pickup cartridge and is equipped
with a long-life sapphire-tipped needle. After completing the selection
on the last record of the stack, the tone arm will return to its position on
a resting post. This post has built within it a switch that will remove
the power from the drive motor, causing the record changer and the turn
table to stop.
Two control knobs are mounted forward on the pan or motor-board.
The left-hand control provides for manual, reject, and automatic opera
tion. The right-hand control is the main on-off switch. Manual
operation is used when it is desired to play a single record without repeat-
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Fig. 16-16. A partial
1-12
•
- view
-------- of the television-radio-phonograph
»vre»ioivil-1 UMlU-pilUIIUgrupil combination
COIIlUlIlULlUlt of
Ol Fig.
»
*-•snowing the sheer-type record changer and turntable mounted on top of the AM-FM radio
chassis. U?CA.)
{RCA.)
SEPARATOR SHELF

separator
KNIFE------

[

far

RECORD
SUPPORT

I
n

:---

—cam segment

]• ig. 16-17. A side-view drawing of the slicer-type record changer of Fig. 16-16 showing
the record support and separator mechanism. {RCA.)

ing. Set in this position, the pickup arm will remain in the eccentric
groove when the record is completed.
A more detailed understanding of the record changer support and
selecting mechanism can be had from the drawing of Fig. 16-17. The
record support is on the right; it may be adjusted for 10- or 12-in. records
by rotating the support head 180 deg. The separator is mounted on the
post at the left and is mechanically linked with the record support by a
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drive belt, so that it automatically shifts position with respect to the
centerpost when the record support is rotated for the larger discs.
As seen in the drawing, the changer is set for a 10-in. record which is
held above the turntable by protruding shelves on the support and
separator heads. At this point, the record does not contact the center
post. When the change cycle is initiated, the tone arm is swung out from
under the record stack, and the separator mechanism is put into opera
tion. A separator lever is fastened to the shaft below the cam segment
of Fig. 16-17. This lever slowly rotates the separator head counterclock
wise. The separator shelf is gradually swung out from underneath the
record as the knife is brought in over the top of the bottom record. As
the knife slices into the stack, all records above the bottom one are held
by the knife, but the bottom record is permitted to drop onto the turn
table below. At this point the lever turns the separator head in the oppo
site direction, removes the knife from the stack, and the records fall to
the separator shelf. During this time, the tone arm is being brought to
the edge of the record just dropped in preparation for the next playing
cycle. Observe that the spindle has a smaller diameter in the upper sec
tion. This is necessary to allow some play for the center hole of the
record because during the dropping process the record support remains
fixed and the record must slide of! the support shelf as it drops to the turn
table. The record is recentered as it slides over the larger portion of the
spindle, near the bottom.
16-21. Another Popular Oscillating Trip Mechanism. The trip mecha
nism of the changer in Fig. 16-16 is of the oscillating type and its function
is similar in many respects to the oscillating trip of Fig. 16-2. The opera
tion of the parts used to set the main drive cam into change cycle are
shown in Figs. 16-18a and 6. The shaft to which the tone arm is directly
coupled is fastened to the top end of the trip lever of Fig. 16-18a. As the
tone arm swings toward the center of the record, this trip lever swings
toward the right in the drawing and causes the point of the trip pawl to
engage with the teeth at the left-hand arm of the ratchet lever. The trip
pawl progresses in these teeth toward the center until the tone arm reaches
the eccentric groove of the record and is swung away from the spindle.
At this moment, the point of the trip pawl pivots the ratchet lever so that
its right-hand arm is disengaged from the drive-cam pawl, shown in
Fig. 16-186.
During the playing of the record, the ratchet wheel of Fig. 16-186 has
been rotating with the turntable, but the drive gear and main cam have
been stationary. When the ratchet lever disengages from the drive-cam
pawl, the spring shown on the lower side of the pawl pulls the pawl tooth
into the ratchet wheel and the drive gear starts to rotate. This gear
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drives the main cam which operates the tone arm and record separator
shaft.
When the pickup arm swings back to its starting position the trip pawl
is disengaged from the ratchet lever. However, the lever cannot slip
back and lock the drive-cam pawl until the tooth on the ratchet lever falls
into the notch on the hub of the main cam. This can take place only
after the main cam has completed one revolution and by this time the
changer has gone through its entire cycle.
16-22. 45-rpm Record Player. rThe
"’ 45-rpm record changer of Fig.
16-19 is another style incorporated in
__i some television-radio-phonograph
combinations. It is designed to play up to ten 7-in. 45-rpm records
10 LANDING I2’LANDING
POSITION POSITION

Trip
lever.

©
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c

• Ratchet lever
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/
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£
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Drive cam
'a pawl
/' ^^^(Rafchet

/ T-m'nqwheel
notch <• .
L
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and gear

<Jear
Stud on tone
arm lever
(b)

(a)
Fig. 16-18. (a-b) The oscillating-trip mechanism and drive cams used in the record
changer of Fig. 12
16-16.
12. (RCA.)

automatically but no provision is made to turn off the changer upon the
completion of the last record. rThe
"’ centerpost functions in a manner
very similar to the 45-rpm spindle shown in
i Fig. 16-lc. However, in this
case the centerpost is permanently fastened to the turntable. The
records of the stack in Fig. 16-19 are held on the spindle by two protruding
shelves, as in the case of Fig. 16-lc, and retract to allow the bottom record
to drop onto the turntable. The remainder of the stack is held by thin
slicers during this time. The turntable is rim-driven.
Internally this changer mechanism is somewhat simpler than the ones
already discussed, and is extremely rapid in its cycling operation. The
change cycle is completed in one revolution of the turntable. Figure
16-20a shows a cutaway view of the turntable and shows the trip stud
and pawl which actuate the change cycle when the tone arm reaches a
fixed distance from the centerpost. It is therefore a position trip. The
cycling cam of Fig. 16-205 is rigidly mounted under the turntable and
actuates director lever 41 when the follower roller on stud 4IB enters the
slot and travels around the inside of the cam.

*
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Fig. 16-19.

A 45-rpm record changer and turntable.
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Fig. 16-20. (a-b) Drawings of the trip mechanism and cycling cam action in the 45-rpm
record changer of* ~
Fig. ------16-19. (RCA.)

376

PRINCIPLES OF TELEVISION SERVICING

[Sec. 16-22

When stud 8A strikes trip pawl 37, trip pawl stud 37A drives the
director lever forward at the point of contact. This lever pivots and
forces the follower roller on stud 41B into the opening in the cycling cam.
Tension spring 42 holds the roller securely to the surface of the cam as it
travels.
Figure 16-21 shows the trip lever 58 with the control stud 9A connected
to the pickup arm. As the roller follows the cam, the back arm of director
lever 41 (see Fig. 16-206) engages with stud 41D of Fig. 16-21. It is this
action that causes the pickup arm to be swung from the center of the turn
table to the edge of the next record to be played. Upon completion of
one revolution of the cycling cam, tension spring 42 pulls director lever
PICKUP ARM

__ /
—
LATCH 5OA

STUD 9A

- 41D

41C

O.

-TRIP (-EVER
58

MUTING SWITCH 63
OPENS

Fig. 16-21. A
/ drawing
’
parts
of the
----- o of
— the essential jpc*B
VO V/1
VliU 45-rpin
;?"i record changer in Fig. 10-19
showing the relationship
and--pickup
to the trip lever mechanism and
- of the turntable
------------------ arm t
cycling cam. (RCA.)

41 away from the cam when the follower roller once more reaches the
opening in the cam. The cycle is then completed. In common with
other record changers, this one is provided with a muting switch. This
switch, 63, of Fig. 16-21, is merely an added convenience which shorts the
wires from the pickup during the change cycle. This prevents any
noises as a result of mechanical vibrations from being transmitted to the
audio amplifier.
TROUBLE-SHOOTING HINTS AND SERVICING NOTES

The customer should be advised with regard to the following operating points.
1. Never use warped or damaged records for automatic operation.
2. Care must be taken not to bend the spindle when loading or unloading
records.
3. Always use the correct needle for the type of groove in the record being
played.
4. Keep lint and dust away from the needle.
5. Never force any part of the mechanism if it fails to operate.
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6. Do not handle the pickup arm during the change cycle.
7. Records must be loaded and unloaded when the mechanism is out of cycle.
S. Always move each control until it makes a definite stop and locks into
position.
9. Never leave the pickup arm with the needle resting on a record or on the
turntable.
10. Do not leave records on the record posts or on the turntable.
Tn addition to the specific servicing points covered throughout the chapter,
the serviceman will find the following suggestions applicable to all record changers:
Additional lubrication is rarely required throughout the life of a record changer.
When found necessary, use a light machine oil (SAE 10) in extremely small
amounts on the motor bearings, pickup-arm bearings, control lever bearings, and
turntable bearings. A very light grease may be used on the cam faces, follower
rollers, and moving slots of connecting arms.
Be sure that the rubber tires on the drive and idler wheels and all drive
belts are free from grease, oil, and dirt. Use carbon tetrachloride or Carbona
for cleaning these parts.
Exercise great care when changing needles in the pickup arm to avoid
damaging the cartridge and the wires connected to it.

The Mechanism is Slow in Starting, Continues to Run Too Slowly, or
the Motor Heats Up
Procedure: 1. Check line voltage and frequency.
2. Suspect mechanism is dirty or bearings gummy.
3. Look for grease or oil on rubber drive wheels.
4. Suspect motor is damaged.
Defect. The Changer Will Not Trip
Procedure: 1. On oscillating type: Suspect worn pawl or serrations on trip
mechanism.
2. Look for dirty or sticking parts.
3. Check for broken trip-pawl spring.
4. On velocity-type trip: Clean or replace friction washer on trip pawl.
5. On position-type trip: Check position-adjustment screw.
Defect. The Pickup Arm “Skips” across Records
Procedure: 1. Check to see that turntable is level.
2. Check height adjustment of tone arm.
3. Look for worn or bent needle.
Deject.

REVIEW QUESTIONS

1. What is the purpose of the offset on the centerpost of a record changer?
2. Name three types of trip mechanisms employed in record changers.
3. Explain how the record changer of Fig. 16-la can be converted to 50-cycle
operation.
4. If the distance between the spindle and head assembly exceeds the allotted
tolerance, what should be done to obtain the correct spacing?
5. If a removable large-diameter type 45-rprn spindle fails to drop records, what
might be the cause?
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6. What fundamental internal adjustments of Figs. 16-9a and b are made on the
record changer?
7. What will be the result of having oscillating-trip adjustment screw 115 of Fig.
16-9a (a) too tight? (6) too loose?
8. Explain the basic difference in the manner of actuating the position-type trip
as compared to the oscillating type.
recO9rd?XPlftin
PUrp°SC °f a sPider in connection with the playing of phonograph

10. If a turntable is found to be running slow for a given record, give four possible
causes for this trouble.
11. Why must a turntable never be immersed in oil?
a c^anBer having a position-type trip fails to trip, what might be the possible
ke the possible causes for the pickup arm of a record changer to
skip across records?
14. AVhat are the rotational speeds commonly used in home record players?
15. W hat type of record changer does not support the records at the center?
16. Describe briefly the method of setting the pickup-arm height of the record
changer of Fig. 16-11.

<«

CHAPTER 17

STANDARD ANTENNAS AND TRANSMISSION LINES
17-1. Choosing the Proper Antenna System. Television servicemen
are learning more and more that receiving antennas can display a multi
tude of characteristics. Some installation problems are readily overcome
while others must be compromises at best. The chief aim of this chapter
and the one following is to lay before the reader a few of the working
factors and to reduce their complexities wherever possible. A problem
immediately presents itself to the serviceman because of the extreme
importance of the antenna system and the fact that he is often left on his
own resources. Much of the engineering for the customer must actually
be done by the person making the installation, although every effort is
being made by the manufacturer to predesign the antennas in the
laboratory.
In spite of the increases in station power and the effort on the part of
the manufacturer to improve the receiver sensitivity, the antenna and
feeder system are still the most important parts of a good installation.
Unfortunately because of the many variable factors, no two systems are
exactly alike.
Experience in installation and the standardization of many components
are making it possible for the service technician to develop confidence and
are enabling him to save a great deal of time and expense. From the
literally scores of antennas on the market today and the many more that
can be made in the service shop, the question of which antenna to use
must ultimately be decided upon. With the many technical factors
involved, many conflicting advertising claims, and even personal likes
and prejudices, the problem is often difficult. Sooner or later, however,
each television man sifts out the good from the bad and finds three or four
types of antennas that meet the requirements of the locality in which he
is working.
17-2. Using the Simple Dipole. The simplest of all television antennas
is the dipole shown in Fig. 17-1. It is commonly made of aluminum or
other light-weight tubing and cut into two pieces, each a quarter wave
length long. This, then, totals one half-wave from end to end of the
completed antenna. Most of the television antennas in use today are of
the dipole type or modifications of it. Within a 15-mile radius of a
379
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television transmitter, the simple dipole usually can be used to receive
all channels in the VHF band, 2 through 13. Often the antenna is cut
to a half wave length of channel 5, making each rod approximately 3^ ft
long. This results in the best signal for that particular channel, and is
a compromise to give reasonably good re
r 72 fl antenna
ception for all of the remaining stations in
T
zi5on
the band. Most transmission lines made at
A
quarter-wave
present have a 300-ohm characteristic im
4
matching stub
pedance, and the inputs of the receivers are
ij I
designed to match them. This is a require
ment if maximum energy is to be transferred
z3oon
transmission
from the line to the set. The simple dipole
line
has a center impedance of 72 ohms and is
generally not used with a 300-ohm line with
Fig. 17-1. A basic dipole
out some modification. If it is desired to
antenna matched to a 300-ohm
transmission line by means of a
match the dipole directly to the transmission
quarter-wave matching stub.
line, a 72-ohm coaxial cable is employed,
These two values of impedance, 300 and 72, are so widely used that
most receiver manufacturers design the input impedances of the sets to
match both of them.
17-3. A 72- to 300-ohm Matching Stub. When a 300-ohm transmis
sion line is used with a 72-ohm dipole, a matching stub between the
antenna and the line is employed. A simple stub may be made by cutting
a piece of 150-ohm twin line the same length as one of the antenna rods
and inserting it between the dipole terminals and the 300-ohm line. This
makes a quarter-wave matching stub and is also shown in Fig. 17-1.
17-4. Deciding upon the Correct Antenna Length. If there is only
one televison station in the locality, the dipole should be cut to the center
frequency of that station. To simplify the work of cutting the rods,
reference may be made to Table 17-1, which gives the length in inches for
each rod of the antenna when cut to the center or mid-frequency for each
channel in the VHF group. Thus it can be seen that for channel 4 each
quarter-wave rod will be 40 in. In many cases there are several stations
operating in the same area. For best reception in this situation, the case
of channel 5, mentioned above, will usually be quite satisfactory. How
ever, if all stations in the group are in the channels between 7 and 13, it is
advisable to cut to the average of the center frequencies of the lowest and
the highest frequencies of the stations in the area. For example, if
channels 7, 11, and 13 arc operating, the average of 7 and 13 from the
data in Table 17-1 will be (213 - 177)/2 = 18, and 177 4- 18 = 195.
I hus the dipole is cut to 195 Me. This happens to be the mid-frequency
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Table 17-1.

Channel freq., Mel

Channel

2
3
4
5
6
8
9
10
11
12
13

for

I

54-GO
GO-GG
6G-72
7G-82
82-88
174-180
180-1SG
186-192
192-198
198-204
204-210
210-216
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Dipole Antennas on VHF Channels
Center freq., Me

Length, in.*

57
G3
G9
79
85
177
183
189
195
201
207
213

19.25
44 50
40 00
35 25
33 00
16.00
15.25
14.75
14.25
13.88
13 50
13.25

L (in.) = 2.804//(Mc)
* Reflectors for each of the above channels would be 10 per cent longer, and directors 7 per cent shorter
than the antennas.

of channel 10. Each dipole rod will be 14J4 inches, and a satisfactory
compromise has been effected for all stations.
Dipoles cut for the VHF band are rarely satisfactory for receiving
stations simultaneously in the UHF band. Accordingly, the data in
Table 3-1 in conjunction with the formula in Table 17-1 may be used by
the serviceman to design antennas for UHF reception. The center
frequency (/) of the formula is found by adding 3 Me to the lower fre
quency listed for any channel desired.
17-5. Bidirectional Property of the Dipole, A simple dipole will
receive signals equally well from front and back. This is known as the
bidirectional property of the an
Relative strengths
tenna. If the rods are viewed from
of incoming signals
the top, the strength of the received
energy will be greatest at light /
r
angles to the rods and weaker as L_________
the signals approach from an oblique angle. A graph plotted of
/
the incoming energy will form a
Fig. 17-2. A field-pattern graph of a
pattern for the simple dipole, simple dipole antenna showing the relative
shown in Fig. 17-2, and called the strengths of received signals at different
angles to the rods.
field pattern. The bidirectional
property is both an advantage and a disadvantage. When placed directly
between two television stations, signals can be picked up from both direc
tions without repositioning the dipole. However, when there is a tele-
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vision signal being received on one side of the antenna and a source of
interference such as an FM station, a radiating television set or merely
an electrical disturbance approaches from the opposite side, with the
simple dipole alone there is no way to prevent this signal from also being
picked up. 1 he treatment of this type of interference is covered in
Chap. 19. The basic antenna just discussed is not recommended for
service areas beyond 15 miles from the station, and there are a number of
cases within this distance when its use is not advisable. However,
because of its low cost and simplicity it often justifies a trial before going
to the expense of a more elaborate system.
17-6. Certain Advantages of the Folded Dipole. A modification of
the basic antenna is the folded dipole. Essentially it is a simple half
wave antenna with an additional conductor, usually of the same diameter
and length as the dipole, closely spaced and parallel to it. This second
rod is connected to the antenna at the open ends to form one continuous
rod as shown in Fig. 17-3. \\ hile the folded dipole does not offer greater
gain, it does have certain advantages over the simple type, and the entire
unit is physically stronger because of
the addit
sign
it
is
possible
to
fasten
the
mid

/ / 300-apoint of the second rod directly to the
/ I line
Fig. 17-3. A simple folded dipole con
antenna mast and thus ground it with
nected directly to a 300-ohm feeder
out affecting its operation. The folded
line.
dipole possesses a center impedance of
-88 ohms and is a completely satisfactory match for the standard 300ohm spaced feeder lines so widely used. Another advantage of this
antenna is that it has a slightly greater frequency bandwidth than the
simple type for the channel to which it is cut. This means that it is more
evenly responsive to the frequencies in the channel and that in some cases
the quality of the picture is thereby improved. For the reception of a
single station or several relatively close in frequency, this antenna is
satisfactoiy within the same distance limitations as the simple dipole.
17-7. Channel Limitations of a Single Folded Dipole. In spite of the
above advantages, however, there are definite problems which make the
use of a single folded dipole inadequate for all television channels. The
changing chaiacteristics with frequency of any antenna are often not
ully appreciated by the serviceman. It must be realized that an antenna
\\ ic is a half wave length long to the fundamental frequency for which
it is cut will become a full wave length to a frequency twice this value, the
second harmonic. The same antenna will be two wave lengths long to a
requency four times as high, the fourth harmonic. All this takes place,
of course, without any physical change being made to the rods, but the
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electrical properties of the antenna over such a wide range of frequencies
are decidedly altered. This can best be understood by means of a con
crete example using the basic dipole for simplicity.
17-8. The Change of Antenna Characteristics with Frequency. An
antenna cut for channel 2 (54 to GO Me) will be used throughout the following discussion. For this chan
8 ft approx------------------------ *
E
nel the half-wave dipole will be
I
approximately 8 ft long. As the
energy from the transmitter strikes
X
-H
4
the receiving antenna at one instant H--Io-l?-*
I
of time electrons are caused to flow
(a)
along the rods in the direction indi
cated by the dashed arrows in Fig.
E
17-4a. The largest number of elec
— 8ft approx
trons are in motion at the center of
~]3oQo^r
?X
-J
X.
“"2
the half-wave dipole and this con
stitutes a maximum current flow as
(b)
can be seen from curve I in the
same figure. Curve E is that of
the voltage distribution on the rods
E
and indicates that a maximum volt
-------- 8ft approx/------ -------------- >j
age appears at the ends of the an r\
—----- 4
tenna where the electrons accumu
late and are at rest. At the center
where the voltage is minimum the
Cc)
impedance is at its lowest, 72 ohms,
for this particular antenna. The
E
impedance will vary along the rods
-''X---------/-& ft approx -z\
/
x—
from this value to approximately IV
3,000 ohms at the extreme ends.
3000^
Without changing the physical
—-A— -C
length of the antenna, let the fre
(d)
quency being received double (108 Fig. 17-4. (a-b-c-d) Voltage and current
waveforms showing the varying character
to 120 Me). This is approximately istics and the changing center impedance of
the case when the antenna is used a standard dipole when receiving har
monically related signals.
for FM (88 to 108 Me). If the
dipole were cut for this band, its over-all length would be only 4 ft. Since
these high frequencies are being received on an 8-ft antenna instead of one
of 4 ft, this dipole is twice as long as it should be. It is therefore, a full
wave antenna to the higher frequencies as shown in Fig. 17-46. Note
that now the voltage is maximum at the center of the rods in contrast
to the previous case where the voltage was low for 54 to GO Me. Where
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the voltage is high, the impedance wall also be large, and under these
circumstances may attempt to rise as high as 3,000 ohms at the point
where the transmission line is connected. It will be noted that this
change has been brought about merely by a change in frequency of the
signal being received.
Channel 7 (174 to 180 Me) has frequencies three times those of channel
2. This means that the antenna becomes effectively three times as long
as it should be. As a result, three times a half-wave, or one and onehalf waves, will appear on the dipole. Reference to Fig. 17-4c will reveal
that the voltage and impedance have again shifted and are once more low
at the center. Finally, if the same antenna is used for channel 13 (210
to 216 Me), it is operating on frequencies four times as high as channel 2.
Figure 17-4d shows the voltage distribution as it should appear for two
full wave lengths and again maximum voltage and impedance exist at the
center.
The importance of this information can be appreciated more fully when
it is realized that, if a transmission line of 72 ohms is used as a match for
this antenna on channel 2, a decided mismatch will occur at all frequencies
where the impedance attempts to rise to a high value. In spite of these
changing conditions, the simple dipole may be used to receive signals
from all channels, even though some attenuation will be experienced with
some stations. It is for this reason that an antenna of this type is recom
mended for use only where the incoming signals are strong and relatively
free of interfering noises.
The same reasoning as applied to the simple dipole is also applicable for
the folded dipole, but an additional situation develops. When this
antenna is cut for channel 2 and used on the second or fourth harmonic,
the voltage, instead of being maximum at the center, as it should be, is
short-circuited by the auxiliary element, and the entire voltage distribu
tion is changed. This in turn effectively short-circuits the transmission
line at the terminal points, and the signal for either of these cases is
attenuated to an extremely low value. It can readily be appreciated that
a long folded dipole has widely changing properties for frequencies in dif
ferent parts of the band, and in the case given would be almost useless for
channel 13.
17-9. The Change of the Field Pattern with Frequency. Another
important change that takes place in a dipole is the manner in which the
field pattern shifts with frequency as the antenna becomes effectively
longer. Figure 17-5 shows the field response to channels 2, 7, and 13 for
the same 8-ft antenna of Fig. 17-4a. Maximum energy from channel 13
will be received 38 deg off the right angle, the position which gives maxi
mum signal from channel 2. Somewhat of an averaging of the two condi-
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tions appears in the case of channel 7, where a limited amount of broad
side energy will be received. With a folded dipole the field patterns will
be essentially the same as the simple
dipole for channels 2 and 7, the
curve
only two on which it will operate Response
Response
for channel 2
■—j curve for
effectively.
y channel 13
It may be concluded from the facts
/-/--Response
just presented that there are two im
'
curve for
channel 7
portant factors to be considered when
installing an antenna. They are im
pedance matching for best signal
i
\
strength and proper orientation.
Sometimes a compromise is necessary
between a direct broadside position Fig. 17-5. Graphs showing the change
in field pattern of a simple dipole
and 38 degrees off, if all stations are antenna cut for Channel 2 when receiv
in the same general direction. In ing signals on other higher-frequency
the event that they come in from sev channels.
eral different directions, an averaging can sometimes be made, but failing
this, it will be necessary to employ several antennas with different
orientations or to make provisions to rotate a single dipole.
17-10. Using Reflectors and Directors. Reception from either the
simple or the folded dipole can be improved quite easily by placing another
rod, slightly longer than the antenna and usually of the same diameter,
at a fixed distance behind it, relative to the incoming signal. The rod
has no direct electrical connection to the rest of the system and is known
as a reflector or a parasitic element. The arrangements for the simple and
folded dipoles are given in Figs. 17-6a and 6, respectively. The use of the
reflector changes the receiving field pattern of the dipole from a bidirec
tional type to one which is relatively unidirectional. This, in turn, gives
added signal strength in the direction in which the antenna is facing, as
can be seen from the graph in Fig. 17-6c. For maximum gain the reflector
is usually placed between 0.2 and 0.25 wave length behind the dipole.
This element has the additional advantage of acting as a shield to inter
fering signals and noise coming in from the back of the antenna.
If a parasitic element is made slightly shorter than the antenna and
placed in front of it, it is called a director. Experience has shown that
the placement of the director is very critical and makes the antenna more
sharply tuned than the simple dipole. As a result, the director is not
usually recommended for television reception. The serviceman will find
several commercial antennas available that are designed with one or more
directors and that do provide good recept ion. They will give still further
gain in the forward direction, but, because of the exact spacing require-
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ments, the antenna system should be used as manufactured, and no
attempt should be made to change the positions of the elements. One
array consisting of a folded dipole, a reflector, and three or four directors
is known as a Yagi antenna. It has very high forward gain making it
well suited to reception in remote fringe areas, but, because of its narrow
bandwidth, it is usually designed to be used for only a single television
channel. A five-element Yagi antenna composed of a folded dipole,
reflector and three directors is shown in Fig. 17-7.
Reflector
Dipole

X
(a)
Reflector

J Dipole

Incoming
signoils

(c).
Fig. 17-6. (a) A simple dipole antenna with its reflector spaced between 0.1 and 0.25
wave length apart.
(b) A simple folded dipole and reflector.
(c) The field pattern of a dipole and reflector.
Incoming signals are considerably stronger on the antenna side away from the reflector.

17-11. Stacked Antenna Arrays. Both the simple and folded dipole
types of antennas are made commercially with and without reflectors.
They are also available in stacked arrays. Stacking is the process of
mounting two or more antennas one above the other on the same mast
and paralleling them to the same feeder line. Each antenna and its
reflector compose what is referred to as a bay. Two-bay stacked arrays
of the Inline antenna and double fans are shown in Figs. 17-95 and 17-105
respectively. For two straight dipoles with reflectors and stacked, a gain
in signal strength of about 2.3 is obtained over the simple dipole without
reflector.
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17-12. High- and Low-band Arrays. Many two-bay antennas are
specially designed to be used over the entire VHF television band, chan
nels 2 through 13. To accomplish this, one bay is cut to an average of the
low-frequency group and the other bay is cut to the center of the high-

Incoming
-Signa/

Fig. 17-7.
directors.

A five-element Yagi antenna composed of a folded dipole, a reflector, and three

frequency channels. Such an array can be seen in Fig. 17-8, and will be
found in use farther away from the stations than the simpler types. One
particular advantage of a two-bay stack of this type is that the upper
antenna may be pointed to receive a station or two coming from one direc-

Fig. 17-8. A two-bay folded dipole antenna with reflectors. The upper bay is cut for
the high-frequency channels and the lower is for the low-frequency channels. They are
shown arranged to pick up stations from different directions. (JFD Mfg. Co.)

tion while the lower one can be pointed to pick up stations coming in from
another direction. Both feed a common transmission line and the prob
lem of directional orientation is somewhat simplified for the service
technician.
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Figures 17-9a and b show two arrangements of a commercial antenna
made by American Phenolic Corporation. The single bay is commonly
used for local reception, and the two-bay stack is designed for reception
in the fringe areas. This antenna is unique in that t he arrangement of the
various elements is such that the small folded dipole is cut to receive
signals from the high-frequency band, and the larger dipole acts as a
reflector for it. When the large section is used for the lower frequency
channels the smaller dipole is employed as a director and the additional
single rod behind is used as a reflector. The stacked array offers greater
gain than the single antenna, and is designed to be used with the standard
300-ohm transmission line. Since the manufacturer has correctly

(b)
Fig. 17-9. (a) A combination high- and low-band folded dipole antenna.
(b) A two-bay stack of the combination antenna of Fig. 17-9 (a). (American Phenolic
Corp.)

located each element with respect to the others, it is important that the
serviceman not make any changes in the placement of the parts. In
areas where signals come in from several different directions, an antenna
of this style can be readily mounted so that it may be easily rotated by
hand or by a motor, as is discussed in the following chapter.
17-13. All-band Double-fan Antennas. One very popular style of
antenna for all-band reception is the double fan with reflectors illustrated
in Fig. 17-10. It will be noted that the center element of each fan in this
particular design is shorter than the outer ones. These rods are cut to
receive signals from the higher frequency stations, while the longer ele
ments are cut for the lower channels. There are several variations of this
antenna to be found commercially. For example, all three receiving
elements may be of the same length, rather than having one shorter.
Still another style, often called the double-vee, or conical, antenna has

a
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only two fanned rods on each side, and manufacturers use various arrange
ments for the reflectors associated with them. All these are used with a
300-ohm transmission line, but, where necessary, they will usually be
found to work quite satisfactorily with a 72-ohm coaxial feeder.
17-14. The Rhombic Antenna. The desire on the part of people to
receive television programs over farther and farther distances from the
stations has spurred manufacturers and engineers to search for antenna
designs that mil have high gains in the forward direction. Under these
conditions, consideration is not given to having an antenna with all-band
coverage, but rather to stress fewer channels and attempt to gather as

ELEMENTS-Z

UH- ELEMENTS

20" ELEMENT

(a)
Fig. 17-10. (a) An all-band double-fan antenna with reflectors.
(b) A two-bay stack of double-fan antennas with reflectors. (JFaZ/er L. Schott Co.)

much signal energy as possible. For this purpose, two well-known
principles are being employed. They are the multiple wave-length wires
used to form the rhombic, and the multielement reflector system which
narrows the angle of incidence of the incoming signals.
The principle and use of the rhombic antenna are not new to the field of
radio communication but its application to television has been limited up
to the present time. The main reasons for the lack of popularity are its
physical size when used in the VHF band and the difficulty encountered
in designing a structure which can be rotated to pick up signals from
different directions. If this type of antenna is made for all-band recep
tion from 5-1 to 216 Me, each side, or leg, as it is called, has to be at least
two wave-lengths long for channel 2, making it approximately 40 ft in
length. If the logs are cut to less than one and one-half wave length, the
gain of the antenna is scarcely more than that of the dipoles previously
discussed.
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In spite of the difficulties encountered, rhombics that are electrically
long (six or more wave lengths) will be found to have voltage gains as
high as 10 or greater. An installation of this type is very cumbersome
and often costly for even the highest frequencies of the present VHF band,
but, as the newer ultrahigh frequency band (470 to 890 Me) becomes more
widely used, the rhombic xxrill probably have a larger general acceptance.
Figure 17-1 la shows a rhombic antenna with each leg cut to 7.5 ft,
which represents four wave lengths per leg at 500 Me, near the lowfrequency end of the UHF band. When it is desired to design such an
antenna for receiving stations in the VHF band, the installation should
be made only when the cost is justified and a sufficiently large ground area
is available. It can be said that for the extreme fringe areas the rhombic

' -150 !2"
300-n.

' Incorn‘n9 signal

700-

x

line
( a)

Max signal

(b)
Fig. 17-11. (a) A top view of a four wave-length rhombic antenna cut near the low end of
the UHF band.
(b) The approximate field pattern of the rhombic antenna of Fig. 17-11 (a).

will often be found to produce acceptable results where dipole arrays
have failed.
The especially high gain of the rhombic is due largely to its sharp uni
directional properties. The field pattern of this antenna cut to four
wave lengths per leg is given in Fig. 17-116. As the frequency becomes
higher, the electrical length of each leg of a particular antenna becomes
longer and the gain rises. The field pattern, however, does not change
appreciably, and, in consequence, the rhombic may be used to receive
many television stations in the band, provided they are all in the same
general direction. Again referring to Fig. 17-1 la, it will be noted that the
incoming wave approaches the antenna in such a way as to be guided by
it and directed to the transmission line. This line may be of the standard
300-ohm type, but a matching transformer at the point of termination
should be used. This is done by spacing the terminating ends of the
rhombic about 2 in. apart, and tapering the spacing of the 300-ohm twin
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lead from the 2-in. width at the antenna to the normal line width. This
taper must be a distance of one-half wave length for the frequency to
which the legs are cut. The far end of the rhombic, that toward the
incoming signal, is terminated in a noninductive (carbon) resistor of
700 ohms.
17-15. A Multielement Reflector System. One of the multielement
reflector systems commercially available for use in the fringe areas is
that shown in Fig. 17-12. This particular antenna is made by the Gonset

Fig. 17-12. A special stacked dipole antenna with multiple reflectors designed for the
high-frequency channels of the VHF band. (Gonset Co.)

Company and is called the Radarray. It is primarily designed to be effec
tive on the high-frequency channels of the VHF band. In some cases,
however, satisfactory reception has been had from stations in the lowerfrequency channels as well. The many reflector rods effectively shield
the dipoles from signals and noise that might be picked up from the rear
of the antenna, while the forward field pattern becomes rather sharp and
approaches that of a rhombic of several wave lengths. Arrays of this
type may be paralleled together and stacked when still more gain is
required for distant reception.
17-16. Types of Indoor Antennas. The development of indoor televi
sion antennas has been brought about by the numerous restrictions and
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often large expense of outdoor installations. In many cases, the addi
tional cost of an outdoor antenna system has brought the total price of a
television set out of the range that many people wished to pay. This is
particularly true in tall apartment
-_A/2buildings which do not readily lend
r
]
i themselves to an easy installation.
/
i
Finally, there are the many instances
/
where the owners of buildings pro
J
hibit the erection of outdoor antennas.
lA
To overcome these difficulties, a num
ber of different types of indoor anten
nas are being employed. These range
from full-sized dipole arrays installed
in attics to built-in antennas in the
4
Fig. 17-13. A method of constructing
cabinets of the receivers themselves.
a simple half-wave dipole antenna by
A convenient way to make a simple
dividing the two wires of a transmission
line. This may be mounted indoors as
indoor antenna that is unobtrusive in
illustrated.
most rooms is to construct it from a
piece of 300-ohm t\vin-lead transmission line. Reference to Fig. 17-13
•will show that the line is slit down the center between the two wires
sufficiently far for the two pieces to form a half-wave dipole when spread
out. The wires may be laid in
the picture molding, and the leadin portion can be brought down
along the wall behind window
draperies. In other cases, where
the room has large windows, the
antenna may be mounted above
the framework and be practically
hidden from view.
One convenient type of porta
ble indoor antenna is shown in
Fig. 17-14. Called Telestar by the
manufacturer, it has long rods cut
for the low-frequency band and
shorter ones for the higher chan
nels. Although the longer rods Fig. 17-14. A high- and low-band indoor
antenna. (American
Phenolic
are telescopic, when extended to television
Corp.)
their full distance they are pre
tuned, and it is not necessary to adjust them as the set is tuned to
various stations. The antenna is designed to be set on top of the receiver
or perhaps on a window sill nearby. The best placement must be deter-

z
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mined by trial, and will vary, depending upon the locations of the stations
being received.
17-17. Built-in Antennas. To meet the sales resistance attendant
with the cost of antennas and the restrictions on their installation, manu
facturers have turned to building antennas inside the cabinets of the
receivers. Representative of these models are Admiral’s Roto-scope and
the tunable built-in aerials found
in many of the later Philco sets.
Fig 17-15 shows how the Rotoc
B
scope is designed. When mounted,
it is located on the underside of the
top of the cabinet. It is made of
four 8-in. copper strips arranged
diagonally on an insulated sheet
r ~ V -H-v:
and a movable piece at the center
■
that can be shifted to connect the
transmission line to three different
positions for obtaining best recep
tion. Strips A and C are used
when the switch is thrown to the
D
right, and B and 1) operate when
the switch is shifted to the left.
When this control is set in the mid
Fig. 17-15. An adjustable type built-in
position, as shown, A and B form antenna
that is mounted above the picture
one side of the dipole and C and D tube in the receiver cabinet.
form the other. This variable ar
rangement has the effect of rotating the antenna 45 deg to the right or
left as the switch is changed. This operation is accomplished by the
control lever that extends from the back of the cabinet, near the top.
In some cases, a single setting of the control lever on the Roto-scope will
provide good reception from all stations in the area. To check for this,
tune in a station and obtain the best picture and sound with the receiver
controls. Then move the antenna control lever to each of the three posi
tions carefully watching the picture for improvement. One of these may
be the correct setting for all the operating channels on which the set is to
be used. If it is not possible to obtain good reception with one setting
of the control lever, it will be necessary to change the position for different
stations, and the customer should be instructed how to adjust the control
as needed. If completely satisfactory results arc still not obtained,
changing the position of the receiver in the room will often help.
Figure 17-16 show's the construction of the built-in antenna used by
Philco. It is made of aluminum foil fanned out toward the ends and

i
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folded over to give a loading effect. The shape of the antenna is pre
designed at the factory, and should not be altered, because the tuning
might be affected. A variable condenser across the terminals of a “hair
pin coil” connected to the input of the antenna provides tuning for the
dipole. The aerial-tuning control is located on the front panel, near the
top of the cabinet. It is readily available to the person operating the set,
and may be adjusted by him as the receiver is tuned from channel to
channel.

Fig. 17-16.

A special tunable type built-in antenna.

{Philco Corp.)

17-18. Aligning the Philco Built-in Antenna. Antenna circuits of this
type occasionally need adjustment by the service technician. When
properly aligned, the aerial-tuning control should give best picture and
sound at or near the mid-position between the maximum clockwise and
maximum counterclockwise settings. If this check reveals that the sys
tem needs realignment the procedure outlined below should be followed.
The fundamental principle for alignment involved is that of radiating a
modulated signal at the video carrier frequency of each channel, picking
it up with the built-in antenna, and tuning the system for maximum out
put at the receiver.
Connect the vacuum-tube voltmeter between the output lead of the
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video second detector and the chassis. The meter should be set with the
selector switch at —volts and the range switch at 10.
A 72-ohm coaxial cable should be used to connect a simple dipole to
the output of the alignment signal generator. The dipole is then placed
near the back of the receiver so that the built-in antenna will pick up
energy from it.
Plug a 55.25-Mc crystal into the jack on the panel of the signal genera
tor and snap the int. marker switch to the position mod. When the
equipment is turned on, a 400-cycle note modulates the carrier frequency
of channel 2 which is radiated by the generator. If channel 2 is not oper
ating in the area where the set is to be used, start with the lowest channel
in operation and select the proper crystal for the video carrier. Then
set the receiver channel switch to that channel, and place the fine-tuning
control to its mid-position. Leave this adjustment set for the entire test.
Vary the output control of the generator until there is just a noticeable
indication on the vacuum-tube voltmeter. Next, adjust the* aerial
tuning control on the receiver for maximum reading on the meter. A
peak reading should be obtained when this control is somewhere between
the full clockwise and counterclockwise positions. Repeat this check
procedure for each channel that is operating in the area, using the proper
crystal for the video carrier frequency of that channel. Each time change
the receiver station selector for the particular channel being tested.
If the check shows that a peak reading cannot be obtained on the lower
frequency stations with the control in approximately mid-position, it will
be necessary to push together or bow out the long section of the antenna
loop assembly to which the piece of 300-ohm line is attached inside the
set (see Fig. 17-16). If it is found that a maximum reading cannot be
secured at the mid-position of the tuning control for channels in the highfrequency band, spread out or push together the two loops adjacent to the
tuning condenser, and observe the output meter for a peak. If the maxi
mum reading is still not obtained near the mid-position of the tuning con
trol, it may be necessary to replace the aerial-tuning condenser.
17-19. Limitations of Built-in and Indoor Antennas. The service
man and installation technician should never overestimate the ability
of a built-in or indoor antenna system. Although these systems will be
found to give satisfactory service in many locations, they have, neverthe
less, a number of shortcomings. If the signal is weak when an inside
antenna is used, an r-f booster may often be used to advantage. It is
inserted between the antenna terminals of the receiver and the transmis
sion line from the indoor dipole. Even with the addition of a booster,
the reception may still leave much to be desired. For further informa
tion on booster installation see Sec. 22-12. Poor reception can be
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attributed to absorption of the signal as it passes through the walls of
buildings, particularly those of metal construction. A second contribut
ing factor is the possibility that several reflected waves from the same
station may be reaching the indoor antenna in such a phase relationship
as to cause partial cancellation of energy. And, finally, in crowded areas
there is the ever-present problem of obstruction by surrounding tall
buildings and other large structures.
17-20. Replacing the Built-in Antenna with an Outdoor Installation.
The outdoor antenna system can almost invariably be depended upon to
give better television reception than that obtained from built-in or indoor
antennas, particularly when several stations in the area are being received
from widely different directions. When it is found that the built-in
antenna will not bring in a satisfactory signal, and that it is necessary to
install one out-of-doors, the built-in aerial must be disconnected from the
antenna terminals at the receiver. The ends of the feeder line should be
taped jfhd securely fastened to the inside wall of the cabinet. At no time
should the serviceman ever remove any of these parts without the consent
of the owner. If any of the components are taken out, they should be
put in an envelope or wrapped in paper and whenever possible kept inside
the cabinet.
17-21. Types of Transmission Lines. Of equal importance with a
properly chosen antenna is the selection of the transmission line which
brings the signal to the receiver. Consideration must be given to the
choice of feeder lines from the standpoint of which one to use for a given
system, how best to install it, and what maintenance it will require. Of
the many types of transmission lines commercially available, four
of the more common ones will be considered. They are shown in
Fig. 17-17.
17-22. The 300-ohm Twin Lead. Probably the most popular line in
use today for television reception is the 300-ohm twin-load ribbon type.
Two parallel-spaced copper wires are enclosed and separated by a poly
ethylene dielectric, as can be seen in Fig. 17-17a. Among the reasons for
its wide acceptance are the relatively low attenuation factor, the low cost,
the flexibility, and ease of matching to an antenna and receiver. In most
cases this transmission line was considered for use when the manufacturers
designed the input impedance of their receivers. It matches any stand
ard half-wave folded dipole and has been found readily adaptable for a
large number of the broad-band antenna arrays. The other important
electrical characteristic of this type of line is its fairly low loss of 1.75 db
at 100 Me per each 100 ft of line length. It is often rather difficult for
the serviceman to appreciate the losses in these terms. Accordingly, the

Sec. 17-23]

STANDARD ANTENNAS AND TRANSMISSION LINES

397

values in decibels will also be expressed in the percentage of voltage
attenuation. With a loss of 1.75 db there is actually a drop of 18 per cent
in signal voltage (see Appendix 8).
17-23. The 300-ohm Tubular Twin-lead. The flat ribbon line will be
found to have shortcomings when used under certain circumstances.
Where the line is exposed to atmospheres having high chemical content
such as the salt air of the ocean and fumes from factories and chemical
plants, it often develops a conductive coating on the surface of the dielec
tric that causes a leakage path which reduces the efficiency of the line.

1
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Fig. 17-17. A group of the most popular types of transmission lines used for television
reception.
(a) A flat 300-ohm twin lead. (American Phenolic Corp.)
(b) The tubular 300-ohm line. (American Phenolic Cori).)
(American Phenolic Corp.)
(c) The 72-ohm coaxial cable.
(d) A 450-ohm spaced feeder. (Gonset Co.)

In extremely hot and dry climates, the thin, flat polyethylene surface will
deteriorate over a period of time. This results in a gradual change in
electrical properties, and the dielectric material cracks and falls off the
wires, leaving them exposed and liable to short-circuit. To overcome
some of these difficulties the tubular twin-lead line shown in Fig. 17-176
was designed. The conductors are embedded in the walls of circular
tubing giving a combination of polyethylene and air as the dielectric.
Because of its shape the leakage path between the two conductors is
increased 57 per cent over the flat type and the attenuation factor is
reduced to 1.5 db per 100 ft at 100 Me. This represents a voltage loss of
approximately 15 per cent. In addition the line is physically stronger
and less subject to deterioration.
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17-24. The 72-ohm Coaxial Cable. Even though the spaced feeder
type transmission lines have the advantages outlined above, there are,
nevertheless, some cases where their application is not suitable. One
limitation is the relatively high impedance which makes it unsuitable to
match simple dipoles and some of their arrays properly. Further, spaced
lines have the tendency to pick up stray electrical disturbances, which
limits their use in certain areas. The coaxial cable, often called a concen
tric line, can be seen in Fig. 17-17c; it has characteristics which overcome
both of these difficulties. It is composed of a single conductor through
the center of a braided metal sheath. The dielectric may be in the form
of beads, solid polyethylene or other insulating materials. A weather
proof covering then surrounds the entire cable. The metal braid becomes
one of the conductors, and, when connected to a receiver having an
unbalanced input, it will also be grounded. Because the inner conductor
is completely shielded by the outer one, the coaxial cable can neither
radiate nor pick up outside noise. This construction also makes it usable
in the aforementioned areas having chemically laden atmospheres.
Coaxial lines for television reception are usually made with a character
istic impedance of 72 ohms, which makes it convenient to match a simple
dipole and some arrays.
Among the disadvantages of the coaxial cables are the fact that they
are more expensive, are at times inconvenient to install, and have a some
what higher attenuation factor. At 100 Me, the loss per 100 ft is about
2.0 db, or a voltage drop of approximately 21 per cent.
17-25. The 450-ohm Spaced Feeder. One of the newer types of trans
mission line to be made available on the market is the open-wire spaced
feeder shown in Fig. 17-17d. It is known as the Gonset line and is named
after the manufacturer. Because a major portion of the dielectric is air,
it is practically unaffected by weather or by fumes in the atmosphere.
The spacers are made of polystyrene, distributed every 6 in. along the
line to separate the wires by 1 in. One of the outstanding features is the
extremely low attenuation, 0.5 db per 100 ft at 200 Me. Note that the
loss is here given at 200 Me, instead of at 100 Me as in the previous cases.
Since losses increase rapidly with rise in frequency it may be concluded
that the loss is considerably lower than that of all the other lines discussed.
A drop of 0.5 db represents a voltage loss of 5.6 per cent. The Gonset
line has a characteristic impedance of 450 ohms, and may require a
matching transformer or matching stub at the antenna and at the receiver.
Such a stub will be a quarter-wave long to the frequency for which the
antenna is designed. An impedance of 450 ohms matched to a 300-ohm
antenna or input of the set will need a 370-ohm stub. In the event that
a rhombic antenna is used, this line may be connected directly to it.
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REVIEW QUESTIONS
1. Explain how a simple 72-ohm dipole can be matched at the center to a 300-ohm
lead-in.
2. If only one television station (channel 8, for example) is being received in a
given area, to what frequency should the antenna be cut?
3. If several stations between channels 2 and 6 are operating in a given locality, to
what frequency is the antenna normally cut?
4. Explain the importance of the information obtained from a field pattern of an
antenna.
5. If a folded dipole is cut for channel 2, explain the difficulties encountered when
an attempt is made to use this same antenna on channel 13.
6. What advantages can be obtained by adding reflectors to an antenna?
7. Are the longer rods of the antenna shown in Fig. 17-10 cut to a lower or higher
frequency than the shorter rods?
8. Explain how a rhombic antenna is made to match the 300-ohm lead-in.
9. Describe the procedure for aligning a tunable built-in antenna.
10. If a built-in antenna gives a weak signal and an outdoor antenna is not feasible,
explain what can be done to increase the signal strength.
11. Describe the procedure in replacing the built-in antenna with an outdoor one.
12. Identify four of the common transmission lines for television and specify where
each type is used.
13. When is it more advisable to use the 72-ohm coaxial cable than the 300-ohm
twin lead for a transmission line?
14. If, in a certain area, channel 3 is the only station that has been operating, and
the antenna has been cut solely for this channel, explain what might have to be done
to the antenna installation if channel 10 starts operation.
15. If considerable antenna gain is needed in a weak area, what can be done to
bring this about?
16. Which common type of transmission line gives the greatest signal loss, and
which the least?
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CHAPTER 18
ANTENNA AND RECEIVER INSTALLATIONS

Having acquired a knowledge of the various types of antennas and
transmission lines, the serviceman is confronted with the very practical
problems of antenna and receiver installations. Although experience
provides the most thorough training in these matters, there are many sug
gestions that will prove helpful to the student and beginning technician.
18-1. Suitable Transportation. For the serviceman to conduct his
business efficiently, it is necessary for him to have a convenient means of
transportation. Although an automobile may be used, it is by far better
when possible to have a light panel truck of approximately half-ton size.
Station wagons have also been found very popular for the general servic
ing business. They offer well-protected space for carrying receivers,
antenna arrays, ladders, and tools. The truck should be equipped with
brackets on the roof on which ladders and a completely assembled antenna
array may be carried. Very often the receiver is taken in the truck at the
same time that the antenna is brought to the site, and the entire installa
tion is made in one trip. If storage cabinets and work benches are built
on the interior sides of the truck, enough center space should be allowed
to accommodate the widest console receiver safely. Furniture mover’s
blankets and pads should be carried to be used every time an uncrated
receiver is transported. The serviceman must never take the chance of
scratching the woodwork of the cabinet, as this will sometimes create as
much customer dissatisfaction as a receiver that is not working properly.
18-2. Types of Ladders Needed. When climbing roofs, three ladders
are usually needed. This is particularly true for installations in residen
tial districts having single- and two-family dwellings. One ladder should
be a push-up extension type, having an over-all length of about 24 ft for
the purpose of climbing directly to the roof from the ground.
The second type should be a single-section straight-rail ladder, 12 to 14
ft long and provided with roof hooks which will grip the top of steeppeaked roofs; it is used for climbing from the eaves to the peak. The
third should be an 8-ft folding step-ladder for use on top of the roof in
erecting the antenna. All ladders should be equipped with pads to pre
vent their slipping and to protect the roofing against damage. Metal
ladders are more expensive than wooden ones, but they arc light, easy to
handle, able to withstand abuse, and long-lasting. It is recommended
400
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that the stepladder be of metal if considerable work is being done on
peaked roofs. Extreme caution should be exercised against contact with
the electric wires of buildings when metal ladders are used. The exten
sion ladder should also be provided with roof hooks, and when put into
use must be set at the proper angle for safety. Care must be taken not
to have it too straight up or spread too far away from the building at the
bottom. The ladder arrangements for a house having a slanting roof
arc shown in Fig. 18-1.

Fig. 18-1. An illustration showing the complement of ladders, the brackets, insulators
and hardware used to install a television antenna.

18-3. Tools for Receiver Installations. Antenna installations are
made on many different types of buildings, and for this the serviceman
must have a variety of hand tools. The main tools required for a general
installation may be divided into the various categories listed below.
ELECTRICAL AND METALWORKING TOOLS

Portable electric drill
Pliers (electrician’s, long-nose, and diagonal-cutting)
Soldering iron (medium to heavy duty—150 watts)
Rosin-core solder (never use acid core for electrical work)
Trouble light (25 ft of cord)
Soldering paste
Pocket knife, heavy-duty
Friction tape
Screwdrivers (large, medium, and small; also recessed-head Phillips type, several
sizes)
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50 ft of power extension cord, with multiple-outlet head
Cold chisel, medium size
Tin snips, medium size
Hack saw
Files, medium and course, with handles
Drills (small set of fractions, twist type)
Metal punch
Open end wrenches (inexpensive set)
Pipe wrench (Stillson, 12- or 14-in.)
Flashlight
Intercommunication system (sound-powered chest sets, with headphones)
Portable television antenna (simple dipole mounted on an 8-ft wooden pole)
MASONRY AND WOOD-WORKING TOOLS

Carpenter’s brace (ratchet type)
Saws (keyhole, and crosscut handsaw)
Wood chisel (^ or % in. blade)
Hand drill
Reamer, tapered
Hammers (claw, and engineer’s type with 2’^-lb head)
Masonry drills (set of various sizes)
Wood bits (several sizes, and expansive type)
Sandpaper (variety of grades)
Rope (50 ft of braided clothes line)
Carpenter’s level
ADDITIONAL ITEMS

Assortment of machine and wood screws
Masonry bolts and anchor plugs
4X4 canvas cloth (white untreated material)
Cheese cloth and lintless polishing cloth
Furniture polish (small can)
Measuring tape (6 ft, steel)
Map of city and surrounding area
Tool carrying belt
Gloves, heavy-duty
Pocket whisk broom
Camel’s hair brush, small
Gooseneck lamp
Machinist’s steel rule

The tools listed above for installation work are generally familiar to the
person studying in the technical field. Therefore, no description will be
given of the individual items, but their purpose and use will be discussed,
relative to the mounting of antennas and the installing of television
receivers.
Since relatively little repair or maintenance work should be required of
a new receiver, the choice of the proper antenna for the customer and a
good installation should be the chief concern of the serviceman at that

Sec. 18-5]

ANTENNA AND RECEIVER INSTALLATIONS

403

time. The reputation of the serviceman is made or lost in direct relation
to good or bad workmanship.
18-4. Protection and Safety Precautions. Installing television
antennas is a hazardous occupation, and whether or not there is a state
law requiring the worker to carry an accident insurance policy, it is
advisable for the serviceman to have personal coverage even though he
may be insured by the company for which he is employed. If he is work
ing for himself, he must investigate the local laws, particularly with regard
to insurance for those working under him.
A few suggestions on safety are summarized for the protection of the
serviceman as he enters the field of antenna installation. The two most
hazardous conditions are falling and possible contact with electric power
lines. A safety belt and strong rope should be used when working on
high-pitched roofs or when close to the eaves. The belt should be tied
securely around the chest under the arms, and a length of rope should be
used to connect the belt to some fixed object on the roof. Care must be
given to the mounting of the ladders, as previously discussed. Wear
rubber-soled shoes which will give good traction on steep roofs, and be
extremely cautious if the roof is wet or icy. Always keep one hand free
for climbing the ladder, and be constantly alert to the possibility of losing
your balance while on the roof and working. When mounting tall
ladders, avoid looking into the sky; watch instead the ladder rails and
rungs; this is a precaution firemen have found necessary to prevent
losing balance in high places. If it is necessary to work near or with the
electric power lines, always wear heavy rubber gloves and keep the guy
wires and antenna feeders as far away from the power lines as possible.
18-5. A Preinstallation Survey. Before making an antenna installa
tion, it is often advisable to survey the site and the immediate vicinity.
The purpose of this survey is to determine the best approach to making
the installation, and to anticipate possible interference noises as discussed
in the following chapter. It is often recommended, when the customer
does not own his own home, to secure written permission from the owner
of the building before climbing on the roof or doing any of the erecting
work. In some cases it is advisable to make a temporary installation
because the customer may wish to be convinced that satisfactory recep
tion can be obtained in his home before going to the expense of purchasing
the receiver. A temporary antenna placement can be made by having
the mast put in the ground by the side of the house, near a window, and
the antenna raised just above the roof top. It can be extended from the
window of an apartment building, placed on the roof or a residential porch,
or mounted on a garage nearby. For this purpose a collapsible dipole on
a light telescopic mast will be very convenient. Other installations in the
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neighborhood are a good indication that satisfactory reception can be had,
and will help convince the customer that a temporary installation is not
needed. If, however, a decision cannot be made without the temporary
setup, the serviceman should not hesitate to make it.
18-6. Direct and Reflected Signals. Television signals travel outward
from the transmitter and go in a direct path to the receiver. For this
reason, the technician must always consider the direction of the incoming
signal for proper placement and correct orientation of the antenna. In
some cases tall buildings, other structures, or mountains are in this direct
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Fig. 18-2. A drawing showing how two signals arriving at different paths may be received
by the same antenna to produce ghost images.

path. When this condition exists, it may be possible to pick up a reflected
signal from a different direction that will have sufficient strength for good
reception. Where signals are subjected to reflections from tall buildings
or objects, difficulties may be encountered with multiple paths. Figure
18-2 shows how a direct signal and a reflected one may be received by the
same antenna. The energy from the transmitter arrives over paths which
are not equal in length, the reflected path being the longer. This results
in the appearance of two images on the television screen. The directpath signal generally produces the stronger and more desirable picture.
The reflected energy gives a weaker one slightly displaced horizontally
from the other, and develops the ghost image previously referred to in
Fig. 3-18. Suggestions for overcoming this problem are the use of a more
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directive antenna system, a reorientation of the antenna to reduce the
strength of the incoming ghost signal, and, possibly, a repositioning of t he
antenna on the roof where it might be shielded from the unwanted signal
by buildings or other structures.
18-7. An Attic Antenna Installation. As previously mentioned,
indoor antennas are the only type permitted in some circumstances. The
at t ic installation oilers one solution for a full-sized antenna array mounted
indoors. Figure 18-3 shows a method of installing a fan dipole in the
attic. The antenna may be mounted on the ceiling joists in the absence
of attic flooring. To simplify this type of installation, place several
boards 4 or 5 ft long across the ceiling two-by-fours for ease in walking
around the antenna location. Since the attic of many homes is a storage
space, care should be exercised that metal objects be no closer than 10 ft
from the antenna, and if possible, never between the antenna and the
incoming signal. The details of
the installation are self-explanatory
from the figure. A variation of
this mounting is to nail a wooden
brace across the rafters, and to
suspend the antenna so that it is
hanging downward from the roof.
In either case, guy wires may be Fig. 1S-3. A method of mounting a tclevision antenna in an attic of a home.
used if necessary. The problem of
bringing the transmission line to the receiver in the room below can
be solved by one of two methods. A hole can be drilled from the
attic through the wall under the eaves to the outside of the building, and
the line brought back again through a window to the desired room. As
an alternative the feeder may be dropped between the wall studs inside
the house and into the room through a small hole in the baseboard near
the floor behind the receiver.
18-8. Window-mounted Antenna. When installations are to be made
in tall apartment buildings where access to the roof is not easily obtained,
a window-mount antenna may often be used with considerable success.
Figure 18-4 shows a commercial antenna of this type. It consists of a fan
dipole to cover all channels and is mounted by means of a window bracket.
Inasmuch as buildings will effectively shield television signals it is possible
to obtain results only when the energy has a direct path from the station
to the antenna or a good reflected signal can be picked up. If there are
several transmitters in widely different directions, the window antenna
will often be inadequate, but under the circumstances which require this
installation the customer may have to be satisfied with the limitations
imposed upon him.
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18-9. Types of Building Construction. By far the largest number of
antenna installations arc those made on the sides of buildings, on the roofs,
or on towers. For the serviceman to do his work effectively, he should
have some knowledge of the structure and materials from which buildings
are made. Building walls arc made of wood, brick, cement blocks, con
crete, stone, or stucco; they may be of either solid or hollow construction.
The thickness of walls vanes, depending upon the type of material used,
and, very often, upon city building codes. It may be only 4 in. for a
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Fig. 18-4. An all-band fan dipole antenna with a special window-mounting bracket.
(JFZ> Mf0. Co.)

simple wood-frame structure or as much as 18 in. of solid concrete in the
lower floors of tall apartment buildings.
The average residential wall structure made of wood appears as shown
in Fig. 18-5a. It is approximately 6 in. in over-all thickness and is com
posed of the outer wood siding, heat insulating material (usually treated
paper), inner wood siding, two-by-four vertical studs, and, finally, plaster
held on by wood lath, wire lath, or perforated plaster boards. In some
homes the entire space between the studs is filled with insulating material
such as rock wool. When it becomes necessary to drill through this type
of wall, the regular carpenter’s wood-working brace and bit is used. To
prevent water from a driving rain from getting between the walls, the
hole should be drilled at an angle slanting upward from the outside. Do
not drill a hole larger than is necessary to pass the wire with the porcelain
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Fig. 18-5. (n) The construction of a wood wall of a frame house.
(b) The wall and floor construction of a house made of dement blocks.
(c) The inside and outside walls of a stucco frame house.
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tubing or woven insulating sleeve which should cover the length of wire
that is inside the wall.
The construction of a standard wall made of cement blocks is illustrated
in Fig. 18-56. The over-all thickness will be approximately 14 in. when
the furring and plaster are taken into consideration. Other masonry
walls composed of brick, stone, and hollow tiles wall have a construction
very similar to the cement-block type. The thickness of these walls wall
vary from 7 to 14 in. The serviceman will find the drilling of masonry
walls a very difficult task, and it is not recommended that he attempt to
go through them. Wherever possible the transmission line should be
brought in through the window or the wood frame around it. When
holes are to be put in masonry, it is usually for the purpose of anchoring
braces for the antenna mast or standoff insulators for the feeder line.
To do this the star drill or special masonry bits are employed. The hole
is made 3 or 4 in. deep, and either lead plugs or-screw anchors and wing
toggle bolts are inserted to hold the brackets. For illustrations of these
bolts see Figs. 18-66 and c.
Stucco walls are a combination of wood and masonry. Figure 18-5c
shows this construction. The thickness will be found to be about the
same as that of wood walls, or slightly greater. The outer layer is stucco
cement over metal or wood lathing. In some cases, wood siding is the
next layer. The studs are between this layer and the inside plastered
wall. If it is necessary to drill through this structure, first use a masonry
drill until the woodwork has been reached, then continue with the car
penter’s drill. In some stucco walls the wood siding is omitted and the
wire lath is nailed to the studs with insulating paper between. When
anchoring brackets to this type of wall lag screws should be used but
before inserting them the 2 by 4 studs must be located so that the screws
can be fastened securely in the wood. There are a few instances where
a single layer of brick will be found outside a regular wood wall. The
drilling, although more difficult than stucco, will require the same tools.
Of equal importance to the serviceman is an understanding of roof
construction. Most standard roofs are divided into three main layers.
The first is the supporting structure which may be composed of wood,
steel, or concrete. The second is the insulating section made up of a
porous material such as wood, cotton, cork, or felt. The third is the
outer waterproofing material which may be wood, pebbled asphalt sheets,
or shingles—tile, slate, or metal. An investigation should first be made
to determine how the roof is made, before any work is done on it. The
same technique and tools used for the walls arc applicable here. If it is
necessary to drill through the roof, it should be done wherever possible on
eaves outside the walls. When drilling is done inside the eaves, care
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must be taken to prevent the holes from causing leaks in the roof. To do
this a pitch or tar should be poured around the bolt where it enters the
structure.
18-10. Wall and Roof Mountings. Antennas are usually mounted in
one of four places on the building: on the wall, on the chimney, on the air
vent, or on the roof proper. In this connection it is advisable to check
with the local building codes to determine if any regulations exist on the
installation of antennas.
Figure 18-6a shows an antenna mounted on the side of a wooden build
ing. The brackets may be fastened to the wall by means of large wood
0
■

( ct)

Fig. 18-6. (a) Wall-type mounting brackets for a television antenna mast. {General
Cement Mfg. Co.)
(b) The lead screw anchor used when fastening objects to a concrete or brick wall.
(c) A wing-type toggle bolt used for fastening objects to wood, plaster, or stucco walls.

screws or lag screws, or by drilling holes through the boards and using
toggle bolts. The bottom brace carries the major weight of the antenna
and mast and should be particularly well fastened. If this mounting is
made on a brick wall, holes must be drilled and lead-screw anchors inserted
to accommodate machine screws (see Fig. 18-66). The drilling of holes
for the screw anchors will be found much easier if they can be drilled
between the bricks, into the mortar. Often the correct placement of the
brackets will make this possible. Chimney and air vent mountings are
made simple by the use of special brackets readily available on the market.
Figures 18-7a and 6 show the method of making these installations.
Generally, mountings of this type are complete without guy wires, provid
ing the antenna assembly does not weigh more than 5 lb and the mast is
not over 10 ft in length.
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18-11. Possible Trouble from Chimney Smoke. Although the prac
tice of mounting television antennas on chimneys is widespread, there is
a possibility that trouble may develop with this type of installation.
During the winter months, when smoke is coming from the chimney, the
antenna and transmission line become coated with soot and coal tars.
These chemicals are likely to cause rapid deterioration of the insulation
between the feeder lines, and might even short-circuit the dipoles. If
the seii viceman is called in because the receiver is showing weak reception,
he will find it advisable to check for these troubles on antennas of the
chimney-mount type. This trouble can also develop on antennas which,
though not fastened to the chimney, are constantly in the path of the
smoke from a chimney nearby.

(b)
Fig. 18-7. (a)
(
*'
*
* mounting an antenna mast on a chimney.
Brackets
for
(b) Brackets for mounting a mast on a vent pipe. (General Cement Mfg. Co.)

18-12. A Typical Suburban-home Antenna Installation. In order
to acquaint the reader better with the many problems involved in a typi
cal roof installation of a suburban home, a complete description of the
procedure will be given in conjunction with the photographs of Figs.
18-8a-d. The installation being discussed is for a house in an area
sufficiently far from the television stations to require a relatively high
antenna. Because a stacked double-fan dipole will provide an all-band
coverage it was chosen for this installation. Antennas of this type are
widely used in residential sections and nearby fringe areas where a number
of stations are to be received. This antenna was assembled on the ground
at the site where it was erected. The mast is composed of four 10-ft
sections of telescopic seamless-steel tubing, and the transmission line is
of the 300-ohm twin-lead type.
First, an investigation was made to determine the roof structure and
the best position for the antenna mounting bracket. Because the roof
was peaked and guy wires had to extend uniformly to the four corners of
the building, the antenna had to be mounted in a central location. A roof

Fio. 18-8. Photographs showing the procedure of making a typical antenna installation
on the roof of a private home.
(a) raising the assembled antenna and mast to the roof ’
(b) inserting the antenna mast in the roof bracket on the peak
(c) installing the guy wires
(d) raising the telescopic mast to the desired height.
411
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bracket of the type shown in Fig. 18-1 was fastened with lag screws to the
peak prior to bringing up the mast and assembled antenna. Figure
18-8a shows the assembly being lifted from the ground to the edge of the
roof.
18-13. Anchoring the First Set of Guy Wires. In Fig. 18-86, the
telescopic mast is being placed into the roof bracket, and the first set of
four guy wires is being fastened to the largest or outer section of the steel
tubing. Since the antenna is centrally located on the roof, no considera
tion had to be given at this time to the point where the transmission line
would enter the house. The guy wires were then stretched out to the
four corners of the roof and slipped through large screw eyes that had been
made secure into roof boards (see Figs. 18-8c and 18-1). While one
technician is making the first set of guy wires taut, the other holds a
carpenter’s level on the side of the mast to see that it is made perpendicu
lar. 'I he final tightening of the guy wires is done by means of turnbuckles
as seen in Fig. 18-1.
18-14. Raising the Antenna to Full Height. Before the antenna can
be pushed up to its full height each 10 ft section of mast must have a set
of four guy wires fastened to the guy rings. The guy wires are cut to
approximately the lengths needed when the mast is fully extended. In
many cases it will be found advisable to break the continuity of the top
set of wires with insulators about 8 ft from the point where the wires join
the mast. All the loose guy wires are passed through their screw eyes
and are allowed to hang freely down the sides of the building. Caution
must be exercised to see that none of them is in danger of coming in con
tact with power lines. The mast is now ready to be extended to its full
height, in the manner shown in Fig. 18-8cZ. As the pipes are raised, start
ing with the innermost section, a standard machine bolt is slipped through
a hole near the bottom of the upper section and near the top of the next
one below it. This bolt holds the pipes together and should always be
tightened with a lock-washer under the nut. The mast is extended very
slowly and all guy wares are allowed to slide through the screw eyes. The
antenna must be watched as it is raised to see that it does not get too far
off balance, since none of the guy wires can be fastened until the array
has been extended to its full height.
Finally, as each section goes up, a standoff insulator of the type shown
in Fig. 18-1 is put on the mast and the transmission line is fed through
it. These insulators should hold the line at least 3J^ in. away from the
steel tubing all the way dowm until it reaches the top of the bottom sec
tion. At this point the feeder line may be brought awray from the mast
toward the caves of the roof in the direction in which it will be going.
\\ hen the antenna reaches its full height, the entire set of loose guy wires

•
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is tightened up. To accomplish this most efficiently, one man travels
around the roof from corner to corner making the necessary adjustments
while the other tells him how tight to pull the wires to make the mast per
fectly straight. This procedure is required to make a neat as well as a
completely secure installation.
18-15. An Antenna Trouble-shooting Handy Hint. In spite of the
precautions taken to make a secure connection between the antenna and
lead-in, corrosion or normal vibrations occasionally cause the line to break
open at these terminals. A great deal of time can be saved when trouble
shooting for a broken lead of all open-type dipoles if a 50,000-ohm or
larger carbon resistor is permanently mounted across the antenna ter
minals when the original installation is made. The method of trouble
shooting for an open transmission
^Transmission
line is discussed in Sec. 20-6.
>
line
18-16. Bringing in the Lead-in.
Having determined from the cus
L ^Lightning
[-""arrester
tomer where the receiver is to be
put in the house, the transmission
--TTDrop loop
line is then directed accordingly.
" at point of
--'''entry
The line is brought to the edge of
the roof and fed through a screw
Ground for
lightning
type standoff insulator which has
arrester
been mounted on the eave in such
a way that the wires will not touch
the building. The feeder is made
taut and brought down to the
Fig. 1S-9. The method of bringing the
window or point of entry, where transmission line over the roof eaves to a
arrester and then to a drop loop at
it is made secure with the final lightning
the window.
standoff insulator. Just before
the wires enter the building, a drop-loop of about 6 in. should be made
(see Fig. 18-9). Its purpose is to prevent the rain water from entering
the hole through which the line passes.
18-17. Protection against Lightning. The use of a lightning arrester
is determined by the type of antenna employed, the local safety codes,
and good engineering practice. When a folded dipole is used, the antenna
is automatically grounded to the mast. Therefore, it is necessary only
to put a grounding clamp at the base of the mast and run a heavy stranded
wire from there to earth. Open dipoles such as the fans just discussed
are not electrically grounded, and it is recommended that a lightning
arrester be placed on the wall or on the side of the window at the point
where the transmission line enters the house. This is also shown in Fig.
18-9. A commercial lightning arrester for 300-ohm twin lead is shown in

i
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Fig. 18-10. Two terminals arc provided with heavy screws to hold wires
o the line (irmly. 1 he outer insulation should be removed directly under
the screw contacts. The same
lightning arrester may be used by
fanning out the leads of narrower
transmission lines, so that the wires
will make contact with the screws.
/V third terminal is provided for a
ground connection. A heavy wire
is used to connect between this
terminal and a water pipe or a
metal rod driven in the ground.
Never use a gas line as a ground
for the antenna or the television
set. Even though the lightning
Fig. 18-10. A lightning arrester for use
arrester
is used in cases of this type,
with twin-lead transmission line. (Amer
ican Phenolic Corp.)
it is still important to ground the
steel mast and guy wires also.
18. Connecting the Lead-in to the Receiver. Once the transmis
sion ine has entered the house, it is ready to be connected to the receiver.
Several feet of additional line should always be left behind the set until
t ie final positioning has been made. Besides the fact that the receiver
may thus be moved around with ease, the extra length permits the
serviceman to cut off very short pieces to obtain the exact length that will
give the strongest signal. This is often necessary in the fringe areas.
Even though small changes in the length of the line theoretically make
no difference in the reception when properly matched, this ideal condition
is nevei met with an antenna designed for all-channel coverage. Stand
ing waves may be found on some frequencies and cutting off short pieces
of transmission line will make it possible to peak the signals on these
channels.
18-19. Means of Communication from Roof to Receiver. When the
actual installation work has been completed, tests should be made to
pioperly orient the antenna. To do this requires that one man be on the
loof and the other operating the receiver. Since the roof man usually
cannot see the results of his efforts it is necessary to have some means of
communication between the two technicians. This is done by the use of
a telephone line. There are two common ways of setting up the commu
nication system. One way is to construct a two-wire line with telephone
sets at each end and powered by a 4}/£-volt battery, according to the
diagram of Fig. 18-11. The microphone should preferably be of the
chest-mounting type, to be used in conjunction with a pair of regular
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radio headphones. They are connected in series and may be terminated
with a phone plug so that they can be disconnected from the line itself
when not in use.
The second way is a method of talking over the antenna lead-in even
though it is being used at the same time to receive a television picture.
The method for waring this system
depends upon the type of antenna
employed. Open dipoles may have
the telephones connected to the
feeder line as shown in Fig. 18-12a,
and folded dipoles in the manner of Fig. 18-11. A schematic diagram of a
Fig. 18-126. Note that r-f chokes telephone circuit suitable for communi
cation between the roof and the receiver
are placed in senes with the phones while making antenna installations.
at each end to prevent the imped
ance of these circuits from interfering with the television signal. At the
bottom end of the feeder line, where it connects to the set, a small mica
condenser of approximately 250
must be inserted on one side to
prevent the audio from being short-circuited by the low input resistance
of the receiver.

fl_____ If
V

■U

c
250

X

RFC
RFC

RFC
RFC

-------'wv'X-250ggf
Receiver terminals

(a)

RFC

RFC

■250

Hr
Receiver terminals

(b)

Fig. 18-12. (a-b) Diagrams showing two methods of using the television lead-in simul
taneously for receiving a picture and communication between the roof and the receiver.
No battery is needed if sound-powered phones are employed.

The r-f chokes may be made in the service shop by winding two coils of
ten turns each of No. 20 plastic-covered or push-back wire on a J^j-in.
wooden dowel or Bakelite tube about 3J4 in. long. Two such sets of
chokes must be wound and each will have the appearance of the one shown
in Fig. 18-13. If possible, the phones used by the roof man should be
connected to the transmission line at the antenna terminals. However,
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if the array is mounted too high above the roof, the telephones will have
to be connected to the transmission line at the point where it can be
reached. There are many cases, however, where using the feeder line for
leached,
communication may be more of an
inconvenience than using a sepa
rate telephone line.
Battery clips
18-20. Orienting the Antenna.
Orientation
of the antenna array is
%
done with the receiver on and
tuned for the best picture and
k—1"sound obtainable. The roof man
is notified over the telephone sys
tem when all is ready. He then
10 turns
10 turns
“20 wire
proceeds to twist the mast slowly,
20 wire
Fig. 18-13. /A method of making
o one set
using a pipe wrench if necessary,
of r-f chokes used in connection with the
and
changes the direction in which
communication circuits of Fig. 18-12.
the antenna is facing. The man at
the receiver should inform the roof man of the effects obtained, and tell
him when the strongest signal is being
„ received. If several stations are
operating in the area, the receiver should now be tuned to another chan
nel, and again the position of the antenna should be checked for the best
picture. The same procedure is followed for all stations in the region.
Theie aie some cases where it is necessary for the serviceman to do his
antenna and receiver installation work alone. Under these circum
stances, the problem of orienting the antenna may be solved by one of two
means. One method is the use of a special meter known as the TV
antenna compass. This instrument is simple to use and fairly accurate.
Figure 18-14 is a picture of this device. It consists of a sensitive current
meter in conjunction with a crystal rectifier and voltage-dividing netwoik. This circuit is shown in Fig. 18-15. By the use of two clips, the
meter can be connected to the output of the television receiver. One clip
is connected to the chassis or ground, depending upon the circuit, and the
other clip is connected to the video signal lead at the cathode-ray tube.
The clips are provided with needle-point jaws which enable them to make
contact by piercing through the insulation of the wire. It will be recalled
that the signal lead at the picture tube may be going either to the CRT
grid or to the cathode, depending on the particular design factors. This
connection can be made easily close to the cathode-ray tube socket at
the back of the set.
With the meter connected, a station is first tuned in. The receiver
is allowed to warm up and stabilize for about 10 min. The contrast
control should be adjusted for approximately half-scale reading on the

CM
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meter, with its range switch set in the hi position. The weakest and
most critical station should be tuned in and adjusted for the best oper
ating conditions with the antenna set approximately in the direction of
the signal.
„ —. Leaving the clips connected to the set, disconnect the test

I

lllllll

I

'“'"J*
o.

Fig. 18-14.
Co.)

A special meter used for orienting a television antenna.

(Simpson Electric

line from the meter case, and insert a two-we extension cord sufficiently
long to bring the meter to the antenna on the roof. No special precau
tions need be taken except that of keeping the meter line a few feet away
from the antenna lead-in. When the meter is connected and everything
High clip

220p.p.f

IN34 crystal

—II----- T------ K
IOK

J-2000
“"[ipf

Line cord with
female plug

=<□

Ground clip
Fig. 18-15. The schematic diagram of the rectifier circuit used in conjunction with the
TV antenna compass of Fig. 18-14. (Simpson Electric Co.)

is ready, the antenna may be turned slightly in either direction to obtain
maximum reading. If the reading should go oil scale, switch to the lo
position on the meter. This reduces the sensitivity of the instrument
and eliminates going down to the receiver to adjust the gain. When the
optimum position has been found for the particular station tuned in,
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similar tests should be made with all ot her stations in the locality. The
alternative method of making antenna adjustments alone is to use the
field-strength meter shown in Fig. 21-24 and discussed in Sec. 21-18.

rr
(a)

Fig. 18-16. (a) A motor-driven unit for
rotating a television antenna.
(b) The control unit used in conjunction
with the antenna rotator of Fig. 18-16 (a).
{Alliance Mfg. Co.)
5

LVi

■

(b)

If the incoming signals arrive at widely different directions, sometimes
a compromise can be effected. If a compromise cannot be made, stacked
antennas, one facing one direction and one another may be employed.
18-21. An Electric Motor for Rotating the Antenna. In some areas
television signals arrive from so many different directions that the
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receiver is virtually surrounded by the stations. When such a condition
arises, a motor may be used to rotate the antenna array to make it face
any one of the stations desired. A commercial rotating system called
Tenna-rolor is shown in Fig. 18-16a. The
motor box is mounted near the top of the
mast, directly under the antenna. A
four-conductor cable is brought down the
mast from the motor to a control box at
the receiver. This unit is shown in Fig.
18-166. It is provided with a control for "
A - ■
rotating the antenna either clockwise or I
counterclockwise; an indicator on the i
panel informs the operator what direction j
the antenna is facing. There are two j
main advantages in using an antenna •
which can be rotated. Perhaps the more ;
important is the elimination of a multiple
antenna system. When several antennas
are connected facing different directions,
the possibility of noise pickup is increased.
A single directional array which can be
pointed toward the desired signal reduces
interference and often results in better i
reception. In this connection it might be £
mentioned that in some cases the best fa
picture may not be obtained from a signal L
arriving over a direct path from the transmitter, but rather from one which is re- 3
fleeted in from some other angle. The gj
operator will soon learn to set the antenna ®
correctly by watching the picture as the g
adjustment is made.
■
18-22. Determining the Required An- £
tenna Height in Fringe Areas. Since
Fig. 1S-17. A 51-foot telescopic
television signals travel essentially in antenna
mast mounted on a small
straight lines from the transmitter to the trailer chassis used for checking
in fringe areas. (Price
receiver, the waves are obstructed by the reception
Tcnna-Trailcr Co.)
curvature of the earth when they reach the
horizon. In consequence the normal distance of reception is a direct
function of the heights of the transmitting and receiving antennas.
The farther away the receiving set is from the station, the higher,
in general, the receiving antenna will have to be. In the remote fringe

i

i

i
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areas it is often necessary to raise the antenna from 50 to over 200 ft
above the ground. Installations of this type may require a great deal
of investigation and planning. It should first be ascertained whether
or not a signal can be received at all. For this purpose servicemen
have sometimes used army weather balloons on which they have
fastened a receiving dipole. It is controlled by ropes which are marked
off in 10-ft sections to indicate the height necessary for satisfactory
reception. By raising and lowering the antenna it is possible to find the
minimum height required while watching the picture on the receiver.
The problem of making television-signal surveys in fringe areas has
been met in a number of different ways. One commercial piece of equip
ment specially designed for this work is the Price Tenna-trailer of Fig.

Fig. 1S-1S. The Tenna-trailer of Fig. 1S-17 connected to the serviceman's station wagon.
{Price Tenna-Trailer Co.)

18-17 on which a 51-ft telescopic antenna mast has been mounted. A
mechanism is provided for raising and lowering the antenna under test.
The entire arrangement is collapsible and can be brought to the site as a
trailer fastened to the back of an automobile or truck. This arrangement
may be seen in Fig. 18-18. Among its advantages is the fact that an
antenna can conveniently be raised at the customer’s home, even after
dark, for demonstrations of evening reception.
18-23. High Antenna Towers. Very high fringe-area installations
require the use of a well-constructed antenna tower. Work of this type
can rarely be done by servicemen alone. Here competent structural
engineering advice should be sought and a detailed investigation made of
the local safety codes. A number of good steel or aluminum towers are
available, and the manufacturer will always provide additional engineer
ing assistance when called upon. Figure 18-19 is an illustration of a
typical commercial high-tower designed especially for the remote fringe
areas.
18-24. Several Antenna Outlets in the Home. At times the serviceman is called upon to make special installations, such as several receiver

Sec. 18-24]

421

AA'T£WA’A /l.V/9 RECEIVER INSTALLATIONS

outlets in a single dwelling, a number of outlets from one antenna system
for stores or duplex units, or many terminal points
for large apartment buildings. Each case becomes an
individual problem and usually requires careful study
and planning. Since no two conditions are the same,
several types of installations will be discussed as guides
from which the serviceman may formulate his own
plans.
One of the simpler requests to fill is that of an
owner wishing to have provisions to move his table
model receiver from one room to another. This prob
lem resolves itself into one of two conditions. That
is whether the receiver is to be moved from one fixed
position to another fixed position or whether the set is
to be moved from a fixed position to other locations
in the house, indiscriminately. In the first case, the
two fixed positions can be connected by means of
separate pieces of transmission line and fed from the
main lead-in with a double-pole double-throw knife
switch. A wiring diagram of this is shown in Fig.
18-20. Connector plugs should be used at the end of
each line, as shown. This permits the set to be dis
connected from one line and readily connected to the
other. The use of the switch is very important be
cause it enables the operator to maintain a matched
condition as the main line is switched from one outlet
to the other. At no time should the two secondary
lines be paralleled to the main line. To do so puts
an open stub line across the section being used and
may result in complete mismatch of the line for certain
channels. When the installation has been completed
and the circuit checked for performance at both loca
tions, the serviceman should show the customer how to
make the change from one position to the other.
When the receiver is to be moved to various loca
tions it is advisable to have one permanent outlet for
terminating the lead-in. From this point an extension
Fig. 1S-19. Tall
transmission lino may be connected of sufficient length antenna towers of
this type macle of
to reach the desired locations in the house. This is, structural
steel or
in effect, the same method of extension as that used aluminum are often
100 feet or more
for an electric appliance, except that an r-f feeder line is in
height. {General
employed. The receiver should have a 2- or 3-ft piece Cement Mfg, Co.)

I
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of transmission line connected permanently to it with a plug, as was done
in the previous case. Where the lead-in is permanently terminated, an
ordinary single a-c outlet plug may be used instead of the switch of Fig.
18-20. Standard male and female a-c plugs are sometimes used with the
transmission line in place of the commercial 300-ohm plugs and sockets.
A final bit of caution should be given to the customer by advising him to
remove the long extension line when the set is returned to its permanent
place. It is not recommended that he leave the line connected and coiled
up behind the receiver, because of possible r-f losses.
18-25. Advising the Customer Regarding Placement and Viewing of
the Set. Another duty of the serviceman is to give the customer advice
regarding the placement of the receiver and the proper conditions for
viewing the picture. With regard to the first of these points, the two
technical factors which dictate the position of the set are the advisability
300 n
fConnector
Receiver
position*
A

of tw^plsitiots8^

7

I

transmission
line
Switch <Conneclor

|--------------- 1
Receiver
“ * position
B

for oporatin£ a television receiver in either

of keeping the lead-in as short as possible and the availability of a power
outlet in the room. Following this are the considerations of keeping
iiect illumination, both in daytime and at night, from falling on the
screen of the picture tube, and the position of the furniture in relation to
a convenient viewing distance. It must also be remembered that the
icceiver should not be placed directly over or in front of any room-heating
unit, since all sets require a normal amount of ventilation. In rooms
" hei e ther mostatic heat controls are used, it is important that the receiver
be placed sufficiently far away from the control so that the heat developed
in the set will not affect the thermostat.
1 here is a mistaken belief held by some people that the television
receiver should be viewed in a room which is almost dark. This has been
shown to cause considerable eye strain and fatigue. It is the general
consensus among eye specialists that, wherever possible, a fair degree of
room illumination should be used while watching the picture. Depend
ing upon the size of the room, one or two well-placed lamps that do not
shine directly upon the screen will be found satisfactory.
18-26. Multiple Outlets for Stores. Stores and service shops generally
require that a number of sets be operated simultaneously from the same
antenna system. When sufficient signal strength is available, the
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simplest method of accomplishing this is by the use of resistance-pad
networks. Figure 18-21 is the diagram of a network designed to furnish
a signal to four different receivers simultaneously. It should be made of
good-grade carbon resistors having the values indicated. The value of
each series resistor changes according to the number of networks across
the line. When only two outlets are provided, each series resistor is 150
ohms, and for each additional outlet that is added the value of each of
these resistors is increased by 150 ohms. Thus if a total of five outlets
is provided, each series resistor becomes 600 ohms. The shunt resistors
used to replace receivers having 300-ohm inputs always remain 300 ohms,
irrespective of the number of outlets. Since the signal strength goes

■450A 4501
S
300A

Q
\\

>4$on 4$oni
S
300A S

^4soa 4soni
S
300A S

jK
j fjy
w
\\

450Q

\\

To set 1
To set 2
To set 3
To set 4
Fig. 18-21. A resistance network used to feed four television receivers simultaneously
from one antenna.

down proportionally to the number of receivers across the line, the voltage
for any one set in the case of Fig. 18-21 will be one-fourth of the total
signal strength at the antenna. As more and more sets are added, there
is an increased possibility of interaction between them. Consequently,
it is not advisable to overload this type of installation.
18-27. Multiple Outlets for Apartments and Hotels. With the increas
ing demand for television reception in apartment buildings, hotels, and
large department stores, a more elaborate electronic antenna-distributing
system is required. The attenuation of signals, the possible interaction
between receivers, and the limitation of roof space which prevents the
installation of many individual antennas, almost demand the installation
of a master multiplex system.
To fulfill these conditions, a number of multiple-antenna systems are
available commercially. Figure 18-22 is one of the more elementary
circuits designed to permit connecting many receivers to the same antenna
system. The diagram as shown provides antenna outlets for three apart-

i
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Fig. 18-22. A schematic diagram of an antenna distributing system shown connected to
two i agi antennas and providing 72-ohm and 300-ohm outlets for three apartments.
(.Jerrold, Electronics Corp.)
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ments in a three-story building. In order to provide strong signals with
a minimum amount of noise, separate Yagi antennas are often used,
designed for a single frequency and oriented toward the individual sta
tions for which they are cut. In some areas, as many as seven separate
antennas might be used. Generally, it is possible to have them all
stacked on the same mast. Each antenna is then fed directly to a
booster amplifier tuned to its frequency, for maximum efficiency. All
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antenna amplifiers are then fed to a common coaxial line to be distributed
to the various apartments in the building.
The amplifiers in the schematic portion of Fig. 18-22 are made as a
complete three-outlet unit with its own built-in selenium-rectifier power
supply. If it is desired to increase the number of apartment outlets,
another unit of three may be added in series with the one shown by con
necting it in place of the 72-ohm terminating resistor at the bottom.
This resistor is then placed below the unit which is added. Other units
can likewise be connected in series. A terminating resistor must always
be used at the bottom end of the lead-in. It prevents r-f reflections and
eliminates standing waves on the line. For larger installations, however,
an eight-outlet distributing system is also available as a unit.
When an installation of this type is made in a large apartment build
ing, it becomes a major project. Under these circumstances, the service
man must follow the manufacturer’s engineering specifications in detail,
and be thoroughly familiar with the local safety and electrical wiring
codes.

REVIEW QUESTIONS

1. What arc some of the safety precautions that should be observed when installing
an antenna on a roof?
2. Is a reflected television signal ever used for reception? Explain.
3. What might be done to reduce or eliminate ghost images?
4. In making an attic installation, explain why there should be no large metal
objects in the attic near or between the antenna and the incoming signal.
5. List the materials used in a wood-wall structure of a building, from the outside
in.
6. Explain how a hole is drilled through the outside wall of a building to prevent
rain from getting between the walls.
7. Explain a practical way in which to bring a transmission line into a house made
of cement blocks or brick.
8. If it becomes necessary to drill a hole in the roof of a building, what should be
done to prevent a leak at that point?
9. If a signal grows weaker after an antenna has been mounted on a chimney for
over a year, explain what might be expected to be the source of trouble.
10. What means are used to tighten guy wires after they have finally been made
secure?
11. In remote fringe areas, where the transmission line is quite long and is used for
all-band coverage, what considerations should be given to the length of the line?
12. Describe a method by which a technician on the roof can communicate with
someone inside the house who is observing the receiver.
13. If a serviceman must orient an antenna alone, describe a convenient method for
accomplishing this.
14. Explain how a customer may use the same outdoor antenna to receive tele
vision stations located in different directions.
15. Where in a television antenna installation should the lightning arrestor be
placed?
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16. Describe the procedure of raising an antenna on a three-section telescopic mast.
17. Describe a means of determining the correct antenna height in remote fringe
areas.
18. What are some of the factors involved in the proper location of a receiver in a
room ?
19. Describe how two receivers can be isolated when operated simultaneously from
the same antenna system.

CHAPTER 19

THE PROBLEMS OF TELEVISION INTERFERENCE
19-1. Signal-to-noise Ratio. Servicemen are often called upon to
solve the problem of the disturbance of the television picture by out
side interference. Television interference, or TVI as it is commonly
called, may develop in any area where receivers are installed. Wide
band amplifiers are inherently poor in selectivity and fall easy prey to
many unwanted signals whose frequencies lie within the range of each
channel. If the television signal is between 34 and 40 db higher than
the undesired signals the picture will be relatively free from disturbing
influences. This means that the wanted signal is 50 to 100 times stronger
than the interference. Such a ratio is very difficult to have in the fringe
areas. In many cases it is not over 20 to 1. Consequently, the service
man must do everything possible to obtain satisfactory pictures for his
customer.
All receivers or installations are not affected by interference in the same
manner. Accordingly, each condition may have to be treated a little
differently. Some troubles, however, are typical of almost all sets. If,
for example, the serviceman is called in because noise has suddenly devel
oped in a picture, he should suspect the antenna and transmission line.
If one side of the dipole has become disconnected or if one wire of the
lead-in is broken, there may be no noticeable change in signal strength
but the system will be much more susceptible to electrical disturbances.
This is because an unbalance in the circuit has been created and the
signal-to-noise ratio is materially lowered.
19-2. Types of TVI. Television interference may be divided into
five major classifications: FM, electrical equipment (household and indus
trial machinery), ignition, television, and amateur or other radio services.
Often the technician can save himself a great deal of time by learning to
recognize trouble from characteristic patterns on the receiver screen.
Some of these were given in Sec. 3-16, and more are presented here.
19-3. FM Interference. The FM band extends from 88 to 108 Me,
that is, between television channels six and seven. A signal from an FM
broadcasting station or its harmonic may cause a very annoying inter
ference similar to that shown in Fig. 19-1. This type of TVI is in the
form of lines, usually quite fine, through the picture, slanting first one
427
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way and then another around the vert ical. The shifting is due to slight
changes in frequency between the FM station and the receiver’s local
oscillator.
Since the broadcasting of FM often covers a relatively large area and
some television receivers are more affected by its interference than others,
it is necessary for the serviceman to know how this interference gets to

I
*

Fig. 19-1.

r

A received test pattern with FM interference.

(General Electric Co.)

the picture, and what steps should be taken to reduce it. If an FM sta
tion is transmitting on a frequency of 99.6 Me, the second harmonic of
this station, 199.2 Me, will be very close to the frequency of the video
carrier, 199.25 Me of channel 11. This particular FM earner will be
found to be especially objectionable, but actually any carrier falling
within the channel limits may cause interference. Thus, the frequency
range from 99.1 to 101.8 Me will produce second harmonics falling
between 198.2 and 203.6 Me, respectively. These all lie in the unattenuTab i J2 19-1.

Frequencies of FM Stations Whose Second Harmonic Might
Cause Interference in Television Receivers
FM freq., Me

88 0- 89.8
90 1- 92 8
93.1- 95.8
96.1- 98.8
99 1—101.8
102 1-104 8
105.1-107.8

Channel Channel freq., Me

7
8
9
10
11
12
13

174-180
180-186
186-192
192-198
198-204
204-210
210-216
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ated part of channel 11. This example is for channel 11 only, but it can
be observed from Table 19-1 that second harmonics of FM stations may
spread over all channels from 7 through 13.
19-4. Reducing FM Interference. There are a number of ways to
reduce, and possibly even eliminate, this type of interference. In an
area where the television signal is sufficiently strong, it may be possible
to orient the antenna in a direction away from the FM station without
weakening the television signal too much. This is not always convenient

Transmission
line

Input terminals
of receiver
- ■

>

Each coil
3 turns Vgcore
* 20 wire

— Z Each condenser
7'
2-30 pgf

qr

(b)
Fig. 19-2. (a) A simple two-section series-tuned trap used to reduce FM interference in a
television receiver.
(b) A schematic diagram of a series-tuned transmission-line trap suitable for reducing
FM interference in a television receiver.

or even possible, however, because the FIX I station may be located in the
same general direction as the television station. If such a condition
exists, an interference trap of one type or another may be used to advan
tage. When interference occurs on only one channel, a single frequency
trap of the type shown in Fig. 19-2a may be placed across the transmis
sion line at the input terminals of the receiver. Traps of this type arc
available on the commercial market; they can also be made up inexpen
sively by the serviceman according to the schematic diagram of Fig.
19-26. Each coil is identical and is constructed of No. 20 bare tinned
copper wire wound on slug-tuned
in. cores. Three turns of wire on
each coil will provide sufficient inductance, which, when used with small
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trimmer condensers of 2 to 30-MMf type, wall tune to resonance at any
point over the entire FM band.
When the trap has been completed and is inserted across the transmis
sion line, the receiver should be tuned to the channel having the FM inter
ference. While watching the picture, the coils and condensers should be
varied until the disturbance has been eliminated or attenuated. The
receiver should now be switched to other channels on which pictures are
being received in the locality, and each should be observed to see that
tuning the trap did not cause attenuation of the picture on these channels.
If this is true, it may be necessary to retune the trap slightly and effect
a compromise.

Fig. 19-3. Intermittent flashes across the picture caused by arcing electric motors and
automobile ignition systems.

Traps of this type are simple to operate since their function is that of a
series tuned circuit. Each section offers a low impedance to the FM fre
quency for which the trap is adjusted. This effectively short-circuits the
transmission line for the interfering signal, but should not appreciably
attenuate the desired television carrier. It will be recalled from Sec. 5-3
that some r-f tuners are already provided with an FM trap of this type.
Its location may be seen in the upper right-hand corner of Fig. 14-105 and
a diagram showing its relation to the r-f amplifier is given in Fig. 19-10.
19-5. Disturbances from Electrical Equipment. TVI from household
appliances and industrial equipment shows up in the picture in the form of
black and white horizontal streaks (see Fig. 19-3). In severe cases the
disturbance may be strong enough for the edges of the picture to be badly
distorted or for the circuit to lose synchronization entirely. Practically
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all electrically operated devices such as refrigerators, razors, washing and
sewing machines, mixers, fans, trolleys, elevators in buildings, flashing
electric signs, heavy industrial machinery and diathermy come under the
heading of electrical equipment. Devices such as telephones and door
bells do not cause continuous interference and in most cases may be
neglected.
19-6. Filtering Electrical Equipment. When objectionable interfer
ence is found to be caused by an electrical appliance, the serviceman can
sometimes reduce it by one of several methods. First, a small paper or
mica condenser of approximately 0.002 /if may be put across the power
line at the input terminals of the device responsible for the interference.
Unfortunately, this simple approach can rarely be relied upon to solve

I

+
To
line

ii T
i

“I

TacTTcoil

100 to 200 turns

|

y"0Wx
T*
OOSutl I To
'

| apparatus

—!>.
I
___ J

i
Enclose in
me la I box
Fig. 19-4. A diagram of an “O” type
power-line filter suitable for reducing
interference transmitted over the line
from arcing electrical equipment.

Fig. 19-5. Two random-wound coils on
a one and one-quarter inch diameter
tube forming suitable inductances for
the filter of Fig. 19-4.

the problem. In a few cases, two condensers may be put in series across
the line with the common point connected to the metal housing of the
appliance. Even this may not provide the results expected. In most
cases, the task of eliminating disturbances to television receivers requires
a more elaborate filter circuit.
When the interference is within the building or in close proximity to
where the receiver is located, a filter network of the type shown in Fig.
19-4 may be installed at the device, creating the disturbance. This filter
is of the 0 type. Each coil is made of from 100 to 200 turns of about
No. 20 cotton-covered or enamel wire random-layer wound on a 1 )4-in.
diameter paper tube, 2- to 2J^-in. long. Both coils may be on the form
shown in Fig. 19-5. The two condensers of Fig. 19-4 should not exceed
0.05 /if each and should have at least a 400-volt rating. The entire filter
w hen completed should then be enclosed in a small metal or wooden box
having a receptacle outlet on one side and the power line cord coming from
the other. This type of interference filter as well as the commercial
types can be used on any one of the household appliances drawing up to
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a maximum of two amperes of current. This also means that it can be
used satisfactorily on electric motors up to
hp- For devices operating
on currents greater than two amperes, a more elaborate filter of the type
shown in Fig. 19-6 generally employed on commercial equipment is used.
It is made up of two heavy duty line-filter chokes suitable for carrying
currents up to 30 amp or more and two or four 0.1-/zf condensers con
nected as shown.
19-7. Locating the Source of TVI. A check up on the time and dura
tion of a particular interference will often aid in locating its source. For
example, if the disturbance is continuous during certain fixed hours of the
day, it may be from a manufacturing plant. When the trouble can be
located it is by far better to suppress the noises at the source, since this
eliminates the need for trying to improve the reception of many receivers
by placing separate filters throughout the entire neighborhood. The
serviceman or dealer should make it a point to talk with the owner or
To line

F"

I to 6
millihenrys

I to 6
millihenrys

To apparatus
TpOlpif
0.1 gf ~

^WFFig. 19-6.

A schematic diagram of an r-f filter used with heavy electrical equipment.

plant manager, and if possible come to some agreement on how best to
solve the problem. Tests may have to be made on several methods of
filtering and with cooperative suggestions from the television technician,
a satisfactory solution can generally be found.
If the interference occurs irregularly in the daytime, has short duration
(five to fifteen minutes) and produces a wide horizontal band about onefourth the height of the picture as seen in Fig. 19-7, the source could be
from medical diathermy equipment. The fine vertical lines within the
band are constantly shifting from side to side, but the band itself may
stay in a fixed position. Intermittent operation of the medical equip
ment is responsible for the band, and the frequency to which its circuit
is tuned causes the fine line pattern. About the only way to reduce or
eliminate this type of interference is to go to the source. Most of the
modern medical equipment has some type of suppressor on it or is suffi
ciently well shielded to prevent objectional radiation. However, there
may be a few older models that will be found as a source of disturbance.
When this trouble exists, the same procedure may be followed here as in
the case of the industrial interference.
19-8. Reducing Ignition Interference. The disturbance pattern pro
duced by automobile-ignition interference is very similar in appearance to
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that created by household appliances as shown in Fig. 19-3. This igni
tion interference is caused by the radiation of spark plugs and their con
necting wires in passing automobiles. It may come from automobiles,
trucks, busses, and even airplanes. Since this radiation is picked up by
the antenna and transmission line, one of the best solutions is to see that
a directive antenna is employed if receiving conditions permit. It should
be oriented, as much as possible, away from the noise. When feasible,
add a reflector, or, better still, change the location of the antenna, placing
it at least 50 ft away from the street or source of noise, even if a certain
amount of loss in signal strength results. Try to have the building act as

/

Fig. 19-7. Interference pattern produced on a television screen by diathermy apparatus.
{General Electric Co.)

a shield against direct noise pickup from the street. A commercial tele
vision booster, when added to the receiver, may help to improve the
signal-to-noise ratio. In extreme cases it might be necessary to use a
300-ohm shielded lead or a 72-ohm coaxial transmission line, and thus
obtain natural shielding of the line against noise. However, if a coaxial
line is used, and the set has only a 300-ohm input, a 150-ohm quarter
wave matching stub must be inserted to avoid improper termination
that would result in signal loss.
For many years it was thought that the problem of automobile ignition
interference could not be solved at the source. As a matter of fact, how
ever, some years ago an appeal was made to the automobile industry by
the FCC to study and if possible develop ways and means of eliminating
ignition interference. The industry has been and still is cooperating by
extensive research along these lines. In recent years, motor-vehicle

434

PRINCIPLES OF TELE VISION SER VI Cl NG

[Sec. 19-9

manufacturers have made alterations on f
the electrical systems of auto:
wl
atlVe to Other metal Parts in the system, and electrical shieldmg when necessary.
’
°A * men^s’ h°wever, were in many cases found inadeiec uce the automobile disturbances to a tolerable level. Further
research was earned on which led to the
development of a spark plug containing a
10,000-ohm suppressor resistor. In addition
to this, a suppressor resistor of like value was
placed in the center lead of the distributor,
and together they have been found to reduce
interference radiation to a level below the
point where it is objectionable in almost all
cases. 1* igure 19-8 shows a cutaway view of a
resistor-type spark plug that is now being
included as standard equipment in many of the
newer automobiles. This spark plug may also
be used in the older cars without changes to
the system. Because many older automobiles
are not so equipped, the problem of ignition
interference for television will diminish only
after newer cars take the place of older
models on the road.
19-9. Airplane Flutter. Airplanes have
been found to be responsible for a special type
of interference which is peculiar to television.
1 o understand how this particular disturbance
is developed, reference should be made to Fig.
19-9. The transmitter is shown radiating a
signal that is normally picked up by the
Fig. 19-8. A cutaway view of
receiver on a direct line from the station. An
a resistor-type spark plug def
signed to reduce automobile,
airplane moving through the air near the
interference in television re
receiving antenna and at some altitude above
ceivers. {Electric Auto-Lite■
Co.)
it will act as a reflector of the television signal,
mi
.
.
and radiate it down to the receiving antenna.
ie lecenei at this time is still picking up the picture over the direct
Ja
am simultaneously receives the reflected signal, which creates a
g lost image on the screen. However, due to the fact that the plane is
in motion the reflected signals are constantly changing, and this creates
a senes of strong and weak signals so rapidly that the picture appears to
flicker. 1 his is called airplane flutter. When this type of interference is

oiintn
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encountered, near airports and in heavily traveled air lanes, a highly
directive antenna, properly oriented, may be found effective. Sometimes
shielding the antenna, either by adding additional reflector rods or by
placing it so that it is protected by a building or other structure, will
prove helpful.
19-10. Interference from Other Television Stations. Television inter
ference with television introduces several interesting and often difficult
problems. Disturbances of this type may be separated into two classes.
First there is the problem of one television station interfering with another
on the same or adjacent channels. The first of these is called co-channel
interference. This trouble will be encountered by a receiver located
within the range of two stations having the same carrier frequency. It
has been found particularly objectionable when a set is situated between
the two stations that are normally considered sufficiently far apart

Fig. 19-9.

I

A drawing showing how airplane flutter is produced in a television receiver,

physically to be free of interference from each other. Co-channel inter
ference is most noticeable when two carriers that are supposed to have
the same frequency actually differ anywhere from a few cycles per second
up to several hundred. This difference, upon entering the receiver,
creates a beat note between the two stations resulting in a few black
horizontal bars moving up or down in the picture. In certain areas, the
signals from the two stations may be sufficiently strong to superimpose
one picture upon the other.
Extensive research has been carried on to find means of reducing or
eliminating co-channel interference. The method finally adopted by the
FCC is the offset carrier system. It is possible to relieve interference
between as many as three television stations by having one station exactly
on the assigned channel frequency, one offset above by 10 ± 1 kilocycles
and the other offset below by the same amount. The result of this pro
cedure is to break up the large black bars in a scries of very fine (and much
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less objectionable) lines. Often there is little that the serviceman can
do to combat this type of interference, but consideration should be given
to the use of reflectors, shielding, and proper orientation of the receiving
antenna.
The frequency changes of the offset carrier system are made at the
transmitters and because the carrier shifts are a very small percentage,
they will in no way affect the normal alignment of the television receiver.
If any adjustment is needed at the set it can be done by the fine-tuning
control. The standards set for this system are the same for both VHF
and UHF channels, and the method is applicable to both black-andwhite and color transmissions.
Besides the difficulties encountered between television stations operat
ing on the same channel, there is also the problem of interchannel inter
ference. This exists when a disturbance is created in the receiver because
of the interaction of a station on one channel with that on any other.
For example, channel 10 has been found to interfere with the reception of
channel 6. This comes about in the following manner. The video
carrier frequency of channel 10 is 193.25 Me and the local-oscillator fre
quency for channel 6 is 109.0 Me when received on a set having a 25.75
Me video IF. The local-oscillator voltage sometimes leaks through to
the grids of the r-f amplifier stage and the 109.0 Me beats with the 193.25
Me of channel 10, resulting in a differ
ence frequency of 84.25 Me. Note that
J«°3CgJ
this beat frequency falls almost in the
VI
middle of channel 6 and when the set
6J6
is
tuned to this channel a station on tog
R F AMPV
2C?o
I3OV
may
cause serious interference.
----- '<-!----------!------ If—1-------1L32
19-11. Adjusting the R-f input Traps.
The FM series-resonant traps of Fig.
■ CXt
to
19-10 from grid to ground of the r-f
ll.6l
c“l 1
H
amplifier will, when properly tuned, re
1.5
move the oscillator voltage from the in
Fig. 19-10. A schematic diagram of
put of the stage and eliminate this dis
the antenna input circuit to a tele
turbance. Most of the built-in r-f traps
vision receiver having two series1tuned’ traps, ’
LS1-C21 and LS2-C22,
of the type already mentioned in Sec. 5-3
for
reducing
_
FM
interference.
are
tunable to this frequency and may
(RCA.)
be used. They can be adjusted either
in the sendee shop or at the home of the customer, and either by actual
observation of the interference on the air or by use of a signal generator
and vacuum-tube voltmeter. Receivers differ in regard to the method
of tuning the traps. Some employ fixed inductances with small vari
able trimmer condensers, while the one under discussion has fixed con-
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densers and the inductances arc varied by means of adjustable powdered
iron cores.
The simplest method for adjusting the antenna traps is the visual
inspection of the disturbance in the picture. Turn on the set and tune
in the station where interference can be observed. Adjust the cores of
Mi and L82, keeping the stud extensions approximately the same length
by observation until there is a minimum amount of interference in the
picture. If this does not completely eliminate the disturbance, turn L8i
one-half turn clockwise and readjust L82 for minimum interference. If
this adjustment is effective, continue until the greatest rejection is
obtained. However, if the interference increases, turn L8i counterclock
wise one-half turn and readjust L82 until maximum rejection is obtained.
Generally it is advisable to tune back and forth between the two coils
while observing the picture to obtain the point of minimum interference.
W hen the receiver is in the service shop, these traps may be adjusted
with the use of the signal generator and vacuum-tube voltmeter. If the
interference is caused by interaction between channels 6 and 10, switch
the set to channel 6, and connect the voltmeter across the load resistor of
the video second detector and ground, using the 3- or 10-volt scale. The
signal generator should be connected to the antenna terminals of the
receiver and set to the frequency of the picture earner for channel 10,
193.25 Me. Allow the receiver to warm up and stabilize, and, with the
fine-tuning control, make sure that the oscillator is set for best reception
on this channel. Adjust the contrast control for maximum gain without
overloading. Now tune inductances L8i and L82 of the antenna trap for
minimum reading on the meter, again keeping the screw adjustment about
the same length above the coils. If minimum reading is not obtained, the
procedure outlined above for visual inspection should be followed.
In some cases it has been found that two other channels cause inter
channel interference, channels 5 and 7. When this disturbance is encoun
tered, the same antenna trap may be used to eliminate the trouble, but
the circuit must be tuned to a different frequency. The adjustments are
the same as for the channels 6 and 10 interference in which either visual
inspection or test equipment methods are used. In this particular case,
channel 7 interferes with channel 5 because the sound carrier of 7, 179.75
Me, beats with the local oscillator frequency of 103.0 Me when channel 5
is tuned in. This produces a difference frequency of 76.75 Me which
falls at the lower end of channel 5. When tuning the traps by visual
inspection, have the receiver on channel 5 and adjust as before for mini
mum interference while viewing the picture. Under these conditions the
antenna trap resonates at 103.0 Me.
To make adjustments using the test instruments, the same equip-
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ment and connections are made as those outlined previously. The
receiver is tuned for channel 5, the signal generator is set for 179.75 Me,
and inductances
and L82 are adjusted, as before, for minimum reading
on the meter.
A final word of caution should be given regarding the use of this type of
antenna trap. When a complete alignment of the receiver is necessary,
it is recommended that this trap be detuned by screwing the cores of Lsi
and L82 all the way counterclockwise. This will prevent these tuned cir
cuits from having an adverse effect upon the response curve of channel 6.
1 he traps should be retuned after the alignment of the set has been com
pleted. It may be found that, when the trap is tuned to eliminate inter
channel interference between channels 5 and 7, the sensitivity of channel
6 is reduced by a slight amount, but this will not be found objectionable
in most cases.
19-12. Radiated Interference between Television Receivers. The
second type of interference caused by television is the disturbance of one
receiver by another. This is brought about in one of several ways and is
common where a number of sets are being operated in the same building.
Where receivers are in close proximity, interference may be experienced
by radiation of energy from the set, or by conduction, if several receivers
are using the same antenna system. Interference of this type is similar
to FM interference, which shows up as fine wavy vertical lines in the
picture. In a case of very strong radiation the received picture may
actually be driven negative. The white portions of the scene become
black and the dark portions become white. Trouble of this kind is par
ticularly bad when a poorly designed receiver, having the local oscillator
tuned below the incoming carriers, is nearby. Look for the interference
four channels below the one being received by the offending set. Thus,
if the poorly designed receiver is tuned to channel 11, it can cause inter
ference in another set tuned to channel 7. The same is true of channels
12-8 and 13-9.
The technician must look for interference by radiation in one of two
places. The pickup may be at the antenna and transmission line, or in
the set itself. When antennas are at fault, the trouble is almost always
due to the fact that there is r-f coupling between them. This may occur
when the antennas are so positioned that the dipole rods are parallel to
each other. For at this time any energy that is radiated or reradiated
from one will be picked up by the other. To remedy this condition, it
will be necessary to reposition the antennas in such a way that the coup
ling between them is reduced to a minimum. This is done by placing the
antennas so that one is off to one side of the other. Such an arrangement
is shown in Fig. 19-11. However, before going to the trouble of making
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this change, it is advisable to first check the entire antenna system to
determine whether or not the radiation is from this source. With the
set receiving the interference in operation, first disconnect the lead-in at
the input terminals of the set suspected of causing the interference, while
it too is in operation. Observe whether the disturbance has been reduced
or eliminated. If it has, it follows that the interference is not caused by
leakage from the receiver, but is due to the antenna system.
Radiation from the transmission line can come about when it is either
improperly shielded or incorrectly terminated. Coaxial lines are usually
well shielded, and little trouble will be experienced with them if the outer
conductor is terminated to ground. In cases of spaced feeders such as

Fio. 19-11. A drawing showing how to position two television antennas so as to reduce
possible interference between them.

twin-leads, both terminals should be inspected at the receiver and the
antenna to see that they are fastened securely. Make sure that a line
having the same characteristic impedance as the receiver input is used.
When it has been found that the receiver itself is causing the interfer
ence, the trouble may be due either to radiation from the local oscillator
or to harmonics generated in the horizontal sweep circuit. It is not worth
the time to determine which of these is at fault. It is necessary only to
know that the set is responsible, and to correct it when possible. A quick
check may be made with a well-grounded sheet of copper window screen
at least the width and height of the receiver. While the two sets are in
operation, observe whether or not the interference is reduced. If a
noticeable effect is obtained, permanent shielding may be added to the
back or inside walls of the cabinets of cither receiver or of both, depending
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upon their relative positions with respect to each other. But before
going to the expense of this shielding, the less costly solution of changing
the positions of the two sets, and thereby reducing the coupling between
them, should be considered.
19-13. Conducted Interference between Receivers. Interference by
< onduc tion may be brought about either over the electric-power line or
use of a common antenna system. For investigating disturbances
over the power line, insert the O-type filter of Fig. 19-4 in the power line
at the receiver suspected of causing the trouble. It might also be advis
able to insert a like filter in the line of the set being interfered with.
Simple condenser noise-filters of the type commonly used in power lines
o radio sets are often not satisfactory for television because of the special
properties of very high-frequency waves. At these frequencies the
ground lead for example may be several wave-lengths long and actually
ac t as an antenna. It could, therefore, reradiate the interfering signal,
which might then be picked up by the antenna system. Because of the
inductances in the O-type filter, the filtering action is improved.
Interference between television sets may usually be expected when
several receivers are operated from the same transmission line if no pro
vision has been made to isolate them. As was pointed out in the previous
chapter, there are some installations specially designed for multiple-set
operation in apartment buildings and
the like. When interference between
receivers is suspected because of possible
interaction, the serviceman should care
fully check the feeder system to see if
1500
1501
ison ison
the proper isolation has actually been
accomplished. First determine how
many
sets are connected to the same
I
I [
line and then the proper isolating re
Receiver
Receiver
300
300
sistors shown in Fig. 18-21 may be in
Fig. 19-12. Isolating resistors used
stalled at each of the receivers. The cir
in the transmission line to reduce
interference when operating two re
cuit can be simplified to the type shown
ceivers from the same antenna
in 19-12 if only two receivers are per
system.
manently connected to the system. Here
it is presumed that both sets 1have 300-ohm input impedances and are
being fed from a 300-ohm line. If it should happen
— that
----- ------the receivers
have 72-ohm inputs, each resistor of the network would be 36 ohms.
19-14. Interference from Radio Transmitters. The last major TVI
problem to be considered here is that caused by amateur transmitters
and other radio services. This type of interference will produce cither
diagonal streaks or black horizontal sound bars on the screen. It

Sec. 19-11]

THE PROBLEMS OF TELEVISION INTERFERENCE

441

should be mentioned in fairness to amateurs that many interference
patterns have been unjustly attributed to them. The FCC has coop
erated with them by providing them much technical information on
how to filter their equipment and what frequencies to avoid to reduce
interference.
Perhaps the best solution for this type of interference is to attack it
at the source. The serviceman and amateur should work together to see
what can be done to overcome the difficulty for the particular case. This
is important in the interest of all parties concerned since a laxity which
would result in continued disturbance might well cause the FCC to take
steps toward more rigorous controls. It may be the amateur’s trans
mitter itself that is responsible for the interference, or it may be the
antenna system. If the trouble lies with the antenna the solution is often
found by installing proper low-pass filters in the transmission line, or
traps in the plate circuit of the final stage. Suitable filters, specially
designed for these applications, are relatively inexpensive and readily
obtainable at radio supply houses. Sometimes it may be found that the
disturbance is due to parasitic radiation from the guy wires supporting
the antenna mast. To overcome this, it is merely necessary to insert
additional strain insulators in the supporting wires.
If it has been found that the disturbance is caused by the transmitter,
a more careful check is needed to localize the interfering section. Har
monics which are primarily responsible for most of the interference always
exist to a greater or lesser degree, and the problem resolves itself into
how well they can be suppressed to reduce or eliminate TVI. The
following suggestions may prove helpfid to the amateur even though he
may already be acquainted with the sections of his transmitter which are
responsible for the interference. Such considerations as the proper
placement of components, very short plate-to-tank leads in the r-f
amplifier stages, and the use of minimum bias in these stages will assist
materially in reducing harmonic radiation. The use of a low-pass filter
in the a-c power line should not be overlooked. Even though shielding
has already been employed it may be necessary to add more to places
where it is omitted.
From the standpoint of reducing radio interference at the television
receiver, besides reorienting the antenna as previously suggested for
other problems of TVI, a high-pass filter can be inserted between the
input terminals of the receiver and the transmission line. Figure 19-13
shows the schematic diagram of a suitable filter which is designed to
suppress all frequencies below 40 Me. A network of this type will also
be found effective for interference from sources other than the amateurs,
such as police, aeronautical and government stations.
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19-15. Filters Made from Sections of Transmission Line. All of the
low-pass, high-pass, and band-elimination filters which have been discussed
so far are composed of lumped constants. That is they are made up
of inductances and condensers. There are, however, filters that are very
effective for many applications made from sections of transmission lines.
12
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Fig. 19-13. A filter network diagram used in the transmission line of a television receiver
to reduce interference from all radio services below 40 Me. (Niagara Radio Supply Corp.)

These sections are cquarter- or ’half-wave
*“
stubs. One of the main virtues
of this type of filter is the fact that
it is
r
--------j very simple
and inexpensive to
construct. B
1. L
Because of“ this, it
is recommended that the transmission-line
filter be tried before going to the trouble
andJ expense of using one com
posed of lumped constants. An import
To antenna
ant fact, however, to be understood about
stub-type
filters is that they are applica
Stub will
—.300-''act like a
ble only for radio-frequency interference
antenna
Short circuityI terminals
having a relatively narrow band of fre
*”i1L
' ''
XJ ■
at
these points
"T at receiver
quencies. They cannot be constructed to
operate on the a-c power lines. These
300^
filters are made from sections of 72- or
stub ~
300-ohm r-f transmission line to match
whichever type lead-in is used.
1 he fundamental principle of operation
i
of the transmission-line stub is that an
Open
open ended piece of line one-quarter wave
Fig. 19-14. An open quarter
length long will act like a short-circuit at
wave stub made from a piece of
transmission line used as a filter
its resonant frequency when paralleled
connected to the antenna terminals
across the input terminals of the receiver.
of the receiver.
This effect is illustrated in Fig. 19-14.
Because the transmission line
stub has a very high Q,1 at or near the
resonant frequency, it will be found very effective and sharply tuned,
The following examples will show the
application of these filters. Those

I

1 Q is the figure of merit of the inductive or < ,
circuit. The higher the value of Q the sharper capacitive
will be the components in a resonant
------ c resonance curve.
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discussed are for the 300-ohm line, but the identical principle may be
employed for other spaced feeders or coaxial lines.

Example 1. An FM radio station operating on a frequency of 95.5 Me may be
found to cause interference in the picture of channel 9. This is brought about by a
second harmonic of the FM station when the receiver is tuned to this channel. If
this occurs it will be necessary to short-circuit the fundamental frequency 95.5 Me at
the input by paralleling an open quarter-wave stub at this point. The length of this
line is quite critical, being 25.3 in., and is calculated as follows:
________ 2,420________
Quarter-wave stub in inches = frequency in megacycles
Hence,
2,420
95.5

25.3 in.

This formula can be used to calculate a quarter-wave stub for any radio frequency
that may be causing interference. Make the line slightly longer than the figure calcu
lated, about 1 in., and, while watching the disturbance in the picture, cut off
in.
at a time until the sharpest point is reached. This is an accurate method for tuning
the stub.
19-16. Possible Limitations of Transmission-line Filters. While these
stubs are quite effective on the frequencies for which they are cut, the
serviceman must be aware of their limitations and the difficulties that
might be imposed upon over-all reception. In the case of the example
just given it is evident that if the same receiver is to be used for FM
reception on or near the frequency mentioned, it will be necessary to
provide a means of disconnecting the stub at this time. It may be
removed from the circuit by means of a double-pole single-throw (d.p.s.t.)
knife switch at the receiver terminals.

Example 2. A transmission-line stub may also be cut to reduce or eliminate inter
ference from radio stations below the television bands. Thus a transmitter operating
on 27.5 Me would require a stub at the receiver of 88 in. A very important problem
arises. The stub is a quarter-wave length to the 27.5 Me signal and this same stub
becomes a half-wave to 55.0 Me. This is twice the frequency for which it is cut.
It is a well-known property of open half-wave lines that they will also be open at the
point where they are connected at the set. This is a desirable factor and the stub will
in no way affect channel 2, which lies between 54 and 60 Me.

i

i

Difficulty might, however, be encountered under some circumstances
when the receiver is tuned to channel 6. The stub will be a three-quarter
wave section to the frequency of 82.5 Me, and channel 6 lies between 82
and 88 Me. The reason for possible trouble is that an open stub threequarters of a wave-length long will act as a quarter wave. It becomes a
short-circuit again across the input. This stub may thus have to be
removed if it is desired to receive channel G. However, there is still
another case where the stub may cause trouble. It becomes one and
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three-quarters wave length to a frequency of 192.5 Me, which happens to
fall in channel 10 (192 to 198 Me). Again the receiver would be shortcircuited to the resonant frequency of the trap, and the stub might have
to be removed for this channel. When such a trap is used always check
the receiver for operation on all stations in the area. If no adverse
effects are noticed in this case on channel 6 and higher, it is because of the
very sharp tuning of the stub and the relatively wide band of the tele
vision channel.
The reader might logically ask the question, When, iin general, will
an open stub act as a short at the input terminals? The answer is that
it will short when the stub is a quarter-wave long, or any odd multiple
Acts like a
short circuit

Acts like an
Open circuit

Acts like a
short circuit

Acts like an
open circuit

T i T
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I
I
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Open
Open
Open
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Fig. 19-15. F
‘
_
...... o how a quarter-wave open stub for 27.5 Me will act on
Drawings
showing
.- » r
harmonically __l_
related
frequencies.

of a quarter wave, such as three-quarters, five-quarters, seven-quarters,
etc. This effect is illustrated in Fig. 19-15. With these thoughts in
mind it is necessary that the proper considerations be given to the design
of transmission-line stubs that are used as traps or filters. When cor
rectly installed, their advantages often will make them well worth while
and will aid materially toward the solution of the problems of TVI.
REVIEW QUESTIONS
1. If one side of the transmission line were broken, would there be any reception?
Explain.
2. List some of the common causes of TVI.
3. \\ hen FM interference occurs on only one channel, what may be done to reduce
or eliminate it?
4. If black and white streaks appear across the picture as a result of the presence
of an electrically operated device in the same building with the receiver, explain
briefly how this interference may be reduced or overcome.
5. \\ hat can the serviceman do to reduce the amount of auto-ignition noise picked
up by the antenna system?
6. \\ hat is airplane flutter and what can be done to reduce or eliminate it?
7. \\ hat method is employed to eliminate interchannel interference in a receiver?
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8. If one receiver is causing interference in another by r-f coupling, explain by what
steps the interference may be overcome or reduced.
9. When one television set interferes with another, explain how to check the system
to determine whether the cause is r-f coupling of the antennas or the receiver itself.
10. How is it possible for channel 10 to interfere with channel 6 in some receivers?
11. Discuss some of the limitations imposed by the use of filters made from trans
mission-line sections.
12. Explain how a transmission-line filter is tuned.

CHAPTER 20
A SUMMARY OF TROUBLE-SHOOTING PRINCIPLES
\cr-all tiouble shooting in a television receiver embraces the tasks of
< iaftnosing leceiver faults and locating the defective circuits or compom nts lesponsible for the trouble. The serviceman soon learns that
oca ting t lose defects depends upon adherence to definite procedures
an a step-by-step analysis. It is the focal point of his practical experi
ence in television servicing and his acquired knowledge as developed
roug lout the chapters of this book. Technical competence in telemskhi sei vicing cannot be acquired without a proper understanding of
the functions and correct operations of circuits. The ability to analyze
anc rapidly diagnose troubles is not developed merely by studying a
c apter devoted to trouble shooting. The student must realize that
success in this type of work is a result of understanding broad principles,
constantly keeping informed of new developments, learning specific
met oc s of i ecognizing faults, and applying all of this to the receiver in
question. 1 he facts presented here will supplement the many servicing
nuts given at the end of the earlier chapters. Together they form the
basis upon which the serviceman performs this important work.
Localizing Troubles in the Receiver. Circuit defects can often
e localized quickly by noting the symptoms of the trouble and tracing
the system through the use of the sectional block diagram. In receivers
having separate video and audio IF’s, loss of both picture and sound
\'ould normally indicate trouble, either in the r-f section or in the power
supplj. This is because both these circuits are common to the audio
an \ideo sections of the receivers. If the set employs intercarrier
soun , loss of both picture and sound could be a result of a defect in any
section from the r-f unit through the IF’s and detector to the point in the
V1deo amplifier where the intercarrier-sound IF is taken off.
1 ie procedure of trouble localization may be more fully appreciated
by reference to the sectional block diagrams of Figs. 20-1 and 20-2.
t is well foi the serviceman to keep both these diagrams in mind as a
gui e in channelizing his thinking while servicing a receiver. Here, too,
e can see the importance of checking the manufacturer’s data and dia
grams to ascertain which of the two basic types of circuits he has before
him.
im. A moment’s reflection will reveal to the reader that the preceding
446
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chapters were prepared in accordance with the basic sections of the
television receiver. The subject matter in a given chapter is confined to
the sections approximating the blocked diagrams shown.
No one can be expected to remember the component parts or operating
values of the innumerable television sets he may be called upon to
Audio __
Audio
IF
section
section

RF
section

Gafhode-ray
tube,
Video
IF
section

Video
section

t
Power
supply

__

Sweep _
section

Fig. 20-1. A sectional block diagram of a television receiver having separate or inde
pendent sight and sound i-f sections.

service. Indeed, with the many circuit changes that inevitably occur
with even one manufacturer, it is unwise for the technician to rely too
much upon his memory. He is, therefore, strongly advised never to
attempt working on a television receiver without at least the schematic
diagram, and preferably a more complete set of data if possible. ManuAudio
IF
ection

Audio
section

Ccdhode-ray
tube.

RF
_
IF
section
section

Video
section

-M

t
Power
supply

Fig. 20-2.
system.

_

Sweep _
section

A sectional block diagram of a television receiver having an intcrcarrier sound

facturers are ready to cooperate with the service industry by providing
individual manuals and technical bulletins either gratis or at nominal
cost. If the serviceman is working exclusively on sets of only one or two
manufacturers, he can quickly provide himself with all the data on these
receivers by contacting the manufacturer’s technical department. How
ever, where a more general type of servicing is being done, it is advisable

j
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to ha\e available complete sets of data, compiled in the form of service
manuals and sold either as bound books or loose-leaf sheets to the service
industry.
Once the defective section of the receiver has been localized, signal
tracing and analysis by the use of the waveforms that have been dis
cussed and studied throughout the preceding chapters will aid materially
in iso ating the defective stage. Finally, checking with a voltohmmeter
am \ oltage charts that have been prepared for the particular set, the
serviceman is enabled to locate the defective part quickly. The logical
procedure in trouble shooting is summarized by the following steps:
1. Localize the trouble in a particular circuit group or section (see
Figs. 20-1 and 20-2).
2. Isolate the stage or circuit at fault.
3. Locate the faulty component or defective circuit.
1 he most general case of television servicing is where the receiver has
)een in operation in the customer’s home and for one reason or another
as become inoperative. Under these circumstances the problem may
>e n ided into three parts. The preparation needed before going out on
the call, trouble shooting and repairing done at the customer’s home, and
more complete servicing which must be done at the shop.
20-2. Preparation before Going Out on a Call. When the customer
contacts the serviceman, either in person or by telephone, it is important
for the technician to obtain the make and, if possible, the model of the
receiver on which he is to work. He should also get as much information
as possible fiom the customer regarding the behavior of the set at the
time it became defective. Often the owner does not know specifically
t e type of set but can describe it generally. The year in which it was
purchased will also be helpful information. With this as a starting point
the sei viceman should obtain a copy of the manufacturer’s service data
rom his files or manuals and acquaint himself with the general facts
legaiding the receiver. Often the data on the set will be incomplete, and
it will be necessary to review the information on earlier models of the
same receiver. If the set has been serviced previously by the technician
or by his shop, there may be a card on file describing this earlier work.
Some servicemen report that over 50 per cent of their calls result from
a tube failure. Almost invariably in these cases it will be one of the
small receiving tubes. Rarely will it be the picture tube. Consequently,
in the preparation that precedes the call, it will be found advisable to
see that the service kit contains one tube of each of the types used in the
receiver being visited.
20-3. Basic Test Equipment for the Call. If the technician is required
to make calls in his private automobile rather than in a servicing truck
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that can be equipped with a considerable amount of test equipment, only
a few test instruments can be taken along. When a receiver should be
repaired in the customer’s home, and when it should be taken to the shop
is a difficult question to answer and one that ultimately has to be decided
upon by each serviceman himself. Policies in this regard differ in various
sections of the country. In large cities, where competition is very keen
aud the service shop’s overhead is high, the additional expense of taking
the receiver out of the home for repair is often uneconomical. In smaller
communities, where the tempo of life is somewhat slower, the customer
is willing to have the set taken to the shop rather than permit the service
man to use the living room as a work shop.
It will be found convenient to take along only such fundamental
pieces of test equipment as will be needed to determine whether or not
the receiver, or at least the chassis, should be taken back to the shop.
For work in the customer’s home, a tool kit having a supply of easily
replaceable parts and tubes, a volt-ohm-milliammeter, a tube tester, and
an AM signal generator will usually be found sufficient.
20-4. At the Customer’s Home. Upon arrival at the customer’s home,
a fine impression is made by presenting a business card to the person
answering the door. It helps identify the serviceman, and at the same
time gets the card to the customer who can file it for future calls. When
escorted to the receiver, the serviceman should first review the facts
regarding the behavior of the set at the time it failed. Then the receiver
can be turned on, and an attempt made to receive a television signal.
If there are several stations in the area, be sure to try to receive them all.
It may be that only one or two are adversely affected; this might indicate
that the antenna had been rotated by the wind. If a raster appears on
the picture tube, but it is not possible to get an indication of reception
by investigating all channels in the area, proceed immediately to deter
mine whether the trouble lies within the receiver or with the antenna.
20-5. Preliminary Checks with an AM Signal Generator. The follow
ing procedure is one that has been found very convenient and timesaving.
Connect the AM signal generator to the antenna terminals of the set
after having disconnected the incoming transmission line. Feed a tonemodulated AM carrier into the receiver. The signal from the generator
should be either the frequency of the video carrier of one of the channels
on which the set normally operates or a subharmonic of this frequency.
For this purpose, reference should be made to the picture-carrier fre
quencies for the various channels as given in Table 5-1. If the receiver
is operating, it will be possible to obtain a series of horizontal sound bars
on the raster. These should have the appearance of Fig. 20-3. The
number of bars in the picture is not important for this test. It will be

r
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dependent upon the tone frequency which is modulating the r-f signal in
t le generator. The sound of the receiver may also be checked by chang
ing the frequency of the generator to that of the audio carrier of the
channel to which the receiver is
tuned. Although the sound section
is designed to receive only FM ear
ners, there is usually enough fre
quency modulation in the AM gen
erator to work satisfactorily for this
test. The tone should be heard in
the loudspeaker of the receiver as the
volume is brought up. This method
is applicable to receivers having
Fig. 20-3. Heavy black horizontal bars
independent i-f stages as well as to
of the type shown will appear across the
those
having intercarrier sound. In
raster when a tone signal is modulated on
an AM signal generator fed into a tele
the latter case, the sound tone may
vision receiver at the video carrier fre
not be heard exactly at the point
quency.
.
where the signal generator is set for
tlie frequency of the incoming audio carrier. By adjusting the frequency
o t ie generator near this point, however, the tone will come through in
a correctly operating set.
lheie aie several advantages in the use of the AM generator as a
means of preliminary testing. Besides enabling the serviceman to
isolate the fault between antenna and receiver, it enables him to conduct
tests at .my time of the day or night, without having to rely upon a
signa 10m a television transmitter. Further, in areas where only one
station is broadcasting it is possible to test the receiver on other channels.
us might be necessary if the channel switch is bad at the position
normally used for receiving the one station. In turret tuners, an input
coil may be inoperative on one channel. While making this test, check
a t e fi out controls of the set as a matter of routine inspection. This
ta es only a moment and occasionally wall reveal loose knobs or noisjr
potentiometers.
20-6. Checking the Antenna System. If it is found that the receiver
is apparently in satisfactory working order, the antenna and transmission
inc should then be checked. The antenna system, it must be rememered, is subjected to a great deal of buffeting and wear as a result of being
exposed to wind, rain, and other elements of the atmosphere. Corrosion
at t e terminals of the feeder line and antenna may either create very
ig resistance or in some cases cause the junction to open. Occasionally
the transmission line will be found to have worn through its insulation
anc to have become short-circuited by metal roofing or gutters. One
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very important spot to investigate is the point at which the line is brought
into the house. Often owners will not permit holes to be drilled to bring
the feeders through the proper type of tubing. This necessitates bring
ing the lead-in over the top or under the bottom of the window. It
causes the line to be pinched, and often broken, in the course of time.
An open lead-in can always be checked with an ohmmeter if the line is
used with one or more folded-dipole antennas. The meter may also be
used to check open dipoles if the suggestion given in Sec. 18-15 of placing
a 50,000-ohm or larger resistor across the terminals of the antenna was
followed at the time of installation. Figures 20-4a and b show how this
may be accomplished. The ohmmeter will indicate an open circuit
(infinite resistance) if the feeder line of Fig. 20-4a is bad. It mil read
u Short-circuit ” or at most several ohms if the line is good. A reading
50 K

4

(a)
Fig. 20-4.

(b)

Methods of checking for a broken lead-in with an ohmmeter.

of 50,000 ohms should be obtained on a good line in the installation of
Fig. 20-45 and an infinite resistance if the line has become open. In the
absence of a resistor across the antenna terminals, it will be necessary to
give the entire antenna installation a thorough point-by-point inspection.
20-7. Locating Minor Troubles. If the AM signal generator tests
show no indication of a signal in the receiver, there are, of course, many
possible faults. A great deal of time is often saved by suspecting a
burned-out or defective vacuum tube. Start with a visual inspection.
Remove the back of the receiver, and, where necessary, close the safety
switch or use a substitute plug-in line cord obtained from a television
supply house. With the power on, observe each of the tubes in an effort
to locate a possible burned-out filament. A tube that fails to light in
the chassis but works in the tester may have a bad base or it is in a bad
socket. Occasionally the filament socket connections in the chassis
break loose when a tube is replaced. If no evident trouble can be found
by visual inspection, proceed to check the tubes in the sections most
likely to be at fault. Great care must be taken when checking television
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tube s 1>< < a use even slight changes in their characteristics can often result
m comp ete ciicuit failure. 1 he technician is advised to keep on hand
some t u x s t at aie known to be good and to use them as a means of
running a substitute check in certain critical stages. In particular, have
u x s wit i good characteristics in the local oscillator, the horizontalou put stage, the flyback power-supply rectifier, and the final video
amplifier.
By the process of isolation, considering first the section, then the stage,
anc ma y the specific circuit, many servicemen have developed the
technique of quickly locating a simple defective component in a receiver,
t is, t u u foie, possible to remove the chassis in the customer’s home and
ma e t ic necessary repair. Usually work of this type is limited to the
replacement of basic components such as resistors, condensers, and simple
c oi s. Jome sei vice shops have had a great deal of experience with
recen eis o one oi two manufacturers and have become highly specialized
on t lem. 1 hese men, because of their experience, are qualified to make
e\en more elaborate repairs in the home. In any event, the importance
an exact leplacement part cannot be overemphasized when these
repairs are made at the customer’s home.
20 8. Taking the Receiver to the Shop. When more detailed work is
required and major repairs are indicated, it is advisable to take the set
back to the shop for complete analysis and servicing. li is important to
iemem >ei that, when new parts are installed, some rebalancing of the
circuits and at times complete realignment is required. Wherever possi) t take the entire receiver to the shop rather than the chassis alone.
In transporting an unprotected chassis, there is danger of breaking the
cathode-ray tube, bending the control shafts, or moving some of the
cutica leads out of position. See that the set is well protected by
furniture mover’s blankets when carrying it in the car or truck. Before
ea\mg the customer’s home, the serviceman should tell him approxi
mately when the set will be returned and give him a signed receipt for the
receiver.
Should the situation arise where it is necessary to take only the chassis
an ea\e the cabinet, certain precautions are advisable with regard to
t ie parts left at the home. It is a good policy to have a medium-sized
manila envelope in which to put the screws, nuts, bolts, and protective
felt washers taken from the receiver. Since these parts will not be
neet cd at the shop, the envelope should be sealed or clasped and securely
fastened to the inside of the cabinet. The control knobs should be
p acc( in a second envelope and tied to the chassis during transportation.
I here is a chance of their coming off the shafts if they are allowed to
remain on them in transit.
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20-9. Trouble Shooting at the Shop. For a competent television
serviceman there is no problem too difficult to be solved when the receiver
is brought into the shop for repair. Here, with proper test equipment
and the step-by-step procedure for locating the defective circuit or
component, the set can be restored to its original operating condition.
The reader is aware of the several possible ways of classifying television
receivers. For purposes of trouble shooting, however, specific classifica
tions rarely have significance. As was already pointed out, the tech
nician must first think in terms of broad principles encompassing the
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Fig. 20-5. A functional block diagram of the 16-inch television console shown schemati
cally in Fig. 20-6.

entire receiver, and then gradually concentrate his field of investigation
as analysis and the process of elimination lead him ultimately to the
trouble.
It cannot be too strongly emphasized that shooting trouble in a tele
vision receiver is not a process of learning the same things over again on
many different receivers, but is a set of principles which are applicable
to them all. Accordingly, a student who is well trained on only a few
representative receivers, regardless of their type or manufacturer, is
equipped to adapt himself readily in the general servicing field. This
can be more fully appreciated by studying the universal block diagram
shown in Fig. 20-9. In spite of the changes in standards brought about
by color television, the same principles and circuits, in almost identical
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form as in black-and-white, are found in all present-day color receivers.
The few simple changes in sets designed for the field-sequential color
system are discussed in Chap. 22.
In order that the student may correlate the knowledge gained in the
preceding chapters with the problems of trouble shooting, two widely
different styles of television receivers are presented for discussion. The
first of these shown in the functional block diagram of Fig. 20-5 and
schematically in Fig. 20-6 was covered in considerable detail in the earlier
sections of this book. It is a receiver in the higher price class and
embraces a large number of the advanced principles employed through
out the television-receiver industry. The circuit show's that it has
Sound
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A functional block diagram of the intercarrier sound receiver shown in Fig. 20-S.

independent sound and picture IF’s, has the widely used flyback power
supply, and has electromagnetic focus and electromagnetic deflection.
In contrast to this set, and to show the marked similarities in trouble
shooting, the receiver shown in the block diagram of Fig. 20-7 and in the
schematic of Fig. 20-8 is presented. This receiver, it will be noted, is a
smaller, much less expensive set that has an intercarrier-sound system,
a simple sweep system, an r-f power supply, and an electrostatically
focused and electrostatically deflected picture tube. In reality these
two circuits together cover essentially all the principles involved in
modern television receivers. The minor differences that occur in other
sets should present no outstanding obstacle in trouble shooting.
Whenever possible the serviceman xxrill find it wise to refer to the
detailed block diagram, as well as to the schematic diagram of the receiver
on w’hich he is working, before starting his trouble shooting. The blocks

Table 20-1.

Charts for

the

Receiver of Fig. 20-6.
Table 20-2.

VOLTAGE CHART
The following measurements represent two sets of conditions. In the first condition a 2200 microvolt test pattern signal was fed into
the receiver and the picture synced. The second condition was obtained by removing the antenna leads and short circuiting the receiver
antenna terminals. Voltages shown are as read with “Jr. VoltOhmyst” between the indicated terminal and chassis ground and with the
receiver operating on 117 volts 60 cycles a-c.
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0
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Signal
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Signal
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Signal
2200 Mu. V.
Signal
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Brightness
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Brightness
Max.
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V117
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Notes on
Measurements

0 1

0
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I
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:
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4th Pix. I-F
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V102 6AG5

Volts

Pin
No.

5

I
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V101^6AG5
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No.
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E. Plate
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Volts
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Volts
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Plate
(ma.)

-46

1

-48

10,8

3

-50

1

-54

10 8
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6

-44

4
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0 34

5

200

6

-51

4

-100

0 15

3
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4
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8

-76

5

-96

7.7

1 3

3

185

4
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8

-93

5
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7 6
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2

25

3

-120

1
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0 24

2
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3
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1
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2

+ 60

3

-130

1

-114
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2.3
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No.
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2
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2

71

5
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I
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V124 16AP4
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Damper

5
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6
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4

5
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6
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4
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1 5
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Cap
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Output
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2 & 7
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11700

2 & 7

11600

2 & 8

350

93.0

2 &8
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Do Not
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Min.
Do Not
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Meas.
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4
&
6
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Do Not
No
4 & 6 Meas.
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4 8c 6
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No
4 8s 6
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1st Sound I-F 2200 Mu. V.
5
Signal
Amplifier____
No
5
Signal
2d Sound I-F 2200 Mu. V.
5
Signal
Amplifier
No
5
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1st Audio
Amplifier

3

Cap

2200 Mu. V.
Signal
No
Signal
2200 Mu. V.
Signal
No
Signal
2200 Mu. V.
Signal
No
Signal
2200 Mu. V.
Signal
No
Signal

2

•6000 volt
pulse present

6

131

7

0.65

1

0

6 0

106

6

106

7

0.55

1

0

4.9

136

6

80

7

0

1

3.5

111

6

62

7

0

1

3 0

5

0

5

0

-1.4

2

*5200 volt
pulse present

•6000 volt
pulse present

131

2.

Dress the body of R195 as close to tube pin as possible.

3.

Do not change the dress of the filament leads or the by
pass capacitors in the picture or sound i-f circuits. The
filament leads between V120, V121 and V122 should be
down against the chassis and away from grid or plate
leads.

4.

Dress all leads crossing the i-f circuits close to the chassis
and held so they cannot move and change alignment.

5.

If it is necessary to replace any of the 1500 mmf capaci
tors in the picture i-f circuit, the lead length must be kept
as short as possible.

6.

Picture i-f coupling capacitors C106, Cl 11, Cl 15 and C121
should be up and away from the chassis and should be
clear of the pix i-f transformer adjustments by at least
lA inch. If the dress of any of these capacitors is changed,
the i-f alignment should be rechecked.

7. Leads to L102 and L103 must be as short as possible.

180

Do Not
Meas.

•Screen
connected to
plate
Horizontal
hold control
completely
clockwise
Hold control
counterclockwise

8

Cap

Rectifier

Sound
Discrim.

3

The ground bus from pin 2 and the center shield of VI20
socket should not be shortened or rerouted.

Notes on
Measurements

E. Grid

E. Cathode

E. Screen

E. Plate

Data for

VOLTAGE CHART

*1200 volt
pulse present

fPer tube
•A-C measured
from plate to
trans, center tap

8.

Dress peaking coils LIOS, L106, L107, L108 and L109 up
and away from the chassis.

9.

Dress R129 away from LI09.

10. Dress Cl83 across VI21 tube pins 5 and 6 with leads not
exceeding % inch.

11.

Dress the blue lead from pin 5 of VI22 down against the
chassis and under two shielded leads.

12. Dress Cl29 and Cl99 up and away from the chassis.
13. Dress the yellow lead from the picture control away from
the chassis. Dress the yellow lead from pin 8 of VI06
away from the chassis.
14.

Dress the green lead from pin 8 of VI07 away from the
chassis.

15.

Dress R168, R169. R170, R176 and R178 up and away from
the chassis.

16.

The leads to the volume control should be dressed down
against the chassis and away from VI19 and VI20.

17. Dress the yoke red horizontal deflection lead under the
clips of the fixed H. V. shield.

18. Dress the green lead from Cl66 close to the chassis and
away from the red lead connected to T110-4.

0.5

7

88

2

0

7

91

2

0

3.

152

4

165

8

-94

5

-115

24 0

3.4

3

139

4

152

8

-107

5

-125

24.0

3.4

1

0.5
19. Insert the red lead into T110-4 from the top of the terminal.

Cap

11700

10

320

11

26

2

-29

0 08

Cap

11600

10

305

11

11

2

-47

0.08

20. AU soldered connections in the high voltage compartment
should be free of sharp points.

Average
Brightness
Average
Brightness

21. Contact between the r-f oscUlator frequency adjustment
screws and the osciUator coils or channel switch eyelets
must be avoided.
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permit him to review quickly the purpose of each tube and see at a glance
the functions originally intended of them by the design engineer.
20-10. Tracing the Signal Path. Returning to Fig. 20-5 and following
the path of the signal as it enters the r-f stage, it is interesting to note
that the first six amplifier tubes all have the same type number, 6AG5.
The use of the same tube for many purposes in a receiver is always
appreciated by the serviceman because it means that he has less tube
types to keep in stock. The picture and sound are amplified in the same
circuits until they reach the third i-f stage. When both video and audio
fail to come through, the technician can normally suspect that any one
of these stages is at fault. However, there is still one additional circuit
that must be considered. Reference to Fig. 20-5 shows that the AGC
voltage is taken from the output of the first video amplifier. Since the
AGC is fed back to the r-f stage as well as to the first and third picture
i-f stages, trouble in the video amplifier might reflect back through this
system and affect the audio also. A defective AGC circuit could also
have an adverse effect upon the picture.
20-11. Using Voltage and Trouble-shooting Charts. It is well to
keep in mind that, when a component or circuit becomes defective in a
television set, it is usually only a single part. Do not look for several
troubles unless it is known that some untrained person has previously
attempted to repair the receiver. Reference should be made regularly
to the schematic diagram of Fig. 20-6 and to the partial schematic dia
grams of this circuit in the earlier chapters. For the reader’s convenience
Fig. 20-6 has been blocked off in accordance with the sections as they
were discussed throughout the text.
When it becomes necessary to do considerable amount of trouble shoot
ing on the receiver, start with voltage measurements as soon as the section
at fault has been located. Always consult the manufacturer’s voltage
charts for the receiver in question. Although the voltages in actual
practice will not conform exactly to the published data, they should be
reasonably close. The charts for the receiver of Fig. 20-6 are given in
Table 20-1. Note that two sets of voltage readings are given. The first
is under the condition of receiving a test pattern from a station providing
2,200 microvolts at the antenna terminals of the set. For the second
condition, voltages are taken when the receiver has had the antenna
removed and the input terminals short-circuited. In the fringe areas
it is rarely possible to obtain a 2,200-microvolt signal. Accordingly, the
serviceman must work with the second set of data. In areas of strong
picture signals a 2,200-microvolt test pattern may be picked up from the
station. To determine this value, a field-strength meter of the type
shown in Fig. 21-24, or the equivalent, is employed. Where necessary,

'A
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111 1,1 JI
comPosecl of carbon resistors arranged as shown in Fig.
10a to attenuate a stronger signal to approximately the desired value.
In general the technician will usually find the short-circuited condition
satisfactory for his trouble shooting. Voltage charts of other receiver
manu actuieis are arranged in approximately the same manner. Some
will specify the voltage readings without an input signal but with the
i ict i re ( ontiol set first for minimum then for maximum. In other cases
< < rtain controls such as contrast and focus are set to maximum, while
t ie lemaining are set at approximately half rotation. Always observe
the particular instructions given by the manufacturer when his chart is
Ring used. In almost all cases it is advisable to use the vacuum-tube
\ o tmeter, because it does not draw any appreciable current. It is
rarely necessary to measure the high-voltage terminals of the cathode-ray
tube, but when it is, all safety precautions should be observed.
A oltage measurements will reveal by far the largest number of coinponent defects and circuit failures. For the more difficult problems, it
maj be necessary to go through the video or audio stages with the
oscilloscope while a signal is being fed in to one stage or another with the
' means making use of the many waveform
alignment generator. r1’”his
patterns
that
were
shown
in
the preceding chapters. Some manufactur_
• *
cis pi ovide a number of wave patterns in their service bulletins to further
assist the serviceman.
20-12. Four Important Don’ts in Servicing, Once the defective part
has been located, it should be replaced either by an exact duplicate or by
one which has been designed specifically as an equivalent replacement.
1 here are four most emphatic donl’s that must be adhered to in television
servicing:
Don t substitute a part that is not known to be a correct replacement.
Don t consider realigning the set until all other causes of trouble have
been investigated.
Don’t attempt to redesign the television circuit. Remember that
most sets are well engineered at the factory.
Don t change the positions of the wires under the television chassis.
Many times a lead shifted as little as an inch or less will affect the opera
tion of the entire set.
20-13. The Critical-lead-dress Table. The last of these statements
must not be taken lightly. Certain leads in the receiver are hypercritical
and must be kept very close to the positions in which they were put at the
factory. Many service bulletins have a special section devoted to critical
lead dress. 1 ypical of this information is that on the receiver of Fig.
20-6. 1 he data is given in Table 20-2. The reader should check with
the schematic diagram while studying the 21 points listed.
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20-14. Making Authorized Factory Changes. As manufacturing
progresses with a given receiver model at the factory, certain production
changes are occasionally made. These changes are usually described
for the serviceman in supplementary manuals from time to time. This
information is helpful when it comes to improving the customer’s receiver
when found necessary. Often the technician will find it advisable to
make one or two of these production changes. They tend to bring the
circuit up to date and usually improve the operation, requiring fewer
service calls. When these changes are made, the manufacturer’s instruc
tions should be followed implicitly and only specified values and parts
should be used. If production changes are made, it is most important
that a note of these changes be placed at some point clearly visible inside
the chassis. The information will be helpful to the person who might
be called upon to work on this set at a later date. Sometimes these notes
can be marked with pencil directly on the inside skirt of the chassis and
in other cases it is advisable to make the notes on a gummed label pasted
inside the cabinet. This identification should be made regardless of how
simple the change in the circuit might be. Most servicemen also make
it a policy to date the chassis when repair work has been done and often
put their name or their company’s name in an inconspicuous spot for
future reference. Finally, before the set is brought back to the customer,
it is good business policy to go over the entire cabinet with a slight amount
of furniture polish on a soft cloth. Use it sparingly. Avoid leaving a
strong odor of polish. It is interesting to note how many times the
customer will smile and remark that the receiver looks brand new.
20-15. Keep a File on Special Types of Troubles. Television receiver
companies cooperate and assist the serviceman in every way possible.
They realize that the technician is a major link in the chain of maintaining
customer satisfaction and their over-all reputation in the field. They
are always grateful for suggestions, reports on operation and difficulties,
and trouble-shooting hints which the serviceman discovers in the process
of his work’ The engineering department is usually willing to answer
specific inquiries from the field on peculiarities of the receivers manu
factured by its company. It is also very important for the serviceman
to keep a card file on new and special troubles that he encounters, rather
than try to remember them. A well-kept file is a valuable asset and often
a great timesaver for any service shop.
20-16. Comparing the Servicing Problems of Sets of Widely Different
Types. As was already pointed out, the two receivers of Figs. 20-G and
20-8 together encompass almost every design principle used in modern
television receivers. In an effort to provide concise and ready informa
tion on trouble shooting, manufacturers usually list a number of possible
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failures and make suggestions regarding where these faults might be
located. For purposes of comparison, a list of trouble-shooting sugges
tions has been prepared for these receivers. The defects as they might
occur in either set are printed as main headings in bold type, The notes
and comments for the more complex receiver of Fig. 20-6 are printed in
roman type and the comparable suggestions and discussion for the simpler
receiver of Fig. 20-8 are given immediately following in italics. The
reader is urged, while studying this material and the two circuits, to note
that the same type of reasoning will apply to all television sets. Observe
the striking similarities in the thinking involved in the analysis and
solution of the problems of these widely different circuits.
Defect: No Raster on Picture Tube

Figure 20-6. (Receiver with independent video and sound i-f systems, flyback
power supply, electromagnetically focused and deflected CRT.)
1. Incorrect adjustment of ion-trap magnet: Magnets reversed either front to
back or top to bottom, front magnet incorrectly oriented.
C omment. This would necessarily cause a loss of raster, since, if the magnetic
fields of the ion trap are not correctly oriented, the electrons would not be directed
out through the elements of the electron gun.
Figure 20-S. {Receiver with intercarrier sound system, r-f power supply, elec
trostatically focused and deflected CRT.)
1. Receivers of this type have no ion trap, consequently for electrostatically deflected
tubes no consideration need be given to it.
Figure 20-6.
2. Izu3, Vin, or V ns inoperative: Check voltages and waveform on grids and
plates.
Comment. This is a flyback power supply; produces the high voltage for the
CRT only when the horizontal-sweep voltage and rectifier tubes are operating.
Failure of these tubes causes the high voltage to disappear.
Figure 20-8.
2. 6Y6G IIV Osc., 1B3GT-8016 IIV Red., or 6X5GT Med. IIV Red. inopera
tive: Check voltages and waveform on grids and plates.
Comment. This is an r-f power supply. Failure of the oscillator or rectifier tube
removes the high voltage from the CRT.
Figure 20-G.
3. No high voltage.
Comment. If horizontal deflection is operating as evidenced by the correct
waveform on terminal 4 of horizontal-output transformer 7’no, the trouble can
be isolated to the 8016 tube circuit. Either the T no high-voltage winding is open
(point 2 to point 3), or 8016 tube is defective, its filament circuit is open, Ci67,
Cif,8, or Cis? is shorted or RXVh Ri90, Ri9i, Ri92, or Z?i93 is open.
Figure 20-8.
3. No high voltage.
Comment. Since the high voltage is not dependent upon the horizontal sweep but
on its own r-f oscillator, the high voltage is lost if the oscillator or rectifier circuit
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components become defective. This trouble can be isolated to an open high-voltage
transformer winding, to a short-circuited condenser (C2o, C22A, C22B, C23, 6'21, 6*25,
28, C-.
C28,
C29, C30 or C31), or to an open resistor (Z?3i, /?42,
#53, or Rit).
Figure 20-6.
4. V 112 circuit inoperative: Refer to schematic and waveforms.
Comment. This tube develops the horizontal-sweep voltage, If it fails, the
flyback power supply cannot develop the high voltage.
Figure 20-8.
4. 6Y6G IIV Osc. circuit inoperative.
Comment. This tube creates the r-f sine-wave voltage which is rectified for the
CRT. If it fails, no high voltage can be developed.
Figure 20-6.
5. Damper tube Vn© inoperative.
Comment. If this tube is shorted, it short-circuits the horizontal-output trans
former. If this tube is open or if it is burned out, the plate voltage for the hor
izontal-output tube will be lost, since its plate current flows through the damping
tube.
Figure 20-8.
5. Electrostatically deflected cathode-ray tubes do not have a damping circuit.
Figure 20-6.
6. Defective CRT.
Comment. This could be due to a burned-out filament, a shorted element in
the gun, a defective high-voltage connection in the tube, or an open terminal in
the tube base.
Figure 20-8.
6. Defective CRT.
Com ment. This could be due to a burned-out filament, a shorted element or deflect
ing plates, or an open terminal in the tube base.
Figure 20-6.
7. Z?223 open (terminal 3 to 7?22-i)Comment. This would cause the positive voltage on the cathode to rise
excessively. Making the cathode of the CRT highly positive has the same effect
as making its grid highly negative. The tube would be permanently cut off.
Figure 20-8.
7. Rm open at end connected to R.^.
Comment. This would cause the positive voltage on the cathode to rise excessively.
Making the cathode of the CRT highly positive has the same effect as making its grid
highly negative. The lube would be permanently cut off.
Figure 20-6.
8. No receiver plate voltage: Filter condenser shorted, bleeder or filter choke
open in the low-voltage power supply.
Comment. A shorted filter condenser short-circuits the power supply and
no voltage is available to operate the CRT. An open filter choke or high-side
bleeder resistor will also remove the operating voltages for the CRT.
Figure 20-8.
8. No receiver plate voltage: filter condenser shorted, filter choke open in the lowvoltage power supply, or open bleeder system for the CRT.
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Comment. .4 shorted filter condenser short-circuits the power supply and no voltage
is available to operate
the CRT• . -An open filter choke or high-voltage bleeder resistor
.
will also remove the operating voltages for the CRT.
Defect: No Vertical Deflection

Figure 20-G.
1- Fio8b or Viin inoperative: Check voltages and waveforms on grids and
plates.
Comment. Vio*b iis a blocking-oscillator circuit used to generate the vcrticalsweep voltage. Vmi is its associated amplifier tube. Failure of either one of
these will produce no vertical sweep and leave only a horizontal line on the CRT.
Figure 20-8.
1. 6SN7GT Vert. Osc. or 6SL7GT Vert. Amp. inoperative: Check voltages and
waveforms on grids and plates.
Comment. 6SN7GT is a multivibrator circuit used to generate the vertical sweep
voltage. 6SL7GT is its associated amplifier tube. Failure of either one of these will
produce no vertical sweep and leave only a horizontal line on the CRT.
Figure 20-6.
2. T107 or Tios open.
Comment. If blocking-oscillator transformer Tio- is open or shorted, the
oscillator will stop. Tios couples the sweep energy to the vertical deflecting coils.
If the primary is open, the plate and screen voltages of the output tube are lost.
If the secondary is open the vertical centering voltage is lost and no sweep energy
is applied to the coils.
Figure 20-8.
2. C9, Cio, or Cd shorted.
Comment. C» is the multivibrator-feedback circuit, and if shorted or open, the
oscillator will stop. C9 and C\o couple the energy to the vertical deflecting plates.
If shorted, voltages in the CRT bleeder system are radically changed. If open, vertical
sweep energy cannot reach the deflecting plates.
Figure 20-6.
3. Vertical deflection coils open.
Comment. If either Luo or Lin open a very limited amount of deflection will
be experienced.
Figure 20-8.
3. Open vertical deflecting plate.
Comment. Unless the lube has been jarred and the plate connection broken inter
nally the trouble will be in the base pin connection. Because the centering voltage is
still being applied to the other vertical plate, the spot will usually be defected entirely
off the screen, and no trace will be seen.
Defect : Small Raster

Figure 20-6.
1. Low B-|- or low line voltage measured at the low-voltage power-supply
bleeder or the a-c input of the low-voltage power-supply transformer.
Comment. A low B-f- voltage causes the horizontal- and vertical-sweep
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amplifiers to have less output. Hence, the raster will be decreased in each
direction.
Figure 20-8.
1. Low B-F or low line voltage measured at the filter choke L2 to ground or at the
a-c line cord.
Comment. A low B-f- voltage will affect the size of the horizontal and vertical
sweeps.
Figure 20-6.
2. Vn3 defective.
Comment. This will necessarily affect the width of the raster, making it
smaller, and may also reduce the brilliancy of the raster considerably.
Figure 20-8.
2. 6SN7GT Horiz. Amp. defective.
Comment. This is a push-pull circuit. If one section is weak or shorted, the
width of the raster will be materially decreased.

Defect: Poor Vertical Linearity
Figure 20-6.
1. If not corrected by adjustment, change Vm.
Comment. There is a possibility here that the amplifier tube is distorting the
wave shape.
Figure 20-8.
1. If not corrected by adjustment, change 6SL7GT Vert. Amp.
Comment. Since this is a push-pull amplifier circuit, the two sections of the tube
may not be properly balanced.
Figure 20-6.
2. Vertical-output transformer TlOs defective.
Comment. This could come about as a result of shorted or leaky turns in
either section, or of a short from primary to secondary.
Figure 20-8.
2. Vertical coupling condenser C$ or C\o defective.
Comment. If either one of these is open or leaky, an unbalanced condition ivill be
created between the two halves of the push-pull amplifier.
Figure 20-6.
3. K108B defective: Check voltage and waveforms on grid and plate.
Comment. Distortion might be created in the oscillator tube, making it
impossible to correctly linearize the vertical-sweep wave produced.
Figure 20-8.
3. 6SN7GT Vert. Osc. defective: Check voltage and waveforms on grid and plate.
Comment. Distortion might be created in the multivibrator oscillator tube, making
it impossible to linearize correctly the vertical sweep wave produced.
Figure 20-6.
4. Ci47, ^164, C14SB, or C150C defective.
Comment. Since these are all components in the vertical-output amplifier,
open or shorted condensers or resistors will alter the correct voltages on I'm,
and a distorted output wave can result.
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Figure 20-8.
4. Defective C12, Cm, Cu, C15, Cm, and C21 or Rzot R21, R22, R32, R33, Rn, Ras> RmComment. Since these are all components in the vertical oscillator and amplifier
circuits, open or shorted condensers or resistors will alter the correct voltages on these
tubes and a distorted output can result.
Figure 20-6.
5. Low bias or plate voltage: Check rectifiers and capacitors in power-supply
circuit.
Comment. Incorrect voltages on the vertical oscillator and amplifier tubes
often cause waveform distortions.
Figure 20-8.
5. Low bias or plate voltage on Vert. Osc. and Vert. Amp.: Check rectifiers and
capacitors in power-supply circuit.
Comment. Incorrect voltages on the tubes often result in distorted waveforms.
Defect: Poor Horizontal Linearity

Figure 20-6.
1. If not corrected by adjustments, change Vm or Vug.
Comment. Distortion may be taking place in the output amplifier, or the
damper tube may be failing to rectify and suppress the sharp peaks of the wave.
Figure 20-8.
1. If Hoiuz. Hold and Horiz. Size do not correct, change the Horiz.-osc, or
Horiz.-amp. tube.
Comment. Distortion may be due to a defective oscillator or an unbalanced pushpull amplifier tube.
Figure 20-6.
2. Tno or Liu defective.
Comment. Loss of linearity will occur if these coils are shorted, totally or
partially. If either were open, no voltage would exist for the plate of the hori
zontal-output tube, and hence there would be no raster at all.
Figure 20-8.
2. Defective Ci, C3, R2, R3, etc.
Comment. These components in the Horiz.-amp. output circuit couple the energy
to the horizontal deflecting plates. An open or short in any one of them will unbalance
the system and distort the sweep voltage.
Figure 20-6.
3. Ci64 or C us defective.
Comment. These condensers are in the “bootstrap” circuit, If shorted or
open would alter the plate voltage on the output-amplifier tube. This could
distort the sweep voltage.
Figure 20-8.
3. Receivers of this type do not have “bootstrap” circuits, but any component
which materially alters the voltage on the horizontal amplifier may distort the output
wave.
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Defect: Wrinkles on Left Side of Raster

Figure 20-6.
1. Z?i66, Rwt or Ci69 defective.
Comment. Ri(i6 and T?1C7 are known as damping resistors; they prevent oscilla
tions that might be set up in the deflecting coils. If one or both of these open,
distortion results in the sweep voltage. Ci69 shapes the high-frequency sweep
voltage. If open, distortion results; if shorted, the wave is distorted and the
deflection is decreased considerably.
Figure 20-8.
1. Receivers of this type do not require damping circuits; hence, wrinkled edges of
the raster come about either as a result of a distorted horizontal saw-tooth voltage
produced in the oscillator or amplifier circuit, or as a result of the effect of external
magnetic fields on the electron beam. These external fields could come from poorly
shielded power transformers or filter chokes.
Figure 20-6.
2. Defective yoke.
Comment. This might be due to shorted turns in the coil or leakages between
turns.
Figure 20-8.
2. No comparable troxible can exist in receivers of this type.
Defect: Trapezoidal or Nonsymmetrical Raster

f

I

Figure 20-6.
1. Improper adjustment of focus coil Lwj or ion-trap magnet.
Comment. Both of these can distort the raster because their magnetic fields
are affecting the electron stream inside the cathode-ray tube.
Figure 20-8.
1. Defective vertical- or horizontal-centering controls and other resistors of this
network. External magnetic fields can influence the electron stream in CRT.
Comment. The resistors in the centering-control circuit serve to equalize the volt
ages on the deflecting plates and to keep them balanced with respect to ground. If the
circuit becomes unbalanced, the raster might be distorted.
Figure 20-6.
2. Defective yoke.
Comment. This might be due to shorted turns or leakage between them.
Figure 20-8.
2. If the CRT has been violently bumped, the deflecting plates might be jarred out
of true alignment. There is a remote possibility that the deflecting plates may have
become magnetized.

Defect: Picture on Cathode-ray Tube, but No Sound

Figure 20-6.
1. R-F oscillator off frequency.
Comment. Often this condition will show up in poor picture quality as well.
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Figure 20-8.
1. In intercarrier-sound receivers, drift of the oscillator usually will not cause the
sound to be lost, but only to deteriorate in quality.
Figure 20-6.
2. Sound IF, discriminator or audio amplifier inoperative: Check VU9, V120,
F121, V122, and V123 and their socket voltages.
Comment. Since the picture is coming through, trouble is most likely in the
sound section alone.
Figure 20-8.
2. Sound IF, sound detector or audio amplifier inoperative: Check 6AU6, 6AL5,
6SQ7, and 6AS5 and their socket voltages.
Comment. A voltage check usually shows whether or not a component is defective.
Figure 20-6.
3. Tin or Cue defective.
Comment. It is advisable to start at the output and work back through the
circuit.
Figure 20-8.
3. Ty or C54 defective.
Comment. A transformer winding could be open or shorted. A plate-voltage
check on the audio tube will reveal whether the condenser is shorted.
Figure 20-6.
4. Loud-speaker defective.
Comment. This could be the voice coil or the plug between the loud-speaker
and the output transformer.
Figure 20-8.
4. Loud-speaker defective.
Comment. Open voice coils often occur because the pigtail wires have become loose
from vibration.

Defect: Picture Signal at Cathode-ray Tube, but No Sync

Figure 20-6.
!• V105A, V106, V|08A, F]Q9> or Vuo defective: Check voltages and waveforms at
their grids and plates.
Comment. Since this difficulty can arise only from a loss of both horizontal
and vertical synchronization, the trouble must lie in circuits common to both sets
of pulses.
Figure 20-8.
1. 6AL5 video detector, 6AU6 video Amp. or 6AU6 sync separator defective: Check
voltages and waveforms at their grids and plates.
Comment. These circuits are common to both sets of sync pulses.

Defect: Picture at Cathode-ray Tube, but No Vertical Sync
Figure 20-6.
1. Check V108B and associated circuit — Cm, Ti07, etc.
Comment. A defective component in the vertical oscillator could make the
circuit unstable and insensitive to proper synchronization.
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Figure 20-8.
1. Check 6SN7GT Vert. Osc. and associated circuit—C 11, 7? 18, ^I9> ^46, e^C‘
Comment. An unstable multivibrator oscillator can be insensitive to proper
synchronization.
Figure 20-6.
2. Integrating network inoperative: Check 7?isi, Rm, R\33, <7142, C\i3, C M-l,
and <7145-

Comment. If a condenser or resistor in this network fails, the vertical sync
pulse cannot reach the blocking oscillator.
Figure 20-8.
2. Integrating network inoperative: Check R29, R30, R31, R39, Cn, <7]S and <7i9.
Comment. Open resistors or shorted condensers in this network make it impossible
for the incoming sync pulse to time the multivibrator oscillator.
Defect: Picture at Cathode-ray Tube, but No Horizontal Sync

Figure 20-6.
1. T109 incorrectly tuned.
Comment. Proper adjustment of this transformer determines the correct
horizontal-sweep frequency and permits it to be timed with the incoming sync
pulses.
Figure 20-8.
1. Defective differentiating network Rc,, Ry, Co
Comment. Open resistors or shorted condenser in this network make it impossible
for the incoming sync pulse to time the multivibrator oscillator.
Figure 20-6.
2. Vi 12 unstable: Check socket voltages and waveforms.
Comment. Poor emission or microphonic tube could make the oscillator
unstable.
Figure 20-8.
2. 6SN7GT Horiz. Osc. unstable: Check socket voltages and waveforms.
Comment. Poor emission or microphonic tube could make the multivibrator
oscillator unstable.
Figure 20-6.
3. 7\o9 defective.
Comment. This might be due to shorted turns or leakage in the winding.
Figure 20-8.
3. Defective feedback condenser C2.
Comment. This might be an open or leaky condenser.
Figure 20-6.
4. C140, C153A, <7164, <7156, <7157, <71C6, 7^168, 01’ R\70 defective.
Comment. Note that these components are associated with the incoming
sync pulse and the oscillator-control section. Thus the oscillator might be stable
but unsynced.
Figure 20-8.
4. There is no equivalent defect in receivers of this type since they do not have AFC
sync systems.

I
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Figure 20-6.
5. If horizontal frequency is completely off and cannot be adjusted: Check
Ciss, C159, R172, R\73, Rl~4, R\T6, RlTS, Rl~9, and R\82Comment. Observe that most of these components are associated with the
oscillator itself and could result in unstable operation.
Figure 20-8.
5. If horizontal frequency is completely off and cannot be adjusted: Check Ri,
Rz, Ri, R7, R$, R\o, 7?i5, R\c>, Rn, C-> and Ct.
Comment. These components are all associated with the horizontal-multivibrator
oscillatort and if defective would cause unstable operation.

Defect: Sound and Raster, but No Picture or Sync
Figure 20-6.
1. Picture IF, detector, or video amplifier inoperative: Check F103, Vioi,
F los, 1V 106, and V107—Check socket voltages.
Comment, Since both picture and sync are lost, the difficulty must be ill
circuits that are common to these two types of signals but not common to the
incoming sound.
Figure 20-8.
1. Since the intercarrier-sound IF is taken off in the plate of the video-amplifier
stage, loss of picture and sync could only occur as a defect in the video-amplifier plate
load common to the video signal and sync-separator input.
Figure 20-6.
2. Dad contact at CRT socket.
Comment. If grid pin connection is loose, a weak or unstable picture might
occur.
Figure 20-8.
2. Bad contact al CRT socket.
«
Comment. If contacts to grid and deflecting plates are loose, weak or unstable
picture and raster might occur.

Defect: Picture Stable but Poor Resolution
Figure 20-6.
1- Izio5a, V10tt, or VI07 defective.
Comment. If the fault lies in one of these tubes, it cannot be a result of their
being burned out, since this would eliminate the picture entirely, and in the
case of the first two tubes would also remove the sync pulses.
Figure 20-8.
1. 6AL5 video detector or 6AU6 video amplifier defective.
Comment. Poor characteristics of the detector or video amplifier might cause loss of
high frequencies in the video signal and produce poor picture quality.
Figure 20-6.
2. Peaking coils L 102, L 103, L\o$, L\oa, L\07, L108, or L ] 09 defective: Check for
specified resistance.
Comment. A shorted peaking coil usually results in loss of fine picture detail.
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Figure 20-8.
2. Peaking coils Lg, Lio, Ln, or Ln defective.
Comment. If any of these coils are open, the picture quality is lost and for Ln and
L12 the plate voltage of the video amplifier would be extremely low.
Figure 20-6.
3. Make sure that focus control 7?2oi operates on both sides of proper focus.
Comment. If part of this resistor is open or shorted, it unbalances the current
through the focus coil.
Figure 20-8.
3. M ake sure that focus control Rco operates on both sides of proper focus.
Comment. If part of this control is shorted, proper voltage for the focusing anode
might not exist. If this resistor is open, all voltages on the bleeder will be radically
changed.
Figure 20-6.
4. R-f and i-f circuits misaligned, or have a defective component.
Comment. Misaligned circuits often cause narrow frequency response, and
picture quality suffers.
Figure 20-8.
4. R-f and i-f circuits misaligned, or have a defective component.
Comment. Even though this receiver has intercarrier sound, a misaligned r-f
or i-f stage might not affect the sound, although it usually does develop a weak or
distorted sound as well.
Defect: Picture Smear

Figurc 20-6.
1. R-f or i-f circuits misaligned.
Comment. Misaligned stages can shift the response curve and result in lowfrequency losses in the picture.
Figure 20-8.
1. R-f or i-f circuits misaligned.
Comment. This can effect low-frequency losses and may also cause some deteriora
tion of the sound.
Figure 20-6.
2. Open peaking coils Lio?, L103, and Lios through L109.
Comment. When one of these coils is open high-frequency signals pass through
the broken coil by capacity coupling, but low frequencies are highly attenuated.
Figure 20-8.
2. Open peaking coils L9, Lio, Ln, L\z.
Comment. Coils Lio and Ln in particular will impede low video frequencies and
produce picture smear if they have become open.
Figure 20-6.
3. This trouble can also originate at the transmitter: Check on another station.
Figure 20-8.
3. It is always advisable in any loss of picture quality to check the reception of other
stations before shooting trouble in the set.
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Defect: Picture Jitter
Figure 20-6.
1. Check for proper operation of hold controls 7?158, ^173, and associated
resistors.
Comment. Potentiometers in these circuits can be electrically noisy if they
are partially worn or burned. This makes the oscillator unstable.
Figure 20-S.
1. Check for proper operation of hold controls R i, R^, and associated resistors.
Comment. Notice also that the size and linearity controls are part of the oscillator
section and might be electrically noisy.
Figure 20-6.
2. If regular sections at the left of picture are displaced: Change Fm.
Comment. Distorted or unstable sides of the picture are almost always a
result of defects in the horizontal-sweep section.
Figure 20-S.
2. If picture jitters horizontally: Check for arcing or intermittent breakdown in the
horizontal-sweep section.
Comment. Usually intermittent breakdowns or arcings show up when the wave
forms are viewed on the oscilloscope.
Figure 20-6.
3. Vertical instability may be due to loose connections or noise.
Comment. These conditions are usually the result of high-voltage arcing.
Figure 20-S.
3. In receivers having no AFC sync system, vertical and horizontal instability may
be caused by loose connections or noise.
Comment. The noise may be external or the result of a defective component.
Figure 20-6.
4. Horizontal instability may be due to unstable transmitted sync.
Comment. This may also be true if the signal is excessively strong; airplane
flutter must not be overlooked.
Figure 20-S.
4. Horizontal instability may be due to unstable transmitted sync.
Comment. The horizontal oscillators of receivers without AFC-sync systems are
usually more susceptible to external noises than others.
Defect: Raster, but No Sound, Picture, or Sync

Figure 20-6.
1. Defective antenna or transmission line.
Comment. Antennas occasionally lose their orientation or lose an element in
a strong wind.
Figure 20-S.
1. Defective antenna or transmission line.
Comment. Corrosion and swaying of the lead-in will cause breaks in the wire.
Usually only one side opens.
Figure 20-6.
2. R-f oscillator V3 off frequency.
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Comment. Trouble of this type must always be looked for in the circuits
common to all incoming signals.
Figure 20-8.
2. R-f oscillator ^-12AT7 off frequency.
Comment. Tubes in the oscillator section can be quite critical because of their
changing characteristics with time.
Figure 20-6.
3. R-f unit or first two i-f stages inoperative: Check l’b V2, V9, Fioi, and V102.
Comment. If any one of these tubes is burned out, all incoming signals are
blocked.
Figure 20-S.
3. Any section of the receiver from the r-f amplifier through the IF's, video detector,
and amplifier inoperative.
Comment. Since, in this receiver, the inlercarrier sound and sync pulses are taken
off after the video amplifier, the circuits that precede it are common to all incoming
signals.
Defect: Dark Vertical Line on Left of Picture

Figure 20-6.
1. Reduce horizontal-drive control Cusb and readjust width control L112 and
horizontal-linearity control Ln3.
Comment. A uniform flaw in the picture from top to bottom can usually he
attributed to a defect or misadjustment of the horizontal-sweep section.
Figure 20-S.
1. Defects of this type are rare in electrostatically deflected tubes.
Comment. An oscilloscopic check of the sweep-voltage waveform will reveal
distortion if it exists.
Figure 20-6.
2. Replace Vm.
Comment. A slightly gassy tube in this circuit can arc internally and distort
the sweep-voltage waveform.
Figure 20-S.
2. Replace horizontal oscillator or amplifier tube.
Comment. Arcing in either of these lubes will distort the sxveep waveform.

Defect: Light Vertical Line on Left of Picture
Figure 20-6.
1. Ci69 defective.
Comment. This could set up a transient voltage in the deflecting coils.
Figure 20-8.
1. Check horizontal oscillator or amplifier lube and components for possible arcing.
Figure 20-6.
2. Vue defective.
Comment. Faulty operation of the damper tube always permits transient
voltages on the horizontal-sweep wave.
Figure 20-S.
2. There is no comparable tube in electrostatically deflected receivers.
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UNIVERSAL TELEVISION TROUBLE-SHOOTING HINTS
lhese hints are prepared for use with all television receivers. If a
particular set does not have some of the components mentioned, the
suggestion regarding them must be ignored. Keep in mind that a defec
tive part will sometimes affect several circuits. Theoretical discussions
have been omitted in favor of concise suggestions for locating the trouble

and making the repair.
I he sectional block diagram of Fig. 20-9 is a composite of all television
receivers in general use. The reader will realize that it represents, sec
tion for section, the material covered throughout this book.
No Picture—Raster and Sound Normal:

1.
2.
3.
4.
5.
6.
7.
8.

Check video i-f, detector, and video-amplifier tubes.
Check voltage on above tubes for defective circuit component.
Open coupling condenser in video i-f or video amplifier stages.
Suspect open peaking coil.
Check AGC amplifier.
Possible shorted filter condenser in AGC.
Trace trouble by waveform check, starting at CRT.
Check alignment of i-f, r-f, and oscillator stages.

Weak Picture on Normal Raster:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Loose connections of transmission line at antenna or receiver.
Incorrect type or size of antenna.
Low signal input due to too great a distance from station,
Loss of gain in video, or in i-f or r-f amplifiers.
Check brightness control and picture tube bias.
Check contrast or picture control.
Open peaking coil.
Incorrect alignment of local oscillator.
Misalignment of r-f or i-f stages.

Poor Picture Detail:
1. Focus control not adjusted.
2. Check contrast or picture control.
3. Overloaded amplifiers due to too strong a signal.
4. Check video amplifier tubes.
5. Open video peaking coil.
6. Possible trouble at transmitter; check on another station.
7. Fine-tuning control not adjusted.
8. If smeared, check low-frequency compensating condenser or video cathode
bypass.
9. Defective picture tube.
10. Misalignment of r-f or i-f stages.

it

it
itW

it

;------- HF
i

• I

1:-

■S

it

MUrtUU

r4 4’ &1-]

it it

it

. iij | I if

it

|::i 5==H|H==5_ ? •

"1?

0

^r

m "m"m;
&

f

!r

4

^■7-- |>

I

!
h

i^

H

L.

Hi it

3Ke

I

H

r

F>
cJii

iF~

s It"

d
?T-

h

=r
•SB-

•“ 7
Z®.

it

:’W
?

Fig. 20-8.

I ■ h I!

-.■A'"-

wm

...

£P

!li

1S

T •iH

CT□

if'

kJ.-;

—
Lhht
:i■“»:

1^

11

V

I

it

'I?

i

HF

Um

—it-

I I

•Xit

55

;•

nCTU*t TMC

JI

"1—1.5

Si: liS”

0,

b

A schematic diagram of a television receiver having an intercarrier sound system, simple multivibrator sweep circuits, and electrostatic focus and deflection.

{Sentinel Radio Corp.)
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Black Horizontal Sound Bars in Picture:
1.
2.
3.
4.
5.

Check fine-tuning adjustment.
Microphonic tubes in converter, oscillator, first i-f and video amplifiers.
Misalignment of absorption traps in i-f stages.
Check alignment of secondary transformer in ratio detector.
Loud-speaker vibration transmitted mechanically over chassis to CRT.

Picture out of Focus:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Focus control not adjusted.
Incorrect placement of focus coil on neck of tube.
Current drain too high or too low through focus coil.
Defective picture tube.
Bad focus control.
Check audio output tubes.
Incorrect setting of focus switch.
Open or shorted turns in focus coil.
Shorted by-pass condenser in cathode of CRT.
In projection receiver, check optical barrel adjustments and screen position.
Warped viewing screen or flat mirror.
Check for bad rectifier tube.

Picture Jitter:
1.
2.
3.
4.
5.

Signal too strong: Reduce contrast or gain.
Check horizontal hold and lock-in adjustments.
Defective horizontal-output tube.
Arcing in horizontal-sweep circuit.
Noisy tubes or loose connections in r-f, video, or sweep sections.

Picture Goes Negative:
1. If temporary: May be due to strong external r-f interference on the same
frequency as the carrier.
2. If permanent: Short between grid and plate circuit of video amplifier.
3. Possible internal short in video-amplifier tube.
4. Gassy picture tube.
Engraved or Bas-relief Effect in Picture:

1.
2.
3.
4.
5.

Check video-detector tube or crystal.
Check video-amplifier tubes.
Defective video-output load resistor or coupling circuits.
Defective peaking coils.
Open coupling or cathode by-pass condenser.

Picture Smear:
1. Open peaking coil in video amplifier.
2. Open coupling condenser in video amplifier.
3. Low plate voltage in video amplifier.

I

i
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4. This trouble may originate at the transmitter: Check on another station.
5. R-f or i-f circuits misaligned.
Herringbone Pattern Superimposed in Picture:

1. FM, diathermy, or other forms of r-f interference.
2. Oscillation in i-f system: Suspect r-f leads too close to i-f parts.
3. Look for feedback in built-in antenna system.
Retrace Lines Cannot Be Removed from Picture:
1. Defective d-c restorer tube or crystal.
2. In receivers having no d-c restoration: The coupling condenser that brings in
the retrace-suppression pulse has become open.
3. Defective vertical-sweep blanking tube.
4. Defective brightness control.
5. Sometimes happens in weak-signal fringe areas.

Picture Jumps as Station Is Tuned In—Noise at Same Time:
1. Coils of Inductuner are dirty or need slight touch of grease (Lubriplate 105).
2. Slight touch of oil needed on turret-tuner shaft, detent springs, and bearings.
3. Dust or dirt in fine-tuning condenser—clean with carbon tetrachloride.
4. Dirty or worn spring contacts on tuner drum or rotary switches.
5. Noisy contrast potentiometer—lubricate with graphite compound.
Insufficient Picture Height:
1.
2.
3.
4.
5.
6.
7.
8.

Check vertical size control and vertical linearity control.
B-h voltage too low on vertical-sweep oscillator or amplifier tubes.
Excessive leakage of main charging condenser in vertical-sweep circuit.
Open by-pass condenser in cathode of oscillator or amplifier stage.
Weak oscillator or amplifier tube.
Open filter condenser in low-voltage power supply.
Low a-c line voltage.
Defective vertical-output transformer.

Insufficient Picture Width:
1. Check horizontal size control and horizontal linearity adjustment.
2. B4- voltage too low on horizontal-sweep oscillator.
3. Check voltage on horizontal amplifier by waveform method, using
oscilloscope.
4. Leaky charging condenser in horizontal-sweep circuit.
5. Leaky coupling condenser to grid of horizontal amplifier.
6. Check waveform at grid of horizontal-output amplifier.
7. Weak oscillator and horizontal-output-amplifier tubes.
8. Open by-pass condenser in cathode of horizontal-amplifier stage.
9. Low a-c line voltage.
10. Defective horizontal-output transformer.
11. Check damping tube.
12. Check for bad rectifier tube.
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Width and Height of Picture Too Great {cannot be reduced with size controls'):

1.
2.
3.
4.
5.

Potential on high-voltage anode of CRT too low.
Check high-voltage rectifier tube or tubes.
Defective high-voltage winding on transformer.
Leaky high-voltage filter condenser.
Poor contact to high-voltage anode on CRT.

No Raster on CRT—Sound Normal:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Burned out or defective cathode-ray tube.
Loose connections at CRT socket.
High-voltage anode terminal disconnected.
Defective high-voltage power supply and transformer.
Check tubes in horizontal oscillator, amplifier, HV rectifier, and damper.
Ion trap reversed or needs adjusting.
Open focus-coil circuit.
Cathode resistor of picture tube open.
Check protective fuse in horizontal-sweep circuit.
Check picture-tube protection circuit that cuts off tube if sweeps fail.
Shorted width-control coil.
Check differentiating condensers and resistors.

Intermittent Raster—Sound Normal:
1. Defective picture tube.
2. Intermittent open in focus coil or circuit.
3. Faulty brightness control.
4. Arcing in high-voltage power supply.
5. Check low-voltage power supply.
6. Check horizontal oscillator, horizontal output, and damper tubes.
7. Investigate waveforms at differentiating, horizontal-oscillator, and discharge
circuits.

Raster Excessively Bright—Control Has No Effect:

I

I

1.
2.
3.
4.

Defective brightness control.
Damaged grid in picture tube.
Gas in picture tube.
Burned-out final video-amplifier tube.

One or Two Heavy Black Horizontal Bars in Raster:

1. Suspect open or leaky filter condenser in low-voltage power supply.
2. Check for short in B-|- circuits.
3. Low-voltage rectifier tube may be gassy.
Bunching of a Few Raster Lines, Producing White Bar across Picture:

1. Check vertical-output tube.
2. Incorrect bias or plate voltage on vertical-amplifier tube.

1
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3. Sweep-voltage arcing in leaky coupling condenser, output transformer or
vertical deflecting coil.
4. Check waveform in vertical oscillator and amplifier circuits.
Vertical Lines or Wrinkling on Left Side of Raster:
Spurious oscillation in horizontal-output circuit—check waveform.
Possible defect in horizontal-deflection coil.
Check setting of horizontal-drive control.
Defective damping tube or damping circuit.

1.
2.
3.
4.

S-shaped Sides on Raster:
1. A-c hum from power supply affecting horizontal-sweep voltage.
2. Magnetic fields from loud-speaker or transformers affecting electron beam.
3. Suspect defective horizontal amplifier or damping tube.

Raster Trapezoidal or Nonsymmetrical:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Readjust ion trap.
Shorted turns in deflection yoke.
Position of focus coil.
Shorted condenser across deflection coil.
Open resistor across deflection coil.
Unbalance in push-pull deflection amplifiers.
A-c hum in deflecting circuits.
External magnetic influence from loud-speaker or power transformers.
Possible magnetic spots in metal cone of CRT—must be demagnetized.
Check position of keystone magnets in projection receiver.

Raster Tilted or Not Centered:
1. Rotate deflection yoke on neck of picture tube.

2.
3.
4.
5.

Rotate cathode-ray tube if electrostatic deflection is used.
Reposition focus coil laterally.
Adjust horizontal- or vertical-centering controls.
Adjust horizontal-sync control.

Rounded Corners on Raster:
1.
2.
3.
4.
5.

Incorrect position of ion trap.
Focus coil too far back on neck of tube.
Deflection coil too far back on neck of tube.
Adjust controls on optical barrel of projection set.
Optical barrel incorrectly positioned with respect to screen.

Raster Bowed Out or In on Edges:

1.
2.
3.
4.

1

Suspect incorrect placement of ion-trap magnet.
Check position of focus coil on neck of CRT.
Defective horizontal or vertical sweep coils.
External influence from permanent magnet such as PM loud-speaker.
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5. Check keystone-correcting magnets in projection sets.
6. Possible misalignment or defect in optical projection system.

Fold Over on Left Side of Raster:

1. Defective horizontal-damping tube.
2. Suspect damping resistance-capacitance circuit across horizontal deflecting
coils.
3. horizontal-hold control incorrectly set.
4. Unbalanced push-pull circuit for electrostatic deflection.

Top Lines of Raster Fold Over:
1.
2.
3.
4.

Defective peaking resistor in vertical-sweep oscillator circuit.
Suspect open damping resistors across vertical-deflection coil.
A-c 60-cycle wave mixing with vertical-sweep signal—check waveform.
Strong a-c magnetic field near gun of cathode-ray tube.

Poor Horizontal Linearity:
1.
2.
3.
4.
5.
6.
7.
8.

Horizontal-linearity-control setting.
Horizontal-output-amplifier tube.
Check clamping tube or circuit.
Check waveform at input and output of horizontal amplifier.
Shorted horizontal-linearity coil.
Leaky main charging condenser in horizontal-sweep circuit.
Horizontal discharge tube.
Defective horizontal-drive control.

Poor Vertical Linearity:

1.
2.
3.
4.
5.

Vertical-linearity-control setting.
Vertical oscillator or amplifier tube.
Check waveform at output of vertical oscillator and amplifier.
Check cathode-bias condenser of vertical-sweep amplifier.
Leaky main charging condenser in vertical-sweep circuit.

No Sound—Picture Normal:

1.
2.
3.
4.
5.
6.
7.
8.

Defective loud-speaker—open voice coil.
Check audio-output transformer and circuit.
Audio-amplifier tubes.
Investigate ratio detector or discriminator circuit.
All tubes in sound i-f section.
Defective i-f transformer.
Check audio plug-in jack from other chassis.
Misalignment of audio i-f stages.

1

No Sound—Picture Weak:

1. Weak video-amplifier tube if connected to AGC.
2. Check AGC tube and circuit components.
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3. Investigate r-f tuner and i-f tubes common to audio and video.
4. Individual channel-oscillator coil misaligned.
5. Misalignment of r-f and common i-f stages.

TVeafc, Noisy, or Intermittent Sound—Picture Normal:
1.
2.
3.
4.
5.
6.
7.
S.
9.

Defective loud-speaker—unbalanced cone.
Loose connection to voice coil.
Leaky audio-output transformer.
Check audio-amplifier tubes and circuit.
Check sound i-f and detector tubes.
Investigate volume control.
Measure plate, screen, and bias voltages.
Check ratio detector or discriminator circuit for alignment.
Misalignment of r-f or sound i-f stages.

Hum or Buzz in Audio Signal:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Improper tuning of receiver controls—suspect fine-tuning or contrast.
Incorrect alignment of audio detector circuit in intercarrier receivers.
Misalignment of video i-f stages.
Check for shorted AGC filter condensers.
Overmodulation or phase shift of carrier from station—try another station.
Poor grounding of shielded lines in audio system.
Cone of loud-speaker unbalanced.
Defective audio-amplifier tube.
”
Open or shorted filter condenser in power supply.

No Picture or Sound—Raster Normal:
1. Defective antenna connections.
2. Check tubes in r-f stage, oscillator, mixer and common IP’s (for independentIF sets)
3. Check tubes in r-f stage, oscillator, mixer, i-f stage, detector, and video (for
intercarrier sets)
4. Measure voltages on tubes listed above.
5. Check AGC circuit and video-amplifier tubes controlling it.
6. Look for defective components in any of the stages mentioned above.
7. In some sets, check lowest voltage power supply.
8. Station may not be on the air—check other channels.

Intermittent Picture and Sound—Raster Normal:
1.
2.
3.
4.
5.
6.
7.
8.

Suspect antenna or transmission line affected by wind or rain.
Poor contact in band-switching assembly.
R-f, oscillator, and mixer tubes and voltages.
Suspect an intermittent open in the low-voltage power supply.
Leaky component in any amplifier stage common to video and audio.
Check for defective component in AGC system.
Defective contrast or gain controls.
Investigate waveforms stage by stage.

I
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Picture and Sound Not Together As Fine-tuning Is Varied:
1. If only on one station: Signal input is weak.
2. If on all stations: Oscillator possibly off frequency.
3. If on all stations: Audio and video i-f frequency not 4.5 Me apart.

Picture or Sound Fades Out After a Few Minutes of Normal Operation:

1. Spring contacts on tuner or band switch warped by heat.
2. Heat expands coil or condenser in r-f or i-f circuits causing an open or a
change of value.
3. Heat expands resistor and changes value markedly.
4. Heat expands leads, causing a short with other leads or chassis.
5. Defective grid-leak resistor causes charge to build up and block tube.
6. Operating characteristics of oscillator or amplifier tube change when warmed
up.
Receiver Completely Inoperative:

1.
2.
3.
4.
5.
6.

Check a-c power-line plug connectors.
Investigate main power fuse in set.
Check safety-interlock switches.
Thermal cutout open due to overload—allow 5 min before resetting.
Defective transformer, rectifier, or components of low-voltage power supply.
Reverse line plug in a-c/d-c receiver if on d-c line.

Receiver Inoperative on One or Several Channels Only:

1.
2.
3.
4.

Antenna may not operate on these channels.
Check for open r-f and oscillator coils in tuner.
Possible poor contacts in the band switch.
Change coils for proper channels in some tuners.

No Vertical Sync—Horizontal Sync Normal:

I

I

(

1.
2.
3.
4.
5.
6.

Check integrator network.
Suspect grid resistor on vertical oscillator.
Check vertical-sync amplifier and vertical-oscillator tubes.
Measure voltages in sync-amplifier circuit for possible defective parts.
Defective vertical-hold control.
Open AGC filter condenser.

No Horizontal Sync—Vertical Sync Normal:

1.
2.
3.
4.
5.
6.
7.

Misalignment of horizontal-oscillator or locking-range adjustments.
Check horizontal-sync discriminator tube.
Horizontal-oscillator-control tube may be defective.
Defective horizontal-frequency horizontal-lock controls.
Shorted or open differentiating condenser.
Horizontal-amplifier tube or component defective.
Isolate difficulty by voltage or wave form measurements.

i

I
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No Horizontal or Vertical Sync—Picture Signal Normal:
Check sync separator or limiter tube.
Check sync amplifier tube if common to both sync pulses.
Investigate AGC circuit.
Incoming picture signal too weak.

1.
2.
3.
4.

No Vertical Deflection—Only Bright Horizontal Line:
1.
2.
3.
4.
5.
6.

Check vertical-oscillator and amplifier tubes and their voltages.
Open or short in vertical deflecting coils.
Defective deflection-circuit components.
Check vertical-deflection waveforms for sweep signal.
Open output transformer.
Open connection to vertical deflecting plates.

No Horizontal Deflection—Only Bright Vertical Line:
1. Check horizontal oscillator, discharge, amplifier, and damping tubes and
voltages.
2. Open horizontal deflecting coils.
3. Open output-transformer secondary.
4. Defective deflection-circuit components.
5. Check horizontal-deflection waveforms for sweep signal.
6. Open connection to horizontal deflecting plates.

High-voltage Arcing or Corona Discharge:
1. Sharp corner bends in high-voltage wires.
2. Sharp points of solder left on high-voltage leads.
3. Dirt and moisture on high-voltage leads—clean and coat with lacquer or
varnish.
4. Suspect insulation of horizontal-output transformer.
5. Dress high-voltage rectifier heater leads away from chassis.
6. Inspect high-voltage bleeder resistors.
7. Look for leakage between hv rectifier socket and chassis.
8. Surface dirty and moisture on glass of CRT.
9. Look for arcing between metal cone of CRT and chassis.

Filaments of Several Tubes Not Lighted:
1.
2.
3.
4.
5.
6.

Open filament line to this group of tubes.
Open transformer secondary supplying these filaments.
One tube of this group burned out if all filaments are series-connected.
Open current-limiting resistor in one heater string.
Check filament chokes in the heater string.
Shorted filter condensers across filaments in the string.

Failure of Color-filter Disc or Drum to Maintain Synchronization in the CBS System.
1. Drive motor needs cleaning or lubrication.
2. Drive belt of drum worn and slipping.

1
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3. Bearings on drum barrel worn or sticky—clean and lubricate.
4. Warped or off-center disc.
5. Receiver may not be operating from the same power source as the trans
mitter.
6. If timing pulses are being sent from transmitter, check magnetic brake
system and circuit associated with motor.

Hues of Received Picture Not True in the CBS System:
1. Color disc or drum out of phase.
2. Color filters faded. If one filter of a given color is faded more than the
other, a noticeable color flicker will result.
3. Weak video signal, resulting in a low signal-to-noise ratio.
4. Externally influenced by outside light falling on the screen.

I

When the servicing work is completed and everything is ready to be
returned to the customer, always give the receiver a running test.
Many
servicemen recommend allowing the set to operate from 1 to 2 hr before
it goes back to the owner. This test should be made with the chassis
in the cabinet whenever possible, and should especially be given to all sets
in which it was necessary to replace a component part.

REVIEW QUESTIONS

I

f

i

1. Explain the importance of a sectional block diagram for television servicing.
2. Give a brief summary of the manner in which trouble is localized in a tele
vision receiver.
3. If a service data bulletin on a particular model is incomplete, where might
additional information be found?
4. What is usually the first trouble to suspect when a receiver fails?
5. What is the advantage of putting a 50,000-ohm resistor across a dipole antenna?
6. Describe briefly how an AM signal generator is used to test a receiver for trouble
in a customer’s home.
7. How can a quick check be made for a burned out tube without the use of test
equipment?
8. In what circuits of a receiver is it advisable to have tubes with good operating
characteristics?
9. Explain what is meant by critical lead dress.
10. Under what circumstances is it permissible to make changes in circuit design?
11. If Vll2 of Fig. 20-6 burns out, what effect would be expected at the output of
the receiver?
12. In the diagram of Fig. 20-6, if a picture is being received but no sound, where ,
would the earliest point be in the circuit in which the trouble could be located?
13. If. in the diagram of Fig. 20-6, there is no picture or sync, but the sound and
raster arc satisfactory, explain the procedure for isolating the section at fault.
14. If a series video-peaking coil were to open, what might be the effect upon the
received picture?
15. Explain what might have to be done in the receiver if the picture and sound for
all stations do not come in together as the fine-tuning control is varied.
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16. If the received picture reverses itself in terms of blacks and whites (negative
picture), give the possible causes of this trouble.
17. What defect is produced upon the picture if the d-c restorer becomes
inoperative?
18. What would be the effect on the raster if the by-pass condenser in the cathode
circuit of the vertical-sweep amplifier were to become open?
19. What parts of the receiver should be investigated if the raster is normal, but
there is no picture or sound?
20. Make a composite sectional block diagram having ac
as ir.r
many different types of
television receiver circuits in each section as can be thought of.

I

CHAPTER 21

TEST EQUIPMENT FOR SERVICING
To locate troubles intelligently in a television set, the technician must
have not only an understanding of the receiver, but also a fundamental
knowledge of the operations of his test equipment. It is especially
important that he know the limitations of his instruments and have
sufficient knowledge of them to make repairs if it becomes necessary.
To become more thoroughly acquainted with his test equipment, the

o
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Fig. 21-1.

A volt-ohm-milliammeter multi-tester.

(.Triplett Electrical hist. Co.)

serviceman should investigate the front panel, the dial ranges, selector
switches, input and output connections, and the various associated con
trols. He should also make a detailed study of the instruction booklet
accompanying each instrument and of the schematic diagram. Follow
each circuit carefully. Note how the equipment performs its function.
21-1. Volt-Ohm-Milliammeter. Although elementary in principle,
perhaps the most widely used piece of test equipment for trouble shoot481

•182

PRINCIPLES OP TELEVISION SERVICING

[Sec. 21-1

ing is the volt-ohm-milliammeter. There are many good instruments of
this kind on the market. Representative of these is the Triplett model
shown in Fig. 21-1 and in the diagram of Fig. 21-2. This meter is well
insulated in a Bakelite case for use on high voltages, and is small enough
to be conveniently carried in the service kit on calls.
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A schematic diagram of the multi-tester of Fig. 21-1.

(Triplett Electrical Inst.

The photograph of Fig. 21-1 shows that there are five scales on the
meter dial. On these, many combinations of voltages, ohms, and milli
amperes may be read. D-c voltages are available in six ranges from
3 to 6,000 volts, as may be seen in the upper left-hand section of the dial.
All these may be measured at 20,000 ohms per volt. A like set of a-c
voltages at 5,000 ohms per volt is available in the upper right-hand sec
tion of the dial. Directly below the d-c voltage settings are five direct
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current positions, ranging from GO microamperes to 12 amp. Four
resistance ranges wall be found on the dial below the a-c voltage settings.
With these, resistances from as low as 0.1 ohm to as high as 100 megohms
are readily measured.
21-2. Making Resistance and Continuity Measurements. The top
scale, reading from right to left, is calibrated from zero to Ik and is
employed when measuring resistance values in ohms. To use this scale
as it is marked, switch the main control knob to the position XI. Plug
the black test lead furnished with the meter into —com and the red lead
into the jack marked V-fi-A. The resistor to be measured is then placed
across the open ends of the test prods. This range is commonly used for
measuring resistors having values of less than 200 ohms. However,
before any measurements are made, it is important that the meter be
properly adjusted for zero reading. To do this, two operations are
necessary. Have the meter set to off, and while it is lying flat on the
table, look directly down on the scale. The needle should come to rest
exactly over the zeros on the left-hand side of the scales. If it doesn’t,
use a small screw-driver to adjust, slowly, the Bakelite screw- immediately
above the word off on the meter panel. Once this setting has been
made, it will be correct for all scales on the meter. The second adjust
ment is made for the zero on the right-hand side of the ohm scale. This
is done by first setting the meter to any ohm scale to be used. Then
short the test prods together while adjusting the Q adj. knob until the
meter reads 0 on the right-hand end of the top scale. Make this check
each time the switch is changed for the different resistance ranges.
When it is desired to measure resistors ranging between 200 and 2,000
ohms, the meter knob should be set to the X10 position, and each mark
ing on the scale should be multiplied by 10 to obtain the correct reading.
The position X 1,000 multiplies each figure on the scale by 1,000 and
is used when measuring resistance between 2,000 and 20,000. For all
values above 20,000 ohms, up to approximately 100 megohms, the knob
is set in the X 100,000 position, and the scale figures are correspondingly
multiplied by 100,000.
The ohm scale serves a number of purposes other than checking the
values of resistors. It may be used to measure the resistance of coils
and transformer windings, checking defective fuses and shorted or open
television components and circuits. Here, in most cases, the actual
value of resistance is not important, but rather it is desired to knowwhether or not the circuit is complete. This is referred to as a continuity
test, and the instrument is being used as a continuity meter. These tests
are also given to determine an open or shorted condenser.
To test a paper capacitor for an open or short w-hile it is in a receiver,
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first set the range of the resistance meter to read some medium value.
In this case it should be at the X 1,000 position. Now disconnect one
side of the condenser from the circuit, clip on one of the prods to the side
that still remains connected and while watching the meter scale touch
the other prod to the free end of the condenser. If the capacity is greater
than 0.01 /xf and if the condenser is open, there will be no movement
of the pointer. To verify this, reverse the meter leads and again see
if the pointer moves. If the condenser is good, a slight momentary
deflection will be seen on the needle indicating t hat it is taking a charge,
Sometimes this imovement is very small. It will depend upon the size
of the capacitor, Any shorted condenser will immediately cause the
pointer to go upward to zero ohms and remain there, Electrolytic
con cnsers may be tested in the same manner, but it is advisable to use
a lower range on the ohms scale, such as X10. Since these devices
aie po arized, it is important to see that the negative and positive leads
o tie meter are connected to the corresponding terminals of the concensei. If this is not done a good electrolytic capacitor will generally
s ow a very low resistance, giving the impression that it is shorted.
* oimally the continuity test is sufficient for checking coils and transoimei windings. This will immediately indicate an open circuit, and if
continuity is found, it usually means that the winding is good. How’ever,
i a e ect is still suspected, it may be that a turn or two is shorted. In
us case an exact resistance reading will have to be taken, and this value
compared with that of another coil or transformer of the same type that is
■nown to be good. During all resistance and continuity tests, be absoU
«SUre that n° Voltage of any lyPe is present in the circuits.
’
and A-c Voltage Readings. The second scale from the top
o t e metei is used for reading d-c voltages. Associated with this scale
are three sets of numbers that read from left to right. They are: 0 to 300,
to 60, and 0 to 12. Actually, six d-c voltage ranges may be read with
t ese three sets of numbers. As previously mentioned, these ranges are
ocated in the d-c group on the upper left-hand side of the dial. The
lowest range is 0-3 and the highest 0-6,000. When measuring d-c voltages
on any range except the 0-6,000, the test prods are connected to the meter
in the same jacks as those used for reading ohms.
rm Pe,son becoming acquainted with the use of an instrument often has
difficulty interpreting the readings on the scales. To read d-c voltages
from 0 to 3, it is necessary to use the 0-300 scale. The correct value will
then be obtained by dividing the reading by 100. The 0-12, 0-60, and
0 300 ranges are read directly on the meter, but for 0-1,200 voltages, the
0-12 scale is employed and all readings are multiplied by 100. The
se ector knob must be rotated to the position corresponding to the range
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being measured. To measure d-c voltages up to 6,000, set the selector
switch to the 6,000/1,200 position, and transfer the red test lead from the
V-Q-A jack to the one on the lower left-hand side of the meter marked
dcv — 6,000. The black lead remains in the jack marked —com. Use
the 0-60 d-c scale and multiply each reading by 100. If the sendeeman
is in doubt about the value of voltage being measured, he should always
start with the instrument set for the highest range as a precaution against
possible damage to the meter. Before taking a reading, double check the
position of the selector switch and the connections of the prods. It is
common practice to use the black lead for the negative terminal and the
red for positive.
The third and fourth scales are used for a-c voltage readings. For
measuring the lowest a-c voltage, 0-3, the fourth scale is employed. All
the remaining a-c voltages are read on the third scale. Their ranges are
the same as for direct current. Except for the 6,000-volt a-c range the
test prods are plugged into the —com and V-Q-A jacks. As in the case of
direct current, to read a-c voltages on the 6,000-volt scale the red test lead
should be transferred from the V-fi-A jack to 6,000 —t acv. Here, too, the
scales should be multiplied by the appropriate value for the higher ranges.
21-4. A Db-output Meter. Provisions are also made for this instru
ment to be used as an output meter when the sound section of the tele
vision receiver is being aligned, and for measuring other audio signals.
These measurements can be taken in relative-power levels on the fifth or
db scale. This reading is based on the voltage developed across a 500-ohm
audio line when 0.006 watt is dissipated in that line. If the impedance is
not 500 ohms, the readings will be only relative, and not true decibels.
For the average servicing application, the meter is connected across the
output transformer in the audio section and is used simply to indicate
maximum or minimum values. When this scale is used’, the black lead is
in the — com jack and the red is in output. A condenser is automatically
put in series with the lead to block any direct current that might be in the
circuit. This can be seen by referring to the schematic diagram of Fig.
21-2.
21-5. Direct-current Measurements. There are very few cases in
television servicing where it is necessary to measure direct current. How
ever, a wide range of current readings can be taken with this instrument.
The student is warned here never to connect the meter across any voltage
when it is set to read current values. Current readings must always be
taken by opening the circuit and inserting the meter in series with the
circuit being measured. For these readings the black prod must be
plugged in —com and the red lead in V-Q-A. The 0-12 d-c scale is
employed for all direct-current readings except 0-60 microamperes. For
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this the 0-60 d-c scale is used. It will be noted that three of the current
leadings are in milliamperes. They may be used for determining plate
and screen currents of tubes and measuring current through focus coils.
A w ays start with the highest range first. No provision is made for meas
uring alternating current.
Notice fiom the diagram of Fig. 21-2 that there are two batteries used
in the ohm-meter circuits, 1.5 volts and 30 volts. When the pointer of
the meter can no longer be adjusted to zero ohms on the lower scales, XI,
X10, and X 1,000, the 1.5-volt battery must be replaced. The 30-volt
X 100000 °Uld b<2 Changed if the needle cannot be brought to zero on the
21-6. Using the Vacuum-tube Voltmeter. Figure 21-3 shows the RCA
vacuum-tube voltmeter that was used throughout many chapters of this
)ook. It pei forms the same functions as the meter previously discussed,
wnth the exception of reading direct current. One of the main advantages
of a ATVM over the standard volt-ohm-milliammeter is the very high
input impedance of the vacuum-tube type. This is particularly impor
tant w hen voltages across very high resistance circuits are being measured,
where standard meters will often act as an additional load and give incor
rect leadings. Thus in the case of the meter just discussed the input
resistance on the 3-volt d-c scale is 60,000 ohms, and for the VTVM is 3.7
megohms per volt. Similarily, the 12-volt scale of the standard meter has
240,000 ohms input resistance and the VTVM has 11 megohms for the
10-volt range and all others. These differences are not critical in most
cases, but there are instances on the lower ranges where the serviceman
should be aware that discrepancies can exist.
No detailed discussion need be given on this vacuum-tube voltmeter,
but there are some principles regarding its operation that remain to be
covered. The procedure for reading ohms and volts is essentially that
described for the standard volt-ohm-milliammeter. A brief investigation
of the front panel is all the student needs to understand how the controls
ha\ e to be set for the various scale readings. The fundamental difference
in this instrument is that it uses separate test leads for measuring ohms
and a-c and d-c voltages. Since this equipment has a built-in vacuum
tube circuit, it also has a power supply which must be operated from an
a-c line. It should be allowed to warm up for a period of 10 min before
attempting to take accurate measurements. Again the operator is
advised ahvays to set the meter to a range considerably higher than the
voltage to be measured until the approximate voltage is known, then to
switch to a position that gives a pointer deflection between half and full
scale.
One of the outstanding features of the vacuum-tube voltmeter is the
act t at it can be used to measure a-c voltages from power line frequencies
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through audio and radio frequencies, as far up as 250 Me. This is accom
plished through the use of a special diode vacuum tube in the a-c probe.
1 his may be seen in the photograph of Fig. 21-3 and in the diagram of
Fig. 21-4. In addition, if the voltage to be read is higher than 100 volts
rms, an a-f multiplier circuit, also shown in Fig. 21-4, is attached to the
end of the diode probe to extend the range to 1,000 volts rms.
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Fig. 21-3. A vacuum-tube voltmeter suitable for measuring a wide range of d-c, a-c,
audio and r-f voltages. (RCA.)

The principle of the diode probe is to convert all a-c voltages into direct
current by detecting or rectifying them. The resultant voltage is then
fed to the meter in the same manner as other direct current. The a-c
scales indicate rms values of sine-wave voltages, or 0.354 of the peak-topeak value of any recurrent waveform. When measuring a-c voltages of
recurring complex and square waves or pulses, multiply the scale indica
tion by 2.83 and the peak-to-peak voltage of the wave is obtained. This
is particularly important when measuring the voltages of waves that are
viewed on the oscilloscope.
The zero-center indicating scale which, it will be recalled, was used in
aligning discriminators is also convenient to use when observing either
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positive or negative d-c voltage excursions without resetting the selector
switch. To iuse this scale, set the selector to zero center, rotate zero
adj. to bring the pointer of the meter to the —0+ center scale position,
and set the range to a position higher than double the voltage to be meas
ured. If the 0-10 scale is used, zero center is located at 5. Therefore,
with an input voltage of 3, the pointer mil deflect to 8 in the positive
direction or to 2 in the negative direction, depending upon the polarity of
the voltage.
Figure 21-4 shows that this meter has a 3-volt battery for resistance
measurements. It is composed of two 1.5-volt cells. They should be

Fig. 21-5. An AM signal generator designed for general radio servicing work.
Electrical Inst. Co.)

(Triplett

replaced when the total voltage does not permit the ohms adj. to bring
the pointer to the maximum deflection on the ohms scale. The two
6K6GT/G amplifier tubes are in a balanced bridge circuit, and if it
becomes necessary to change them, the balance must be maintained.
Tube unbalance is indicated by the inability of the pointer to read zero
when the zero-adj. control is rotated. Sometimes several tubes may
have to be tried before a perfect balance can be reached.
21-7. Operation of the AM Signal Generator. In Chap. 15 the
Triplett AM signal generator was introduced for aligning the AM and
FM receivers in television-radio-phonograph combinations. It is shown
again in Fig. 21-5, and the schematic is given in Fig. 21-6. Reference to
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the diagram will show that it consists of two oscillators, one for radio
frequencies and the other for audio. The first of these is electron-coupled
and is calibrated in five fundamental bands (A, B, C, D, and E), covering
a frequency range of from 160 kc to 40 Me. Two additional ranges, E2
and E3, operate on harmonics to provide frequencies up to 120 Me. The
voltage is available at the r-f output through a low-capacity coaxial cable.
The output signal is varied by attenuator R6, and the impedance is
changed from hi to lo by the r-f selector switch.
The a-f oscillator, which employs a 6J5 tube, produces the 400-cycle
audio note that modulates the r-f signal and gives the tone used when the
r-f and i-f sections of the receiver are aligned by the loud-speaker or
output-meter methods. If it is desired to check the audio-amplifier sys
tem of a set, this audio oscillator may be used alone with its voltage avail
able at the a-f output, and its amplitude can be varied by the audio con
trol, /?9. Additional provisions are made for feeding an external audio
signal into the generator to modulate the r-f oscillator with any frequency
other than the 400 cycles from the internal oscillator if required. This is
accomplished by feeding the signal in at the terminal marked ext.mod.;
its amplitude may be adjusted with the audio control.
21-8. Principles of the Television Alignment Generator. To under
stand more fully the functions of the Hickok television-alignment signal
generator that was put in service in the earlier chapters, reference should
be made to the photograph of Fig. 21-7, the block diagram of Fig. 21-8 and
its schematic in Fig. 21-9. It will be -recalled that this instrument was
employed for sweep-aligning the r-f, video i-f, and sound i-f stages in the
television receiver. It is equipped with an FM oscillator that can be
tuned to the mid-frequency of the stage or section being aligned. The
main tuning dial is capable of providing frequency-modulated signals
from zero to 230 Me in four bands. This very wide range of frequencies is
brought about by heterodyning a variable oscillator with another having
a fixed frequency of 75 Me. The arrangement can be seen in the block
diagram of Fig. 21-8. The variable oscillator has a tuning range from 75
to 115 Me and is beat with the 75-Mc fixed frequency in the 6J6 mixer
stage. Fundamentals, first harmonics, and difference frequencies at the
output of the mixer furnish full coverage of the four bands. These ranges
are obtained in the following manner:
0—40 Me, difference between fixed (75 Me) and variable (75-115
Me) oscillators.
35-75 Me, difference between second harmonic of fixed and variable
oscillators.
75-115 Me, fundamental of variable oscillator alone.
150-230 Me, second harmonic of variable oscillator alone.
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All the above bands may be frequency-modulated, because provision is
made to deviate the frequency of the variable oscillator by an amount as
high as 15 Me. The degree of deviation is adjusted by the megacycle-

MEGACYCLE

-Gv;

MARK CH

t

-a.

&
Fig. 21-7. A tclcvision-FM alignment sweep signal generator covering all television II's
and r-f carriers in the VHF band. {Hickok Electrical Inst. Co.)
OuipcHl Attenuator

6AK5

6AK6
Fixed osc
75 me

i200v oi-c

6X5
PS

6.3 v a-c
Fig. 21-8.

6J6
Variable
FM osc
75-115 me

6J6

output

mixer

Ll

T
6J5
audio
modulator

'/2 6SN7
crystalosc

'/26SN7
Marker osc
20-30 me
30-40 me
40-60 me

A functional block diagram of the television alignment generator of Fig. 21-7.

control; it has two bands, 0-1.5 Me and 0-15 Me, depending upon
the position of the fm-tv switch.
The schematic diagram of Fig. 21-9 shows how the variable oscillator,
composed of a spiral inductor in the tank circuit of Vi, is frequency modu
lated by the presence of a moving metal plate of the dynamic motor near

sweep
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t le spiral coil. As this plate changes position with respect to the coil, the
inductance of the tank circuit varies in accordance with the rate at which
the plate moves. This mechanism for effecting the deviation is often
called a wobbulator. In some cases it is a mechanical device, while in
ot icis it is an electronic circuit. The plate near the spiral coil is caused
to vi irate by means of a 60-cycle a-c voltage applied to a driving coil that
is astened to the plate. The greater the excursion of vibration, the
wt ci will be the frequency deviation of the oscillator. As the mega
ci cle-sw'eep control is increased, a greater voltage is applied to the
wobbulator coil.
There are tw o additional r-f oscillators in t his instrument w hich may be
usee independently of the sweep oscillator, or in conjunction with it to
pi oxide the marker frequencies. Crystal-controlled markers or carrier
requencies can be obtained by inserting the proper crystal into the jack
on the front panel. This places it in the plate-grid circuit of one-half of
7 m Fig. 21-9. Since crystals are more easily ground to lower fre
quencies, it is common practice to operate them on harmonics when
geneiating carrier and intermediate frequencies for television alignment,
able 21-1 gives the fundamentals of the crystals recommended to develop
Table 21-1.

Recommended Crystal Frequencies to Develop Sound Carrier
Markers in the VHF Channels

-

Channel
2
3
4
5
6
8
9
10
11
12
13

Fundamental crystal
freq., Me

Crystal harmonic)

Sound carrier
freq., Me

19.91666
16 43750
17.93750
16 35000
17 55000
17.97500
18 57500
19.17500
19.77500
18.52272
19.06818
19.61363

3
4
4
5
5
10
10
10
10
11
11
11

59.75
65.75
71.75
81.75
87.75
179 75
185 75
191 75
197.75
203 75
209 75
215.75

the sound carriers for the twelve VHF television channels. The service
man will find the data in the table helpful as a guide toward selecting the
crystals needed for his own use. He can also calculate the frequencies of
others for either the video carriers or the IF’s, and he may use these values
when ordering additional crystals or when grinding them himself. When
the range switch is in any position other than standby, the insertion of a
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crystal into the circuit will cause the oscillator to function. Modulation
for this oscillator is accomplished by switching the int. marker to mod.
During the alignment of the i-f stages in the television receiver, it will
be recalled that the variable marker oscillator was generally used. The
stability of this oscillator is sufficiently accurate to provide the marker
indications for almost all servicing work. The frequency range of the
marker oscillator is divided into three bands. They are: 20-30 Me,
30-40 Me, and 40-60 Me. The last of these is the second harmonic of
the first group. Whenever a marker signal is to be inserted, switch the
int marker to osc and control the signal level with marker injection.
The level should always be kept low to prevent the signal from affecting
the response curve viewed on the oscilloscope. Sometimes the signal
cannot be controlled enough to prevent interaction. In this case, instead
of having a marker injected to form the “pip” or marker pulse on the
curve, the int marker should be switched to abs. This automatically
turns the marker oscillator off. Its tuned tank circuit wall absorb energy
from the sweep generator to put a “dip” in the response curve instead of
the “pip” at the frequency setting of the marker oscillator.
An external signal may be inserted between external marker and gnd
to provide additional marker frequencies. For this purpose an am signal
generator such as the type shown in Fig. 21-5 can be used. A second
marker voltage signal is thereby provided to obtain two “pips” simul
taneously on the response curve. These were shown in Fig. 13-3a and
others discussed in Chap. 13. The correcting of the waveform in Fig.
13-36 was done by the phasing control of Fig. 21-9 when an oscilloscope
was used for sweep-aligning.
21-9. Separate Sweep and Marker Generators. While the instru
ment just discussed has both the sweep generator and the marker genera
tor as one unit, some companies prefer to have them as two separate
instruments. Such is the case with the generators shown in Figs.
21-10a and 6, manufactured by the General Electric Company. Although
they were designed as companion pieces for television alignment, the
sweep generator can be used alone. One of the fundamental differences
in principle of operation between this equipment and the previous genera
tor is that the marker signals are not introduced into the receiver, but are
superimposed on the receiver output just before going to the oscilloscope.
This has the advantage of not distorting the response curve, and the trap
circuits can be tuned without affecting the markers.
The sweep generator of.Fig. 2l-10a is composed in the main of two
variable oscillators fed into a mixer and to an attenuator in much the
same manner as the circuit of Fig. 21-8. One of these ranges is from 170
to 220 Me and is controlled by the Radio Frequency dial. The second
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, ,’ARKEri GE.'.I I'A' ui-

(b)
Fio. 21-10. (a-b) An r-f and i-f sweep generator and its associated marker generator
designed expressly for television servicing. (.General Electric Co.)
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oscillator, used to boat with the first, varies over a range from 220 to 275
Me. It is controlled by the Intermediate Frequency dial. When these
signals go through the mixer, two new bands are obtained, ranging from
0 to 50 Me and from 50 to 110 Me. The swept or frequency-modulated
oscillator can be controlled to deviate in a scries of seven steps from 0 to
19 Me.
When the two instruments are in use, the sweep generator is fed to
the point of the receiver under test from one of the radio-frequency output
terminals. A signal is also fed to the marker generator and oscilloscope.
At the same time the output signal from the receiver is fed into the

f

SWEEP

71 ...

RESPONSE FROM RECEIVER
MARKER

/
*1

OUTPUT TO OSCILLOSCOPE

OSCILLO
SCOPE

RECEIVER OUT. ♦ MARKERS

|

RECEIVER OUTPUT

SWEEP INPUT

:

•
■
*

:

-i_________i
i
i
l

RF

MIXER

IF

IF

IF

DET

VIDEO AMP

r

pix

TUBE

osc
Fig. 21-11. A block diagram showing the connections of the sweep and marker generators
of Figs. 21-10 (a-b) as used with an oscilloscope to sweep align the various sections of a
television receiver. (General Electric Co.)

marker generator and through it to the oscilloscope, It is at this point
that the markers are injected into the response curve, The entire
arrangement is shown in the block diagram of Fig. 21-11.
The marker generator has two oscillator circuits. One is designed
with a complete set of 12 crystals for the picture-carrier frequencies of
channels 2 through 13, and with three tunable circuits ranging from 19 to
50 Me for intermediate-frequency markers. The second oscillator is
crystal-controlled to operate either at 1.5 or 4.5 Me for additional markers,
as needed. When the switch is set to audio carrier 4.5 Me position,
markers are available to show the relationship of picture carrier to audio
carrier when the video i-f section is being sweep-aligned. This frequency
is also employed for checking and adjusting sets with intercarrier-sound
systems. When the switch is in the adj. channel 1.5 Me position,
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markers are produced every 1.5 Me across the entire response curve.
I his allows the operator to check adjacent channel response and band
pass characteristics.
21-10. Using a Cross-hatch Generator. If the serviceman is in an
area where a transmitted picture or test pattern is not available during
some of his working hours, he may find a linearity-pattern or cross-hatch
generator useful. Such an instrument is shown in Fig. 21-12. Among its
applications are: general trouble shooting in the absence of a television

» c-

c°o^

I ig. 21-12. A cross-hatch generator that provides a simple test-pattern signal for television servicing work. {Hickok Electrical Inst. Co.)

station signal, proper adjustment of the various receiver controls, check
ing relative gain and frequency response, and specialized work on the
horizontal and vertical sweep circuits.
A brief inspection of the controls on the panel of the linearity-pattern
generator will show that it is quite simple to operate. The signal is fed
into the receiver at the antenna terminals with the set tuned to any one
of channels 2 through 5. The output-selector switch provides three types
of output signals. The patterns produced by these signals are shown in
Figs. 21-13a-/. The design of this instrument is such that it modulates
the grid of the cathode-ray tube in the receiver to produce the horizontal
and vertical lines. If the output selector is set to vert, lines and the
receiver horizontal-hold control is properly adjusted, twelve vertical
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lines will appear across the raster of a black-and-white receiver, as seen in
Fig. 21-13a. It may also be necessary to adjust the contrast control
and the output of the generator to obtain satisfactory contrast between
the black bars and the raster background. When the selector is set to
horiz. lines and the vertical-hold control of the set is properly
adjusted, eight or nine horizontal lines will appear on the screen, as seen
in Figs. 21-135 and c. In Fig. 21-136 the ninth bar is at the extreme bot
tom of the raster and is therefore not visible. The disappearance of this
bar is due to a slightly different adjustment of the vertical-sweep oscillator
as compared to the results of Fig. 2I-13c. Both, however, are correct.

K

i
Fig. 21-13. Linearity and cross-hatch patterns as they appear when receiving signals
from the generator of Fig. 21-12. {Hickok Electrical Inst. Co.)

A combination of the vertical and horizontal lines of the previous cases
will produce any one of the patterns in Figs. 21-13d, e, or f when the
output selector is set in the cross-hatch position. The first of these is
obtained on a receiver having a standard raster with an aspect ratio of 4
by 3. The second case is the pattern on a set with an expanded screen,
and the third pattern shows the results on a circular screen. Note that in
receivers of the latter type the squares have been elongated vertically
because the raster has been distorted to a 1 to 1 ratio. These figures may
be used when balancing up the television sweep circuits. The horizontal
hold will lock in rather easily, but the vertical hold must be adjusted
carefully to sec that the pattern is absolutely motionless. Nonlinearity
of the sweeps is immediately detected by a nonuniform spacing of either
the horizontal or vertical bars.
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21-11. The Versatility of the Cathode-ray Oscilloscope. Perhaps
the most versatile piece of test equipment ever developed is the cathode
ray oscilloscope, or oscillograph, as it is often called. Its extreme flexi
bility enables the sendeeman to have at his disposal an instrument which,
if properly used, will serve as an a-c voltmeter, an a-c ammeter, a d-c volt
meter or ammeter, and a visual means for observing recurring or transient
waveforms to study amplifier distortion, i-f and r-f alignment, output
measurements, phase relationships, frequency measurements and even
measurements on inductances and
condensers, to mention but a few.
In general it is not recommended
that
the technician attempt to use
pwas/avhis oscilloscope for many of these
purposes, because it often requires
too much time to set up the in
strument. His main applications
will be to observe the waveforms of
the television signal, the sweep
voltages in the receiver, and to
measure their peak-to-peak values
when necessary. The serviceman
should keep in mind that basically
the oscilloscope is simply a derice
which has an “almost inertialess
needle” (the electron beam), and
that this “needle” is immediately
moved by any voltage applied to it.
Hence, the instrument is funda
mentally a voltmeter, and as such
Fig. 21-14. A five-inch oscilloscope de
is always connected across the cir
signed for television servicing work. (Precision Apparatus Co., Inc.)
cuit. Consequently, when it is
desired to use the oscilloscope for
measuring current, the voltage is measured across a known resistor of low
value that must be inserted into the circuit under test.
By now the reader should be quite familiar with the oscilloscope shown
in Fig. 21-14. Since many of its applications have already been demon
strated, it is advisable to investigate the basic principles of operation.
Reference should first be made to the block diagram of Fig. 21-15. Here
it can be seen that the instrument is similar in many respects to the sweep
sections of a television receiver. I nstead of the incoming signal being sent
to the grid of the cathode-ray tube, the wave to be studied is applied to
the vertical deflecting system. Almost always this is a set of deflecting
Uati-HO
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plates. Horizontally the beam is usually swept across the face of the tube
by a saw-tooth voltage from an internal sweep oscillator. At other times,
the sweep voltage may be a 60-cycle sine wave taken from the power line
or an external voltage of any frequency fed in at the horizontal input
terminals.
21-12. How an Oscilloscope Pattern Is Traced. For purposes of a
brief explanation of how the sweep voltage and vertical-input signal form
a wave trace on the screen of the cathode-ray tube, Fig. 21-16 and 21-17
are presented. The first of these shows the waveform produced when a
V. sensitivity

I XI | XI00
Vertfcal I-----------
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Fig. 21-15.
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<>
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A functional block diagram of the cathode-ray oscilloscope of Fig. 21-14.

sine wave is applied to the vertical plates and a saw-tooth wave is fed to
the horizontal plates. In the illustration given, the sine wave being
studied has three times the frequency of the saw-tooth sweep voltage.
This will automatically give a sinusoidal trace on the screen having three
complete cycles. If the ratio of vertical to horizontal frequency were two
to one, only two cycles would appear on the tube; if four to one, four
cycles, etc. The wave pattern will remain stationary only when the
ratio of the two frequencies is a whole number. To stabilize the wave,
the internal sweep oscillator is provided with a circuit that will syn
chronize it with the incoming wave. It functions when the synchroniza
tion is set at int. and the sync, lock control is properly adjusted.
It is
important that the sweep selector switch always be set to a frequency
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equal to or less than that of the wave being studied. Otherwise the
patterns obtained, even though stationary, are incomplete, and may be
entirely misleading to the observer. When in doubt about the frequency
of the incoming signal, always start with a low-frequency sweep and work
up.
A completely different set of patterns will result when the horizontal
sweep is a sine-wave voltage. These patterns are commonly known as
Lissajous figures and are particularly helpful when the oscilloscope is used
for comparing frequencies and phase relationships. The complete devel
opment of a figure-eight Lissajous pattern is given in Fig. 21-17. A sine
wave is shown applied to the horizontal plates for sweeping, and another
sine wave of twice the frequency but having the same phase is fed to the
Vertical
input
o----------------------------------

—

60-cycle sine wave

Cathode
ray tube

Horizontal
input
-------------------------------------- o
ZOcps saw-tooth wave

-WWW
H*-<----------- >1

o

'•Time of one
horizontal sweep

k-Time of*
one horizontal sweep

■o

Fig. 21-16. A waveform drawing showing how a sine wave is traced on an oscilloscope by
a saw-tooth sweep voltage.

vertical deflecting plates. The spot starts at the center of the screen.
By following the numbered points on the waves and the corresponding
numbers on the resultant pattern, the student can see how the spot is
swept to trace the figure eight. This method may be used for comparing
many different frequencies, but again it is important that their ratios be
whole numbers. Operating in this manner, the internal sync cannot be
used to hold the waves stationary.
21-13. Calibrating the Oscilloscope for Peak-to-peak Voltage Meas
urements. When it is desired to use the oscilloscope as a voltmeter for
measuring the peak-to-peak amplitudes of waveforms, the instrument
must first be calibrated in terms of vertical beam deflection. There are a
number of ways to accomplish this, and they usually rely upon the princi
ple of deflecting the spot vertically with a known a-c voltage, and measur
ing the length of the line traced on the face of the tube. For this purpose,
many oscilloscopes have a transparent graph or set of lines for use as an
indicator. In the absence of this graph, a flexible ruler having a centi
meter scale can be used. The method presented here is quite simple and
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is applicable to all oscilloscopes with sufficient accuracy for general
servicing work.
For purposes of calibration the simple circuit of Fig. 21-18a is used. A
3.53-volt rms a-c signal is fed to the vertical input terminals of the oscillo
scope. This voltage should be accurately measured with the vacuum
tube voltmeter while this work is being done. Turn the horizontal
gain control to zero, and have the intensity set so that the spot is not too
Trace starts at center
<
of screen

tv

____ i?_
I

Z------------- *5

Vv
3

7

Fig. 21-17. A graphical method of illustrating how two sine waves having frequency
ratios of 2:1 will trace a figure S Lissajous pattern on a cathode-ray tube.

brilliant. With the 60-cycle signal from the calibrating circuit, a vertical
line will appear on the screen. Now adjust the vertical-gain control until
the line is exactly 10 major squares or 10 cm in height, depending upon
which unit is used. This is shown in Fig. 21-186. If this line cannot be
made 10 units high by increasing the V. gain to maximum, increase the V.
sensitivity from X1 to X 10. The V. gain should then be readjusted to
produce the 10-unit vertical line. Once the controls have been properly
set to produce the line 10 units high, they must remain this way at all
times when peak-to-peak volts are being measured. The calibrating cir
cuit should then be removed. Recalibrate the deflection each time it is
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desired to measure voltages if the oscilloscope has been used for any other
purpose in the meanwhile.
1 he readings on the oscilloscope screen are taken directly in peak-topeak values and are determined by the number of units of deflection
observed. 1 o obtain this, always subtract the reading taken at the bot
tom of the trace line from the reading taken at the top of the line. The
difference of these values gives the total excursion, and in view of the
method used for calibration, the answer is in peak-to-pcak volts. For
example, if the bottom of the trace is at 2.5 and the top reaches 8.4, the
true reading mil be 5.9 volts peak-to-peak. If at any time one end of the
trace is above or below the scale numbers, the vertical-centering control
should be varied until the entire line is on the scale. Do not at any time
1000-^
120 v g
a-c o
o

63v

A

9

3.53v |/tvm| input
RMS
oscilloscope

f
I

\

Adjust v. gain
to produce 10cm
trace with 3.53 v

I
8
I
7
I
i --6

Di
I --1

' io

10-cm
scale

(.a)
(b)
Fig. 21-18. A method of calibrating an oscilloscope to read a maximum of 10 volts
peak-to-peak.
(a) A schematic diagram of a simple circuit for calibrating
|.,.J the oscilloscope.
(b) A drawing of the cathode-ray tube screen marked off in 10 major divisions to serve
as a voltage scale.

change the height of the line with the V. gain since this would destroy the
original calibration.
21-14. Extending the Oscilloscope Voltage Range. There are many
cases where it is necessary to measure peak-to-peak voltages that arc
greater than 10 volts, the maximum for which the oscilloscope has just
been calibrated. Accordingly, two simple resistance multipliers can be
made up by the serviceman that mil extend the range to 100 and 1,000
volts peak-to-peak. These are shown in Figs. 21-19a and 6. They are
made from a group of one-watt carbon resistors and may be fastened to a
small board or insulating strip to make them convenient for handling,
lhe vertical-input terminals of the oscilloscope are connected to the
bottom resistor of the network and the test leads to the extreme ends.
When using the multiplier of Fig. 21-19a, it is necessary simply to multiply
the reading on the oscilloscope by 10. The answer will still be in peak-topeak volts. For reading values between 100 and 1,000 volts peak-topeak, the network of Fig. 21-196 is employed. In this case, the previous
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multiplier is disconnected and the higher range is put in its place, It is
now necessary to multiply the reading on the oscilloscope by 100. The
serviceman will find that these multipliers can be used on any general
oscilloscope if it is calibrated in accordance with the method suggested.
21-15. Understanding the Limitations of the Oscilloscope. Perhaps
the most important thing that the technician should realize about any
piece of test equipment is the fact that it is subject to limitations, even
though it may be very versatile in operation. The oscilloscope, unless
correctly interpreted, will at times lead to very erroneous conclusions.
T
i

r
820 K

82 K

150 K

6.8 K
lOOOv

100

1.2 K

10 K

i

I0K
I0K To vert
input

I0K

To vert
input

(b)
(a)
Fig. 21-19. Schematic diagrams of simple voltage-divider networks suitable for increasing
the range of an oscilloscope when measuring peak-to-peak volts.
(a) A network suitable for increasing an oscilloscope calibrated 0-10 pp to read 0-100 pp.
(b) A network suitable for increasing an oscilloscope calibrated 0-10 pp to read 0-1,000
PP.

The serviceman must always study the schematic diagram and the gen
eral specifications of any equipment which he uses and ascertain what
limitations the manufacturer gives regarding it. Figure 21-20 is the
schematic diagram of the Precision oscilloscope. The factory specifica
tions point out that the vertical-input amplifier shown across the top of
the diagram has a sine-wave frequency range from 10 cycles to 1 Me.
However, if a square wave is being sent through this same amplifier, the
frequency range is between 10 cycles and 50 kc. Observe that the range
for the square wave is only
°f that for the sine wave. This means
that the amplifier will begin to distort a square wave if its frequency is
much higher than 50 kc.
The vertical sensitivity of this oscilloscope with the sensitivity switch
set at the X 100 position is such that a 0.02-volt rms signal will deflect the
spot 1 in. in the vertical direction when the V. gain control Rs is at maxi
mum. Data of this type are only approximate and should never be con-
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sidered in absolute terms in place of accurate calibration when measuring
voltages. This is quite satisfactory, however, for general television
servicing, but the technician could not expect to see any usable indication
if he were to connect the oscilloscope across the terminals of a television
antenna, where the signal is down in the neighborhood of microvolts.
The frequency range of the saw-tooth generator used for internal hori
zontal sweep is from 10 cycles to 30 kc. This high-frequency limitation
makes it impossible to see individual cycles of radio-frequency energy
such as the sine waves that go to make up the i-f and r-f carriers in a tele
vision receiver. Finally, if an external sweep voltage is to be used in
place of the internal oscillator, the horizontal amplifier is satisfactory up
to 500 kc. For a few special applications where it is desired to examine
signals or voltages beyond the range of the built-in amplifiers, direct access
to the deflection plates of the cathode-ray tube is available. This is
achieved by the use of the terminal strip on the back of the instrument,
shown directly above the cathode-ray tube in the diagram of Fig. 21-20.
The links held in place by screws are opened, and input connections can
be made directly to the terminals.
21-16. Operation of a Tube Checker. Ultimately the serviceman will
want to have a general tube tester in his shop. This is particularly true
when it is remembered that only slight changes in some tube character
istics often render a television circuit inoperative. One of the popular
tube testers that is designed for easy and rapid testing is given in Fig.
21-21. It uses dynamic plate conductance and incorporates a push
button switching system for connecting the proper voltage to the proper
pins of the tube sockets as needed.
A very convenient feature is the free-running roll chart located at the
bottom of the panel which furnishes the settings for all the buttons and
dials needed to test any one tube. The chart, rolled by a knurled thumb
knob in the lower right-hand corner, brings into view the instructions for
the tube being checked. Before putting the tube into the tester socket,
make sure that the control marked filament is correctly set according to
the listing on the chart. When the tube is in the proper socket, the push
buttons for circuits D and E can then be depressed in accordance with the
additional information given. The number under Plate Test on the chart
indicates the setting that must be made for the plate control dial at the
right of the meter.
The first test is for short circuits and is made by a shorts-test switch
in the lower left-hand corner of the panel. It is set consecutively in the
four positions shown while the neon lamp directly above the switch is
watched. /I glow of the lamp indicates a short or leak between elements.
Before making quality checks, return the shorts switch to test. Six
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push-buttons are shown under the heading of test. 1 hey connect the
proper loads and voltages to the tube under test and cause the meter to
indicate the quality of the tube. These buttons are of the nonlockdown
type and are listed on the chart under Plate lest.
herever two letters
are shown together on the chart, both buttons must be pressed simul
taneously. When the tests are completed, all push-buttons can be
returned to normal by depressing the release buttons at the end of the
rows. Information on new tubes is made available to the owner so that
his instrument is kept up-to-date.

I

Fig. 21-21. A modern push-button tube tester suitable for all small tubes in a television
set. (Jackson Electrical Inst. Co.)

Many manufacturers of tube testers have increased the utility of their
instrument by providing a special adapter for checking some types of
cathode-ray tubes as well. By placing the instrument close to the tele
vision receiver, the adapter cord can be plugged directly onto the base of
the picture tube without removing it from the chassis. Such an arrange
ment is shown in Fig. 21-22. Tube testers usually provide only a few
hundred volts, and since the cathode-ray tube normally operates on
10,000 volts or more, only comparative tests of good and bad can bo made.
About 85 per cent of the cases where the picture tube should be replaced
may be tested in this manner.
21-17. A Special Checker for Cathode-ray Tubes. In cases where
provisions are not made on general tube checkers for testing the many
types of television cathode-ray tubes, the serviceman can purchase sepa-
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rate checkers such as one of the type shown in Fig. 21-23. Here too, the
instrument may be used to test the tube without removing it from the
receiver. It is necessary simply to remove the tube socket in the set and
connect the meter By means of the socket provided with the checker.
When the switch is in the short position, elements arc tested for short and
leakage. In the beam position, relative values of beam current will show

Fia. 21-22. An adaptor cord is shown in conjunction with a standard tube tester for
checking television picture tubes. (Sylvania Electric Products, Inc.)

on the meter and the quality of each tube is determined by the chart ol
information furnished with the instrument.
21-18. Television Field-strength Meter. The problem of measuring
the intensity of an incoming television signal for the proper installation
of antennas and receivers is often simplified by the use of a field-strength
meter. Figure 21-24 shows an instrument designed for this purpose.
Fundamentally it is a video receiver with a meter as an output indicator.
It has a complete r-f tuner section for all twelve channels, and is provided
with a 75-ohm and 300-ohm input. An antenna is used with the meter
when the field strength of the stations in any area is being checked. 1 he
field intensity is given directly in microvolts, and the sensitivity of the
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Fig. 21-23. /
A __________
separate tube tester designed for
a wide variety of television picture tubes.
(American Television, Inc")

Fig. 21-24.
Electric Co.)

A field-strength

meter covering all VHF television channels.

(Simpson
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meter is from 50 /tv on the low range through four steps to 50,000 piv on
the high range. This makes the instrument usable in fringe-area installa
tions as well as in regions of very strong signals. Among its other applica
tions are comparing the relative response of various antennas, location of
maximum signal strength when making installations, and the adjustment
of r-f boosters.

REVIEW QUESTIONS
1. Explain the procedure for making a continuity test of a coil by the use of a voltohm-milliam meter.
2. List the various applications of a volt-ohm-milliammeter when it is used in
television servicing.
3. Explain how the metcr in Fig. 21-1 is set to take plate-voltage readings of the
amplifier tubes in a receiver.
4. Explain how a meter is connected in a circuit for obtaining direct current
readings.
6. Explain why it is advisable to use a vacuum-tube voltmeter when measuring
voltages in vcry-high-resistance circuits.
6. When is it convenient to use a meter with a zero-center indicating scale?
7. What arc several advantages of the vacuum-tube voltmeter over the standard
meter?
8. Explain the procedure for setting the AM signal generator of Fig. 21-5 to obtain
a 10.75-Mc modulated signal.
9. Where in the alignment of a television set would the frequency modulated signal
generator be required to use the 0-15-Mc deviation scale, and where would the 0-1.5Mc scale be used?
10. What would be the fundamental frequency of a crystal whose fifth harmonic
must produce a frequency equal to the video carrier of channel 6?
11. Explain the difference between a marker pulse and an absorption pulse.
12. How is it possible to produce two marker pulses simultaneously on a response
curve if the sweep generator has only one marker oscillator?
13. If 14 vertical bars appear when the cross-hatch generator is used to adjust the
horizontal-sweep frequency, is the frequency of the sweep oscillator in a black-andwhite receiver too high or too low? Explain.
14. If a saw-tooth wave of 12 cycles per sec is applied to the horizontal deflecting
plates, and a 60-cycle per sec sine wave is applied to the vertical deflecting plates,
describe the entire pattern that will appear on the oscilloscope screen.
15. Why is it desirable to have the sweep frequency of the oscilloscope lower than
the frequency of the wave being investigated?
16. Describe briefly the method of calibrating an oscilloscope for reading peak-topeak voltages.
17. What are the frequency limitations of the horizontal and vertical amplifiers
in the oscilloscope of Fig. 21-20?
18. What is the purpose of the terminal strip in back of the oscilloscope of Fig.
21-20?
19. What precaution should be observed before putting a tube into a socket of a
tube tester?
20. Explain basically what a field-strength meter is, and list some of its more impo:
tant applications.

CHAPTER 22
BUILDING UP A SERVICING BUSINESS

Many television servicemen, upon completion of their technical studies,
consider going in business for themselves. They look forward to building
up a sales and service organization, perhaps owning and operating a store,
and in general becoming businessmen in the community. Aspiration
toward this objective is certainly to be commended and the goal can be
attained by any one who combines reasonable business sense and prac
tices, a patient desire to succeed, and the application of good technical
servicing principles. Unfortunately many who attempt to go into busi
ness are better equipped technically than they are businesswise. Much
care and planning must be given to the venture. Cash layouts are
needed, stock and equipment must be purchased, and often future com
mitments in the form of leases and business contracts have to be made.
22-1. Three Levels of the Servicing Business. There are three levels
in the business field to which the television serviceman might wish to
aspire. Some will be willing to remain in any one level while others may
work through all three. They are:
1. Having simply a television repair shop. This may be at home or in
a rented store.
2. Conducting a Sales and Service business. Usually this will be a
store enterprise.
3. Having a Sales and Service business and an associated Engineering
Department. An organization of this type requires more space than
level 2. Often one place for the sales and another for servicing and the
engineering work.
Level one is a modest beginning. Often the serviceman will set up a
shop in the basement of his home or in a sufficiently large space in his
garage or other building on the property. For a person with a very
limited capital this, of necessity, must be the solution to his problem at
the start. There is much to be said for this cautious beginning. What
with the layout of cash for test equipment, a stock of tubes and parts,
business stationery, cards and advertising, this is one way to keep major
expenditures down until the volume of business makes it possible to
expand.
22-2. Selecting a Business Location and Space. Many newcomers to
television servicing, however, arc not fortunate enough to have rent-free
512
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space available and must find a business site before they can start work
in the field. Almost invariably the owner of the building or store selected
will require a lease for 6 months or a year. Often the first and final
months’ rent must be paid in advance. It is evident, therefore, that the
sendeeman should choose his location and shop space wisely. Many
factors are involved. Unless the technician has had previous business
experience and has some knowledge of his way in the field, he will do well
to select a space with a modest rent. Many times he will have to do his
own painting and fixing up around the place. But it helps to save money.
If possible, choose a spot not too far from local public transportation, the
bus, streetcar, or subway. Try to find a place easily accessible from all
parts of town if the city is not large, or in the center of the neighborhood
area in a metropolis. Avoid the high rent of the main streets. The
saving in rent afforded by selecting a side street can well be used in
advertising to bring in customers. The central location will often result
in a noticeable saving in gasoline when going out on calls and will be
appreciated by the customers who will save time if they choose to bring
the set in themselves. Location is very important in television servicing
for still another reason. Main streets are electrically noisy. Automo
biles, buses, streetcars, and particularly trucks and flashing signs can
create a steady stream of interference. Then, too, there is usually the
advantage of available parking space on the side streets.
When inspecting a prospective store make sure that it has the right type
of electric power. In most cases it will be 120 volts, GO cycles, but make
certain of this by reading the name plate on the watthour meter or check
ing with the power company. Look over the place with an eye toward
possible bench arrangement, what provisions there are for heating the
shop in winter, and how the windows on the street side can be used for
advertising displays. Do not fail to investigate the problem of a suitable
antenna location. See that the location is reasonably within line of sight
of the stations and that the owner grants permission to put up the
antenna. In some cases the building next door may be one or more
stories taller. If so it might be advantageous to seek permission to install
the antenna on that roof. The embodiment of many of the points just
discussed will be found in the little service shop shown in Fig. 22-la.
22-3. The Name and Business Stationery. Once the building has
been decided upon and rented come the many, many details of getting the
shop outfitted. Sooner or later a sign should be put up to help attract
customers. Spend some time on this problem. Make the name tell the
story. Avoid long names that are hard for people to remember. When a
suitable name has been decided upon, check it with the list of television
service shops in the local telephone directory. There is a remote chance
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some other shop in town already has that name. See that the one chosen
does not conflict with others and that it is not likely to confuse the pro
spective customers. Wait until the telephone has been installed before
having letterheads, billheads, and business cards printed. Obviously the
telephone number should appear on them. When the problem of station
ery arises, consult a local job printer. He can suggest neat copy layouts
for the cards and letterheads. Giving them the right business appearance
means a great deal.
22-4. Regarding Taxes, Insurance, and Operating Licenses. At about
this time the serviceman must check with his city, county, and state
officials. Here he will learn about the business rules and regulations to be
followed. He will find out what licenses are to be bought and what taxes
must be paid. Do not fail to investigate local electrical and building
codes. To buy merchandise from the wholesale houses it will be neces
sary to establish the fact that the technician is now in the servicing busi
ness. Unless he wishes to pay sales taxes imposed in some states, he "ill
have to have his business officially registered and acquire a resale number.
If the serviceman is going to hire additional help, he must also investigate
the laws in his state regarding the relationship between employer and
employee. There will be problems of federal withholding taxes, social
security, unemployment insurance taxes, and possibly occupational
insurance to be takeni <out on the workers.
---------22-5. Laying Out the Shop. The layout of the shop is especially
important from the standpoint of both appearance and efficient work.
There are no set plans for this but again many factors should be considered. 1 he design of the work benches and arrangement of the equipment will depend
to
*
. j some extent upon the space chosen for them and the
personal preference of the serviceman. There is, however, a common
pattern used by almost every one who is in the servicing field. A con
venient bench layout is shown in Fig. 22-16. With this arrangement it is
possible to keep the working space clear by having all test equipment
placed on shelves behind the bench top. Outlet plugs can be mounted
either on the apron in front or on a board along the shelves in back. A
set of drawers at one end of the bench serves to hold the tools and parts
used for testing. Some technicians prefer to hang the tools on a neat
mounting board fastened to a shelf under the test equipment. Reference
ooks and service manuals may be kept on a higher shelf since usually
only one is brought down for work at a time.
When trouble shooting and replacing small components in a chassis,
t e technician will find it essential to have good direct illumination for his
work. Foi this an inexpensive goose-neck lamp or two, arranged so that
t ey can be swung into all convenient positions, will be satisfactory.
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(a)

(b)
Fig. 22-1. (a) A small store of the type pictured serves as a modest beginning for the
television serviceman.
(b) A neat and efficient bench layout for a small television servicing shop.
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There are several styles of more expensive adjustable bench lamps. One
of these is shown in Fig. 22-16.
Reference was made earlier to the use of an isolation transformer when
a-c/d-c or other transformerless television chassis are being serviced. It
can >e mu t into oi mounted permanently on the work bench where it is
readily accessible. The question of a metal bench top, required to pro
duce the ground plane for servicing some chassis, must also be considered.
1 his problem may be settled by covering the entire bench with an alumi
num s leet.
nly part of the bench can be covered and the rest can be an
insulated top of pressed wood, plywood, or linoleum. Still a third sohijon is o aye an aluminum sheet of several square feet which can be put
on le enc and well grounded when it becomes necessary to use it.
Sheet copper (which oxidizes)
----- —-z —and sheet iron (which can become magnetized) are not recommended
for a ground plane.
-------------Tubes and all new parts used for replacement should be kept on separate stock shelves. This makes it easier when it comes time to take
inventory,
and -presents
j,
---- 5 a neat, orderly appearance to the customer.
e..p e parts in cartons so that they can be identified quickly when
nee.e ■ - any men have metal bins or cabinets with small drawers for
s oring small parts and replacement hardware. Whatever the layout,
neatness must always be stressed.
he sen iceman is often required to do some adjusting or improvising
th J
are
ke “ista^e<^ in the chassis. Such problems as cutting
e s la s o potentiometers and bending brackets into shape are tasks
AP Cpn i 6
conveniently handled with the aid of a bench vise.
/T1 lng ’ eit lel a space sh°uld be set aside on the main bench for this
in 1 O1 asepaJate bench should be built to do rough work such as poundoqT Ainog’ dnll-Press w<>rk, and heavy soldering.
tho • i uSS®sted Stock of Parts and Hardware. When it comes to
problem of buying replacement parts and tubes, the best advice for
n?ntT1’ Is t U gO S10Wly at first- Buy only what is needed in componn^n+1 n °j t e most c°mmonly used vacuum tubes. The most frehp bn yKUSed parts wil1 make themselves known to the serviceman after
bp tjairl
)Uslness a short time. Besides the tubes, in general it can
mien n 1
?e stock to start with may consist of a variety of paper,
fpw n' 1 6 GC i°
con<^ensers, an assortment of carbon resistors and a
sevPr?iTV0U,|!d/fjstors> hookup wire, a spool of dial cord, dial springs,
mpnt nf eS ° • la amps’ television-receiver fuses, and a generous assortwashcrq s^lxlcemans hardware consisting of machine screws, nuts,
set Rrrp\vC °r’eiqng U^S’ lu^^er grommets, angle brackets, wood screws,
nlv hmiQP i . JlngS> and
nuts.” The local wholesale television sups a ways ready to assist and advise the newcomer in the field.
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The most important advice for the serviceman is to use his technical
knowledge instead of spending money on a wide variety of instruments.
22-7. Advertising the Business. The greatest advertising any busi
ness can have is the good will of its customers. Courtesy, fair dealing,
and performance build up the reputation. But often the start is not
easy. There are many who have said that they spent their first several
months just working for the landlord. It has happened in almost every
type of enterprise. The serviceman’s first customers arc often immediate
friends. It is they who help pass the word on to others. In the mean
time attempts are made to advertise to the general public. The sign
placed over his shop and the window display are a beginning. It is wise
to give considerable thought to whatever commercial advertising is done.
This too can result in quite an expenditure of money with no immediate
returns. To be effective, advertising must be continued over a period of
time.
No specific type of advertising will be found most applicable to all
servicemen or areas. Here too, the job printer will have many sugges
tions in regard to printed cards or announcements, imprinted calendars,
blotters, and novelties. Besides these, an ad in the classified section of
the telephone directory, in the neighborhood newspapers, and even in the
main newspaper of the town or small city should be considered. The
important fact to keep in mind is to reach the largest number of people
who are likely to need television sendee and make these contacts in the
most economical way. There are many young business men who are
“talked into” types of advertising that do not bring any direct benefit.
22-8. The Problems of Bookkeeping. Banking and the keeping of
books, inventories, employee records, tax records for city, county, state,
and federal governments, and customer files are all subjects which require
special study today. The serviceman is well advised to talk these prob
lems over with business friends, to study an elementary text on bookkeep
ing, and to discuss business methods and principles with his bank and
chamber of commerce. The temporary services or at least advice of a
certified public accountant is often of great value to a young man in cor
rectly setting up his books and records. He should not venture into these
subjects unaided.
22-9. Expanding into Merchandising. As the business grows and a
point is reached where sufficient capit al and experience have been acquired,
the serviceman may wish to expand into merchandising. This does not
mean that this expansion cannot be undertaken at the beginning, but it is
usually far wiser to have an established business before making a larger
investment. A more elaborate store on one of the business streets is
commonly chosen. The rent is higher but the chance for more customers
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is usually greater. However, many times this advantage is overrated.
1 he enterprising business man can build up a very active trade and reach
a high degree of success in locations requiring less monthly expenditures.
Mention was made in Chap. 1 of the importance of selecting the right
merchandise and dealing with reliable manufacturers. The serviceman’s
experience will soon let him know what television sets are more likely to
give good customer satisfaction in his area. The same is true of antennas,
interference filters, and r-f boosters, if they are needed.
needed, When the
decision has been made, the manufacturers’ distributors can then be
contacted and arrangements made for dealerships.
Attractive store and window displays are very important. The
serviceman will do well to visit successful merchandising establishments
in his neighborhood and around town with an eye toward learning their
secrets. Books and magazines on retailing should be consulted for new
and different ideas. The problem of merchandise display comes up
regularly, because successful stores make it a point to change their layout
and decorations periodically. Take particular note of the floor plan and
see its relation to the counters, show cases, and receiver arrangements.
In time the newcomer will begin to imagine and design his own displays.
He will of course, have to select and perhaps train his sales help. He
should point out that their task is to present the qualities of the receiver
to the customers and not indulge in technical discussions that tend only
to confuse. The purchaser is going to have to rely upon the integrity of
the manufacturer and serviceman for technical satisfaction. Hence,
when he buys, his chief concerns are furniture styling and performance of
the set as a medium of entertainment. Every television technician knows
that performance of the set in the store is no proof of satisfaction in the
customer’s home. Unless performance can be absolutely assured in the
purchaser’s living room, always grant him the privilege of several days’
trial. Both parties will benefit in the long run. Everywhere possible,
stress honest showmanship.
22-10. Building Up an Engineering Department. Adding the engi
neering department or branch to the Sales and Service business can be a
many-sided development. Under this heading come such things as
handling the service contracts of one or more manufacturers for all their
sets sold in a given area. This is a factory-authorized service and repair
department. There can be a department for redesigning customer’s
sets, rebuilding them for larger tubes, converting them into projection
receivers, making them over into television-radio-phonograph combina
tions, or building up custom chassis for special installations in the home.
Still other possible work lies in converting existing sets for coverage in the
UHF bands in areas where this is needed and in the incorporation
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of the necessary change-over circuits and equipment for receiving color
television.
22-11. Television-service Contracts. Many television manufacturers
and dealers protect their good will by offering a service contract to the
customer at the time the set is purchased. Some independent dealers
have their own contracts while those that are authorized by the factory
are often required to use a contract supplied by the manufacturer. For
this service the customer is charged a flat fee, the amount depending on
the duration of the contract and its terms. Most set owners taking this
service do so for a year, and many renew it for another year or more if a
renewal contract is offered. The renewal contracts are usually almost
identical with the first-year contracts except for the provisions on set and
antenna installation.
Typical of the factory-television-owner contracts is the one issued by
RCA Service Company, shown in Figs. 22-2a and b. The major points
of the contract are set forth on the front, and the specific provisions are
given in detail on the back. Of especial importance to the serviceman
are the paragraphs which protect him from having to service the set for
any and all causes that are likely to come up. Thus troubles that develop
due to improper use by the owner, defects as a result of work done by
unauthorized persons, damage done by fire, the elements of nature, and
even possible changes in standards by the FCC are of necessity excluded
from free service by the terms of the contract. Independent sendee
organizations can and do draw up similar owner contracts in their own
name. They then enter into agreements with all their customers who
take the service, regardless of the make of set purchased.
22-12. R-f Booster Installations. Service organizations that have
a number of customers in the fringe areas vdll find it advantageous to have
a stock of television r-f boosters on hand. Many times the booster is the
best solution to a difficult problem of reception. It can be the difference
between good entertainment and no satisfactory signals at all. When it
is required to install such additional equipment, the technician should
make it clear to the customer that because of his location or distance from
the station he should not expect good reception at all times. In fact,
there probably will be days or evenings in which he will have only the
poorest of pictures. If this is understood at the beginning, possible dis
satisfaction later will be avoided.
There is still another type of installation in which the serviceman will
often find a booster needed. This is in apartment houses and hotels,
and it may apply also to some homes. As was mentioned previously,
building owners and managers sometimes do not permit the tenant to
erect an antenna on the roof. This means that the set owner must be
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<5^sS> RCA Victor G^9

TELEVISION OWNER CONTRACT

k.

ISSUED BY

RCA SERVICE COMPANY, INC., CAMDEN, N. J.
A RADIO CORPORATION OF AMERICA SUBSIDIARY
The purchaser of an RCA Victor television receiver is entitled to its satisfactory performance.
Similarly, the dealer and manufacturer are entitled to protection of business standing and good
will through satisfactory performance by the receiver sold. Therefore, we agree, for the period of
this contract, to provide the following installation and maintenance for your RCA Victor tele
vision receiver in accordance with the provisions on the reverse side of this contract:
1. A television antenna and all necessary accessories. installed for reception from local t-mli sta

tions already in operational time of installation and which are within normal sr^^Brance.pr may
not be possible to obtain satisfactory reception in all cases because of conditions ta^id our control)

J

2- Installation and initial adjustment of the RCA Victor television repiver^h whim this contract
relates.

3.

J

Instruction with respect to the proper operation and care of rEe receiver

4. Service and maintenance of the television receive^ and antennN^Fwhich this contract relates, as
necessitated by normal usage for the period ind^oted below.

5- The services of television field technicians of the t^^jServ ice Company, Inc., who will perform or
direct all work due under this contract

The above are provided in considcra^^^for

payment of $>.

---

.and Ending.

TA./ Contract it for the Peri

Issued to:

I

s_

.Serial.
RCA Service Company, Inc.

fvbcnaskb's namk

AUDituo* raumes inciino roa

r§

11

Issued by:

?S

E. C. Cahill. /*'"•

M
tos«

y||

I
tIs.
-

^^/’tcror Model

I:-

I
p

cook

fi

COVXTY

p

KAiOr 1KUPIIONK PIUMBC*

cooi:

TtWvUlon Receiver T*u reheard from

OAVK IbbUlD

RCA Vncioi Dualci

bl /d

C^ny. Inc

For Information rerardinf renewal of thia Contract pleaae call the
Tekviuon Shop Hated above(See odMe aide >

____
LOCaiiu*

D**ur

11
Fig. 22-2.

(a) A television owner service contract.
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PROVISIONS OF THE RCA VICTOR TELEVISION OWNER CONTRACT
CAUTIONi The receiver should nal ba enlwsted lee service under ihls centred la onyene whe dees nal
Identity himself ea authorised by lhe RCA Eervice Company, Inc., la carry evl lhaaa previsions.
All representatives al lha RCA Service Company, Inc^ carry such Idonliflcetlon.

1. Antenna and Accessories. The RCA Service Company, Inc.,
will fumish a television antenna, including essential transmission
line, accessories and masts or supports. The antenna will be
erected on rhe premises specified on the face of this contract
for the installation in accordance with srandardized methods. Na
tional Board of Fire Underwriters' Codes, and applicable local
ordinances. Where necessary, the customer shall obtain permission
from the owner of the specified premises for erection of the antenna.
2. Installation of Receiveri The RCA Service Company,
Inc., will assemble, test, adjust, install, and place in proper operating
condition the RCA Victor television receiver to which this contract
relates.

Instruction of Customer: The RCA Service Company,
Inc., wilt instruct the customer with respect to the proper operation
and care of the receiver.

Servicing Under Normal Use. The RCA Service Company,
Inc., will service and maintain the RCA Victor television receiver and
antenna to which this contract relates in normal working order for
the period specified, provided that such service and maintenance are
-e as determined by the RCA Service
necessitated by normal usage
Company. Inc. If materials
als, parts, and tubes (including the
kinescope) fail to give satis,,
isfactory performance in normal usage,
genuine factory replacements will
II be furnished during this period.

5. SERVICE PERSONNEL: All instillation and maintenance service in
connection with this contract will be performed or directed by tele
vision field technicians of the RCA Service Company, Inc.
6. New Television Stations In some cases it may be necessary
to reorient, move, add to or replace any part of the antenna system
as a result of new stations coming on the air, or changes in trans
mitting conditions The RCA Service Company, Inc will then, at
the request of the customer, perform any necessary work at its pre
vailing rates for materials and labor.
7. RECEIVING Range: In certain instances it may not be pos
sible to obtain satisfactory'reception from the television station or
stations which are now in existence or which may hereafter come on
the air, even though such stations may be considered, from a dis
tance standpoint, to be within a normal service range. This is due to
conditions beyond out*control, and no responsibility is assumed for
inability to receive such station or stations.
8. Operation from Centralized Antenna System: In
the event the television receiver to which this contract relates is
operated from a centralized antenna system, the RCA Service Com
pany, Inc., shall not be held responsible under this contract for
either the performance or maintenance of such system or iu asso
ciated distribution elements.
9. Availability of Service: ihe services provided by the RCA
Service Company, Inc., under this contract shall normally be avail
able and rendered during the regular working hours of the customary
work-week.

12. DESIGN CHANGES: This contract provides for the service and
maintenance of the RCA Victor television receiver to which this
contract relates as originally designed and manufactured. No re
sponsibility is assumed for servicing or maintaining portions of the
receiver
uver to which modifications,
modification: alterations or additions are made.
No responsibility is
i> asiumed
assumed for
fu modifying, making additions to, or
modernizing the receiver at the technical art progresses.
13. Property Owner s Assent: The customer agrees to secure
all required authorizations if any contemplated physical changes
such as the relocation of the antenna etc., require the consent
of any other person (as, for example, the owner of the
premises).
..RE, Theft, Etc.: This contract does not cover replacements or
14. FiRi
"pair
repi. necessitated by loss or damage resulting from any cause
beyond the control of RCA Victor or the RCA Service Company,
Inc., including but not limited to loss or damage incurred in transpor
tation of the receiver, or due to fire, storm, lightning, flood, earth
quake, theft or negligence.

15. Interference Effects: The RCA Victor television receiver
to which this contract relates, and its antenna, are designed and
arranged to minimize all controllable forms of interference; however,
liability for ebmination of external interference in the picture or
sound, created by passing automobiles, electncal phenomena, appli
ances, diathermy, aircraft, short-wave and "FM" receivers or trans
mitters, etc., cannot be assumed by RCA Victor nor by RCA Service
Company, Inc.
16. Auxiliary Power Apparatus. The RCA Service Company,
Inc., assumes no liability with respect to the installation, service and
maintenance of motor-generators or other devices required or used
for furnishing power to the receiver, nor to effects on reception pro
duced by or emanating from such power supply.
17. Relocation of Receiver. Thu contract covers only the initial
installation of the receiver, and does not cover subsequent installa
tion resulting from the receiver having been moved to a different
location, or from structural alterations, redecorating, etc. However,
in such event, the RCA Service Company, Inc., will, on request,
fumish the materials and services required at its then prevailing
rates, and subject to the provisions of this contract will continue the
maintenance of the receiver through the linexpired portion of this
contract.

13

SE. ETC.: The obligations of
Unauthorized Repairs, Misusi
the RCA Service Company, Inc-, under
:r this contract shall terminate
if the receiver or antenna has been altered or rep;
Hired by others in a
way that, in the opinion of the RCA Service Company,’, Inc., affects
reliability or detracts from the performance of the receiv
iver; or if the
receiver or antenna has been subjected to misuse througl
gh negligence
or otherwise; or if the receiver has its serial number altei
ered, effaced,
or removed.

19. TRANSFER of CONTRACT: Thia contract IS nor transferable
except with the written consent of the RCA Service Company, Inc.

20. Special Conditions

inly to installa10. Geographical Scope. This contract applies or
tion within the continental limits of the United Stai
itcs, and within
the normal service ranges of transmitters operating in
i the cominerdal channel frequencies covered by the RCA
?A Victor television receiver to which this contract relates.
Changes Made Necessary dy FederalCommunications
Commission REGULATIONS! If circuit or component adjust
ments or alterations become necessary as a result of changes in transnges in or additions to band assignments by
mission standards or chani
work, if technically feasible, will be
the U. S. Government, such
s
performed by the RCA Service
J
Company, Inc , for the customer
imptly as possible at a reasonable charge for
upon request, as proi

labor and materials.

Fig. 22-2.

For Service Under This Contract—Phone RCA Service Com
Inc., at address shown on reverse side of this contract, ot
notify the dealer.
pany,

(b) The specific provisions of the service contract.

(7?CA Service Co Inc.)
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content with an indooi aerial with its limited signal pickup.

Often a.sim
ple single-stage booster added to
the receiver will materially improve
reception.
A booster of the single-tuning
dial type is shown in Fig. 22-3.
The schematic diagram for such a
booster is given in Fig. 22-4. This
circuit has the single 6AK5 and is
necessarily lower in gain than some
tuners having several amplifiers.
However, for many installations a
great
deal of additional amplifica
Fig. 22-3. A single-tube i
r-f television
tion is not needed and the simplic
booster with a simple tuning dial.
——. (Astatic
Corp.)
ity of adjusting the booster is
appreciated
by the customer. The
photograph and diagram of
j
a high-sensitivity booster are given in Figs.
22-5 and 22-6. Reference to the diagram shows that
—
each 6AK5 stage
must be tuned separately, and
a high-low channel switch must be corSgjif

HF
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5jinf

300:

Oufpirf

Tune X_/\

rz fioK

7p|if x-r-»
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Inpuf <3oon

'
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i
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I--Gain control
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l?0v a-cj
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_[20>if
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0.001 J
Fig. 22-4.

A

"A"

"A-

atic diagram of a single-tube r-f television booster.

(Astatic Corp.)

!for bands 2 through 6, or 7 through 13. When this switch is in
the off ]
position, the booster power also goes off, and the r-f signal is fed
directly fr<
rom ic antenna to the input terminals of the receiver.
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When the booster is installed, the technician should take certain pre
cautions and advise the owner with regard to its proper tuning. The
antenna lead-in must be removed
from the receiver and connected to
the input of the booster. The line
between the output of the booster
and the terminals of the r-f tuner
in the set is often recommended to
be exactly 4 ft long. This length
includes the piece of lead-in inside
the cabinet of the set. Often this
piece is 12 to 18 in. in itself. Be
cause it is possible to create feed
back, and hence oscillations, the
input line to the booster should be Fig. 22-5. A high-gain two-stage r-f tele
as far away from the output leads vision booster. (Astatic Corp.)
as possible.
After the set and booster have had time to warm up, the channel
selector switches are set to the desired station and the gain control is

ra-
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OlESS OTKRwiSE INDICATED.
ALL VOLTAPES GIVEN WITH GAIN CONTROL
FULLY AQVANGEO

S3 V

Fro. 22-6.

HEATERS.

A schematic diagram of the r-f booster of Fig. 22-5.

(Astatic Corp.)

brought up. The fine tuning of the set and booster, if it has one, can
then be adjusted for best sound, and the picture will also be properly
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/J.1*
l‘en used with receivers having AGC, the booster controls
s iouc ust be set so that the picture is just barely visible. The receiver
j°H !° s are t uned foi best results, and then t he booster gain is brought up
s ow 3 oi jest picture contrast. Such a procedure requires practice on
the part of the user.
22-13. Rebuilding Receivers for Larger Picture Tubes. There has
een an increasing demand lor television receivers with larger viewing
screens. Although some projection sets lacked picture brightness and
'oie not well leceived, the popularity of the larger direct-viewing tubes
con nines. 1 eople who have 10- and 12-in. sets are good prospects for a
^?r'lce OI^an*za^ion equipped to convert receivers to larger tubes.
n i t ie i octangular cathode-ray tube made its way into the market,
•
conversjon was often impossible unless the chassis was
1Ui| a n in a
cabi^« This usually made the venture uneconomica .
owevei, with the rectangular tube it is possible to convert many
am 12-in. receivers to 14- and 16-in. sets with relatively few physical
and electrical changes.
Necessarily the first consideration is cabinet space. Companies that
manufacture television picture tubes supply all size data on them and
° .en £lve ui^ormation regarding the interchangeability of their tubes
with those of other manufacturers. Size data on the more widely used
u es weie given in Fig. 7-11. Other types not given will be found simiai , ut not identical. Consequently, when a particular tube has been
se ectec , its technical and physical specifications must be checked in
detail.
22-14. Converting a 10-in. Set for a 12J^-in. Tube. From the stand
point of economy, perhaps the simplest conversion is to replace a 10-in.
set with a 12J^-in.
12}^-in. round tube, if the cabinet has enough room. This
change will be immediately appreciated by a customer who has a set with
the smaller tube and rectangular mask. Figure 22-1a shows the com
parison between the 10-in. standard and the 12J^-in. expanded screens.
At this point it would be logical to give thought to having a still larger
screen, a 14-in. rectangular tube, for example. Comparison of the data,
however, will show some interesting facts. Figure 22-7b compares the
size of the 12J^-in. expanded screen with that of the usable area of a
14-in. rectangular tube. The height and width of both pictures are
identical within an average tolerance of
to %2 hi. The only advan
tage of the 14-in. tube lies in giving slightly more picture in the corners.
Actually the increase will be of about 2 per cent in each corner. How
ever, this advantage becomes questionable when it is realized that the
14-in. tube often requires a change in the sweep circuits and that the
deflection yoke must be replaced. Further, in some cases the high-
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voltage power supply must be increased. This is usually true if the new
tube has a filter-glass face, where as much as 30 per cent loss in brilliancy
Anil be experienced. Nevertheless, there are still some cases where chang
ing to the 14-in. tube is necessary because it does take up less room in the
cabinet. In view of these various factors, two representative types of
direct-viewing set conversions Anil be discussed. Both will serve as a
guide to the serviceman, for the principles involved are very similar in all
receivers.
The first type of conversion, and one which is relatively simple, is that
of changing the Admiral set shown in the diagram of Fig. 15-3 from a
10-in. tube to a 12}^-in. tube. Fortunately, in this case the only differ
ence's in the circuit are the tube and the several components in the hori-

—- >>r—-

o
(a)

l\________ /j_i

(b)

Fig. 22-7. (a) An outline drawing showing the comparative sizes of a 10-in. standard
screen and a 12*-f-in. expanded screen.
(b) The comparative size of an expanded screen on a 12j>£-in. tube with that of a 14-in.
rectangular tube.

zontal-SAveep circuit that are identified as one set of values for the 20-A-1
chassis with the 10-in. tube and another set of values for the 20-B-l
having a 12J£-in. tube. These parts are C419, C424, ^442, C423, #444, C426,
and possibly C433, depending upon the 12-in. tube used.
Except for the cathode-ray tube, the cost of the new components needed
for the chassis conversion should not be over a feAAr dollars. The 10BP4
picture tube may be replaced by a 12BP4, a 12LP4, or a 12TP4. Some
brands of 12LP4 tubes do not have an outer graphite coating on the glass
to form the high-voltage filter condenser. In these cases, C433 is required
to take its place. This condenser should have a value of 500 M^f and a
rating of 12,000 volts. The changes made in the sweep circuit provide a
greater horizontal deflection and usually a slightly higher second-anode
voltage. It is recommended that all electrical changes be made first
and the chassis given a thorough test on the air.
Physically, the fundamental change is the mask in front of the picture
tube. This A\ill depend upon the particular cabinet style being con-
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verted. Some cabinets have a large opening and the mask is a colored
plastic sheet with the correct window size for the particular tube used.
An arrangement of this type may be seen in Fig. 15-1. For this con
version, the smaller plastic mask for the 10-in. tube is replaced by the
one shown for an expanded 12^-in. screen. However, when a set has
the cabinet style of that given in Fig. 1-6, it will be necessary to reinsert
the chassis into the cabinet and accurately mark off the area that must
be cut out of the wooden cabinet front for the larger window. The size
of the opening should be obtained from the manufacturer’s tube data. A
paper template may then be drawn to exact size and laid over the front
of the cabinet. The hole can be cut with a relatively fine-tooth keyhole
saw. Care must be taken to avoid chipping the wood veneer on the sur
face. Often the serviceman can purchase the window frames for the
larger pictures directly from the distributor of the set on which he is
working. If they are not available, a wide variety of plastic and metal
masks are on sale at the television-parts supply houses. The technician
should exercise some judgment when selecting the mask to see that he
uses one that matches the styling of the cabinet and gives a pleasant
over-all appearance.
22-15. Converting a 12-in. Set for a 16-in. Tube. A more difficult
and expensive conversion is that of changing a 10- or 12-in. set to a 16-in.
set or larger. Again the first practical consideration is whether or not the
cabinet can accommodate the picture tube. Often a 12-in. set can be
changed to one having a 16-in. rectangular tube. It is interesting to
note that a tube like the 16RP4 will give approximately 136 sq in. of
picture area, compared to 80 sq in. for an expanded screen of a 12LP4,
but because of the shape of the 16RP4, the height of this tube is actually
1 in. less than that of the round tube. This is indeed a welcome fact for
the serviceman who wishes to convert the set to give a 70 per cent larger
picture. A comparison of these screens may be seen in Fig. 22-8.
Unfortunately, however, even with the reduced height of the 16-in.
rectangular tube, its size still makes it a very close fit in many cabinets
designed for 12-in. round tubes. In some cases they cannot be used at all.
An example of an extremely close installation is that of converting the
12-in. Admiral of Fig. 15-1 to take a 16RP4 cathode-ray tube. This can
be done without cutting any part of the cabinet except the picture win
dow, but it is necessary to move several amplifier tubes over on the
chassis. Besides this, the cathode-ray tube itself must be put into the
cabinet and held in place by brackets that the serviceman designs himself.
Then the chassis can be carefully slid in under the tube.
There are a number of electrical changes needed when a 12-in. set is
converted to take a 16-in. rectangular tube. The first consideration is
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the deflecting yoke. Twelve-inch tubes use a yoke designed to give a
sweep angle between 53 and 57 deg horizontally. The 16RP4 and other
similar tubes employ a yoke giving a maximum sweep of 70 deg. The
sweep angles are shown for these tubes in Fig. 7-11. These data also
show that the 12LP4 and 16RP4 are of exactly the same length, but that
the distance from the yoke to the screen is 1 in. greater for the larger tube.
The operating characteristics of the 16RP4 show that the second anode
voltage is approximately 12,000 volts. For the 12LP4 it is only 9,000
volts. While there are some cases where the receiver has enough voltage
for the larger tube, a change is usually required in the power-supply highvoltage transformer. This is also advisable because of the greater deflec
tion signal often obtained with the flyback transformer designed for the
Outside diameter
■' of I2|" lube

Picture*-.,
area of
12" tube
expanded
screen

.

'

i .-Outside
limits
of 16"
rectangular
tube

) |.!r
1 !

/

‘.'f

|<--------------- 142"---------

Fig. 22-8. A comparison of the outside limits of a 12^-in. circular tube with those of a
16-in. rectangular tube.

higher voltage. Other operating characteristics are very similar for the
two tubes.
Reference should again be made to the schematic diagram of Fig. 15-3,
and the high-voltage power supply should be compared to the one shown
in Fig. 22-9. Observe the component-part changes needed for a larger
cathode-ray tube. The major points of difference have been circled.
Besides these are the high-voltage transformer, T<oe, and the horizontal
deflection yoke, 7\04a. In this case the tube is the 16-in. metal type,
16AP4. It cannot be used as a replacement in a cabinet designed to
house the 12LP4. The serviceman will find these modifications almost
the same when using a 16RP4; they, are in addition to the yoke replace
ment not specified in the diagram.
The technician’s chief concerns when changing any 10- or 12-in. circuit
to accomodate tubes 14 and 16 in. or larger are higher anode voltage and
the udder horizontal sweep. The use of the second 1B3/8016 tube of
Fig. 22-9 converts this section into a voltage doubler. As will be recalled
from the discussion of this type of circuit in Sec. 10-15, the autotrans-
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former primary is not as high as for the single tube, and the resultant
final voltage is therefore approximately 12,000 volts. It should be
noted, nevertheless, that most later-model sets having large CRT’s, in
general, use only one high-voltage rectifier tube. This is the result of
newer transformer design and improved high-voltage operating char
acteristics of rectifier tubes.
Whatever parts are needed for a receiver conversion can usually be
obtained through the distributor of the set being changed or from the
factory. The serviceman is advised to study diagrams of models having
nice
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Fig. 22-9. The schematic diagram of a flyback power supply showing the important
changes that are made when converting the circuit of Fig. 15-3 from a set employing a
12^-in. tube to one having a tube of 16 inches or more. {Admiral Corp.)

larger cathode-ray tubes made by the same company. This will give him
many hints and often will provide all the data necessary for the conver
sion. Finally, if there is still any doubt, he should write to the engineer
ing department of the manufacturer of the set on which he is working.
He should describe what he wishes to do and give details on how he
intends to make the changes. Good technical information on conversion
is also available from the makers of television picture tubes. Bear in
mind that unless the conversion is approved by the manufacturer, the
factory warranty is generally invalidated. The person or company mak
ing the changes must, therefore, be responsible directly to the customer
for the work done.
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22-16. Standards for the Field-sequential Color-television System.
Color television is slowly developing over a long and difficult path beset
with many problems for the engineer, the serviceman, and the general
public. Several color systems have been proposed and demonstrated.
Each has its advantages and disadvantages. A few commercial color
television stations have been permitted by the FCC to broadcast pictures
by the method introduced by the Columbia Broadcasting System (CBS).
As a result of these telecasts, some receivers are available that have been
designed or converted to receive both black-and-white and color pictures.
Various competing methods of color-picture transmission may in the
course of time operate simultaneously with or bring about revisions in
the method employed by the first commercial color stations.
In addition to the demand for standard home receivers, there is a grow
ing demand for and use of television in industry and medical research.
Transmitting and receiving equipment is being installed in large manu
facturing plants to enable workers and managers to have close-up views
of dangerous operations or to observe the functions in a number of depart
ments from a common vantage point. Hospitals and medical schools find
the medium of television well suited to mass demonstrations of operations
which heretofore were limited to smaller audiences. Pictures of this type
are not broadcast on the air for the general public. The cameras are
directly connected by cable to one or more receivers. This system is
known as closed-circuit transmission. Color television has been found
particularly valuable for many of these industrial and medical installations.
Color transmission by the CBS method is known as the field-sequential
system. This means that the three colors, red, blue, and green which
create the final polychromatic picture are transmitted in sequence and
are changed upon the completion of each field. In contrast, other meth
ods change colors at the end of each scanned line, or cause the colors to be
received as a series of consecutively transmitted dots or picture elements.
Since the serviceman will be called upon to repair some of the receivers
which have been designed for black-and-white and color reception or have
been converted from standard black-and-white sets, their fundamental
principles arc presented in the following sections. These receivers will
be found predominantly in areas where some commercial color trans
mission has taken place.
The development of a color picture by the field-sequential method is
brought about by the use of a set of rotating color filters in the form of
either a disc or a drum placed in front of the cathode-ray tube in the
receiver. The picture is viewed through these filters, which are rotated
at a speed sufficiently high to blend the colors into a complete poly
chromatic scene. Simultaneously at the transmitter the same type of
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color filter is being used in front of the camera pickup tube. Because of
bandwidth considerations and other engineering factors, neither the line
count nor the field frequencies of this system are compatible with blackand-white. In spite of these differences, the FCC did set some tentative
standards for color television by this method. These standards may also
be used for color reception on receivers having three individual cathode
ray tubes each with a separate screen color, red, blue, and green, or with
the more recent tricolor picture tubes. Monochrome receivers that
have not been made interchangeable at the factory require some cir
cuit conversion. Here too, manufacturers have cooperated with the
servicemen in making available technical data on the necessary changes.
Conversion outlet plugs will be found on the back of the chassis of some
models.
Stations transmitting commercial color programs operate on the same
channels as those allocated to black-and-white pictures and have the
same video and audio carrier frequencies. Hence, no alterations are
made in either the r-f or i-f sections of the television receiver. But since
the picture standards for field-sequential color broadcasting are a great
deal different from those used for monochrome, the serviceman will find
the following information helpful when working on converted receivers.
The data given in Table 22-1 compare the figures of black-and-white with
those of the field-sequential color system.
Table 22-1.

Comparative Data for Black-and-white
Color Television

and

Field-sequential

FieldStandard
sequential
monochrome
color
Total number of lines per picture...................
Number of complete pictures per second
Fields per complete picture
Horizontal deflection frequency, cycles per sec
Vertical deflection frequency, cycles per sec. . .

525
30
2
15,750
60

405
24
6
29,160
144

22-17. Factors Involved in Receivers Converted for Field-sequential
Color Reception. The last two sets of figures in the table are of particular
importance when a converted black-and-white receiver is being serviced.
Note that the deflection frequencies for both the horizontal- and the ver
tical-sweep circuits are increased considerably. In some of the earlier
models that do not employ AFC horizontal-synchronizing systems, the
circuit changes are relatively minor. Sets having syncrolock or other
types of automatic-hold circuits are more elaborate in sweep-circuit
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redesign. Receivers that have had their sweep frequencies changed to
give 405-line pictures at 24 frames per second pick up stations broad
casting field-sequential color pictures. They lock-in in the same manner
as they do for monochrome transmissions, but the resulting pictures
from the color stations are black-and-white.
/It this point the set has been adapted for this color system but not
converted. To produce the color picture the rotating filter is used in front
of the cathode-ray tube. When this disc revolves at the correct speed,
the three transparent color filters of red, blue and green are placed one
after the other between the tube and the viewer. The scanning disc
usually has two complete sets of these colors, making six filters in all.
This has the advantage of enabling the disc to rotate at one-half the speed

(b)
Fig. 22-10. Outline drawings of a six-filter color disc and color drum as are used with
smaller and larger cathode-ray tubes for color television reception.

required for only three filters. For the six-filter wheel, the speed is
1,440 rpm.
Because of the limitations imposed by the size of the color-filter wheel,
it was found impractical for home and industrial receivers to have a color
picture larger than 12}^ in. wide. Of necessity, the color disc for these
sets is already a minimum of 25 in. in diameter. Larger color-television
receivers designed for the field-sequential system either reduce the size
of the raster or employ a color-filter drum which rotates around the entire
tube. The diameter of the drum is a little larger than the length of the
tube, and each filter is slightly wider than the screen. Outline drawings
of a six-filter color wheel and color drum are shown in Figs. 22-10a and 6,
respectively. In some cases the drum is arranged with four sets of three
filters each, a total of twelve. Under these conditions the rotational
speed of the drum is reduced to 720 rpm, half the speed of the six-filter
type.
The use of the drum makes it possible to employ picture screens up to
20 in. or more in diameter. However, receivers having 7-, 10-, and
12^-in. tubes were found best suited for conversion for this type of color

I
532

PRINCIPLES OF TELEVISION SERVICING

[Sec. 22-18

reception. Figure 22-11 shows a standard 10-in. receiver to which the
color disc and motor assembly are being attached. A grooved track is
arranged across the bottom of the set so that the converter can be slid
into position for color and moved off to one side during black-and-white
reception. In its simplest form, the rotational speed of the filter is main
tained constant by using a synchronous motor running on the 60-cycle
power line. The transmitter and receiver color discs are, therefore, held
in step as long as both are operated on the same power system. These

Fig. 22-11. A color disc and motor assembly being placed in front of a standard 10-inch
black-and-white television receiver that has been converted for color reception. (Columbia
Broadcasting System.)

conditions are readily obtainable in most of the medical and industrial
closed-circuit systems. In areas where receivers are not operated on
common electric power lines, special synchronizing pulses for the color
disc have to be sent from the transmitter.
Not only is it important to maintain correct speed of the disc, but it is
also necessary for the transmitted and received colors to be identical at
all times. This is known as proper phasing. If red is being transmitted
and green received, the result is a false reception of the scene. The error
is indicated by incorrect tones of the human skin or other readily recog
nized objects. To correct this, the viewer presses a button on the motor
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assembly once or twice and the phase of the disc is shifted with respect to
that at the transmitter. Once adjusted, it should continue in phase and
synchronism throughout the entire time the set is operating. When the
receiver is switched to another station also broadcasting a color program
in the same system, it is usually necessary to rephase the disc. This
must also be done each time the set is turned on. In a few cases auto
matic phasing circuits have been designed for positioning the color wheel
correctly.
The reader should observe that the major electrical changes in a
receiver converted for the field-sequential color system are in the hori
zontal- and vertical-sweep oscillators. Sets of this type commonly have
a single switch control provided for the user to change the circuit oper
ation back to the black-and-white standards.
22-18. Non-AFC-sync Receivers Converted for Field-sequential Color
Reception. Most 7-in. and some 10- and 12-in. sets will be found with
multivibrator or blocking oscillators in both the horizontal- and vertical
sweep circuits. It will be recalled from an earlier chapter that their
frequencies are directly dependent upon the charging or discharging of a
condenser through a resistor. Since the frequencies for both H and V are
greater for this type of color reception, it follows that these resistors or
condensers or both are smaller. In general, only the resistors are altered.
Changing the size of the condensers is done only where it is found that the
use of lower value resistors alone causes nonlinearity in the sweeps. Not
only are the sweep frequencies changed, but the sweep amplitudes are
often increased. Expanding the height and width of the beam deflection
is, of course, done by changing the size-control circuits.
A typical receiver having multivibrator horizontal- and vertical-sweep
circuits is the National set whose circuits were originally given in Fig.
8-13. Both oscillators are essentially the same in design, except for the
component values needed to produce 15,750 and 60 cycles. Figure 22-12
shows the diagram of the horizontal multivibrator of this receiver with
the additional parts needed to operate the set for either field-sequential
color or standard black-and-white. Note that duplicate hold and size
controls and their corresponding fixed limiting resistors have been added.
A suitable ganged switch is provided to change from bw (black-and-white)
to c (color). The values of fixed resistors Ri and R2 are not critical since
considerable latitude is offered by the added hold and size controls.
Changes in the vertical multivibrator were made in exactly the same
manner, and the switch in this section is ganged with the one used in the
horizontal oscillator. This is desirable because it reduces the problem
down to one control when the set is changed from black-and-white to
color.
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Representative of receivers having blocking oscillators in the horizontal
and vertical sweeps is the Philco circuit of Fig. 22-13. Here the vertical
sweep oscillator circuit is shown; when compared with that of Fig. 22-12,
the necessary component changes will be found almost the same. A brief
study of the circuit will enable the reader easily to service color-converted
receivers of this type.
| Sync
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Fig. 22-12. A schematic diagram of the horizontal multivibrator sweep circuit originally
given in Fig. S-13 showing the additional components used to adapt this circuit for blackand-white and field-sequential color. The vertical sweep circuit has the same changes
except for values.
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Fig. 22-13. A diagram of a simple blocking oscillator vertical sweep circuit adapted for
reception of either black-and-white or field-sequential color pictures.

22-19. An AFC-sync Receiver Converted for Field-sequential Color
Reception. Some larger television sets converted to the field-sequential
color standards have major circuit changes and a number of additional
components. Often these changes have been made by parts supplied in
kit form by the manufacturer of the converted receiver. Typical of the
adapter-converter installations with which the serviceman will come in
contact is the Admiral circuit shown in Fig. 22-14. Although this
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particular receiver is not identical with the schematic of Fig. 15-3, the
reader is advised to compare it with the circuit changes in Fig. 22-14.
It will be noted that the converted set is provided with a four-gang
three-position rotary-deck switch. As shown in the figure, the switches
are set for standard black-and-white reception. When rotated in the
direction shown by the arrows, the vertical- and horizontal-sweep
oscillators are changed to conform with the field-sequential color stand
ards. Observe that the deck switch SHZU in the upper portion of the
diagram simultaneously switches in a new height control R3, a new
vertical-hold-control circuit Ri and /?2, and a vertical-linearity circuit
and 7?5. At the same time changes are made in the horizontal-sweep
system by the three lower deck switches. In this adapter-converter
circuit the manufacturer has made provisions for two types of reception
from a field-sequential color transmitter. The first position is designed
for use where the viewer does not have a color wheel but merely wishes to
see a color picture in black-and-white. Under these conditions the size of
the received image is only slightly smaller than for viewing a standard
black-and-white station. If a color disc is attached to the set the owner
rotates the switch to the third position. When this is done, the raster is
decreased to approximately one-half the size of the black-and-white image.
This eliminates the need of an excessively large color wheel. The three
positions of the change-over switch are identified as “Standard Black-andwhite,’’ “Black-and-white from Color,” and “Color.” If the owner does
not have a color wheel, he would use positions 1 and 2, and if he does have
one, he would use positions 1 and 3.
Converted black-and-white receivers can normally be recognized by
the additional controls which are usually located on the rear of the chassis
or cabinet. For standard black-and-white reception, the pre-set adjust
ments are usually the same as for nonconverted sets. For pictures in
black-and-white from a color station, the special height, width, hold,
drive, and linearity controls are adjusted to provide approximately the
same size raster. When receiving color signals with the disc, these addi
tional controls are set to make the raster the proper size for the mask on
the color wheel.
22-20. Ultrahigh-frequency Television Reception. Considerable prog
ress has been made in extending television reception into the ultrahighfrequency band. It will be recalled from Table 3-1 that television
channels 14 through 83 extend from 470 to 890 Me. Sets that are
designed to receive signals in the twelve VHF channels can be used for
viewing UHF stations in areas where they exist by making one of several
changes or additions.
There are available several types of UHF converter units designed to
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cover the ultrahigh-frequency channels. These units are added to the
VHF receiver. Figure 22-15 shows a UHF converter, known as the
Ullraluner, which was designed by Crosley for use with their set. This
receiver is equipped with an Inputuner to cover the VHF channels.
When stations in the UHF band are to be received, the Inputuner is set
to a marked position on the tuning dial above channel 6 and below channel 7. As was seen in Table 13-5, this frequency is between 122 and 132
Me. The basic principle of receiving signals from UHF stations by

Fig. 22-15. A UHF television converter shown in use with a standard VHF receiver.
(Croslcy Div.—AVCO Mfg. Corp.)

means of a converter is to heterodyne the signal with a UHF oscillator
in the converter and produce a beat frequency which is in the r-f range
of the VHF set. This can be more fully understood by studying the
schematic diagram of the Ultratuner in Fig. 22-16.
The television signal is fed from the UHF antenna directly into the
preselector circuits of the converter unit. Tuning of this section is
accomplished by a UHF Inductuner composed of three resonant lines.
Each of these lines has a trimmer adjustment in the form of a condenser
or coil which makes it possible to align it for proper tracking. The tuning
itself is done by shorting bars that slide over the resonant lines as the
dial is turned. The frequency of the 6AF4 oscillator is below the incom
ing signals at all times by an amount equal to the IF of the converter.
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In this case it is 127 Me, the center of the IF being used. The hetero
dyned signal is detected by a crystal mixer and the IF is amplified through
a 6BQ7 tube, the sections of which are connected as a Cascode i-f ampli
fier. This type of circuit or slight variations of it are common as UHF
intermediate-frequency amplifiers because of their relatively low noise
factor.
Connecting the Ultratuner to a VHF receiver is no more difficult than
a regular r-f booster. The diagram shows three antenna terminal strips
which are located on the back of the converter. Both the UHF and VHF
antennas are connected directly to this unit and the output is fed to the
antenna terminals of the receiver. There are three positions on the con
trol switch. When turned off both the converter and the television set
are inoperative. The VHF position causes only the receiver to function
in its usual manner. When the switch is in the UHF position, the con
verter is put in operation for receiving the UHF stations.
Ultrahigh-frequency converters are also available for use with VHF
receivers that do not have continuously variable front ends and thus can
not be set at the 122-132 Me position. For sets of this type, the con
verter is designed to heterodyne the UHF stations down to an unused
channel in the VHF group. Some are tuned to channels 12 or 13 while
others tune to channels 5 or 6. These values are also given in Table 13-5.
Receivers equipped with the standard twelve-channel turret tuner
shown in Fig. 5-12 can be adapted directly for UHF reception by the
interchange of coil strips within the tuner. These strips are available
from the manufacturer and are pretuned to the specific UHF channels
desired. Reference to the diagram of Fig. 22-17 will show how the two
UHF coil strips for a given channel replace those for a VHF channel.
This diagram should be compared with the circuit of Fig. 5-13. Observe
here that coils Li, L2, and L3 comprise the r-f preselector, and a crystal
mixer is incorporated directly on the coil strip to produce a VHF signal
that can be amplified by the 6AG5 r-f stage. Changing of these coil
strips is done in a few minutes by removing one or more sets of unused
VHF coils and inserting the sets designed to cover the particular UHF
channels in the area.
When a receiver is adapted for UHF reception, it is usually necessary
to provide a separate dipole antenna for these channels. Where this is
done, and if VHF stations are also operating in the vicinity, it may be
advisable to have separate lead-ins. The two antennas may then be
connected to their respective places on the converter as mentioned above.
However, if the receiver has a turret tuner in which the channel coil
strips have been inserted for some UHF stations, a double pole double
throw change-over switch can be mounted on the back of the receiver at
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the point where the transmission lines connect to the antenna terminal
strip of the set.
Because of the extreme quasi-optical properties of UHF signals, considerable difficulty is often experienced with shadows and dead spots on
some of these channels. Accordingly, servicemen may have some
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trouble in obtaining the best location for the UHF antenna. It may or
may not be possible to use the same mast on which the VIIF antenna is
mounted. However, before going to the expense of an additional
installation, the VHF antenna mast should be tried and the UHF antenna
rotated through a wide angle in an effort to obtain good reception.
22-21. In Conclusion. The serviceman must realize that there is
much more to the television business than just building it up. He must
develop with it or he will ultimately decline. He must progress—both in
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his technical and his business ability. Each year sees changes in tele
vision receivers. Often they arc slight, but taken collectively throughout
the industry, the accumulated data mount up. The technician’s study
is far from ended when he completes his course. In many ways it has just
begun as he makes his way into the field. It is vital that he keep himself
abreast of the new developments and the changing ways of the business
world. He must read new books and subscribe to technical magazines
in television. This is also true for proper maintenance of the business.
A good publication or trade journal on merchandising will prove very
beneficial.
Finally, there is the important problem of maintaining contact with
other television men and their activities in the field. Every large city
has at least one trade organization or servicemen’s association. The
aim of such an organization is to establish ethical codes of operation, to
assist the members by the interchange of ideas, and, in general, to develop
a higher standing for the members in the community. The technician is
advised to consider joining a reputable organization as a means toward
furthering his own interests.
If he remains technically informed and alert, if he conducts his affairs
prudently and with foresight, the television serviceman and his business
will prosper.

REVIEW QUESTIONS
1. List some of the important facts that must be considered when entering the
television servicing business.
2. What business information should be obtained from the local, county, and tax
authorities?
3. What is a ground plane and how is it made?
4. Discuss the fundamental problems of advertising a new servicing business.
5. What activities are carried on in the engineering department of a servicing shop?
6. What are the major provisions of a television-owner service contract?
7. Under what circumstances might it be advisable to use an r-f booster?
8. What can be done to avoid feedback when an r-f booster is installed?
9. Describe the method of tuning an r-f booster and television receiver having
AGC.
10. Why is it often simpler to replace a 10-in. tube with a 12-in. circular tube rather
than a 14-in. rectangular one?
11. What are the electrical considerations involved in converting a 12^-in. round
tube receiver to a 16-in. rectangular tube?
12. What arc the basic changes needed to adapt a black-and-white receiver for fieldsequential color reception?
13. Describe a filter wheel used for color television.
14. Why is it impractical to employ color-filter wheels with receivers having 19- or
24-in. tubes?
15. What effect would be obtained by having the receiving color filter out of phase
with the one at the transmitter?
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16. What is normally required to change the frequency of a horizontal or vertical
multivibrator or blocking-oscillator circuit for color reception?
17. What type of color filter is used with large-tube receivers?
18. What method may be employed to receive a UHF television station on a set
designed only for the VHF band1?
19. Mow can UHF stations be received on a set having a Standard turret tuner?
20. Discuss the critical antenna placement problem in the UHF band.

I
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APPENDIX 1
COLOR CODE FOR FIXED RESISTORS
Types of Resistors

i
Body color
{'(Isf digit)

B

End color
(2d digit)

Dot color
(Multiplier)

-<-))) /) I
I st /

digit

2d

>

'Multiplier

digit

(b)

(a)

I > IO=
1st'
digit

I st/*

Multiplier

2d'
digit

digit

2d'

‘Multiplier Tolerance

digit

(d)

(C)

Color-code Values
Color

Black..........
Brown.........
Red..............
Orange
Yellow........
Green..........
Blue
Violet..........
Gray............
White..........
Gold............
Silver
None

Example 1.

(Type A).

1st

2d I

I digit digit
0
1
2
3
4
5
6

0
1
2
3
4
5
6

8
9

8
9

Multiplier

(zeros to be added)

Tolerance,
per cent

0
00
000
0,000
00,000
000,000
0,000,000

± 5
±10
±20
Body: green.

End: orange.

Dot: red.

Value of resistor: 5-3-00 or 5,300 ohms

Example 2. (Type D). 1st band: blue. 2d band: gray. 3d band: yellow.
band: silver.
Value of resistor: 080,000 ohms ± 10 per cent
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APPENDIX 2
CHART FOR DETERMINING THE VALUE OF TWO RESISTORS
CONNECTED IN PARALLEL
100-x

7-100

1-50

/95
9o\
85\
8o\-

90

--45

^total

I

-40

80

x75

/75
/ 70

-■^5

/65

Zeo

--30

35

Z50 ^2
/45

--25

40 V
35\
3o\
25\
2o\

Z40

-^o
‘x

Z15

--I5

/25 \

Zzo

--I0

Zl5

I5\
10

10

--5

5

5

(Courtesy RCA tube dept.)

0
Example 1. What is the total value of resistance when 70 ohms are paralleled with
30 ohms?
Solution. Set the edge of a ruler at 70 on the diagonal scale Rif and lay it across the
chart so that it crosses 30 on the diagonal scale R2.
Ans.: 21 ohms, found on 7?loUi scale where ruler crosses,
Note: To increase the range of the scales, multiply all numbers by 10, 100, 1,000,
etc., as needed. This is shown in Example 2.
Example 2. If a 600-ohm resistor is available and is to be paralleled with some
other value to make up a total of 350 ohms, what must be the value of the other
resistor?
Solution. Place ruler on Rx at 60 X 10 (GOO) and lay it across the chart so that
Answer is on R2 which is 85 X 10 or 850 ohms.
“total is crossed at 35 X 10 (350).
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APPENDIX 3

COLOR CODE FOR FIXED MICA CONDENSERS
Types of Condensers
Digit,

^Multiplier

/I d b b

5”

Q

_ f i® 6 4>_ I

Digit..

Specification

> =__
Quality

( a)

Tolerance

Multiplier

Specification

Multiplier

Digit

;

/

Djgit

/ [o 6 6>

V-i- -L—v

Tolerance

Quality

Tolerance

Multiplier

/

Voltage

(d)

(b)

Tolerance

(e)

/

6 <p> _

»

I

Multiplier

(c)

V

Multiplier

Tolerance

(f)
Color-code Values
(Capacity in Micromicrofarads)

r

2d | 3d I
Multiplier
Tolerance,
Qual
1st
digit ! digit digit ' (zeros to be added) per cent Voltage
ity

Dot color

Black.....................
Brown...................
Red........................
Orange................ '.
Yellow...................
Green.....................
Blue.......................
Violet....................
Gray......................
White....................
Gold.......................
Silver.....................
None or black. . .

0
1
2
3
4
5
6
7
8
9

0
1
2
3
4
5
6

8
9

0
1
2
3

4
5
6
7
8
9

0
00
000
E
0.000
00,000
000.000
0,000,000
00,000,000
000,000.000
Multiply by 0.1
Multiply by 0 01

± 1
± 2
± 3
± 4
± 5
± 6
± 7
± 8
± 9
± 5
±10
±20

Note: When specification dot is white, it indicates RTMA standard.
cation dot is black, it indicates JAN standard.
I

100
200
300
400
500
600
700
800
900
1 .000
2,000
500

A
B
C
D
D

I

J

When specifi

Example 1. Type A. 1st digit dot: red. 2d digit dot: green. Multiplier: brown.
Condenser value: 250^/zf
Example 2. Type F. 1st digit: brown. 2d digit: red. 3d digit: green. Multiplier:
brown. Tolerance: Silver. Voltage: Blue.
Condenser value = 1,250/tAif ± 10 per cent, GOO volts.
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APPENDIX 4

COLOR CODE FOR CERAMIC CONDENSERS
Types of Condensers
Temp

Multiplier

n

Digit-.
Temp..J

=01 m
Multiplier-''

n Digit

Temp

coeff5lgit

^Tolerance

Multiplier-''

coeff

Tolerance

V—V

||

1

| Tolerance

Multiplier

Digit-.-.
fo Z. o'

=(gi S==
[lOODODOODl

Multiplier'

Tolerance

Temp coeff

Tolerance (Side view)

Color-code Values
(Capacity in Micromicrofarads. Temperature Coefficient in Parts per Million)

Color

Temperature
2d 1
Multiplier
coefficient,
1st
ppm per
digit digit I (zeros to be added)
centigrade deg

Black . .
Brown. .
Red.........
Orange. .
Yellow.. .
Green. . .
Blue........

0
- 30
- 80
-150
-220
-330
-470

Violet. . .
Gray. . . .
White. . .

-750

+ 30
+ 500

0
1
2
3
4
5
6

0
1
2
3
4
5
6

8
9

7
8
9

0
00
000
0,000

Multiply by 0.01
Multiply by 0. I

54G

Tolerance
10 pfii or
less, /z/Lif

Tolerance
above
10 /z/xf,
per cent

±2
±0 1

± 20

±0.5

± 5
+ 100
- 0

±0 25
±1

± 1
± 2
± 2H

± io

1

APPENDIX 5

COLOR CODE FOR MOULDED-PAPER CONDENSERS
Types of Condensers
Digits..

Multiplier

Voltage
rating

Tolerance'

D i g i t-vs

r

''"Indicates lead connected'''
/
to outside foil
Tolerance

Voltage
rating

Voltage rating

0J =©=©>
&

r~—

DigitJ

/ Tolerancei
Multiplier

Arrow points to
lead connected to
outside foil

Color-code Values
(Capacity in Micromicrofarads)
Color

Black.
Brown
Red. .
Orange
Yellow .
Green...
Blue.
Violet. .
Gray. . .
White..
Gold..
Silver. ..
None. .

2d
1st
digit digit

0
2
3
4
5
6
7
8
9

0
1
2
3
4
5
6
8
9

Tolerance,
Multiplier
(zeros to be added) per cent

±20
0
00
000
0,000

± 5

±10
± 5
±10
±20

Note: Voltage rating is determined in hundreds of volts by using the numbers in
the digit column. Only one band is found on condensers rated at less than 1,000 volts.
Two bands arc on condensers rated over 1,000 volts.
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APPENDIX 6

RTMA COLOR CODE FOR TRANSFORMER LEADS
Power Transformer

o
o

Red

High

Red-yellow

O

<o
Block

SECONDARY

Black

To
plate

Red

Yellow
Ye I low-blue

PRIMARY

Push-Pull Audio
Output Transformer

voltage

Yellow
Green ,,'
•Green-yellow

To
rectifier
filament or
heater

5+
To .
plate

Heater
winding

Blue
or
brown

Green

Ip

Red

Block

voice
coil

Blue

Green
Q
Brown
Q~prown-yeltow
Brown
(
Grey^ x
I (j^Grey-yellow

Grey

Heater
winding
2.
Heater
winding
3.

Audio, Blocking Oscillator
Sweep Output Transformer

Radio IF Transformer

To
plate

5 4-

Blue

Red

or

To grid
Green
or diode
i III(
<z>
Illi
Uli o Green-black
Hi § (if used)
JII
• in O Black
Grid or
'hi
diode return
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To
plate

Green

Blue

Red

o
o<
o
o

To
grid

Black or
yellow^ Grid
return

APPENDIX 7
COMMON SIZES AND USES OF NUMBERED DRILLS
FOR TELEVISION SERVICING

Drill No.

Diameter,
in.
250
204
201
193
191

10
11

0
0
0
0
0

18
20
21
24
25

0.169
0 161
0 159
0.152
0 149

28
29
33
34
35

0 140
0 136
0 113
0.111
0. 1 10

41
42

0.096
0 093

%
6

Tapping metal
for screw

Tapping Bakelite
Clear screw
and plastics
size
for screw

K-20

Ii-20
M-20

10-32
10-24
8-32
10-32

10-32
10-24
10-24
8-32

6-32

8-32
4-36
6-32

6-32

4-36
4-36
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APPENDIX 8

GRAPH FOR DETERMINING DECIBELS
FROM VOLTAGE OR POWER RATIOS
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Example 1. An incoming television signal is 3,000 microvolts when measured at
Wk antearia aad 15 f°und to be 2,000 microvolts at the lead-in terminals of the receiver.
'' hat is the db loss over the line?
vah^U% nnnU SC .read,ngs werc taken as voltages, hence, Et (always the larger
3 000/9nnn’02°iaKn<
(always thc smaller value) is 2,000. The ratio E2/E, is
’ ..
<«,!"?' ^ow tind this number on the horizontal scale, follow it up to thc
dmgpnal line Voltage” and the answer is 3.5 db on the vertical scale.
;nj;°^Ee f. °Ve exa,nP^e shows a db loss because the conditions of the problem
whon^k
W vo*tage decreased. The same graph may be used to find db gain
T
... e vo a8e or power in thc problem increases. This is shown in Example 2.
i
n** case’ lowever» to find the ratio E2/E2, the larger number is always placed
above the smaller number.
Example 2.
e strength meter was used to measure a television signal in the
fringe area.
irst a simple dipole was used and a reading of 140 microvolts was
obtained.
S a<QKn antcnna array was then employed and the reading on the
same station "as 50 microVolts. What is the db gain of the stacked array over the
simple dipole?
Solution. Eit the larger value, is 350 and E, is 140. Their ratio is 350/140 or 2.5.
From the graph, the Voltage line at 2.5 gives 8 db as the gain.
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MOTION PICTURES
The motion pictures listed below can be used to supplement the sub
ject matter of this book, and particularly to furnish visual explanations
of the background and theory underlying television and the operation of
transmitters and receivers. It is recommended, of course, that a film
selected from this list be reviewed before it is used in order to determine
its suitability for a particular class or group.
Following the title of each film is the name of the producer; and, if the
distributor is different from the producer, the name of the distributor.
The abbreviations used for these names are identified in the directory of
producers and distributors at the end of the bibliography. All the films
are 16-mm sound films.

Basic Electronics (MP; USAF/UWF; 17 min). Explains atoms and
elections, the vacuum tube, cathode, rectifier tube, amplifier tube, grid,
and bridge circuits. Disney animation.
Basic Principles of Frequency Modulation (MP; USA/UWF; 31 min).
Describes the principles, uses, advantages and disadvantages of “FM”
in radio communication.
The Cathode Ray Tube: How It Works (MP; USN/UWF; 15 min).
Demonstrates the construction and function of various parts of the
cathode ray tube. Explains electrostatic and electromagnetic deflection
and how varied currents affect the position of the spot of light on the
scope.
The Diode: Principles and Applications (MP; USOE/UWF; 17 min).
Principles of electron flow across a gap; basic features of the diode tube;
control of electron flow in the tube; photoelectric cells; X-ray tubes; and
the diode as a rectifier.
The Electron: An Introduction (MP; USOE/UWF; 16 min). Nature
of electrons; electron flow in solid conductors; electromotive force; types
and control of electron flow; electron flow and magnetic fields; and
induced electron flow.
Introduction to Optics (MP; USN/UWF; 17 min). Uses animation and
practical examples to illustrate the principles of light waves and rays;
how light is refracted and reflected; and image formation in relation to
concave and convex lenses. Studies these principles as applied to optical
instruments.
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Magic in the Air (MP; GM; 10 min). Animated diagrams show the
basic principles of television; scenes of the television studios at Radio
City and of the construction of a transmitting tube and receiver. Gen
eral background information film.
Naturally IPs FM (GE; 17 min). Explains the differences between
AM and FM radio broadcasting and the advantages of FM.
Procedure of TV Alignment (MP; Libra Film; 18 min). Demonstrates
the alignment of television utilizing various pieces of standard testing
equipment as recommended by the manufacturer. Training film for
television servicemen produced by Tech-Vision Productions.
Radio and Television (MP; VGF; 11 min). Describes jobs and oppor
tunities in the radio and television industries, and the qualifications and
training needed for such jobs.
Sightseeing at Home (GE; 15 min). The story of television. Describes
the processes involved from the time the camera records the action to the
time it is on the television screen.
Stepping Along with Television (MP; AT&T; 11 min). Explainshow
a musical ballet television program in a New York City studio is sent via
coaxial cables and relay facilities to a residence in Waukesha, Wise.
Emphasizes the role of the Bell System in television transmission.
General background information film.
Vacuum Tubes: Electron Theory and the Diode Tube (MP; USAF/UWF;
16 min). Explains electron behavior in matter, electron sources in
vacuum tubes, symbols of tubes, functioning of tube in a circuit, effect of
plate voltage changes, space charge, and diode and duo-diode as rectifiers.

Sources of Motion Pictures
AT&T. American Telephone & Telegraph Co., Information Dept., Film
& Display Division, 195 Broadway, New York 7, N.Y.
GE. General Electric Co., 1 River Road, Schenectady, N.Y.
GM. General Motors Corp., Photographic Dept., 485 W. Milwaukee,
Detroit 2, Mich.
Libra Film. Libra Film Distributors and Producers, P.O. Box 1104,
Hollywood 28, Calif.
USA. U.S. Department of the Army, Washington 25, D.C.
USAF. U.S. Department of the Air Force, Washington 25, D.C.
USN. U.S. Department of the Navy, Washington 25, D.C.
USOE. U.S. Office of Education, Washington 25, D.C.
UWF. United World Films, Inc., 1445 Park Ave., New York 29, N.Y.
VGF. Vocational Guidance Films, 215 East 3rd St., Des Moines 9, Iowa.

INDEX
A
Antenna, indoor, 391-393
multielement reflector system for, 391
AFC in eight-channel turret tuner, 76
multiple outlets for, 420-425
AFC-sync circuit (see Sweep circuit)
orienting, 416-418
AGC (see Automatic gain control)
reducing interference between two,
Alignment generator, matching’ to bal
438-440
anced r-f input, 317-318
rhombic, 389-391
phasing control on, 285, 495
rotating motor for, 418-419
principles of operation, 491-495
stacked arrays, 386-391
for television alignment, 261-262
tower, 420-421
(See also Test equipment)
trouble-shooting hint for, 413
Amplifier, AGC, 123, 127
for UHF reception, 539-540
i-f, cascode, 539
Yagi, 386-387
(See also I-f stages)
Antenna installation, 400-413
r-f, in 8-channel turret, 75-76
in attic, 405
grounded-grid, in Inputuncr, 84-85
preinstallation survey for, 403-404
in 12-point tuner, 78
suburban home, 410-413
in 9-point tuner, 78-79
tools for, 401-402
push-pull in balanced-line tuner,
types of ladders for, 400-401
70-72
wall
and roof mountings for, 409-410
in single-ended tuner, 68-70
on window, 405-406
stagger tuning, 79-80
Aspect ratio, of circular screen, 10-11, 57
12-channel Standard turret, 81-82
adjusting pattern on, 63-64
sweep, push-pull, 174
standard, 25, 56-57
sync, phase inverter, 168, 191
Association, servicemen’s, 541
video, cathode-follower, 117
Attenuation network, 274
defective tube in, 127
Audio i-f stages, defects in, 278
design factors, 111-112
independent, 258-260
two-stage direct-coupled, 103-105
intercarrier, sweep aligning, 273-274
types of, 103
over-all alignment, 267-270
voltage gain of, 110—111
sweep aligning, 266-267
AM radio in combination set, aligning,
(See also I-f stages)
335-336, 349
Aural transmitter, location of, in channel,
defects in, 352
32
Antenna, built-in, 393-396
Automatic gain control, 38, 112-113
aligning 1’hilco type, 394-395
adjusting, 123-125
limitations of, 395-396
defective, 128
checking the system, 450-451
detector combined with, 125
conical, 388-389
detector for, 117
determining height of, 419-420
keyed,
120, 125-127
dipole, 379-386
simple systems, 119-125
bidirectional property of, 381-382
change of field pattern in, 384-385
B
changing characteristics of, 383-384
correct length of, 380-381
Ballast tube, 220-221
Blocking oscillator, double-triode, 176-177
reflectors and directors for, 385- 387
single-tube, 174-176
double-fan, 388-389
field pattern of (see Field pattern)
Booster, 124
folded dipole, advantages of, 382
installation of, 519, 522 524
Bootstrap circuit, 203
limitations of, 382-384
553
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Bootstrap circuit, defective, 204
Building construction, roofs, 408-409
walls, 406-409
Business (sec Servicing business)
Buzz modulation, 271, 274

C

Camera tubes, types of, 17
Carrier, audio, 25
bandwidth of AM, FM, video, 2
FM, 2, 20-21
picture, frequencies for VHF channels,
66
sound, frequencies for VHF channels,
66
video, 2, 20-21
Cascode amplifier, 539
Cathode-ray tube, automatic bias for, 131
defective, 157
deflection, types of, 5
electrom agnetic foeus-electromagnetic
deflection, 150-151
operating characteristics of, 150
electron gun in, 18-19
electrostatic focus-electromagnetic de
flection, 145-147
electrostatic focus-electrostatic deflec
tion, 142-145
voltage divider for, 143-144
focus and audio bias combined for,
274-275
function of, 18-19
graphite coating in, 145, 215
low-focus voltage, 146
metal cone, 11
mirror-backed, 155-156
operating bias points, 130-131
precautions when handling, 49, 141-142
projection type, 227-228, 256
rectangular, 12
removing, 47-49
replacement of, 156
self-focusing, 146
substituting less hazardous, 50-51
tinted face plate, 141
types of, 142
(See also Picture tube)
CBS color system (see Field-sequential
color system)
Channel switch, 8-point, 7
Channels, allocations of, 30-32
television, UHF, 6
VHF, 5
Chassis, 27-28
operation on bench, 51-52 •
removing, 49-50
tt

Clipper circuit, 24, 121, 159, 161
and d-c restorer combined, 165-166
diode type, 162-163
failure of, 180
pentode type, 164-165
triode type, 163-164
Color television, closed-circuit trans
mission, 529
color filters for, 531-532
field-sequential standards for, 529-530
Combination television receiver, 9-10, 13,
330-332
AM radio in, 335-336, 349, 352
defects in, 352
FM radio in (sec Fm radio)
radio tuner chassis in, 332-334
short-wave AM radio in, 351-352
Contract, service, 519-521
Control, AGC threshold, 123-125
brightness, too high, 35-36
too low, 36-37
centering, 52-54
electrical, 208
operation of, 219-220
contrast, too high, 37
too low, 38
defects of operating, 45
fine-tuning, 33
incorrect adjustment of, 35
focus, 42
adjusting, 63
height, effects of, 57-58
horizontal hold, 41-42, 61-62
adjusting, 62-63
horizontal linearity, 59-61
operating, 29-30
pre-set (nonoperating), 29-30, 47
defects of, 64-65
locating, 52-53
tone, 33-34
vertical hold, 39-40
operation of, 172
vertical linearity, 57-59
operation of, 172
vertical size, operation of, 172
video bias, 63
incorrectly set, 65
volume, 33-34
width, 59-61
Converter, UHF, IF’s in, 304
for UHF reception, 536-539
(See also Mixer stage)
D

Damping circuit, 202-203
defective, 204
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INDEX
Deflecting coils, 147-148
positioning of, 154
(See also Deflection yoke)
Deflection, electromagnetic, cathode-ray
tubes employing, 145-147, 150-151
current for, 172
electrostatic, 173—174
cathode-ray tubes employing, 142145
Deflection yoke, 53, 147
adjusting of, 56
function of, 154
incorrectly positioned, 158
Detector, AGC combined with, 125
crystal, 99-100
series type, 118
shunt type, 113-115
trouble shooting, 128
defective, 127
FM (see Discriminator)
low-pass filter circuit in, 114
network for alignment of IF’s, 302
positive picture phase, 118-119
sound, gated-beam stage, aligning,
276-277
gated-beam tube, 275-276
ratio, 267-271
video, 22, 24
electron flow in, 105
types of, 103
Differentiating circuit, 160, 167-169
defective, 180
Diplexing unit, 20-22
D-c level, loss of, 129-130
prevention of, 130-132
restored, 118
D-c restoration, 114, 129
loss of, 157
no need for, 114
none used, 135-137
D-c restorer, and clipper combined, 165166
crystal type, 135-136
diode type, 131, 134-135
grid-leak, 131, 133
Discriminator, 26
in Gruen AFC-sync sweep system,
187-188
in modified Franklin AFC-sync system,
191
sound, Foster-Seeley type, 260-261
aligning, 263-266
in Syncrolock sweep system, 183
Dual focus, 8-9, 11
operation of, 177-178

E
Electron gun, bent, 1-18
in cathode-ray tube, 18-19
designs for ion trap, 147-148
elements in, 142—143, 145

F
FCC, 5
television channel assignments, 30-32
Field, 24
definition of, 25
repetition rate of, 161
Field pattern, for dipole with reflector,
386
for rhombic, 390
for simple dipole, 384-385
Field-sequential color system, 529-530
converted receivers for, 530-536
Filter, antenna, in balanced-line tuner,
70-71
in single-ended tuner, 69
for color television reception, 531-532
for electrical equipment, 431-432
open quarter-wave stubs, 442-444
for picture screens, 155-156
power line, 213
RC, for i-f alignment, 287
for receiver transmission lines, 442
Filter condensers, identifying symbols on,
206-207
Flyback power supply, 213-217
defects in, 223
direct-drive type, 217-218
filtering in, 215
observing waveform in, 217
preventing arcing in, 215
transformer in, 213-215
voltage doubling in, 215-217
voltage tripling in, 228-230
Focus coil, 52—53
adjusting, 63
alignment of, 54—56
defective, 158
functions of, 151-153
Focusing yoke, types of, 152-154
Frame, definition of, 25
FM band, frequency allocation of, 31
FM detector (see Discriminator; Ratio
detector)
FM radio in combination set, aligning,
336-342
defects in, 352
double-heterodyne, 347-348
aligning, 348-351
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FM radio in combination set, reflex cir
cuit, 342-343
aligning, 343-347
Fringe area, 2
adjusting i-f stages for, 303
Front end (sec Tuner)
Fuses in power supply, 206

G
Gatcd-beam limiter-detector, 275 276
aligning, 276-277
defect in, 278
Ghost image, 43-45
cause of, 404
eliminating, 404-405
Graphite coating, in CRT, 145
as filter condenser, 215
Ground plane for test equipment, 264,
2S7. 296
Grucn AFC-sync system, 187-189
aligning, 189
defects in, 203
discriminator in, 187-188

II
H-pad, 274
use of, 276
High-voltage measurements, 212 213

I
Image defects from external causes, 4346
(See also Interference)
Image orthicon tube, 17
electron image in, 17-18
elements in, 17-18
Inductuner, 66, 83
Inputuner, 12-13, 66, 82-85
adjustments of, 323-324
Integrating circuit, 160, 167 170
defective, 180
printed, 169-170
Intercarrier sound system, 33
buzz modulation in, 271, 274
defective, 101
defects in, 278, 305
i-f stages in, 97, 99-100
meter method of aligning, 271-273
sweep aligning, 273-274
two intermediate frequencies for, 327
Interference, adjusting r-f traps for,
436-438
airplane flutter, 434-435

L

Interference, from electrical equipment,
430-434
filters for, 431-432
FM, 427-130
reducing, 129-430
locating source of, 132
from other television stations, 435-138
from radio transmitters, 440-441
reducing ignition, 432-434
from television receivers, 438-440
types of, 43-46, 427
Intermediate frequencies, audio, 22, 33
in 8-channel turret, 76
in Inputuncr, 85
in 9-point tuner, 79
in permeability tuner, 86
in 12-channcl Standard turret, 82
in variable-condenser tuner, 89
in general use, 303-304
in intercarrier sound system, 99
two for, 327
video, 22, 33
in 8-channel turret, 76
in Inputuner, 85
in 9-point tuner, 79
in permeability tuner, 86
in 12-channel Standard turret, 82
in variable-condenser tuner, 89
I-f stages, adjusting for fringe areas, 303
band-pass filter-network, 97-99
defects in, 101
impedance-coupled, 93-95
independent audio, 258-260
intercarrier sound, 97, 99-100
stagger-tuned, 93-97
wide-band transformer, 95-97
(See also Audio i-f stages; Video i-f
stages)
Ion trap, adjusting, 52
electromagnetic type, 148
electron gun designs for, 147-148
function of, 147
misadjusted, 64
permanent magnet type, 151
removing, 49
Isolation transformer, 222, 298

K
Kit, television receiver, 7-8
L

Lead-in, bringing in, 413
communicating over, 414-416
connecting to receiver, 414
lightning arrester for, 413-414
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Lightning arrester, 413-414
Limiter, sound, 26, 260
defect in, 278
degenerative type, 343
gated-beam tube, 275-276
sync, defective, 180
Lines, active, 24-25
inactive, 24-25
• pairing, 40
scanning time of, 25
Long-playing (LP) records, adapter for,
367
needle for, 356
playing of, 355

Oscillator, modified Colpitts, 80, 84-85
modified Franklin, 191
in 9-point tuner, 78-79
in single-ended tuner, 67
Ultraudion, 76
Oscillator control tube, in Gruen circuit,
187-189
in Syncrolock circuit, 183-184
Oscilloscope, calibrating for peak-to-peak
voltage, 502-505
detector network for alignment, 302
Lissajous figures on, 502-503
for television servicing, 106-107, 500507
Output meter, 334-335

M

P
Market survey, importance of, 4
Matching stub for simple dipole, 380
Microphonics, effects of, 34
Mixer stage, 22, 25
in balanced-line tuner, 71-73
defective, 101
in double r-f amplifier tuner, 79-80
in 8-channel turret, 75-76
in 9-point tuner, 78-79
in single-ended tuner, 67
in 12-channel Standard turret, 81-82
Modified Franklin AFC-sync system,
189-192
aligning, 191-192
defects in, 203-204
Motorola AFC-sync system, 197-199
alignment of, 199
Multivibrator sweep circuit, commoncathode-fcedback, 172-174
plate-to-grid-fcedback, 170-172

N
Noise, electrical, 35
physical, 34-35
Noise limiter, 166-167

O
Offset carrier system, 435-436
Ohm’s law applied, 205
Oscillator, Armstrong, SO
in balanced-line tuner, 72-73
blocking, 174-177
Colpitts, in 12-channcl turret, 82
defective, 101
in 8-channel turret, 75-76
Hartley, in Syncrolock circuit, 182
local, 33

Peaking coils, 112, 117
defective, 127
Peaking resistor, 176
Phonevision, 199, 201-202
Phonograph, rotational speeds, 10
(See also Record player; Turntable)
Picture, barrel distortion of, 55-56
harsh, 37
retrace lines in, 38
shadow on, 54-55
slipping, horizontal, 62
vertical, 39-40
sound bars in, 35
“tear out” of, 41
tilted, 56
weak, 38
Picture elements, 16-18
Picture signal (see Video signal)
Picture tube, designations of, 141
enlarging lenses for, 157
operating characteristics of electro
static, 143
rebuilding receivers for larger, 524-528
shapes of, 137—140
(See also Cathode-ray tube)
Power supply, a-c/d-c, 220-223
ballast tube in, 220-221
high-voltage, defects in, 223-224
flyback types (sec Flyback power
supply)
r-f type (see R-f power supply)
60-cycle, 211-213
low-voltage, calculating current in, 205
defects in, 223
double, 208-209
identifying condensers in, 206-207
protective circuits in, 211
protective fuses in, 206
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Power supply, low-voltage, selenium rec
tifier type, 209-211
transformerless type, 209-211, 220223
types of, 205
Protelgram unit, 247-248
Printed integrating circuit, 169-170
Projection cathode-ray tube, 227-228
defects, 256
Projection receiver, 5, 13-15
GE Schmidt system, 239-244
Philco Schmidt system, 249-256
Protelgram Schmidt system, 244-247
adjustments, 244-246
defect, 256
focusing, 245-246
high-voltage power supply, 247-248
protection circuit in, 248-249
RCA Schmidt system, 230-239
refractive system, 225-227
defects, 256
types of, 225
Protelgram Schmidt system, 244—249, 256
Pulse-width-modulation AFC-sync sys
tem, 192-197
aligning, 195-197
defects in, 203-204
Pulses, blanking, 20
equalizing, 159-161
serrated, 160
synchronizing, 19-20, 159-161
parts of, 23

R
R-f amplifier (see Amplifier, r-f)
R-f power supply, 218-220
adjusting, 218-220
checking filament current in rectifier,
222
defects in, 223
frequency of, 218, 222
operation of, 218
Radio tuner in combination set, 332-334
checking dial calibration, 341-342
tracking, 341-342
Raster, centering, 52-54
decay, 29-30
definition of, 19
formation of, 24
types of, 137-141
Ratio detector, 267-271
balanced, aligning, 270-271
unbalanced, aligning, 267-270
Reactance tube, in 8-channel turret, 76
in Gruen circuit, 187-189

1

Reaction-scanning tube, 202
Receiver, alignment, order of, 262
block diagram of, 22
chassis, 27-28, 49-52
classifications of, 4-5
common defects of, 470-479
control (see Control)
converted for field-sequential color
system, 530-536
direct-viewing, 5
kit, 7-8
localizing troubles in, 446-448, 451-452
portable, 6-7
preliminary checks, 449-450
projection (see Projection receiver)
rebuilding for larger CRT’s, 524-528
servicing problems of (see Trouble
shooting)
similarities of, 27
sound section, 25-26
synchronizing, 39-42
Record player, adjusting trip mechanism
in, 364-365
defects in, 377
45-RPM, 374-376
intermixed, 369-371
pickup arm, cartridges, 367-368, 371
setting height of, 366-367
slicer type, 371-374
three-speed nonintermixed, 354-369
adjusting centcrposts, 362-364
centerposts for, 355-357
changer mechanism in, 357-361
(See also Turntable)
Retrace, 24-25
Retrace-suppression circuit, 136-137
S
Scanning, definition of, 17
horizontal lines, total number of, 19
interlaced, 24-25
loss of, 40
Schmidt projection system, defects in,
25G
GE type, 239-244
focusing picture tube, 243-244
optical alignment, 239-243
Philco type, 249-256
alignment, 249-252
defects, 25G
keystoning, 252-254
Protelgram unit, 244-247
adjustments, 244-246
focusing, 245-246
high-voltage power supply, 247-248

INDEX

Schmidt projection system, RCA type,
230-239
optical adjustments, 231-233
optical alignment, 234-239
Screens, viewing (see Viewing screen)
Servicing business, advertising, 517
expanding of, 517-519
location for, 512-513
name and stationery for, 513-514
stock of parts and hardware, 516-517
three levels of, 512
Servicing shop, layout of, 514-516
Short-wave AM radio, 352
Sideband filter, 20-21
Signal generator, 489-491
Signal-to-noise ratio, 427
Sine-wave AFC sync (see Syncrolock
sweep system)
Sound i-f stages (see Audio i-f stages)
Station allocations, 30-32
Sweep circuit, considerations of, 170
converted for field-sequential color
reception, 533-536
damping circuit in horizontal, 202-204
defective, horizontal, 180
vertical, ISO
double-triode blocking-oscillator, 176177
Gruen AFC-sync system, 187 189, 203
linearity correction in, 174
modified Franklin AFC-sync system,
189-192, 203-204
Motorola AFC-sync system, 197-199
multivibrator, 170-174
pulse-width-modulation AFC-sync sys
tem, 192-197, 203-204
purpose of, 23-24
single-tube blocking oscillator, 174-176
Syncrolock, 182-187, 203
Zenith AFC-sync system, 199-201
Sync clamping, 166-167
Sync limiter, 166-167
defective, 180
Sync separation, at cathode-ray tube, 163
at second detector, 162-163
Sync separator, 24, 159
Syncrolock sweep system, 182-187
adjusting, 185
aligning, 185—187
defects in, 203
discriminator in, 183
T

Tele-Zoom, 178-180
Television receiver (see Receiver)
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Television system, block diagram of, 16
Test equipment, alignment generator,
491-495
for AM-FM alignment, 334-335
AM signal generator, 489-491
cross-hatch generator, 498-499
field-strength meter, 509-511
ground plane for, 264, 287, 296
marker generator, 495-498
oscilloscope (see Oscilloscope)
for service call, 448-449
sweep generator, 495-498
for television alignment, 261-262
tube checker, 507-510
vacuum-tube voltmeter, (see Vacuum
tube voltmeter)
volt-ohm-milliammeter, 481-486
d-c and a-c measurements, 484-486
resistance and continuity measure
ments, 483-484
Test pattern, on circular screen, 64
on expanded screen, 33-34
on standard screen, 33-34
Thermal-cutout switch, 211
Tools, for antenna and receiver installa
tion, 401-402
for i-f and r-f alignment, 262-263
Tracking, definition of, 341-342
Trade shows, 4
Transmission line, filters made from, 442444
matching 300-ohm to dipole, 380
types of, 396-398
(See also Lead-in)
Transmitter, aural and video, location in
channel, 32
Traps, FM, in balanced line tuner, 70-71
i-f, in single-ended tuner, 68-69
sound, adjusting, 302
video, 112-113, 117-118
defect in, 127
4.5-Me, adjusting, 111
Trouble shooting, with AM signal gen
erator, 449-450
in antenna system, 450-451
at shop, 453—455
universal hints, 470-479
using charts for, 455-456
Tube checking by substitution method,
107
Tuner, balanced-line, 70-73
alignment of, 319-321
connecting test equipment to, 317319
band pass of, 67
continuously variable, 82
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Tuner, defects in, 100-101, 328
double r-f amplifier, 79-80
8- channel turret, 73-76
grounded-grid 12-point, 76-78
ideal response of, 307
Inductuner, 66, 83
Inputuner, 12-13, 66, 82-85, 323-324
9- point, 78-79
permeability, 85-87
aligning, 32-1-326
push-button, 8, 89-91
radio, 332-334, 341-342
single-ended, 67-70
aligning all channels, 312-317
connecting test equipment to, 307310
measuring r-f bias of, 308-309
observing response curves, 310-313
tuning range in VHF band, 66
12-channel Standard turret, 80-82
adapted for UHF reception, 539-540
alignment of, 321-323
types of, 5-6
variable-condenser, 86, 88-89
aligning, 326-327
Tuning units, remote-control, 91-92
Turntable, converting to 50-cycle opera
tion, 359
rotational speeds of, 354
three-speed rim drive, 358-359
(See also Record player)

UHF, antenna installation for, 539-540
band, 6
channel allocations, 32
converter for, 536-539
converter IF’s for, 304
reception, 536-540
rhombic antenna for, 390-391
Ultratuner, 537-539

Video amplifier (see Amplifier, video)
Video i-f stages, band-pass filter-network,
aligning, 292-297
defects in, 305
intcrcarricr, 297-303
aligning, 298-302
stagger tuned, 93-97, 279-287
aligning, i-f transformers in, 283-287
i-f traps in, 279-283
defects in, 304-305
wide-band transformer, aligning, 287292
defects in, 305
(See also I-f stages)
Video signa), 18, 20, 22-23, 161
black level of, 23, 159-161
d-c component of, 129-130
negative polarity of, 23
negative signal phase of, 105, 109, 111
peak-to-peak voltage of, 111, 118
positive signal phase of, 106, 110
viewing on oscilloscope, 107, 109-111
white level of, 23
Video transmitter, location of, in channel,
32
Viewing screen, brilliancy of, 155
circular, 10-11
image adjustment on, 10-11, 63-64
expanded, 9
raster on, 30-31
fluorescent, defective, 157
persistence of, 141, 154
types of, 154-156
largest direct, 12
microlens, 13, 15
opaque, 13-15
rectangular, 12
size and area of 16-in. CRT, 29
types of, 5
Voltage doubling in flyback power sup
ply, 215-217

V

Y

U

Vacuum-tube voltmeter, measuring high
voltage with, 212-213
uses of, 107-108, 486-489
Vertical blanking period, 159-161
VHF, band, 5
channel allocations, 31-32

Yagi antenna, 386-387, 424
Z

Zenith AFC-sync system, 199-201
alignment of, 201
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